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Welcome Message

On behalf of the Dental Innovation Foundation under Royal Patronage (DIF), I would like to congratulate the 17th

International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT 2019) on 8th - 10th July 

2019, organized on this occasion as to celebrate the 40th Anniversary of the Faculty of Dentistry, Khon Kaen 

University, the first academic dental institution in northeastern Thailand. 

The meeting’s theme, “Emerging trend in Dentistry” is led by distinguished guest speakers from all over the world 

and brings together hundreds of delegates from the Consortium member faculties across Thailand and from various 

countries. Participants include basic scientists, researchers, clinicians, students, all of whom are devoted to improving 

dental care and research. I would also like to take this opportunity to express my sincere thanks to the organizing 

committee of the Faculty of Dentistry, Khon Kaen University and everyone involved and dedication in the DFCT 

2019 meeting.

On behalf of the Dental Innovation Foundation, I would like to extend my appreciation to the resource persons and 

international experts from all over the world for their expertise and valued time to exchange their knowledge and 

experiences with the participants. I wish all success and fruitful benefits for this Conference

Sincerely,

Professor Thanpuying Petchara Techakampuch

President

Den tal Innovation Foundation under Royal Patronage (DIF)
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Welcome Message

As the end of this decade is approaching, new trends and technologies have emerged in dentistry. There is no 

better time to be in this profession as today. Many things that were not possible before have become the norm of 

today’s dentistry; such as crown in one day, immediate implant placement and loading, to the using of the computer 

program to predict the final outcome of our work. These technologies and trends will change the way we do dentistry 

forever. 

The changes come very fast and very disruptive. It is our job as a dental profession to keep ourselves up-to-date 

with these changes. Attending conferences is one way to keep ourselves up-to-date with new trends in dentistry. 

The title of this conference is “Emerging Trends in Dentistry” which I believe that it will address many topics in 

dentistry and will ignite our interest in these new trends. 

I would like to thank Khon Kaen University for hosting this meeting and welcome all the speakers and attendees 

to this beautiful city of Khon Kaen. A city that is rich in culture and filled with history for us to enjoy.

Dr. Pojanart Poomprakobsri

President of Thai Dental Council
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Welcome Message

As President of The Dental Association of Thailand, I take great pride in welcoming all attendees of the 17th

International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT) in a beautiful city of 

Khon Kaen. The Dental Association of Thailand is proud to be a part in this important event.

I’d also like to extend sincere congratulations to staff, alumni and current students of Faculty of Dentistry, Khon Kaen 

University on their 40th anniversary.

Our world has evolved at a rapid pace, for the benefits of our patients, we all need to keep up with the latest trends 

in Dentistry. I have witnessed the development of the conference from the past. This annual meeting has become 

one of the major venues where not only lecturers can share their expertises but graduate students are able to showcase 

their novel ideas for further investigation. 

The Dental Association of Thailand is committed to supporting the academic activity of the DFCT for the years 

to come. I hope everyone achieves their goal and I wish the conference every success.

Dr. Chavalit Karnjanaopaswong

President

The Dental Association of Thailand
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Welcome Message

On behalf the President of Khon Kaen University, I would like to extend my wholehearted congratulations to the 

Faculty of Dentistry, Khon Kaen University for hosting the 17th International Scientific Conference of the Dental 

Faculty Consortium of Thailand (DFCT 2019) on 8th-10th July 2019, and on the auspicious occasion to celebrate 

the 40th Anniversary of the Faculty of Dentistry, Khon Kaen University.

The conference will give participants a valuable platform to exchange and share new ideas on various perspectives 

of dental education and dental research among speakers and researchers. This is truly an opportunity to meet and 

interact with the leading researchers, friends and colleagues, as well as to discuss potential collaborations among 

participants.

I would like to take this opportunity to thank the organizing committee of the Faculty of Dentistry, Khon Kaen 

University for the dedication in the DFCT conference. I believe that all the participants will have a great experience 

and valuable time to exchange knowledge, ideas and new trends in dentistry with the guest speakers and researchers 

who are from various countries and institutions. 

Finally, I hope all participants a successful and achieve their goals and enjoy our beautiful Khon Kaen city. I also 

wish the DFCT 2019 conference all success.

Sincerely,

Associate Professor Charnchai Panthongviriyakul, M.D.

Acting President of Khon Kaen University
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Welcome Message

On behalf of the Faculty of Dentistry, Chulalongkorn University, I would like to congratulate the 17th International 

Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT 2019) held on 8th-10th July 2019, 

organized on this occasion to celebrate the 40th Anniversary of the Faculty of Dentistry, Khon Kaen University.

This meeting’s theme, “Emerging Trends in Dentistry” brings together researchers in health sciences from the 

Consortium member Faculties to meet, share, and exchange their knowledge and expertise to improve the national 

and also global oral health.  In addition to Faculty members, students and supporting staff will also have the 

opportunity to present their research results. I hope that collaboration between members will be established here 

and progress to collaborative research leading to innovative treatments for the Thai and world population.  

I deeply appreciate the Faculty of Dentistry, Khon Kaen University for providing us this event to participate in 

with all the member Faculties and trust this conference will give the members an opportunity to continue our 

networking in research as well as academic progress.

Thank you very much, and enjoy the 17th DFCT conference.

Assistant Professor Suchit Poolthong, DDS. MSc. PhD.

Dean, Faculty of Dentistry, Chulalongkorn University
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Welcome Message

On behalf of Mahidol University Faculty of Dentistry, it is my great pleasure and privilege to formally welcome 

everyone to “the 17th International Scientific Conference of the Dental Faculty Consortium of Thailand” (DFCT 

2019) with the theme “Emerging Trends in Dentistry”. 

This year’s conference is truly special as it coincides with the auspicious 40th anniversary of our esteemed host -  

the Faculty of Dentistry, Khon Kaen University. Therefore, I would like to sincerely congratulate their faculty 

members, staff and students on reaching this remarkable milestone, and wish them continued success in their future 

endeavors.

I trust that the conference will provide more extensive and insightful new dental concepts which have been carried 

out recently into dental education and practices. Certainly, I believe that this gathering of esteemed professional 

dentists, lecturers and students will significantly benefit the development of oral health sciences in Thailand and 

our region.

Also, I would like to express my sincere thanks and appreciation to the Local Organizing Committee and everyone 

involved for the concerted efforts and dedication in organizing this event. Without them, hosting this scientific 

meeting would not have been possible.

I would like to wish every participant a successful outcome of this important meeting, and hope that you will all 

have a wonderful time and learning experience here in Khon Kaen.

Sincerely yours, 

Waranun Buajeeb, DDS, MS., PhD.

Dean, Mahidol University Faculty of Dentistry
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Welcome Message

It is my great honour and pleasure to congratulate you on the occasion of the 40th Anniversary of the Faculty of 

Dentistry, Khon Kaen University, as an esteemed institution. We would like to express our respect for all the hard 

work you have done to make your school as it is now. It is also a great honor for us that the Faculty of Dentistry, 

Chiang Mai University to be one of the institutions with which your school has concluded an academic collaboration.

It is a great honour and pleasure to write this congratulatory message to commemorate the 17th International Scientific 

Conference of the Dental Faculty Consortium of Thailand, on the topic of “Emerging Trends in Dentistry”, which 

will be hosted by the Faculty of Dentistry, Khon Kaen University from July 8 - 10, 2019 at the, Pullman Khon 

Kaen Raja Orchid. I believe that all the participants will have a great experience and have a chance to learn den-

tistry from the guest speakers who are from the United States of America, Australia, Mexico, China and Hong 

Kong. Moreover, I believe that the oral presentations and posters at the conference will be useful for all the 

participants too.  

Finally, we would like to wish the Faculty of Dentistry, Khon Kaen University a prosperous future and all the 

faculty staff members and students every happiness. I also wish the 17th International Scientific Conference of the 

Dental Faculty Consortium of Thailand great success.

Assistant Professor Dr. Narumanas Korwanich, DDS, MPH, PhD.

Dean, Faculty of Dentistry, Chiang Mai University



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019) 9

 

Welcome Message

On behalf of the Faculty of Dentistry. Prince of Songkla University. I would like to welcome you all to the 17th 

International Conference of the Dental Faculty Consortium of Thailand (DFCT2019) “Emerging Trends in 

Dentistry”. More importantly, I truly appreciate The Faculty of Dentistry, Khon Kaen University, the schools 

hosting this year conference.  I am positive that many wonderful ideas and cooperative efforts will result as a 

product of our time of our sharing together in the future. As we know, the title of this conference is “Emerging 

Trends in Dentistry”. I am sure you are attending to not only learn from others but to contribute your ideas and 

thoughts in Dental Research and Innovations for elderly patients. Let us enjoy discussion together, let us be inspired, 

let us take dentistry to the next level through this wonderful meeting.

Thank you very much and enjoy the Conference. 

Associate Professor Dr. Chairat Charoemratrote

Dean, Faculty of Dentistry, Prince of Songkla University 
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Welcome Message

On behalf of the Faculty of Dentistry, Srinakharinwirot University, It is my distinct pleasure to warmly welcome 

you all to the 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT 2019), 

in the topic “Emerging Trends in Dentistry” which will be held at Pullman Khon Kaen Raja Orchid, in Khon Kaen 

province, on July 8-10, 2019. Moreover, it is my great honor to congratulate in advance for the 40th anniversary of 

Faculty of Dentistry, Khon Kaen University establishment. This special annual event is also recognized for bringing 

the participants to exchange ideas, knowledge and expertise not only the basic science but also the practice of 

dentistry. Furthermore, this congress will facilitate the dental researcher and academic member to start the new 

collaborations. Finally, I would like to give my special thanks to the organizing committees, Faculty of Dentistry, 

Khon Kaen University for organizing this conference. I wish that all participants will enjoy the quality schedule 

and beautiful conference’s venue.

Assistant Professor Dr. Nathawut Kaewsutha

Dean, Faculty of Dentistry, Srinakharinwirot University
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Welcome Message

On behalf of the Faculty of Dentistry, Thammmasat University, I would like to congratulate the Faculty of Dentistry, 

Khon Kaen University, for hosting the 17th International Scientific Congress in Dentistry on the topic of “Emerg-

ing Trends in Dentistry” during July 8-10, 2019. This is the annual scientific meeting of all dental schools in 

Thailand to update and share their research interest in all area of dentistry. This year topic “Emerging Trends in 

Dentistry” is very much appropriate with the global trend that has been advanced very fast in digital dentistry and 

educational technology. 

Recently, there are more dental schools in the region as well as in Thailand which will drive to more competition 

in academic atmosphere. But hopefully, the development of mutual benefit and interest in education and technology 

will lead this National Scientific Congress in Dentistry toward sharing their expertise with the aim of better oral 

health for all together. 

This 17th International Scientific Congress in Dentistry is organized at Khon Kaen in conjunction with the 40th

Anniversary of the Faculty of Dentistry, Khon Kaen University. I would like to take this opportunity to salute the 

Dean, faculty staff and supporting staff as well as the dental students from Faculty of Dentistry, Khon Kaen 

University, for their great success in the past 40 years and lead this institution as one of the leading dental school 

in the region and international dental education and research.

All the best for your success.

Prathip Phantumvanit DDS, MSc, DDSc (Hons), FICD, FRCDS (Thailand), FADI

Dean, Faculty of Dentistry, Thammasat University
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Welcome Message

On behalf of the Faculty of Dentistry, Naresuan University, I am pleased to welcome you to “the 17th International 

Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT 2019)”. I truly appreciate Faculty of 

Dentistry, Khon Kaen University for hosting this conference. 

This annual scientific conference was established to provide opportunities for students, faculty members, educators 

and researchers to share their work, knowledge and experience. It is a great time for participants to collaborate and 

contribute the ideas with each other for continual learning and building a strong foundation for research in dentistry. 

With the theme of “Emerging Trends in Dentistry”, I am positive that the novel research and presentation will be 

addressed and hope that you will learn and gain the most benefit from this conference.  

I look forward to see you and wish the conference with the great success. Last, but not least, I thank all of you for 

your participation and hope that each of you will enjoy the DFCT 2019 conference. 

Assistant Professor Dr. Patcharaphol Samnieng 

Acting Associate Dean for Student Affairs

Acting Dean of Faculty of Dentistry, Naresuan University
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Welcome Message

On behalf of the School of Dentistry, Mae Fah Luang University, I am delighted to write this welcome remark for 

the 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT 2019) hosted by 

the Faculty of Dentistry, Khon Kaen University. The theme “Emerging Trends in Dentistry” has given us both 

enthusiastic and stimulating anticipation of combined academic atmosphere and new collaboration based on new 

research, knowledge and colleague participating this meeting. This is, of course, most suitable time to the auspicious 

occasion for celebrating the 40th Anniversary of Faculty of Dentistry, Khon Kaen University in 2019.

School of Dentistry, Mae Fah Luang University has been one of the younger schools receiving academic support 

from Faculty of Dentistry, Khon Kaen University. Therefore we would like to express our sincere gratitude as well 

as congratulation on the 40th Anniversary of Faculty of Dentistry, Khon Kaen University in 2019.

Lastly, I wish to thank the DFCT, Faculty of Dentistry, Khon Kaen University and organizing committee who 

make this happen. I strongly believe this conference will be a successful and beneficial venue to all delegates and 

participants.

Dr. Narong Lumbikananda, DDS, MS, PhD

Dean, School of Dentistry, Mae Fah Luang University
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Welcome Message

First of all, I would like to congratulate on the occasion of the 40th Anniversary of the establishment of the School 

of Dentistry Khon Kaen University and also thank to the School of Dentistry, Khon Kaen University in hosting 

this 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT 2019) under the 

theme “Emerging Trends in Dentistry”. Since its establishment 40 years ago, School of Dentistry,  Khon Kaen 

University has come a long way to become one of the leading Dental Schools in Thailand and even in the world. 

Everything we have seen in how they organize this international meeting, we can dream of an even brighter future, 

energetically moving forward, building on their illustrious history of academic and institutional achievements.   

I once again express my very best wishes for continued success at the School of Dentistry, Khon Kaen University.

Associate Professor Dr. Suwit Udompanich, DDS(Hons), DrPH, FRCDT (Dental Public Health)

Dean, School of Dentistry, University of Phayao
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Welcome Message

On behalf of the Institute of Dentistry, Suranaree University of Technology, I would like to congratulate you and 

the faculty staff for hosting the 17th International Scientific Conference of the Dental Faculty Consortium of Thailand 

(DFCT) on 8-10 July, 2019 in accordance with the 40th year anniversary of the Faculty of Dentistry, Khon Kaen 

University. The conference theme on Emerging Trends in Dentistry is very valid for the current situation of rapid 

growth in digital technology, disruptive and transformative education as well as the 21th century skill requirements 

to both the instructors and the dental students. All the innovative thoughts and ideas from the invited distinguished 

guest speakers and research presentations would be very beneficially encourage our consortium and all dental 

school staff to promptly move forward in constructing a dental curriculum pursuing to the Emerging Trends in 

Dentistry appropriate to the Thai culture and the oral health situation. 

I wish you and the faculty staff all the best and the conference is successful and fruitful greatly. 

Yours sincerely, 

Yupin Songpaisan

Dean, Institute of Dentistry, Suranaree University of Technology
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Welcome Message

On behalf of the Faculty of Dentistry, Khon Kaen University, it is my honor and great pleasure to extend the 

warmest welcome to all honorary speakers and participants of the 17th International Scientific Conference of the 

Dental Faculty Consortium of Thailand (DFCT 2019) in Khon Kaen during July 8 -  10, 2019. This conference 

will provide a magnificent forum for all of us to refresh and expand our knowledge base and to explore innovations 

and new trends in oral health and dental education.

Under the theme of “Emerging Trends in Dentistry”, this conference will bring the Thai and international dental 

academic community together to share their latest findings. We deeply appreciate all distinguished guest speakers 

who kindly accept our invitations to share their opinions and expertise with us at this conference. I truly believe 

that this remarkable opportunity to exchange novel information and ideas with leading researchers will facilitate 

further development of dental research in Thailand, inspire young researchers, and expand future collaborations. 

This will undoubtedly encourage continuing research activity and strengthen our research capability in dentistry 

and related fields.

2019 is a very important year for the KKU Faculty of Dentistry, as it marks the 40th Anniversary of the Faculty. 

We are confident that the DFCT 2019 will provide all participants with a memorable professional and personal 

experience. We hope that you will enjoy the conference. And thank you for your participation!

Waranuch Pitiphat, DDS, MPHM, MS, SD, FRCDS

Dean, Faculty of Dentistry, Khon Kaen University



Organizing Committee
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คําส่ังคณะทันตแพทยศาสตร  มหาวิทยาลัยขอนแกน

ที่  66/2562
เรื่อง  แตงต้ังคณะกรรมการจัดประชุมวิชาการและเสนอผลงานวิจัย สาขาทันตแพทยศาสตร คร้ังท่ี 17 

ระดับนานาชาติ องคกรผูบริหารคณะทันตแพทยศาสตรแหงประเทศไทย (อ.บ.ท.ท.) 

เรื่อง “Emerging Trends in Dentistry”

---------------------------------------------------------

ตามท่ีองคกรผูบรหิารคณะทันตแพทยศาสตรแหงประเทศไทย ซ่ึงประกอบดวย ผูทรงคุณวุฒ ินายกทันตแพทย

สมาคมแหงประเทศไทยในพระบรมราชูปถัมภ นายกทันตแพทยสภา ประธานราชวิทยาลัยทันตแพทยแหง

ประเทศไทย และสถาบันทันตแพทยทัง้ 11 สถาบัน ไดแก จฬุาลงกรณมหาวิทยาลัย มหาวิทยาลัยมหิดล มหาวิทยาลัย

นเรศวร มหาวิทยาลัยเชียงใหม มหาวิทยาลัยศรีนครินทรวิโรฒ มหาวิทยาลัยธรรมศาสตร  มหาวิทยาลัยแมฟาหลวง 

มหาวิทยาลัยพะเยา มหาวิทยาลัยเทคโนโลยีสุรนารี และมหาวิทยาลัยสงขลานครินทร ไดมีมติใหคณะทันตแพทยศาสตร 

มหาวิทยาลัยขอนแกน เปนเจาภาพการจัดประชุมวิชาการและเสนอผลงานวิจัย สาขาทันตแพทยศาสตร ครั้งท่ี 17 

ระดับนานาชาติ องคกรผูบริหารคณะทันตแพทยศาสตรแหงประเทศไทย (อ.บ.ท.ท.) เรื่อง “Emerging Trends in 

Dentistry” ต้ังแตวนัท่ี 8-10 กรกฎาคม 2562 ณ โรงแรมพลูแมน ขอนแกน ราชา ออคิด อาํเภอเมือง จงัหวัดขอนแกนน้ัน 

ฉะน้ัน อาศัยอํานาจตามความในมาตรา 40 แหงพระราชบัญญัติมหาวิทยาลัยขอนแกน พ.ศ. 2558  จึงแตงต้ัง

คณะกรรมการจัดประชุมวิชาการและเสนอผลงานวิจัย สาขาทันตแพทยศาสตร คร้ังท่ี 17 ระดับนานาชาติ  องคกร

ผูบริหารคณะทันตแพทยศาสตรแหงประเทศไทย (อ.บ.ท.ท.) เรื่อง “Emerging Trends in Dentistry” ดังน้ี

คณะกรรมการอํานวยการ

1.   คณบดีคณะทันตแพทยศาสตร   มหาวิทยาลัยขอนแกน   ประธานกรรมการ

2.   คณบดีคณะทันตแพทยศาสตร   จุฬาลงกรณมหาวิทยาลัย  กรรมการ

3.   คณบดีคณะทันตแพทยศาสตร   มหาวิทยาลัยมหิดล   กรรมการ

4.   คณบดีคณะทันตแพทยศาสตร   มหาวิทยาลัยนเรศวร   กรรมการ

5.   คณบดีคณะทันตแพทยศาสตร   มหาวิทยาลัยเชียงใหม   กรรมการ

6.   คณบดีคณะทันตแพทยศาสตร   มหาวิทยาลัยศรีนครินทรวิโรฒ  กรรมการ

7.   คณบดีคณะทันตแพทยศาสตร   มหาวิทยาลัยธรรมศาสตร  กรรมการ

8.   คณบดีคณะทันตแพทยศาสตร   มหาวิทยาลัยพะเยา   กรรมการ

9.   คณบดีคณะทันตแพทยศาสตร  มหาวิทยาลัยสงขลานครินทร  กรรมการ

10. คณบดีสํานักวิชาทันตแพทยศาสตร   มหาวิทยาลัยแมฟาหลวง  กรรมการ

11. คณบดีสํานักวิชาทันตแพทยศาสตร   มหาวิทยาลัยเทคโนโลยีสุรนารี กรรมการ 
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12. เลขาธิการองคกรผูบริหารคณะทันตแพทยศาสตรแหงประเทศไทย กรรมการ

13. ผูชวยศาสตราจารยปรมาภรณ  กล่ันฤทธ์ิ    กรรมการและเลขานุการ

โดยมีหนาที่

1.  กําหนดนโยบาย รูปแบบ และแนวทางการดําเนินงาน

2.  เปนท่ีปรึกษา อาํนวยการ และบริหารจัดการ ตลอดจนใหการสนับสนุนการดําเนินงานใหเปนไปดวยความ

      เรียบรอย

คณะกรรมการดําเนินการจัดการประชุม

1.  คณบดีคณะทันตแพทยศาสตร มหาวิทยาลัยขอนแกน  ประธานกรรมการ

    (รองศาสตราจารยวรานุช  ปติพฒัน)

2.  รองคณบดีฝายบริหาร       กรรมการ

    (ผูชวยศาสตราจารยอโนมา  รัตนะเจริญธรรม)

3.  รองคณบดีฝายวิชาการ      กรรมการ

    (ผูชวยศาสตราจารยสุพรรณิการ  เรืองศรี)

4.  รองคณบดีฝายพัฒนานักศึกษา ศิษยเกาและชุมชนสัมพันธ กรรมการ

    (ผูชวยศาสตราจารยอชิรวุธ  สุพรรณเภสัช)

5.  รองคณบดีฝายวิจัย บัณฑิตศึกษาและวิเทศสัมพันธ  กรรมการ

    (ผูชวยศาสตราจารยปรมาภรณ  กล่ันฤทธ์ิ)

6.  รองคณบดีฝายแผนและประกันคุณภาพ    กรรมการ

    (อาจารยรัชฎา  ฉายจิต)

7.  รองคณบดีฝายโรงพยาบาลทันตกรรม    กรรมการ

    (ผูชวยศาสตราจารยภัทรมน  รัตนาพันธุ)

8.  ผูชวยคณบดีฝายบริหาร     กรรมการ

    (ผูชวยศาสตราจารยอาภาภรณ  ภาษาสุข)

9.  ผูชวยคณบดีฝายวิชาการ     กรรมการ

     (ผูชวยศาสตราจารยจันทรธิดา ภวภูตานนท ณ มหาสารคาม)

10. ผูชวยคณบดีฝายพัฒนานักศึกษา ศิษยเกาและชุมชนสัมพันธ กรรมการ

     (ผูชวยศาสตราจารยกุลวรา  ธาริยะ)

11. ผูชวยคณบดีฝายวิจัยและบัณฑิตศึกษา    กรรมการ

     (อาจารยปฏิมาพร พึ่งชาญชัยกุล)

12. ผูชวยคณบดีฝายวิเทศสัมพันธ     กรรมการ

     (ผูชวยศาสตราจารยฑีฆายุ พลางกูร จอรนส)

13. ผูชวยคณบดีฝายประกันคุณภาพ    กรรมการ

     (รองศาสตราจารยธีระศักด์ิ ดํารงรุงเรือง)

14. ผูชวยคณบดีฝายโรงพยาบาลทันตกรรม    กรรมการ

     (ผูชวยศาสตราจารยอุทัยวรรณ อารยะตระกูลลิขิต)
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15. หัวหนาแขนงวิชาชีววิทยาชองปาก    กรรมการ

     (รองศาสตราจารยจรินทร  ปภังกรกิจ)

16. หัวหนาแขนงวิชาปริทันตวิทยา    กรรมการ

     (ผูชวยศาสตราจารยดุษฎี  หอมดี)

17. หัวหนาแขนงวิชาวินิจฉัยโรคชองปาก    กรรมการ

     (รองศาสตราจารยเพ็ญศรี  โพธิภักดี)

18. หัวหนาสาขาวิชาทันตกรรมบูรณะ    กรรมการ

     (รองศาสตราจารยปทมา  ชัยเลิศวณิชกุล)

19. หัวหนาสาขาวิชาทันตกรรมประดิษฐ    กรรมการ

     (ผูชวยศาสตราจารยวัชรินทร  หอวิจิตร)

20. หัวหนาแขนงวิชาทันตกรรมจัดฟน    กรรมการ

     (ผูชวยศาสตราจารยพูนศักด์ิ  ภิเศก)

21. หัวหนาแขนงวิชาทันตกรรมชุมชน    กรรมการ

     (รองศาสตราจารยวิลาวัลย  วีระอาชากุล)

22. หัวหนาแขนงวิชาทันตกรรมสําหรับเด็ก   กรรมการ

     (อาจารยศุภวิชญ  หมอกมืด)

23. หัวหนาสาขาวิชาศัลยศาสตรชองปากและแม็กซิลโลเฟเชียล กรรมการ

     (ผูชวยศาสตราจารยศิริพงศ  สิทธิสมวงศ)

24. รองศาสตราจารยทัศนีย  วังศรีมงคล    กรรมการ

25. นางยุพิน      บุญนาดี     กรรมการ

26. นายวิชาญ  ธรรมวิรัตน    กรรมการและเลขานุการ

27. นางกิติพร     ไชโยกุล     กรรมการและผูชวยเลขานุการ

28. นางขวัญทิมา   อัจฉริยาการุณ     กรรมการและผูชวยเลขานุการ

29. นางสาวนวรัตน ชนะบัว      กรรมการและผูชวยเลขานุการ

30. นางสาวณัฎฐณิชา พลยางนอก     กรรมการและผูชวยเลขานุการ

 โดยมีหนาที่ 

1. กํากับดูแลการดําเนินงานใหเรียบรอย

2. ดําเนินการจัดทําโครงการและกําหนดการประชุม

3. จัดทําหนังสือเชิญคณบดีคณะทันตแพทยศาสตร และผูทรงคุณวุฒิ (อ.บ.ท.ท.) 

คณะอนุกรรมการฝายลงทะเบียน

1.  ผูชวยศาสตราจารยปรมาภรณ   กลั่นฤทธ์ิ   ประธานอนุกรรมการ

2.  ผูชวยศาสตราจารยจันทรธิดา ภวภูตานนท ณ มหาสารคาม รองประธานอนุกรรมการ

3.  อาจารยปฏิมาพร   พึ่งชาญชัยกุล   อนุกรรมการ

4.  นางกิติพร   ไชโยกุล    อนุกรรมการ

5.  นางยุพิน   บุญนาดี    อนุกรรมการ

6.  นางสาวชุติกาญจน  พลซักซาย   อนุกรรมการ
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7.  นางสาวอรุณทิพย  ลีมุงคุณ    อนุกรรมการ

8.  นางสาวสรัลภัทร  ยิ่งยืน    อนุกรรมการ

9.  นางสาวณัฏฐณิชา  พลยางนอก   อนุกรรมการ

10. นางสาวสุนิศา  ทองอุทุม   อนุกรรมการ

11. นายโรจนวรรณ  หาดี    อนุกรรมการ

12. นางสาวนวรัตน    ชนะบัว    อนุกรรมการ

13. นางขวัญทิมา   อัจฉริยาการุณ   อนุกรรมการและเลขานุการ

 โดยมีหนาที่ 

1. ขออนุมัติจัดโครงการผานกรรมการคณะฯ

2. จัดทําระบบการรับสมัครลงทะเบียนและรับลงทะเบียนผูเขารวมประชุม ทั้งหนางานประชุมและแบบ 

Online กอนการประชุม

3. รับผิดชอบการรับลงทะเบียนสําหรับผูบริหารจากคณะทันตแพทยศาสตรทุกสถาบัน

4. จัดทําเกียรติบัตรผูเขารวมประชุม วิทยากร และบริษัทท่ีใหการสนับสนุน

5. จัดทําปายชื่อผูเขารวมประชุม พรอมแจกเอกสารการประชุม

6. จัดทํารายช่ือสําหรับผูลงทะเบียน

7. จัดทําบันทึกการเก็บหนวยการศึกษาตอเนื่องของทันตแพทยและวิทยากร 

8. งานอ่ืน ๆ ตามท่ีไดรับมอบหมาย 

คณะอนุกรรมการฝายประชาสัมพันธ

1.  ผูชวยศาสตราจารยอชิรวุธ   สุพรรณเภสัช   ประธานอนุกรรมการ

2.  ผูชวยศาสตราจารยกุลวรา ธาริยะ    รองประธานอนุกรรมการ

3.  นายสาธิต   ม่ังค่ัง    อนุกรรมการ

4.  นางสาวหญิง   โพธิสุวรรณ   อนุกรรมการ

5.  นายวีระพงษ   เหลาประเสริฐ   อนุกรรมการ

6.  นายชัยวุฒิ    ฆารสินธุ   อนุกรรมการ

7.  นางประทุมมา  ทาแดง    อนุกรรมการและเลขานุการ

 โดยมีหนาที่ 

1. จัดทําเว็บไซต ส่ือประชาสัมพันธงานประชุม ปายงานประชุม และปายตอนรับผูเขารวมประชุม 

2. จัดทําปายชื่อวิทยากรบนเวที 

3. ประชาสัมพันธภายในคณะและภายนอกคณะ

4. บันทึกภาพนิ่งและถายวิดีโอ บรรยากาศภายในงานประชุม

5. งานอ่ืน ๆ ตามท่ีไดรับมอบหมาย

คณะอนุกรรมการฝายวิชาการและคัดเลือกบทความ

1. รองศาสตราจารยจรินทร   ปภังกรกิจ   ประธานอนุกรรมการ

2. ผูชวยศาสตราจารยสุพรรณิการ   เรืองศรี    รองประธานอนุกรรมการ

3. ผูชวยศาสตราจารยจันทรธิดา ภวภูตานนท  ณ มหาสารคาม  อนุกรรมการ
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4. ศาสตราจารยสุวิมล  ทวีชัยศุภพงษ อนุกรรมการ

5. ศาสตราจารยสุวดี  โฆษิตบวรชัย  อนุกรรมการ

6. รองศาสตราจารยนิวัตร   จันทรเทวี  อนุกรรมการ

7. รองศาสตราจารยอรุณ  ทีรฆพงษ  อนุกรรมการ

8. รองศาสตราจารยอาภา  จันทรเทวี    อนุกรรมการ

9. รองศาสตราจารยศจี  สัตยุตม   อนุกรรมการ 

10. รองศาสตราจารยอาริยา  รัตนทองคํา  อนุกรรมการ

11. ผูชวยศาสตราจารยจินดา  เลิศศิริวรกุล  อนุกรรมการ

12. ผูชวยศาสตราจารยสุคนธทพิย  อาวัชนาการ  อนุกรรมการ

13. ผูชวยศาสตราจารยสมเกียรติ  เหลืองไพรินทร  อนุกรรมการ

14. ผูชวยศาสตราจารยปยะฉัตร  พัชรานุฉัตร  อนุกรรมการ

15. ผูชวยศาสตราจารยอังสนา  ใจแนน   อนุกรรมการ

16. ผูชวยศาสตราจารยดุษฎี  หอมดี   อนุกรรมการ

17. อาจารยเอกสิทธ์ิ   มโนสุดประสิทธ์ิ  อนุกรรมการ

18. อาจารยณัฐพงษ   กันตรง   อนุกรรมการ

19. อาจารยณัฐวีร    เผาเสรี   อนุกรรมการ

20. นางมาลี   มีครไทย   อนุกรรมการ

21. นางสุภาภรณ   ทองสุพรรณ  อนุกรรมการ

22. นางสมร   แสงชัย   อนุกรรมการ

23. นางยมนา   วงศนาค   อนุกรรมการ

24. นางกชพรรณ   มณีกานนท  อนุกรรมการและเลขานุการ

 โดยมีหนาที่ 

1. คัดเลือกบทความและตรวจสอบบทคัดยอของผูสมัคร

2. จัดหาผูทรงคุณวุฒิภายนอกเพื่อพิจารณาบทความ

3. แจงผลพิจารณาบทความของผูสมัคร

4. จัดเตรียมและดูแลการนําเสนอแบบปากเปลาและแบบโปสเตอรในงานประชุมวิชาการ

5. ประสานงานการประกวดผลงานทางวิชาการและการนําเสนอผลงาน

6. งานอ่ืน ๆ ตามท่ีไดรับมอบหมาย

คณะกรรมการฝายตอนรับ สถานท่ี และยานพาหนะ

1.  ผูชวยศาสตราจารยอโนมา รัตนะเจริญธรรม    ประธานอนุกรรมการ

2.  ผูชวยศาสตราจารยอาภาภรณ ภาษาสุข   รองประธานอนุกรรมการ

3.  ผูชวยศาสตราจารยกรกมล สุขจิตร    อนุกรรมการ

4.  ผูชวยศาสตราจารยอังคณา คลังทอง   อนุกรรมการ

5.  ผูชวยศาสตราจารยศิริพงศ สิทธิสมวงศ   อนุกรรมการ  

6.  นางสาวสาวมยุรี     สุทธิวงษวัฒนา   อนุกรรมการ

7.  นางยุวดี    อุปนันท    อนุกรรมการ
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8.   นางสมร   แสงชัย    อนุกรรมการ

9.   นางยมนา   วงศนาค    อนุกรรมการ

10. นางสาวโดมสุดา  โปรงมณี   อนุกรรมการ

11. นางสาวจุรีรัตน  สีทา    อนุกรรมการ

12. นางสาวนรัถภร   เลงพานิชย   อนุกรรมการ

13. นายเกษม     ดวงวันทอง   อนุกรรมการ

14. นางสาวอาภาภรณ  เลาธุรกิจ   อนุกรรมการ

15. นางสาวอนุสรา  ดงกลาง    อนุกรรมการ

16. นักศึกษาระดับบัณฑิตศึกษา     อนุกรรมการ

17. นางยุพิน     บุญนาดี    อนุกรรมการและเลขานุการ

 โดยมีหนาที่ 

1. ประสานงานกับวิทยากร/ผูทรงคุณวุฒิ เกี่ยวกับรายละเอียดการเดินทาง ที่พัก 

2. จัดหองพักสําหรับวิทยากร/ผูทรงคุณวุฒิ 

3. ดําเนินการเร่ืองยานพาหนะรับ-สง วิทยากรและผูทรงคุณวุฒิ

4. ตอนรับและอํานวยความสะดวกแกวิทยากร ผูทรงคุณวุฒิ และผูเขารวมประชุม

5. งานอ่ืน ๆ ตามท่ีไดรับมอบหมาย

คณะอนุกรรมการฝายการเงิน จัดหาทุน และอาหาร

1.  รองศาสตราจารยทัศนีย วังศรีมงคล   ประธานอนุกรรมการ 

2.  รองศาสตราจารยเข็มพร   กิจสหวงศ   รองประธานอนุกรรมการ

3.  อาจารยปฏิมาพร  พึ่งชาญชัยกุล   อนุกรรมการ

4.  นายวิชาญ   ธรรมวิรัตน   อนุกรรมการ

5.  นายมงคล   คําสวาท    อนุกรรมการ

6.  นางยุพิน    บุญนาดี    อนุกรรมการ

7.  นางธนภรณ    ชวยนา    อนุกรรมการ 

8.  นางสาวไอรฎา  แพงมา    อนุกรรมการ

9.  นางญาณิน   เครือแวงมล   อนุกรรมการ

10. นางสาวสรัญญา  เรียงดี    อนุกรรมการ

11. นางสาวจุรีรัตน  สีทา    อนุกรรมการ 

12. นางอุไร    คําสวาท    อนุกรรมการและเลขานุการ

โดยมีหนาที่ 

1. ประสานงานกับฝายตาง ๆ ในการจัดสรรงบประมาณ

2. ประสานงานกับโรงแรมเก่ียวกับงบประมาณการใชสถานท่ี อาหาร และราคาหองพกัสําหรับงานประชุม

3. ดําเนินการจัดทําเอกสารคาใชจายของวิทยากร สถานท่ี หองพัก อาหาร คาจัดเล้ียง และคาใชจายอ่ืน ๆ 

ที่เกี่ยวของ

4. ตรวจสอบคาลงทะเบียน ตามรายช่ือผูลงทะเบียนผานระบบออนไลน

5. รับชําระเงินคาลงทะเบียนหนางาน
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6. รบัและสงเงินคาลงทะเบียนเขาบัญชีธนาคาร ดูแลการเบิกจายเงิน จดัทํารายการใชจายเงิน ตรวจหลกัฐาน

การเบิกจายใหถูกตองตามระเบียบ

7. สรุปผลคาใชจายในการจัดประชุม

8. ประสานงานเก่ียวกับการจัดเตรียมอาหาร อาหารวางและเคร่ืองด่ืมงานประชุมและงานจัดเล้ียง

9. งานอ่ืน ๆ ตามท่ีไดรับมอบหมาย

คณะอนุกรรมการฝายพิธีการ โสตทัศนูปกรณ และงานเลี้ยงรับรอง

1. อาจารยรัชฎา   ฉายจิต    ประธานอนุกรรมการ

2. ผูชวยศาสตราจารยอชิรวุธ สุพรรณเภสัช   รองประธานอนุกรรมการ

3. ผูชวยศาสตราจารยฑีฆายุ   พลางกูร จอรนส   อนุกรรมการ

4. ผูชวยศาสตราจารยจันทรธิดา ภวภูตานนท ณ มหาสารคาม อนุกรรมการ

5. อาจารยศุภวิชญ  หมอกมืด   อนุกรรมการ

6. นางพรรณวษา      พลลํ้า    อนุกรรมการ

7. นายธงชัย     การจุนสี    อนุกรรมการ

8. นายเศรษฐวิทย    กีรติชัยเศรษฐ   อนุกรรมการ

9. นายสิริพงศ      ทับบุญ    อนุกรรมการ

10. นายธโนดม      ปวรัตน    อนุกรรมการ

11. นางสาวอรุณทิพย    ลีมุงคุณ     อนุกรรมการ

12. นางสาวอาภาภรณ    เลาธุรกิจ   อนุกรรมการ

13. นางสาวสรัลภัทร  ยิ่งยืน    อนุกรรมการ

14. นางสาวณัฏฐณิชา  พลยางนอก   อนุกรรมการ

15. นางสาวจิรภา      วรรณคํา   อนุกรรมการและเลขานุการ

โดยมีหนาที่ 

1. ประสานงานกับโรงแรมเพ่ือจัดเตรียมสถานท่ีและดูแลความเรียบรอยในงานประชุม

2. เปนพิธีกรและดําเนินงานพิธีการในงานประชุมและงานเล้ียง

3. ดูแลและกํากับกิจกรรมใหเปนไปตามกําหนดการ

4. ประสานงานกับวิทยากรและผูดําเนินรายการ 

5. จัดเตรียมของท่ีระลึกสําหรับวิทยากร

6. ดําเนินการประสานงานในการขอประวัติวิทยากรและทําหนังสือเชิญวิทยากร

7. จัดทําหนังสือเชิญประธานเปดงานประชุมวิชาการ

8. ดําเนินการจัดทําคํากลาวเปดงาน และกลาวรายงานการประชุม

9. ประสานงานกับฝายตอนรับในการอํานวยความสะดวกวิทยากร

10. จัดกิจกรรมนันทนาการและดําเนินการเก่ียวกับงานเล้ียง Welcome Reception และ Gala Dinner 

11. งานอ่ืน ๆ ตามท่ีไดรับมอบหมาย
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คณะอนุกรรมการฝายเอกสารประกอบการประชุม 

1. ผูชวยศาสตราจารยปรมาภรณ   กล่ันฤทธ์ิ   ประธานอนุกรรมการ

2. ผูชวยศาสตราจารยอุทัยวรรณ   อารยะตระกูลลิขิต  รองประธานอนุกรรมการ

3. ผูชวยศาสตราจารยวิไลรัตน  สฤษฎีชัยกุล   อนุกรรมการ

4. อาจารยพรทิพย   ผจงวิริยาธร   อนุกรรมการ

5. นางสาวสุนิศา  ทองอุทุม   อนุกรรมการ

6. นายโรจนวรรณ  หาดี    อนุกรรมการ

7. นางสาวอรุณทิพย  ลีมุงคุณ    อนุกรรมการและเลขานุการ

โดยมีหนาที่ 

1. จัดลําดับการนําเสนอบทความ ทั้งแบบ Oral presentation และ Poster presentation 

2. จัดทํารูปเลมในงานประชุมวิชาการท้ังบทความและ Proceedings

3. ประสานงานกับวิทยาสารทันตแพทยศาสตร (JDAT) ทันตแพทยสมาคมแหงประเทศไทย ในการตีพมิพ

บทความวิจัยฉบับเต็ม

4. งานอ่ืน ๆ ตามท่ีไดรับมอบหมาย

คณะอนุกรรมการฝายประเมินผลและสรุปผล 

1. รองศาสตราจารยธีระศักด์ิ   ดํารงรุงเรือง   ประธานอนุกรรมการ

2. นางสมพิศ    นามเปอย   อนุกรรมการ

3. นายเศรษฐวิทย  กีรติชัยเศรษฐ    อนุกรรมการ

4. นายปริญญา   รสราง    อนุกรรมการและเลขานุการ

โดยมีหนาที่ 

1. จัดทําแบบประเมินผลการประชุมและสรุปผลการประเมิน

2. งานอ่ืน ๆ ตามท่ีไดรับมอบหมาย

ทั้งน้ี   ต้ังแตบัดน้ีเปนตนไป

   ส่ัง  ณ  วันท่ี  11 เมษายน  พ.ศ. 2562
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The 17th International Scientific Conference of the Dental Faculty Consortium of 

Thailand (DFCT2019)

“Emerging Trends in Dentistry”

July 8 - 10, 2019
♦ Pullman Khon Kaen Raja Orchid, Khon Kaen, Thailand ♦ Orchid Ballroom 2 -  3, 2nd floor ♦

July 8, 2019: Dental Education Session

‘Digital Technology to Enhance Active Learning in Higher Education’

Room: Orchid Ballroom 2 - 3, 2nd floor

11.00 -  12.00 Registration

12.00 -  13.00 Lunch (Room: Orchid Ballroom 1, 2nd floor)

13.00 -  13.30 Opening Ceremony 

13.30 -  14.10

• Special Session 1

Topic: Disruptive Innovation in Periodontal Therapy

Invited Speaker 1: Professor Thomas Frank Flemmig, The University of Hong Kong, P.R. CHINA 

14.10 -  14.50 • Special Session 2 

Topic: Digital Transformation in Healthcare: Ready for Exponential Change? 

Invited Speaker 2:  Assistant Professor Denpong Soodphakdee, Khon Kaen University, THAILAND

14.50 -  15.10 Coffee Break

15.10 -  15.50 • Special Session 3

Topic: Marrying Ed to Tech -  Encouraging Evidence-Based Learning with Technological Platforms

Invited Speaker 3:  Dr. Atipong Pathanasethpong, Khon Kaen University, THAILAND

15.50 -  16.30 • Special Session 4

Topic: Digital Trends in Dental Education: The State of the Art of Serious Games

Invited Speaker 4: Dr. Kawin Sipiyaruk, Mahidol University, THAILAND

16.30 -  17.30 DFCT Annual Meeting for Thai Dental School Administrative Faculty  (Room: Orchid Ballroom 3, 2nd floor)

18.30 -  21.00 Welcome Reception and Celebrating 40 years of Khon Kaen University Faculty of Dentistry

(Room: Orchid Ballroom 1 -  2, 2nd floor)

July 9, 2019: Research and Scientific Session 

 ‘Emerging Trends in Dentistry’

Room: Orchid Ballroom 2 - 3, 2nd floor

9.00 -  9.40

• Special Session 5

Topic: Integration of Biomedical and Clinical Sciences in Dental Education

Invited Speaker 5:  Professor Robert Spears, The University of Texas Health Science Center at Houston, School 

of Dentistry, USA
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9.40 -  10.20 • Special Session 6

Topic: Restoring the Face: The Art and Science of Maxillofacial Prostheses

Invited Speaker 6: Professor Sudarat Kiat-Amnuay, The University of Texas Health Science Center at Houston, School 

of Dentistry, USA

10.20 -  10.35 Coffee Break

10.35 -  12.00 Oral Presentation Session 1

[O_01 -  O_06] 

 Room: Orchid Ballroom 2-3, 2nd fl.

Chair: Assoc.Prof. Prathip Phantumvanit 

Co-Chair: Asst.Prof. Nathawut Kaewsutha

Oral Presentation Session 2

[O_07 - O_12]

Room: Erawan 1-2, 1st fl.

Chair: Asst.Prof. Suchit Poolthong

Co-Chair: Dr. Narong Lumbikananda

Poster Presentation Session 1

[Odd number]

Room: Orchid Ballroom 1, 2nd fl.

Chair: Assoc.Prof.Weeraya Tantanapornkul

Co-Chair: Asst.Prof. Poramaporn Klanrit 

12.00 -  13.00 Lunch  (Room: Pavillion 1st floor and Sala Thai, 4th floor)

Room: Orchid Ballroom 2 -  3, 2nd floor

13.00 -  13.40 

• Special Session 7

Topic: Role of Oral Bacteria in Gastrointestinal Tract Cancers

Invited Speaker 7: Professor Mong-Hong Lee, Sun Yat-sen University, P.R. CHINA

13.40 -  15.15 Oral Presentation Session 3

[O_13 - O_19]

Room: Orchid Ballroom 2-3, 2nd fl.

Chair: Assoc.Prof. Chairat 

  Chalermrattanaroj

Co-Chair: Asst.Prof. Paiboon Jitprasertwong 

Oral Presentation Session 4

[O_20 - O_26]

Room: Erawan 1-2, 1st fl.

Chair: Prof. Waranun Buajeeb

Co-Chair: Asst.Prof. Narumanas 

         Korwanich

Poster Presentation Session 2

[Even number]

Room: Orchid Ballroom 1, 2nd fl.

Chair: Asst.Prof. Supakit Peanchitlertkajorn

Co-Chair: Asst.Prof. Pipop Sutthiprapaporn 

15.15 -  15.30 Coffee Break

15.30 -  17.00 Oral Presentation Session 5

[O_27 - O_31]

Room: Orchid Ballroom 2-3, 2nd fl.

Chair: Prof. Callum Durward

Co-Chair: Prof. Zheng-Mei Lin

Oral Presentation Session 6

[O_32 - O_36]

Room: Erawan 1-2, 1st fl.

Chair: Assoc.Prof. Niwut Jantavee

Co-Chair: Prof. Danilo L. 

         Magtanong

DFCT Committee Monthly Meeting 

(DFCT Executive Board Members 

only)

Room: Chat-tan 1-2, 1st fl.

18.30 - 21.00 Gala Dinner  (Room: Orchid Ballroom 2 -  3, 2nd floor)  

July 10, 2019: Research and Scientific Session 

‘Emerging Trends in Dentistry’

Room: Orchid Ballroom 2 -  3, 2nd floor

9.00 -  9.40 • Special Session 8

Topic: Present and Future Use of Monoscopic Photogrametry in Orthodontics and Dentistry

Invited Speaker 8: Professor Guillermo Perez Cortez, Universidad Autonoma de Baja California, MEXICO

9.40 -  10.20 • Special Session 9

Topic: Systematic Review, Meta-analysis and The Quest for Truth

Invited Speaker 9: Associate Professor Chankhrit Sathorn, La Trobe University, AUSTRALIA

10.20 -  10.40 Coffee Break

10.40 -  11.00 Award Announcement

11.00 -  11.30 Closing Ceremony

11.30 -  13.00 Lunch  (Room: Pavillion, 1st floor and Sala Thai, 4th floor)
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Scientific Program of Oral Presentation Session 1 - 6

July 9, 2019

Oral Presentation Session 1 (10.35-12.00)                            Room: Orchid Ballroom 2-3, 2nd Floor
Chair: Assoc.Prof.Dr. Prathip PHANTUMVANIT, Dean, Thammasat University, Thailand
Co-Chair: Asst.Prof.Dr. Nathawut KAEWSUTHA, Dean, Srinakharinwirot University, Thailand

10.35-10.48 O_01 Involvement of the ADAM9/Akt Pathway in Oral Cancer Cell Invasion

Worakanya BURANAPHATTHANA1,2, Anupong MAKEUDOM2, Shuangjiang WU2, 
Thanapat SASTRARUJI2, Chayarop SUPANCHART2,3, Suttichai KRISANAPRAKORNKIT1,2

1Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand 
2Center of Excellence in Oral and Maxillofacial Biology, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand
3Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai, Thailand

10.48-11.01 O_02 The Improvement of Calvarial Bone Healing by Durable Acryloyl-Modified 
Cholesterol-Bearing Pullulan–PEG Hybrid Nanogels Materials

Pornkawee CHAROENLARP1,2, Arun Kumar RAJENDRAN1, Rie FUJIHARA3, Taisei 
KOJIMA3, Ken-ichi NAKAHAMA4, Yoshihiro SASAKI3, Kazunari AKIYOSHI3, Masaki 
TAKECHI1, Sachiko ISEKI1

1Section of Molecular Craniofacial Embryology, Graduate School of Medical and Dental 
Sciences, Tokyo Medical and Dental University, Bunkyo-ku, Tokyo, Japan
2Department of Radiology, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 

3Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University, 
Nishikyo-ku, Kyoto, Japan
4Department of Cellular Physiological Chemistry, Graduate School of Medical and Dental 
Sciences, Tokyo Medical and Dental University, Bunkyo-ku, Tokyo, Japan

11.01-11.14 O_03 Cordycepin inhibits Oxidative Stress in Human Salivary Gland Cells

Atchara JAIBOONMA1, Palakorn KAOKAEN1, Parinya NOISA1, Kajohnkiart JANEBODIN2, 
Paiboon JITPRASERTWONG3

1Laboratory of Cell-Based Assays and Innovations, School of Biotechnology, Institute of 
Agricultural Technology, Suranaree University of Technology, Nakhon Ratchasima, Thailand
2Department of Anatomy, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
3School of Geriatric Oral Health, Institute of Dentistry, Suranaree University of Technology, 
Nakhon Ratchasima, Thailand

11.14-11.27 O_04 Associations between Psychosocial Variables and Pain Measures in a Sample of Orofacial 
Pain Patients

Kanokporn BHALANG1, Beat STEIGER2, Dominik ETTLIN2

1Department of Oral Medicine, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 
2Orofacial Pain Unit, Center of Dental Medicine, University of Zürich, Zürich, Switzerland
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11.27-11.40 O_05 The Correlation between the Hardness of Some Thai Foods and
Electromyography Parameters in Masticatory Muscle

Thanaporn SOWITHAYASAKUL1, Weera SUPRONSINCHAI2, Phanomporn VANICHANON3

1Department of Occlusion, Faculty of Dentistry, Naresuan University, Phitsanulok, Thailand
2Department of Physiology, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
3Department of Occlusion, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

11.40-11.53 O_06 Eubacterium saphenum as a Novel Bacterial Biomarker for Periodontitis Screening

Thatawee KHEMWONG, Hiroaki KOBAYASHI, Yuichi IKEDA, Takeaki SUDO, Chihiro 
KANO, Takanori MATSUURA, Yuichi IZUMI

Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University, Tokyo, Japan

Oral Presentation Session 2 (10.35-12.00)                                           Room: Erawan 1-2, 1st Floor
Chair: Asst.Prof.Dr. Suchit POOLTHONG, Dean, Chulalongkorn University, Thailand
Co-Chair: Dr. Narong LUMBIKANANDA, Dean, Mae Fah Luang University, Thailand

10.35-10.48 O_07 Prevalence, Location and Height of Maxillary Sinus Septa Evaluated with CBCT Analysis

Fabia YOUNUS

Department of General Practice and Dental Public Health, University of Texas School of 
Dentistry, Houston, Texas, USA

10.48-11.01 O_08 Effect of High Dose Submucosal Dexamethasone Injection on Postoperative Sequelae after 
Lower Third Molar Surgery: Randomized, Double-Blind Clinical Trial

Supatcha LAMLERTWATHEE, Narit LEEPONG

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla 
University, Songkhla, Thailand

11.01-11.14 O_09 Graft Volume Change in Cleft Alveolus Grafting with Cancellous Iliac Bone Combined with 
PRF Membrane and Liquid PRF

Umaporn WAIPREECHEE1, Thongchai NUNTANARANONT1, Prisana PRIPATNANONT1, 
Wipapun RITTHAGOL2

1Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla 
University, Songkhla, Thailand
2Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, 
Songkhla, Thailand  

11.14-11.27 O_10 Dental Implant Fixture Fabricated by 3D Printing Using Selective Laser Melting Technology

Lertrit SARINNAPHAKORN, Prasit PAVASANT, Pravej SERICHETAPONG

Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

11.27-11.40 O_11 From Conceptual Design to Practical Prototype Evaluation of Buccal Retractor for 
Mandibular Third Molar Surgery: User-Centered Based

Weeraporn WONGKHAM, Settakorn PONGPANICH, Prisana PRIPATNANONT

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla 
University, Songkhla, Thailand
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11.40-11.53 O_12 Utility of Fusion Volumetric Images from Computed Tomography and Magnetic Resonance 
Imaging for Localizing the Mandibular Canal

Chutamas DEEPHO1,2, Hiroshi WATANABE2, Junichi SAKAMOTO2, Torhu KURABAYASHI2

1Department of Oral Diagnosis, Faculty of Dentistry, Naresuan University, Phitsanulok, Thailand
2Department of Oral and Maxillofacial Radiology, Graduate School, Tokyo Medical and Dental 
University, Tokyo, Japan

Oral Presentation Session 3 (13.40-15.15)                            Room: Orchid Ballroom 2-3, 2nd Floor
Chair: Assoc.Prof.Dr. Chairat CHALERMRATTANAROJ, Dean, Prince of Songkla University, Thailand
Co-Chair: Asst.Prof.Dr. Paiboon JITPRASERTWONG, Head of Research Department, Suranaree University of  Technology, Thailand

13.40-13.53 O_13 Regulation of Phosphate/Pyrophosphate Modulatory Genes by Basic Fibroblast Growth 
Factor in Stem Cells Isolated from Human Exfoliated Deciduous Teeth

Nunthawan NOWWAROTE1, Waleerat SUKARAWAN1,2, Prasit PAVASANT1,3, Brian L. 
FOSTER4, Thanaphum OSATHANON1,3,4

1Center of Excellence for Regenerative Dentistry, 2Department of Pediatric Dentistry, 3Department 
of Anatomy, 5Genomics and Precision Dentistry Research Unit, Faculty of Dentistry, Chulalongkorn 
University, Bangkok, Thailand
4Division of Biosciences, College of Dentistry, The Ohio State University, Columbus, OH, USA

 13.53-14.06 O_14 Effects of Biotic Supplementations on Jawbone Properties in Obese-Insulin Resistant Rats

Sathima EAIMWORAWUTHIKUL1,2,3,4, Panan SUNTORNSARATOON5,6, Narattaphol 
CHAROENPHANDHU5,6,7, Parameth THIENNIMITR8, Nipon CHATTIPAKORN3,4, Siriporn C 
CHATTIPAKORN2,3,4

1Department of Orthodontics and Pediatric Dentistry, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand
2Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand
3Center of Excellence in Cardiac Electrophysiology Research, Faculty of Medicine, Chiang Mai 
University, Chiang Mai, Thailand
4Neurophysiology Unit, Cardiac Electrophysiology Research and Training Center (CERT), Faculty 
of Medicine, Chiang Mai University, Chiang Mai, Thailand
5Center of Calcium and Bone Research (COCAB), Faculty of Science, Mahidol University, Bangkok, 
Thailand
6Department of Physiology, Faculty of Science, Mahidol University, Bangkok, Thailand
7Institute of Molecular Biosciences, Mahidol University, Nakhon Pathom, Thailand
8Department of Microbiology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

14.06-14.19 O_15 Immunohistochemical Study of O-GlcNAcylation in Adenoid Cystic Carcinoma of the 
Salivary Gland

Lordjie Marr Otamias MORILLA1,2,4, Ajiravudh SUBARNBHESAJ1,2, Rajda CHAICHIT3, 
Ponlatham CHAIYARIT1,2, Poramaporn KLANRIT1,2

1Research Group of Chronic Inflammatory Oral Diseases and Systemic Diseases Associated with 
Oral Health, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand 
2Department of Oral Biomedical Science, Faculty of Dentistry, Khon Kaen University, Khon Kaen, 
Thailand
3Department of Preventive Dentistry, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand
4Department of Oral Medicine, College of Dentistry, University of the Philippines, Manila, Philippines
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14.19-14.32 O_16 A Novel de novo Mutation Substantiates KDF1 as a Gene Causing Ectodermal Dysplasia

Chawan MANASPON1,2, Sermporn THAWEESAPPHITHAK1, Thanaphum OSATHANON2, 3, 
Kanya SUPHAPEETIPORN4,5, Thantrira PORNTAVEETUS1, Vorasuk SHOTELERSUK4,5 

1Genomics and Precision Dentistry Research Unit, Department of Physiology, 2Center of 
Excellence for Regenerative Dentistry, and 3Department of Anatomy, Faculty of Dentistry, 
Chulalongkorn University, Bangkok, Thailand
4Center of Excellence for Medical Genomics, Department of Pediatrics, Faculty of Medicine, 
Chulalongkorn University, Bangkok, Thailand 
5Excellence Center for Medical Genetics, King Chulalongkorn Memorial Hospital, the Thai Red 
Cross Society, Bangkok, Thailand

14.32-14.45 O_17 Synergistic Effects of LFchimera and Doxycycline Against Planktonic and Biofilm of 
Aggregatibacter actinomycetemcomitans

Marie Rossini Carmela T. LACHICA1,2,3,  Chitchanok ANUTRAKUNCHAI1, 
Saengsome PRAJANEH2,  Kamran NAZMI4,  Jan G.M. BOLSCHER4,  
Suwimol TAWEECHAISUPAPONG1,2

1Biofilm Research Group, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand
2Department of Oral Biomedical Science, Faculty of Dentistry, Khon Kaen University, 
Khon Kaen, Thailand
3Department of Clinical Dental Health Sciences, Oral Medicine Section, College of Dentistry, 
University of the Philippines Manila, Manila, Philippines
4Department of Oral Biochemistry, Academic Centre for Dentistry Amsterdam (ACTA), 
University of Amsterdam and VU University Amsterdam, Amsterdam, The Netherlands

14.45-14.58 O_18 The Use of Platelet-Rich Plasma to Facilitate Orthodontic Tooth Movement

Theerasak NAKORNNOI, Chidchanok LEETHANAKUL, Bancha SAMRUAJBENJAKUN

Orthodontic Section, Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla 
University, Songkhla, Thailand

14.58-15.11 O_19 Relationship between Balance of the Areas of Occlusal Contact and Near Contact (ACNC) 
and Masticatory Performance (MP)

Napat NALAMLIANG, Pattra SUMONSIRI, Udom THONGUDOMPORN

Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University

Oral Presentation Session 4 (13.40-15.15)                                           Room: Erawan 1-2, 1st Floor
Chair: Prof.Dr. Waranun BUAJEEB, Dean, Mahidol University, Thailand
Co-Chair: Asst.Prof.Dr. Narumanas KORWANICH, Dean, Chiang Mai University, Thailand

13.40-13.53 O_20 A Preliminary Study of the Expression of p16INK4a, CLLD7, and CHC1L in Oral 
Squamous Cell Carcinoma

Bishwa Prakash BHATTARAI1, Orawan SUPPRAMOTE2, Siwanon JIRAWATNOTAI2, 
Ounruean MEESAKUL3, Rachai JUENGSOMJIT3, Kajohnkiart JANEBODIN4, Boworn 
KLONGNOI1, Natthamet WONGSIRICHAT1, Rudee SURARIT5, Duangchewan 
PUENGSURIN5, Siribang-on Piboonniyom KHOVIDHUNKIT6

1 Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Mahidol University, Bangkok, 
Thailand
2 Department of Pharmacology, Siriraj Hospital, Mahidol University, Bangkok, Thailand
3 Department of Oral and Maxillofacial Pathology, Faculty of Dentistry, Mahidol University, 
Bangkok, Thailand
4 Department of Anatomy, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
5 Department of Oral Biology, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
6 Department of Advanced General Dentistry, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
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13.53-14.06 O_21 The Relationship Between Oral Bacterial Microbiome and Hyperglycemic
Condition in Thai Dental Patients

Kornwipa RUNGRUEANG1, Thitima THURAMONWONG1, Muneedej SUWATTIPONG1, 
Siribang-on PIBOONNIYOM KHOVIDHUNKIT1, Sirirak SUPA-AMORNKUL2, Chanita TANTIPOJ1

1Department of Advanced General Dentistry, Faculty of Dentistry, Mahidol University, Bangkok, 
Thailand
2International dental school, Faculty of Dentistry, Mahidol University, Bangkok, Thailand

14.06-14.19 O_22 Human Papillomavirus Genotypes 16 and 18 Infection and p16 Expression in 
Oral Squamous Cell Carcinomas in Northern Thailand

Nicha KOMOLMALAI1, Nirush LERTPRASERTSUKE2, Suree LEKWANAVIJIT2, 
Surawut PONGSIRIWET1, Anak IAMAROON1 

1Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand 
2Department of Pathology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand 

14.19-14.32 O_23 An Investigation of Optimal Doses of Azulene and Light Fluency to Produce Singlet Oxygen 
in Photodynamic Therapy

Katherine Mae UY1,3, Aroon TEERAKAPONG1, Teerasak DAMRONGRUNGRUANG2,3 

1Division of Periodontology, Department of Oral Biomedical Science, Faculty of Dentistry, 
Khon Kaen University, Khon Kaen, Thailand 
2Division of Oral Diagnosis, Department of Oral Biomedical Science, Faculty of Dentistry, 
Khon Kaen University, Khon Kaen, Thailand
3Lasers in Dentistry Research Group, Khon Kaen University, Thailand

14.32-14.45 O_24 A Cross-Sectional Study among Thai Dentists: Survey on Awareness, Knowledge and 
Attitudes of Medication-Related Osteonecrosis of the Jaw (MRONJ)

Thidarat SINGKHORN and Panu SUPATRAVIWAT

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla 
University, Songkhla, Thailand

14.45-14.58 O_25 Effect of Nanoparticle Crosslinkers on Characteristics of Chitosan Nanoparticles and their 
Antibacterial Properties against Lactobacillus casei for Effective Mouthwash Formulation

Angelica Rae M. VILLASEÑOR1, Nuttawee NIAMSIRI2, Rudee SURARIT3, 
Araya PHONGHANYUDH1

1Department of Pediatric Dentistry, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
2Department of Biotechnology, Faculty of Science, Mahidol University, Bangkok, Thailand
3Department of Oral Biology Faculty of Dentistry, Mahidol University, Bangkok, Thailand

14.58-15.11 O_26 Improved Knowledge about HPV in Thai Women after Educational Intervention

Parinart KLAIPUK1,2, Yaowaluk NGOENWIWATKUL3, Chanita TANTIPOJ4, Nittaya 
PHANUPHAK5, Siribang-on Pibooniyom KHOVIDHUNKIT4

1Master of Science Program in General Dentistry, Faculty of Dentistry, Mahidol University, 
Bangkok, Thailand 
2Dental Public Health Department, Sirindhorn College of Public Health Yala, Yala, Thailand 
3Community Dentistry Department, Faculty of Dentistry, Mahidol University, Bangkok, Thailand 
4Department of Advanced General Dentistry, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
5PREVENTION, The Thai Red Cross AIDS and Research Centre, Bangkok, Thailand 
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Oral Presentation Session 5 (15.30-17.00)                            Room: Orchid Ballroom 2-3, 2nd Floor
Chair: Prof. Callum DURWARD, Dean, University of Puthisastra, Cambodia
Co-Chair: Prof. Zheng-Mei LIN, Associate Dean, Sun Yat-sen University, P.R. China

15.30-15.43 O_27 The Effect of Silver Diamine Fluoride on the Microtensile Bond Strength Between Glass 
Ionomer Cement and Carious Primary Dentin

Aksrapak PUWANAWIROJ1,2, Chutima TRAIRATVORAKUL1, Ananda P. DASANAYAKE3, 
Prim AUYCHAI1

1Department of Pediatric Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
2Banna Hospital, Nakhonnayok, Thailand
3Department of Epidemiology, New York University College of Dentistry, New York, NY, USA

15.43-15.56 O_28 Delayed Enhancement of Salivary Human Neutrophil Peptide 1-3 Levels by Probiotic Milk 
in Preschool Children

Onnida WATTANARAT1,2, Chanika MANMONTRI1,2, Areerat NIRUNSITTIRAT2,3, Anupong 
MAKEUDOM2, Thanapat SASTRARUJI2, Supatcharin PIWAT4,5, Rawee TEANPAISAN4,6, 

Nuntiya PAHUMUNTO4, Suttichai KRISANAPRAKORNKIT2,7

1Department of Orthodontics and Pediatric Dentistry, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai, Thailand
2Center of Excellence in Oral and Maxillofacial Biology, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai, Thailand 
3Department of Family and Community Dentistry, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai, Thailand
4Common Oral Diseases and Epidemiology Research Center, Faculty of Dentistry, Prince of Songkla 
University, Songkhla, Thailand
5Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand
6Department of Stomatology, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand
7Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai, Thailand

15.56-16.09 O_29 Reduction of Streptococcus mutans by Probiotic Milk: a Multicenter Trial

Chanika MANMONTRI1,2, Areerat NIRUNSITTIRAT2,3, Onnida WATTANARAT1,2, 
Supatcharin PIWAT4,5, Nuntiya PAHUMUNTO5,7, Anupong MAKEUDOM2, 
Thanapat SASTRARUJI2, Suttichai KRISANAPRAKORNKIT2,6, Rawee TEANPAISAN5,7

1Division of Pediatric Dentistry, Department of Orthodontics and Pediatric Dentistry, Faculty of 
Dentistry, Chiang Mai University, Chiang Mai, Thailand
2Center of Excellence in Oral and Maxillofacial Biology, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai, Thailand
3Division of Community Dentistry, Department of Family and Community Dentistry, Faculty of 
Dentistry, Chiang Mai University, Chiang Mai, Thailand
4Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand 
5Common Oral Diseases and Epidemiology Research Center, Hat Yai, Songkhla, Thailand
6Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand 
7Department of Stomatology, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand

16.09-16.22 O_30 Probiotic Milk for Prevention of Dental Caries in Preschool Children: A Multicenter Trial

Areerat NIRUNSITTIRAT1,2, Chanika MANMONTRI2,3, Onnida WATTANARAT2,3, 
Anupong MAKEUDOM2, Thanapat SASTRARUJI2, Suttichai KRISANAPRAKORNKIT2,4, 
Supatcharin PIWAT5,6, Nuntiya PAHUMUNTO5,7, Rawee TEANPAISAN5,7 

1Department of Family and Community Dentistry, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai, Thailand
2Center of Excellence in Oral and Maxillofacial Biology, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand 
3Department of Pediatric Dentistry and Orthodontics, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand
4Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand 
5Common Oral Diseases and Epidemiology Research Center, Faculty of Dentistry, Prince of 
Songkla University, Songkhla, Thailand
6Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand 
7Department of Stomatology, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand
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16.22-16.35 O_31 Modification of Rice Bran Oil as Plasticizer in Fabricating Natural Rubber Suturing Pad

Kingkan PRUEKSAPHUNRAT and Mali NIYOMBANDITH

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla 
University, Songkhla, Thailand

Oral Presentation Session 6 (15.30-17.00)                                          Room: Erawan 1-2, 1st Floor
Chair: Assoc.Prof.Dr. Niwut JANTAVEE, Former Dean, Khon Kaen University, Thailand
Co-Chair: Prof. Danilo L. MAGTANONG, Dean, University of the Philippines Manila, Philippines

15.30-15.43 O_32 Comparison of the Effects of Intra-Radicular Materials on the Incidence of Fatal Root 
Fracture in Immature Teeth Treated with MTA Apexification: A Retrospective Study

Supatra DANWITTAYAKORN1, Danuchit BANOMYONG1, Lalida ONGCHAVALIT1, 
Yaowaluk NGOENWIWATKUL2, Patcharin PORKAEW3

1Department of Operative Dentistry and Endodontics, Faculty of Dentistry, Mahidol University, 
Bangkok, Thailand
2Department of Community Dentistry, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
3Dental Center, Bangkok Hospital, Bangkok, Thailand

15.43-15.56 O_33 Total Deformation of Implant-Supported Cantilever Fixed Dental Prosthesis in the Anterior 
Maxilla: A finite Element Analysis

Aaron Christian L. RIVERA1, Daraporn SAE-LEE2, Jarupol SURIYAWANAKUL3 

1Department of Prosthodontics, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand
2Department of Prosthodontics, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand
3Department of Mechanical Engineering, Faculty of Engineering, Khon Kaen University, Khon 
Kaen, Thailand

15.56-16.09 O_34 Biocompatibility of Deproteinized Human Demineralized Tooth Matrix (dpDTM) in Rabbit Model

Sureerat TANWATANA, Narit LEEPONG, Srisurang SUTTAPREYASRI

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla University, 
Songkhla, Thailand

16.09-16.22 O_35 The Effect of Demineralization Process on Physicochemical Properties, BMP-2 Releasing of 
Human Demineralized Tooth Matrix

Anupong JEERACHAIPANSAKUL and Srisurang SUTTAPREYASRI

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla 
University, Songkla, Thailand

16.22-16.35 O_36 Effects of Provisional Cements on Shear Bond Strength of Resin Cements to Dentin

Pattamon SETHSOONTREE1, Pattaranat BANTHITKHUNANON1, 
Sitthichai WANACHANTARARAK2

1Department of Prosthodontics, Faculty of Dentistry, Chiang Mai University, Chiang Mai, 
Thailand
2Department of Oral Biology and Oral Diagnosis Sciences, Faculty of Dentistry, Chiang Mai 
University, Chiang Mai, Thailand
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Disruptive Innovation in Periodontal Therapy

Thomas F. Flemmig

Kingboard Professor in Advanced Dentistry

Dean of Faculty of Dentistry

The University of Hong Kong

Science and technology continuously advance in most if not all industries including, healthcare. Many of 

the advances are incremental in nature and improve the performance and/or lower the costs of well-established 

products or services. Disruptive innovations are those that create new applications or markets and ultimately, make 

established technologies obsolete. At an early stage, disruptive innovations often perform worse than established 

technologies, but have attributes that are of value in new markets or for new applications. The performance of 

truly disruptive innovations often improves rather quickly and over time, surpass that of established technologies. 

Examples of disruptive innovations in periodontal therapy will be presented and an outlook provided on which 

recent advances hold promise to disrupt periodontal therapy in the future. 

Biosketch  

Professor Flemmig earned his dental degree at the University of Freiburg and received training in Oral 

Surgery at the University of Hamburg and in Periodontics at the University of California Los Angeles (UCLA). 

He holds a Dr. med. dent. degree from the University of Freiburg, a Dr. med. dent. habil. degree from the University 

of Würzburg, and an M.B.A. as well as a certificate in Health Sector Management from Duke University; he is 

board certified in Periodontology and maintained an intramural practice limited to Periodontics and Implant Dentistry 

for 25 years. He served as Chairman at the Departments of Periodontology at the Universities of Würzburg, Münster, 

and Washington and held the Schluger Endowed Chair. Professor Flemmig holds the Kingboard Professorship in 

Advanced Dentistry and serves as Dean of the Faculty of Dentistry, The University of Hong Kong and Director of 

the Prince Phillip Dental Hospital in Hong Kong SAR. 

Professor Flemmig served as an Associate Editor of the Journal of Clinical Periodontology and Guest-Editor 

of Periodontology 2000 and was on the Editorial Board of several scientific journals, including the Journal of 

Periodontal Research, Journal of Clinical Periodontology, European Journal of Oral Sciences, and Clinical Oral 

Investigation. In addition, he was a Member of the Medical Committee of the German Council for Science and 

Humanities (Wissenschaftsrat) advising the federal and state governments in matters related to medical and dental 

research and education.

Professor Flemmig’s research focuses on the control of oral biofilms and the economics of oral healthcare
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Digital Transformation in Healthcare: Ready for Exponential 

Change?

Asst. Prof. Denpong Soodphakdee, Ph.D.

Vice President for Digital University Development

digital@kku.ac.th

The advent of digital technology recently involves many areas of discipline, healthcare is no exception.  

Artificial intelligence, AI, gives an opportunity to find new ways of medical treatment without any invention of a 

new drug or sophisticated medical equipment. AI also helps the doctor to treat the patient more accurate and save 

many lives. Operation room equipped with a robotic assistant working alongside doctors. 3D printed human organs 

is one of the promising technology that lifted the hope of who are in the waiting list of organ donation. Human 

cells are used as an ink to print human tissue and later incubated into an organ. A human body shop may become 

reality within the next few decades. This exponentially technological changes will play an important role in healthcare 

and medical research and education. Healthcare industry, research, and education institutes need to adapt and be 

prepared for this dramatic change.
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Marrying Ed to Tech - Encouraging Evidence-Based Learning 

with Technological Platforms

Atipong Pathanasethpong 

MD, MS (Med Ed), Faculty of Medicine, KKU

- Clinical Instructor, Department of Anesthesiology

- Director, Program for Faculty Development in Medical Education

Educational technology (ed tech) is poised to become a cornerstone of health professions education, with 

continual developments providing newer and higher-fidelity environments. Therefore, it is crucial that educators 

not get bedazzled by flashy appearances, but rather focus on whether a piece of technology can truly produce 

learning.

At its core, ed tech is a tool. Tools don’t produce learning by themselves but must be underpinned by 

appropriate pedagogies to create meaningful learning. This presentation aims to establish a fundamental 

understanding of test-enhanced learning and spaced learning, two learning techniques which have been proven 

through numerous studies over the decades to produce superior learning outcomes, as well as practical tips on 

using ed tech platforms to harness the power of these learning techniques. 

The outline of the presentation is as follows;

- Test-Enhanced Learning

- Platforms for Test-Enhanced Learning

- Spaced Learning

- Platforms for Spaced Learning

- Putting Them All Together

Biosketch

Dr. Atipong is a graduate of the Faculty of Medicine, Khon Kaen University, and the Master’s in Medical 

Education Program at Harvard Medical School. He works as an anesthesiologist and medical educator at the Faculty 

of Medicine, Khon Kaen University, Thailand. Despite working primarily in the clinical realm, his heart lies in 

creating better learning opportunities for the upcoming generations. His biggest hope is to be able to say before 

dying that he has played a role in making the world a better place through improved education.
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Digital Trends in Dental Education: The State of the Art of Serious 

Games

Dr. Kawin Sipiyaruk

Lecturer

Faculty of Dentistry, Mahidol University

A new generation of learners has been growing up in environments surrounded by information and communications 

technologies. Their familiarity to technologies is rapidly increasing, causing that they are so-called ‘Net generation’, 

‘iGeneration’ or ‘digital natives’. This generation has already enrolled in universities, including dental schools, 

and therefore the relevant staff have roles and responsibilities to create a teaching-learning environment to suit 

modern students. Fortunately, with technology-enhanced learning (TEL), an interactive learning activity could be 

designed for either traditional classrooms or virtual spaces, which the latter provide a chance for students to learn 

in their own location, time, and pace. Following the advancement of digital media, these educational technologies 

have been changing all the time, e.g. a replacement of CDs or DVDs by cloud services. As a result, dental educators 

are required to constantly update their TEL knowledge. The recent educational technologies implemented in dental 

education are digital simulations, haptics, virtual reality, and serious games. Digital simulations and virtual reality 

can simulate learning environments, where students may not be able to experience in real life. Together with the 

haptic technology, learners can practise and improve their clinical skills in safe environments. In addition, serious 

games have implemented game characteristics, allowing students to learn from their failure, using immediate 

feedback, until they complete a game task. One of my research also found that the analytics of log data allowed 

teachers to identify students’ behaviors which might inhibit them to achieve learning outcomes. In addition, a 

rapid review conducted in 2018 demonstrated that serious games had been widely used in healthcare education, 

however there had been limited use in dental education. Evidence from the review suggested that learners could 

improve their competencies with engagement and motivation using serious games. Although serious games seem 

to be beneficial for dental education, one of the challenges is how to appropriately design and evaluate them. As a 

serious game consists of both pedagogical and entertaining components, its design or evaluation frameworks should 

consider the aspects of ‘context’, ‘learners’, ‘pedagogy’, ‘interaction’, and finally ‘coherence and cohesiveness of 

these elements’. More detailed information will be available in the conference. 

Biosketch

The speaker, Dr Kawin Sipiyaruk, is a lecturer at the Faculty of Dentistry, Mahidol University. He graduated 

with the Doctor of Dental Surgery degree from Mahidol University in 2010, followed by the Master of Research 

in Health and Social Care and the Doctor of Philosophy in Dental Education from King’s College London (the 

United Kingdom) in 2013 and 2018 respectively. His area of research interest is the use of technology-enhanced 

learning in dental education, including the design, implementation, and evaluation of virtual reality and serious 

games. He also works on the understanding of generational differences in learner behaviours and attitudes, 

emphasizing on teaching strategies for digital natives.
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Integration of Biomedical and Clinical Sciences in Dental Education 

Robert Spears, PhD, MS

Associate Dean of Student and Academic Affairs

Professor, Department of Diagnostic and Biomedical Sceinces

University of Texas School of Dentistry at Houston

An initiative in dental education is looking at ways to better integrate the basic and clinical sciences to 

enhance the education of our students and improve health care for our patients. US dental school students will now 

be transitioning from two national board dental examinations to one integrated national dental board examination. 

The purpose for this change is to better integrate the basic and behavioral science material into clinical care. This 

will allow us to transition from basic science material being taught only in the early part of the curriculum to 

continually being emphasized throughout all years of the curriculum. Additionally, in coordination with that, 

schools are looking for earlier clinical experiences for their students. Thus, the focus of this talk will be to demon-

strate why this change is taking place, how this change will be met, and how this will allow schools to better edu-

cate students and care for patients. 

Biosketch  

PhD in Biomedical Sciences from Texas A&M University Health Science Center, MS in Anatomy from 

Balor University, and BS degree from Texas A&M University. Awarded Teacher of the year at Baylor College of 

Dentistry in 1997, 2006, and 2014. Awarded the John Freeman Outstanding Teacher Award from The University 

of Texas School of Dentistry at Houston in 2016.

I am an anatomist not just by training but because it most represents who I am as both a learner and an 

educator. Learning should be an active process whereby both the student and faculty are engaged in the outcome. 

It is important that students understand that the future practitioner will need to be aware of the latest scientific 

advances and technologies in order to understand and evaluate the literature, design proper applications for new 

products/services, respond to patient queries about biomedical issues, and to provide optimum patient care. My 

primary research interests have focused on the interaction between the immune, nervous, and endocrine systems 

in the onset and exacerbation of pain and inflammation associated with rheumatoid arthritis, with particular emphasis 

on disorders of the temporomandibular joint.
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Restoring the Face: The Art and Science of Maxillofacial Prostheses

Sudarat Kiat-amnuay, DDS, MS, FACP, FAAMP, BCCA

Professor and Section Head of Maxillofacial Prosthodontics

The University of Texas School of Dentistry at Houston (UTSD), The University of 

Texas MD Anderson Cancer Center (UT-MDACC) and Houston Center for Biomaterials 

and Biomimetics

Cancer of the head and neck region can profoundly affect patients’ quality of life. Correction of such defects 
goes far beyond esthetic considerations. In order to achieve life-like replication, extraoral maxillofacial prostheses should 
reproduce lost structures in the finest detail, match color of patients’ skin, and must also maintain properties over time. 

This presentation will cover clinical case presentation, brief history of extraoral maxillofacial prosthetic materials, 
ideal material properties, review of different types of elastomers and pigments, in vivo studies of medical facial adhesives, 
quality-of-life instrument specific to craniofacial prosthetics, color difference thresholds (perceptibility and acceptability) 
of maxillofacial skin replications, color matching instruments, and advanced biomanufacturing such as 3D printing of 
maxillofacial prostheses.

In addition, a literature review summary of the presenter’s 20-year research studies on color stability and 
mechanical properties of maxillofacial elastomers including translation of the results to the clinical setting and a controlled, 
randomized prospective, double-blind, single crossover, multicenter Phase III clinical trial of thermoplastic chlorinated 
polyethylene elastomer compared to silicone rubber will be presented.

Clinical guidelines will be provided for understanding the effects and side effects of combinations of maxillofacial 
elastomers, colorants, and additives on esthetics and longevity of extraoral maxillofacial prostheses. The subsequent 
review will help clinicians fabricate better and more predictable prostheses, enhancing the quality of life for maxillofacial 
prosthetic patients.

Biosketch 
Dr. Sudarat Kiat-amnuay is a tenured Professor and Diplomate of the American Board of Prosthodontics and 

the American Board of Clinical Anaplastology. She completed her DDS from Khon Kaen University, Faculty of Dentistry, 
received an AEGD certificate from UTSD and an Advanced Education in Prosthodontics certificate and MS in Oral 
Biology from the University of Louisville, Kentucky.  She was also awarded a Maxillofacial Prosthetics and Dental 
Oncology certificate from UT-MDACC, Houston, Texas.

To date, she has received over 40 teaching and research awards and published 36 peer-reviewed journal articles, 
67 abstracts, and 3 book chapters.  She has presented over 200 presentations in the USA and internationally. She has 
been awarded almost 5 million US dollars in grant funding and is a principal investigator (PI) and co-PI of 16 grants.

One highlight of her grant was a 5-year investigator-initiated, randomized controlled double-blind multicenter 
phase III clinical trial in maxillofacial prosthetics.  This project was believed to be the first trial of its kind in maxillofacial 
prosthetics ever funded by the US NIDCR/NIH, and she had a privilege to play a major role as a national Co-PI (60%).  
In 2017, her 2nd year dental student mentee was chosen as the winner of the International Association for Dental Research, 
Arthur R. Frechette Prosthodontic Research Award.

She has actively engaged in clinical teaching, clinical practice and administration through involvement in a 
general dentistry residency programs as a director and as a prosthodontist at UTDentists faculty practice. Her research 

focus has been on the areas of maxillofacial prosthetic, prosthodontics, implant dentistry, and recently geriatric dentistry. 



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019) 43

Role of Oral Bacteria in Gastrointestinal Tract Cancers 

MONG HONG LEE

Professor and Director

Research Institute of Gastroenterology SYSU

According to cancer statistics 2019. Colorectal cancer (CRC) ranked third in estimated new cancer cases 

and estimated cancer death. CRC poses an enormous health care burden globally. A causal relation has been 

indicated between CRC and microbial dysbiosis. Oral bacteria play important roles in gastrointestinal tract cancers. 

These bacteria may promote tumorigenesis by inducting inflammation, promoting cell proliferation, producing 

metabolites, and affecting stem cell dynamics. Our goal is to analyze the composition of the CRC microbiota, 

including oral bacteria, and its interaction with genomic landscape of CRC. We have correlated a biologically 

interplay between microbiota and immune response in CRC. Interplays in DNA damage response, stemness 

regulation were also demonstrated.  Our data show that CRC risk is highly polygenic. Our integrated studies in 

microbiota and genomic landscape will advance our understanding of cancer biology of CRC, thereby providing 

potential personalized screening strategies and facilitating drug development.

Biosketch  

Dr. Mong-Hong Lee is currently a Professor and director of Research Institute of Gastroenterology (RIG) 

Sun Yat-sen University.  In 1993, Dr. Lee received his Ph.D. degree from the University of Pittsburgh, where he 

received the Stanton C. Crawford Award for teaching excellence. He then went on to complete a postdoctoral 

fellowship at Howard Hughes Medical Institute and Memorial Sloan-Kettering Cancer Center (1993-1997).  After 

completing his fellowship, Dr. Lee came to join University of Texas MD Anderson Cancer Center (MDACC) as 

an Assistant Professor (tenure track) in 1997. He was promoted to Professor (tenured) in 2010. He assumed the 

director position of RIG SYSU in 2016.

Dr. Lee’s research in cancer area includes exploiting signaling regulation in cancer therapy. His projects 

are focusing on: 1) COP9 signalosome signaling; 2) impact of microbiota on cancer; 3) Glycolysis and cancer 

metabolism. Dr. Lee has been honored for his research activities, led by the Susan G. Komen Breast Cancer 

Foundation Research Award, Fleming and Davenport Research Award, and William G. McGowan Foundation 

Research Award. He received outstanding research award of SYSU 2016.

Dr. Lee has had a wealth of direct interaction with trainees throughout his career. He directly supervised 

55 graduate students, 12 clinical residents and fellows, 20 postdoctoral research fellows. He received the M. D. 

Anderson Outstanding Educator Award. In 2009, he received the John P. McGovern Outstanding Teaching Award. 

He was named the Faculty Educator of the Month at MDACC. Also, he was named as a faculty scholar by US 

congress 2012-2014.
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Advancements in Monoscopic Photogrammetry: the Future and Now 

Present of 3D Imaging/Registration in Orthodontics

Guillermo Perez Cortez

Program Director

Universidad Autónoma de Baja California

 Advancements of new techniques in dentistry have come through so far that there is an easy-to-use tool 

that let clinicians obtain 3D models using mobile devices with a free software; this software, 123D Catch® is 

created to digitalize facial defects for further protheses. Although, it can be implemented in orthodontics as a feature 

to compare facial symmetry before and after completing an orthodontic treatment; also to obtain digitalized models 

for indirect bonding techniques, similar as frequently seen in innovative personalized systems.

 It is an alternative method to more clinical centers to obtain access to advanced helpful technological 

systems for the low cost of a mobile device, and with this new tool, promote better treatment methods.

 With this study we pretend to demonstrate how useful and simple it is to obtain in-office 3D imaging of 

our patients extra-oral features, as well as 3D scans of our patients models, and the wide variety of new treatment 

options and analysis.

 We believe that with this technology it will be possible to create your in-office digital indirect bonding 

preparation and preview.

 It can even be used as a marketing option, as we can now compare three dimensionally the changes in 

facial symmetry, proportions or features the patient experienced as a result of the orthodontic treatment.

Biosketch

 • Dental Surgeon. University of Baja California. México 1990

 • Orthodontic Degree. University National of Mexico. México 1994

 • Master’s Degree. University of Nayarit. México 2007

 • PhD Studies. Granada University. Spain 2009 

 • Fellow Roth Williams Center for Functional Occlusion. UNAM. 2002-2004

 • Fellow Orthognathic Surgery. UABC. 2005-2007

 • Certification International Professor MBT Technique. Brazil 2016

 • Fellow World Federation of Orthodontics

 •  Professor of the Faculty of Dentistry, University of Baja California since 1995

 • Dean of the Faculty of Dentistry University of Baja California
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Systematic review, Meta-Analysis and The Quest for Truth 

Associate Professor Chankhrit Sathorn

Associate Professor of Endodontic Research

La Trobe University, Australia

Advances in health research radically change our understanding of the world around us and yet amid the 

large amount of information today, it is often difficult to recognize the truth, the ideas that will have lasting impact.  

As a clinician scientist we continuously face new technologies, materials, techniques, or concepts, studies of which 

are often conflicting.  How do we know what is true?  How do we decide?  Evidence-based concept offers a 

systematic way to navigate through a plethora of information and alleviate the confusion this may cause.  

Biosketch  

Chankhrit is an Adjunct Associate Professor of Endodontic Research at La Trobe University. Formerly 

he was a Director of the Predoctoral Endodontics and Graduate Certificate in Clinical Dentistry Programs at 

Melbourne Dental School. In addition to his University work he maintains a private practice limited to Endodontics 

in Melbourne and Sydney. He completed Endodontic specialist training and a PhD at The University of Melbourne 

and became a member of the Royal Australasian College of Dental Surgeons in the Special Stream of Endodontics.  

His basic dental training was from Khon Kaen University. 

His area of research focuses on evidence-based Endodontics, systematic reviews, effectiveness and 

efficiency of various interventions. Based on the cumulative publication of his research studies, Chankhrit has been 

awarded The Ernest Joske Research Award for work that constitutes an important contribution to dental science 

research.

He has been invited to speak at several national and international Endodontic congresses such as ASE, 

ADA, IFEA, and ESE. He is an editorial board member of the Journal of Endodontics, International Endodontic 

Journal, Dental Traumatology, Journal of Biomechanics, New Zealand Dental Journal, Journal of Dentistry, and 

European Journal of Dentistry. He has authored and co-authored over thirty papers.
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O_01

Involvement of the ADAM9/Akt Pathway in Oral Cancer Cell Invasion

Worakanya BURANAPHATTHANA1,2, Anupong MAKEUDOM2, Shuangjiang WU2, Thanapat SASTRARUJI2,
Chayarop SUPANCHART2,3, Suttichai KRISANAPRAKORNKIT1,2

1Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand 
2Center of Excellence in Oral and Maxillofacial Biology, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand
3Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand

B ackground: A Disintegrin and Metalloproteinase 9 (ADAM9) has been previously shown to overexpress in 

esophageal squamous cell carcinoma (SCC), resulting in phosphorylation of its downstream signaling molecules, 

including epidermal growth factor receptor (EGFR) and Akt.  However, little is known about ADAM9 expression 

and significance in oral SCC (OSCC).

O bjectives: 1) to investigate ADAM9, phosphorylated-EGFRtyrosine1173 (p-EGFRtyr1173) and phosphorylated-Aktserine473

(p-Aktser473) expressions in OSCC tissues and oral cancer cell lines, 2) to determine the functional role of ADAM9 

in phosphorylation of its downstream signaling molecules and in oral cancer cell aggressiveness.

Methods: Immunohistochemistry and immunoblotting were conducted to determine protein expressions of ADAM9, 

p-EGFRtyr1173 and p-Aktser473 in OSCC tissues and oral cancer cell lines, respectively. Transfection with small 

interfering RNA (siRNA) specific for ADAM9 was done to suppress ADAM9 expression in oral cancer cell lines, 

which were further examined for ADAM9, p-EGFRtyr1173 and p-Aktser473 expressions and used in an invasion assay.

Results: Expressions of ADAM9, p-EGFRtyr1173 and p-Aktser473 were significantly enhanced and positively correlated 

between each other in OSCC tissues and two oral cancer cell lines, HN6 and HN15, suggesting their role in the 

pathogenesis of oral cancer. After cell transfection with 5 and 10 nM of siRNA against ADAM9, expressions of 

both ADAM9 and p-Aktser473, but not  p-EGFRtyr1173, in HN6 and HN15 were significantly inhibited as compared 

to a scrambled sequence (p<0.05). Furthermore, inhibition of ADAM9 mRNA and protein expressions in HN6, as 

analyzed by qRT-PCR and immunoblotting, respectively, resulted in a significant decrease in cell invasion (p<0.05). 

Conclusion: These results suggest different characteristics between the oral cancer cell lines and the esophageal 

SCC cell lines. Moreover, ADAM9 may play a pivotal role in cancer cell invasion through Akt activation. However, 

other target molecules, besides EGFR, for ADAM9 enzymatic activity are needed to be further elucidated. 

Keywords: A Disintegrin and Metalloproteinase 9, Akt (Protein Kinase B), Cell Transfection, Epidermal Growth 

Factor Receptor, Oral Squamous Cell Carcinoma
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The Improvement of Calvarial Bone Healing by Durable Acryloyl-Modified 

Cholesterol-Bearing Pullulan–PEG Hybrid Nanogels Materials

Pornkawee CHAROENLARP1,2, Arun Kumar RAJENDRAN1, Rie FUJIHARA3, Taisei KOJIMA3, Ken-ichi 

NAKAHAMA4, Yoshihiro SASAKI3, Kazunari AKIYOSHI3, Masaki TAKECHI1 and Sachiko ISEKI1

1Section of Molecular Craniofacial Embryology, Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental 

University, Bunkyo-ku, Tokyo, Japan
2Department of Radiology, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 

3Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University, Nishikyo-ku, Kyoto, Japan
4Department of Cellular Physiological Chemistry, Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental 

University, Bunkyo-ku, Tokyo, Japan

Background: We previously reported that addition of human fibroblast growth factor 18 (hFGF18) to acryloyl 

group-modified cholesterol bearing pullulan (CHPOA) nanogel-crosslinked (NanoClik) hydrogels that contain 

human bone morphogenetic protein 2 (hBMP2) stabilized bone healing in mouse calvarial defect model. However, 

in real clinical situations, the use of ready-made durable materials is preferable in terms of portability, storage, 

handling and long term stability.

Objectives: In this study, we evaluated the use of disc-shaped dried nanogel-crosslinked gel as carriers of growth 

factors in mouse calvarial defect healing model in order to seek possible clinical application in future. We also 

second looked for some insights into better bone healing with these materials.

Methods: In the first part of this study, we evaluated in vivo bone healing by applying durable dried CHPOA 

hydrogel-based material with different conditions (PBS/hBMP2 and hFGF18) in critical sized mouse calvarial 

bone defect. In the second part we studied the cell attachment study and release pattern of a protein from these 

materials both in in vitro and in vivo models.

Results: Both conventionally-dried NanoClik disc and nanogel-crosslinked porous (NanoCliP) disc that contained 

the growth factors induced bone healing but not as much as with NanoClik hydrogel application but addition of 

RGD peptides (RGD-NanoCliP disc) improved the healing. All type of discs showed the same biphasic protein 

release profile an initial burst followed by a gradual sustained release more than one week. Histological analysis 

showed remarkable new bone formation with more calcification in RGD-NanoCliP disc with the growth factors.

Conclusions: (1) the fitness of the durable discs to the bone defect is a critical factor for bone healing, which is 

supplemented by addition of RGD peptides, (2) the porosity is suitable for osteoblast recruitment, (3) growth 

factor release pattern of the CHPOA nanogel based gels is ideal for bone healing.

Keywords: Arginine-Glycine-Aspartate (RGD), BMP2, Bone regeneration, FGF18, Nanogel
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Cordycepin inhibits Oxidative Stress in Human Salivary Gland Cells 

Atchara JAIBOONMA1, Palakorn KAOKAEN1, Parinya NOISA1, Kajohnkiart JANEBODIN2 and 
Paiboon JITPRASERTWONG3

1Laboratory of Cell-Based Assays and Innovations, School of Biotechnology, Institute of Agricultural Technology, Suranaree 

University of Technology, Nakhon Ratchasima, Thailand
2Department of Anatomy, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
3School of Geriatric Oral Health, Institute of Dentistry, Suranaree University of Technology, Nakhon Ratchasima, Thailand

Objective: To investigate the potential biological activities (cell proliferation, the expression of salivary marker 

genes and the production of intracellular reactive oxygen species (ROS)) of cordycepin on human salivary gland 

cell line (HSG).    

Methods: Cell proliferative activity was measured using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 

bromide (MTT) assay. The expression of salivary marker genes and intracellular ROS production were determined 

using reverse transcription polymerase chain reaction (RT-PCR) and 2’, 7’-dichlorodihydrofluorescein diacetate 

(DCFH-DA) assay, respectively.

Results: The results indicated that cordycepin did not display toxicity on HSG cells, but effectively enhanced HSG 

proliferation when treated with increasing concentrations of cordycepin (6.25-25 μg/ml). It was further evaluated 

that the expression of two salivary marker genes; the Amylase1a (AMY1a) and Aquaporin 5 (AQP5) were markedly 

upregulated by cordycepin. Moreover, HSG cells underwent oxidative stress by hydrogen peroxide (H
2
O

2
) 

stimulation and post-treatment with cordycepin exposure. The results revealed that cordycepin post-treatment 

attenuated H
2
O

2
-induced cell death as observed in the reduction of intracellular ROS production by HSG cells.

Conclusion: These findings suggest that cordycepin may effectively exert the function of salivary gland cells and 

prevent cell death against H
2
O

2
-induced oxidative stress via modification of intracellular ROS related mechanism.

Keywords: Cordycepin, Human salivary gland cells, Salivary hypofunction, Salivary secretion
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Associations between Psychosocial Variables and Pain Measures in a Sample of 

Orofacial Pain Patients

Kanokporn BHALANG1, Beat STEIGER2, Dominik ETTLIN2

1Department of Oral Medicine, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
2Orofacial Pain Unit, Center of Dental Medicine, University of Zürich, Zürich, Switzerland

Background: In patients suffering from orofacial pain (OFP) and/or temporomandibular disorders (TMD), 

symptoms may negatively influence their psychological state and vice versa.  The Web-based Interdisciplinary 

Symptom Evaluation (WISE) was designed to integrate standardized measurement tools to assist in the assessment 

of case complexity and the decision-making process.  The aim of this study was to investigate the associations 

between measures of pain and psychosocial variables using datasets from the WISE.

Methods: 861 patients treated at the Interdisciplinary Orofacial Pain Unit of the Center of Dental Medicine of the 

University of Zurich, Switzerland between March 15, 2017 and April 8, 2019 were included in the study. Patients 

filled in the WISE prior to the first clinical appointment. Anonymized data was stored on a server located at 

Hof-University, Germany. Inclusion criteria was completion of the WISE and consent to the use of anonymized 

data for research.  Data was analyzed with SPSS (Version 22, IBM).  Pain measures were number of pain locations, 

pain intensity and pain duration. The WISE also includes validated psychosocial questionnaires addressing 

catastrophizing, anxiety, depression, and insomnia severity.  Spearman rank correlation was used for association 

analysis.

Results: The study population consisted of 261 men (30%) and 600 women (70%). The age range was 10 to 99 

years with a distribution peak in the fifth decade (170; 20%).   PCS (Pain Catastrophizing Scale) has moderate 

associations with all pain measures (0.30 to 0.44, p values < 0.001) except with the number of pain locations. 

PHQ-4 (Patient Health Questionnaire 4) has moderate associations (0.33 to 0.42, p values < 0.001) with most of 

the pain measures except with pain intensity.  GAD-7 (General Anxiety Disorder 7), DCQ (Dysmorphic Concern 

Questionnaire), and IEQ (Injustice Experience Questionnaire) only show moderate associations with pain intensity 

at rest, pain intensity during movement, and GCPS (Graded Chronic Pain Scale) for the head, respectively (0.32, 

0.30 and 0.34 respectively, p values < 0.001). IPQ (Illness Perception Questionnaire) moderately associated with 

maximum pain intensity and GCPS for the body (0.32 and 0.34 respectively, p values < 0.001). The rest are 

correlated in the lower levels or not significantly associated at all. ISI (Insomnia Severity Index) showed low 

associations with pain intensity and GCPS but has no associations with other pain measures.

Conclusions: PCS and PHQ-4 had higher associations with pain variables than other questionnaires used in the 

study. The two questionnaires are suitable to be used in orofacial pain clinics.
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The Correlation Between the Hardness of Some Thai Foods and Electromyography 

Parameters in Masticatory Muscle

Thanaporn SOWITHAYASAKUL1, Weera SUPRONSINCHAI2, Phanomporn VANICHANON3

1Department of Occlusion, Faculty of Dentistry, Naresuan University, Phitsanulok, Thailand
2Department of Physiology, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
3Department of Occlusion, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Background: Temporomandibular disorders (TMDs) comprised of groups of patients with masticatory muscle 

and/or temporomandibular joint disorders. Generally, TMD patients come to a dental clinic because of their pain 

and/or dysfunction of their masticatory system. One of the most common symptoms of TMD patients is decreasing 

in chewing ability, especially hard food. Previous study in Thai people found that patient with less pain had more 

effective chewing ability score, as measured by the questionnaire that consisted of many types of Thai foods, but 

the relationship between the hardness of these foods and masticatory muscle activity had never been studied before.

Objective: The purpose of this study is to investigate the correlation between the level of Thai food hardness and 

electromyography parameters in masticatory muscle during chewing process.

Methods: Thirty-two healthy Thai subjects between 18-25 years old without masticatory problems were included 

in this study. The hardness level of 5 different Thai foods were analyzed by using compression testing machine 

(Shimadzu EZ-S) and afterward the masticatory muscle activity was measured by using electromyography 

(PowerLab® EMG) when the subjects were chewing these foods. The electrodes were placed on masseter and 

temporalis muscles of each subject on preferred chewing side. 

Results: All tested foods were significantly different in hardness level (p < 0.05). In contrast, EMG activity only 

showed significant difference in some types of the tested foods, not all (p < 0.05). The correlation levels between 

food hardness and EMG activity were weak (p < 0.05, and r = 0.174-0.239).

Conclusion: Increasing hardness level of the foods did not directly influence the increase in the masticatory muscle 

activity. A weak correlation between Thai food hardness and electromyography parameters may be caused by the 

adaptability of masticatory muscles. 

Keywords: Electromyography parameters, Hardness, Thai foods
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Eubacterium saphenum as a Novel Bacterial Biomarker for Periodontitis Screening

Thatawee KHEMWONG, Hiroaki KOBAYASHI, Yuichi IKEDA, Takeaki SUDO, Chihiro KANO, Takanori 
MATSUURA and Yuichi IZUMI

Department of Periodontology, Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University

Background: Periodontitis is a serious and common disease leading to tooth loss. Because of its symptomless and 

inconspicuous progress, it is difficult to notice the progression of this disease. Currently, periodontitis is screened 

using salivary samples. Red complex periodontopathogens such as Porphyromonas gingivalis (P. gingivalis), 

Tannerella forsythia, and Treponema denticola have been commonly used as salivary bacterial markers for 

periodontitis. With recent molecular techniques having revealed the core microbiome of periodontitis, the bacterial 

species Eubacterium saphenum (E. saphenum), which was represented as periodontopathogen, and Rothia 

dentocariosa (R. dentocariosa), which was represented as normal flora, are receiving attention as potential biomarkers 

for the disease.

Objective: The present study aimed to evaluate the feasibility of E. saphenum and R. dentocariosa as bacterial 

biomarkers for periodontitis screening.

Methods: Stimulated salivary samples were collected from 208 participants. The participants were categorized 

into the healthy and periodontitis groups on the basis of the Offenbacher classification. Bacterial loads were measured 

by qualitative real-time polymerase chain reaction using Taqman probes and specific primers for P. gingivalis, 

E. saphenum, and R. dentocariosa.

Results: The periodontitis group exhibited significantly higher numbers of P. gingivalis and E. saphenum than the 

healthy group. Moreover, the presence of these two species was significantly associated with periodontal parameters 

such as probing pocket depth and bleeding on probing. There was no significant difference in R. dentocariosa loads 

between the two groups.

Conclusion: The present results indicated that E. saphenum might be a feasible bacterial biomarker for periodontitis 

screening and that it might have as important a role in periodontitis progression as P. gingivalis.
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Prevalence, Location and Height of Maxillary Sinus Septa Evaluated with CBCT 

Analysis

Fabia YOUNUS

Department of General Practice and Dental Public Health, University of Texas School of Dentistry, Houston, Texas, USA

Background: Following tooth loss, the edentulous alveolar process of the posterior maxilla is affected by severe 

and irreversible resorption processes which causes a loss of vertical bone volume, while progressive sinus 

pneumatization leads to an excavation of the alveolar process from the cranial aspect, leaving inadequate bone 

height for placement of endosseous implants. One of the most frequently performed surgical interventions for 

obtaining adequate bone height before the placement of endosseous implants in the posterior maxilla is grafting 

the floor of the maxillary sinus. The septa of the maxillary sinuses are bony crests inside the sinus that may influence 

the placement of dental implants during sinus augmentation procedures in the posterior maxilla. Precise knowledge 

of the patient’s maxillary sinus morphology allows exact planning of surgery and helps to avoid such complications.

Objectives: The aim of this retrospective study is to evaluate the prevalence, location, height and morphology of 

maxillary sinus septa in the dentate and edentulous population using cone beam computerized tomography.

Methods: This retrospective study was based on the analysis of cone beam computerized tomographs that were 

obtained from patients at the Center of Advanced Dental Education at Saint Louis University. 53 patients, with 

106 sinuses with atrophic, non-atrophic and partially atrophic ridges were included and evaluated for the presence, 

height, location, morphology and orientation of septa.

Results: An overall prevalence of sinus septa was found to be 25.47%. The median height was 4.8 mm. Of these, 

the majority were found on the left side and in the non-atrophic segment. Most were located in the anterior part of 

the sinus, with a combination of anteroposterior and mediolateral orientation. Complete septa that arose from the 

lateral wall and incomplete septa that arose from the anterior wall that were also complete from the lateral wall 

were most prevalent in morphology.

Conclusion: Within the limits of this study, it was found that septa are often present within the maxillary sinus, 

most of them being present within the anterior portion. Also, these septa are of various forms, heights and 

morphology. The three-dimensional course taken by septa may be complex and may affect surgical procedures 

that involve grafting of the sinus to improve bone volume for placement of implants within the maxillary posterior 

region. Previous studies have shown that the evaluation of septa is underestimated using two-dimensional 

radiographic imaging. Therefore, cone beam computerized tomography may be a valuable diagnostic imaging 

method to prevent intra and post-operative complications while working within and around this anatomic structure.

Keywords: CBCT analysis, Height, Location, Maxillary sinus, Retrospective study, Septa
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Effect of High Dose Submucosal Dexamethasone Injection on Postoperative Sequelae 

after Lower Third Molar Surgery: a Randomized, Double-Blind Clinical Trial

Supatcha LAMLERTWATHEE and Narit LEEPONG

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla University, Hat Yai, Songkhla, Thailand

Background: The surgical removal of impacted third molar always associated with postoperative pain, swelling 

and trismus that can interfere with the patient’s comfort quality of life. 

Objectives: To investigate the effectiveness of 16 mg dexamethasone submucosal injection on postoperative 

sequelae and complications for patients undergoing surgical removal of impacted lower third molars.

Methods: A randomized, double-blind clinical trial was conducted in 40 patients with lower impacted third molar. 

The patients were randomly allocated into two groups. The dexamethasone group received dexamethasone 16 mg 

as submucosal injection; and the control group received normal saline injection as placebo.  Facial swelling was 

measured using the modified Laskin’s method, and trismus as mouth opening was evaluated at preoperative, 2nd, 

5th, and 7th day postoperatively. Postoperative pain was assessed in term of the level of postoperative pain by using 

visual analog scale (VAS) at the first, 2nd, 3rd, 5th and 7th day postoperatively, and the consumption of 50 mg of 

tramadol as rescue drug. Data was present as median and interquartile range and Mann–Whitney test was used to 

test the significance between groups (p < 0.05).

Results There were significant reduction of facial swelling in dexamethasone compared to control group at 2nd 

[0.17(0.09-0.36), 0.58(0.44-0.85)], 5th [0.09(0.03-0.28), 0.30(0.16-0.47)], 7th [0.04(0.02-0.10), 0.18(0.02-0.27)] day 

respectively. The pain VAS score in dexamethasone was lower compared to control group at first [2.15(0.88-5.60), 

4.90(2.33-6.18)], 2nd[1.45(0.25-3.50), 3.45(1.10-4.25)], 3rd[0.90(0.25-2.40), 2.40(0.75-3.18)], 5th [0.50(0.05-1.43), 

1(0.23-2.20)] and 7th[0.10(0-0.43), 0.15(0-0.68)] day respectively but the difference did not reach statistical 

significant. It was significantly fewer number of tramadol consumption in dexamethasone [0(0-0.75) tabs] compared 

to control [1(0-2) tabs)]. In contrast, no significant differences in mouth opening observed between experimental 

and control group. Complications were not found by using 16 mg dexamethasone.

Conclusion: Submucosal injection of 16 mg dexamethasone was suitable for reducing facial swelling after lower 

third molar surgery without any complications.  

Keywords: Dexamethasone, Facial swelling, Lower third molar surgery, Pain, Submucosal injection, Trismus
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Graft Volume Change in Cleft Alveolus Grafting with Cancellous Iliac Bone Combined 

with PRF Membrane and Liquid PRF

Umaporn WAIPREECHEE1,  Thongchai NUNTANARANONT2, Prisana PRIPATNANONT2, 

Wipapun RITTHAGOL3

1Master student in Oral and Maxillofacial Program, Department of   Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of 

Songkla University, Songkhla, Thailand
2Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand
3Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand  

Objectives: To compare clinical outcomes and graft volume change after alveolar bone grafting with/without 

injectable and polymerized form of PRF in cleft alveolus. 

Methods: Eighteen patients with unilateral alveolar cleft, aged 9-16 years old, were enrolled in the study.  Patients 

were consecutively divided into two groups; a standard and a PRF group.  The standard group, an alveolar cleft 

site was grafted with cancellous bone, harvested from anterior iliac crest, The PRF group, 40 ml autologous 

peripheral blood were collected for preparing injectable and polymerized form of PRF. Then the injectable PRF 

was mixed with graft to make a sticky bone. The polymerized form was used to line the nasal floor and cover the 

graft particles. Post-operative assessments included post-operative pain score (using verbal score), swelling and 

wound healing of recipient sites. The bone density and volume change were analyzed by software. 

Results: The pain score in the PRF group was lower than the standard group. However, there was no statistical 

significance between two groups. The mean difference of swelling in the PRF group was lower than the standard 

group significantly on the third days. The bone density of both groups sharply decreased at 3 months post-operative 

interval, then gradually increased until the density became stable at 6 months, however there was no statistical 

difference between two groups. The volumetric change of bone graft quantity in the PRF group at 3 months and 

at 6 months post-operative was less than the standard group. Nevertheless, there was no statistically significant 

difference between two groups. 

Conclusion:  Autogenous cancellous bone graft combined with injectable and polymerized form of PRF in alveolar 

bone grafting could preserve the graft volume change with good bone bridging and bone maturation.

Keywords: Alveolar bone graft, Cleft lip and Palate, PRF, Volume change
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Dental Implant Fixture Fabricated by 3D Printing Using Selective Laser Melting 

Technology

Lertrit SARINNAPHAKORN, Prasit PAVASANT, and Pravej SERICHETAPONG

Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Background: Many disruptive technologies have been advancing and introducing into medical arena. This has 

also been made the progressive shift towards implementing digitally-driven technology in reconstructive dentistry 

especially in Dental Implantology.

Objective: We propose the method of producing dental implant fixture by using laser melting 3-dimensional (3D) 

printing method. Titanium alloy (Ti-6Al-4V) powder together with laser technology 3D printer (TruPrint 1000, 

Trumpf, Germany) were utilized as a prototype to fabricate root-form dental implant fixtures.

Methods: This special technic uses micron-sized titanium particles that are rolled onto a build base. A high-inten-

sity laser is used to heat the particles and fuse them together, thus forming a solid base layer. The build based is 

lower by the required step height, typically 50 microns, and a new layer of particle is rolled on top of the first 

layer. Again, the layer heats by laser and fused the new particles onto the base layer. Then the layer-by-layer were 

performing and completing to form the finished 3D root-formed fixture. The method is called “Selective Laser 

Melting (SLM) and It is also used to produce other 3D objects by using other metal powder such as, stainless steel, 

titanium, cobalt-chromium (CoCr), and aluminum.

Results: The physicochemical properties, including mechanical property and surface topography were assessed 

and compared to the commercially root-form dental implants conventionally made in the market. According to the 

higher mechanical strength of the fixtures formed from the fully melted particles, root-form dental implant with 

thinner wall or higher geometric tolerances can be fabricated. The biological responses of these 3D-printed titanium 

fixtures are now under testing both in vitro and in vivo in order to prove the concept and go further for pre-clinical 

testing, before actual-tailoring make for specific patient need in the near future.

Conclusion: When comparing to the conventional “Subtractive Manufacturing” (SM) technique, the more 

advantages of this “Additive Manufacturing” (AM) technique may be one of the practical options for fabricating 

dental implant fixture for a specific patient need.
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From Conceptual Design to Practical Prototype Evaluation of Buccal Retractor for 

Mandibular Third Molar Surgery: A User-Centered Design

Weeraporn WONGKHAM, Settakorn PONGPANICH, and Prisana PRIPATNANONT

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand

Background: Mandibular third molar surgery is performed by dentists with various skills. The current retractor 

widely used might not fulfill the satisfaction of operators. The ineffective design not only leads to soft tissue trauma 

but also worsen the expected operative quality. Developing a more effective retractor by using user-centered design 

(UCD) principle might increase patients’ safety and ease up the operation.

Objectives :To develop a buccal retractor used in mandibular third molar surgery based on UCD. The developed 

retractor should facilitate maximum protection, good exposure, with ease of use.

Methods: The study consisted of three parts. Part 1: Identification of requirements from 8 experienced dentists 

(Ex) and 8 post-graduate students (PG) by observing and interviewing. ‘Usability goals’ were concluded. Part 2: 

Designing a prototype based on the most concerned problem from ‘Workable data’. Part 3: Assessment of the final 

prototype by conducting a usability test in a clinical environment by 5 dentists in Ex group and 5 dentists in PG 

group. Satisfaction scores and interviewed data were analyzed by Mann–Whitney U test and thematic analysis 

respectively.

Results: Soft tissue protection was the most usability goal. The designed prototype retractor yielded better vision 

and tissue protection. However, the soft tissue guard of the prototype was significantly less satisfied than the Seldin 

in terms of agility) (p<0.05).

Conclusion: The present study suggested that UCD in varied experienced users was useful for retractor development. 

The prototype retractor partly served the usability goal and needed further development.

Keywords: Buccal retractor, Medical device development, Oral surgery, Third molar surgery, User-centered 

principle
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Utility of Fusion Volumetric Images from Computed Tomography and Magnetic 

Resonance Imaging for Localizing the Mandibular Canal

Chutamas DEEPHO1,2, Hiroshi WATANABE2, Junichi SAKAMOTO2, Torhu KURABAYASHI2

1Department of Oral Diagnosis, Faculty of Dentistry, Naresuan University, Phitsanulok , Thailand
2Department of Oral and Maxillofacial Radiology, Graduate School, Tokyo Medical and Dental University, Tokyo, 

Japan

Background: Computed tomography (CT) is often used to identify the location of the mandibular canal (MC). 

However, it is difficult to detect the MC on CT.

Objectives: To investigate whether CT/MRI fusion volumetric images can improve the detectability of the 

mandibular canal (MC) compared with CT alone.

Methods: Images of 31 lesions within or close to the mandible using both CT and MRI were collected from imaging 

archives. All cases underwent thin-slice CT and three-dimensional volumetric interpolated breath-hold examinations 

(3D-VIBE) MRI. Of the 62 hemimandibles, 13 hemimandibles were excluded because the MC passed through a 

lesion. The remaining 49 hemimandibles were included. Each hemimandible was divided into 3 areas; a premolar, 

molar, and retromolar, and 147 areas were evaluated. First, the visibility of the MC on CT or its neurovascular 

bundle (NVB) on 3D-VIBE was evaluated. Second, in visible areas of both the MC on CT and NVB on MRI, the 

relative locations and the position were assessed using CT/MRI fusion volumetric images. The matching status 

between MC and NVB was evaluated.

Results: The MC and NVB were clearly visible in 100 (68%) and 144 (98%) of 147 areas on CT and MRI, 

respectively. All NVBs and MCs were in identical locations, and the NVB on MRI was the same size or smaller 

than the MC on CT in 79 areas and 21 areas, respectively.

Conclusions: 3D-VIBE MRI can accurately depict the NVB in this study. CT/MRI fusion volumetric images 

improves MC detectability.

Keywords: CT, Fusion image, Mandibular canal, MRI, VIBE
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Background: Basic fibroblast growth factor (bFGF) maintains stemness and inhibits an in vitro mineral deposition 

in stem cells from human exfoliated deciduous teeth (SHEDs). Hard tissue mineralization is in part controlled by 

pericellular levels of inorganic phosphate (Pi), a component of hydroxyapatite, and inorganic pyrophosphate (PPi), 

an inhibitor of mineralization. 

Objective: To investigate the regulation of genes modulating Pi /PPi by bFGF in SHEDs.

Methods: Cells were isolated from dental pulp tissues of human exfoliated deciduous teeth. Mesenchymal stem 

cell characteristics were determined using flow cytometry and multipotential differentiation assay. Cells were 

treated with bFGF. The mRNA expression was evaluated using real-time polymerase chain reaction. The 

mineralization was examined using alizarin red S staining. 

Results: Cells isolated from primary teeth expressed mesenchymal stem cell markers, CD44, CD90, and CD105, 

and were able to differentiate into osteo/odontogenic and adipogenic lineages. bFGF supplementation in osteogenic 

inductionmedium decreased ALPL mRNA expression and ALP enzyme activity, increased ANKH mRNA, and 

decreased both Pi /PPi ratio and mineral deposition. These effects were inhibited by the addition of fibroblast growth 

factor receptor (FGFR) inhibitor, revealing the necessity of FGFR mediated signaling. Cyclohexamide also inhibited 

the effect of bFGF on ALPL and ANKH mRNA expression, implicating the necessity of protein synthesis. 

Exogenous PPi inhibited mineralization and increased ANKH, collagen type 1a1 (COL1A1), and osteopontin 

(SPP1) mRNA, while exogenous Pi increased mineralization and osterix (OSX), ANKH, SPP1, and dentin matrix 

protein 1 (DMP1) mRNA. The effects of PPi and Pi on mineralization could be replicated by short-term 3- and 

7-day treatments. 

Conclusion: bFGF modulates Pi /PPi regulators in SHEDs, implicating that these factors in how bFGF directs 

osteo/odontogenic differentiation and mineralization by these cells. 

Keywords: Basic fibroblast growth factor, Phosphate, Pyrophosphate, Stem cells isolated from human exfoliated 

deciduous teeth

This abstract was previously published in Stem Cell Research & Therapy 2018;9:345. 
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Background: The high-fat diet (HFD) is a common risk factor of obese-insulin resistance and the impairment of 

the bone properties via gut dysbiosis-induced inflammatory process. The probiotics, prebiotics or synbiotics have 

been published to attenuate several pathological complications of obese-insulin resistance.  However, the effects 

of probiotic Lactobacillus paracasei HII01, prebiotic xylooligosaccharide (XOS), and synbiotics on the jawbone 

properties have not been clarified.

Objectives: This study aimed to determine the effects of these biotic supplementations on metabolic and 

inflammatory conditions along with the jawbone macroscopic properties.

Methods: Forty-eight male Wistar rats were divided into 2 groups and fed with either a normal diet or HFD 

throughout 24 weeks.  At week 12, rats in each group were subdivided into four subgroups to be given with either 

vehicle, probiotics, prebiotics, or synbiotics for 12 weeks.  At the end of the protocol, rats were sacrificed.  Blood 

samples, ileum, bone marrows, and jawbones were collected to analyze metabolic parameters, inflammation, and 

jawbone properties.  In addition, fecal Firmicutes/Bacteroidetes (F/B) ratios, and Enterobacteriaceae were quantified.

Results: HFD-fed rats developed obese-insulin resistance and gut dysbiosis, as indicated by increased F/B ratio 

and Enterobacteriaceae.  The inflammatory markers in circulation, ileum and bone marrows were elevated in HFD-

fed rats. The decreased bone mineral density with increased trabecular separation, suggesting the deterioration of 

jawbones, was found in HFD-fed rats.  Reduced ultimate load and stiffness were evident in HFD-fed rats.  All 

biotic supplementations in HFD-fed rats equally reduced metabolic disturbance, gut dysbiosis, and inflammation.  

However, no changes in jawbone properties were found in any biotics-treated HFD-fed rats.

Conclusions: The probiotic, prebiotic and the synbiotics had similarly positive effects to alleviate metabolic 

disturbance, gut dysbiosis, and inflammation in obese-insulin resistant condition.  However, they were not adequate 

to ameliorate the jawbone properties at a macroscopic level.  

Keywords: Jawbone, Obesity, Prebiotics, Probiotics, Synbiotics
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Background: O-GlcNAcylation, which is a post-translational modification and a form of glycosylation, has been 

investigated to have a contribution to tumour formation. Various expression levels of O-GlcNAcylated proteins 

(OGP) and O-GlcNAcylation enzymes, namely O-GlcNAc transferase (OGT) and O-GlcNAcase (OGA), have 

been seen in various tumours including breast, lung, and colon tumours. Increased O-GlcNAcylation has been 

suggested to be a characteristic of tumour cells. However, no prior studies have studied expression levels of OGP, 

OGT, and OGA in salivary gland tumours (SGTs).

Objectives: Therefore, this study aimed to investigate expression levels of OGP, OGT, and OGA in adenoid cystic 

carcinoma (AdCC), which is one of the common malignant SGTs as compared with normal salivary glands (NSGs).

Methods: Immunohistochemical expression levels of OGP, OGT, and OGA were investigated in formalin-fixed 

and paraffin-embedded cases of 17 AdCC and 17 NSGs. The expression levels were graded using semiquantitative 

scoring (0-4).

Results: All AdCC and 15 NSG cases expressed OGP, 16 AdCC and 14 NSG cases expressed OGT, while only 

5 AdCC and 3 NSG cases expressed OGA. OGP and OGT levels in AdCC samples were significantly elevated as 

compared to those in NSG (p<0.05; Fisher’s Exact Test) while OGA levels in both AdCC and NSG shows no 

significant difference. Noticeably, the majority of AdCC  expressed OGP (12 cases; 70.59%) with the immunostaining 

score 4 (>75% positively stained cells), OGT (5 cases; 29.41%) with both immunostaining scores 1 (5%-<25% 

positively stained cells) and 3 (50%-<75% positively stained cells), and OGA (12 cases, 70.59%) with 

immunostaining score 0 (<5% positively stained cells). On the other hand, the majority of NSG (11 cases; 64.71%) 

expressed OGP and OGT with immunostaining score 1 (5 %-< 25% positively stained cells) and OGA (14 cases; 

82.35%) with immunostaining score 0 (<5% positively stained cells).

Conclusions: These results suggest that O-GlcNAcylation is markedly increased in AdCC through the increased 

activity of OGT and may play a role in the pathogenesis of AdCC.

Keywords: Adenoid cystic carcinoma of the salivary gland, O-GlcNAcase, O-GlcNAc transferase, O-GlcNAcylation, 

Salivary gland tumour
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Background: Keratinocyte differentiation factor 1 (KDF1) is a protein coding gene for proliferation and 

differentiation of epidermal progenitor cells. Mutation in KDF1 was reported as an etiology of hypohidrotic 

ectodermal dysplasia (ED) (c.753C>A, p.F251L) and non-syndromic tooth agenesis (NSTA) (c.908G>C, p.R303P). 

Herein, ED is noted as a hereditary disorder affecting the development of ectodermal organs associated with several 

mutations in human genome such as TRAF6, NFKBIA, and KREMEN1.

Objectives: To identify the causative genetic mutation in a Thai patient who affected with severe oral/dental 

anomalies and ectodermal defects and to propose the correlation between oro-dental phenotype and genetic mutations.

Methods: A Thai patient with unique ED phenotype was recruited for genetic studies. Whole-exome and sanger 

sequencing of patient’s DNA were performed. The bioinformatics were used to validate the mutations.

Results: Mutation analyses identified a novel de novo heterozygous missense mutation, c.823A>C, p.Ile275Leu, 

in the exon 2 of KDF1 in the first proband. The mutation is located in the DUF4656 domain of encoded protein. 

It was evolutionarily conserved, predicted to be damaging by SIFT (0.00) and probably damaging by PolyPhen 

(0.984), and was not found in Exome Aggregation Consortium, 1000 Genomes, and our in-house 1600 exome 

database. His parents were nonconsanguineous, healthy, and did not have the mutation and signs of ED. The proband 

showed overlapping characteristics with the reported p.F251L ED case including decreased and lusterless hairs, 

tooth absence, cleft palate, short philtrum, nail dystrophy, subungual hyperkeratosis, decreased sweating, eczema, 

and keratosis pilaris. The absence of nipples, hypospadias, uretral stenosis, absent lacrimal system, and generalized 

lentigines expand phenotypic spectrum of KDF1 mutation.

Conclusions: Our proband is the first patient with a de novo KDF1 mutation substantiating the causal role of KDF1

for ED. Some of his clinical features and the identified mutation have not previously been reported, expanding 

phenotypic and mutational spectra.

Keywords: Ectodermal dysplasia, Genetic disease, KDF1, Mutation 

This abstract was previously published in British Journal of Dermatology 2019, DOI: 10.1111/bjd.18007.
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Background: Aggregatibacter actinomycetemcomitans is implicated as the causative agent for rapidly progressing 

and refractory periodontitis. Both diseases require adjunctive antibiotics in its treatment. However, adjunctive use 

of antibiotics has limitations and disadvantages including bacterial resistance. Rapidly emerging resistant bacteria 

makes it crucial to search for novel anti-infective agents.

Objectives: To determine antimicrobial activity of conventional antibiotics minocycline (MH), doxycycline (DOX), 

and antimicrobial peptides Lactoferrin chimera (LFchimera) against planktonic form of A. actinomycetemcomitans 

ATCC 43718; and, to evaluate and compare DOX and LFchimera co-administration on adhesion and 1-day old 

biofilm of A. actinomycetemcomitans against agents used alone. 

Methods: Antimicrobial activity of different concentrations of MH, DOX, and LFchimera against A. actinomy-

cetemcomitans ATCC 43718 were determined using colony culturing assay. Then, in vitro activity of the most 

effective drug and LFchimera combination was evaluated by checkerboard technique. Confocal laser scanning 

microscopy was used to determine the effect of LFchimera and DOX co-administration on adhesion and structure 

of A. actinomycetemcomitans biofilm.

Results: The killing effect of LFchimera range from 51-100%. In contrast, MH and DOX at 1 and 5 μM showed 

no killing activity and instead stimulated growth of bacteria. DOX has better killing activity than MH. Checkerboard 

technique revealed that combining DOX and LFchimera yielded synergism. Confocal laser scanning microscopy 

further showed that the synergistic combination caused significant reduction of bacterial adhesion and reduction 

of biomass, average biofilm thickness and substratum biofilm coverage of 1-day old biofilm compared to DOX and 

LFchimera alone.

Conclusions: This study has proven that LFchimera alone and in combination with DOX has exhibited strong 

antibacterial, anti-adhesion and antibiofilm property against A. actinomycetemcomitans ATCC 43718. The findings 

suggest that LFchimera alone or in combination with adjunctive agent should be considered for development as a 

new potential therapeutic agent that may be used as an adjunctive treatment for periodontitis.

Keywords:  Aggregatibacter actinomycetemcomitans, Anti-biofilm, Antimicrobial peptides, Doxycycline, LFchimera 
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Background: Platelet-rich plasma (PRP) is an autologous source of growth factors and secretary cytokines. These 

factors are important in regulating bone remodeling during orthodontic tooth movement. Therefore, the administration 

of PRP could be used in order to facilitate orthodontic tooth movement. 

Objective: To investigate the use of platelet-rich plasma to facilitate orthodontic tooth movement. 

Methods: Orthodontic tooth movement was induced in 20 white New Zealand rabbits. A randomized spit-mouth 

design was studied on 0, 7, 14 and 28 days. The experimental side was received a PRP injection, while the control 

side was received a normal saline. In each time points, the animals were sacrificed to evaluate histologic findings. 

Result: The osteoclastic activity in PRP group was higher than the control group on 7 and 14 days. 

Conclusion: The use of platelet-rich plasma may facilitate orthodontic tooth movement by increasing osteoclastic 

activity.  

Keyword: Orthodontics, Osteoclastic activity, Platelet-rich plasma, Rabbit, Tooth movement
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Background: The ability to disintegrate the food, so called masticatory performance (MP) is undoubtedly influenced 

by dental factors, such as number of teeth, occlusal contact area, and area of occlusal contact and near contact 

(ACNC). We hypothesized that the balance of ACNC may also play a role on MP.

Objectives: To investigate the relationship between balance of ACNC and MP in a group of healthy dentate adults.

Methods: 56 healthy subjects (male:female = 22:34, age 23.2±2.5 years) with full dentition were included. ACNC 

was registered in 7 levels by silicone impression material and the balance of the ACNC of all levels were calculated 

using percentage of coefficient (POC). MP was assessed based on fineness of food particle using sieving method. 

Spearman’s rank correlation was used to assess the relationship between the balance of ACNC and MP at the 

level of significance of 0.05.

Results: Statistically significant negative relationships were found at the level of ACNC of 300 μm (r = -0.28) and 

350 μm (r = -0.29). Similar trends of negative relationship, although not statistically significant, were found at the 

remaining levels of ACNC.

Conclusions: Among recruited adults, the more balance the ACNC at the level of 300 and 350 μm were, the better 

the masticatory performance became.

Keywords: Mastication, Occlusion, Oral physiology
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Background: Loss of the expression of tumor suppressor proteins is one of the mechanisms involved in the 

malignant transformation. Reduced or abnormal expression of tumor suppressor proteins has been reported in oral 

cancers. 

Objective: To evaluate the expression of three putative tumor suppressor proteins including p16INK4a, CLLD7, and 

CHC1L in oral squamous cell carcinoma (OSCC).

Methods: Western blot analyses of p16INK4a, CLLD7, and CHC1L were performed in cell lysates extracted from 

three OSCC cell lines. HeLa, mouse brain extract, and mouse thymus lysate were used as positive controls for 

p16INK4a, CLLD7, and CHC1L, respectively. The expression and cellular localization of these proteins were analyzed 

in 10 OSCC and 10 normal oral mucosa using immunohistochemistry. The findings were described in narratives.

Results: Western blot analysis showed that all carcinoma cell lines expressed low quantity or absence of the desired 

proteins compared with the controls. Immunohistochemistry analysis of p16INK4a showed predominantly nuclear 

staining at basal and suprabasal areas for normal mucosa. In OSCC, weak cytoplasmic p16INK4a staining was 

observed. The immunostaining patterns of CLLD7 for normal mucosa were nuclear and nuclear-cytoplasmic and 

weak nuclear or weak cytoplasmic for OSCC. For CHC1L, cytoplasmic and nuclear staining patterns dominated 

the normal mucosa while the OSCC exhibited weak cytoplasmic staining.

Conclusion: The aberrated signal intensities of these 3 proteins in OSCC cell lines and their weak expression in 

the OSCC tissues give an impression that the expression of these potential tumor suppressor proteins might have 

been downregulated during oral malignant transformation. 

Keywords: CHC1L, CLLD7, Immunohistochemistry, p16INK4a, Western blot
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Background: Type 2 diabetes mellitus (T2DM) is a metabolic significant morbidity and increase risk of mortality.

Early diagnosis is a crucial way to control and prevent T2DM. The current diagnostic methods are based on 

determining the blood glucose and HbA1c level. Many studies found shifts of oral bacterial microbiome between 

healthy and diseased patients. The relationship between bacterial microbiome of hyperglycemia and normoglycemia 

may be used as a biomarker and risk assessment for prediabetes.    

Objectives: This study aims to compare of the salivary bacterial microbiome between hyperglycemia and 

normoglycemia in dental patients.

Methods: The salivary bacterial microbiomes were classified into two groups using blood glucose and HbA1c 

level by the following criteria: hyperglycemia group (FBS ≥ 100 mg/d, HbA1c ≥ 5.7%, n = 17) and the 

normoglycemia group (FBS < 100 mg/d, HbA1c < 5.7%, n = 17). Clinical data related to risk factors of hyperglycemia 

and periodontal status were collected. DNA amplicons of the bacterial 16S rRNA gene were generated and subjected 

to Illumina MiSeq sequencer. 

Results: Microbiome analysis showed that twenty bacterial genera were found in all saliva samples and constituted 

85.87–89.54% of the microbiome. Three dominant bacterial genera in hyperglycemia group were Prevotella 

(16.37%), Streptococcus (13.69%), and Veillonella (8.67%), respectively, whereas Streptococcus (19.13%),

Prevotella (10.79%), and Rothia (10.34%) dominated in normoglycemia. We found that the abundance of 

Streptococcus and Rothia in hyperglycemia group decrease significantly while Prevotella remarkably increase as 

compared with those in the normoglycemia group (p<0.05). 

Conclusions: Hyperglycemia is associated with decreasing in the relative abundance of Streptococcus and increasing 

in relative abundance of Prevotella. Streptococcus and Prevotella were found in high prevalence and high ratio of 

alteration in saliva samples. Thus, we suggest that the relative abundance of Streptococcus and Prevotella may be 

used a biomarker to detect the hyperglycemic condition.

Keywords: Biomarker, Hyperglycemia, Oral microbiome, Saliva, 16S rRNA
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Background: Human papillomavirus (HPV) infection has been established as an emerging risk factor for oral 

squamous cell carcinoma (OSCC), especially HPV genotypes 16 and 18. However, the prevalence of HPV infection 

in patients with OSCC varies among different geographic regions. Furthermore, the demographic and 

clinicopathologic profiles of patients with HPV-related OSCC are still controversial.

Objectives: This study aimed to identify the prevalence of HPV genotypes 16 and 18 infection among patients 

with OSCC in northern Thailand and investigate the associations between HPV infection and demographic and 

clinicopathologic variables.

Methods: We conducted a retrospective analysis of 50 formalin-fixed paraffin-embedded OSCC specimens. The 

p16 expression was assessed by immunohistochemistry. The detection of HPV16/18 DNA was performed using 

polymerase chain reaction. 

Results: Of all specimens, p16 immunostaining was presented in 54% (27/50) and HPV16 and/or 18 DNA was 

detected in 20% (10/50). Among the HPV16/18 DNA-positive specimens, HPV18 infection was found in 60%, 

HPV16 in 20%, and co-infection with HPV16 and 18 in 20%. There was no significant association between p16 

expression and HPV16/18 DNA (p=0.736). The sensitivity and specificity of p16 expression were 60% and 47.5%, 

respectively. HPV16/18 infection (p16+ and HPV16/18 DNA+) was significantly associated with the patients 

younger than 60 years (p=0.032, OR=9.67, 95% CI=1.03−90.41) and the tumors at the tongue (p=0.003, OR=22.50, 

95% CI=2.30−219.89). 

Conclusions: Our findings confirm the presence of HPV16 and 18 infection in a subset of patients with OSCC. 

p16 expression should not be used as a surrogate marker for HPV16/18 infection due to its low sensitivity and 

specificity. Further studies on survival outcomes of the patients with HPV-related OSSC are still needed.

Keywords: HPV infection, HPV16/18, Northern Thailand, Oral Squamous Cell Carcinoma 
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Background: Studies have shown that photodynamic therapy (PDT) can be used as an adjunct to periodontal 

therapy. In PDT, a photosensitizer is irradiated by a light of an appropriate wavelength in order to produce singlet 

oxygen which aids immunomodulation and bacterial killing. 

Objectives: To determine the optimal doses of azulene and light fluency that can produce a significant amount of 

singlet oxygen. 

Methods: Azulene powder was dissolved in 99% ethanol, and distilled water producing 10 different concentrations 

(the final concentrations were 5, 15, 25, 35, 50, 100, 200, 500, 1,000, and 2,000 μM). 10 μl of 1mM 9,10-dimeth-

ylanthracene (DMA) was added as a singlet oxygen detector. A 625 nm laser (power = 55-90 mW) at the energy 

densities of 4, 8, 16, 25, 50 J/cm2 was used to irradiate the sample. The distance from the light to the bottom of the 

well was 8 mm. Singlet oxygen formation was measured by fluorescence spectrophotometer at 375 and 436 nm 

as the excitation and emission wavelengths, respectively. Statistical analysis was done using SPSS version 20.  

Data was presented using means and standard deviations. Shapiro-Wilk test was used to test normality. 

Kruskal-Wallis and Dunn-Bonferroni tests were used to compare results. The significance level was set at p<0.05.

Results: 5, 15, 25 and 35 μM of azulene produced significantly higher amounts of singlet oxygen when compared 

to other concentrations irradiated with the same energy density. 4 and 16 J/cm2 produced significantly higher singlet 

oxygen when compared to the non-irradiated group (p<0.05). In 2,000 μM group, 4 J/cm2 produced a significantly 

higher amount of singlet oxygen when compared to 16 and 25 J/cm2 (p<0.05). 

Conclusion: Use of 4 and 16 J/cm2 energy densities and 5, 15, 25, and 35 μM azulene produced significant amounts 

of singlet oxygen.

Keywords: Azulene, Dimethyl anthracene, Fluorescence probe, Photodynamic therapy, Singlet oxygen 
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Background: Medication-related osteonecrosis of the jaw (MRONJ) is an uncommon and potentially serious 

adverse effect of antiresorptive and antiangiogenic agents. Since the first report in 2003, the evidence of MRONJ 

has been rising continuously. Among risk factors for MRONJ, tooth extraction and immune suppressive drugs 

seem to have significant role on bone healing. Nowadays, there is no research as to how Thai dentists concern for 

patients developing MRONJ influences their practice patterns

Objective: This study was to evaluate awareness, knowledge and attitudes of Thai dentists about MRONJ and 

anti-resorptive drug especially BPs.

Materials and methods: This randomized cross-sectional study among Thai dentists was based on online survey. 

The link of survey questionaires was sent randomly to dentists generalize the country via email and LINE@. The 

questionnaire consisted of four parts: demographics data, acquisition, perception and current practice, scenario 

cases respectively. No gift or remuneration was provided to the participants. The data were analyzed by descriptive 

statistics through SPSS 23 software.

Results: More than 90% of responding dentists in Thailand knew BPs but higher than 80% didn’t review history 

of BPs recieving from menopausal female patient as a routine. Over 70% didn’t know MRONJ criteria and the 

guidelines for surgical treatment of a patient taking BPs. Approximately 80% of responding dentists were not 

confident to perform extraction in patient taking BPs, and around 50% would refer patients to oral surgeon.

Conclusions: Although more than 90% of responding Thai dentists knew BPs and its side effect but most were 

still lack of awarwess on patient who was possible to take BPs. Adequate knowledge about MRONJ is crucial 

important and need to be improved.

Keywords: Bisphosphonate, MRONJ, Osteonecrosis, Survey, Thai dentist
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Background: Dental caries is a prevalent oral infection and the most common childhood disease. Dentin caries is 

predominantly caused by Lactobacilli species. In particular, Lactobacillus casei cause more advanced, deep lesions. 

To prevent progression of dental caries, the use of natural antimicrobial agents, such as chitosan, is becoming more 

popular to reduce the need of conventional antibiotic treatment. Chitosan is a polycationic polysaccharide, commonly 

derived from crustacean shells such as shrimp. Chitosan can be processed into monodispersed nanometer size 

particles with more potent antimicrobial activity. 

Objectives: This study aims to synthesize and characterize chitosan nanoparticles (CNs) using 2 different 

crosslinkers: tripolyphosphate (TPP) and hexametaphosphate (HMP) and determine their nanoparticles’ 

characteristics and antimicrobial properties against L. casei when incorporated into a mouthwash solution.

Methods: CNs were prepared via ionic gelation using 30 kDa shrimp chitosan (94% of degree deacetylation) with 

two different crosslinkers (TPP vs. HMP) and characterized. CNs were incorporated in a mouthwash formulation 

at different concentrations and evaluated for their antimicrobial activities against L. casei. 

Results: Initially formulated CNs in acetic acid solution (pH 2.5) showed that both Sh-TPP and Sh-HMP have 

similar particle size range (309-320 nm) and zeta potential (38-41 mV). However, when these were incorporated 

into the mouthwash solution (pH 5.0), the particle size of Sh-HMP increased compared to Sh-TPP, whereas the 

zeta potential decreased in a similar manner for both CNs (26-27 mV). Antimicrobial activities at 100 μg/mL and 

300 μg/mL indicated that Sh-TPP was more effective in killing L. casei in comparison to Sh-HMP.

Conclusion: Shrimp CNs can be synthesized from both TPP and HMP crosslinkers. The choice of crosslinker 

appear to affect the nanoparticles’ hydrodynamic size when dissolved in higher pH solution. Sh-TPP having smaller 

size showed more antibacterial benefit against L. casei when formulated in mouthwash solution.

Keywords: Antibacterial effect, Chitosan nanoparticles, Crosslinkers, Lactobacillus casei, Mouthwash
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Objective: The aim of this study was to evaluate whether the awareness and knowledge about human papillomavirus 

(HPV) and its association with human diseases could be improved after an educational intervention was given in 

2 groups of Thai women.

Methods: The participants included 370 and 348 participants in the ≤25-year-old group and the >25-year-old 

group, respectively. After the questionnaire composed of 15 knowledge and 2 awareness questions had been given 

to each participant, a knowledge brochure was distributed, then the knowledge was reassessed. Paired-T test was 

used to evaluate the knowledge before and after the intervention.

Results: Mean knowledge scores were increased in the ≤25-year-old (4.35±4.39 to 12.32±3.1) and the >25-year-

old (4.82±4.33 to 13.22±2.35) groups. Statistically significant difference was found in both groups. The >25-year-

old group had significantly higher mean knowledge score after the intervention than that of the ≤25-year-old group 

(13.22±2.35 VS 12.32±3.1). 

Conclusion: Most of the participants had the improved knowledge about the characteristics and pathogenesis of 

HPV. If proper educational intervention was given, the awareness and knowledge about HPV and HPV vaccines 

could be improved among female Thai participants. Therefore, giving knowledge about HPV should be considered 

as a public health strategy in health promotion for all Thai women.

Keywords:  Educational intervention, Human papilloma virus, Knowledge, Thai
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Objective: The study objectives were to investigate the effect of silver diamine fluoride (SDF) on the microtensile 

bond strength between glass ionomer cement and carious primary dentin; and evaluate the mode of restoration 

failure. 

Methods: Forty carious primary molars were sectioned in half through the middle of the carious lesion. The two 

specimens were randomly allocated to test and control groups. The test group specimens were treated with 38 % 

SDF, and the control group received deionized water. The samples were stored in artificial saliva for 14 days at 

37OC, and the dentin surfaces were conditioned and restored with Fuji IX GP Extra. After 24 hours in artificial 

saliva, the specimens were prepared for microtensile bond strength testing and stressed in tension at one mm per 

minute until failure. Mean bond strengths were determined and compared using the paired t test. The failure mode 

was assessed with a stereomicroscope under 40 X magnification. 

Results: The mean microtensile strength for the test group was 7.4 MPa (SD=±5.1) and 6.3 (±4.6) MPa for the 

control group (p>0.05). Most common failure mode was the mixed failure mode in both groups. 

Conclusions: Silver diamine fluoride does not adversely affect the bond strength between glass ionomer cement 

and carious primary dentin in vitro.

Keywords: Carious primary dentin, Glass ionomer cement, Silver diamine fluoride
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Background: Early childhood caries is most prevalently found in preschool Thai children. Oral immunomodulation 

is considered one of the probiotic mechanisms. Elevated levels of salivary human neutrophil peptides 1-3 (HNP1-3) 

have been previously reported after daily probiotic consumption in teenagers. However, no large-scale study for 

determining the HNP1-3 levels in preschool children has yet been conducted.

Objectives: To examine and compare salivary HNP1-3 levels among three groups: 1) daily probiotic, receiving 

probiotic milk once daily, 2) triweekly probiotic, randomly receiving probiotic milk three days a week, and 3) 

placebo, receiving milk without probiotics, at baseline (T0), six months immediately after intervention (T6), and 

six months after discontinuation (T12).

Methods: In this double-blind and placebo-controlled trial, 268 healthy preschool children (mean age 3.2±0.8 

years) were recruited and randomly assigned to the daily probiotic, triweekly probiotic, or placebo group. These 

children obtained milk powder with or without Lactobacillus paracasei SD1 as probiotics for six months. 

Unstimulated whole saliva was collected at T0, T6 and T12 for determination of HNP1-3 levels by ELISA. 

Results: Gradually raised salivary HNP1-3 levels from T0 to T12 were observed in all three groups. However, the 

HNP1-3 levels at T12 were significantly higher than those at T0 (p<0.001) and at T6 (p<0.01) in the daily probiotic 

group, whereas the HNP1-3 levels at T12 were significantly greater than those only at T0 (p<0.01) in the triweekly 

probiotic group. No significant changes in the HNP1-3 levels were found in the placebo group at any periods. 

Conclusions: Probiotic consumption can significantly enhance salivary HNP1-3 levels; however, this enhancement 

is delayed until T12 in preschool children. In addition, the stimulatory effect of Lactobacillus paracasei SD1 as 

probiotics on salivary HNP 1-3 levels is evidently demonstrated in the daily probiotic group more than the triweekly 

probiotic group.

Keywords: Early childhood caries; Human neutrophil peptides, Lactobacilli, Probiotics, Saliva 
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Background: Probiotics create a favorable microbial symbiosis in the oral cavity. Previous studies have shown 

the benefits of probiotic consumption on reduction of cariogenic bacteria and then dental caries.  However, it is 

unknown whether daily consumption is necessary to gain these benefits. Moreover, a large-scale study in young 

children has not been conducted

Objectives: To investigate the effects of daily or triweekly consumption of Lactobacillus paracasei SD1 on the 

quantities of Streptococcus mutans, total lactobacilli and total bacteria in saliva and plaque samples of preschool 

children compared to the placebo group at baseline (T0), after intervention at six months (T6), and six months 

after discontinuation (T12). 

Methods: This double-blind trial recruited 487 preschool children from eight childcare centers. Participants were 

randomized to receive a 6-month course of placebo milk (group I) or milk containing probiotics daily (group II) 

or triweekly (group III).  The DNA quantities of the aforementioned bacteria at T0, T6, and T12 were assessed by qPCR.

Results: Of 487 children, 354 completed the two follow-up periods. However, only 268 children (3.2±0.8 years 

old) provided adequate saliva for DNA extraction. Whereas the quantities of S. mutans were significantly decreased 

in groups II and III compared to group I in saliva and plaque samples at T6 and T12, while those of total lactobacilli 

were significantly increased (p<0.05). Significant changes in the quantities of S. mutans and total lactobacilli lasted 

until T12 (p<0.05). There was no difference in the quantities of S. mutans and total lactobacilli between groups II 

and III at any periods. The quantities of total bacteria were not different among the three groups.

Conclusions: Administration of probiotics either daily or triweekly reduces the quantities of S. mutans while 

increases those of total lactobacilli in saliva and plaque samples. These microbial shifts last at least six months 

after discontinuation.

Keywords: Lactobacillus paracasei, plaque, preschool children, probiotics, saliva, Streptococcus mutans
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Background: Our previous studies have shown that daily consumption of probiotics, Lactobacillus paracasei SD1, 

was safe and reduced cariogenic mutans streptococci, resulting in reduction of caries progression in volunteers.

Objectives: To determine efficacy for caries prevention of daily or triweekly consumption of milk powder, 

containing the probiotics in preschool children. 

Methods: The six-month intervention and cluster double-blind trial was conducted in 469 children (1-4 years old) 

with decayed teeth ≤4 in Chiang Mai (CM) and Satun (ST) provinces. Using stratified block randomization, all 

eligible participants were allocated into three groups, comprising: 1) daily probiotic, receiving probiotic milk once 

daily, 2) triweekly probiotic, randomly receiving probiotic milk three days a week, and 3) placebo, receiving milk 

without probiotics. The outcome measurements included caries increment and regression, assessed by calibrated 

pedodontists using modified Nyvad criteria at baseline, 6 (T6), and 12 (T12) months. Negative binomial with a 

generalized linear model was used to estimate the caries outcomes. 

Results: At baseline, caries prevalence and mean decayed surface of CM and ST were 17.3%, 7.29+6.83, and 

18.9%, 7.74+8.19, respectively.  Three groups were balanced at baseline with the attrition rate of 24.5% in CM 

and 30.0% in ST. After adjusting the number of cavitated surfaces at baseline, caries risk significantly decreased 

in both daily and triweekly probiotic groups at T6 and T12 in ST and in the daily probiotic group at T12 in CM 

(p<0.05). The daily and triweekly probiotic groups significantly induced more regressive surfaces at T6 and T12 

in CM and at T12 in ST (p<0.05). 

Conclusions: Significantly less caries increment and more regressive surfaces were found in the daily or triweekly 

probiotic group than in the placebo group. Probiotic milk consumption either daily or triweekly can prevent dental 

caries, suggesting that only administration of probiotics triweekly may be sufficient for young children. 

Keywords: Early childhood caries, Lactobacilli, Preschool children, Prevention, Probiotics
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Background: Practicing on incision and suturing of mucogingival flap is a basic surgical maneuver before starting 

the clinical oral surgical procedures. As the pervious study of mechanical properties of porcine gingiva, developing 

the natural rubber suturing pad which has comparative properties to the porcine’s for such practice is generally 

useful for dental students to develop their basic skill.

Objectives: To fabricate a rubber suturing pad from natural rubber with the addition of rice bran oil (RBO) as a 

plasticizer and improve the gingiva-like color. And to study the mechanical properties of the rubber suturing pad 

before and after heat vulcanization at various time.

Methods: Different proportions of 50% RBO, 10, 20, 30, 40 and 50 parts per hundred of rubber (phr), were used 

as a plasticizer for pilot study in fabrication of the rubber suturing pad. The 50% titanium dioxide was added in 2 

proportion, 0.5 and 1 phr, with a small amount of food colorant for improving the color. After the rubber pads 

molded, they were heated at 100 ° C at 0.5, 1, 2, and 4 hours. The mechanical properties, tensile strength and 

hardness, were assessed.

Results: The proportions of 50% RBO which were able to cast the rubber suturing pad were 10, 20 and 30 phr. 

The acceptable mechanical properties were found in the groups of 20 and 30 phr. After improving the color, the 

tensile strength was 1.054-2.937 MPa and the hardness was 10.74-13.02. After complete vulcanization by heating 

in various times, the tensile strength was 4.648-4.952 MPa and the hardness was 16.18-16.58.

Conclusion: The proportions of 20 and 30 phr of 50% RBO could be used as a plasticizer and after improving the 

color, the tensile strength and hardness of the rubber suturing pad was slightly lower more than the porcine gingiva. 

Complete vulcanization at 100 ° C for 0.5 hours could be obtained and also achieved the acceptable mechanical 

properties.

Keywords: Natural rubber, Plasticizer, Rice bran oil, Rubber suturing pad, Vulcanization 
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Background: Many laboratory studies investigated the use of various intra-radicular materials to reinforce the 

root such as gutta percha, MTA, resin composite or fiber post. It is still unclear which materials have a higher 

ability to resist root fracture in clinical situation.

Objectives: This study aimed to compare the incidence of root fractures that led to extraction in immature teeth 

endodontically treated by MTA apexification and were restored with either reinforced (resin composite or fiber 

post) or non-reinforced (gutta percha or MTA) intra-radicular materials.

Methods: Necrotic immature teeth treated with MTA apexification from 1996 to 2017 were selected according to 

the inclusion and exclusion criteria. Intra-radicular materials, and pre-operative and treatment factors were obtained 

from dental charts and radiographs. Incidence of fatal root facture was identified. Kaplan–Meier survival analysis 

and Cox proportional hazard model were employed to demonstrate survival rate and predisposing factors at a 

significance level of 0.05.

Results: The average recall period was 30 months. The incidence of root fracture in the teeth restored with the 

reinforced materials was 5.5% that was not significantly different from the non-reinforced materials, which reached 

8.3%. Furthermore, the fracture rates between the fiber post and resin composite groups were not significantly 

different. Two significant predisposing factors influencing the incidence of root fracture were detected: pre-operative 

external inflammatory root resorption (EIRR; hazard ratio = 26.86; p < 0.05) and patients’ age > 15 years old 

(hazard ratio = 8.60; p < 0.05). 

Conclusions: Immature teeth treated with MTA apexification and restored with the reinforced or non-reinforced 

intra-radicular materials exhibited a similar rate of root fracture. Pre-operative EIRR and patients’ age greater than 

15 years were found to be the predisposing factors that significantly increased the incidence of root fracture.

Keywords: Immature tooth, Intra-radicular material, MTA apexification, Root fracture, Survival rate
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Background: The loss of the central and lateral incisors may not always provide an ideal space for two adjacent 

implants. Therefore, a cantilever restoration may be considered for these areas. However, a better understanding 

is needed on the biomechanics of implant-supported cantilever fixed dental prosthesis. Knowing the material 

properties and behavior of the restorative materials will help in predicting the displacement and possible effects of 

an implant-supported fixed prosthesis in the anterior maxilla. 

Objectives: The aim of this study was to determine the total deformation of implant-supported cantilever fixed 

dental prosthesis in the anterior maxilla using three-dimensional (3D) finite element analysis.

Methods: This an in-vitro, experimental study which used three-dimensional finite element analysis to investigate 

the total deformation of cantilever fixed implant restorations with various loading conditions. Three test scenarios 

were used to mimic clinical situations on the palatal surfaces of the left central and lateral incisors, with the latter 

as the cantilever pontic, loads either applied to (1) the distal marginal ridge of the lateral incisor, (2) the mesial 

marginal ridge of the lateral incisor and the distal marginal ridge of the central incisor, or (3) the mesial of the 

central incisor. 

Results: The study showed the total deformation of the implant-supported fixed dental prosthesis in the anterior 

maxilla. Loading on the distal surface of the lateral incisor had the highest value of displacement with 0.33 mm. 

The second and third clinical scenarios showed comparable displacement values, with 0.20 mm and 0.18 mm, 

respectively. 

Conclusion: Longer bending moments created a higher value of total deformation. Minimal and light contacts 

should be placed as close as possible to the implant to minimize bending moments.

Keywords: Biomechanics, Cantilever, Dental implant, Esthetics, Finite element analysis
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Background: Tooth is a composite structure consisting of inorganic and organic components which are very 

similar to those of alveolar bone. The autologous tooth matrix has been used clinically as bone substitution in 

various bone defect model. However, the major drawback of the autologous tooth matrix is the limited availability 

of the graft. Therefore, deproteinized human demineralized tooth matrix (dpDTM) was developed into allograft 

materials to overcome those limitations. 

Objectives: To assess and compare the biocompatibility of dpDTM and anorganic deproteinized bovine bone 

(ABB) by intramuscular implantation at 1, 2, 4, 8, 12 weeks.

Methods: dpDTM was fabricated using dual chemical-thermal treatment (NaOH 1N, 300ºC). The dpDTM scaffold 

construct was prepared using 5%wt/v Polyvinyl alcohol (PVA) as binding materials by freeze-thawing method. 

The dpDTM scaffolds (n=6/group/time point) were implanted into paralumbar muscle of the 15 adult New Zealand 

White rabbits. The ABB scaffold and blank PVA scaffold were used as positive and negative control. The 

biocompatibility analysis was performed by clinical and histological methods at 1, 2, 4, 8, 12 weeks after 

implantation.

Results: All rabbits recovered uneventfully without weight loss. Clinical observation revealed the absence of 

infection and inflammation at all time point. Histological evaluation of dpDTM and ABB in paralumbar muscle 

indicated the moderate to intense inflammatory response at 1-2 weeks and decreased with time. 

Conclusion: In terms of biocompatibility, dpDTM and ABB demonstrated good biocompatibility with less degree 

of inflammatory cells infiltration at 12 weeks. Suggesting that dpDTM was favorable for reconstructive bone graft 

substitution due to its good biocompatibility. However, clinically relevant implantation studies should be concerned 

before human used of this tooth graft material.

Keywords: Biocompatibility, Bone substitution, Deproteinization, Rabbit, Tooth
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Background: Demineralized tooth matrix has been considered a grafting material. However, various demineralization 

procedures may result in products with different properties.

Objectives: To examine the influence of the demineralization process of human tooth using 4 different preparation 

protocols of hydrochloric acid on the physicochemical characteristic, degradation rate and BMP-2 protein 

quantification.

Methods: Caries-free permanent teeth were pulverized into particles range from 500-1,000 μm. Tooth particles 

were assigned to 5 groups with different protocols of demineralization (mineralized tooth;TM, 0.5M/10DTM, 

0.5M/20DTM, 1M/10DTM and 1M/20DTM). Chemical compositions were analyzed by x-ray diffraction and x-ray 

fluorescence spectroscopy. Surface morphology was evaluated by scanning electron microscopy and 

Brunauer-Emmett-Teller analysis. Bradford protein assay was used to quantify total protein and human ELISA 

was used for BMP-2 quantification. Degradation behaviors were assessed over 60 days using 50 mM Tris-HCl 

solution (pH 7.4) at 37°c. 

Results: Increasing reaction time led to more collagen exposed on smooth dentin surface, larger size of dentinal 

tubule and average pore diameter, less crystallinity, and less Ca/P ratio. The highest total protein (3.53±0.24 μg/

ml) and BMP-2 concentration (1,181.53±193.77 pg/ml) were found in 1M/20DTM group compared to TM group 

(0.98±0.081 μg/ml, 2.67±5.34 pg/ml, p=0.000). The degradation at 60 days of TM, 0.5M/10DTM, 0.5M/20DTM, 

1M/10DTM, and 1M/20DTM were 6.41±0.30%, 9.19±1.92%, 8.46±0.28%, 19.27±2.74%, 22.90±10.10% 

respectively (p<0.05).

Conclusion: The reaction time of HCl has greater effect on human tooth particles in aspect of surface morphology, 

crystallinity, element components, Ca/P ratio, the quantity of total protein and BMP-2 releasing. While increasing 

the concentration leads to more degradation of the human tooth matrix.

Keywords: BMP-2, Bone graft, Ca/P, Degradation, Demineralization, Tooth
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Effects of Provisional Cements on Shear Bond Strength of Resin Cements to Dentin 

Pattamon SETHSOONTREE1, Pattaranat BANTHITKHUNANON1 and Sitthichai WANACHANTARARAK2 

1Department of Prosthodontics, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand
2Department of Oral Biology and Oral Diagnosis Sciences, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand

Objective: This study evaluated the effects of provisional cements on the shear bond strength (SBS) of permanent 

resin cements to dentin.

Methods: The buccal cusps of extracted human mandibular first premolars (n=144) were sectioned to expose 

dentin at 3 mm from the buccal cusp tip. The specimens were first equally divided into four groups according to 

the provisional cements used: control (no cementation), zinc oxide eugenol, zinc oxide non-eugenol and calcium 

hydroxide. The provisional cement was mixed and applied on the dentin surface with an acrylic rod placed over 

with 10 N constant load until the cement was set. The test specimens were stored in distilled water at 37oC for one 

week. The acrylic rods were removed and provisional cement remnants were cleaned with spoon excavator and 

pumice-water slurry. The specimens were then divided equally into three subgroups for testing permanent resin 

cements: self-adhesive, self-etch and total-etch. Permanent resin cement was used to cement a composite resin 

stick onto dentin surface. After 24 hours, all specimens were processed to test the shear bond strength with a 

universal testing machine. Data were analyzed with two-way ANOVA and Tukey’s test.

Results: There was no interaction between provisional and permanent resin cement groups. The bond strength 

obtained when using calcium hydroxide and zinc oxide eugenol provisional cement were similar to no provisional 

cement contamination. Zinc oxide non-eugenol provisionalization had a significantly lower shear bond strength 

than the others. The shear bond strength of the total-etch cement group was the highest while that of the self-adhesive 

group was the lowest.

Conclusion: In conclusion, the shear bond strength of three permanent resin cement is not affected when using 

zinc oxide eugenol and calcium hydroxide as provisional cements, but is reduced when using zinc oxide non-eugenol 

cement.

Keywords: Provisional cement, Resin cement, Shear bond strength (SBS)
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Wet Packaging after Steam Sterilization: the Effect of Fabric Loads and Packaging 

Materials

Apisara TRAIRATTANAPA, Kanisa CHANTAROTHORN, Nattakarn NARONGCHAI, 
Ruchanee AMPORNARAMVETH 

Research Unit on Oral Microbiology and Immunology, Department of Microbiology, Faculty of Dentistry, Chulalongkorn University, 

Bangkok, Thailand

Objective: Wet packaging after steam sterilization identify as a failure in sterilization process. To examine whether 

different fabric loads and packaging materials affect temperature and percent of humidity inside the packages after 

steam sterilization.

Methods: Four groups of instrument packages containing either metal instruments alone or included various types 

fabric load (cotton, towel or combined) were prepared with three different packaging materials (cotton fabric, 

non-woven material or paper-film). The packages (N = 9) were then subjected to full cycle steam sterilization at 

121°C for 20 min. Percent humidity and temperature were determined with UT333 Uni-T® mini temperature and 

humidity meters immediately after remove the package from sterilizing chamber and every 15 min up to 1 hour. 

Results: The presence of any fabrics inside package significantly increase intra-package humidity immediately 

after removed from the sterilizing chamber. Intra-package humidity dropped sharply in package contain metal 

alone or with towel. The presence of cotton fabric inside the package retained intra-package humidity close to 50 

percent at 60 min. The packages with metal alone have significantly lower temperature comparing with the other 

three groups when measured immediately. Intra-package temperature decreased gradually by the time. There were 

no difference in temperature between the groups from 15 min. The package wraps by cotton fabric significantly 

retained immediate intra-package humidity comparing with non-woven materials or paper-film pouch. Package 

wraps with paper-film pouch better dissipate the heat as determined by lower intra-package temperature at later 

time point. 

Conclusion: Packaging contained cotton fabric retained intra-package humidity which represent sterilization 

failure. Incorporation cotton fabric should be avoided when prepare a package of metal instruments for sterilization. 

Care should be taken when prepare the package containing this type of materials.    

Keywords: Autoclave, Fabric loads, Humidity, Infection control, Sterilization

Supported by Dental Research Fund, Dental Research Project 3200502#39/2018, Faculty of Dentistry, Chulalongkorn 
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Shear Bond Strengths of Calcium Silicate-Based Sealer to Dentin and Calcium Silicate 

Impregnated Gutta-Percha

Nonthicha BANPHAKARN, Kallaya YANPISET, Danuchit BANOMYONG

Department of Operative Dentistry and Endodontics, Faculty of Dentistry, Mahidol University, Bangkok, Thailand

Objective: To compare the shear bond strengths of a calcium silicate-based root canal sealer, to dentin or calcium 

silicate impregnated gutta-percha, to the shear bond strengths of an epoxy resin-based sealer.

Methods: For sealer/dentin testing, forty hemi-sectioned roots were divided into two groups. Coronal root dentin 

discs were bonded with calcium silicate-based or epoxy resin-based sealer. For sealer/core material testing, calcium 

silicate impregnated gutta-percha and conventional gutta-percha discs were bonded with a matching sealer, n=20 

per group. The shear bond strengths were tested using a universal testing machine. The failed modes were analyzed 

using stereomicroscopy and scanning electron microscopy. 

Results: The calcium silicate-based sealer had significantly higher shear bond strength to dentin than did epoxy 

resin-based sealer (3.27±1.13 MPa vs 2.42±0.74 MPa, p<0.01). However, shear bond strengths of the two sealers 

to core materials did not significantly differ (1.59±0.65 MPa vs 1.66±0.84 MPa, p=0.74). The remnants of the 

calcium silicate-based sealer adhering to dentin or calcium silicate gutta-percha disc were observed.

Conclusions: The calcium silicate-based sealer had better adhesion to dentin than did epoxy resin-based sealer. 

However, the bond of the calcium silicate-based sealer to impregnated gutta-percha was not superior to the epoxy 

resin-based sealer bonded to conventional gutta-percha.

Keywords: Calcium silicate sealer, Dentin, Gutta-percha, Shear bond



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019) 87

P_03

Singlet Oxygen Formation in Different Irradiation Modes of Azulene-mediated 

Photodynamic Therapy

Boonsita WUTTIRAK1, Nattapon SONTIKARN1, Suttichon RATTANAYATIKUL1, Aroon TEERAKAPONG2, 
Teerasak DAMRONGRUNGRUANG2

1Dental Student, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand
2Department of Oral Biomedical Sciences, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand

Background: Photodynamic therapy is emerging as a targeted therapy for cancer includes oral cancer and it also 

possesses effectively antimicrobial effect. Recently, the immune cell function modulation by photodynamic therapy 

is a field that rapidly grows worldwide. The sublethal singlet oxygen amount produced from a photodynamic 

reaction plays a key role and which irradiation pattern is capable of maximum singlet oxygen formation still remain 

unclear.

Objectives: This study aimed to determine the singlet oxygen amount generated from photodynamic reaction in 

different irradiation patterns.

Methods: Azulene solution (final concentration 1, 10 and 100 μM) was prepared by dissolving in 99.5% ethanol 

and diluted with distilled water. Subsequently, 10 μL of 9,10 dimethylanthracene (a singlet oxygen specific probe) 

was added to the solution. Erythrosine at a concentration of 10 μM was served as positive control. The mixtures 

were then subjected to irradiate with either 4 or 40 J/cm2 using 0.5 W light emitting diode in an arbitrary irradiation 

unit. The relative singlet oxygen amount was measured using Varioskan Flash at emission and excitation at 375 

and 436 nm, respectively.

Results: Among the energy densities used, 10 μM group yielded the maximum singlet oxygen formation. The 

statistically significant difference could observe when compared to 100 μM group (p<0.05). Among three modes 

of irradiation, the pulse mode demonstrated some degree of higher singlet oxygen products, however, there are no 

statistically significant difference observed. 

Conclusions: The pulse mode of 4 J/cm2 red light with azulene can produce the relatively highest amount of singlet 

oxygen. 

Keywords: Azulene, DMA, Fluorescence probe, Photodynamic therapy, Singlet oxygen
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The Alveolar Bone Height Changes after Molar Protraction Assisted with Corticotomy 

and Bone Grafting: A Long-term CBCT evaluation

Panitnart KONGKRAPHAN, Bancha SAMRUAJBENJAKUN

Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand

Background: The alveolar bone resorption is usually occurring after first mandibular molar loss. Moving the 

second molar to replace the first molar has a risk of losing the bone around the second molar root because of 

deficiency of alveolar ridge. Corticotomy is assisted to accelerate tooth movement and bone augmentation is claimed 

to prevent bone dehiscences and fenestrations. 

Objectives: This retrospective study aimed to determine the alveolar bone height changes after mandibular molar 

protraction assisted with corticotomy and bone grafting and after long-term 5 years posttreatment follow-up.

Methods: The CBCT at initial treatment (T0), 3 months after space closure (T1), and 5 years posttreatment (T2) 

from the patients who loss of mandibular first molar with resorption of the alveolar ridge and closed space by 

moving the second molar with corticotomy and bone grafting completed for 5 years were corrected to measure the 

alveolar bone height changes. The buccal, lingual, and mesial bone height were measured at the middle point of 

the mesial second molar root from cemento-enamel junction to the alveolar crest. 

Results: CBCT data from 16 patients included to evaluate bone changes. The bone height decreased by 0.5 ± 0.96, 

0.52 ± 0.67, and 0.56 ± 0.90 mm from T0 to T1 and after 5 years follow-up the bone height increased by 0.34 ± 

1.18, 0.21 ± 0.93, and 0.13 ± 0.88 mm from T1 to T2 at buccal, lingual, and mesial, respectively. 

Conclusions: The alveolar bone height decreased after molar protraction into the resorption alveolar ridge with 

corticotomy and bone grafting. After 5 years posttreatment, the bone remodeling in the height was occurred. 

Thereby, the bone remodeling was presented and the stability was sufficient after molar protraction.

Keywords: Alveolar bone height, CBCT, Mandibular molar protraction
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Clinical, Radiographic and Histopathological Analysis of Benign Odontogenic Tumours 

in the Population of Mexicali, Baja California

Estefanía LEAL1, Maikel HERMIDA2, Norma FIGUEROA3, Jorge-Armando LÓPEZ4

1Undergraduate student of Dentistry, Faculty of Dentistry Mexicali, Autonomous University of Baja California, Baja California, Mexico
2Postgraduate and Research Coordinator, Department of Oral Surgery, Faculty of Dentistry Mexicali, Autonomous University of 

Baja California, Baja California, Mexico
3Coordinator of Continuing Education, Department of Oral Surgery, Faculty of Dentistry Mexicali, Autonomous University of 

Baja California, Baja California, Mexico
4Coordinator of the Area of   Pathology and Oral Surgery, Department of Oral Pathology, Faculty of Dentistry Mexicali, Autonomous 
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Background: Benign odontogenic tumors (BOGTs) are a group of neoplastic lesions that originate from the tissue 

components of the dental germ. The World Health Organization (WHO) classified them in 2017 as: epithelial, 

mixed (epithelial and mesenchymal) and mesenchymal. In general, they account for approximately 1% of all oral 

tumors and their frequency varies from one country to another. Due to its clinical, imaging and histopathological 

complexity, this research was done in Mexicali patients.

Objectives: This observational analytical study aimed to determine the frequency and association between clinical, 

radiographic and histopathological variables of BOGTs in patients from northwestern Mexico.

Methods: This study was conducted in 43 patients with BOGTs, diagnosed between 2011 and 2018 by surgical 

procedure and histopathological study in the oral surgery and oral pathology services of the Mexicali dentistry 

faculty, at the Autonomous University of Baja California, Mexico.

Results: The frequency order o f the BOGTs was 48.9% epithelial, 39.5% mixed and 11.6% mesenchymal. 

Histologically, ameloblastomas (41.9%) and odontomas (37.2%) predominated. The incidence was greater in men 

over women, at ages less than 40 years. 41.9% of the BOGTs appeared in the region of the mandibular angle with 

extension to body and branch, and 25.6% in the anterior region of the jaw. There was a significant association 

between: radiolucency and epithelial tumors (χ2 = 28.7 and p=0.00), radiopacity and mixed tumors (χ2 = 9.45 and 

p=0.00) and mixed image with mesenchymal tumors (χ2 = 9.54 and p=0.02).

Conclusions: The most frequent BOGTs were epithelial (ameloblastomas) and mixed (odontoma), which affected 

more men, under 40 years, and located in the mandibular angle. There was a strong association between epithelial 

tumors and radiolucency, mixed tumors and radiopacity, and between mesenchymal tumors and mixed radiographic 

images.

Keywords: Ameloblastoma, Maxillomandibular tumors, Odontogenic tumors, Odontoma, Radiological image
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Alveolar Transportation by Bone Anchorage in Patients with Cleft Lip and Palate 

Sequels

Guillermo PEREZ, Tely SOTO, Paula BARNETT

Department of Orthodontic Dentistry, Faculty of Dentistry, Universidad Autónoma de Baja California, Mexicali, Baja California, 

México

Background: The rehabilitation of palate alveolar cleft in patients with cleft lip and palate sequels are a great 

challenge for orthodontists and oral surgeons. Bone grafts have been the go-to technique for the repair of fissures, 

but nevertheless, failures of that procedure have been registered when the surrounding soft tissue is insufficient. 

Alveolar transportation by bone anchorage and sliding is an innovative technique of alveolar transportation with 

curve trajectory respecting the arch form by bone anchorage system and fixed orthodontic appliance.

Objectives: The objectives of this surgical technique are the oro-nasal closure, provide bone support for teeth 

adjacent to the fissure, stabilize the alveolar process, better the muscle dynamics and nasolabial contour; achieving 

this way an osteogenic distraction without the use of the distractor.

Methods: Previous to the alveolar transportation a fixed orthodontic appliance is placed letting the segment to 

transport to slide through the arch. A Semi-Newman type incision is realized to perform the alveolar osteotomy.

Results: As a result of this technique we will have surgical closure of the alveolar cleft and obtain an adequate 

dental arch with bone and soft tissue support.

Conclusion: The results of this alveolar transportation technique will help establish a functional occlusion and 

better esthetics. This technique gives us the opportunity to foment bone regeneration and the enlargement of the 

gingival tissue.

Keywords: Alveolar bone transport, Alveolar cleft, Bone graft, Distraction osteogenesis
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Dose Reduction of CBCT for Size-Specific Patient Skull

Kanoksiri JRIYASETAPONG1, Jaranawan KONGCHANTUK1, Yaraporn KUNUPAKARN1, 
Soontra PANMEKIATE1, Ruben PAUWELS2

1 Department of Radiology, Chulalongkorn University, Bangkok, Thailand 
2 Manufacturing Metrology, Mechanical Engineering Department, KU Leuven, Belgium

Background: Prior research showed that radiation dose in CBCT could be reduced according to the size of the 

scanned object. This reduction has not been investigated in patients.

Objective: To find the possibility of mA reduction according to the patients’ head circumferences.

Methods: Twenty patients referred for CBCT examination were included into this study. The patients were scanned 

with 3D Accuitomo 170 CBCT (J. Morita, Kyoto, Japan). The field of view (FOV) of this study was 10*10 cm 

(n=10) and 8*8 cm (n=10). The mA was reduced from the standard value (5mA) based upon the patients’ 

fronto-occipital head circumference as proposed by Pauwels et al. (2017). Three radiographs of each patient were 

selected from axial, coronal and sagittal views each. Seven observers evaluated the following anatomical structures: 

mandibular canal, trabecular bone, cortical bone, lamina dura/periodontal ligament (PDL) space, enamel and pulp 

canal. They judged whether the image quality was certainly acceptable, probably acceptable, probably not acceptable 

or certainly not acceptable. The collected data were analyzed by SPSS. Two observers reassessed the structures 

two weeks after the first assessment. The intra- and inter-observer reliability were assessed with weighted kappa 

index.

Results: The average (standard deviation) mA for the new protocol was 4.2 (0.6) and the average dose reduction 

was 16%. The results showed a normal distribution. The mA of the new protocol was significantly decreased 

compared with the standard setting (5 mA) according to the independent t-test. Inter-observer agreement expressed 

as Randolph’s kappa index ranged from intermediate to excellent except for lamina dura/PDL space in 10*10 cm 

FOV which was poor.

Conclusion: Based on our study, the mA could be reduced based on the patient’s head size; therefore, conforming 

to the ALARA principle. The image quality remains clinically acceptable.

Keywords: Cone-beam computed tomography, Dose reduction, Head circumference, Radiation protection
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Trend of Patients Seeking for Orthodontic Treatment in Hat Yai, Thailand

Siritida PONGSUPOT and Supanee SUNTHORNLOHANAKUL

Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Hat Yai, Thailand

Background: The amount of patients seeking for orthodontic treatment is increasing. In order to achieve proper 

planning for orthodontic service quality, Trend Analysis is an alternative tool to study trends of those patients. 

Objectives: This retrospective study aimed to determine trend of patients seeking for orthodontic treatment in 

Prince of Songkla University (PSU) Orthodontic Clinic for 10 consecutive years since 2008-2017 by using Trend 

Analysis. Gender and age groups characteristics were considered for analysis.

Methods: The study was conducted in all gender and all age groups of patients seeking for orthodontic treatment 

in PSU Orthodontic Clinic. The analysis included 5,775 samples and determined trend of patients according to 

gender (female, male) and age groups (less than 12 yrs, 13-18 yrs, 19-35 yrs and more than 35 yrs.) respectively. 

Minitab program and F-test were used for the analysis.

Results: Trend analysis revealed pattern of the amount of patients seeking for orthodontic treatment was secular 

trend, in particularly matched with quadratic time trend rather than the linear one. Female patients showed decreasing 

trend as well as patients aged 19-35 years old, while patients aged less than 12 years old demonstrated increasing 

trend significantly. 

Conclusion: There was trends among patients seeking for orthodontic treatment in the last decade. Quadratic time 

trend showed decreasing trend of female patients and patients aged 19-35 years old, but increasing trend of patients 

aged less than 12 years old.

Keywords: Orthodontic patients, Thailand, Trend analysis
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Awareness, Attitude, and Usage Relating to Dentistry-related Applications (apps) on 

Smartphones and Tablet Computers among Attendees of the 1st Quarterly Seminar of 

Philippine Society of Periodontology (PSP)

Celine Marie de los REYES, Jessica Elizabeth Marie PAREDES, Pia Regine RAYMUNDO and Jessica K. 
Rebueno SANTOS

College of Dentistry, University of the Philippines Manila, Ermita, Manila, Philippines 

Background: Recent high penetration of smartphones led to the increase in use of health-related applications 

among dentists. In the Philippines, only little is known with regards to the usage of these apps among dental 

professionals. 

Objectives: This study aims to assess the awareness, attitude, and usage of dentistry-related apps among dentists.

Methods: A survey was conducted among 34 attendees of the 1st Quarterly Seminar of the PSP. The participants 

were asked to answer a survey questionnaire, and item analysis was utilized to show the basic features of the data 

collected and to provide simple summaries about the sample and the measures. 

Results: The total number of respondents aware of the existence of the dental apps is 31 out of 34. Twenty two 

(65%) of them were app users with a frequency of usage of 3x-5x a week, while 12 (35%) were non-users, as they 

prefer the use computers, books and search engines. Users and non-users generally have positive attitude as they 

have chosen “helpful”, “innovative”, & “brilliant” in describing dental apps. Twenty out of 22 (91%) app users 

reported that the use of dentistry related apps improved their practice. 

Conclusion: Generally, the respondents have a high awareness and a positive view of dental apps. Moreover, most 

users account an improvement on dental practice due to the usage of these apps and would recommend it to their 

colleagues.

Keywords: Apps, Dental, Dentistry, Smartphone, Tablet
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Relative Alveolar Bone Changes after Upper Incisors Retraction

Teerapat EKSRIWONG and Udom THONGUDOMPORN*

Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkhla, Thailand

Background: Regarding “Bone followed tooth movement”, it has been suggested that when a tooth is orthodontically 

moved, alveolar bone remodels to the same amount of tooth movement. However, many studies about bone response 

to incisors retraction have reported controversial results.

Objectives: To evaluate the relative alveolar bone thickness changes after maxillary incisors retraction (pre-retraction 

and 3 months post-retraction)

Methods: Fourteen female orthodontic patients (mean age 24.7 ± 4.4 years) were assessed for alveolar bone 

thickness (ABT) changes during maxillary incisor retraction by means of cone beam computed tomography images 

(CBCT). Using tooth axis as reference, the labial bone thickness, palatal bone thickness and total bone thickness 

were assessed at the crestal, mid-root, and apical levels at two time points, i.e. pre-retraction (T0) and 3 months 

post-retraction (T1). Differences between these two time points were determined with Wilcoxon sign rank tests. 

Spearman’s rank correlation analysis was used to determine the relationship between ABT changes and dental 

inclination changes, vertical dental changes, initial bone thickness, rate of tooth movement and retraction distance. 

Significant level of all analysis was set at p<0.05. 

Results: During maxillary incisor retraction, the palatal and total alveolar bone thickness changes at apical level 

significantly increased (p<0.005). ABT of the other areas remained unchanged (p>0.05). The inclination change 

was significantly associated with ABT change (p<0.001). However, the rate of tooth movement, initial alveolar 

bone thickness, vertical dental change and retraction distance were not related with the ABT changes (p>0.05).

Conclusion: Under the standard protocol of maxillary incisor retraction, ABT in most areas were maintained. 

Palatal and total alveolar bone thickness at apical level were significantly increased. The incisor inclination change 

was significantly correlated with ABT changes. 

Keywords: Alveolar bone, Bone remodeling, Cone-beam computed tomography (CBCT), Incisor retraction
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Comparison of the Degree of Conversion of a Dual-Cured Adhesive Resin Cement 

under Light-Cured and Self-Cured Mode

Montana WATTHANAWISARN, Natinee SUKSAI, Worasate ANANKANTONG and 
Kanoksiri JANETHANANURAK

Faculty of Dentistry, Srinakarinwirot University, Bangkok, Thailand

Background: Dual-cured resin cement are frequently used for luting indirect restoration. The characteristic of the 

dual-cured resin cement is light activated. Although dual-cured resin cements are formulated to be polymerized 

without the light curing procedure, the degree of conversion of these cements under self-cured mode seems to have 

some differences from one to another. The study of some dual-cured resin cements under different curing mode 

may able to provide some interesting information for the clinicians.

Objective: This experimental study aimed to compare the degree of conversion of dual-cured adhesive resin cements 

with opaque and transparent materials overlying.

Methods: All specimens were prepared with the selected dual-cured resin adhesive cement (RelyX U200). The 

uncured group was calculated the degree of conversion at the time immediately after the resin cements was loaded. 

The light-cured group was covered with transparent materials then light cured for 10 seconds, while group 1, 2 and 

3 were covered with opaque materials then light cured for 10 seconds, after light curing, the degree of conversion 

was evaluated at 0 minute of the light-cured group and at 5, 10 and 60 minutes of the self-cured group using Raman 

spectroscope.

Results: Resin cements which were placed over by transparent materials have higher degree of conversion than 

which were placed over by opaque materials and no significant differences of the degree of conversion were 

observed among three group of resin cements which were placed over by opaque materials (p<0.05).

Conclusions: The average degree of conversion of resin cements under transparent materials is higher than of 

resin cements under opaque materials. No difference of the degree of conversion among three groups of resin 

cements under opaque materials.

Keywords: Degree of conversion, Dual-cured resin cement, Raman spectroscope
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In vitro Anti-Inflammatory Activity of Goat Placenta Extracts 
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1Biofilm Research Group, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand
2Department of Oral Biomedical Science, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand
3Faculty of Pharmaceutical Sciences, Khon Kaen University, Khon Kaen, Thailand

Background: Animal placentas are widely used as ingredients in various consumer products such as pharmecuticals, 

cosmetics and food products. Our previous study showed that goat placenta extracts (KKU5 and KKU6) are able 

to stimulate proliferation and migration of primary human gingival fibroblast cells. However, an anti-inflammatory 

activity of goat placenta extract is not well documented.

Objectives: To investigate the anti-inflammatory activities of various concentrations of goat placenta extracts 

using RAW264.7 macrophage cells in vitro. 

Methods: RAW264.7 macrophage cells were cultured with 100 ng/ml lipopolysaccharides (LPS) or various 

concentrations (15-90 ug/ml) of sonicated Porphyromonas gingivalis with or without various concentrations of 

goat placenta extracts (KKU and KKU6) for 24 h. Supernatants were harvested for measuring nitric oxide (NO) 

by spectrophotometry using Griess assay and expressed as a percentage of NO production. RAW264.7 macrophage 

cell viability was measured fluorometrically using PrestoBlue assay and expressed as a percentage relative to the 

cells untreated with the agent.

Results: The results showed that KKU5 and KKU6 were not toxic to RAW 264.7 cells and elicited anti-inflammatory 

activity by reducing NO production from LPS and sonicated P. gingivalis stimulated cells. At concentration of 

0.0063 - 1 mg/ml, KKU5 showed significant reduction of NO by RAW264.7 cells induced by LPS but not 

significantly reduced NO production induced by sonicated P. gingivalis. However, 0.0019-0.032 mg/ml of KKU6 

showed a significantly reduced NO production from RAW264.7 cells induced by both LPS and sonicated 

P. gingivalis.

Conclusions: This study demonstrates that goat placenta extract KKU5 and KKU6 has anti-inflammatory effect 

via inhibition of NO productions especially KKU6 at concentrations of 0.0078 mg/ml. Therefore, the goat placenta 

peptide KKU6 could be considered as an attractive source for an anti-inflammatory product.

Keywords: Anti-inflammatory activity, Goat placenta, Nitric oxide, RAW264.7 cells 
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The Effect of Hyperbaric Oxygen Therapy on Salivary Gland Function and Oral 

Microbiota in Patients with Head/Neck Radiotherapy

Naphatsawan HOMNAN1, Nuttika CHOMNA1, Varisa SONY1, Supakarn HINTONG1, 
Supussorn AIMSIRANUNTA1, Jitjiroj ITTICHAICHAROEN1, Siriporn C CHATTIPAKORN1,2

1Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand
2Center of Excellence in Cardiac Electrophysiology Research, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Background:  Oral complications of patients with head/neck radiation are xerostomia and imbalanced oral 

microbiota. The beneficial effects of hyperbaric oxygen therapy (HBOT) in these patients on xerostomia are still 

controversy.  In addition, the effect of HBOT on oral microbiota in these patients was still unclear. 

Objective: To evaluate the effect of HBOT at different-time points on salivary gland function and oral microbiota 

in patients with head/neck radiation

Methods: Twenty-six patients with head/neck radiation were included in the study. Fifteen patients were assigned 

as HBO group.  Eleven patients without HBOT were control group.  At the baseline, patients in both groups were 

received oral examination and the assessment of xerostomia score.  In HBO group, patients were in a hyperbaric 

chamber at 2.5 ATA for 90 min/day for 30 days.  Stimulated saliva was collected and determined salivary flow 

rate at baseline, 10-, 20-, 30- dose HBOT and 30, 60 days after HBOT.   In control group, all procedures were 

performed at baseline and 120 days after baseline. Salivary samples were used to determine salivary pH, salivary 

MDA levels (level of oxidative stress), and oral microbiota. 

Results: Although salivary flow rate and salivary pH in both groups were not different at all-time points, xerostomia 

score after 30-dose HBOT was significantly reduced, when compared to baseline. Salivary MDA level was 

significantly reduced only at 30-dose HBOT.  The bacterial profiles in saliva at baseline of both groups were 

Clostridiales (2.69%), Lactobacillus (8.04%), Bacteriodetes (3.84%), and Enterobactria (52.09%). Amount of 

Enterobacteriaceae at 20-and 30-dose HBOT was significantly decreased.  Interestingly, bacterial profiles and 

salivary MDA levels were not different from baseline after HBOT. 

Conclusion: These findings suggest that HBOT may have beneficial effects on salivary gland function and improving 

balance of oral microbiota in radiation-induced xerostomia.  However, the benefit of HBOT is reversible effect.  

Keywords: Hyperbaric oxygen, Oral Microbiota, Oxidative Stress, Radiation, Xerostomia



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019)98

P_14
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Background: Periodontitis is one of the most prevalent inflammatory oral diseases in dog. With progressive 

periodontitis, advanced periodontal surgery and also dental extraction become warranted with major disadvantages 

of trauma, bleeding, prolonged anesthetic time and hospitalization, and wound healing impairment. Hence, 

regenerative periodontology is now emphasized as a novel approach to down-regulate an inflammation, stimulate 

a periodontal regeneration, and achieve optimum periodontal status. Platelet-rich fibrin (PRF), a second-generation 

platelet concentrate, is predominantly composed of platelet and leukocyte cytokines co-operated in fibrin matrix, 

which synchronously acts as a bio scaffold rich in integrated reservoir of growth factors essential for tissue 

regeneration. Consequently, autologous blood-derived PRF is considered as a practical and effective biomedical 

agent for periodontitis treatment.

Objective: To evaluate the efficacy of the PRF in the management of periodontitis in dogs.

Methods: Using a split-mouth design, 10 mixed breed dogs with 20 paired maxillary 4th premolar and mandibular 

1st molar periodontitis sites were randomly treated either with open-flap debridement (OFD) (control group, n=20) 

or OFD plus PRF (experimental group, n=20). Clinical parameters including gingival index (GI), mobility index 

(MI), and periodontal pocket depth (PPD), together with inflammatory cytokine expression analysis assessed by 

means of real-time polymerase chain reaction evaluated at baseline, day 7, and day 14. Data were subjected to 

analysis of variance by using a non-parametric Mann-Whitney test with P value ≤ 0.05 was considered significant.

Result: Regarding clinical parameters, experimental group showed a significant reduction in GI and PPD on day 

14 as compared to controls. However, there was no significant difference in MI between two groups at any trial 

periods. As regards to inflammatory cytokine expression analysis, experimental group showed a significant increase 

in fold expression of anti-inflammatory transforming growth factor-beta 1 (TGF-β1) on both trial periods. The 

highest of TGF-β1 expression level was observed on day 14.

Conclusion: Since PRF can improve clinical and inflammatory cytokine expression aspect regarding periodontitis, 

it can be concluded that PRF has the ability to augment the periodontitis treatment in dogs

Keywords: Dog, Periodontitis, Platelet-rich fibrin

This abstract was previously presented in 27th European Veterinary Dental Forum, Innsbruck, Austria, 2018
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Background: Aggregatibacter actinomycetemcomitans (Aa), a periodontal bacteria frequently associated with 

aggressive periodontitis, possesses many virulence factors. To colonize the hosts, bacteria require strategies to 

counteract the attacks of immune cells, especially reactive oxygen species (ROS) produced as major bacteriocidal 

mechanism by phagocytes.

Objective: To investigate gene expression of virulence factors in Aa upon exposure to ROS.

Material and Methods: Exponential-phase cultures of Aa (ATCC29522) in Brain-Heart-Infusion broth were 

treated with hydrogen peroxide (H
2
O

2
) at 200, 500, and 1,000μM for 10, 15, and 30 minutes. Serial dilutions of 

treated cells were plated to determine survival rate. Subsequently, 500μM H
2
O

2
 was chosen for gene expression 

study. RNA was extracted using Trizol and converted to cDNA using ImProm-II reverse transcription and random 

hexamers. Expression of virulence-related genes cdtB (encoding catalytic subunit of cytolethal distending toxin),

flp (encoding pili, important for adherence and biofilm formation), ltx (encoding leukotoxin), aae and apiA (encoding 

adhesins important in colonization), katA (encoding catalase) and a housekeeping gene (gapdH) was measured by 

quantitative PCR. The threshold cycle (C
q
) value for each gene was determined and normalized to that of gapdH. 

The difference of Cq values (∆∆C
q
) between normalized ∆C

q
 of H

2
O

2
-treated and untreated conditions was calculated 

and converted to fold difference of gene expression (2 -∆∆Cq). Data were analyzed with Mann-Whitney U-test and 

p-value of<0.05 considered significant. 

Results: The survival rates of Aa to 200, 500, and 1,000μM H
2
O

2
 at 10 minutes were 58.21%, 53.09%, and 18.62%, 

respectively. After exposure to 500μM H
2
O

2
 for 10 minutes, the levels of cdtB, flp, aae, ltxA, apiA and katA 

significantly increased.

Conclusions: The transcriptional levels of cdtB, flp, aae, ltxA, apiA and katA in Aa increased rapidly in response 

to oxidative stress. This may be a mechanism how Aa may increase its survival and virulence upon encountering 

host immune cells.

Keywords: Aggregatibacter actinomycetemcomitans, Gene expression, Hydrogen peroxide, Reactive oxygen 

species, Virulence factors



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019)100

P_16
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Background: Interleukin 6 (IL-6) regulates various biological responses in several tissues. IL-6 participates in 

stemness maintenance in stem cells isolated from human exfoliated deciduous teeth (SHEDs). However, the role 

of IL-6 on cell differentiation in SHEDs remains unknown.

Objective: To investigate the effects of IL-6 on SHEDs differentiation toward osteogenic, adipogenic, and 

neurogenic differentiation. 

Methods: Cells were isolated from dental pulp tissues of human deciduous teeth. Mesenchymal stem cell markers 

were evaluated by flow cytometry. The mRNA was determined using real-time quantitative polymerase chain 

reaction and osteogenic, adipogenic, and neurogenic phenotypes were confirmed by chemical or immunofluorescence 

staining. 

Results: The isolated cells expressed CD44, CD73, CD90, CD105 but not CD45. Addition of IL-6 induced 

osteogenic differentiation confirming by the upregulation of osteogenic marker genes and the increase of an in 

vitro mineralization. Under adipogenic and neurogenic induction, IL-6 supplementation did not affect lineage 

marker gene expression and phenotypic change. 

Conclusion: These evidences imply that IL-6 promotes an in vitro mineral deposition in SHEDs. 

Keywords: Deciduous teeth, Interleukin 6, Osteogenic differentiation, Stem cell

This abstract was previously published in Royal Society Open Science 2018;180864. 
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Bacterial Leakage in Root Canals Filled with a Calcium Silicate Sealer-Based Technique 

and Post Spaces Prepared using Three Different Methods
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Danuchit BANOMYONG

Faculty of Dentistry, Mahidol University, Bangkok, Thailand

Objective: To compare bacterial leakage in root canals filled with the bioceramic sealer-based technique in three 

immediate or delayed post space preparation methods.

Methods: Seventy-five palatal root canals of extracted human maxillary molars were prepared using a RaCe rotary 

file to size 40 and filled with a calcium silicate or bioceramic (BC) impregnated gutta-percha cone and BC sealer 

using the sealer-based technique. The specimens were divided into three groups according to three post space 

preparation methods: (1) I-HE: immediate preparation by downpacking with heat, (2) I-SC: immediate preparation 

by sectional cone obturation, and (3) D-DR: delayed preparation by drilling. The specimens with post spaces and 

4-mm root filling material remaining in the apex were tested for bacterial leakage of Enterococcus faecalis using 

a two-chamber model for a period of 45 days.

Results: Within 45 days, bacterial leakage occurred in 40-44% of the root canals filled with the bioceramic 

sealer-based technique, and the occurrence rates among the three post space preparations were not significantly 

different (p>0.05).

Conclusi on: Three post space preparation techniques, immediate with heat, sectional-cone filling, or delayed 

drilling, did not show a significant difference in bacterial leakage in the root canals filled with the calcium silicate 

sealer-based technique.

Keywords: Bacterial leakage, Bioceramic, Calcium silicate, Post space preparation, Root canal sealer.
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Non-Syndromic Dental Anomalies Caused by PITX2 Mutation
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Background: Oro-dental anomalies are a genetically and phenotypically heterogeneous condition, which can be 

influenced by both genetic and environmental factors. Tooth agenesis, a prevalent oro-dental anomaly, can be 

syndromic or non-syndromic. It has been associated with mutations in several genes including non-syndromic: 

PAX9 and AXIN2, syndromic: EDA, WNT10A and PITX2, non-syndromic and syndromic: MSX1.

Objectives: To identify oro-dental characteristics and genetic etiology of a family affected with non-syndromic 

oro-dental anomalies.

Methods: Physical and oral features were characterised. DNA was collected from an affected Thai family. Whole 

exome sequencing was employed to identify the pathogenic variants associated with inherited oro-dental anomalies. 

The presence of the identified mutation was confirmed by Sanger sequencing. 

Results: We observed oligodontia, retained primary teeth, taurodont molars, peg-shaped maxillary central incisors, 

high attached frenum with nodule, and midline diastema in the proband and her mother. Mutation analyses revealed 

a novel heterozygous frameshift deletion, c.573_574delCA, p.L193QfsX5, in exon 5 of PITX2A in affected family 

members. The amino acid alterations, localised in the transcriptional activation domain 2 in the C terminus of 

PITX2, were evolutionarily conserved. Mutations in PITX2 have been found to underlie autosomal-dominant 

Axenfeld-Rieger syndrome with developmental defects of eyes, teeth, and umbilicus. They were also reported in 

non-syndromic eye abnormalities, but have never been found to cause isolated oro-dental anomalies.

Conclusions: This study for the first time demonstrates that the PITX2 mutation could lead to familial non-syndromic 

dental anomalies in humans. The specific location in the C-terminal domain of PITX2 is necessary exclusively for 

tooth development.

Keywords: Agenesis, Genetics, Isolated, Tooth
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The Effectiveness of Oral Vitamin C on Post-extraction Wound Healing: A Pilot Study 

Nanthanut PISALSITSAKUL1, Ruchanee AMPORNARAMVETH2, Narueporn SUTANTHAVIBUL3, 
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Background: Delayed wound healing is one of complications after tooth extraction. The role of vitamin C in 

the healing of wounds has been studied in many aspects, however there is no report about the effect of oral 

vitamin C supplement in different dosages on extraction wound healing in human. 

Objectives: The purpose of this study was to evaluate the effect and proper dosage of oral vitamin C supplement 

on post-extraction wound healing.

Methods: This preliminary study was a split-mouth, double-blind, randomized controlled clinical trial of 18 patients 

who underwent symmetric bilateral non-infected premolar extractions. The patients were randomly divided into 3 

intervention pairs (6 patients in each pair); Pair 1: placebo vs vitamin C 600 mg/d, Pair 2: placebo vs vitamin C 

1,500 mg/d and Pair 3: vitamin C 600 mg/d vs vitamin C 1,500 mg/d. Each group was prescribed placebo and/or 

vitamin C three times a day for 10 days after each tooth extraction and the assessment of the wound was performed 

on day 21 then the tooth on other side was extracted and studied with the same protocol. Socket’s bucco-lingual 

and mesio-distal width, depth and 1% toluidine blue staining were recorded by two examiners. Pain score and high 

vitamin C-containing diets were also recorded during the first 3 days and after 7 days, respectively. Paired t-test 

was used in studying any difference in the reduction proportion of the size of the extraction socket between 2 

extraction sites and Wilcoxon Signed-Rank test was used for comparing pain scores. 

Results: The reduction proportion of socket depth between 7 and 21 days post-extraction in teeth receiving vitamin 

C 1,500 mg/d was higher than that in placebo (p=0.037). Pain score on day 1 after tooth extraction in teeth receiving 

vitamin C 1,500 mg/d was significantly lower than the placebo side (p=0.045).

Conclusion: Taking oral vitamin C 1,500 mg per day for 10 days tended to promote post-extraction wound healing 

between 7 days and 21 days after tooth extraction.

Keywords: Ascorbic acid, Extraction wound, Tooth extraction, Vitamin C, Wound healing
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Histopathological Assessment of Ligation Induced Periodontal Inflammation in Wistar 
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Background: Periodontitis is an inflammatory disease of periodontium, recognizing as the most common oral 

diseases in dog. Applying the blood derived biomedical agents such as fibrin glue, platelet rich plasma or platelet 

rich fibrin, is now in highlight. Since Buffalo blood contained the highest fibrinogen level compared with other 

species. Fibrin glue derived from bubaline blood is purposed to be one of the novel biomedical agents for 

periodontitis treatment.

Objective: To histopathologically evaluate the efficacy of bubaline fibrin glue in the ligation induced periodontitis 

in rat. 

Methods: Periodontitis was induced by ligation method on both mandibular first premolar for seven days. Rats 

were randomly allocated into three different groups: Control (Group I), Ligation without treatment group (Group 

II), Ligation with bubaline fibrin glue treatment group (Group III). The bubaline fibrin glue was applied and left 

in place for fourteen days. The animals were euthanized at the schedule date (1, 7, 8, 14, and 21 day-post ligation 

(PL)). Measurement of alveolar bone loss, attachment loss, and inflammation scoring were assessed for 

histopathological evaluation. 

Results: The results showed Group III had the significant lowest bone loss at day 14 PL and significant lowest 

attachment loss at day 8, 14 and 21 PL. Significant value of inflammation score in group III was also lower at day 

14 and 21 PL.

Conclusion: This study suggested that bubaline fibrin glue has a potential impact on periodontitis treatment by 

promoting the periodontal attachment and reducing the inflammatory response.

Keywords: Bubaline, Fibrin glue, Histopathology, Periodontitis, Rat 

This abstract was previously presented in Asian Veterinary Pathology Congress 2017 (AVPC2017), Bengaluru, 

India, 2017
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Background: Plant-derived compounds are a good source of therapeutic agents and inhibitors of inflammatory 

process. Dental caries and oral candidiasis are common oral infections caused by virulent biofilms.

Objectives: The objectives of this study were to develop microencapsulated gel containing mangosteen extract 

and determine its antibacterial and antifungal activities. 

Methods: The microencapsulated gel was prepared by extrusion dripping method. Sodium alginate containing 

mangosteen extract ranging between 0.3-5%v/v was dripped into calcium chloride as a cross-linking agent. The 

gel was stored at room temperature protected from light in dry condition and in calcium chloride for 7 days and 

weighted daily. Antimicrobial activities of the gel against Streptococcus mutans and Candida albicans was 

determined by microdilution broth technique.

Results: The microencapsulated gel containing 5%v/v mangosteen extract was stable after 7 days storage when 

kept in dry condition and in calcium chloride. The gel demonstrated antimicrobial activity against Streptococcus 

mutans but not against Candida albicans.

Conclusion: The microencapsulated gel containing mangosteen extract shows antibacterial activity but no antifungal 

effect. Thus, it has the potential to be developed as alternative product to promote oral health and prevent dental 

caries.
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Development of Tooth Leveling Technique for Controlling Mandibular Incisor 

Inclination

Pornpat THEERASOPON and Chairat CHAROEMRATROTE
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Background: Leveling curve of Spee (COS) by flat nickel-titanium (NiTi) archwires produces intrusive forces at 

mandibular incisors and labial tipping movement would occur which compromises to surrounding periodontal 

tissues.

Objectives: To develop a new technique which could reduce tipping moment of mandibular incisor by using finite 

element analysis to find an appropriate leveling archwire which showed less tipping by comparing Von-Mises 

stress and Instron testing machine measuring intrusive force in laboratory to indicate amount of activation of 

working archwire to produce optimal intrusive force confirming by clinical trial to test the proposed technique for 

controlling incisor inclination compared with conventional technique.

Methods: (1) Finite element model of mandible was constructed. Teeth arranged without crowding but presented 

4-mm of COS. 0.018”x0.025” metal brackets of 12-teeth from right to left first molars were placed. 0.014”, 0.016”, 

0.016”x0.016” and 0.016”x0.022” NiTi were tested by applied initial intrusion force within PDL space at incisors. 

(2) Intrusive force at mandibular incisors from NiTi, stainless-steel and beta-titanium archwires were measured 

using Instron testing machine. (3) Clinical trial in 30 Class I patients with less than 5-mm anterior crowding and 

COS 3-4 mm. Patients were randomly assigned to 2-groups. Control group was levelled and aligned with flat 

archwires progressively to 0.016x0.022-inch stainless-steel while experimental group was aligned with 0.014” and 

0.016”-superelastic NiTi with mild accentuated COS to maintain the original curve, then using rectangular wires 

to control torque and gradually reducing the curve with 0.016”x0.022” beta-titanium to flat 0.016”x0.022” 

stainless-steel. 

Result: 0.016”x0.022” NiTi and beta-titanium archwires showed less amount of Von-Mises stress at labial cervical 

root-PDL which assumed to have least tipping when performed tooth leveling. 0.016”x0.022” beta-titanium arch-

wire with 1.5-mm of activation range could produce optimal intrusive force. Clinical trial found experimental group 

could reduce incisor proclination significantly (p<0.0001).

Conclusions: The proposed technique found significantly less proclination in the experimental group.

Keywords: Leveling and alignment, Mandibular incisor proclination, Non-extraction orthodontic treatment



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019) 107

P_23

Role of Alternative Sigma B Factor in Staphylococcus aureus

Sirirak SUPA-AMORNKUL1, Paninee MONGKOLSUK2, Pijug SUMMPUNN3, Pongkorn CHAIYAKUNVAT4, 
Warisara NAVARATDUSIT4, Chutima JIARPINITNUN4, Soraya CHATURONGAKUL2

1Mahidol International Dental School, Faculty of Dentistry, Mahidol University, Thailand
2Department of Microbiology, Faculty of Science, Mahidol University, Bangkok, Thailand
3School of Agricultural Technology, Walailak University, Nakhon Si Thammarat, Thailand
4Department of Chemistry and Center for Innovation in Chemistry (PERCH-CIC), Faculty of Science, Mahidol University, Bangkok, 

Thailand

Background: Normally Staphylococcus aureus is a commensal bacterium but it can cause variety of clinical 

manifestations. Multidrug resistant strain of S aureus can lead to severe pathogenesis in hospitalization patients. 

New treatment for multidrug resistance strain is necessary to control the disease. The alternative sigma factor B 

(σB) is a key stress and virulence regulator in many Gram-positive bacteria.  

Objective: Transciptome study will provide an information of σB-regulated genes which will lead to the information 

of σB regulator functions in S. aureus.

Methods: In this study, the role of σB was explored in S. aureus strain RF122.  A sigB null (∆sigB) mutant was 

constructed and analyzed for its phenotypes and transcriptome in comparison to a wild type strain.

Results: RNA sequencing identified 225 σB-dependent genes, of which 171 genes are positively regulated and 54 

genes are negatively regulated.The identified genes are involved in stress response, pathogenesis, and metabolic 

mechanism.  Our study found that σB is essential for biofilm formation as ∆sigB mutant strain produced biofilm 

significantly less than that of the wild type at 48 h. σB is involved in response to H2O2 stress. However, σB plays 

a minor role or no in hemolysin activity, and invasion ability. Quantitative TaqMan RT-PCR was performed to 

verify the RNA-sequencing results i.e., σB is a positive regulator for asp23, sarA, catalase (SAB1192), yabJ, sodA, 

SAB2006c, and nrdD expressions. 

Conclusions: In RF122 strain, σB plays a role in biofilm formation, general stress response (e.g. H2O2), and 

regulation of virulence factor and virulence-associated genes.

Keywords: Alternative sigma B factor, Biofilm, Oxidative stress, Staphylococcus aureus, Transcriptome 
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Background: Congenital tooth agenesis can be present as syndromic or nonsyndromic form. Several genes including 

WNT10A, EDA, EDAR, EDARADD, KDF1, and KREMEN1 have been associated with both types of tooth 

agenesis. The EDA/EDAR/EDARADD signaling plays a significant role in tooth missing. The Edar/Eda interactions 

have been shown to regulate the formation of enamel knot which is an important signaling center during tooth 

morphogenesis.

Objectives: To investigate genetic mutations causing nonsyndromic dental anomalies in a Thai patient. 

Methods: A Thai girl having nonsyndromic tooth agenesis was recruited. Whole-exome and sanger sequencing 

of peripheral blood DNA obtained from the proband and her parents were employed to identify the causative 

variant. Bioinformatics and structural modeling analyses were performed to validate the mutation. 

Results: The proband was a 11-year old Thai girl. She had an absence of six permanent teeth (central incisors and 

mandibular lateral incisors) and low salivary flow rate. No clinical defects were found in other ectodermal organs. 

Mutation analyses identified that the proband possessed a novel de novo heterozygous frameshift insertion mutation, 

c.1087_1088insGA, p.Thr363ArgfsX10, in the EDAR gene. The mutation was not found in Exome Aggregation 

Consortium (ExAC), 1000 Genomes, and our in-house 1600 Thai exome database. The mutant protein structure 

was predicted to be truncated. Her parents were nonconsanguineous and healthy. Tooth missing and mutation in 

EDAR were not detected in the parents. 

Conclusions: We identified the novel de novo heterozygous EDAR mutation in a Thai patient with non-syndromic 

tooth agenesis. This mutation was proven to be pathogenic and associated with tooth absence. Our findings expand 

the mutational spectrum of EDAR and highlight the benefit of genetic investigation for the diagnosis of tooth 

missing. 

Keywords: EDAR, Frameshift insertion mutation, Nonsyndromic tooth anomalies, Whole exome sequencing
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Background: Centella asiatica (L.Urban), also known as Asiatic pennywort or “bua-bok” is a traditional herbal 

medicine that has been widely used for wound healing, anti-inflammation, anti-psoriasis, anti-bacteria, anti-fungus, 

and anti-ulceration.  A standardized extract of Centella asiatica or ECa233 has been prepared and well-defined.

Objectives: The aim of this study was to investigate the cytotoxicity and osteogenic induction property of a 

standardized extract of Centella asiatica or ECa233 on osteoblast cell line MC3T3.

Methods: Osteoblast cell line MC3T3 obtained from American type culture collection (ATCC) were cultured in 

alpha minimum essential medium (α-MEM) containing 10% fetal bovine serum at 37°C under 5% CO
2 
and 100% 

humidified atmosphere.  The cytotoxicity of ECa233 was assayed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-

yltetrazolium bromide (MTT) method. The cell proliferation assay was evaluated in the presence and absence of 

ECa233 at different concentrations (from 0.1 μg/ml to 100 μg/ml) at day 1, 3, 5, 7,10 and 14. The effect of ECa233 

on osteogenic induction of MC3T3 was determined using alkaline phosphatase activity at day 7, 14 and 21. The 

mineralized nodule formation assay was also detected using Alizarin Red S on day 21. The differences between 

groups were analyzed by one-way ANOVA using the SPSS 18.0 software for windows. P<0.05 level of significance 

was used in all statistical analysis.

Results: The results showed that ECa233 up to 1 mg/ml produced no cytotoxic effect to MC3T3.  It was also found 

that at the concentration of 1 μg/ml and above, ECa233 showed significant reduction in cell proliferation. Alkaline 

phosphatase activity was found to increase markedly at day 14 then decrease in all groups. It was found that ECa233 

could induce nodule formation on day 21 in a dose response manner. 

Conclusions: ECa233 could promote osteoblastic differentiation in a dose response manner.
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Background: Odontoblasts may response to masticatory forces applied to the tooth crown. In order to test this 

hypothesis, a tooth crown must be cultured so the expression of the genes related to the function of odontoblasts 

can be studied.  

Objectives: This was a pilot study to investigate the histological morphology of odontoblasts in the tooth crown 

culture and the basic mRNA expression of DSPP, DMP1 and COL1A of the dental pulp. 

Methods: Nine freshly extracted permanent third molars were divided into 3 groups; control, 3 day cultured and 

5day cultured group. In the control group, tooth crowns were immediately fixed in 10% buffered formalin whereas 

in the 3-day and 5-day cultured groups tooth crowns were cultured in sterile DMEM culture media for 3 and 5 

days. All groups were stained with H&E and examined histologically under light microscope. For the study of the 

gene expression of DSPP, DMP1 and COL1A, 5 pairs of permanent third molars were sectioned and the pulp 

proper and the tissue attached to predentin were extracted. The extracted pulp tissue was processed for mRNA 

extraction and conversion of mRNA to cDNA which was subsequently analyzed by Realtime PCR. The expressions 

of DSPP, DMP1 and COL1A were normalized to that of GAPDH and descriptively compared within and between 

subjects.

Results: The results showed better histological appearance in 3-day than 5-day cultured groups. The odontoblasts 

in the mid crown region were well aligned than those in the pulpal horn area. The height of dental pulp seemed to 

affect the quality of the odontoblasts. However, no significant difference was observed for the number of odontoblasts 

between the 3 groups (p>0.05). The DSPP, DMP1 mRNA expression in non-cultured teeth was similar and was 

greater than COL1A expression. The expression of all 3 genes had large standard deviations and the variance did 

not seem to differ within or between subjects.

Conclusions: The present study has confirmed the success of our tooth crown culture technique which could 

maintain the vitality of odontoblasts for up to 5 days. However, the level of DSPP, DMP1, and COL1A mRNA 

expression was still not conclusive.

Keywords: Odontoblast, Tooth crown culture
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The Effect of Ocimum sanctum oil on Human Squamous Cell Carcinoma (HSC-4) 

in Vitro
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Objectives: This study aimed to investigate the effect of oil from Ocimum sanctum on cytotoxicity and cell 

migration of human squamous cell carcinoma.

Methods: The concentration of Ocimum sanctum oil used in this study were 0.02, 0.002, 0.0002 and 0.00002% 

(v/v). Human squamous cell carcinoma (HSC-4) was subcultured and the cell suspension was prepared to a 

concentration of 1x105 cells/ml by Haemacytometer. After exposure to various concentrations of O. sanctum for 

24 hours, the percentage of cell viability was analyzed by MTT assay and the migration areas were measured using 

Image-Pro Plus version 7.

Results: It was found that the percentage of human squamous cell carcinoma viability after exposure to 0.02, 0.002, 

0.0002 and 0.00002% (v/v) O. sanctum were 94.44±4.216, 95.13±3.061, 105.55±3.14 and 107.63±3.54, respectively. 

Comparing to the control, no cytotoxicity was observed after exposure to all concentrations of O. sanctum. 

Conclusion: O. sanctum oil at the concentrations of 0.02, 0.002, 0.0002 and 0.00002% (v/v) had no cytotoxic 

activity on HSC-4 whereas inhibitory effect on cell migration was observed.  Our data could be basic knowledge 

for the benefit of using this oil in oral cancer prevention or treatment. Further studies are still needed to clarify 

mechanisms of actions of this oil.

Keywords: Cytotoxicity, Migration, Ocimum sanctum, Squamous cell carcinoma
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Background: X-ray is classified as an ionizing radiation that creates free radicals while traveling through viable 

cells. Several reports have shown impaired functions and apoptosis of several cell lines and primary cells from 

animals after exposure to high-dose irradiation. However, it is still controversial regarding the adverse effects of 

low-dose radiations, such as dental x-ray, on primary human cells. 

Objectives: This in vitro study aimed to investigate the effects of dental x-ray on human osteoblasts and periodontal 

ligament (PDL) fibroblasts.

Methods: Primary osteoblasts and PDL fibroblasts were irradiated with various doses of periapical radiography 

by repeated exposures and further incubated for 1, 3 or 7 days. Cell proliferation was assayed by BrdU incorporation. 

The effect of dental x-ray on mineralization in osteoblasts either before or after x-ray exposures was determined 

by Alizarin red staining. Expressions of Bcl-2 and Bax mRNA in PDL fibroblasts were analyzed by qRT-PCR. 

Results: Neither the proliferative nor the mineralization ability of irradiated osteoblasts was different from that of 

non-irradiated osteoblasts at any doses or time points. By contrast, there was a significant decrease in the proliferation 

of PDL fibroblasts on day 3 after repeated exposures to dental x-ray for 20 times (p<0.05), whereas the ratio of 

Bcl-2 to Bax mRNA expression in these irradiated PDL fibroblasts was significantly increased (p<0.05). However, 

the transiently reduced proliferation of PDL fibroblasts returned to the normal level on day 7.  

Conclusions: Upon multiple exposures to dental x-ray used in intraoral radiography up to 20 times, there is no 

effect on proliferation or mineralization of osteoblasts, whereas the proliferative and apoptotic potentials of PDL 

fibroblasts are transiently decreased. Therefore, dental x-ray is relatively safe for patients even with full-mouth 

intraoral radiography, but precaution and care should be taken if the radiography has to be repeated within one 

week. 

Keywords: Irradiation, Mineralization, PDL fibroblast, Primary human osteoblast, Proliferation
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Background: Thermosensitive hydrogel would enable injected scaffold and minimum invasive surgery. Chitosan/

collagen (Ch/Col) composite and beta-Tricalciumphosphate (bTCP) are osteoconductive matrixes. Be-

ta-glycerophosphate (bGP) could stimulate sol-gel transition at body temperature. It was hypothesized that bTCP-

bGP-Ch/Col hydrogel was non-toxic and injectable, and nano bTCP would not interfere with interactions between 

bGP and Ch/Col matrix.

Objectives: The current study aimed to fabricate thermosensitive bTCP-bGP-Ch/Col hydrogel and investigate 

effects of Ch/Col ratios and nano bTCP particle on sol-gel transition, porosity, physicochemical properties and 

cytotoxicity of bTCP-bGP-Ch/Col hydrogel.

Methods: Beta-GP and temperature change were used to stimulate sol-gel transition at 37°C. Then porous structure, 

porosity and cytotoxicity of the hydrogels with different Ch/Col ratios were examined under SEM and tested with 

human periodontal ligament stem cells (hPDLSCs), respectively. After that 2 % w/v nano bTCP was added in 

bGP-2:1Ch/Col hydrogel for further investigations using microcomputer tomography (micro-CT), SEM and 

physicochemical analyses (n=3). Then results 2:1 Ch/Col and bTCP-Ch/Col hydrogel groups were compared.

Results: It was found that temperature change stimulated sol-gel transition of the hydrogel at 37°C.  The hydrogel 

was non-toxic. SEM and micro CT demonstrated homogenous distribution of 1- 3% nano bTCP particle within 

porous structure of the hydrogel. Incorporation of nano bTCP did not affect pH change, setting time and porosity 

of the hydrogel. EDS, XRD & FTIR analyses indicated interactions of Ch/Col matrix and bGP and presence of 

calcium ion within the matrix.  

Conclusions: Fabrication processes of thermosensitive nano bTCP-bGP-Ch/Col 2:1 hydrogel were developed. 

Chtosan, collagen and bGP form Ch/Col-bGP composite. An incorporation of nano bTCP particle increased calcium 

levels within the hydrogel, but did not affect thermosensitive property and porous structure of the bGP-Ch/Col 

hydrogel. Effects of bTCP on physical and mechanical properties of the hydrogel will be further investigated.

Keywords: Chitosan/collagen hydrogel, Cytotoxicity, Nano beta-tricalcium phosphate, Physicochemical property, 

Thermosensitive hydrogel
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Background: Head and neck cancer represent 17% of all cancers, and compromise physical structures of the oral 

and facial cavity leaving communications that affect functions. In the rehabilitation there are surgical limitations, 

where the only option is the prosthesis. The primary goal of a prosthetic obturator is closure of the maxillectomy 

defect and separation of the oral cavity from the sinonasal cavities. 

Objectives: know the prosthetic rehabilitation options for patients who have undergone maxillectomy surgery.

Methods and Results:

Patient 1: A 54 years old female patient was referred to perform a post-surgical prosthesis, as she had undergone 

surgery for maxillectomy due to an Oral Squamous Cell Carcinoma. The patient presented edentulous in the upper 

maxillary bone and some dental organs in the mandible, it was necessary to place an obturator in the upper maxilla 

since the patient needed radiotherapy treatment. The treatment plan to be followed was a total upper prosthesis 

obturator, using anatomical retention provided by the defect. In the mandible, the placement of a temporary partial 

removable prosthesis.

Patient 2: A 68-year old female patient admitted to the Pathology area with an asymptomatic ulcer located in hard 

palate, the results obtained in the histopathological study revealed an Oral Squamous Cell Carcinoma. The patient 

is referred to the Surgical Oncology service for definitive management by surgical resection. In prosthodontics 

emphasis was made on a prosthetic restorative treatment by placing an obturator in the form of complete prosthesis 

and a removable mandibular prosthesis.

Conclusions: Sometimes the only option for rehabilitation in patients undergoing radiotherapy treatments or with 

deficient remaining osseous tissue is the placement of prosthesis. The aim for this kind of prosthesis is to return 

functions such as swallowing, phonation, breathing, aesthetics and the quality of life of the individual. 

Keywords: Maxillectomy, Maxillofacial prosthesis, Oral squamous cell carcinoma, Prosthodontics
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Background: Toothpaste is one of the etiology of abrasion. Most toothpastes contain an abrasive agent for cleaning, 

maintaining and improving the health of teeth. There are two types of toothpaste on the market; synthetic and 

herbal formulations. 

Objectives: The aim of this study was to determine the surface roughness of tooth enamel after brushing with 

toothpaste with and without herbal ingredients. 

Method: Forty specimens were brushed using distilled water, non-herbal formula toothpaste, and herbal formula 

toothpaste. The specimens were brushed twice a day; two minutes per time in the morning and evening routinely 

for fifteen days. The roughness was measured using a surface roughness tester, and the results were tested with the 

Paired Samples t Test comparing two means that are from the same individuals and were statistically analyzed 

using Kruskal-Wallis nonparametric test and Post Hoc Mann-Whitney. 

Results: The mean Ra values ranged from 0.035 to 0.044 for the distilled water; formula A. The mean Ra values 

ranged from 0.035 to 0.049 for the non-herbal toothpaste; formula B. The mean Ra values ranged from 0.035 to 

0.095 for the herbal toothpaste; formula C. The mean Ra values ranged from 0.035 to 0.071 for the herbal toothpaste; 

formula D. The results indicate that the highest difference among the Ra values occurred within the subgroup that 

was brushed with the herbal toothpaste. 

Conclusion: There was a rougher surface on tooth enamel of herbal toothpaste compared with the non-herbal 

toothpaste and the increased surface roughness was statistically significant after fifteen days of using herbal 

toothpaste but two types of herbal toothpaste lost tooth enamel of about 0.1 μm that is less than 0.2 μm that was 

the surface roughness of oral hard materials to the threshold surface roughness for bacteria plaque retention.

Keywords: Abrasivity, Herbal and non-herbal toothpaste, Surface roughness, Tooth enamel 
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Background: Some people favor herbal toothpaste because their ingredients come from natural plants which they 

believe is free from undesirable side effects compared to toothpaste formulated with synthetic ingredients.  

Objective: The aim of this study was to compare the effect of different toothpastes between herbal and non-herbal 

toothpastes on the enamel surface of permanent tooth by SEM observation and to analyze the contained of element 

type, particle size and distribution in the composition of both types of toothpaste. 

Method: Forty specimens were brushed using distilled water, non-herbal formula toothpaste, and herbal formula 

toothpaste. The specimens were brushed twice a day; two minutes per time in the morning and evening routinely 

for fifteen days. 

Results: The SEM results revealed that the two herbal toothpastes were rougher on the tooth enamel than the 

non-herbal toothpaste and distilled water group. The EDX results revealed that all the dental enamel surfaces of 

the tooth showed a number of mass. The remaining dental enamel mass of the basic value was in sum (C, O, and 

Na) 96.6%, 93.8%, and 93.5% after fifteen days of abrasive brushing. The percent of weight was 5.9% and 0.4% 

of silicon in the herbal toothpaste, 0.13% and 0.14% of titanium in another herbal toothpaste. While there was 

4.64% of calcium in the herbal toothpaste. There was no correlation of dental enamel loss and titanium (Ti) in a 

non-herbal toothpaste. Moreover, there were large quantities of powder particles in the herbal toothpaste. 

Conclusion: There was no abrasiveness on the tooth surface roughness between distilled water and the non-herbal 

toothpaste; formula B. While herbal toothpaste; formula C and D had even lesser abrasiveness compared to surface 

roughness of oral hard materials to the threshold surface roughness for bacterial retention (0.2 μm).

Keywords: Abrasivity, EDX, Herbal and non-herbal toothpastes, SEM
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Background: The biostimulation effect of laser application in regenerative endodontic procedures (REPs) has 

never been investigated. Previous studies have revealed the positive influence of an Erbium, Chromium-doped 

Yttrium, Scandium, Gallium and Garnet (Er,Cr:YSGG) laser in vital pulp therapy and periodontics. The validation 

of laser irradiation in REP needs to be examined.

Objectives: This study aimed to investigate the effect of an Er,Cr:YSGG laser on human apical papilla cell (APC) 

proliferation after the laser was applied at different power outputs with various levels of tip positioning.

Methods: An Er,Cr:YSGG laser using the continuous mode at various power outputs (0.1 W, 0.5 W and 1 W), 

was used to irradiate cultured human APCs for 20 seconds. In the experimental group using the same power output, 

the endodontic fiber tip was positioned 2 mm, 5 mm, or 8 mm from the bottom of the culture plate. Cultured APCs 

without laser treatment served as controls. The number of laser-irradiated APCs was assessed periodically using 

alamarBlue® assay up to 72 hours.

Results: The number of APCs, at four to 72 hours after irradiation, was significantly greater in which power outputs 

of 0.1 W and 0.5 W were used than in which 1 W was used (p<0.05).  When considering the level of laser tip 

placement, the application of the laser at 8 mm, regardless of the power output, did not negatively affect cell 

proliferation at 24 and 48 hours. While placing the tip at 2 mm and 5 mm showed significant decrease in APC 

number when the power output was either 0.5 or 1 W (p<0.05). 

Conclusion: The use of an Er,Cr:YSGG laser at 0.1 W did not negatively affect APC proliferation, regardless of 

the level of tip position. Placement of the laser tip at 8 mm did not impact APC survival.

Keywords: Apical papilla cells, Erbium lasers, Regenerative endodontics
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Background: Vertical root fractures (VRFs) is one of the most cause of tooth loss. VRFs can be found more often 

in endodontically treated. Various signs and symptoms make VRFs difficult to diagnosis. A conventional radiograph 

(CR) is an adjunct tool in VRFs detection but CR has a limitation due to a superimposition of fracture line to an 

anatomical structure. Cone beam computed tomography (CBCT) was widely used in aid of VRFs detection due to 

providing 3-dimensional images. Many studies show CBCT is more accurate than CR in diagnosed VRFs. However, 

the sensitivity and specificity of CBCT in VRFs detection can be reduced due to image artifacts caused by gutta-per-

cha and sealers.

Objective: This study aimed to verify the ability of CBCT in the detection of VRFs in a root canal with and without 

gutta-percha by using micro-computed tomographic (μCT) as the reference standard.

Methods: Sixty extracted premolar with one straight root canal was collected. Access and root canal preparation 

was performed, VRFs were created in 40 specimens by universal testing machine and the rest were intact (20 teeth). 

VRFs verification was done by μCT.  All teeth were scanned by 3D Aquitomo 170 before and after gutta-percha 

obturation by matched cone techniques. Sensitivity, Specificity, and Ability of CBCT in VRFs detection were 

determined. Comparison of the ability of CBCT in VRFs detection between filled and non-filled root canals was 

achieved by using Wilcoxon signed rank test at a significant level of p<0.05.

Results: There was no significant difference of CBCT in VRFs detection between non-filled and gutta-percha filled 

root canal. The overall area under the curve (AUC) value of CBCT in VRFs detection for non-filled was 0.81 and 

filled root canal was 0.63 (p=0.068). The overall sensitivity of non-filled (77.5%) was higher than filled root canal 

(55.88%) (p=0.144) and specificity of non-filled (88.75%) also higher than filled root canal (70.00%) (p=0.197)

Conclusion: CBCT has a high ability in VRFs detection in non-filled root canal teeth. Once the root canal filled 

with gutta-percha, the ability of CBCT in VRFs detection is reduced.

Keywords: Cone beam computed tomography, Endodontically treated teeth, Gutta-percha, Microcomputed 

tomography, Vertical root fracture 
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Background: The success rate of direct pulp capping is still unpredictable. To improve its success, several bioactive 

agents have been introduced. The antimicrobial peptide LL-37, the only human cathelicidin peptide that exerts 

various anabolic effects on several cell types, has been shown to induce expression of vascular endothelial growth 

factor and migration of human dental pulp cells, which may benefit the direct pulp capping.

Objectives: This study, therefore, aimed to investigate the effect of LL-37 on odontoblastic differentiation and 

mineralization of human dental pulp cells.

Methods: Dental pulp cells isolated from three different donors (18-20 years old) at passages 2-4 were treated with 

various non-toxic concentrations of LL-37, as determined by an MTT assay. Expressions of dentin sialophosphoprotein 

(DSPP) and dentin matrix protein-1 (DMP-1) mRNA and protein were dete rmined by RT- PCR and immunoblotting, 

respectively. The differentiation and mineralization were assayed by alkaline phosphatase activity and alizarin red 

staining, respectively. Data were statistically analyzed using the Kruskal-Wallis test, followed by the Mann-Whitney 

U test.

Results: Treatment with LL-37 at 0.5, 1, 2, or 4 μM for 7 days was not toxic to human dental pulp cells. Moreover, 

treatment with LL-37 at these concentrations for 7 days significantly increased the number of dental pulp cells as 

compared to that of untreated control cells (p<0.05). Treatment with LL-37 for 3 days at 1, 2, and 4 μM also 

significantly up-regulated DSPP expression in human dental pulp cells (p<0.05).  Staining for alkaline phosphatase 

activity and mineralization in human dental pulp cells was evidently enhanced by treatment with LL-37 at 4 μM 

for 14 days. 

Conclusion: Our results demonstrate that treatment with LL-37 at 4 μM more than 3 days can promote proliferation, 

differentiation, and mineralization of human dental pulp cells. 

Keywords: Antimicrobial peptide, Cathelicidin, Dental pulp, Mineralization, Odontoblast
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Background: Nowadays, ceramic is the main choice for indirect tooth restoration. Cement plays important role 

in properties of restoration, especially in fragile material like ceramic.

Objective: This study aimed to evaluate the effect of exposure time and distance of light curing unit on the 

effectiveness of polymerization of resin cement, assessed by microhardness.

Methods: The dual cured resin cement was inserted into a circular slot in a rectangular metal mold. Then a mylar 

strip was placed on top of the dual cure resin cement, followed by a ceramic disc that was placed over the rectangular 

metal mold. Finger pressured was then applied to the ceramic disc. After that, the light curing unit tip was positioned 

over the upper surface of the ceramic and cured with different times and distances. Specimens were divided into 

10 groups. Each specimen was evaluated using a microindentation tester, five indentations were accomplished with 

a 50-g load applied for 30 seconds. The data were analyzed statistically with two-way ANOVA at 95% significant 

level.

Results: The results revealed that the closer the distance and the longer the curing time, the greater the surface 

hardness. The group with 0-mm curing distance and 60-s curing time had significantly superior hardness when 

compared to other groups. There was a significant difference between each distance and curing time. 

Conclusion: Both decreasing the distance between the light curing unit tip and the resin cement and increasing 

the curing time resulted in significantly higher cement’s surface hardness.  

Keywords: Polymerization, Resin cement, Surface microhardness
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Background: Denture soft lining materials have been used to correct an ill-fitting denture. However, the materials 

are prone to be accumulated by Candida species. One attractive approach to overcome this problem is an 

incorporation of antifungal agents into denture soft liners. In this study, Eugenia Caryophyllata oil was introduced 

as a potential antifungal additive.

Objectives: To study the antifungal activity of a soft denture liner consisting of E. Caryophyllata essential oil. 

Meanwhile, the alteration of surface hardness was also evaluated.

Methods: The GC soft liner was mixed with different concentrations (5% to 30% v/v) of E. caryophyllata essential 

oil. The inhibitory effect against Candida albicans was investigated by an agar well diffusion method. The surface 

hardness was determined by Shore A0 duromenter (ISO 10139-1) after immersing in distilled water for 2 hours 

and 7days.

Results: The lowest inhibition zone was clearly observed at 10% v/v of E. caryophyllata essential oil. The higher 

concentration of E. caryophyllata essential oil exhibited the larger inhibitory zone against C. albicans. The mean 

inhibitory diameters were 7.75 ± 0.46 mm, 11.04 ± 0.40 mm, and 16.46 ± 0.33 mm for soft liner with 10%, 20%, 

and 30% v/v of E. caryophyllata essential oil respectively. The amount of 10% v/v of E. caryophyllata essential 

oil mixed into GC soft liner showed a significant alteration in surface hardness (p< 0.05).

Conclusion: The mixture of GC soft liner with 10% v/v of E. Caryophyllata essential oil could inhibit against 

C. albicans with a decrease of the material hardness. Hence, E. Caryophyllata essential oil is considered as an 

antimycotic agent into soft lining materials.

Keywords: Candida albicans, Eugenia caryophyllata, Soft liner, Surface ha rdness 
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Background: Ciprofloxacin and metronidazole exert an antibacterial activity against Enterococcus faecalis (E.f.). 

However, applying paste containing these antibiotics into the root canals is not convenient for endodontists.

Objective: This study aimed to study the possibility of hydroxypropyl methylcellulose (HPMC) as a vehicle for 

antibiotic delivery.

Methods: The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the 

two antibiotics were determined. A 1:1 ratio of each antibiotic was mixed with 2 % HPMC to form a gel, and the 

in vitro drug release was tested by a Franz diffusion cell. Fifty-four roots of the mandibular premolars were 

mechanically instrumented by Protaper Next rotary files until X3 and divided into three groups (18 each) 

(i) non-infected roots, treated with gel base, (ii) infected roots with E.f. for 21 days, treated with gel base, and (iii) 

infected roots with E.f. for 21 days, treated with gel containing the combined antibiotics for 14 or 28 days. DNA 

and RNA were isolated from the ground roots. The absolute quantity of E.f. DNA and relative mRNA expressions 

of E.f.-specific sequence and pbp5 were determined by qPCR and RT-qPCR, respectively.

Results: MIC and MBC of the double antibiotic solution were 5 and 250 μg/ml, respectively. There was a significant 

decrease in the E.f. DNA content in group (iii) at 14 and 28 days (p<0.001). mRNA expression of E.f.-specific 

sequence was significantly reduced in group (iii) at both periods (p<0.01), whereas pbp5 expression was significantly 

increased (p<0.01).

Conclusion: This study demonstrated an in vitro efficacy of the combined antibiotics in the HPMC gel against 

E.f., proposing an application for endodontic treatment.

Keywords: Biodegradable gel, Double antibiotics, Enterococcus faecalis, Intracanal medication, Root canal 

treatment
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Effect of Methyl Formate-Methyl Acetate Treatment on Flexural Strength of Relined 

Denture Base 

Mongkol PUANGPETCH, and Chairat WIWATWARRAPAN

Department of Prosthodontics, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 

Objective: The purpose of this study was to evaluate the effect of methyl formate-methyl acetate (MF-MA) surface 

treatment on flexural strength between denture base and hard reline materials.

Methods: One hundred heat-cured acrylic denture base (Meliodent®) specimens were prepared according to ISO 

20795-1 (2013) and divided into ten groups. Groups I-III: relined with Unifast Trad®, Group IV-VI: relined with 

Kooliner® and Group VII-X: relined with Tokuyama® Rebase II Fast. Groups I, IV and VII were untreated surface 

(control groups), Groups II, V and VIII were surface treated with methyl methacrylate (MMA) for 180 s and Groups 

III, VI and IX were surface treated with methyl formate-methyl acetate (MF-MA) solution for 15 s, Group X were 

surface treated with the provided adhesive per the manufacturer’s instructions. Flexural strength was measured 

using a Universal Testing Machine. The data were analyzed using two-way ANOVA (group I-IX) and one-way 

ANOVA (group I-X) where significant differences in the groups were found. The group means were compared 

using Tukey’s test at a 95 % confidence level.

Results: The reline material type and surface treatments significantly affected on the flexural strength (p<0.05). 

For each reline material, the flexural strength of the MF-MA treated group was significantly higher compared with 

the other groups (p<0.05). For the same surface treatment, the flexural strength of Unifast Trad® was significantly 

higher compared with Kooliner® (p<0.05). The flexural strength of Kooliner® was higher than that of Tokuyama® 

Rebase II Fast (p<0.05).

Conclusion: This study suggests the application of MF-MA solutions for 15 s before relining procedure can increase 

the flexural strength between the denture base and hard reline materials.

Keywords: Acrylic denture base, Flexural strength, Hard reline materials, Methyl formate-methyl acetate, MMA
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Effect of Various Pressure Cooker Curing conditions on Flexural Strength of Denture 

Hard Relining Materials 
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Objectives: The aim of this study was to evaluate the effect of various curing conditions in a pressure cooker on 

the flexural strength of hard chairside reline resins.

Methods: One hundred and forty hard chairside reline resin (UnifastTM Trad and Tokuyama® rebase II Fast) 

specimens were prepared per ISO 20795-1 (2013) and divided into 14 groups. Each material was cured following 

the manufacturer’s instructions as a control group and six experimental groups: cured under 1,500 mmHg air or 

nitrogen compressed pressure cooker at 55ºC for 10, 15 or 20 minutes. The specimens were stored in water at 37±1 

ºC for 50±2 hours before testing. The three-point bending test was performed using a universal testing machine at 

a cross-head speed of 5 mm/min. One-way ANOVA and post hoc Tukey’s analysis at a 95% confidence level were 

used to statistically compare the mean flexural strengths of the groups.

Results: For each material, the flexural strength of the air and nitrogen compressed groups were significantly 

higher compared with the control group (p<0.05). The flexural strength of the 10-min nitrogen group was 

significantly higher compared with the 10-min air group (p<0.05). There was no significant difference in flexural 

strength between the 15-min nitrogen and 15-min air groups (p>0.05). However, the flexural strength of the 20-min 

nitrogen group was significantly higher compared with the 20-min air group (p<0.05). The flexural strength in the 

10, 15, and 20 min curing time groups of each reline material with the same curing environment in the pressure 

cooker were not significantly different (p>0.05). Under the same curing conditions, UnifastTM Trad had significantly 

higher flexural strength compared with Tokuyama® rebase II (p<0.05).

Conclusion: Curing in the pressure cooker increased the flexural strength of the hard chairside reline resins. 

Moreover, using nitrogen gas pressure with satisfactory curing duration increased the flexural strength compared 

with using air pressure. 

Keywords: Acrylic resin, Flexural strength, Hard reline resin, Nitrogen gas, Pressure cooker
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Objective: This study investigated the effect of methyl formate-methyl acetate (MF-MA) wetting times on the 

tensile bond strength (TBS) between 3 non-MMA based reline materials and denture base material.

Methods: Four hundred heat-cured denture base resin (Meliodent®) were prepared and randomly divided into 3 

groups according to hard reline resins (Kooliner®, Tokuyama® Rebase II and Ufi Gel Hard®). Each group of 

reline material consisted of 6 or 7 subgroups (n=10), based on their surface treatment; control, adhesive, MF-MA 

15, 30, 60, 180 s and MMA 180 s. The TBS test was performed using a Universal testing machine. Data were 

analyzed using one-way ANOVA and post hoc Tukey’s analysis at p<0.05.

Results: The means TBS of the treated groups were significantly higher compared with those of the control group 

(p<0.05). In the Kooliner® groups, there were no significant differences in TBS between the MF-MA and the 

MMA treatment groups (p>0.05). In the Tokuyama® Rebase II groups, application of MF-MA solutions for 180 

s produced the highest TBS compared with the other groups (p<0.05). In the Ufi Gel Hard®, the groups of MF-MA 

180 s and MMA 180 s groups demonstrated significantly higher TBS compared with the other groups (p<0.05).

Conclusions: Surface treatment with MF-MA solutions significantly increases the TBS between denture base 

resin and non-MMA hard reline resins. This study suggests that an MF-MA wetting time of 15 s for Kooliner® 

and 180 s for Tokuyama® Rebase II and Ufi Gel Hard® is adequate for creating a strong bond.

Keywords: Chemical surface treatment, Denture base, Methyl acetate, Methyl formate, Reline material, Tensile 

bond strength
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Background: The association of mixing ability with oral status is still limited in Thailand.

Objective: This study aimed to investigate whether the mixing ability of older participant was associated with oral 

status, including the varying degree of occlusal support, periodontal status, and salivary flow rate.

Methods: The cross-sectional study was conducted with 120 independently living older people aged 60 and over 

in Khon Kaen, Thailand. Dentate participants without denture replacement were recruited. Mixing ability was 

firstly measured by a two-color chewing gum mixing ability test with 20 chewing cycles and secondly determined 

the variance of hue (VOH) with the ViewGum software; inadequate mixing presents with a larger VOH. A calibrated 

dentist recorded the oral status and class of occlusal support according to the Eichner index. A structured 

questionnaire was used to obtain information on demographics, medical history, and oral health behaviors. Multiple 

linear regression analysis was used to evaluate the association between mixing ability and occlusal support while 

controlling for possible confounders.

Results: The result indicated that mixing ability was associated with occlusal support according to the Eichner 

index classification. (Beta: 1.041, 95% CI: 1.022 – 1.06), percentage of CAL ≥ 5 (Beta: 1.003, 95% CI, 1.002 – 1.004) 

but was not related to salivary flow rate after controlling for all possible confounders.

Conclusion: This study suggested that mixing ability was associated with occlusal support according to Eichner 

index classification and periodontitis in the elderly. 

Keywords: Eichner index, Masticatory performance, Periodontitis, Salivary flow rate
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Background: Oral squamous cell carcinoma (OSCC) is the most common cancer in the oral cavity. This malignant 

tumor may locally destroy the surrounding tissue, such as the gingiva and jaw bones, and later spread to some 

regional lymph nodes and other distant organs.  Bone invasion by OSCC has major effects on tumor staging, 

outcome and quality of life. Various types of radiograph have been used as important diagnostic tools to detect 

tumor invasion both in the bone and soft tissue, including cervical lymph nodes. More than 50% of head and neck 

squamous cell carcinoma patients present with regional lymph node involvement. Lymph node metastasis is 

associated with poor survival and is one of the most important factors for selecting appropriate treatment. In 

Thailand, although many advanced radiographic techniques are available in some referral medical centers, panoramic 

radiography is still the most commonly used technique for screening bone invasion because of its many advantages. 

However, there are still some questions whether the detection of bone invasion by the tumor using panoramic 

radiography can have a benefit of predicting cervical lymph node metastasis or not.

Objectives: This study aimed to preliminarily investigate the association of bone invasion by tumor and cervical 

lymph node metastasis by comparing patient pre-operative panoramic radiographs and histopathologic evidence 

of cervical lymph node metastasis.

Methods: Panoramic radiographs of seventy-five patients who had OSCC treated by surgical resection and modified 

or radical neck dissection were retrieved and analyzed by using Fisher’s exact test. P<0.05 was considered 

statistically significant. All the cervical lymph nodes taken from the modified or radical neck dissection were 

histologically examined to provide information of cervical lymph node metastasis.

Results: The Fisher’s exact test of bone invasion and cervical lymph node metastasis was 0.812. No statistically 

significant correlation was observed.

Conclusion: We concluded that panoramic radiography should be used only as an initial imaging for screening 

bone invasion in OSCC because of the lower sensitivity compared with other techniques. The result of our study 

also demonstrated that there was no statistically significant correlation between bone invasion and cervical lymph 

node metastasis. Therefore, more advanced imaging techniques are needed as an adjunct tool for detecting bone 

invasion and cervical lymph node metastasis of oral cancer.

Keywords: Advanced imaging, Bone invasion, Cervical lymph node metastasis, Oral squamous cell carcinoma, 

Panoramic radiograph
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Background: β-sitosterol is a main dietary phytosterol found in plants such as nuts and berries. The structure of 

phytosterols is similar to cholesterol which is one of the major components of cell membrane. β-sitosterol has been 

shown to promote cell function, reduce blood cholesterol, reduce risk of heart disease and prevent cancer formation. 

The anti-cancer property of β-sitosterol has been demonstrated in many cancer cells including stomach cancer 

cells, colon cancer cells and human prostate cancer cells. However, there is no previous study on its anti-cancer 

potential in oral cancer cells.

Objectives: The aim of this current study was to investigate the anti-proliferative and anti-migratory effects of 

β-sitosterol against oral squamous cell carcinoma cells.

Methods: The anti-proliferative effect of β-sitosterol against two human oral cancer cell lines, ORL-48 and ORL-

136 was assessed by the MTT assay whereas the anti-migratory effect was determined by the wound healing assay.

Results: β-sitosterol induced a significant, dose-dependent, proliferation inhibition of ORL-48 and ORL-136 cells. 

IC
50

 of β-sitosterol for ORL-48 at 24 and 48 h is 7.22 μg/mL and 4.09 μg/mL, respectively while IC
50 

of β-sitosterol 

for ORL-136 at 24 and 48 h is 27.58 μg/mL and 3.77 μg/mL, respectively. In addition, β-sitosterol remarkably 

inhibited ORL-48 and ORL-136 cell migration demonstrated by the wound healing assay in a dose-dependent 

manner.

Conclusion: In summary, these results suggest that β-sitosterol can act as a potent inhibitor of proliferation and 

migration of ORL-48 and ORL-136 oral cancer cells. Further studies are required to investigate the underlying 

mechanism and its potential use as an anti-cancer agent against oral squamous cell carcinoma cells.

Keywords: β-sitosterol, Cell migration inhibition, Cell proliferation inhibition, Phytosterols
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Background: There are only few reports regarding the screening of potential prediabetes and undiagnosed diabetes 

in a dental setting in Thailand. There is needed to be confirmed. Our previous study using point-of-care (POC) 

glycosylated hemoglobin (HbA1c) levels indicated high prevalence of hyperglycemia in dental patients who attended 

the dental settings including the Special Clinic at Faculty of Dentistry, Mahidol University, Bangkok Thailand, 

and the His Majesty the King’s Dental Service Unit, Thailand. 

Objective:  To confirm whether the prevalence of hyperglycemia will still be high if hospital-based laboratory 

methods are utilized to measure HbA1c levels.

Methods:  One hundred and two patients who were ≥20 years old without any history of hyperglycemia who 

attended the Primary and Emergency Clinic at the Faculty of Dentistry, Mahidol University, were recruited. 

Demographic data, BMI, waist circumference, family history of diabetes mellitus (DM), signs or symptoms of 

DM, and blood pressure were recorded. Evaluation of the levels of POC HbA1c and random blood sugar (RBS) 

was performed in the dental clinic. Afterwards, the levels of HbA1c and fasting plasma glucose (FPG) were 

investigated by a hospital-based laboratory of the Faculty of Tropical Medicine, Mahidol University.

Results:  There were 29.4% male and 70.6% female participants. Approximately 50% of patients had central 

obesity, 43.1% had family history of DM, 17.6% had signs or symptoms of DM and 13.8% had high blood pressure. 

The prevalence of hyperglycemia defined as POC-HbA1c ≥5.7% was 33.3% which was similar to the previous 

findings. After the confirmation using HbA1c from hospital-based laboratory, the prevalence was reduced to 13.8%. 

Regarding RBS, 37.3%, 60.7% and 2.0% had RBS <110 mg/dl, between 110-200 mg/dl and >200 mg/dl, 

respectively. According to the evaluation of FPG by the hospital-based laboratory, 87.3%, 9.8% and 2.9% had 

FPG ≤99 mg/dl, between 100-125 mg/dl and ≥126 mg/dl, respectively.

Conclusions:  The prevalence of hyperglycemia evaluated as a POC measurement in the dental setting may be 

higher than that of the hospital-based laboratory. However, this finding still suggested that the dental setting may 

provide an opportunity to identify individuals unaware of their diabetic status.

Keywords: Dental clinic, Diabetes mellitus, Hyperglyce mia, Thai
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Background: Oral lichen planus (OLP) and oral lichenoid reactions (OLR) are chronic inflammatory disease of 

immune-mediated pathogenesis affecting oral mucosa. Presence of positive fibrinogen and C3c in the affected 

tissues analyzed by direct immunofluorescence has been used as a diagnostic tool for these diseases. 

Objective: To investigate whether C3c and fibrinogen in the saliva of patients with OLP or OLR could be used 

for the diagnosis of or monitoring the diseases. 

Method: Whole saliva samples were retrieved from 33 subjects with OLP or OLR and 33 age- and gender-matched 

normal subjects who attended the Advanced General Dentistry and Oral Medicine Clinic, Faculty of Dentistry, 

Mahidol University, Thailand. Demographic data of patients were recorded. Immunoblot analyses were performed 

using primary antibody against C3c and fibrinogen. The signals were developed by chemiluminescence and detected 

by blot scanner. The levels of proteins were compared between patients and age- and gender- matched controls 

and in one patient before and after treatment with improvement using Image Studio version 4.0 software (USA). 

Result: The majority of patients were female (28/33 or 84.8%). The mean ages of patients and controls were 53 ± 

9.88 and 52 ± 10.65 years old, respectively. The saliva of OLP or OLR patients and age- and gender-matched 

control subjects were paired individually. Primary results revealed that 13 (39.39%) patients had higher levels of 

fibrinogen than the controls.  Moreover, 13 patients (7 patients were redundant with the former) exhibited higher 

salivary C3c levels compared to the controls. However, the reduction of these proteins was observed in a patient 

after treatment of the disease with improvement. 

Conclusion: Salivary C3c and fibrinogen may not be utilized for the diagnosis of OLP or OLR. However, they 

may be used as markers to monitor the progression of these diseases after improvement of the disease. A prospective 

study is still needed to confirm this result.

Keywords: C3c, Fibrinogen, Oral lichen planus, Oral lichenoid reaction, Salivary proteins
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Ghost cell odontogenic carcinoma (GCOC) is a rare malignant neoplasm characterized by the presence of ghost 

cells. This malignant neoplasm is considered to arise from either de novo or preexisting benign precursor such as 

calcifying odontogenic cyst (COC) or dentinogenic ghost cell tumor (DGCT). We have reported a case of 43-year-old 

Thai male with chief complaint of pain and swelling of the right maxilla for two months. The plain films radiographic 

features and dental CT of this lesion revealed a unilocular radiolucent non-corticated border surrounding an impacted 

upper left maxillary canine with small foci of radiopaque materials around the crown, the roots of upper left 

maxillary lateral incisor and first premolar were diversely tipped without root resorption. The incisional biopsy 

was performed after radiographic examination and reported for the final diagnosis as ghost cell odontogenic 

carcinoma. The tumor was resected with partial maxillectomy of the right maxilla under general anesthesia. After 

three months of operation, the lesion had recurred and the resection was performed again with the radiotherapy. 

After three years, the lesion was within normal limit and had shown no sign of recurrence. The obtulator was made 

for supporting the masticatory functions and long term follow up was recommended.

Keywords: Calcifying odontogenic cyst, Ghost cell lesions, Ghost cell odontogenic carcinoma
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Background: Cymbopogon citratus (lemongrass) oil is a volatile oil obtained from the lemongrass leaves. 

Lemongrass oil (LG) is mainly composed of citral, some myrcene, geraniol and geranyl acetate which is a potential 

natural biocide for use as a disinfectant. It was reported to exhibit antibacterial activity towards periodontal 

pathogens, such as Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans. However, there is no 

report on inhibitory effects of LG against subgingival biofilm formation. 

Objectives: To investigate the inhibitory effects of LG on subgingival biofilm formation using an in vitro model. 

Methods: Subgingival plaque samples from 5 periodontitis patients were cultivated in saliva-coated 96-well 

microtiter plates in the presence of LG at concentrations 1 - 6 μl/ml under anaerobic atmosphere at 37°C for 2, 4 

and 8 days by replacing every 2 days with fresh medium alone or LG-containing medium. Biofilm formation was 

determined quantitatively by crystal violet staining. 

Results: LG exhibited more than 70% anti-biofilm activity at 6 μl/ml. The results revealed that LG is able to inhibit 

in vitro subgingival biofilm formation 

Conclusions: This study demonstrated the inhibitory effects of LG on multispecies subgingival biofilm formation 

in vitro and suggest potential for developing LG as a natural oral hygiene product against oral infection in people.

Keywords: Biofilm, Lemongrass oil, Periodontitis, Subgingival pathogens
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Background: Esthetic outcome has been a one of patient’s expectations for implant placement. Patients’ increasing 

appreciation of esthetics implant therapy have become the subject of interesting with regard to treating the anterior 

maxilla.

Objectives: to compare esthetic outcome of single tooth implant restoration between immediate and late implant 

placement.

Methods: Patients with single-tooth implants in the anterior region, placement from 2012 to 2017 in dental hospital, 

Prince of Songkla University were retrospectively scheduled for a follow-up visit as cross-sectional observation. 

A treatment variations affected the time of implant placement, immediate or late placement (post-extraction more 

than 6 months). All patients received the final prosthetic restoration more than 1 year after placement. Pink esthetic 

score (PES) was used for evaluated esthetic outcomes after placement. For statistic analysis, Independent T-test 

and Mann-Whitney U test were applied. The data were analyzed using through SPSS 23 software. 

Results: A total of 30 implants in 28 patients (16 women, 12 men), mean ages were 43.6 and 46.6 years, and 

follow-up time after final restoration were 25.1 and 33.3 months in immediate and late group respectively. Significant 

differences (p = 0.043) were observed in the mean PES score between the two groups: 11.5 (SD=0.85, Range 

10-13) for the immediate group and 9.9 (SD=2.29, Range 5-13) for late group.

Conclusions: Immediate implant placement appear to be a viable alternative to late implant placement. The esthetic 

outcome in immediate group was better than in Late group. 

Keywords: Esthetic outcome, Immediate placement, Late placement, Pink esthetic score 
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Background: Combining adipose derived stem cells (ADSCs), isolated from buccal fat pads and scaffolds plays 

an important role for bone tissue engineering. However, the culture processes routinely require mediums 

supplemented with fetal bovine serum (FBS), which is unaccepted for clinical use in human. Therefore, using 

human serum (HS) instead of FBS is an alternative for that purpose.   

Objective: To compare characteristics of the ADSCs, when cultured in the mediums supplemented with HS and 

FBS.

Methods: The fat tissue and venous blood was collected from three patients. The autologous human serum (AHS) 

was prepared from the blood, and the ADSCs were isolated using CD271 Magnetic-Activated Cell Sorting (MACS). 

The cells were separately cultured in the medium (DMEM), supplemented with 10% AHS (AHS Group) and 10% 

FBS (FBS Group). Characters of the cells including cell morphologies, Colony forming unit fibroblast (CFU-F), 

Flow cytometry analysis and cell proliferation were comparatively assessed.  

Results: All the cells had spindle-shaped fibroblast-like morphology. The numbers of CFU-F of the AHS group, 

observed over 10 days were greater than those of the FBS group (p>0.05). The cells of both groups could express 

the immunophenotyping markers of mesenchymal stem cell (MSC) including CD 73, 90 and 105, whilst they 

expressed very low hematopoietic markers. The cells of the AHS group rapidly grew over 21 days of culture, 

whereas, those of the FBS group gradually grew. The growth of the AHS group was significantly greater than the 

FBS group in all cases (p<0.05).

Conclusion: The culture medium supplemented with AHS could be effectively used for the ADSCs. Therefore, it 

is possible to use the human serum supplemented mediums for culturing MSC in clinical practice.

Keywords: Adipose-derived stem cells, Fetal bovine serum, Human serum
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Fabrication of Three-Dimensional Training Model for Flap Operation and Suturing 

Practice in Oral Surgery

Thanyaluk SAENGTUMMAKUL and Mali NIYOMBANDITH

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla University, Hat Yai, Songkhla, Thailand

Background: Three-dimensional gingival mask model has been better than two-dimensional model for basic 

surgical skill training because of similar simulation in anatomical liked shape.

Objectives: This study aimed to fabricate a gingival-masked 3D model from natural rubber to mimic the gingiva 

of porcine for surgical practice.

Methods: Peel strength was measured by peeling the mucoperiosteal flap of pig’s jaws (N=11). A pilot study of 

peel strength when 2 types of adhesive, solvent-based and water-based adhesives on the acrylic surface. The 

U-shaped 3D models made of acrylic resin were constructed and masked with natural rubber as the covering gingiva 

by 2 techniques; heat sensitive dipping(N=9) and coagulant dipping (N=9). Then the thickness of the gingival mask 

was measured in both groups.

Results: The average peel strength of the mucoperiosteal flap of pig’s jaws was 0.74 N/mm. In solvent-based and 

water-based adhesives on the acrylic surface, the average peel strength were 0.058 and 0.066 N/mm. Gingival mask 

in the group of heat sensitive dipping in various proportion; 2, 3 and 4 phr. There were 3 samples in each group. 

The average thickness were 0.9402 mm, 0.8084 mm and 0.7795 mm, respectively. In the coagulant dipping group 

(3 samples in each group); The average thickness of 30, 60 and 90 minutes dipping time were 0.6594 mm, 0.7223 

mm and 1.1213 mm.

Conclusions: The peel strength in the mucoperiosteal flap of the pig’s jaws was approximately 10 times higher 

than the adhesiveness in the natural rubber pad attaching to acrylic resin surface with two types of adhesive. The 

development of applying adhesive to imitate the peel strength of the flap should be further studied. The thickness 

of the gingival mask was acceptable in all groups except the group with 30-minutes coagulant dipping time. 

Keywords: Flap operation, Model, Natural rubber, Peel strength, Suturing, Thickne  ss
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Modified O
2
 humidifier as Aromatherapy Equipment in the Decrease of Anxiety dur-

ing Surgical Removal of Impacted Mandibular Third Molar

Sudarat KAEWJAN and Surapong VONGVATCHARANON

Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla University, Hat Yai, Songkhla, Thailand

Background: Many strategies have been advocated to control anxiety during dental treatment, including 

pharmacologic and nonpharmacologic or a combination. Aromatherapy is a form of treatment that used to relieve 

pain, improve mood and promote a sense of relaxation and used for anxiety and daily stress problems. Several 

studies show the use of different methods to apply aroma for reducing anxiety.

Objectives: to evaluate the  effect of modified O
2
 humidifier as aromatherapy equipment on reducing anxiety during 

surgical removal of the impacted mandibular third molar.

Methods: This study was designed as a randomized clinical trial. A study was performed with patients who needed 

bilateral surgical removal of impacted mandibular third molars and fulfilled the predetermined criteria were included. 

Only patients with mild to moderate anxiety levels (MDAS score ≥ 6 to ≤ 14) were included. All patients will be 

received O
2
 humidifier with lavender essential oil when surgical procedures on the study side were performed, 

whereas the other side controlled. The outcome variables were physiologic measures related to anxiety, including 

the MAP, HR, and RR. Additionally, the MDAS questionnaire and the patient’s satisfaction questionnaire were 

performed after finished the treatment. The data were analyzed using through SPSS 23 software. 

Results: There were no significant differences between difficulty index, anxiety score and operating time in both 

groups. The mean arterial  pressure in bone removing step  and after finished the treatment was significantly lower 

in the aroma group, whereas the heart rate significantly lower in the aroma group in suturing step and after finished 

the  treatment (p<0.05). The MDAS and patient’s satisfaction score were significantly lower in the aroma group 

(p<0.05). 

Conclusions: The modified aromatherapy equipment may be effective in reducing the anxiety related to surgical 

removal of an impacted mandibular third molar.

Keywords: Anxiety, Aromatherapy, MDAS, Third Molar
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Wnt3a Enhances Osteoblast Differentiation of Human Mesenchymal Stem Cells by 

MAPK-Mediated Up-regulation of Dlx5

Weerachai SINGHATANADGIT1, Maria RETZEPI2
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Background: Successful regeneration of new bone is a key factor in the management orofacial bone defects. 

Wnt3a regulates bone regeneration and has been shown to control the proliferation and osteogenic differentiation 

of human mesenchymal stem cells (MSCs). However, the mechanisms by which Wnt3a stimulates osteoblast 

differentiation of MSCs remain unclear.

Objectives: The study aimed to investigate the mechanisms via which Wnt3a stimulates osteoblastic differentiation 

of MSCs in vitro.

Methods: Bone marrow-derived MSCs were used in the present study. Osteoblast differentiation and mineralization 

were determined by the upregulation of osteogenic mRNA (analyzed by real-time PCR) and the presence of alizarin 

red S positive deposits, respectively. Phosphorylation of mitogen activated protein kinases (MAPK) and the protein 

expression of distal-less homeobox 5 (Dlx5) was determined by Western blot analysis. Specific inhibitors and small 

interfering RNA (siRNA) were used to inhibit the activity of MAPK and the expression of Dlx5, respectively. 

Results: Wnt3a controlled various osteoblast-associated genes and significantly up-regulated a key osteogenic 

marker Dlx5 mRNA in MSCs. Moreover, Wnt3a activated mitogen activated protein kinases (MAPK) pathway 

by increasing the level of phosphorylated extracellular signal-regulated kinase (p-ERK) and phosphorylated p-38 

(p-p38) MAPK proteins. Specific inhibitors of the ERK and p-38 MAPK significantly decreased the level of Dlx5 

mRNA and thus matrix mineralization in MSCs. The RNA interference-mediated Dlx5 knockdown unequivocally 

revealed that Wnt3a-induced osteoblast differentiation was dramatically suppressed in Dlx5 siRNA-treated MSCs, 

suggesting that Dlx5 plays an important part in Wnt3a-mediated osteoblast differentiation.

Conclusions: The present study has shown that Wnt3a enhances osteoblast differentiation of MSCs by ERK- and 

p38-mediated up-regulation of Dlx5 in vitro. This suggests that these molecules may be good therapeutic targets 

to enhance Wnt3a-mediated bone regeneration in vivo.

Keywords: Bone regeneration, Dlx5, MAPK, Mesenchymal stem cells, Osteoblast differentiation, Wnt3a
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Static and Mental Computer Assisted Implant Surgery
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1 Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
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Background: Recent clinical studies have shown that implant placement with static computer assisted implant 

surgery (CAIS) is highly precise. However, there are limited reports that compared the accuracy of implant position 

between static and mental CAIS in posterior single tooth gap. 

Objective: This study aimed to compare the accuracy of implant position between static and mental CAIS in 

posterior single tooth implants.

Methods: A total of 20 dental implants from patients requiring posterior single tooth implant placement were 

equally allocated to static or mental CAIS group by block randomization. In static CAIS group, oral scan and cone 

beam computed tomographic (CBCT) data were used for virtually plan implant position and designed guided 

template in software program. Guided templates were used during implant bed preparation and insertion. In mental 

CAIS group, only CBCT data were used for virtual planning in software program. Surgery was done in freehand 

manner. After surgery, postoperative CBCT data were taken and superimposed onto preoperative CBCT data with 

image of virtual planned ideal implant position. The three-dimensional difference in axis, coronal and apical 

positions of planned and actual implant positions were compared. 

Results: Implants placed with static CAIS were closer to the planned positions in all dimensions. In static CAIS 

group, mean axis deviation, deviation at coronal and apical were 3.5 ± 2.0°, 1.0 ± 0.7 mm and 1.3 ± 0.7 mm, 

respectively. In mental CAIS group, mean axis deviation, deviation at coronal and apical were 7.3 ± 5.0°, 1.40 ± 

0.7 mm and 2.0 ± 1.0 mm, respectively. However, statistically significant difference was found only at axis deviation. 

Conclusion: Implant placed with static CAIS technique provided more axis accurate than mental CAIS in posterior 

single tooth implant.

Keywords: Accuracy of implant position, Mental computer assisted implant surgery, Posterior single tooth implant, 

Static computer assisted implant surgery
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Intensified Preventive Regimen to Control Dental Caries

Palinee DETSOMBOONRAT and Pagaporn P. PISARNTURAKIT
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Background: A strategy based on a ‘high-risk’ approach is the one kind of risk approach which seeks to protect 

susceptible individuals. Intensified prevention has been proposed instead the routine prevention that is generally 

given to the whole population.

Objective: To compare the caries increment of the intensified preventive regimen with basic preventive regimen 

among kindergarten children. 

Methods: Data from clinical examinations were used to assess caries risk among kindergarten children. Having 

at least 2 carious lesions was considered as high risk of dental caries development. Children who were regarded 

as being at high risk of developing caries were randomized into two groups. Half (High risk basic-HRB group) 

were only provided the basic prevention regimen which similarly given to low-risk children (Low risk basic-LRB 

group). Whereas the other half (High risk intensive-HRI group) were additional given by intensified preventive 

regimen (F-varnish applications, primary molars sealants, and sodium diamine fluoride (SDF) application on carious 

lesion). Clinical examinations were performed semiannually to investigate the caries increment among three groups. 

Results: Of the 121 recruited children, 67 boys and 54 girls, were 3- to 5-year-old. Only 94 children completed 

the12-month examination. At least one tooth (max.5) dental caries development were detected in 15.8% of 19, 

48.6% of 35 and 52.5% of 40 in the LRB, HRI and HRB group, respectively. The mean (SD) 12-month dmfs/

DMFS increment was 0.47 (1.17), 4.45 (4.46) and 5.09 (4.96) in the LRB, HRI and HRB groups, respectively. 

Comparison between the LRB and HRB groups revealed that risk assessment was fairly successful in terms of 

mean dmfs/DMFS increment. 

Conclusions: The negligible difference between the HRI and HRB groups implies that intensifying prevention 

produced practically no additional benefit. By offering all children only basic prevention, virtually the same 

preventive effect could have been obtained with substantially less effort and lower costs.

Keywords: Dental caries, High risk, Intensified preventive regimen, Randomized clinical trial
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Sweet Difference Threshold of Strawberry-Flavored Carbonated Drink in 8-Year-Old 

Children in Khon Kaen 
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1Department of Preventive Dentistry, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand 
2Department of Oral Biomedical Sciences, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand 
3Neuroscience Research and Development Group, Khon Kaen University, Khon Kaen, Thailand 

Background: Carbonated drinks are the most popular sugar-contained beverages which might be one of the causes 

of excessive sugar consumption in Thai children. Stepwise sugar reduction technique, in which the sugar 

concentration no greater than a person’s difference threshold is gradually reduced, is among one of the strategies 

used to assist people to reduce their sugar consumption.

Objective: The objective of the present study was to determine the sweet difference threshold of a carbonated test 

drink in 8-year-old children. Paired-comparisons, forced-choice tests and survival analysis were used in determining 

the sweet difference threshold of 64 school children. Demographic data, sweet snack and beverage consumption 

were collected by a questionnaire.

Results: The results showed that the overall sweet difference threshold was 15 %. No significant difference in 

sweet difference threshold was found between gender, areas of school (municipal vs non-municipal), parents’ 

education, family income, frequency of sweet snack and beverage consumption, frequency of strawber-

ry-flavored-carbonated-drink consumption and frequency of adding sugar in their food. 

Conclusion: The threshold was greater than that obtained from a non-carbonated drink reported previously, 

indicating the possible effect of carbonation on sweet perception. The threshold value could be used to set the 

percentage sugar reduction steps in the stepwise sugar reduction program.

Keywords: Carbonated drink, Difference threshold, Sugar consumption, Sugar reduction
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Accessibility of Orthodontic Treatment Provided by Orthodontists in Thailand

Natthaya CHIAMANANTHAPONG1, Thatphong PORNVORANANT1, Theppatat HUANKASIN1, 
Nititada PIKULNAKWONG1, Supakit PEANCHITLE RTKAJORN2

1Dental Student, 2 Assistant Professor, Department of Orthodontics, Faculty of Dentistry, Mahidol University, Bangkok, Thailand

Background: The necessity and desire for orthodontic treatment were both reported to be rapidly increasing 

according to studies. However, there has never been a study investigating accessibility of orthodontic treatment 

provided orthodontists in Thailand.

Objectives: To study the accessibility of orthodontic treatment provided by orthodontists in Thailand. Specifically, 

distribution of orthodontists both in government-run and private practices, orthodontists’ working experiences, 

scope of their practices, number of working hours per week, and reasons for switching from government to private 

practice were studied.

Methods: The study was conducted by sending questionnaires to collect data from orthodontists who are members 

of the Thai Association of Orthodontists. The questionaires were sent twice, first via post and later by electronic 

messaging application. The data were processed and analyzed.  

Results: The response rate is 33%. The majority of respondents work private practices. The Central Region has 

the most respondents whereas the Northeast has the least. Most respondents have less than 5 years of working 

experience and work in approximately 2 practices. Fixed orthodontic appliance is the most common treatment 

technique used among the respondents. However, a much smaller percentage of them provides orthodontic treatment 

for patients who require orthognathic surgery.  And even a smaller percentage offers treatment to patients with oral 

clefts and craniofacial anomalies.

Conclusions: There is an uneven distribution of orthodontists that could lead to limited or lack of accessibility of 

orthodontic care especially in the Northern, Northeastern, Western and Southern regions of Thailand. Most 

orthodontists have been in practice less than 5 years. This could explain why many of them do not offer treatment 

to more complicated cases such as patients requiring orthognathic surgery and patients with cleft-craniofacial 

anomalies.

Keywords: Access to treatment, Orthodontics, Orthodontists
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Dental Education in Lao PDR
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Background: In Lao PDR, the Ministry of Health (MOH) is responsible for education and training of all Health 

Professional Education Institutions (HPEIs) which are funded by the Government.  Basically, there are three 

categories of HPEIs: University of Health Sciences (UHS) (including Faculty of Dentistry) located in Vientiane 

Capital, Colleges of Health Sciences and Schools of Public Health located in the provinces, in addition to some 

community vocational training centers in remote areas. The Dental School at UHS, established in the year 1965, 

is the only one dental institution to train professional dentists for the whole country. At that time, the dental school 

offered a 4-year Diploma Program. Even though there is only one dental school in Laos, some dentists were 

graduated from abroad such as Soviet Union (Russia).

Objectives: To describe the history and situation of dental education in Laos PDR.

Methods: The history and situation of dental education were retrospectively studied. The number of graduated 

dentists, undergraduate and postgraduate programs developed by the Faculty were also summarized.

Results: Till the year 1990, the dental school was changed the name to Faculty of Dentistry (FOD) to offer a 6-year 

Bachelor Program for Doctor of Dental Surgery (DDS), in each academic year number of students are dramatically 

increased. Almost a decade past, FOD established the post-graduate programs (Specialist Program for Oral and 

Maxillo-facial Surgery, Master Program for Dental Public Health, Oral Infectious Disease Prevention and for 

Periodontology) and Higher Diploma (HD) Program for Dental Technician. Until now, the number of professional 

dentists that graduated from Dental School/FOD is 1,612 Dentists (414 for Diploma, 1,158 for Bachelor and 40 

for Master’s degree) that are ready to promote oral health education and dental care service for people around the 

Laos country.

Conclusions: Our program has been improved dramatically and try to achieve the goal which is the possibility to 

integrate the Master’s degree and PhD in the future.  

Keywords: Dental education, Dental school, UHS
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Background: The shortage of dentists working in rural hospital is a significant public health problem result from 

dentist distribution inequity. MoPH has implemented the policy which recruiting students with a rural background 

to be the dental students and deliver back after graduate. This study aims to identify the association between the 

tracks of admission and retention of dentists in Thai government services.

Objectives: To examine the relation of admission tracks during academic year 2005-2011 with the retention of 

dentists in Thai government services and identify the associated factors of retention and resignation.

Methods: A cross-sectional survey was conducted, using online questionnaire from 287 dentists who graduated 

between 2010 and 2016. Follow-up data consisted of tracks of admission, number of year spent in Thai government 

services, factors of dentists who worked and resigned. Chi-square analysis was used to interpret the data.

Results: The retention rate in Thai government services was 58.2%. Dentists who are female, married and have 

children had a higher significant resignation rate than others (p<0.05). The dramatic reasons of retention were 

‘security in the profession’, ‘high chance to pursue specialty training in the future’, and ‘close proximity to 

hometown’. Dentists from the increase production of rural dentists project and CU rural admission tracks chose 

‘close proximity to hometown’ as the first reason while others selected ‘security in the profession’. The majority 

of reasons influencing resignation were ‘workplace far away from hometown’ and ‘getting specialty training’.

Conclusions: The results showed no statistical significant between admission tracks and retention rate. The important 

factor influenced both retention and resignation was location of workplace, revealed that vicinity of hometown 

reinforced retention rate of rural dentists. Therefore, the policy innovation should be implemented the inequity in 

dentist distribution by solving these reason.

Keywords: Admission track, Dental School, Influencing factor, Rural Retention
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O bjectives: The aim of this study was to develop model of tooth brushing among preschoolers by family and 

community participation in Kosumphisai district, Mahasarakham province, Thailand.

Methods: The action research by participatory approach was employed. Data were gathered by in-depth interviews, 

questionnaires and observations among 35 families who had children aged 9-36 months, and 20 village health 

volunteers. The research was conducted between December, 2016 and January, 2019. Three phases of the research 

were composed of: 1) Situation Analysis to reveal community context and related factors of tooth brushing among 

preschoolers; 2) Action for Change to conduct a number of activities for model development, and 3) Evaluation

to assess changes and improve the process.  The 3 levels of model analysis were individual, family, and community, 

according to Fisher-Owens’ theoretical model of children’s oral health determinants. 

Results: Main findings showed that change agents in this model were village health volunteers. After oral health 

advocacy, significant actions for changes were as followed. 1) People acting beyond community roles, such as 

leaders, guardians, health volunteers, as a result, preschoolers’ oral health became the main issue of community 

discussion. 2) Community commitment to deal with preschoolers’ oral health was developed as healthy public 

policy.  It was found that tooth brushing with fluoride toothpaste twice a day among preschoolers by family was 

increased from 48% at the beginning of study to 94% at the end of study.  The model could improve guardians’ 

skills to manipulate children’s tooth brushing easier.  The village health volunteers felt confident to provide health 

literacy and to integrate children oral health with general health promotion. As a result, the community was 

enthusiastic, interesting and acting constantly in preschoolers’ oral health care.

Conclusions: These findings revealed that action research by participatory approach could lead to changes in 

preschoolers’ oral health care by: empowering village health volunteer; improving guardians’ potential; and 

complying community commitment.  The research suggests that a model of tooth brushing among preschoolers 

should encompass appropriate strategies which focus on family and community participation.

Keywords: Community participation, Model development, Preschoolers’ oral health, Tooth brushing
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Mahidol University
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Background: Infection prevention and control (IPC) is important in Dental health care settings. This descriptive 

study aimed to assess of Infection prevention and control in terms of policies and practices and direct observation 

of Dental personnel practices. The study was conduct between February and Marc h, 2018. 

Objectives and Methods: The study populations were Head of unit and Dental personnel 215 peoples using 

checklist adopt from Guidelines for Infection Control in Dental Health – Care Settings. (CDC, 2003) Data was 

analyzed using descriptive statistics.

Results: The study result indicates that Infection prevention and control policies and practices in Dental Hospital 

and Dental personnel practices are most appropriate including training, education and supplies but also have to 

developed providing space and encouraging persons with respiratory symptoms, policies for contact personnel 

have potential to transmissible conditions and reporting of illness to supervisor were less than 50 %.  

Conclusions: Therefore, Educated on the importance of Infection prevention measures of respiratory infections 

when contact with symptomatic persons, Provide sufficient and appropriate supplies to Standard Precautions, 

Provide space and encourage persons with symptoms to limit the transmission of pathogens and work-practice 

controls are intend to reduce the risk of exposure and infection in Dental personnel and have more confidence in 

safety to patients.

Keywords: Dental health care, Dental hospital, Dental personnel practices, Infection prevention and control, 

Safety to patients
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Background: Quality assessment in laboratory service are required not only for assurance of the quality of practice 

in standard accreditation but also for improvement the quality of service.  Since the pathology diagnostic service 

serves for many specialty clinics that have different detail of work, the satisfaction of each specialty clinic might 

be diverse.  

Objectives: This study aimed to assess the satisfaction of the pathology diagnostic service from each specialty 

clinic in the Faculty of Dentistry, Mahidol University.

Methods: The participants from 4 specialty clinics: the oral and maxillofacial surgery, the endodontic, the 

periodontic and, the oral medicine clinics, were recruited. Each participant was asked to complete the questionnaire 

that was constructed for evaluating the satisfaction of three main aspects including the procedure in diagnostic 

service, the personality of staff and the quality of the service. Then descriptive statistics were used to analyze all 

data.

Results: 84.34% of participants were females. Of 5 scores, the overall satisfaction score of the oral and maxillofacial 

surgery, the endodontic, the periodontic and the oral medicine clinics, were 3.53, 3.75, 3.88 and 3.92, respectively. 

With respect to the procedure in diagnostic service and the quality of the service, the oral and maxillofacial surgery 

clinic showed the lower satisfaction score than the other clinics. However, for the personality of staff aspect, the 

score of satisfaction from the oral and maxillofacial surgery clinic was similar to that from the periodontic clinic. 

Additionally, these scores were inferior to the endodontic and oral medicine clinics.   

Conclusions: The satisfaction scores from each specialty clinic were different. It might be due to many factors 

that should be clarified the detail for each specialty clinic. Further analysis is needed to improve the quality of 

service.

Keywords: Faculty of Dentistry, Mahidol University, Pathology diagnostic service, Satisfaction profile, Specialty 

clinic



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019) 147

P_63

Meaning of Comprehensive Dentistry from the Experience in Giving Dental Care of 

Advanced Gerneral Dentists

Kuntira WONGNAVEE and NAIYANA BURANACHAD 

Advanced general dentistry, Faculty of Dentistry, Mahidol university

Background: A dentist specialized in advanced general dentistry treats patients using a comprehensive dental 

concept which has many meanings and has been mentioned in many contexts. By interviewing each one of them 

brings conclusion to the meaning of comprehensive dental care from experience (Tacit knowledge) which leads to 

the goal of dental care.

Objective: This research explores the meaning of comprehensive dental care from experience of advanced general 

dentists to see that if the meaning is consistent or different from the theory of comprehensive dental care.

Methods: This research is a qualitative research which data were collected from 20 advanced general dentists by 

in-depth interviewing the meaning of comprehensive dental care from experience in giving comprehensive dental 

care then data was analyzed by using thematic and content analyses. 

Results: The meaning of comprehensive dental care from the experience of an advanced general dentist is holistic 

health care and patient-centered care which includes three parts. The first part is to understand the context of patients 

in all dimensions caused by open-minded listening. The second part is to treat patients with kindness. The third 

part is using the knowledge that combines multidisciplinary skills leading to balanced treatment plans between the 

academic knowledge and patient’s need. The result is happiness and good relationship between dentists and patients.

Conclusion: The meaning of comprehensive dental care from the experience of advanced general dentists 

summarized into two parts; the first part is dental academic knowledge and humanized understanding. Dentists 

should improve themselves in academic knowledge, treatment skills and understanding human skills which result 

in the dentist’s happiness and also people around them.

Keywords: Comprehensive dental care; Holistic health care; Humanized health care, Patient-centered care, Tacit 

knowledge
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Background: The number of teeth remaining are related to masticatory function. Having fewer than 20 remaining 

teeth may lead to chewing problems. A corpus evidence on associations between individual and contextual factors 

and tooth loss were established worldwide. Limited number of Thai studies reported association between tooth 

loss and individual and contextual factors.

Objectives: To evaluate the association between individual and provincial level factors and non-functional dentition 

(defined as less than 20 teeth remaining) among a representative sample of Thai older adults using multilevel 

model.

Methods: Data came from the seventh Thai National Oral Health Survey (2012). Participants were 1,143 Thai 

adults aged 60-74 years. Two-level logistic regression models were used to concurrently assess the associations 

between non-functional dentition and individual- and provincial-level factor.  

Results: The multilevel logistic regression models showed that there was significant variation of non-functional 

dentition between provinces (p<0.05). According to individual level factors, high-income adults were less likely 

to have non-functional dentition compared to low-income group (OR=0.66; 95%CI 0.40-1.10). Having non-functional 

dentition was associated with age (OR=1.07; 95%CI 1.03-1.10), being female (OR=1.40; 95%CI 1.31-1.91), having 

more than one dental visit during the past year (OR=1.63; 95%CI 1.16-2.31), and being current smoker (OR=1.91; 

95%CI 1.28-2.85). None of provincial level factors was significantly associated with non-functional dentition. 

However, adults living in urban area were more likely to have non-functional dentition (OR=1.87; 95%CI 1.41-

2.50).

Conclusion: The study added evidence on the association between non-functional dentition and individual factors; 

having non-functional dentition was associated with older age, being female and current smoker, and having dental 

visit during the past year. Although the analyses did not show the significant association between provincial level 

factors and non-functional dentition, the multilevel model showed that there were variations between provinces.

Keywords: Multilevel analysis, Thailand, Tooth loss
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Background: High prevalence of undiagnosed hyperglycemia has been found in dental patients, therefore, a 

predictive model and simple risk scores for identifying dental patients who have an increased risk of developing 

hyperglycemia should be beneficial. 

Objectives: The aim of this study was to develop and preliminarily validate a predictive model and a risk score 

using clinical and intra-oral variables to identify dental patients who were at risk of hyperglycemia.

Methods: A cross sectional analytic study was performed in 690 Thai dental patients aged ≥25 years with no 

previous history of type 2 diabetes mellitus who sought dental treatment. Multivariable logistic regression was 

performed to develop the predictive model. The risk score was developed using the regression coefficients obtained 

from the model.

Results: The patients were divided into 2 groups. Data from the first group (n=640) were used to develop a predictive 

model and a risk score. Internal validation of the model was further conducted in the second group (n=50) of 

patients. Point-of-care (POC) HbA
1c 
≥5.7% was used  to define abnormal HbA

1c
. The predictive model comprised 

5 variables including age, education level, family history of diabetes mellitus, body mass index (BMI) and periodontal 

status with a scoring system ranging from 0 to 18. The risk score of 9 was used as the cut-off point for an increased 

risk of abnormal HbA
1c

 and exhibited fair discrimination. Subjects who had a total point-score of 9 or higher had 

a high probability of exhibiting abnormal HbA
1c

. 

Conclusions: In conclusion, a point-score to predict hyperglycemia were developed using variables that were easy 

to be evaluated in the dental clinics and we preliminarily validated this score in another group of dental patients. 

Further studies to determine the validity of the model in a larger group of dental patients are needed in the future.

Keywords: Dental patients, Diabetes mellitus, HbA
1c

, Predictive model, Scoring system, Screening
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Knowledge, Attitudes, and Practices of Clinicians from Dental Schools in the City of 

Manila on the Use of Protective Eyewear
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The Faculty of the College of Dentistry, University of the Philippines Manila, Manila, Philippines

Objectives: The specific objectives include (1) to determine the knowledge of clinicians on the use of protective 

eyewear using a self- administered questionnaire; (2) to determine the relationship between knowledge and the 

clinician’s clinical experience; (3) to describe the attitudes of clinicians regarding the use of protective eyewear 

using a self-administered questionnaire; (4) to determine the practices of clinicians regarding the use of protective 

eyewear using a self-administered questionnaire and direct observation; (5) to determine the relationship between 

knowledge and self-reported practice; and (6) to determine the existence of policies in the dental schools of Manila 

on the use of protective eyewear on patients and clinicians.

Methods: One hundred thirty-one clinicians from three dental schools in the City of Manila participated in the 

study. The data collection tools used were a self-administered questionnaire with 26 questions on knowledge, 

attitudes, and self-reported practice, and an observation checklist for actual practice on the use of protective eyewear. 

The respondents were also divided according to their clinical experience to determine if there is a correlation 

between knowledge and clinical experience. 

Results: Seventy-eight percent of respondents have adequate knowledge (score >/= 60%) and are aware of the 

importance on the use of protective eyewear during dental procedures. Results from a Chi-square test of independence 

show that there is no correlation between clinical experience and knowledge of the clinicians on the use of protective 

eyewear (p=0.4742). Generally, clinicians were found to maintain a positive attitude (average positive response 

>/= 60%) in using protective eyewear in three identified principal components: (1) benefits of using protective 

eyewear (95%), (2) perceptions on the use of protective eyewear (83%), and (3) willingness to comply to guidelines 

and protocols (66%). Eighty-eight percent of the respondents have good self-reported practice on using protective 

eyewear. Results from a Chi-square test of independence also show that there is no correlation between knowledge 

and practice (p=0.4462) on the use of protective eyewear. However, there is a discrepancy between the data from 

the self-reported practice and observed actual practice. In actual practice, only 10% of clinicians and 16% of patients 

were wearing any form of protective eyewear during the observation. This is an alarming difference from the 88% 

of respondents with good self-reported practice. All three participating schools were found to have active policies 

but only school was able to provide a written policy containing infection control guidelines. 

Conclusion: Clinicians from dental schools in the City of Manila have sufficient knowledge and good attitude on 

the use of protective eyewear. Although there is good self-reported practice, there is a need for reinforcement on 

actual practice through stricter implementation of infection control policies. 
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Objective: To compare the sodium hypochlorite concentration that was used to produce root canal irrigation 

solution from 20-liter and 5-liter containers after 6-month storage. The result of the study will be used as a guideline 

for raw material purchase and to improve the production method and to find the optimum concentration of root 

canal irrigation solution.

Material and Method: Sodium hypochlorite concentration was determined using thiosulfate titration method. 

Thiosulfate solution was used as a standard concentration to be compared with the concentration of the sodium 

hypochlorite. The amount of active chloride was investigated to determine the sodium hypochlorite concentration 

using the titration method.

Result: The concentration of the sodium hypochlorite in 20-liter container was dramatically reduced from 10 % 

to 2.93 percent at the initial measurement. When this solution was conventionally used to produce the root canal 

irrigation solution, the concentration of the irrigation solution was 1.60 %, which was not appropriate for root 

canal irrigation. For the 10% sodium hypochlorite in 5-liter container, the concentration did not change after storage 

when this solution was used to produce the root canal irrigation, the concentration was 2.5 %, which was suitable 

to be used as the irrigation solution. Additionally, this solution was still effective after 6-month storage.

Conclusion: The production of sodium hypochlorite from 5-liter container was suitable, and the root canal irrigation 

solution was effective for 6 months.

Keywords: Root canal, Sodium hypochlorite
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Trend of Dental Technology IP in Thailand 4.0

Rattiporn KAYPETCH, Peerapong TUA-NGAM  and Jutatip SRISAP

Research Applied Section, Research Office, Faculty of Dentistry, Mahidol University, Bangkok, Thailand

Background: The trends of the dental technology and related intellectual property (IP) are expected to follow the 

new model of Thailand’s economic propulsion (Thailand 4.0). However, in this regards the study of gap technology 

has not been developed, which is a challenge to Thai researchers and developers leading the commercialization of 

the new economy into Thailand 4.0, beyond the middle-income trap between 2008 – 2017. 

Objectives: The objective of this study was to analyze the changing trends in dental technology in each country 

from previously published patents and international patent classification.

Methods: The patents were analyzed for the country of origin, patented year, and type of the patent. The gap 

technology was analyzed by using landscape techniques to obtain an overview of the technological groups. 

Results: The results showed that most dental technology IPs were from developed countries, where the companies 

that sold world-class dental products were primarily located.  The analytical results also pointed out some gaps in 

dental technologies that could serve opportunities for Thai researchers and developers in developing as well as 

improving IPs which cater to the Thai population. 

Conclusion: This can contribute to the commercialization and increase the country’s competitive advantage.

Keywords: Commercialization, Dental technology, Gap, Patent, Trends
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Background: Temporomandibular disorders (TMD) encircle a group of conditions that cause pain in the orofacial 

and myofascial area including temporomandibular joints, masticatory muscles, and other associated structures. 

Association between TMD and psychosocial problems been reported in several studies, suggesting certain 

psychosocial problems including stress, depression, and anxiety are predisposing factors of the TMD.

Objectives: To evaluate mental health status and associated factors of Thai painful temporomandibular disorders 

(TMD) in comparison with non-pain TMD patients.

Methods: This retrospective study extracted data from 160 medical records of TMD patients; patients information 

included TMD diagnoses, age, gender, jaw pain and jaw dysfunction scores and mental health status. The mental 

health status included data from 3 questionnaires: Thai Mental Health Indicator-66, Suanprung Stress Test and 

self-reported depression and anxiety. Patients were categorised into two groups: painful and non-pain TMD according 

to their TMD diagnoses and presence of pain at the time of examination. Statistical calculations were done using 

odds ratio (OR), logistic regression and T-test with the level of statistical significance set at 0.05. 

Results: 117 female patients accounted for 73.1% of sample population. There were 103 painful TMD patients 

(64.4%). No association between demographic characteristics and TMD status was observed. Painful TMD 

demonstrated significantly higher jaw pain and jaw dysfunction score (p <0.001). Painful TMD patients were 

significantly associated with poor mental health (OR= 2.63), moderate to severe stress (OR=2.75), work disability 

(OR=4.57) and self- reported anxiety (OR=1.98).

Conclusion: Painful TMDs patients are more likely to suffer physically and psychologically, our findings confirmed 

the associations between painful TMDs and work disability, high intensity pain-related impairment, stress and 

anxiety. 

Keywords: Anxiety, Jaw pain, Mental health status, Stress, Temporomandibular disorders, Work disability 
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University of Health Sciences, Lao PDR
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Faculty of Dentistry, University of Health Sciences, Lao PDR

Background: The University of Health Sciences is the only one medical university in Laos which was established 

in 1965 and now belongs to the Ministry of Health. Together with medical development, the collaborations with 

other countries in Asia such as Cambodia, China, Japan, Korea, Thailand and Vietnam are important notes. Since 

2007, there have been educational activities between Nihon University (Japan) and the University of Health Sciences 

in Laos, in facilitating the transfer of technology of oral radiology.

Objectives: The purpose of this survey was to investigate the current situation and evolution of oral radiology and 

dental education in Laos.

Methods: In total, 2,000 panoramic images of 33,616 patients were collected randomly and 300 cone beam computed 

tomography images were reviewed and obtained data were subsequently classified into 7 categories of oral diseases. 

Results: Among these 2,000 cases, the most common diagnosis was periodontitis (59.0%), followed by impacted 

teeth cases (16.0%), and the development relevant case (10.2%). Only 7.7% and 3.3% are dental implant and 

orthodontic treatment cases, respectively. Remaining cases are 4%. 

Conclusions: our data indicated that technique of dental panoramic was well used as an effective index of the 

diagnosis of jawbone diseases in Laos. It has been presumed that the oral radiology has been already established 

and improved in the Faculty of Dentistry, University of Health Sciences. This suggests that the university cooperation 

maybe advantageous in both technology and research fields.

Keywords: Dental education, Oral radiology
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1Faculty of Dentistry, Mahidol university, Bangkok, Thailand
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Background: An appropriate treatment planning is the key for successful comprehensive dental care. It is of 

importance for dental students to learn how to design treatment plans.

Objectives: This research is a design-based research aiming at developing a situation simulating game that enhances 

the data collecting skill in comprehensive treatment planning for the dental students. 

Methods: This research comprises of 4 phases following the design-based research approach: analyzing problems 

in the course by interviewing the instructors, developing the game concept, evaluating the pilot game, and 

establishing the final version of the game. 

Results: This research primarily emphasized the significance of systematic approach in developing the simulation 

game to initiate self-learning process for the students. In addition, the students could develop their skill in data 

collecting process and recognized the importance of patients’ history taking process through personal experience 

while playing the simulation game.

Conclusions: This simulation treatment planning for comprehensive dental care game is fun, easy to understand, 

and capable of creating the long-lasting learning experiences that occur within the individual students through the 

direct exposure of simulated situations in the games.

Keywords: Data collecting skill for comprehensive treatment planning, Dental education, Design-based research
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ABSTRACT 

Background: Mandibular third molar surgery is 

performed by dentists with various skills. The current 

retractor widely used might not fulfill the satisfaction of 

operators. The ineffective design not only leads to soft 

tissue trauma but also worsen the expected operative 

quality. Developing a more effective retractor by using 

user-centered design (UCD) principle might increase 

patients’ safety and ease up the operation.

Objectives: To develop a buccal retractor used in 

mandibular third molar surgery based on UCD. 

The developed retractor should facilitate maximum 

protection, good exposure, with  ease of use.  

Methods: The study consisted of three parts. Part 1: 

Identification of requirements from 8 experienced 

dentists (Ex) and 8 post-graduate students (PG) by 

observing and interviewing. ‘Usability goals’ were 

concluded. Part 2: Designing a prototype based on the 

most concerned problem from ‘Workable data’. Part 3: 

Assessment of the final prototype by conducting a 

usability test in a clinical environment by  5 dentists in 

Ex group and 5 dentists in PG group. Satisfaction scores 

and interviewed data were analyzed by Mann-Whitney 

U test and thematic analysis respectively. 

Results: Soft tissue protection was the most usability 

goal. The designed prototype retractor yielded better 

vision and tissue protection. However, the soft tissue 

guard of the prototype was significantly less satisfied 

than Seldin in terms of agility) (p<0.05). 

Conclusion:. The present study suggested that UCD in 

varied experienced users was useful for retractor 

development. The prototype retractor partly served the 

usability goal and needed further development.

Keywords: Buccal retractor, Medical device develop-

ment, Oral surgery, Third molar surgery, User-centered 

principle

INTRODUCTION 

Surgical removal of mandibular third molar is a 

surgical procedure in dentistry performed by general 

dentists and oral surgeons. Sound surgical technique is 

one important factor for a good outcome.1 A retractor is 

one of the most crucial instruments for sound surgical 

execution. It provides good access, vision and protection 

of surrounding soft tissue from injury.

In Thailand, “Seldin” is the retractor mostly used 

for mandibular third molar surgery. The effectiveness 

of Seldin retractor is rather questionable. Buccal soft 

tissue and lip commissure injury such as an over-zealous 

ulcer or a burning scar from heated handpiece shank, are 

occasionally found. One of the technical soft tissue 

protection is to use the middle or ring finger of the 

handpiece-holding hand to guard buccal soft tissue from 

the surgical instruments. This method is effective for 
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experienced operators. Too much caution to protect soft 

tissue and the instruments during the entire operation 

might affect the concentration of operators and could 

increase operative errors. Developing a more effective 

retractor might be the solution, not only to improve 

patient’s safety but also ease up the operation.

Requirements for an ideal retractor are to provide 

good access, unrestricted view to the target field, 

adequate illumination, stable retraction, maximum soft 

tissue protection and adaptability of usage in different 

patients.2

Because dental operative field is often small and 

limited, substantial dexterity during repetitive motions 

is crucial for the precise manipulation of the instrument.3 

Despite uses’ limitation, the device should still be able 

to facilitate the task.4 Users should use least effort to use 

the instrument for its maximum utilization.5 In this case, 

Seldin design might still be improved. 

The term ‘user-centered design’ (UCD) is intended 

to involve actual users in the actual working environment 

for acceptance and success of the product.6 It is 

increasingly recognized as a more important role in 

developing safe and usable devices. Two most important 

regulations for a medical device in Europe and the US 

are established by the European Commission Medical 

Device Directive 93/42/EEC and the US Food and Drug 

Administration.7 In medical device design and 

development (MDDD), users should be involved in all 

stages as early as possible for sustained effectiveness 

(Fig. 1).8 A product using UCD is effective, efficient, 

safe and suitable for its intended purpose with higher 

customers’ satisfaction and sense of ownership since it 

fulfils user’s expectation.9 The role of the designer is to 

facilitate the task and enable user to use the product as 

intended with minimum effort to learn how to use.10

Fig. 1  Four key stages of medical device development life cycle. Adapted from7

The aim of this study was to develop a buccal 

retractor used in mandibular third molar surgery based 

on UCD. The new retractor should provide maximum 

protection, good exposure, and ease of use, compared 

with Seldin retractor.

MATERIALS AND METHODS 

The project was approved by research ethics 

community, Faculty of Dentistry, Prince of Songkla 

University.
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Part 1: Identification of the requirement of users  for 

a buccal retractor (Empirical approach)

Empirical approach was conducted in 16 users with 

two levels of experience, to evaluate the satisfaction of 

Seldin retractor and capture its “usability goals”. To 

achieve above 80% of usability problems, 8 experienced 

dentists (Ex group) and 8 dentists who were current 

post-graduate students (PG group) participated in the 

study.11

Dentists in the Ex group were trained oral surgeons 

and worked as staff in the Department of Oral and 

Maxillofacial Surgery for at least 3 years. Dentists in the 

PG group were current post-graduate students in the 

Department of Oral and Maxillofacial Surgery. All 

recruited individuals were informed about the objectives 

and study design, and signed a written informed consent.

Fig. 2 Seldin periosteal retractor with different tip sizes and thickness (A). Seldin retractor used as a buccal retractor for mandib-

ular third molar surgery (B).

The contextual inquiry was obtained in the empirical 

approach, by observing and interviewing users in the 

context of their work.12

The observation of usage details of a retractor was 

performed during bone removal and tooth sectioning 

steps. Users were interviewed with open-ended questions 

about their opinion on Seldin and other retractors they 

had used in Thailand. The pros and cons of the retractors 

were concluded for further development of the prototype. 

Lastly, users completed the questionnaire of satisfaction 

score on Seldin, the only retractor used by all 

participants.

A 5-point satisfaction scale (1 denotes ‘not satisfied 

at all’ and 5 ‘very satisfied’) was used to evaluate the 

satisfaction of Seldin retractor in three categories 

consisting of maximum protection, good exposure, and 

ease of use. The satisfaction score was classified into  

‘Need improvement’ group (Scores 1, 2 & 3) and 

‘Satisfied’ group (Score 4 & 5). Significance level was 

set at p<0.05 in all analyses. Chi-square test was used 

in data analyses. Thematic analysis13 was used to 

conceptualize the comments and subgrouped them into 

“usability goals” which were subsequently converted to 

“workable data” of the prototype. 

Part 2: Design and construction of the prototype 

Prototypes were designed, evolved and constructed 

mainly by combination of self-cure acrylic fasking and 

3D printing methods. The final prototype was fabricated 

using stainless steel.
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Part 3: Usability test

A usability test was conducted in 10 mandibular 

third molar surgical sessions to evaluate the final 

prototype during bone removal and tooth sectioning 

steps. Users consisted of 5 dentists in the Ex group and 

5 dentists in the PG group with the same inclusion 

criteria as in Part 1. Ten dental patients from the 

Department of Oral and Maxillofacial Surgery, Prince 

of Songkla University and from public hospitals where 

maxillofacial surgeons were affiliated were included. 

The inclusion criteria were individuals either males or 

females with ASA class 1 and 2, aged between 18 and 

50 years,  requiring a mandibular third molar surgery 

under local anesthesia involving bone removal and tooth 

sectioning. Patients were excluded if the impacted tooth 

could be removed without osteotomy or tooth sectioning, 

the impacted tooth was classified as Class III or position 

C according to Pell and Gregory classification (1993), 

patients had acute inflammation, limited mouth opening 

or needed surgery under sedation, patients had a bleeding 

disorder, pregnancy or conditions of delayed wound 

healing. All recruited individuals were informed about 

the objectives and study design, and gave consent before 

paricipating in the study.

The researcher observed the operations with 

a checklist of the steps of bone removal and tooth 

sectioning. After the operation, users assessed the 

prototype by completing a satisfaction score questionnaire 

(with the same categories as Part 1) comparing between 

Seldin and prototyped retractors. Users were also 

interviewed for further comments. Mann-Whitney U test 

was used to analyse the 5-point satisfacton score. 

Significance level was p<0.05. The interview dataset 

was analyzed by a thematic analysis.

RESULTS 

Part 1:

Sixteen participants completed the observation and 

the interview. Their characteristics were shown in 

Table 1.

Table 1 Characteristics of users participated in the study Part 1.

Demographic data 

No. of participants

Post-graduated group(PG)

N=8

Experienced group(Ex)

N=8

Participants 

Women

Men

8

7

1

8

2

6

Age (year range)

≤35

>35

8

0

0

8

Working experience(year range)

0-10

11-20

20-30

8

0

0

0

7

2

Average flap size and position of the users

Most users (75%  in PG group and 88% in Ex group) 

used envelope flap. The flap was extended to the 

mesio-buccal line angle of the mandibular second molar 

and dentists rarely used the vertical incision. Users’ 

position during bone removal and tooth sectioning steps 

of the right mandibular third molar was mostly at 10 and 

11 o’clock. For the left mandibular third molar, uses sat 

on either left or right side of the patients. 
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Table 2  Percentage of satisfaction score of Seldin retractor from both group of users, categorized into: ‘Satisfied’ (scores 4 & 5) 

and ‘Need improvement’ (scores 1, 2 & 3). The p-value (< 0.05) represents the difference between the estimated 

satisfactions between groups

Function % Participant p

PG group Ex group

‘Satisfied’ 
(scores 4 & 5)

‘Need 
improvement’

(scores 1,2 & 3)

n ‘Satisfied’ 
(scores 4 & 5)

 ‘Need 
improvement’

(scores 1,2 & 3)

n

1.Maximum protection
- Flap
- Buccal mucosa
- Lip commissure

75
37.5
12.5

25
62.5
87.5

8
87.5
62.5
25

12.5
37.5
75

8
0.500
0.310
0.500

2. Good exposure
- Vision
- No blockage

100
100

0
0

8
87.5
87.5

12.5
12.5

8
0.500
0.500

3. Ease of use
- Good weight and size
- Agility
- No finger fatigue

50
87.5
50

50
12.5
50

8
37.5
62.5
62.5

62.5
37.5
37.5

8
0.500
0.285
0.500

Satisfaction score of Seldin retractor

There was no significant difference in the satisfaction 

score of Seldin retractor between PG and Ex groups 

(Table 2). More than 80% in both groups were satisfied 

with the exposure. For maximum protection, most users 

were satisfied with flap protection capability. However, 

satifaction scores were low regarding lip commissure 

guard (87.5% in PG and 75%  in Ex) (Fig. 3). Seldin 

retractor provided good vision without blockage during 

working with 100%  (PG) and 87.5%  (Ex) satisfaction. 

Pros and cons of Seldin retractor were summarized in 

Table 3. Seldin retractor was practical with respect to 

shape, size and working tip. The vision and ability for 

easy adaptation in the field were the pros whereas tissue 

guard was the cons. Fig. 3 summarizes comments that 

were obtained from thematic analysis.

Fig. 3  Thematic map
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Table 3 Pros and cons of existing retractors for lower third molar surgery. 

Retractor Topic Pros Cons

Seldin Shape and size -Good agility and vision.

-Easily adjustable shape (straight).

-Narrow shape, narrow access.

Working tip -Two different ends: Flat side provides 

good width. Thick side is suitable for 

distal bone removal.

-Easily scratched material. 

-Flat side is not appropriate for distal bone removal. 

Thick side is too chubby and inconvenient.

Weight Too heavy

Soft tissue 

guard

-Inadequate guard.

-Edge can traumatize lip commissure.

Handle -Can cause finger fatigue.

Minnesota Shape and size Bayonet : good visibility and working 

access.

Weight Light weight.

Soft tissue guard Adequate lip and buccal mucosa 

protection.

Wide and square-shape guard can traumatize lip by 

over-retraction.

Working tip Slim and narrow,  easily placed under 

the flap.

Too narrow tip,  unable to protect entire flap.

Handle Rectangular shape, difficult to grasp.

Howarth Shape and size Slim, good agility.

Working tip Good width for small-size flap.

Soft tissue 

guard

Inadequate.

Handle Too long handle.

Table 3 Pros and cons of existing retractors for lower third molar surgery (continued).

Retractor Topic Pros Cons

Bowdler Henry Shape and size Angled shape provides good access. Angled shape causes low agility. 

Soft tissue guard Good protection of buccal mucosa. No lip guard.

Handle Too far from operative field, no rest point 

during use.

Working tip Teeth edges trauma beneath flap

Molt Shape and size Slim, good agility.

Working tip Knife-edged tip provides good bone grip. The 

width is suitable for distal bone removal.

Handle Round,  easy for finger grasp.

Soft tissue guard No soft tissue guard.

Prichard Shape and size Obtused angle shape, good access.

Weight Light.

Working tip Flat and slim, suitable width.

Soft tissue guard Good flap protection. Inadequate buccal and lip guard.

Handle Round shape, easy to grasp and not 

traumatize lip commissure.
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Significant characteristics of the final prototype 

(Table 4)

Lip commissure and buccal mucosa guard: Soft 

tissue guard was crucial and needed to be improved. The 

purpose was to protect soft tissue from being burnt from 

the hot handpiece or being crushed by instruments. The 

shape should be flat and curve to conform with the lip.

Weight & Size: The retractor should provide visual 

and working access with good agility. Retractor 

should be able to move easily according to a variety of 

handpiece angulation during the operation. The 

retracting direction should conform with the handpiece 

angulation. From pros and cons data, straight and 

bayonet shape were approved by users for good access. 

The more slim and straight shape would result in more 

agility. The bayonet shape was expected to provide good 

access and agility. Users preferred retractors with light 

weight. The weight should be less than that of Seldin 

retractor  (70 g). The material should be light but strong 

enough to withstand the force.

Hand & finger fatigue: To reduce finger fatigue, 

ulnar deviation should be avoided and palm-grasp 

retractor should be merged into the design. The rest point 

was also important to stabilize the retractor on the bone 

during working. Therefore, the working tip of the retractor 

should be firm to be stabilized on bone to avoid slippage. 

The prototypes were designed according to the 

usability concept only for the right mandibular third 

molar surgery, based on the characteristics scored as 

“Need improvement”. Each generation of the prototypes 

was tested in users both in a phantom head and in the 

actual oral cavity. The final prototype was achieved in 

the 4th generation following the concluded workable data.

Part 2: Design and construction of the prototype

The percentage of ‘Need improvement’ of Seldin 

retractor are displayed in the bar graph (Fig. 4). The 

major unfulfillment included lip commissure guard and 

buccal mucosa guard, followed by weight, size, hand 

and finger fatigue. Data were concluded to workable data 

(Table 3). Soft tissue guard, the most severe problem, 

was regarded as the first priority. 

Fig. 4  ‘Need improvement’ aspects of Seldin retractor.
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Table 4  Final prototype based on the concept of workable data from usability goals.

Parts Soft tissue guard Working part Shape Weight Handle

Goals -Adequate lip  and 
buccal mucosa guard.
-Reduce trauma of the 
lip from over-retraction.

-Protect entire flap.
-Less space to retract, more 
operative space.
-Do not traumatize flap.
-Good bone rest and stabilization.
-Abrasion resistance.
-Distal bone guard.

-Access
-Agility

Light 
weight

-Rest point.
-Less hand & finger 
fatigue.

Design -Lip and buccal mucosa 
guard.
-Wide + flat lip guard.

-Wide (13 mm)
-Flat (1 mm)
-Round edge, not serrated.
-Abrasion resistant metal.
-Knife edge*
-Distal bone guard*

-Bayonet
-Angled*

-Use less 
material 
(<70 g.)

-Create rest point.
-Stabilized contact 
parts to reduce 
retraction force.
-No ulnar deviation.

*Characters not involved in this design 

Part 3: Usability test

All 10 users completed the questionnaire and 

interview. The demographic data and observation 

checklist data are displayed in Table 5. Satisfaction 

scores of Seldin and the prototype retractors were rather 

similar without any significant difference, except for 

agility. The agility score was dramatically high in Seldin 

retractor (Table 6).

Table 5 Demographic, tooth and operative data of user groups.

User group

PG(5) Ex(5)

Demographic data Sex Male 2 4

Female 3 1

Mean age (year) 29.0 41.2

Mean experience (year) 4.2 14.2

Tooth data

Classification I 2 2

II 3 3

Position A 2 3

B 3 2

Angulation Mesio-angular 5 3

Disto-angular - 1

Horizontal - 1

Operative data
Sulcular flap size To MB 46 2 2

To MB 47 3 3

Completed steps in using 
prototype

Yes 3 3

No 2 2
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Table 6 Comparison of satisfaction scores between Seldin and prototype retractors in PG and Ex groups. Significant level = 0.05.

User Device Exposure Soft tissue protection Ease of use

Vision Access Flap Buccal muco-

sa

Lower lip Weight 

&Size

Agility Fatigue

PG

Seldin Median 4.0 4.0 4.0 4.0 3.0 4.0 4.0 4.0

IQR 0.0

(4.04.0-)

2.0

(3.55.0-)

0.5

(4.04.5-)

2.0

(2.54.5-)

2.5

(1.54.0-)

2.0

(2.54.5-)

1.0

(4.05.0-)

1.5

(2.54.0-)

Prototype Median 5.0 4.0 4.0 4.0 4.0 4.0 2.0 4.0

IQR 1.5

(3.55.0-)

1.5

(3.55.0-)

1.0

(4.05.0-)

1.5

(3.04.5-)

1.5

(3.04.5-)

1.5

(3.04.5-)

1.5

(1.53.0-)

1.0

(3.04.0-)

A s y m p . s i g . 

(2-tailed)

.232 1.000 .513 .736 .180 .827 .016* .811

Ex

Seldin Median 3.0 3.0 4.0 3.0 3.0 3.0 4.0 3.0

IQR 1.0

(3.04.0-)

1.0

(3.04.0-)

1.0

(3.04.0-)

1.5

(2.54.0-)

1.5

(2.03.5-)

1.5

(2.54.0-)

0.5

(3.54.0-)

1.5

(2.54.0-)

Prototype Median 4.0 3.0 3.0 4.0 3.0 3.0 2.0 3.0

IQR 1.5

(2.54.0-)

1.5

(2.54.0-)

1.0

(3.04.0-)

0.5

(3.54.0-)

1.5

(3.04.5-)

1.5

(2.03.5-)

1.0

(1.52.5-)

1.0

(3.04.0-)

A s y m p . s i g . 

(2-tailed)

.817 .729 .549 .189 .178 .572 .009* .729

Fig. 5  The distribution of medians of the agility satisfaction score in both user groups (p<0.05).

Users’ interview showed that adding the guard caused 

a bulky working shape, users had to arrange soft tissue 

every time during re-insertion of the retractor by using 

fingers or another device. One-hand insertion was 

impossible. Another typical problem was that when users 

rotated the retractor buccally along the long axis during 

the operation, the lip guard was misplaced out of the mouth 

and needed to be repositioned. Some users mentioned that 

the guard was too high position, due to too much length of 

the overall working part. Some mentioned too much 

distally-angled tip which caused out-of-mouth guard. 

Users also complained about too much guard length anteriorly, 

blocking working access during crown-root separation.  

However, the straight shape was familiar and seemed to 

provide better force control compared to an angle retractor. 

Most users experienced better vision. The guard could 
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provide a finger rest area. Users suggested further adjustments 

to obtain a slimmer and more properly inclined tip. The 

prototype still had some limitations such as the inability 

to be used in a limited mouth-opening patient. 

(A) 

 

 

(B) 

 

 

 

 

Fig. 6  The welded edges of soft tissue guard (A) and the prototype while being tested in the operation (B).

DISCUSSION

This study was driven by a clinical approach from 

daily problem situation. Since, dentists are rarely a 

self-designer of their devices, it is possible that the device 

did not meet their requirement. Adaptation is necessary 

to provide operation with minimum complication. UCD 

provided useful data for the development of retractor, 

both for initial and progression phases. This study 

involved users with varying experience levels and abil-

ities who were direct target population. 

The study constructed only one prototype for right-

side mandibular third molar to test the  design concept. 

Lip commissure guard was the issue needed to be fixed 

with first priority. Due to various and diversified needs, 

the greatest challenge was to incorporate goals into the 

design. Some goals were still not acheived in the final 

prototype of this study. Usability test revealed that 

adding tissue guard dramatically reduced agility due to 

its rigidity. Inconvenient prototype insertion and tooth 

sectioning were observed. Therefore, the ease of use was 

not accomplished.

The study found that the more experienced users 

were the ones who gave more critical suggestions for 

improvements which was similar to a previous study.14

Dentists in the PG group also provided useful data 

by describing the problematic steps but often gave 

unspecific suggestions. Some experienced dentists 

mentioned that the retractor needed no major 

development because they believed that adapting to the 

formerly used retractor was a part of the learning curve. 

But it should be kept in mind that the perception of users 

are subject to bias of culpability for errors, either in 

tendencies to blame the device or themselves.5 

There are additional factors that make UCD 

challenging. The method is obviously time-consuming 

with many regulatory requirements. Due to time and 

resource limitations, the main development is based on 

prioritizing the problems.  In device design, not only the 

clinician but also an engineer is extremely crucial to the 

team. UCD is fully effective when the multidisciplinary 

team understands the usability goals and work together 

with effective communication. The bias of researchers 

can influence data collection and analysis. The 
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re-evaluation is needed to keep the design in line with 

the UCD concept. Since the usability test in this study 

was performed in first-time users of the prototype, the 

learning curve could be another factor affecting the 

result.  

Some issues listed by users in this study should be 

used for further retractor improvement such as a more 

precise and flexible guard, the balance between guard 

adding and agility, the right tip angulation, the 

universality for different sizes of oral cavity and 

left-sided compatibility. Once all the requirements can 

be fulfilled,  the full summative evaluation should be 

commenced. 

CONCLUSION 

The involvement of varying experienced users in 

UCD is helpful in the development of a retractor. The 

final prototype might not achieve all goals and required 

further improvement by a multidisciplinary team 

approach.  
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ABSTRACT 

Background: Denture soft lining materials have been 

used to correct an ill-fitting denture. However, the 

materials are prone to be accumulated by Candida 

species. One attractive approach to overcome this 

problem is an incorporation of antifungal agents into 

denture soft liners. In this study, Eugenia Caryophyllata 

oil was introduced as a potential antifungal additive. 

Objectives: To study the antifungal activity of a soft 

denture liner consisting of E. Caryophyllata essential 

oil. Meanwhile, the alteration of surface hardness was 

also evaluated. 

Methods: The GC soft liner was mixed with different 

concentrations (5% to 30% v/v) of E. caryophyllata 

essential oil. The inhibitory effect against Candida 

albicans was investigated by an agar well diffusion 

method. The surface hardness was determined by Shore 

A0 duromenter (ISO 10139-1) after immersing in 

distilled water for 2 hours and 7days. 

Results: The lowest inhibition zone was clearly 

observed at 10% v/v of E. caryophyllata essential oil. 

The higher concentration of E. caryophyllata essential 

oil exhibited the larger inhibitory zone against C. albicans. 

The mean inhibitory diameters were 7.75 ± 0.46 mm, 

11.04 ± 0.40 mm, and 16.46 ± 0.33 mm for soft liner 

with 10%, 20%, and 30% v/v of E. caryophyllata

essential oil respectively. The amount of 10% v/v of 

E. caryophyllata essential oil mixed into GC soft liner 

showed a significant alteration in surface hardness 

(p < 0.05).

Conclusion: The mixture of GC soft liner with 10% v/v 

of E. Caryophyllata essential oil could inhibit against 

C. albicans with a decrease of the material hardness. 

Hence, E. Caryophyllata essential oil is considered as 

an antimycotic agent into soft lining materials.

Keywords: Candida albicans, Eugenia caryophyllata, 

Soft liner, Surface hardness

INTRODUCTION

Soft lining materials have been developed to 

improve the adaptation of denture base and enhance the 

comfort of an underlying mucosal tissue.1,2 These 

resilient liners are indicated in cases of an ill-fitting 

denture, sharp or atrophic alveolar ridges, inadequate 

denture retention, bony undercuts, functional impression 

and several clinical situations.3,4 Despite these therapeutic 

benefits, the material still has a limited application due 

to lack of antimicrobial properties and induces tendency 

of candida colonization, especially Candida albicans.5,6

Consequently, the further improvement of resilient lining 

materials is necessary. 
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One attractive method to promote antifungal soft 

liners is an incorporation of antifungal agents into the 

materials. The soft liners could serve as vehicles for 

antifungal agents.7 This approach would be suitable for 

incompliant patients, and decreases frequency of drug 

administration.8,9 Various antifungal additives have been 

extensively explored such as polyene or azole drugs, 

metallic oxides, and natural compounds.10-13 Nevertheless, 

the incorporation of additives could also influence either 

physical or mechanical properties of the soft lining 

materials.14,15 Evaluation of material properties such as 

hardness, water sorption, setting time after adding 

antifungal agents into soft liners should be therefore 

required. 

E. caryophyllata essential oil or so-called ‘clove oil’ 

was introduced as an antifungal additive in this study. 

Clove is a valuable plant commonly known as Eugenia 

caryophyllata of the Myrtaceae family. This evergreen 

tree is firstly originated in Indonesia on inland of 

Muluccas and continuously cultured in the various parts 

of the world.16 It has been used as spices for food 

preservative and numerous medical therapies. Its 

essential oil extracted from leaves has been shown the 

wide range of pharmacological effects including 

antiseptic, analgesic, anesthetic, antimicrobial, antifungal, 

antiviral, antioxidant, anti-inflammatory, and anticancer 

properties.16-18 However, the antifungal effect of 

E. caryophyllata essential oil combined with soft lining 

material has not been reported. Therefore, E. caryophyllata 

essential oil could be one attractive agent to be incorporated 

into a denture soft liner. 

The aim of this research was to study the antifungal 

efficacy of GC soft liner containing E. caryophyllata 

essential oil. Meanwhile, an alteration of the material 

surface hardness was also investigated.

MATERIALS AND METHODS 

Essential oil and Nystatin oral suspension: The 

clove oil or E. caryophyllata essential oil was purchased 

from M-Dent company (Mahidol University, Bangkok, 

Thailand). It was extracted from the leaves. Nystatin oral 

suspension with the concentration of 100,000 IU/ml 

(33.3 mg/ml) was purchased from Continental Pharm 

Co. Ltd., Bangkok, Thailand.

Resilient soft lining material: Temporary soft 

denture liner, GC soft linerTM (Toriimatsu-cho, Kasugai, 

Aichi 486-0844, Japan), was kindly provided by Accord 

Corporation Co. Ltd., Bangkok, Thailand. This resilient 

liner was used as a negative control. According to 

manufacturer recommendation, the standard ratio of 

powder/liquid is 2.2g/1.8g. Its chemical constituents of 

powder and liquid were shown in Table 1.

Table 1 Chemical constituents of GC soft linerTM

Powder   Poly (ethyl methacrylate), PEMA (100%)

Liquid   Butyl pthalyl butyl glycolate, BPBG (80.9%)
  Dibutylpthalate, DBP (4.3%)
  Ethanol, EtOH (14.8%)

 

Agar well diffusion method: The inhibitory effect 

against C. albicans of GC soft linerTM containing 

E. caryophyllata essential oil was determined by agar 

well diffusion method. At temperature 37oC, C. albicans

ATCC 10231 was prepared for inoculation in Sabouraud 

dextrose broth for 24 hours. After that, the turbidity of 

solution was adjusted to 1.0 McFarland unit. A diluted 

C. albicans (100μl) was dropped onto the sterile agar 

plate (25ml of medium per plate) and a lawn culture was 

done. The consistent five wells were constructed on each 

agar plate with 4 mm in depth and 6 mm in diameter. 

According to manufacturer instruction, GC soft liner 

was manually mixed with different concentrations of 

essential oil at ambient temperature. The various 
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concentrations of essential oil in GC soft liner liquid 

were 5%, 10%, 20%, and 30% v/v. For the positive 

control, nystatin oral suspension (10mg/ml) was mixed 

with GC soft liner and applied into the target well as the 

same manner as the essential oil. 

The mixture of all samples was incubated at 

temperature 37 oC for 48 hours. The lowest inhibitory 

concentration was determined visually as the lowest 

concentration that exhibits the clear zone around the 

well. The mean inhibition diameter (MID) was measured 

by the average diameter around the well.  Five independent 

experiments (n=5) were performed.

Measurement of surface hardness:  Herein, the 

surface hardness of the GC soft liner was represented 

by shore A0 hardness value. The protocol was conducted 

by using shore A0 durometer according to ISO 10139-

1.19 The mixtures were manipulated with the lowest 

inhibitory concentration (10% v/v) of essential oil at 

ambient temperature and applied into the stainless 

steel mold (55 mm in diameter, 8 mm thickness). 

Subsequently, the specimen was kept in 15 minutes, and 

then soaked in water bath at temperature 37 ± 1oC for 2 

hours. The specimen was then removed out of the mold 

for determining the shore A0 value. Each value was 

recorded after compressing to durometer device on 

specimen for 5 seconds and it was repeated five times 

in different areas. The specimens were then returned to 

the water bath at 37±1˚C and maintained for 7 days. 

After 7 days-immersion time, the specimens were 

removed and measured the Shore A0 hardness on the 

opposite site in the same manner. GC Soft Liner without 

additive and GC Soft Liner with 30% v/v of Nystatin 

oral suspension were done and compared as control 

groups. Five independent experiments were done on 

each group (n=5). 

Statistical analysis: All statistical computations 

were performed by PASW Statistics software (Window; 

version 18.0.0; SPSS, Inc.; Chicago, USA). One-way 

ANOVA was used for comparison between the inhibition 

zones of different concentrations. Two-way ANOVA 

was used for comparison between the surface hardness 

of different materials at 2 hours and 7 days. Statistical 

significance was defined as p < 0.05.

RESULTS 

Inhibitory effect of E. caryophyllata essential oil 

combined with GC soft liner: No inhibitory effect was 

shown in the GC soft liner without additive and with 

only 5% v/v of E. Caryophyllata essential oil. The lowest 

inhibitory concentration was investigated at 10% volume 

of essential oil (Table 2). The inhibition zone was 

enlarged when the concentration of essential oil was 

increased. Remarkably, there were significant differences 

between the inhibitory diameters of 10%, 20%, and 30% 

v/v of E. Caryophyllata essential oil (p<0.05). In positive 

control group, GC soft liner with 10mg/ml of nystatin 

oral suspension was exhibited the inhibitory zone 

approximately 14 mm in diameter. 

Table 2 The inhibition zone (mean ± standard deviation) of 

E. Caryophyllata essential oil incorporated into GC 

soft liner.

  Samples Inhibition zone (Ø, mm)

  GC soft liner −

  GC soft liner + EC 5% v/v −

  GC soft liner + EC 10% v/v 7.75 ± 0.46

  GC soft liner + EC 20% v/v 11.04 ± 0.40

  GC soft liner + EC 30%v/v 16.46 ± 0.33

  GC soft liner + Nystatin 14.37 ± 0.57

 Surface hardness of GC soft liner containing 

E. caryophyllata essential oil:  Owing to the lowest 

inhibitory concentration of E. caryophyllata essential oil 

was found to be 10% v/v; therefore this concentration 

was subjected to determine the surface hardness 
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(Fig.1). It was shown that the hardness of all GC soft 

liners were significantly increased with time. The shore 

A0 values of pure GC soft liner were 19.94 ± 0.35 mN/

mm2 and 27.14 ± 0.54 mN/mm2 for 2 hours and a week, 

respectively. The incorporation of nystatin oral suspension 

(10mg/ml) into GC soft liner did not significantly 

decrease the material hardness. While, 10% v/v of 

E. caryophyllata essential oil slightly softened the GC 

soft liner and its Shore A0 values were 15.24 ± 0.38 mN/

mm2 and 23.84 ± 0.70 mN/mm2 for 2 hours and a week, 

respectively.

Fig. 1  Shore A0 hardness (mean ± SD) of all tested materials. 

Asterisks illustrated significant differences from the GC 

soft liner without additive (p<0.05).

DISCUSSION

As mentioned above, denture soft liners lack of an 

antimicrobial effect and can promote the candida 

colonization, which commonly associated with Candida 

albicans.5,6 Incorporation of antifungal additives into 

resilient soft liners could be a great solution to address 

the considerable problem. In this study, E. caryophyllata 

essential oil or clove oil from its leaves was used as the 

antifungal additive. The clove oil has been extensively 

used in dental treatment and well-known about their 

safety range. So, it could be applied with relative less 

toxic concern than other conventional drugs.  

According to previous studies, E. caryophyllata 

essential oil has been revealed the antifungal activity.16,17 

The MICs against C. albicans ranged from 0.08 to 0.64 

μl ml-1. From the product details, the essential oil mainly 

consists of Eugenol (>50%) that was suggested to be the 

active component against candida species.17 The 

mechanism of action of eugenol induces the ergosterol 

reduction and causes the disruption of fungal cellular 

membrane.16 In the present study, the lowest inhibitory 

concentration was at least 10% v/v of essential oil in GC 

soft liner enhanced inhibitory effect against C. albicans. 

The higher concentration of the essential oil content 

significantly provided larger inhibition zone. However, 

the antifungal efficacy of essential oil was diminished 

when it was added into GC soft liner. This result was 

similar to previous research, which used natural 

compound as antifungal additive.20 The possible reason 

could be explained by the entrapment of additive 

molecules in polymeric network of the GC soft liner. By 

this concept, the prolong released mechanism of such 

material could be predictable. This would be useful in 

the clinical situation that patients have to wear the 

soft-relined denture for a period of time. 

Furthermore, the incorporation of antifungal 

additives into resilient soft liners could affect the 

material hardness.14 The surface hardness is one 

important property of the denture soft liner.21 The 

dramatic changes in surface hardness can influence the 

clinical parameters such as functional force distribution, 

color stability and elastic recovery.14 In this study, the 

hardness of GC soft liner was significantly diminished 

by the addition of 10% v/v of E. caryophyllata oil both 

2 hour- and 7 day-investigations. Fortunately, this 

alteration was not remarkable. Whereas, the GC soft 

liner incorporating with nystatin oral suspension (10mg/

ml) provided higher surface hardness than the negative 

control. This phenomenon could be due to the plasticizing 

effect of E. caryophyllata essential oil that could soften 

the polymer network of GC soft liner.
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In the experiment, the mixture of GC soft liner with 

different concentrations of E. caryophyllata essential oil 

did not affect the color stability of the new compound. 

Nevertheless, the strong spicy smell was notable 

during mixing of each sample. The incorporation of 

E. caryophyllata essential oil into soft denture liner 

could be an effective treatment of denture stomatitis 

associated with fungal infection. Although this 

combination approach has many advantages and would 

be applied topically in clinical use, the essential oil of 

E. caryophyllata extract has been reported about its 

cytotoxicity. According to Kouidhi et al. 2010 showed 

the cytotoxic effect of E. caryophyllata essential oil with 

the IC
50 

value of 15.75 μg ml-1. This essential oil is the 

potent oil, which should be used with low concentration. 

Therefore, the further experiment is mandatory to 

investigate the cytotoxicity of E. caryophyllata essential 

oil, which used as antifungal additive into GC soft liner.

CONCLUSION 

The addition of Eugenia caryophyllata essential oil 

into GC soft liner provided an inhibitory effect against 

C. albicans. Consequently, E. caryophylllata oil can be 

used as an antifungal additive into denture soft liners. 

Nevertheless, the mixing protocol of E. caryophylllata 

oil into soft liners that exhibits effective antimycotic 

effect with a suitable material hardness should be further 

investigated.
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ABSTRACT 

Background: Nowadays, ceramic is the main choice 

for indirect tooth restoration. Cement plays important 

role in properties of restoration, especially in fragile 

material like ceramic. 

Objective: This study aimed to evaluate the effect of 

exposure time and distance of light curing unit on the 

effectiveness of polymerization of resin cement, assessed 

by microhardness.

Methods: The dual cured resin cement was inserted into 

a circular slot in a rectangular metal mold. Then a mylar 

strip was placed on top of the dual cure resin cement, 

followed by a ceramic disc that was placed over the 

rectangular metal mold. Finger pressured was then 

applied to the ceramic disc. After that, the light curing 

unit tip was positioned over the upper surface of the 

ceramic and cured with different times and distances. 

Specimens were divided into 10 groups. Each specimen 

was evaluated using a microindentation tester, five 

indentations were accomplished with a 50-g load applied 

for 30 seconds. The data were analyzed statistically with 

two-way ANOVA  at 95% significant level.

Results: The results revealed that the closer the distance 

and the longer the curing time, the greater the surface 

hardness. The group with 0-mm curing distance and 60-s 

curing time had significantly superior hardness when 

compared to other groups. There were significant 

difference between each distance and curing time. 

Conclusion: Both decreasing the distance between the 

light curing unit tip and the resin cement and increasing 

the curing time resulted in  significantly higher cement’s 

surface hardness.  

Keywords: Polymerization, Resin cement, Surface 

microhardness

INTRODUCTION

 Currently, there is an increased demand for esthetic 

restorations, especially all-ceramic restoration. Therefore, 

the properties of dental ceramic have been much 

improved in terms of esthetic, biocompatibility, chemical 

stability and high compressive strength.1 The objective 

of indirect restorations is to restore the morphology of 

destroyed tooth, providing wear resistance for weakened 

tooth and longer longevity than direct restorations.2

 Longevity of the restoration is one of the most 

important criteria in choosing the material whereas the 

restoration success is defined as the demonstrated ability 

of a restoration to perform as expected, The length that 

restoration survives is often used as a measure of clinical 

performance.

 There are many factors that are involved in longevity 

of the restoration; such as patient’s oral hygiene, oral 

habits, dentist’s skill and material factors.3 Failure of the 

restoration is mostly caused by improper biomechanics 

and tooth preparation, improper cementation techniques, 

and improper luting agents. Thus luting procedure is a 
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critical step in providing the best longevity of the 

restorations.4

 Resin cement is the newest type of cements with the 

ability to bond to tooth structure and the surface of the 

restoration. The most important factor affecting the 

success of resin cements is the bond strength. Bond 

strength is affected by pretreatment procedures, depth 

of cure , degree of conversion and incompatibilities 

between adhesive resin and resin cement.5 Factors that 

may affect polymerization of the resin cements include 

cement film thickness, shade of the restoration and 

opacity or translucency of both cement and restoration.6

 Distance of light curing tip and exposure time are 

also important factors to achieve the highest degree of 

polymerization of resin cement. Inadequate curing is 

usually associated with poor mechanical and physical 

properties.7 Thus, the effect of exposure time and 

distance of light curing tip has been proposed. Measuring 

the degree of conversion can be done using two methods, 

the direct method and the indirect method. The 

direct method includes the FTIR method and Raman 

spectroscopy. The indirect method includes the use of 

Knoop micro-hardness and the Vickers micro-hardness. 

In this experiment we used Vickers hardness to indirectly 

determine effectiveness of polymerization.8 The null 

hypothesis was there would be no significant difference 

in Vickers hardness of resin cement, cured with different 

exposure times and distances of light curing unit. 

MATERIALS AND METHODS

 The IPS e.max Press (Ivoclar-Vivadent, Schaan, 

Liechtenstein) was customized to form cylindrical 

blocks with 4 mm in diameter and 2 mm in height. The 

2-piece rectangular mold was made with the smaller 

piece being able to be separated to allow the cement to 

be removed without being damaged.

Ta ble 1 The Standard - Composition (in weight %) of Variolink N

Composition 

(in weight %)

Base paste 

Batch No. W14935

Catalyst high viscosity 

Batch No. W84174

Barium glass filler, mixed oxide 48.4 52.2

Dimethacrylates 26.3 22.0

Ytterbiumtrifluoride 25.0 25.0

Initiators and stabilizers 0.3 0.8

Pigments < 0.1 < 0.1

 A dual cure resin cement (Variolink® N, Ivoclar-

Vivadent, Schaan, Liechtenstein) was used. The resin 

cement was inserted into a circular slot (diameter = 4 

mm, height = 2 mm) in a rectangular metal mold (6×8x2 

mm, WxLxH) placed inside a larger rectangular metal 

mold (3x4x3 mm). Mylar strips (20x20 mm) with 

60- microns thickness were placed between the ceramic 

disc and resin cements. A ceramic disc (diameter=15 

mm, height = 2 mm) was placed over the metal 

rectangular molds and pressure was applied by a finger 

to the ceramic disc to displace any excessive cement. 

The tip of the light curing unit was positioned over the 

upper surface of the ceramic which was held by the light 

curing unit stand (Fig. 1). The light curing unit (Demi 

Plus  LED Curing System, Kerr, Detroit, Michigan, 

USA) with the output peak wavelength range of 450-470 

nm, power density of 1,100-1,300 mW/cm2 with beam 

diameter of  7 mm was used.
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 Ten specimens were prepared for each group. 

ï Group A (D0, C20): Curing distance 0 mm and 

curing time 20 seconds.

ï Group B (D5, C20): Curing distance 5 mm and 

curing time 20 seconds.

ï Group C (D10, C20): Curing distance 10 mm 

and curing time 20 seconds.

ï Group D (D0, C40): Curing distance 0 mm and 

curing time 40 seconds.

ï Group E (D5, C40): Curing distance 5 mm and 

curing time 40 seconds.

ï Group F (D10, C40): Curing distance 10 mm 

and curing time 40 seconds.

ï Group G (D0, C60): Curing distance 0 mm and 

curing time 60 seconds.

ï Group H (D5, C60): Curing distance 5 mm and 

curing time 60 seconds.

ï Group I (D10, C60): Curing distance 10 mm 

and curing time 60 seconds.

ï Group J (Not cured): The specimen was not 

exposed to light curing unit.

 The specimens were stored in distilled water at 37°C 

in the dark room and under 100% humidity. The 

measurement of surface hardness was performed after 

the specimens being cured for 24 hours. Vicker hardness 

(VHN) was evaluated using a micro-indentation 

tester (FM810 Type D, FUTURE TECH, Kawasaki, 

Kanagawa, Japan) for each specimen. Five indentations 

were tested with a 50-g load for 30 seconds.

 Data analysis 

 The data were analyzed with IBM SPSS Statistics®.  

Two way ANOVA was used to compare Vickers 

hardness values. Tukey’s post hoc test was used to 

determine the statistical significance among groups 

based on curing distance and exposure time.

RESULTS

 The results illustrated that the closer the distance 

and the longer the curing time, the greater the surface 

hardness. It revealed that in group G (D0, C60), the 

surface hardness was significantly superior when 

Fig. 1 Experimental set up.
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compared to other groups and the group with the lowest 

surface hardness was group J (not cured).

 The results of Tukey’s multiple comparison post 

hoc test are presented in Table 2.

Table 2  Mean  + standard deviation of Vickers hardness of resin cement with different curing times and distances.

Time

Distance

C20 C40 C60 Not cured

D0 36.85g + 0.29 39.56h + 0.27 41.29i + 0.18 -

D5 33.42d + 0.37 34.20e + 0.19 36.30f + 0.18 -

D10 31.17b + 0.28 32.63c + 0.16 33.89e + 0.25 -

Not cured - - - 9.57a

D = Curing distance (0, 5, 10 mm ), C = Curing time (20, 40, 60 s) 

Superscript letters indicate statistical differences (p<0.05).

DISCUSSION

Resin cements are cements used in indirect 

restorations since they have the ability to bond to the 

tooth structure. Adequate polymerization of resin cement 

will result in high bond strength. 9  Recent studies have 

shown that inadequate cement polymerization under 

ceramic restoration is related to insufficient amount of 

light (energy density) radiation to activate monomer.10 

The effectiveness of light to initiate polymerization 

of resin-based materials requires the appropriate 

wavelength determined by the type of photoinitiator 

incorporated in the resin-based material.1 Camphorquinone 

is effectively activated by light at a wavelength range of 

375–500 nm, with a peak maximum absorption at 

468–470 nm and also by a light intensity high enough 

to activate polymerization. Factors affecting light 

efficiency include the light-curing unit, exposure time, 

and any object between the light tip and the resin cement.

The results of the current study rejected the null 

hypothesis, hence, confirming the effect of curing time 

and distance. The present study showed that a smaller 

distance between the light curing unit tip and the resin 

cement, and a longer curing time resulted in significantly 

higher surface hardness of the cement. Corey et al. 11 

showed that the higher the distance from the light curing 

unit to the specimen, the lower the light intensity and 

hence, the amount of total energy. These findings 

supported our results as group G (D0, C60) with the least 

curing distance had the highest surface hardness due to 

the highest amount of total energy. Moreover, group J 

which had not been cured had the lowest surface 

hardness since it did not receive any total energy. Tatiana 

et al., 12 measured the surface microhardness of 3 groups 

of dual-cured dental resin cements and found that the 

uncured group had the lowest surface hardness after 24 

hours, 48 hours and 7 days, compared to 20-s and 180-s 

cured groups which also supported our findings.  The 

increased efficiency of polymerization of resin cement, 

reflected by the number of double bonds in the 

methacrylate groups which is converted in to single 

bonds during the polymerization process presumably 

explain the increased hardness of the resin cement.

On the other hand, group E (D5, C40) and group I 

(D10, C60) were not significant although the light 

intensity was decreased. The total energy might remain 

constant due to the compensation by increased curing 

time, as total energy = light intensity x curing time. 

Corey et al. (11) showed that when curing distance 
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increased, light intensity decreased and Ilday et al. 13 

also showed that longer light exposure time resulted in 

greater total energy. Future studies should study light 

intensity in order to accurately measure total energy.

A correlation test showed that higher Vicker’s 

hardness values were associated with higher degree of 

conversion values. 14 Therefore, longer curing time and 

the closer the tip of the LED light-curing unit, the more 

degree of conversion. 

CONCLUSION

 On the basis of the findings of this in vitro study, 

the following conclusions were drawn:

1. The closer the tip of the LED light-curing unit 

from the surface of the resin cement, the greater the 

surface hardness of the resin cement.

2. The longer exposure time of the LED light-cur-

ing unit,  the greater the surface hardness of the resin 

cement.

3. Chemical cure alone cannot provide sufficient 

polymerization of resin cement.  Light curing is 

necessary to obtain maximum mechanical properties.
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ABSTRACT

Background: Loss of the expression of tumor 

suppressor proteins is one of the mechanisms involved 

in the malignant transformation. Reduced or abnormal 

expression of tumor suppressor proteins has been 

reported in oral cancers. 

Objective: To evaluate the expression of three putative 

tumor suppressor proteins including p16INK4a, CLLD7, 

and CHC1L in oral squamous cell carcinoma (OSCC).

Methods: Western blot analyses of p16INK4a, CLLD7, 

and CHC1L were performed in cell lysates extracted 

from three OSCC cell lines. HeLa, mouse brain extract, 

and mouse thymus lysate were used as positive controls 

for p16INK4a, CLLD7, and CHC1L, respectively. The 

expression and cellular localization of these proteins 

were analyzed in 10 OSCCs and 10 normal oral mucosa 

using immunohistochemistry. The findings were 

described in narratives.

Results: Western blot analysis showed that all carcinoma 

cell lines expressed low quantity or absence of 

the desired proteins compared with the controls. 

Immunohistochemistry analysis of p16INK4a showed 

predominantly nuclear staining at basal and suprabasal 

areas for normal mucosa. In OSCC, weak cytoplasmic 

p16INK4a staining was observed. The immunostaining 

patterns of CLLD7 for normal mucosa were nuclear and 

nuclear-cytoplasmic and weak nuclear or weak 

cytoplasmic for OSCC. For CHC1L, cytoplasmic and 

nuclear staining patterns dominated the normal mucosa 

while the OSCC exhibited weak cytoplasmic staining.

Conclusion: The aberrated signal intensities of these 3 

proteins in OSCC cell lines and their weak expression 

in the OSCC tissues give an impression that the 

expression of these potential tumor suppressor proteins 

might have been downregulated during oral malignant 

transformation. 

Keywords: CHC1L, CLLD7, Immunohistochemistry, 

p16INK4a, Western blot

INTRODUCTION

Mutations in the tumor suppressor genes are one of 

the mechanisms responsible for carcinogenesis. The 

13q14 region possesses multiple potential tumor 

suppressor genes.1 One such gene involved in a variety 

of cancers is the retinoblastoma tumor suppressor gene 

(RB). However, analysis of gene expression in tumors 
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such as epithelial ovarian carcinoma2, 3, and head and 

neck squamous cell carcinoma4 showed a normal activity 

of the RB gene suggesting that other potential tumor 

suppressors close to the RB gene might have been 

mutated.

CLLD7 (Chronic lymphocytic leukemia deletion 

gene 7) or RCBTB1, described by Mabuchi et al., is a 

putative tumor suppressor gene located on chromosome 

13q14 close to the RB gene.5 The CLLD7 protein 

contains BTB and RCC1 domains. BTB works as an 

adaptor for cullin-3 based ubiquitin ligases6, 7, a regulator 

of gene transcriptions, and conducts gene expression by 

controlling the chromatin structure.8 RCC1 serves as a 

guanine nucleotide exchange factor (GEF) for the 

Ras-related nuclear protein (RAN) GTPase and the 

majority of its functions are carried out by the RAN 

protein.9, 10 A loss of expression of CLLD7 has been 

observed in several types of cancers such as cervical 

cancer, colon cancer and leukemia suggesting its role as 

a potential tumor suppressor.11 However, the association 

between CLLD7 expression and OSCC has not yet been 

investigated. 

 Devilder et al. identified and characterized 

CHC1L (chromosome condensation 1-like) as an RCC1 

and BTB containing protein. CHC1L gene is also located 

on 13q14.3 region close to the RB gene. CHC1L might 

have a regulatory function in intracellular transport and 

in the transfer of anti-oncogenic signals thereby affecting 

the growth of tumor cells.12 Reduced expression of 

CHC1L has also been observed in some types of cancers 

including prostate cancer13, 14, multiple myeloma15, 

epithelial ovarian carcinoma2,3,  HNSCC4, and 

histiocyte-rich neoplasms16, therefore, this protein has a 

potential role in tumor suppression. Despite these 

findings and inferences, the roles of CHC1L in OSCC 

has not been investigated and the expression status of 

the CHC1L protein has not been analyzed. This study 

will, therefore, examine CHC1L protein expression in 

OSCC cells and tissues.

p16INK4a, first identified by Serrano et al.17, and 

located in chromosome 9p21 encodes p16INK4a and p14ARF 

proteins that regulate the RB and p53 pathways of cell 

cycle respectively.18 p16INK4A has been shown to have 

roles as a tumor suppressor in various types of cancers 

as well as in cellular differentiation, apoptosis, and 

cellular senescence.19 As far as OSCC is concerned, 

depleted p16INK4a expression has been associated with 

tumorigenesis from non-dysplastic leukoplakia20, higher 

grade oral and laryngeal squamous carcinoma21, a higher 

degree of lymph node metastasis22, and low relapse-free 

survival after treatment.23,24 Although there is adequate 

literature about p16INK4a and its association with OSCC, 

studies analyzing its expression along with other putative 

tumor suppressor proteins such as CLLD7 and CHC1L 

in OSCC are still limited. Therefore, the aim of this study 

was to preliminarily evaluate the expression of three 

tumor suppressor proteins including p16INK4a, CLLD7, 

and CHC1L in OSCC cells and tissues. 

MATERIALS AND METHODS

Western blot analysis (WB): All cell lines were 

gifted from Professor Pornchai O-Chereonrat, Faculty 

of Medicine, Siriraj Hospital, Bangkok, Thailand. The 

cells were cultured in a humidified incubator maintained 

at 37˚C containing 5% carbon dioxide and 95% air. 

DMEM/High glucose (HyClone™ Dulbecco’s Modified 

Eagles Medium, GE Healthcare, USA) added with 10% 

fetal bovine serum, 100 units/ml of penicillin and 100 

units/ml of streptomycin was used as the culture 

medium. Protein extraction was performed once the cells 

reached 90% confluence. After adding appropriate 

protease inhibitors, the lysates were stored at -80˚C 

until further use. Before running the electrophoresis, 

BCA assay [Pierce™ BCA Protein Assay Kit (Thermo 
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Scientific, Rockford, USA)] was used to determine the 

total protein in each sample. HeLa, mouse brain extract, 

and mouse thymus lysates were used as positive controls 

for p16INK4a, CLLD7, and CHC1L respectively. 50 μg of 

protein for CLLD7 and p16INK4a and 35 μg for CHC1L 

in each sample was mixed with 5Χ sample buffer and 

loaded onto SDS-PAGE for separation. The proteins in 

the gel were transferred to a nitrocellulose membrane 

by Mini Trans-Blot® (Bio-Rad, USA). The membranes 

were then blocked with 5% skimmed milk in Tris-buffered 

saline solution-Tween 20 (TBST) and subsequently 

incubated with respective primary antibodies 

(anti-CLLD7 rabbit polyclonal antibody; Abcam, UK, 

anti-CHC1L rabbit polyclonal antibody; Abcam, UK, 

anti-p16INK4a mouse monoclonal antibody; Merck 

Millipore, USA) at a concentration of 1:500. Membranes 

were incubated with an appropriate secondary antibody 

conjugated with horseradish peroxidase (HRP). 

The signals were developed with freshly prepared 

chemiluminescence. Signal detection was done using 

the CCD camera in ImageQuant™ LAS 4000 (GE 

Healthcare). Image Studio Lite Version 5.2 was used to 

analyze the intensity of each band. In all immunoblot 

analyses, GAPDH was used as the internal loading 

control for the proteins. 

Immunohistochemistry (IHC): The cases 

diagnosed as OSCC were selected and retrieved as 

paraffin blocks from the Department of Oral and 

Maxillofacial Pathology, Faculty of Dentistry, Mahidol 

University. Normal oral mucosal tissues were collected 

from the flaps or leftover tissues after the removal of 

impacted third molars at the Oral and Maxillofacial 

Surgery Clinic.

IHC was completed over a period of two days. On 

the first day, three-μm-thick tissue sections were 

mounted over aminopropyltriethoxysilane (APES) 

coated slides, dried, deparaffinized, and rehydrated. 3% 

H
2
O

2
 for 10 min was used to block the endogenous 

peroxidase. Antigen retrieval was performed by heating 

the sections in citrate buffer pH 6.0 using a microwave. 

After washes with phosphate-buffered saline pH 7.6 with 

0.1% Tween 20 (PBS-T), the sections were blocked 

using 5% bovine serum albumin (BSA). Primary 

antibody diluted in commercially available diluent was 

applied over the tissue sections. Slides were then kept 

inside a humidifier and incubated overnight at 4°C. The 

concentration of primary antibody used for CLLD7 

(Abcam, Cambridge, UK) and CHC1L (Abcam, 

Cambridge, UK) was 1:400, whereas the concentration 

of 1:50 was used for p16INK4a (Zeta Corp., California, 

USA). The diluent with no primary antibody was used 

as the negative control reagent. Sections of cervical 

squamous cell carcinoma and mouse brain were used as 

positive controls for p16INK4a and CLLD7 and CHC1L 

respectively. On the second day, after draining off 

primary antibody, slides were rinsed in PBS-T 

with gentle agitation. A horseradish peroxidase 

(HRP)-conjugated secondary antibody [Dako REAL™ 

EnVision™/HRP, Rabbit/Mouse (ENV), Dako, 

Denmark] was applied over the sections and incubated 

for 30 minutes at room temperature inside the humidifier. 

After thorough washing with PBS-T, the color was 

developed in freshly-made diaminobenzidine (DAB) 

solution. Sections were then washed for 5 minutes in 

running tap water and counterstained with hematoxylin 

before rehydration and mounting. The findings of the 

study are presented as descriptive narrations.

RESULTS

WB analyses of p16INK4a, CLLD7, and CHC1L 

The basic characteristics of the OSCC cell lines used for 

WB are summarized in Table 1. These cell lines had 

been characterized and published by O-Charoenrat 

et al.25, 26
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Table 1 General characteristics of the cell lines

Cell Line Tissue of Origin Nationality
Patient 

Characteristics

LICR-HN-5 Tongue English N/A

SIHN-
HN-008

SCC cell line 
from a metastatic 
node from 1˚ at 
buccal mucosa

English 62 years;Male; 
Non-smoker; 
Non-alcoholic

SIHN-HN-
011A 

base of tongue English 54 years;Male; 
smoker

The expression of p16INK4a was evident in the HeLa 

lysate, the positive control for the protein. However, its 

expression in OSCC cell lines was not as conspicuous 

as Hela lysate as shown in Fig. 1. The expression of 

GAPDH was similar in all lanes. HeLa lysate showed 

considerably higher normalized signal intensity of 

p16INK4a compared to those of the carcinoma cell lines.

The expression of CLLD7 is illustrated in Fig. 2. 

The presence of CLLD7 could be detected only in the 

first lane where mouse brain extract, the positive control 

for the protein, was loaded. GAPDH was positive in all 

samples. Mouse brain lysate showed substantially higher 

normalized signal intensity of CLLD7 compared to those 

of the OSCC cell lines.

Fig. 3 represents the expression of CHC1L. The 

mouse thymus lysate (positive control) seemed to 

express the protein; however, the signal appeared faint. 

The OSCC lysates gave the impression of expressing 

the protein. The GAPDH signal was also weak in the 

first lane whilst the OSCC lysates had accentuated 

signals. When normalized to GAPDH, mouse thymus 

lysate had the highest signal intensity for CHC1L 

compared to the OSCC cell lysates.

Fig. 1  WB detection of p16INK4a protein.

Fig. 2 WB detection of CLLD7 protein.
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Fig. 3  WB detection of CHC1L protein.

IHC analysis of p16INK4a, CLLD7, and CHC1L 

The characteristics of the patients from whom the specimens 

for IHC were obtained are summarized in Table 2.

Table 2 Patient characteristics based on specimen types

Demographic 
characteristics

OSCC 
(n=10)

Normal Mucosal 
Tissue (n=10)

Sex (M/F) 5/5 7/3

Age (Mean± SD) years 58.6±13.36, 
range: 30-79

22.2±4.59, 
range: 15-31

Site
Right lateral tongue
Left lateral tongue
Tooth socket (47)
Buccal mucosa to 
buccal gingiva (44-47)
Nodule at lower 
gingiva (skin graft)
Lower Lip
Mass at the left palate
Gingival mass (13-18)
Pericoronal tissue of 
3rd molar
mandibular right
maxillary right 
mandibular left

2
2
1
1

1

1
1
1

6
2
2

Associated risk factors 
Smoking
Ill-fitting denture
Radiotherapy
Known case of OSCC
No known factors

1
2
1
1
5

None

Histological 
Differentiation 

Well-differentiated
Moderately 
differentiated
Unknown

4
3

3

Not applicable

The representative staining of p16INK4a in normal 

mucosa and OSCC is depicted in Fig. 4. The positive 

staining of p16INK4a was seen in both normal mucosa and 

OSCC with a higher frequency of positively stained cells 

in normal mucosa. In normal mucosa, the positively-

stained basal and suprabasal cells predominately showed 

nuclear staining. In OSCC, cytoplasmic staining was 

more prevalent than nuclear staining in the positive cells. 

However, only a few cells exhibited both nuclear and 

cytoplasmic staining. The intensity of staining was 

weaker in OSCC tissues and in most of the cases, only 

peripheral cells of the tumor islands showed positive 

staining.

Fig. 4  IHC expression of p16INK4a. A, D-Normal oral mucosa; 

B, E-Well differentiated OSCC; C, F-Moderately 

differentiated OSCC; A, B, C- original magnification Χ

100; D, E, F- original magnification Χ 400
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The expression pattern of IHC staining of CLLD7 

in normal mucosa and OSCC was similar to that of 

p16INK4a in that the CLLD7 positive cells were present 

in all the epithelial layers of the normal oral mucosa. 

Towards the basal and suprabasal layers, the cells 

exclusively showed either nuclear staining alone or 

nuclear-cytoplasmic staining, whereas, positive cells in 

the superficial layers showed nuclear-cytoplasmic 

staining. In OSCC, the positive staining was observed 

in the malignant squamous cell nests that invaded the 

underlying connective tissue. The pattern of staining in 

the tumor cells in these nests was either nuclear or 

cytoplasmic but the intensity of staining was weaker in 

comparison to normal mucosa.

Fig. 5  IHC expression of CLLD7. A, D-Normal oral mucosa; 

B, E-Well differentiated OSCC; C, F-Moderately 

differentiated OSCC; A, B, C- original magnification Χ; 

D, E, F- original magnification Χ 400

Fig. 6 illustrates the IHC staining of CHC1L in 

normal mucosa and OSCC. The CHC1L positive cells 

were present in both the normal mucosal and OSCC. In 

most of the normal mucosa, cells in the basal and 

suprabasal layers exclusively showed cytoplasmic and 

nuclear staining. The OSCC had basically cytoplasmic 

staining in the positive cells, which was less intense 

compared to the normal mucosa. However, the 

intervening connective tissue between the islands of 

invading tumor showed accentuated positive intensity.

Fig. 6  IHC expression of CHC1L. A, D-Normal oral mucosa; 

B, E-Well differentiated OSCC; C, F-Moderately 

differentiated OSCC; A, B, C- original magnification Χ

100; D, E, F- original magnification Χ 400

DISCUSSION

 The expression of p16INK4a along with two other 

potential tumor suppressor proteins CLLD7 and CHC1L 

using WB and IHC in oral cancer cells and tissues has 

been reported for the first time in this study. The WB 

analysis for p16INK4a and CLLD7 showed the presence 

of these proteins only in their respective controls (Fig.  

1 and 2). These proteins were entirely absent in other 

OSCC cell lines. Although there could be few 

possibilities on how these proteins might have been lost 

in OSCC cell lines, the possibility that p16INK4a and 

CLLD7 might have been downregulated during 

malignant transformation of these cells also remains; the 

downstream effect of which was seen as the absence of 

these proteins in the cell lines. 

 The WB image for CHC1L also showed a rather 

indistinct band around 60 kDa in the lane which had the 

positive control loaded as shown in Fig. 3. The mouse 

thymus lysate (LYSATE0019, BOSTER BIO. 

Pleasanton, CA, USA) used in this study was a ready-

to-use-product. This weakness in the band signal might 

be attributed to the sample degradation that might have 

occurred during shipping and freezing-thawing cycles. 

The OSCC cells lines also showed bands corresponding 

to the band around 60 kDa in the control lane. However, 
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the normalized signal intensity of CHC1L to GAPDH 

for mouse thymus lysate was higher than those for OSCC 

cell lysates, which gave an impression that the protein 

might have been present in less abundance in the 

carcinoma cell lines compared to the control. We 

acknowledged the limitation of this study in that lysate 

from normal oral keratinocytes should be included as a 

control. Therefore, in future studies, normal oral 

keratinocyte lysate should be included to indicate the 

normal level of this protein in normal cells. 

 In the present study, p16INK4a showed nuclear 

staining localized at the basal and suprabasal layers of 

the normal oral mucosa. Since p16INK4a is a nuclear 

protein involved in the regulation of the RB pathway of 

the cell cycle, nuclear staining seems reasonable. Our 

results are in line with those by Queiroz et al.27 and 

Muniswamy et al.28 where at least 50 % of normal 

mucosal tissues showed p16INK4a-positivity. All the 

OSCC tissues primarily showed cytoplasmic staining 

for p16INK4a in the present study. The cytoplasmic 

staining could only be appreciated in the squamous cell 

nests that invaded the underlying connective tissue while 

the contiguous epithelium was devoid of any positive 

staining. This finding is in agreement with a study by 

Natarajan et al.29 in which the microinvasive areas of 

OSCC constantly expressed p16INK4a. 

 The present study is the first to assess the expression 

of CLLD7 and CHC1L in oral cancers. In normal 

mucosa, CLLD7 showed nuclear and nuclear-cytoplasmic 

immunostaining. CLLD7 is a nuclear protein with RCC1 

and BTB domains. RCC1 is believed to have roles via 

the RAN pathway in chromatin condensation, 

nucleocytoplasmic translocation of protein9, and 

chromatin-induced formation of the mitotic spindle.10 

The BTB domain might control the key steps in the cell 

cycle by selective ubiquitin-dependent degradation of 

key substrates.6,7 From this standpoint, the immunostaining 

pattern of CLLD7 seems believable as the protein might 

be involved in chromatin condensation in actively 

dividing basal cells thereby showing nuclear staining. 

However, in OSCC tissue, CLLD7 might have been 

mutated or deleted causing low or absence expression 

of the protein. The immunohistochemistry analysis in 

these tissues thus failed to show nuclear staining. As far 

as the immunostaining pattern of CHC1L is concerned, 

it can also be related to the functions of the protein. 

CHC1L is believed to be a member of the CHC1-related 

GEF (Guanine Nucleotide Exchange Factor) family. 

Being a GEF, CHC1L may have a regulatory function 

in intracellular transport by membrane trafficking at 

nuclear or organelle membranes and play a role in human 

tumor cell growth, possibly in the transfer of an 

anti-oncogenic signal.12 From this perspective, a nuclear, 

cytoplasmic or membrane staining for CHC1L seems 

reasonable. The downregulation of CHC1L might have 

caused the reduction in the protein expression, which 

presented as faint cytoplasmic immunostaining in the 

tumor cells of the OSCC tissues.

 This is a preliminary study that evaluated the 

expression of p16INK4a, CLLD7, and CHC1L in OSCC. 

There are few limitations of this study such as lack of 

normal oral keratinocyte lysate for the WB analysis, a 

relatively small number of tissue samples for IHC and 

use of descriptions rather than quantitative data to report 

the results. These limitations, however, can be rectified 

in future studies. 

CONCLUSION

 Despite having limitations in this study, from the 

attenuated signal intensities of desired proteins in OSCC 

cell lines and their weak expression in the OSCC tissues, 

a preliminary assumption that p16INK4a, CLLD7, and 

CHC1L might have been lost during the malignant 

transformation of the normal tissue can be made. Thus, 

these proteins might have some roles as tumor 

suppressors. 
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ABSTRACT

Background: Oral lichen planus (OLP) and oral 

lichenoid reactions (OLR) are chronic inflammatory 

disease of immune-mediated pathogenesis affecting oral 

mucosa. Presence of positive fibrinogen and C3c in the 

affected tissues analyzed by direct immunofluorescence 

has been used as a diagnostic tool for these diseases. 

Objective: To investigate whether C3c and fibrinogen 

in the saliva of patients with OLP or OLR could be used 

for the diagnosis of or monitoring the diseases. 

Method: Whole saliva samples were retrieved from 33 

subjects with OLP or OLR and 33 age- and gender-

matched normal subjects who attended the Advanced 

General Dentistry and Oral Medicine Clinic, Faculty of 

Dentistry, Mahidol University, Thailand. Demographic 

data of patients were recorded. Immunoblot analyses 

were performed using primary antibody against C3c 

and fibrinogen. The signals were developed by 

chemiluminescence and detected by blot scanner. The 

levels of proteins were compared between patients and 

age- and gender- matched controls and in one patient 

before and after treatment with improvement using 

Image Studio version 4.0 software (USA). 

Result: The majority of patients were female (28/33 or 

84.8%). The mean ages of patients and controls were 

53 ± 9.88 and 52 ± 10.65 years old, respectively. The 

saliva of OLP or OLR patients and age- and gender-matched 

control subjects were paired individually. Primary results 

revealed that 13 (39.39%) patients had higher levels of 

fibrinogen than the controls.  Moreover, 13 patients 

(7 patients were redundant with the former) exhibited 

higher salivary C3c levels compared to the controls. 

However, the reduction of these proteins was observed 

in a patient after treatment of the disease with 

improvement. 

Conclusion: Salivary C3c and fibrinogen may not be 

utilized for the diagnosis of OLP or OLR. However, they 

may be used as markers to monitor the progression of 

these diseases after improvement of the disease. A 

prospective study is still needed to confirm this result.

Keywords: C3c, Fibrinogen, Oral lichenoid reaction, 

Oral lichen planus, Salivary proteins
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INTRODUCTION

Oral lichen planus (OLP) and oral lichenoid 

reactions (OLR) are chronic inflammatory diseases of 

immune-mediated pathogenesis affecting oral mucosal 

tissues. It has been observed around the world, and it 

usually occurs in middle-aged adults with a slight female 

predominance. Prevalence rates of OLP in the population 

were reported ranging from 0.5% to 2.2%.1,2 There are 

several types of clinical presentation of OLP and OLR 

but the most commonly seen types are reticular, atrophic, 

and ulcerative/erosive forms. Mostly, their clinical 

appearances mimic other types of vesiculobullous 

diseases including lupus erythematosus, pemphigus 

vulgaris, and mucous membrane pemphigoid, and 

therefore, this renders the biopsy of lesion required for 

the definitive diagnosis. Histopathological features of 

OLP and OLR are unique and it usually includes 

hyperkeratosis, acanthosis, liquefactive degeneration of 

the basal cell layer, and prominent lymphocytic 

infiltration at the epithelium-connective tissue interface.1

In addition to its histopathological features, direct 

immunofluorescent (DIF) staining also aids in the 

diagnosis of this disease. Recently, it was revealed that 

the most common patterns of DIF in OLP and OLR were 

shaggy expression of fibrinogen at the basement 

membrane zone (BMZ), IgM deposition as colloid 

bodies3,4, and C3 deposition as granular and linear 

patterns5, hence, the presence of these proteins in the 

immunofluorescence were usually utilized for the 

diagnosis of OLP.

Because of the high prevalence and associated 

morbidities of this oral disease, screening and diagnostic 

modalities for early detection are being sought. Saliva 

is a promising diagnostic fluid for the screening and 

diagnosis of various oral diseases.6 Due to high 

sensitivity assays and simple and non-invasive saliva 

collection techniques, usage of saliva as biomarkers for 

various diseases has been developed. Human saliva 

proteomics has been considered as an innovative 

approach in finding protein biomarkers for human 

diseases. 

In the previous study, salivary C3c and fibrinogen 

have been identified as biomarkers for OLP by 2-D gel 

electrophoresis and mass spectrophotometry.7 The 

salivary proteins which were found only in the saliva of 

patients with OLP and not in normal control from 2-D 

electrophoresis were fibrinogen and C3c.7 Therefore, in 

this study, more patients were included and validation 

whether these proteins can be used as biomarkers for 

OLP was performed. Additionally, we preliminarily 

investigated whether there would be any reduction of 

these proteins in the saliva of patients after improvement 

of the diseases. 

MATERIALS AND METHODS 

This study was approved by the Faculty of Dentistry/

Faculty of Pharmacy, Mahidol University, Institutional 

Review Board (MU-DT/PY-IRB 2010/001.1511).

Sixty-six subjects (normal controls and patients with 

OLP or OLR) were recruited from the Advanced 

Dentistry Clinic at the Faculty of Dentistry, Mahidol 

University and there were 33 subjects in each group. The 

normal subjects had age- and gender-matched with the 

OLP or OLR patients, had no systemic diseases, did not 

use any medication systemically or locally in the oral 

cavity within previous 3 months, and had no candida 

infection confirmed by candida culture. Exclusion 

criteria for normal subjects were patients with severe 

periodontitis defined by PSR score 4 or subjects with 

any clinical signs of intra oral inflammation or infection 

such as denture stomatitis, pulpitis, dental or gingival 

abscess, active oral mucosal inflammatory or immune 
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mediated lesion. Subjects who smoked, regularly 

consumed alcohol, were pregnant or being in the 

lactation period and unwilling to participate in this 

research were also excluded. The criteria of OLP or OLR 

group were patients who were clinically or histopatho-

logically diagnosed as OLP or OLR according to the 

diagnosis guideline of van de Meij and van de Waal8, 

had no clinical signs of intraoral inflammation or 

infection rather than OLP or OLR, had no candida 

infection according to candida culture result and were 

not on any medication for OLP or OLR treatment.

Demographic data were recruited by interviewing. 

Oral examinations including periodontal examination 

(PSR), plaque index, salivary flow rate, characteristic 

and OLP score evaluation was performed.9 

The whole unstimulated saliva (WUS) was collected 

between 9 am and 12 pm using spitting method.10 Then, 

the samples were centrifuged at 10,000 g for 10 minutes 

at 4oC to remove insoluble materials. The supernatant 

was separated and protease inhibitor cocktail (Roach 

Diagnostics GmbH Mannheim, Germany) was added. 

Next, the protein concentrations of saliva samples were 

determined using Pierce™ BCA   Protein Assay Kit 

(Thermo Scientific, USA). 

Fifteen micrograms of total proteins in each sample 

were used in immunoblotting analysis and separated by 

10% or 12% SDS-PAGE. The separated proteins were 

transferred to nitrocellulose membrane and subsequently 

probed with primary antibodies: polyclonal rabbit 

anti-human C3c complement antibody (DAKO, 

Glostrup, Denmark) and polyclonal goat anti-fibrinogen 

β antibody (Santa Cruz Biotechnology, Inc., USA). 

Then, the membranes were incubated in horseradish 

peroxidase-conjugated goat anti-rabbit IgG secondary 

antibody (Bio-Rad Laboratories, Inc., USA) for C3c and 

horseradish peroxidase-conjugated donkey anti-goat IgG 

secondary antibody (Santa Cruz Biotechnology, Inc., 

USA) for fibrinogen. The protein bands were visualized 

by Western Lightening Chemiluminescence Reagent 

Plus (Perkin Elmer, USA).

Statistical Analysis:  Statistical analysis was 

performed with SPSS 18.0 software (SPSS Inc. Illinois, 

USA). The patients’ characteristics, age, flow rate and 

concentrations of total salivary protein were described 

in descriptive analysis. T-test was used for analyzing the 

difference of age, flow rate and concentrations of total 

salivary protein between normal controls and OLP or 

OLR patients. Significant difference was indicated when 

p < 0.05. The intensity of each band was measured and 

subjected to quantification. The intensity of the bands 

was analyzed by Image Studio™ 4.0 software (LI-COR, 

USA). The intensity of the bands from patients and 

normal control subjects were then compared. Numbers 

of pairs with higher and lower expressions of fibrinogen 

and C3c were reported.

RESULTS

Overall, 66 subjects including 33 patients and 33 

normal control subjects who attended the Advanced 

Dentistry and Oral Medicine Clinics at Faculty of 

Dentistry, Mahidol University were recruited. The 

demographic characteristics of patients with OLP or 

OLR and normal subjects are presented in Table 1. 

Generally, normal subjects and patients with OLP or 

OLR lesions were similar according to age, gender, 

salivary flow rate and salivary protein concentrations. 

The majority of patients with OLP or OLR were female 

(84.8%). We recorded OLP score representing the 

severity of lesions in patients with OLP or OLR. The 

mean of OLP score was 13.62.
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Table 1 Demographic of patients with OLP and normal subjects 

OLP (n = 33) Normal (n = 33) p

Age (years)

   Mean ± SD

   Range

53 ± 9.88

26 - 73

52 ± 10.65

29 - 70
.996

Gender

   Male

   Female

5

28

5

28

Flow rate (ml/min)

   Mean ± SD 0.48 ± 0.31 0.58 ± 0.59 .422

Concentrations of salivary total protein (μg/ml)

   Mean ± SD

   Range

1,624.06 ± 627.03

790.72 – 2,824.61

1,467.02 ± 680.29

675.93 – 3,774.77
.333

OLP Score

   Mean ± SD 13.62 ± 7.75

SD : Standard Deviation

Immunoblot analysis of C3c The intensity of the 

bands was analyzed by Image Studio™ 4.0 software 

(LI-COR, USA). The band intensity of each lane was 

demonstrated as a bar graph below the picture of the 

corresponding blot.

In Fig. 1, representative immunoblot of salivary C3c 

protein is demonstrated. C3c levels in the saliva of pa-

tients in the second (N20 and LP20) and the third (N22 

and LP22) pairs were higher than the controls. The first 

(N8 and LP8) and the last (N24 and LP24) pairs 

exhibited higher expression of C3c in the control group 

compared to the OLP or OLR group. The Ponseau S. 

staining represented the amount of total loading proteins 

which were similar among all lanes. Among thirty-three 

pairs of age- and gender-matched samples, it was 

revealed that only 13 pairs (39.39%) exhibited higher 

C3c levels compared those of age- and gender-matched 

normal control subjects.

Fig. 1  Representative blot of C3c and corresponding Ponseau 

S. staining. The bar chart demonstrates the normalized 

C3c band intensities.

Immunoblot analysis of fibrinogen Fig. 2 

represents an example of fibrinogen immunoblot 

analysis. The second (N20 and LP20) and the third (N22 

and LP22) pairs of saliva samples revealed higher 

expressions of fibrinogen in the OLP or OLR group 

compared to the normal control group. The first (N8 and 

LP8) and the last (N24 and LP24) pairs demonstrated 

higher expression of fibrinogen in the normal control 

group compared to OLP or OLR group. From 33 pairs 

of saliva samples, we found only 13 (39.39%) saliva 

samples with higher expression of fibrinogen in OLP or 

OLR group compared to matched controls. The Ponseau 

S. staining showed the similarity of total loading proteins 

in each lane.

Fig. 2  Representative blot of fibrinogen and corresponding 

Ponseau S. staining. The bar chart demonstrates the 

normalized band intensities.
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Reduction of salivary C3c and fibrinogen levels 

after treatment with improvement  We next conducted 

a pilot study by collecting saliva from a normal subject 

(N21) and a subject with OLP or OLR before (LP21) 

and after treatment with improvement (LP21tx) then 

performed Western blot analysis. This patient presented 

with a severe form of the disease (OLP score of 11.5) 

since there were ulcers, erosion and white striation in 

several areas. According to Western blot analysis, it was 

found that the levels of C3c and fibrinogen in this patient 

before treatment were higher than those of the normal 

age- and gender-matched subject (Fig. 3). Interestingly, 

after treatment with improvement (OLP score reduced 

to 5), the reduction of these proteins was appreciated 

(Fig. 3). We therefore assumed that these proteins might 

have a potential for the use of monitoring diseases after 

improvement.

Fig. 3  Decreased levels of C3c and fibrinogen were appreciated after treatment in a patient with OLP or OLR with improvement.

DISCUSSION

In this study, 84.8% of all patients with OLP were 

female and the most affected site of OLP was buccal 

mucosa. Similar results were reported in the study by 

Werneck and colleagues in 2015 that 66.6% of patients 

investigated were female and buccal mucosa was the 

most affected site.11 Many studies attempted to find 

protein biomarkers for oral lichen planus. The first study 

of OLP biomarkers was from Mizukawa et al. (1999) 

who reported significantly higher expression of 

defensin-1 in OLP subjects compared to normal 

subjects.12 Other studies reported various potential 

salivary protein biomarkers for oral lichen planus 

such as TNF-α13,14,15,16, p5317, PLUNC and urinary 

prokallikrein.18 In 2018, our group identified salivary 

protein biomarkers of oral lichen planus using 

two-dimensional electrophoresis (2-DE), followed by 

mass spectrometry.7 We reported that the levels of 3 

salivary proteins including cystatin SA, C3c and 

fibrinogen were different in the OLP group compared to 

the normal group. Salivary C3c and fibrinogen levels 

were higher in the OLP group compared to normal 

controls and the levels of cystatin SA were lower in the 

OLP group compared to normal controls.

In this study, we chose only 2 proteins, C3c and 

fibrinogen to be further investigated since it was reported 
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that these 2 proteins were found to be positive and used 

as markers in direct immunofluorescent analysis of OLP.  

Fibrinogen plays important roles in blood clotting, 

fibrinolysis, cellular and matrix interaction, cell adhesion 

and especially inflammatory response.19 C3c also plays 

a significant role in the mediation of local inflammatory 

process.20 Since OLP and OLR are inflammatory diseases, 

therefore we speculated that some of these proteins 

should exist in the saliva of OLP or OLR patients. 

Our result indicated higher expression of fibrinogen 

in 13 OLP or OLR subjects compared to 13 age- and 

gender-matched controls. The other 13 patients 

(7 patients were redundant with the former 13 patients) 

exhibited higher salivary C3c levels compared to the 

controls as well. We have tried our best to find age- and 

gender-matched controls without any history of 

inflammatory diseases. It is possible that some of the 

salivary samples were received from patients with low 

severity of OLP. Some of the patients presented with 

only white striation and atrophic areas without erosion 

or ulcers. If the surface of the epithelium is intact, some 

of these proteins might not diffuse into saliva. In 

addition, there may be a variation of these proteins 

among individuals. Therefore, we conducted a 

preliminary cohort study in one patient to investigate 

whether these protein levels may change after the 

improvement.  When comparing the levels of these 

proteins with a normal control, higher levels of 

fibrinogen and C3c were appreciated (Fig. 3). Reduction 

of these proteins after treatment was revealed in this 

patient after treatment with improvement (Fig. 3). Since 

there are many limitations in this study. We are 

performing more study in more patients. We have to 

consider the severity of the disease since a lot of patients 

in this present study had mild forms of the diseases, i.e. 

these patients presented with only white striation and 

atrophic lesions where the epithelium was intact. The 

severity of periodontal disease must also be considered 

since this might also affect the levels of these proteins. 

Although we have tried to match all subjects, but 

different persons may present with different levels of 

these proteins. Therefore, comparing these proteins in 

different persons might be more difficult. 

CONCLUSION 

Our preliminary results demonstrated that the 

salivary C3c and fibrinogen might not be higher in 

patients with OLP or OLR. However, whether they may 

be used as protein markers for monitoring the progression 

of the disease is to be investigated. A cohort study is still 

needed to confirm this result.
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ABSTRACT

Background: The success rate of direct pulp capping is 

still unpredictable. To improve its success, several 

bioactive agents have been introduced. The antimicrobial 

peptide LL-37, the only human cathelicidin peptide that 

exerts various anabolic effects on several cell types, has 

been shown to induce expression of vascular endothelial 

growth factor and migration of human dental pulp cells, 

which may benefit the direct pulp capping. 

Objectives: This study, therefore, aimed to investigate 

the effect of LL-37 on odontoblastic differentiation and 

mineralization of human dental pulp cells. 

Methods: Dental pulp cells isolated from three different 

donors (18-20 years old) at passages 2-4 were treated 

with various non-toxic concentrations of LL-37, as 

determined by an MTT assay. Expressions of dentin 

sialophosphoprotein (DSPP) and dentin matrix protein-1 

(DMP-1) mRNA and protein were determined by 

R T- PCR and immunoblotting, respectively. The 

differentiation and mineralization were assayed by 

alkaline phosphatase activity and alizarin red staining, 

respectively. Data were statistically analyzed using the 

Kruskal-Wallis test, followed by the Mann-Whitney 

U test. 

Results: Treatment with LL-37 at 0.5, 1, 2, or 4 μM for 

7 days was not toxic to human dental pulp cells. 

Moreover, treatment  with LL-37 at these concentrations 

for 7 days significantly increased the number of dental 

pulp cells as compared to that of untreated control cells 

(p<0.05). Treatment with LL-37 for 3 days at 1, 2, and 

4 μM also significantly up-regulated DSPP expression 

in human dental pulp cells (p<0.05).  Staining for 

alkaline phosphatase activity and mineralization in 

human dental pulp cells was evidently enhanced by 

treatment with LL-37 at 4 μM for 14 days.  

Conclusion: Our results demonstrate that treatment 

with LL-37 at 4 μM more than 3 days can promote 

proliferation, differentiation, and mineralization of 

human dental pulp cells. 

Keywords: Antimicrobial peptide, Cathelicidin, Dental 

pulp, Mineralization, Odontoblast 

INTRODUCTION

Vital pulp therapy, comprising indirect or direct 

pulp capping and partial or full pulpotomy, is a treatment 

of choice for maintaining vital pulp tissue. Its general 

concept is to remove all stimuli, caries and inflamed pulp 

tissue, followed by sealing the exposed pulp with proper 

pulp dressing. Its ultimate goals are absence of clinical 
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and radiographic symptoms, complete root formation, 

and complete dentin bridge formation.1 The high success 

rate of vital pulp therapy has been reported between 

95.4% and 99.4%, except for direct pulp capping, whose 

success rate varies between different clinical studies 

from 40% to 80%. Therefore, the outcome of direct pulp 

capping is still unpredictable.2,3

Regenerative endodontics is based on tissue 

engineering concepts, including stem cell proliferation, 

biocompatible scaffolds, and bioactive agents,4 which 

are partly applied to the vital pulp therapy. Mesenchymal 

stem cells residing in the dental pulp tissue have an 

ability to differentiate into odontoblast-like cells, whose 

main function is to form dentin. Incorporation of novel 

bioactive agents, which exert anabolic effects on pulp 

stem cells, into pulp capping materials is an emerging 

trend in regenerative endodontics in order to promote 

differentiation and function of pulp stem cells to 

complete dentin bridge formation4,5 because a key 

success of direct pulp capping treatment is to have dentin 

bridge covering the exposed pulp.

The antimicrobial peptide LL-37 is the only member 

of the human cathelicidin family.6 Besides its antimicrobial 

effect, LL-37 possesses several other biological activities 

and exerts anabolic effects on the dentin-pulp complex 

tissue in some studies. Especially, it could induce 

migration of human pulp cells,7 promote the hum an 

dental pulp cell line to proliferate and differentiate into 

odontoblast-like cells,8 and create a suitable environment 

by increasing vascular endothelial growth factor 

expression for promotion of pulp wound healing.9 

However, no study has so far investigated the effects of 

LL-37 on proliferation, differentiation and mineralization 

of primary human dental pulp cells. It was hypothesized 

that LL-37 could promote proliferation, differentiation, 

and mineralization of human dental pulp cells, which 

would contribut e to dentin bridge formation and be 

beneficial for development of future pulp capping 

materials to improve its treatment outcome. The 

objective of this study was, therefore, to examine the 

effects of LL-37 treatment on proliferation, differentiation 

and mineralization of primary human dental pulp cells 

in vitro.

MATERIALS AND METHODS

Isolation and Culture of Human Dental Pulp 

Cells: Dental pulp cells were isolated from pulp tissue 

of three normal premolars, extracted for orthodontic 

reasons, from three different healthy volunteers (18-20 

years old) with their written informed consent. The 

protocol of this study was approved by the Human 

Experimentation Committee, Chiang Mai University 

(10/2562). These cells, having grown out from the tissue 

explant, were cultured in Dulbecco’s modified Eagle’s 

medium (DMEM; Gibco, Grand Island, NY, USA), 

supplemented with 10% fetal bovine serum (Gibco), 100 

U/ml penicillin G (Gibco), and 100 μg/ml streptomycin 

(Gibco) at 37°C in a humidified atmosphere with 5% 

CO
2
. The culture medium was replenished every two 

days. Cells at passages 2-4 were used in subsequent 

experiments.

MTT Assay: The cells were seeded in 96-well 

plates at a  density of 20,000 cells per well and were 

treated or left untreated, as a negative control, with 0.5, 

1, 2, 4, 6, 8, or 10 μM of LL-37 for 24 hours or 7 days 

for a long-term treatment. Cell viability was assessed by 

incubating the cells with MTT reagent (3-[4,5-dimeth-

ylthiazol-2-yl]-2,5-diphenyl-tetrazolium; Sigma-Aldrich, 

St. Louis, MO, USA) for 4 hours. After that, the medium 

was removed, and dimethyl sulfoxide (Sigma-Aldrich) 

was added and shaken for 10 minutes until purple crystal 

was dissolved. The optical density of the solution was 
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measured by an ELISA plate reader (Tecan, Sunrise, 

Männedorf, Switzerland) at 540 nm with a reference 

wavelength at 690 nm.

Reverse Transcription – Polymerase Chain 

Reaction (RT-PCR): Human dental pulp cells were 

seeded in 6-well plates at a density of 100,000 cells per 

well and were treated with or without non-toxic doses 

of LL-37, as determined from the MTT assay, for 3 days. 

Total RNA was isolated using the RNAspin Mini RNA 

Isolation kit (GE Healthcare Life sciences, Uppsala, 

Sweden) according to the manufacturer’s instruction. 

The amount of total RNA was measured by a NanodropTM 

2000 spectrophotometer (Thermo Fisher Scientific, 

Rochester, NY, USA), and a 2-μg quantity of total RNA 

was reversely transcribed into complementary DNA 

(cDNA) using the RevertAid H Minus First Strand 

cDNA Synthesis kit (Thermo Fisher Scientific) following 

the manufacturer’s protocols. Ten percent of newly 

synthesized cDNA (vol/vol) was amplified in a PCR 

thermocycler (Eppendorf, Hamburg, Germany) using 

1.25 U of Taq polymerase and 0.4 μM for each of the 

primer pairs specific for dentin sialophosphoprotein 

(DSPP), dentin matrix protein-1 (DMP-1), and glycer-

aldehyde 3-phosphate dehydrogenase (GAPDH), as an 

internal control, for 36, 34 and 22 cycles, respectively. 

The sequences of all primers are shown in Table 1. The 

PCR products were resolved on 1.5% agarose gel, 

stained with ethidium bromide, and digitally photographed 

using the ChemiDocTM XRS instrument (Bio-Rad 

Laboratories, Hercules, CA, USA). 

Table 1 Oligonucleotide primer sequences used in RT-PCR

Gene Sequence 5’-3’ Reference

DSPP (Forward) CCCAATAGCAGTGATGAATCTAA Samiei M, et al.10

(Reverse) TGTCATCATTCCCATTGTTACC

DMP-1 (Forward) GCAGAGTGATGACCCAGAG Eslaminejad MB, et al.11

(Reverse) GCTCGCTTCTGTCATCTTCC

GAPDH (Forward) TGCACCACCAACTGCTTAGC Supanchart C, et al.12

(Reverse) GGCATGGACTGTGGTCATGAG

Western Blot Analysis: Human dental pulp cells 

were seeded in 6-well plates at a density of 100,000 cells 

per well and were treated with or without non-toxic 

doses of LL-37 for 3 days as mentioned above. Cells 

were lysed for total protein with 1% Triton-X100 

(Sigma-Aldrich). A 10-μg quantity of total protein 

was resolved on 12% SDS-PAGE and transferred to 

nitrocellulose membrane. The membrane was blocked 

using 5% non-fat dry milk in 0.1% Tween-Tris-buffered 

saline (Bio-Rad Laboratories) for 1 hour and incubated 

with anti-human DMP-1 (1:500, Santa Cruz Biotechnology 

Inc., Santa Cruz, CA, USA), anti-human DSPP (1:500, 

Santa Cruz Biotechnology Inc.), and anti-human β-actin 

(1:500, Santa Cruz Biotechnology Inc.) overnight at 

4ºC. After washing, the membrane was reacted with 

horseradish peroxidase-conjugated secondary antibody 

(KPL, Gaithersburg, MD, USA) and LumiGLO® 

Reserve Chemiluminescence (KPL), as a substrate. The 

ChemiDocTM XRS instrument was used to capture the 

signal, and the intensities of protein bands were 

measured by ImageJ software version 1.52a (National 

Institutes of Health, Bethesda, MD, USA).
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Alkaline Phosphatase Activity and Alizarin Red 

Staining: Human dental pulp cells were seeded in 48-

well plates at a density of 60,000 cells per well. Cells 

were incubated with non-toxic doses of LL-37 as above 

in odontogenic induction medium, consisting of alpha 

modification of Eagle’s Medium (α-MEM; Gibco) 

supplemented with 50 μg/ml ascorbic acid (Sigma-

Aldrich), 0.1 μmol/l dexamethasone (Sigma-Aldrich), 

and 10 mmol/l β-glycerophosphate (Sigma-Aldrich) for 

14 days. After that, cells were fixed with 4% paraform-

aldehyde (Sigma-Aldrich) for 15 minutes at 4°C.

For alkaline phosphatase activity, cells were 

incubated with CHAP-buffer (3-[(3-cholamidopropyl) 

dimethylammonio]-1-propanesulfonate) for 30 minutes 

at room temperature. After that, the CHAP-buffer was 

removed, and the detection buffer, containing nitroblue 

tetrazolium chloride and 5-bromo-4-chloro-3’-in-

dolyphosphate p-toluidine salt, was added and incubat-

ed at room temperature for 30 minutes in the dark room. 

For Alizarin red staining, cells were incubated with 

Alizarin Red S (Amresco, Solon, OH, USA) at room 

temperature for 10 minutes, and the excess dye was gently 

removed by washing with phosphate-buffered saline. 

Statistical Analysis:  Each experiment was repeated 

three times using cells from three different donors, and 

data were statistically analyzed using the Kruskal-Wallis 

test followed by the Mann-Whitney U test. All statistical 

analyses were performed using SPSS software version 

17.0 (SPSS Inc, Chicago, IL, USA) and the statistical 

significance was considered at p-values <0.05.  

RESULTS

Long-term Treatment with LL-37 Promotes 

Proliferation of Human Dental Pulp Cells: Using the 

MTT assay to determine cytotoxicity of LL-37 treatment 

at various doses, it was demonstrated that LL-37 treatment 

at all doses for 24 hours significantly decreased the 

percentage of cell viability in human dental pulp cells in 

a dose-dependent manner (p<0.05; Fig. 1A).  However, 

treatment with LL-37 at 0.5, 1, 2 and 4 μM for 7 days 

significantly increased the percentage of cell viability 

(p<0.05; Fig. 1B), suggesting that long-term treatment 

with LL-37 at low doses promotes proliferation of human 

dental pulp cells.  Nevertheless, treatment with LL-37 at 

high doses (more than 6 μM) for 7 days significantly 

decreased the percentage of cell viability (p<0.05; Fig. 

1B). Therefore, the doses of LL-37 from 0.5 to 4 μM were 

selected for subsequent studies.

Fig. 1  Effect of LL-37 treatment on the viability of human dental pulp cells as assayed by MTT. Human dental pulp cells (2x104 

cells per well) in 96-well plates were treated with various concentrations of LL-37 at in dicated doses for 24 hours or 7 days. 

MTT assay was performed to determine the cell viability. The b oxplot graphs demonstrate the percentages of cell viability in 

LL-37-treated samples relative to that of the untreated control, set to 100, at 24 hours (A) and 7 days (B).  A horizontal line 

within the box represents a median value with the 25th and 75th percentiles at the upper and lower borders of the box. * = p<0.05; 

n=3. 
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LL-37 Up-regulates Dentin Sialophos phoprotein 

Expression: By RT-PCR, it was found that treatment 

with LL-37 at 0.5, 1, 2, and 4 μM induced mRNA 

expression of the DSPP gene in human dental pulp cells 

(Fig. 2), consistent with up-regulated expression of 

DSPP protein (several bands detected between 100 and 

140 kDa) by treatment with LL-37 at the same doses in 

human dental pulp cells with an obvious induction in 

LL-37-treated cells at 1 μM (Fig. 3). Correspondingly, 

significant increases in DSPP protein expression were 

found in human dental pulp cells treated with LL-37 at 

1, 2 and 4 μM as compared to that in untreated cells 

(p<0.05; Fig. 4A). However, expression of mRNA or 

protein (two bands detected between 50 and 60 kDa) for 

the DMP-1 gene was not altered by treatment with LL-37 

at any doses (Fig. 2 and 3, respectively). No increases in 

DMP-1 protein expression were found in human dental 

pulp cells treated with LL-37 at any doses as compared 

to that in untreated cells (Fig. 4B). Expressions of 

GAPDH mRNA and β-actin protein at 43 kDa were 

equivalent among different samples (Fig. 2 and 3, 

respectively). 

LL-37 Treatment Promotes Differentiation 

and Mineralization of Human Dental Pulp Cells:  

The representative findings from three separate 

experiments for alkaline phosphatase activity (Fig. 5A), 

as a differentiation marker, and for mineralization 

(Fig. 5B) revealed an increase in blue staining in human 

dental pulp cells treated with LL-37 at 4 μM as 

compared to untreated cells (Fig. 5A), corresponding 

with an obvious increase in Alizarin red staining for 

calcium deposits in human dental pulp cells treated with 

LL-37 at 4 μM as compared to untreated cells (Fig. 5B).

Fig. 2  Up-regulation of mRNA expression for DSPP in human 

d ental pulp cells treated with LL-37 at 0.5, 1, 2 and 4 μM 

for 3 days. mRNA expression for DMP-1 was not 

induced by LL-37 treatment, whereas expression of 

GAPDH was equivalent among different samples. Total 

RNA was extracted from hu man dental pulp cells after 

LL-37 treatment and analyzed by RT-PCR. The sizes of 

PCR products are as predicted. The representative 

findings with similar results from three separate 

experiments using human dental pulp cells from three 

different donors (n=3) are shown.

Fig. 3  Upregulation of DSPP protein expression, detected 

between 100 and 140 kDa, in human dental pulp cells 

treated with LL-37 at 0.5, 1, 2 and 4 μM for 3 days. 

However, expression of DMP-1 protein, detected 

between 50 and 60 kDa, was not altered by LL-37 

treatment. Expression of β-actin protein at 43 kDa was 

equivalent among different conditions. The representative 

findings from three separate experiments with similar 

results using human dental pulp cells from three different 

donors (n=3) are shown.
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Fig. 4  Boxplot graphs illustrate significant increases in the ratios of DSPP to β-actin protein expression (A) in human dental pulp 

cells treated with LL-37 at 1, 2 and 4 μM for 3 days in comparison to that of the untreated cells, set to 1.0. Note no change 

in the ratios of DMP-1 to β-actin protein expression (B) by treatment with LL-37 at any doses was found. A horizontal line 

within the box represents a median value with the 25th and 75th percentiles at the upper and lower borders of the box. * = 

p<0.05; n=3.

Fig. 5  Treatment with LL-37 at 4 μM for 14 days promotes differentiation and mineralization in human dental pulp cells as 

demonstrated by enhanced blue staining for alkaline phosphatase activity (A) and increased Alizarin red staining (B), 

respectively. These representative findings from three separate experiments with similar results using human dental pulp 

cells from three different donors (n=3) are shown. 

DISCUSSION 

Long-term treatment with LL-37, particularly at 4 

μM, favorably exerted anabolic effects on proliferation, 

differentiation and then mineralization of human dental 

pulp cells in vitro, which is consistent with the findings 

of a previous in vitro study that showed an enhancement 

in proliferation and differentiation of the dental pulp cell 

line by treatment with LL-37 at low doses.8 Therefore, 

our findings extend previous results by an investigation 

into the effect of LL-37 treatment on mineralization of 

primary human dental pulp cells. The primary dental 

pulp cells are mixed and heterogeneous populations, 

consisting of several cell types, such as fibroblasts, 

undifferentiated mesenchymal stem cells,13 which are more 

realistic for clinical application of LL-37 use as pulp 

capping, since it is not possible to apply LL-37 onto any 

specific cell type in the pulp tissue. However, it is still 

interesting to further determine the anabolic effect of 
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LL-37 in a specific cell type, especially primary dental 

pulp stem cells, which could be isolated from the pulp 

tissue of human volunteers. 

Despite the significant reduction in cell viability 

after treatment with LL-37 at every dose for 24 hours, 

it is interesting to note the proliferative and differentiative 

effects of long-term treatment with LL-37 at low doses 

(0.5-4 μM) for 7 days, which are in line with a few 

previous studies that demonstrated a significant increase 

in the number of dental pulp cells and of human peripheral 

blood mononuclear cells after LL-37 treatment for 3 or 

7 days.8,12 However, the concentrations of LL-37, tested 

for the proliferative, differentiative and mineralization 

effects of LL-37 (0.5 to 4 μM), are still in a range of 

safety dosage as suggested for eukaryotic cells (<13 

μM).14 Moreover, it is likely that LL-37 treatment for 

24 hours, which could provoke early gene responses in 

human cells, especially genes related to pro-inflammation, 

such as induction of IL-8 and COX-2 expression in 

human gingival fibroblasts,15,16 could be attributable to 

the significantly lower number of viable pulp cells during 

the 24-hour period of treatment. 

The proliferative low doses of LL-37 also induced 

differentiation by induction of DSPP mRNA and protein 

expressions in human dental pulp cells treated with 

LL-37 for 3 days in the absence of odontogenic induction 

medium. This finding is similar to that of Milhan et al., 

2017,8 which showed upregulated DSPP mRNA and 

protein expressions in the dental pulp cell line by LL-37 

treatment for 3 days without odontogenic medium. The 

reason for not using the odontogenic medium during 

LL-37 treatment was because we wanted to determine 

the pure effect of LL-37 on cell differentiation, and it 

was demonstrated that LL-37 literally had an ability to 

promote differentiation of human dental pulp cells into 

odontoblasts even in the absence of induction medium. 

The Western blot result in Fig. 3 showed the most 

increase of DSPP protein expression by treatment with 

LL-37 at 1 μM as compared to the control untreated 

cells, but not in the other concentrations. However, in 

the box plot graph (Fig. 4A), the interquartile range 

seems to be very large. This is because the result in Fig. 3 

is a representative finding from three separate experiments 

using three different cell lines from three donors. Unlike 

one pulp stem cell line used in the study of Milhan and 

co-workers, 2017,8 large variations in terms of responses 

to LL-37 treatment are expected in primary human pulp 

cells isolated from different donors.  

DMP-1 mRNA or protein expression, which was 

not included in the study of Milhan and co-workers, 

2017,8 was not altered by LL-37 treatment. Both DSPP 

and DMP-1 are non-collagenous proteins, involved in 

the mineralization process of dentin.11 However, apart 

from odontoblasts, DMP-1 is also highly expressed in 

other cell types, such as osteocytes, chondrocytes, 

preosteoblasts, and its role in mineralization of dentin 

is still not as clear as that of DSPP, generally considered 

a marker for differentiation of odontoblasts.13 Therefore, 

it is likely that LL-37 treatment would have no effect on 

DMP-1 expression as seen in this study. 

Alkaline phosphatase activity is typically a marker 

for differentiation of hard tissue-forming cells, while 

Alizarin red staining is used to reveal calcium deposits. 

Treatment with LL-37,  particularly at 4 μM, for 14 days 

not only augmented alkaline phosphatase activity but 

also increased alizarin red staining, suggesting that LL-37 

has a potential to increase the number of odontoblasts 

derived from human dental pulp cells, which could 

eventually induce calcium deposits for regeneration of 

dentin bridge. Therefore, it remains to further elucidate 

the role of LL-37 as a pulp capping material to induce 

complete dentin bridge formation in vivo. According to 

the ultimate goals of direct pulp capping, including 

promotion of pulp wound healing, generation of 
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good-quality dentin bridge to seal the exposed pulp and 

prevent bacterial penetration, complete root development 

and function,1 application of LL-37 as a pulp dressing 

material may create a favorable environment for pulp 

wound healing because LL-37 not only functions as an 

antimicrobial agent but also suppresses overwhelming 

inflammation by neutralizing endotoxin from lipopoly-

saccharide,16,17 promotes angiogenesis,9,18 critical for 

wound healing, and induces proliferation, differentiation 

and mineralization of human dental pulp cells shown in 

this study. The limitation of this study is an inability to 

compare all responses to LL-37 treatment at the same 

time in each primary cell line because each response 

does possess its own suitable period of analysis.

CONCLUSION 

Treatment with LL-37 at 4 μM more than 3 days 

is biocompatible with human dental pulp cells and 

can promote cell proliferation and differentiation 

by upregulating DSPP expression and inducing 

alkaline phosphatase activity, which results in enhanced 

mineralization as shown by Alizarin red staining. It is 

probable that LL-37 with various biologically anabolic 

effects can be applied for use as a direct pulp capping 

material to provide better treatment outcome in the future.
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ABSTRACT

Background: There are only few reports regarding the 

screening of potential prediabetes and undiagnosed 

diabetes in a dental setting in Thailand. There is needed 

to be confirmed. Our previous study using point-of-care 

(POC) glycosylated hemoglobin (HbA1c) levels 

indicated high prevalence of hyperglycemia in dental 

patients who attended the dental settings including 

the Special Clinic at Faculty of Dentistry, Mahidol 

University, Bangkok Thailand, and the His Majesty the 

King’s Dental Service Unit, Thailand. 

Objective:  To confirm whether the prevalence of 

hyperglycemia will still be high if hospital-based 

laboratory methods are utilized to measure HbA1c 

levels.

Methods:  One hundred and two patients who were ≥20 

years old without any history of hyperglycemia who 

attended the Primary and Emergency Clinic at the 

Faculty of Dentistry, Mahidol University, were recruited. 

Demographic data, BMI, waist circumference, family 

history of diabetes mellitus (DM), signs or symptoms of 

DM, and blood pressure were recorded. Evaluation of 

the levels of POC HbA1c and random blood sugar (RBS) 

was performed in the dental clinic. Afterwards, the 

levels of HbA1c and fasting plasma glucose (FPG) were 

investigated by a hospital-based laboratory of the Faculty 

of Tropical Medicine, Mahidol University.

Results:  There were 29.4% male and 70.6% female 

participants. Approximately 50% of patients had central 

obesity, 43.1% had family history of DM, 17.6% had 

signs or symptoms of DM and 13.8% had high blood 

pressure. The prevalence of hyperglycemia defined as 

POC-HbA1c ≥5.7% was 33.3% which was similar to 

the previous findings. After the confirmation using 

HbA1c from hospital-based laboratory, the prevalence 

was reduced to 13.8%. Regarding RBS, 37.3%, 60.7% 

and 2.0% had RBS <110 mg/dl, between 110-200 mg/

dl and >200 mg/dl, respectively. According to the 

evaluation of FPG by the hospital-based laboratory, 

87.3%, 9.8% and 2.9% had FPG ≤99 mg/dl, between 

100-125 mg/dl and ≥126 mg/dl, respectively.

Conclusions:  The prevalence of hyperglycemia 

evaluated as a POC measurement in the dental setting 

may be higher than that of the hospital-based laboratory. 

However, this finding still suggested that the dental 

setting may provide an opportunity to identify individuals 

unaware of their diabetic status.

Keywords: Dental clinic, Diabetes Mellitus, Hyperglycemia, 

Thai
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INTRODUCTION

Poorly controlled type 2 diabetes mellitus (type 2 DM) 

is a metabolic disorder characterized by hyperglycemia. 

Type 2 DM can induce damages to multiple organs 

including the eyes, kidneys, nerves, heart and blood 

vessels.1 About a quarter of new patients diagnosed with 

type 2 DM already have retinopathy or microalbuminuria.2 

Microvascular and macrovascular complications can 

sometimes be present even in patients with prediabetes 

who had chronic hyperglycemia.3 The number of people 

ages ≥20 years estimated to have type 2 DM world-wide 

is expected to increase from 171 million in 2000 to 366 

million by 2030.4 According to the data from the Thai 

National Health Examination Survey IV (NHES IV), the 

age-adjusted prevalence of impaired fasting glucose 

(IFG) and undiagnosed type 2 DM among Thais aged 

≥20 years were 10.6% and 2.3%, respectively.5 The 

International DM Federation estimated that world-wide, 

half of the cases of type 2 DM are actually undiagnosed.6 

These facts support the critical need to identify type 2 

DM earlier.

Dental clinic is a unique setting for the screening of 

both prediabetes and undiagnosed diabetes. Many 

studies showed the relationship between oral health and 

diabetes mellitus.7    A strong association of periodontal 

disease and uncontrolled diabetes has been observed.8 

Our previous study conducted among 724 participants 

showed that 33.8% of the participants had hyperglycemia 

defined as HbA1c ≥ 5.7. Multiple logistic regression 

analysis showed that older age, family history of DM, 

being overweight (BMI ≥23 kg/m2), having central 

obesity and having severe periodontitis were significantly 

associated with hyperglycemia.9 

Since our previous study was conducted without the 

confirmation of hyperglycemia using laboratory-based 

technics, the objective of this study was to assess 

whether the prevalence of hyperglycemia would be 

different if the laboratory-based methods used in the 

hospital are utilized. 

MATERIALS AND METHODS 

Ethical consideration This study was approved 

by the Committee on Human Right to Human 

Experimentation of the Faculty of Dentistry/Faculty of 

Pharmacy, Mahidol University (COA. No.MU-DT/PY-

IRB 2017/047.2308).

Study population We recruited convenient sample 

of dental subjects who attended the Primary and 

Emergency Clinic, Faculty of Dentistry, Mahidol 

University. Inclusion criteria were participants who were 

20 years old and older had not been informed to be 

diagnosed as having type 2 DM, were able to fill in the 

demographic investigation form and a questionnaire. 

The reason we chose participants who are 20 years old 

and older since the NHES recruited these population for 

the survey.5 All participants agreed to the protocol and 

signed the informed consent form prior to the study 

participation. Exclusion criteria were participants who 

had conditions that cause secondary DM, being pregnant, 

being on steroid, taking glucose lowering medication, 

on chemotherapy, had been diagnosed with severe 

anemia, or polycythemia, or did not want to participate 

in this study.  

Demographic data collection A standardized 

questionnaire was used to collect data including patient’s 

gender, age, marital status, type of work, smoking and 

alcohol consumption, and history of medical illness. 

Second part of the questionnaire asked about the 

risk factors, signs, and symptoms of DM, including 

family history of DM, polyuria, polydipsia, polyphagia, 

weight loss, blurred vision, paresthesia, taste disturbance, 

stress, bad breath, halitosis, and insomnia.

Systolic and diastolic blood pressures were 

measured from the right arm in the seated position after 
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participants rests for at least 5 minutes using an automatic 

sphygmomanometer (Omron HEM-7221, Omron 

Healthcare Co., Kyoto, Japan). Elevated blood pressure 

is defined as systolic blood pressure over or equal to 140 

mmHg or diastolic pressure over or equal to 90 mmHg.

Body weight was measured with a mechanical 

balance to the nearest 1.0 kg. Standing height was 

measured with bare feet to the nearest 0.01 m. Body 

mass index (BMI) was calculated as weight (kg) divided 

by height square (m2). Overweight was defined as BMI 

over 23 kg/ m2 according to appropriate body-mass index 

for Asian populations and its implication for policy and 

intervention strategies by WHO expert consultation.10

According to the IDF consensus worldwide 

definition of the metabolic syndrome, Waist circumfer-

ence was measured midway between the inferior margin 

of the last rib and the iliac crest at the end of expiration 

with an inelastic plastic fiber tape measure to the nearest 

0.5 cm while the subject stands on both feet. Waist 

circumferences of over or equal to 80 cm in female and 

over or equal to 90 cm in male was indicate central 

obesity.11

Periodontal examination All participants had 

undergone a full-mouth periodontal examination by a 

single well-trained and experienced dentist. Periodontal 

examination was performed at the dental clinic using 

mouth mirrors and manual periodontal probe (North 

Carolina periodontal probe UNC-15 Hu Friedy 

Manufacturing, Inc., Chicago, Illinois) with an artificial 

dental unit light. Probing depth (PD) and recession was 

measured on all teeth except the third molar in 6 

locations. The level of clinical attachment loss (CAL) 

was calculated from PD and recession, and it was 

represented as the distance from the cement-enamel 

junction to the base of the periodontal pocket. Bleeding 

on probing (BOP) was recorded dichotomously as either 

present  or absent. BOP was determined to be positive 

if hemorrhage occurred within 15 seconds. Each 

participant was given instructions regarding dental 

treatment needs.

Participants’ periodontal status will be classified 

into 3 levels including severe, moderate, and mild or no 

periodontitis according to the extent and severity of 

periodontal disease using the following criteria: severe 

periodontitis [≥ 2 interproximal sites with CAL ≥ 6 mm. 

(not on same tooth) and ≥ 1 interproximal site with PD 

≥ 5 mm.] and moderate periodontitis [≥ 2 interproximal 

sites with CAL ≥ 4 mm. (not on same tooth) and ≥ 2 

interproximal site with PD ≥ 5 mm.].12

Glycemic measurement Random blood sugar 

(RBS) was measured from each participant’s finger with 

a portable blood glucose testing system (Onetouch select 

simple® blood glucose meters test strips and lancet, 

LifeScan, Johnson and Johnson Inc., USA). Point-of-

care HbA1c (SIEMANS DCA® Systems USA) was used 

as previously described.9 Formerly, it has been reported 

that a cutpoint of ≥110 mg/dl of RBS and ≥5.7% of 

HbA1c was found to be very sensitive in identifying 

people with undiagnosed DM regardless of age and time 

since last food or drink.

After initial random blood sugar is identified, the 

glycemic status was confirmed using fasting plasma 

glucose (FPG) and HbA1c measured at the Faculty of 

Tropical Medicine, Mahidol University, Bangkok, 

Thailand.

RESULTS 

A total of 102 subjects were included in this study. 

Characteristics of participants are presented in Table 1. 

Overall there were 29.4% male and 70.6% female 

participants.  The mean age of this study is 36.47±11.55 

years old. Approximately 50% of patients had central 

obesity or overweight, 43.1% had family history of DM, 

17.6% had signs or symptoms of DM and 13.8% had 
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high blood pressure and severe periodontitis.(Table 1) 

The prevalence of hyperglycemia defined as POC-

HbA1c ≥5.7% was 33.3%. After the confirmation of 

HbA1c levels using laboratory-based method, the 

prevalence was reduced to 13.8% as show in Table 2, 3. 

Regarding RBS, 37.3%, 60.7% and 2.0% had RBS 

<110 mg/dl, between 110-200 mg/dl, and >200 mg/dl, 

respectively. In other words, 62.7% of participants had 

RBS ≥110 mg/dl. According to the evaluation of FPG 

by the laboratory-based method, 87.3%, 9.8% and 2.9% 

had FPG ≤99 mg/dl, between 100-125 mg/dl and ≥126 

mg/dl, respectively. (12.7% of participants had FPG 

≥100 mg/dl.) (Table 2, 3)

Table 1  Participants’ characteristics

Characteristic Frequency Percent

Gender Male 30 29.4

Female 72 70.6

Age 20-30 38 37.3

31-40 30 29.4

41-50 18 17.6

51-60 14 13.7

61-70 1 1.0

≥ 71 1 1.0

BMI ≥23 kg/m2 56 54.9

<23 kg/m2 46 45.1

Waist 

circumference 

(Central 

Obesity)

Male ≥90cm 15 14.7

<90cm 15 14.7

Female ≥80cm 33 32.3

<80cm 39 38.3

Family history 

of DM

With 44 43.1

Without 58 56.9

Sign and 

symptoms of 

DM

With > 1 18 17.6

Without 84 82.4

Hypertension ≥140/90 mmHg 14 13.7

<140/90 mmHg 88 86.3

Periodontitis Severe 14 13.7

Moderate 32 31.5

Mild or no 54 54.7

Table 2  Prevalence of hyperglycemia

Method Frequency Percent

Random 

Blood Sugar

<110 mg/dl 38 37.3

110-200 mg/dl 62 60.7

>200 mg/dl 2 2.0

Point-of-care 

HbA1c

< 5.7% 68 66.7

5.7 - 6.4% 31 30.4

≥ 6.5% 3 2.9

Fasting Plasma

Glucose

≤ 99 mg/dl 89 87.3

100-125 mg/dl 10 9.8

≥ 126 mg/dl 3 2.9

Laboratory

HbA1c

< 5.7% 88 86.2

5.7 - 6.4% 12 11.8

≥ 6.5% 2 2.0

Table 3  Frequency of prevalence of hyperglycemia comparison 

of multiple methods

Point of care Laboratory Based

FPG

≥ 100 mg/dl

FPG

≤ 99mg/dl

HbA1c

≥5.7%

HbA1c

<5.7%

RBG≥110 mg/dl 13 (12.7%) 51 (50%) 14(13.7%) 50 (48.8%)

RBG<110 mg/dl 0 (0%) 38 (37.3%) 0 (0%) 38 (37.3%)

HbA1c≥5.7% 13 (12.7%) 21 (20.6%) 14(13.7%) 20 (19.6%)

HbA1c<5.7% 0 (0%) 68 (66.7%) 0 (0%) 68 (66.7%)

DISCUSSION 

Our study’s findings were consistent with the 

previous study in that approximately 30% of participants 

had hyperglycemia defined as point-of-care HbA1c ≥ 5.7.9 

In addition, the prevalence of participants with RBS 

≥ 110 mg/dl was as high as 62.7%. This prevalence 

was relatively higher than expected since it has been 

estimated that 13% of the Thai population had 

hyperglycemia or impaired fasting glucose defined as 

FPG of 5.6-7.0 mmol/L (100-125 mg/dl.).5 

 When the hospital-based laboratory methods were 

utilized to reevaluate the prevalence of hyperglycemia, 

it was revealed that the prevalence was reduced to 12.7 

and 13.8 when FPG and laboratory HbA1c were used, 
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respectively. The prevalence of 12.7 and 13.8 was 

comparable to the estimated prevalence of hyperglycemia 

in Thai population (13%).5 Hence, our study implied that 

although the prevalence in the screening using POC 

methods might be too high but the screening using 

laboratory-based methods is worth conducting and we 

can prevent as many as 1 person in 10 from having type 

2 DM if it is detected earlier.

 Although some studies postulated that the POC 

HbA1c testing has advantages over laboratory testing, 

the accuracy of this methods was still questioned. 

Nevertheless, the reliability of the POC HbA1c had been 

investigated earlier. Lenters-Westra and Slingerland  

determined the conformance of eight POC HbA1c 

instruments with generally accepted performance criteria 

for HbA1c and found that only 2 of them including 

Afinion and DCA Vantage machines met the acceptance 

criteria of having clinically relevant range.13 The 

relationship between FPG and HbA1c has also been 

investigated.14 A cross-sectional analysis of 2 large data 

sets including NHANES III and Meta-Analysis Research 

group (MRG) were used. Among subjects with normal 

FPG (<110 mg/dl in their study) 97.3% from the 

NHANES III dataset and 92.6% from the MRG data set 

exhibited normal HbA1c suggesting the comparable 

potential to detect normal and abnormal glycemic status 

between the 2 methods.   

Some studies had used POC HbA1c and compared 

the results with other POC measurements or with 

laboratory-based methods. In a study by Tentolouris, the 

prevalence of hyperglycemia defined as HbA1c ≥ 5.7% 

in 398 Greek subjects was 54%. When the RBG was 

investigated, the areas under the curve (AUC) for 

detection of increasing levels of hyperglycemia or 

diabetes was 63%.15 A cohort study conducted in Rhode 

Island, USA, revealed that of the 1,022 dental patients 

screened, 416 (40.7%) had an HbA1c blood level of 5.7 

percent or greater and were referred for diagnosis of type 

2 DM. Of the 416 participants who were referred, 35.1 

percent received a diagnosis from their physicians using 

hospital-based laboratory methods within one year. The 

diagnoses were diabetes (12.3%), high risk of developing 

diabetes (that is, prediabetes) (23.3%) and no diabetes 

(64.4%).16 These studies indicated that more than one 

measurement should be used for the identification of 

dental patients with DM and future cohort study should 

be encouraged to identify dental patients who are at risk 

of developing DM. 

We found that HbA1c and FPG had considerable 

capacity to identify the undiagnosed diabetes.17 It is 

well-established that early detection and appropriate 

metabolic management of affected individuals can 

significantly delay the development of most complications.18

In this regard, the early identification and diagnosis of 

diabetes has been the focus of efforts from American 

Diabetes Association. This will provide dental 

professionals with a tool to directly involve themselves 

in the healthcare of the patients seen in the dental clinic 

particularly in the identification of undiagnosed patients 

with diabetes.  It is believed that oral health providers 

should take an active role in screening certain groups 

for common medical conditions. Furthermore, dentists 

can be a part of medical team to support health care 

network for patients with diabetes by becoming actively 

involved in monitoring blood glucose levels and blood 

pressure, as well as reminding patients of the importance 

of having their regular medical exams. Dentists are not 

going to diagnose or treat a systemic disease, but early 

detection will certainly result in better medical and 

dental outcome. It is the dentist’s role to be part of the 

healthcare team in order to help reduce the incidence 

and adverse impact of diabetes.
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CONCLUSION 

 The prevalence of hyperglycemia evaluated as a 

point-of-care measurement in the dental setting may be 

higher than that of the hospital-based laboratory methods. 

Although the prevalence was different between dental 

setting and hospital-based laboratory, this finding 

suggested that the dental setting may still provide an 

important opportunity to identify individuals unaware 

of their diabetic status. Dental professionals should be 

encouraged to screen for patient with diabetes and 

cooperate with medical professionals to early diagnose 

diabetes in general population. 
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ABSTRACT 

Background: Vertical root fractures (VRFs) is one of 

the most cause of tooth loss. VRFs can be found 

more often in endodontically treated. Various signs 

and symptoms make VRFs difficult to diagnosis. A 

conventional radiograph (CR) is an adjunct tool in VRFs 

detection but CR has a limitation due to a superimposition 

of fracture line to an anatomical structure. Cone beam 

computed tomography (CBCT) was widely used in aid 

of VRFs detection due to providing 3-dimensional 

images. Many studies show CBCT is more accurate than 

CR in diagnosed VRFs. However, the sensitivity and 

specificity of CBCT in VRFs detection can be reduced 

due to image artifacts caused by gutta-percha and sealers.

Objective: This study aimed to verify the ability of 

CBCT in the detection of VRFs in a root canal with and 

without gutta-percha by using micro-computed 

tomographic (μCT) as the reference standard.

Methods: Sixty extracted premolar with one straight 

root canal was collected. Access and root canal 

preparation was performed, VRFs were created in 40 

specimens by universal testing machine and the rest were 

intact (20 teeth). VRFs verification was done by μCT.  

All teeth were scanned by 3D Aquitomo 170 before and 

after gutta-percha obturation by matched cone 

techniques. Sensitivity, Specificity, and Ability of CBCT 

in VRFs detection were determined. Comparison of the 

ability of CBCT in VRFs detection between filled and 

non-filled root canals was achieved by using Wilcoxon 

signed rank test at a significant level of p<0.05.

Results: There was no significant difference of CBCT 

in VRFs detection between non-filled and gutta-percha 

filled root canal. The overall area under the curve (AUC) 

value of CBCT in VRFs detection for non-filled was 

0.81 and filled root canal was 0.63 (p=0.068). The 

overall sensitivity of non-filled (77.5%) was higher than 

filled root canal (55.88%) (p=0.144) and specificity of 

non-filled (88.75%) also higher than filled root canal 

(70.00%) (p=0.197)

Conclusion: CBCT has a high ability in VRFs detection 

in non-filled root canal teeth. Once the root canal filled 

with gutta-percha, the ability of CBCT in VRFs detection 

is reduced.

Keywords: Cone beam computed tomography, Endo-

dontically treated teeth, Gutta-percha, Microcomputed 

tomography, Vertical root fracture

INTRODUCTION 

One of the most common reason lead natural teeth 

to extraction is vertical root fractures (VRFs).1 VRFs is 

defined as longitudinal fractures of the root originated 

from the apex and propagate to the coronal part.2
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Communication of root canal system and periodontal 

tissue caused by VRFs invites various irritating agents 

like bacteria and their metabolites to cause a periapical 

breakdown. The most susceptible roots to fracture are 

premolars, the mesial root of mandibular molar and 

mandibular incisor where the shape of the root is oval 

and narrower mesiodistally.3,4 VRFs can be found more 

often in endodontically treated teeth than in vital teeth. 

This may due to the decrease of the remaining dentin 

thickness from root canal preparation and the increase 

of dentin stiffness from dehydration of root canal treat-

ed teeth.1 VRFs has various clinical signs and symptoms. 

Most of the time, conventional radiograph (CR) is an 

adjunct tool to detect VRFs. But with limitations of CR 

that show superimposed anatomical structures on 

fracture line, detection of VRFs is extremely difficult. 

The lack of a definitive diagnosis often leads to 

unnecessary invasive surgery and/or extraction of the 

tooth.5 

Nowadays, cone beam computed tomography 

(CBCT) was used widely as an aid to diagnose VRFs as 

it has been recommended by the American Association 

of Endodontists (AAE.).6 CBCT providing 3-dimensional 

images allow the precise visualization of VRFs especially 

in the axial plane view.7 It has been shown in many 

studies to be more accurate in VRF detection as 

compared to conventional radiographs.8-10

However, in case of a root-filled tooth, the sensitivity 

and specificity of CBCT in the detection of VRFs can 

be reduced due to image artifacts, such as streak or beam 

hardening, that caused by gutta-percha and sealers.11-13 

This study aimed to verify the ability of CBCT in the 

detection of VRFs in the root canal with and without 

gutta-percha, ex vivo, by using micro-computed 

tomographic (μCT) as the reference standard. 

MATERIALS AND METHODS 

This study was approved by ethical committees in 

human research of Faculty of Dentistry, Chulalongkorn 

University. (HERC-DCU-2017-040). 

Specimen Preparation 

Sixty human mandibular premolars immersed in 

0.1% thymol solution were used. Canal curvature was 

evaluated from 2 periapical radiographs, in buccolingual 

and mesiodistal direction using Schneider’s method.14

All specimens were confirmed to have 0-5 degree root 

canal curvature. Crown was cut until the remaining root 

was 15 mm. long from the most coronal to the root apex. 

K-type file #15 was inserted into the root canal until the 

tip of the instrument was visualized at the apical 

foramen. The length of the K-file was measured and the 

working length was determined by 1 mm. deduction of 

this length. Root canal preparation was performed by 

Protaper Universal Rotary system from SX to F3 

(DentsplySirona, Maillefer, Switzerland). Copious 

irrigation with 2.5% NaOCl during mechanical 

instrumentation was done with a lot of recapitulations. 

Specimen’s root was covered with a thin layer of putty 

silicone for periodontium simulation and then was 

mounted into a resin block at 1 mm. below the most 

coronal part of the specimen. VRFs was induced in 40 

specimens (out of the total 60 specimens) by universal 

testing machine (Instron 8872, Instron corp., Norwood, 

MA, USA). The chisel tip (stainless steel sewing needle, 

0.7 mm diameter) was pointed inside the prepared root 

canal and pressed down at speed of 1 mm./min. which 

will be ceased at a sudden 20% reduction of loading 

force (Fig. 1).9 The rests of the specimens (n=20) served 

as non-fracture specimens. To produce standard 

references for this study, all specimens were radiograph-

ically taken by Micro CT unit (μCT, SkyScan1173,  
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Fig. 1  Instron 8872 machine used to simulate incomplete fracture line in specimens (left) and Graph showed twenty percent 

reduction of loading force during fracture simulation (right)

Fig. 2  Incomplete fracture line verified with μCT unit

Bruker Corporation, Kontich, Belgium). The μCT 

images were analyzed. In the case of VRFs specimens, 

positions of fracture lines were recorded (Fig. 2). In the 

case of non-fracture specimens, the fracture lines were 

not seen at all. 

CBCT imaging setting

All specimens were gently removed from the resin 

blocks and were put inside the dry sockets of Cadaver 

mandible (Department of Anatomy, Faculty of Dentistry, 

Chulalongkorn University) and fixed with utility wax. 

The cadaver mandible was covered with vinyl polysiloxane 

impression putty (ExpressTM XT Putty Soft, 3M ESPE, 

MN, USA) to simulate oral soft tissue.  The cadaver 

mandible was positioned using a jig with an occlusal 

plane parallel to the floor. This created the same 

reproducible position for the mandible. The 3D 

Accuitomo 170 (J Morita, Kyoto, Japan) with same 

radiation exposure setting (90 kVp and 5.5 mA), FOV 

of 40x40 mm2 and image resolution of 0.125 mm. voxel 

size was utilized for all teeth.

CBCT radiographs of all specimens (60 teeth) with 

unfilled root canals were taken. Then, matched gutta-percha 

cone (F3 Protaper cone, DentsplySirona, Maillefer, 
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Switzerland) which was made fit with the prepared root 

canals as confirmed by periapical radiograph, were put 

inside the shaped root canals up to apical stop. Then the 

CBCT radiographs of root-filled specimens were taken 

and used for analysis. 

Imaging Interpretation and Statistical Analysis

Multiplanar CBCT images were analyzed by 

well-calibrated 4 observers, comprising of 2 endodontists 

and 2 dental and maxillofacial radiologists using one 

volume viewer program (J Morita, Kyoto, Japan). VRFs 

were scored and given for each individual image by 

5-point probability scales as followed: 1= fracture 

definitely absent, 2= fracture probably absent, 3=unsure, 

4 = fracture probably present and 5= fracture definitely 

present. Then the score 1 and 2 were classified as fracture 

absent while the score 3, 4 and 5 were defined as fracture 

present.9,10 Sensitivity, Specificity, Positive and Negative 

Predictive values were analyzed. Inter- and Intra-examiner 

agreements were calculated by the Kappa coefficient. 

The ability of CBCT to detect VRFs was determined by 

the area under the Receiving Operating Characteristic 

(ROC) curve. Comparison of the ability of CBCT in 

VRFs detection between filled and non-filled root canals 

was achieved by using Wilcoxon signed rank test at a 

significant level of p<0.05.

RESULTS 

From the μCT analysis, fracture lines were found at 

apical 1/3 of the root in all VRFs-induced specimens (40 

teeth) and were not seen at all in non-fracture specimens 

(20 teeth). Therefore μCT yielded 100% sensitivity and 

100% specificity in VRFs identification.

The overall sensitivity and the specificity of CBCT 

for the detecting VRFs in the non-filled root canal were 

77.5% and 88.75%, respectively. While in teeth with 

filled root canals the sensitivity and the specificity of 

CBCT were lower as 55.88% (p = 0.144) and 70% 

(p = 0.197) (Table 1).

PPV and NPV in the non-filled root canal were 

93.35% and 65.46%. While PPV and NPV value in root 

canal filled teeth were 82.33% and 50.76%.

The ROC curve for each observer was shown in Fig. 

3 and 4. The area under the curve from ROC analysis in 

teeth with non-filled root canal was 0.81, which was 

higher than teeth with filled root canal, which was 0.63 

(p = 0.68). 

Table 1  Sensitivity, specificity, positive predictive value (PPV) and negative predictive values (NPV) (%) and area under the 

curve (AUC) for individual examiners diagnosing incomplete fractures in non-filled and filled root canal treated teeth 

using CBCT.

Examiner

Sensitivity (%) Specificity(%) PPV(%) NPV(%) Area under curve

Non-

filled RC

Filled 

RC

Non-

filled RC

Filled 

RC

Non-

filled RC

Filled 

RC

Non-

filled RC

Filled 

RC

Non-

filled RC

Filled 

RC

1

2

3

4

Mean

SD

Median

75

90

70

75

77.5

8.66

75

62.5

95

30

40

55.88

28.82

51.25

90

80

90

90

88.75

6.29

90

90

25

95

70

70

31.89

80

96.3

90.0

92.3

93.8

93.35

2.59

93.55

92.6

71.7

92.3

72.7

82.33

11.70

80.25

57.6

80.0

60.0

64.3

65.46

10.07

62.15

54.5

71.4

40.4

36.8

50.76

15.73

47.75

0.80

0.85

0.80

0.83

0.81

0.24

0.81

0.76

0.60

0.63

0.55

0.63

0.97

0.61

p-value* 0.144 0.197 0.068 0.068 0.068

*Wilcoxson signed-rank test
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The kappa value for overall inter-examiner 

agreement for non-filled and root canal filled teeth was 

0.485 and 0.146 respectively. The mean intra-examiner 

agreement was 0.549 and 0.410 for non-filled and root 

canal filled teeth respectively (Table 2).

Table 2  Kappa values for inter- and intra-examiner agreements 

in VRFs detection using CBCT in non-filled and root 

canal filled teeth.

Examiner Non-filled Filled  RC

1

2

3

4

Mean(SD)

0.700

0.494

0.400

0.600

0.549(0.130)

0.400

-0.071

0.643

0.524

0.410(0.250)

Inter-examiner 

kappa 0.485 0.146

 

 

 

 

 

 

 

 

 

Fig. 3  The Receiving Operating Characteristic (ROC) curve in VRFs detection using CBCT in teeth with non-filled root canal

 

 

 

 

 

 

 

 

Fig. 4  Receiving Operating Characteristic (ROC) curve in VRFs detection using CBCT in root canal filled teeth
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DISCUSSION 

VRFs usually occurred in endodontically treated 

tooth, it was hypothesized that excessive removal of root 

canal wall was a preliminary involved factor.1 It is 

considered one of the most difficult condition to 

diagnose, especially when the VRFs is an incomplete 

fracture or nondisplaced type (nVRFs). Various methods 

have been used to simulate fracture lines such as hammer 

and chisel7 and screwing the root canal.15 Both methods 

could induce a complete fracture. The method used in 

this study was modified from that of Patel et al.9 to induce 

an incomplete fracture by wedge crosshead attached to 

the universal testing machine. The wedging force, which 

was input continuously and increasingly inside the 

shaped root canal was gradually accumulated apically 

caused the apical strain, which led to VRFs. 

CBCT is recommended by AAE to detect VRFs 

according to higher efficacy than routine periapical 

radiographs.8-10, 16 Previous studies compared results of 

VRFs detection by CBCT with the inspection of root 

surface under magnification17 or dying of the root 

surface.8 In this study, the μCT was used as a standard 

reference. Due to a higher resolution than CBCT18, 19, the 

true positive numbers of VRFs and the true negative 

numbers of the non-fractured specimen were more 

reliable.

The parameters of Accuitomo CBCT used in this 

study was considered from a pilot study. An unpublished 

data showed FOV of 40x40 mm2 and image resolution 

of 0.125 mm. voxel size created less noise and less 

radiation for VRFs detection. This was supported by 

Wenzel et al.20 and Ozer.21 The multiplanar CBCT 

images of each specimen including coronal, sagittal and 

axial plane views were analyzed. It was noted that 

fracture lines were visible mostly in axial view images 

which were similar to the previous study.7

There were many studies comparing CBCT with 

periradicular radiograph.9, 15, 22 It showed higher 

sensitivity and more accuracy in the detection of VRFs 

as compared to conventional23-25 and digital radiography.25 

In case of empty root canal space, CBCT yielded 78 

percent accuracy compared to periapical radiograph.10

The overall sensitivity, specificity, and AUC in this study 

were also higher than 75% (77.5, 88.75 and 88.86% 

respectively) in the case of the non-filled root canal.

From this study, CBCT showed higher ability to 

detect of VRFs in non-filled root canal than in filled root 

canal, even though there was no statistically significant 

difference. The overall sensitivity, specificity, and AUC 

of CBCT in VRFs detection seemed to be reduced when 

teeth having root canal filled with gutta-percha. This 

phenomenon can be explained by the opacity of 

gutta-percha, which causes beam hardening effect called 

streak artifact.26 Beam hardening occurs when lower 

energy photons are absorbed by radiopaque mass. 

Gutta-percha is a radiopaque material that adsorbed 

lower energy photon. Due to different photons adsorption, 

the total mean beam energy is increased. This result in 

distortion and streak artifact production between two 

different radiopaque objects.27 The artifact produced by 

gutta-percha mimic the fracture line (Fig. 5) thus led to 

misinterpreted of examiners and caused false positive 

results. This study is consistent of study of Menezes 

et al.17 who found that root canal presented with 

gutta-percha and cast post could reduce sensitivity and 

accuracy of CBCT in VRFs detection. 
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The moderate intra-examiner and poor to moderate 

inter-examiner agreements among each observer in this 

study are inferred to different experiences in VRFs 

detection. Endodontists seem to define as fracture 

present in gutta-percha filled root canal more than 

radiologists. This result similar to the study of Patel 

et al.9 but in contrast to the high level of inter and 

intra-examiner agreements which were reported by 

Hassan et al.7 and Melo et al.15 in previous studies. The 

different results may be caused by different methodologies, 

patterns of size or shape of fracture. 

CONCLUSION 

Within the limitation of this study, we can conclude 

that CBCT has high ability in VRFs detection in 

non-filled root canal teeth. Once the root canal presented 

which gutta-percha, the ability of CBCT in VRFs 

detection is reduced.
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ABSTRACT 

Background: Delayed wound healing is one of 

complications after tooth extraction. The role of vitamin 

C in the healing of wounds has been studied in many 

aspects, however there is no report about the effect of 

oral vitamin C supplement in different dosages on 

extraction wound healing in human. 

Objectives: The purpose of this study was to evaluate 

the effect and proper dosage of oral vitamin C 

supplement on post-extraction wound healing.

Methods: This preliminary study was a split-mouth, 

double-blind, randomized controlled clinical trial of 

18 patients who underwent symmetric bilateral 

non-infected premolar extractions. The patients were 

randomly divided into 3 intervention pairs (6 patients in 

each pair); Pair 1: placebo vs vitamin C 600 mg/d, Pair 

2: placebo vs vitamin C 1,500 mg/d and Pair 3: vitamin 

C 600 mg/d vs vitamin C 1,500 mg/d. Each group was 

prescribed placebo and/or vitamin C three times a day 

for 10 days after each tooth extraction and the assessment 

of the wound was performed on day 0, 7 and 21 then the 

tooth on other side was extracted and studied with the 

same protocol. Socket’s bucco-lingual and mesio-distal 

width, depth and 1% toluidine blue staining were 

recorded by two examiners. Pain score and high vitamin 

C-containing diets were also recorded during the first 3 

days and after 7 days, respectively. Paired t-test was used 

in studying any difference in the reduction proportion 

of the size of the extraction socket between 2 extraction 

sites and Wilcoxon Signed-Rank test was used for 

comparing pain scores. 

Results: The reduction proportion of socket depth 

between 7 and 21 days post-extraction in teeth receiving 

vitamin C 1,500 mg/d was higher than that in placebo 

(p=0.037). Pain score on day 1 after tooth extraction in 

teeth receiving vitamin C 1,500 mg/d was significantly 

lower than the placebo side (p=0.045).

Conclusion: Taking oral vitamin C 1,500 mg per day 

for 10 days tended to promote post-extraction wound 

healing between 7 days and 21 days after tooth 

extraction.

Keywords: Ascorbic acid, Extraction wound, Tooth 

extraction, Vitamin C, Wound healing

INTRODUCTION

Tooth extraction is a common dental procedure.1

However, this simple procedure may cause post-opera-

tive complications including dry socket, post-operative 

bleeding, pain, infection and delayed wound healing, 

which has an impact on patients’ quality of life and 

increases clinical workloads and cost.2, 3
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Normal wound healing process starts with hemostasis 

and progresses through inflammation, proliferation and 

remodeling phases, all of which are overlapping.3-5  

Delayed wound healing is a failure to progress through 

the normal phases. Vitamin C deficiency is one of the 

significant factors5, 6 since vitamin C plays an important 

role in all phases of wound healing. In the inflammatory 

phase, vitamin C is required for neutrophil apoptosis and 

clearance. In the proliferative phase, vitamin C is 

involved in the process of synthesis, maturation, secretion 

and degradation of collagen by acting as a cofactor for 

hydroxylation of proline and lysine during collagen 

synthesis and being associated with fibroblast proliferation 

which affects angiogenesis and capillary strength.5-9

The role of vitamin C in wound healing has been 

investigated many studies including both laboratory 

investigation and clinical trials.1, 4, 10-14 However, there 

are few studies relating the effect of oral vitamin C 

supplement on the extraction wound healing in humans 

especially those comparing between various vitamin C 

dosages.15, 16 Therefore, the objective of this study was 

to investigate the clinical effect and proper dosage of 

vitamin C oral supplement on extraction wound.

MATERIALS AND METHODS

This pilot study was a randomized, double-

blinded clinical trial conducted at the Department of Oral 

and Maxillofacial Surgery, Chulalongkorn University 

between August 2018 and February 2019. The study was 

approved by the Human Research Ethic Committee of 

the Faculty of Dentistry, Chulalongkorn University. 

The inclusion criteria were healthy patients aged 

between 14-40 years who underwent symmetric bilateral 

non-infected premolar extraction. Smokers, alcoholics, 

pregnant or lactating women, psychiatric patients, 

patients who took corticosteroids or estrogen-containing 

contraceptive drugs were excluded. The study was 

designed as split-mouth in which 2 different interventions 

were given to each patient during a different period of 

time. There were 18 patients in this pilot study and they 

were randomly divided into 3 intervention pairs 

(6 patients for each pair) as follows; Pair 1: placebo vs 

vitamin C 600 mg/d, Pair 2: placebo vs vitamin C 1,500 

mg/d and Pair 3: vitamin C 600 mg/d vs vitamin C 1,500 

mg/d. 

Patients’ vital signs were recorded before every 

extraction. Premolar teeth on both sides were randomly 

selected and the extraction was done by the same 

operator with standardized technique, using elevators 

and extraction forceps under 2% mepivacaine local 

anesthetic with 1:100,000 epinephrine. Bleeding was 

controlled using gauze pressure. Acetaminophen 500 

mg was prescribed as needed. 

The vitamin C was prescribed 3 times a day as 

shown in Table 1. Vitamin C used in the study was 

manufactured by Patar Lab Co. (Pathumthani, Thailand), 

whereas placebo containing calcium carbonate, sucrose 

and coated with carnauba wax was manufactured under 

the license of the Faculty of Pharmaceutical Sciences, 

Chulalongkorn University. 

Table 1 The interventions assigned in three intervention pairs. 

Extraction site Placebo (tab) Vitamin C 100 mg 

(tab)

Vitamin C dosage per day 

(mg)

1st site 5 0 0

2nd site 3 2 600

1st site 5 0 0

2nd site 0 5 1,500

1st site 3 2 600

2nd site 0 5 1,500

Pair 1

Pair 2

Pair 3
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Moreover, all patients received a form to record their 

diets and a checklist of top 5 high vitamin C-containing 

vegetables and fruit during the wound healing period for 

7 days. Pain score was also recorded using a 10-point 

Visual Analog Scale (0 = no pain, 10 = extreme pain) 

during the first three days post-extraction at 8 am, 12 pm 

and 6 pm. Daily pain scores were calculated from the 

average of the three time points.

The measurement of a wound site was performed 3 

times for each tooth including immediately after tooth 

extraction, on day 7 and day 21 post-extraction by two 

examiners who were not the operator. Inter-examiner 

reliability was calibrated between them. The measurement 

procedures were described as follows:

 • The sizes of the extraction socket (in mm) in 

both bucco-lingual (BL) width and mesio-distal (MD) 

width were measured by a caliper using the adjacent 

teeth as reference points.

 • The depth of the extraction socket was measured 

at buccal plate by a periodontal probe.

On day 21 post-extraction, the wound was stained 

with 1% toluidine blue solution, rinsed and recorded for 

the site with less staining. If the extraction site became 

normal gingival tissue, there would be no stain.17

When the measurement of the first socket was 

finished, the tooth on the other side was extracted with 

the same protocol. Patients were prescribed placebo or 

vitamin C after the extraction and blinded of the 

prescription. 

To analyze the data, the statistical program SPSS version 

22 was used. Patients’ demographic data were presented. 

Chi-square was used for comparing the difference in 

gender and the location of the extraction site among 3 

intervention pairs. Kruskal Wallis H test was used for 

comparing the age of the patients among the 3 groups. 

The proportion of socket size reduction was 

calculated for BL, MD widths and socket depth as 

(dimension at time 
before

) - (dimension at time 
after

)/ 

(dimension at time 
before

).

The normality of the data was tested by Kolmogorov-

Smirnov test. Because of the normal distribution, the 

proportions of the wound size reduction were compared 

between 2 extraction sites using Paired t-test. Wilcoxon 

Signed-Rank test was used for comparing pain scores 

due to the non-normal distribution. Toluidine blue 

staining of the 2 extraction sites was compared by two 

observers after 21 days and the less staining site of each 

pair was recorded and defined as ‘better healing’. 

Patients’ vitamin C-containing diet after each extractions 

was also compared and presented as the percentage 

difference.

RESULTS 

Nine males and 9 females participated. The mean age 

of the patients was 19.56 years. The extraction site was 

mostly in the maxilla. The demographic data and p-value 

were shown in Table 2. The age of the patients between 

the three intervention groups was significantly different 

but gender and the location of extraction sites were not.  

Table 2 Age, gender and location of extraction sites of the patients (*p < 0.05)

All Pair 1 Pair 2 Pair 3 p-value

Age (years) mean±SD 19.6±3.7 21.3±2.8 21.0±2.7 16.3±3.7 0.023*

Gender (n,%)

        Male 9 (50%) 5 (83.3%) 2 (33.3%) 2 (33.3%)
 0.135

        Female 9 (50%) 1 (16.7%) 4 (66.7%) 4 (66.7%)

Extraction site (n,%)

       Maxilla 12 (66.7%) 5 (83.3%) 4 (66.7%) 3 (50%)
0.472

       Mandible 6 (33.3%) 1 (16.7%) 2 (33.3%) 3 (50%)
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Socket size reduction 

 The proportion of socket size reduction (BL, MD, 

depth) between any time points was not significantly 

different in Pair 1 and Pair 3 (Table 3 and Table 5). 

However, the proportion of socket size reduction in Pair 

2 was significantly different between 7 days and 21 days 

post-extraction (Table 4) (p=0.037).

Table 3 Comparison of socket size reduction between 2 extraction sites in Pair 1 (*p < 0.05)

Pair 1 (Placebo vs Vitamin C 600 mg/d)

Mean proportion of 

socket size reduction 

site 1 

Mean proportion of 

socket size reduction 

site 2

Mean difference 

(site 2 - site 1) 

p-value

Between immediate and 7 days

Bucco-lingual 0.406 0.403 -0.003±0.13 0.960

Mesio-distal 0.392 0.526 0.134±0.23 0.209

Depth 0.548 0.568 0.020±0.15 0.765

Between immediate and 21 days

Bucco-lingual 0.496 0.563 0.067±0.97 0.152

Mesio-distal 0.439 0.555 0.116±0.23 0.272

Depth 0.803 0.858 0.055±0.11 0.276

Between 7 days and 21 days

Bucco-lingual 0.145 0.251 0.106±0.16 0.162

Mesio-distal 0.079 0.057 -0.022±0.07 0.484

Depth 0.546 0.643 0.097±0.23 0.364

Table 4 Comparison of socket size reduction between 2 extraction sites in Pair 2 (*p < 0.05)

Pair 2 (Placebo vs Vitamin C 1,500 mg/d)

Mean proportion of 

socket size reduction 

site 1 

Mean proportion of 

socket size reduction 

site 2

Mean difference 

(site 2 - site 1) 

p-value

Between immediate and 7 days

Bucco-lingual 0.443 0.455 0.012±0.21 0.894

Mesio-distal 0.366 0.176 -0.190±0.32 0.231

Depth 0.506 0.494 -0.012±0.35 0.935

Between immediate and 21 days

Bucco-lingual 0.518 0.581 0.063±0.17 0.405

Mesio-distal 0.460 0.345 -0.115±0.29 0.373

Depth 0.783 0.853 0.070±0.14 0.280

Between 7 days and 21 days

Bucco-lingual 0.113 0.220 0.107±0.19 0.231

Mesio-distal 0.125 0.218 0.093±0.12 0.129

Depth 0.510 0.731 0.221±0.19 0.037*
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Post-operative pain 

Patients receiving vitamin C 600 mg/d and 1,500 

mg/d, tended to have lower post-operative VAS score 

during the first 3 days than those receiving placebo (Fig. 

1 and Fig. 2), but the difference was statistically signif-

icant only between placebo vs vitamin C 1,500 mg/d on 

day 1 (p=0.045). There was no significant difference in 

pain scores between patients who received vitamin C 

600 mg/d compared to vitamin C 1,500 mg/d during the 

first 3 days (Fig. 3). 

Table 5 Comparison of socket size reduction between 2 extraction sites in Pair 3 (*p < 0.05)

Pair 3 (Vitamin C 600 mg/d vs Vitamin C 1,500 mg/d)

Mean proportion of 

socket size reduction 

site 1 

Mean proportion of 

socket size reduction 

site 2

Mean difference 

(site 2 - site 1) 

p-value

Between immediate and 7 days

Bucco-lingual 0.495 0.489 -0.006±0.15 0.930

Mesio-distal 0.455 0.296 -0.159±0.19 0.103

Depth 0.655 0.697 0.042±0.13 0.449

Between immediate and 21 days

Bucco-lingual 0.560 0.574 0.014±0.09 0.722

Mesio-distal 0.496 0.404 -0.092±0.22 0.352

Depth 0.867 0.854 -0.013±0.06 0.614

Between 7 days and 21 days

Bucco-lingual 0.144 0.159 0.015±0.19 0.850

Mesio-distal 0.074 0.168 0.094±0.16 0.215

Depth 0.606 0.506 -0.100±0.15 0.168

Fig. 1 Mean post-operative VAS score in Pair 1 (POD = post-operative day)

*
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Fig. 2 Mean post-operative VAS score in Pair 2 (POD = post-operative day) (*p-value < 0.05)

Fig. 3 Mean post-operative VAS score in Pair 3 (POD = post-operative day)

Toluidine blue staining

 In Pair 1, the number of less stained sites in placebo 

was equal to vitamin C 600 mg/d, whereas in Pair 2, 

placebo had less stained sites than vitamin C 1,500 mg/d. 

In Pair 3, vitamin C 600 mg/d had less stained sites than 

vitamin C 1,500 mg/d. 

Patients’ diet during 7 days post-extraction

 In Pair 1, half of the patients had the same diet after 

2 extractions. There were 33.3% of the patients who had 

higher vitamin C-containing diet after the first than the 

second extraction, whereas 16.7% had higher vitamin 

C-containing diet after the second extraction. In Pair 2,  

most of the patients had higher vitamin C-containing diet 

after the first extraction and in Pair 3, there was no dif-

ference in diet between two extractions. The data were 

shown in Fig. 4.
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DISCUSSION 

The result of this study tended to correlate with the 

earlier study that oral vitamin C was effective in 

promoting wound healing after tooth extraction.15, 16 This 

study was designed to be split-mouth so that the results 

could be compared in each patient to eliminate the 

confounding factors. Socket size measurement was 

performed to provide reliable objective data. Age of 

patients which was significantly different among 3 

groups might be due to the small sample size. 

There is no specific guideline of vitamin C for 

wound healing.18 Because the evidence of toxicity is low, 

vitamin C is often supplemented in high doses.6  In the 

hypermetabolic state, the dosage recommended was 

between 500 mg/d and 2,000 mg/d, which was more than 

10 times the daily intake recommended by Food 

Standards Agency (FSA).19 For promoting the healing 

process, the recommended dose of vitamin C supplement 

was 500 to 1,000 mg/d.6 In order to maximize uptake 

and plasma concentrations of vitamin C, it was 

recommended to prescribe vitamin C in divided doses 

over the day.20 Until recently, vitamin C regimen has 

been  controversial. Previous studies investigated the 

effect of vitamin C 1,500 mg/d and 2,000 mg/d,15, 16 

whereas in our study, we compared two regimens of 

vitamin C, i.e. 600 mg/d vs 1,500 mg/d. Higher dose of 

vitamin C (1,500 mg/d) showed no difference in socket 

healing compared to lower dose of vitamin C (600 mg/d). 

Both vitamin C 600 mg/d and 1,500 mg/d  possibly 

enhanced wound healing but the difference was not 

obvious.

In patients who received vitamin C 1,500 mg/d, the 

reduction of depth of the socket was significantly higher 

than that of the placebo site between 7 and 21 days. 

Vitamin C possibly promotes granulation tissue healing 

in the proliferation phase resulting in the reduction of 

socket depth. This was supported by the histological 

study in animals which reported that granulation tissue 

fibroblast maturation in vitamin C group was significantly 

higher than the control group on post-operative day 14. 

Moreover, collagen deposition and neovascularization 

were also higher in vitamin C group at that time.12 The 

study in Gulo-/- mice, a humanized model for wound 

healing, revealed that there was a higher expression of 

healing mediators, induction of self-renewal genes and 

fibroblast proliferation in sufficient vitamin C group and 

deficient with vitamin C supplemented group and 

concluded that vitamin C promoted tissue repair and 

shortened healing duration.4 In dental socket healing, 

the replacement of the granulation tissue by the connective 

tissue which contained spindle-shaped fibroblasts, 

collagen and ground substance occurred in 14- to 16-day 

Fig. 4 The differences of patients’ vitamin C-containing diet after each tooth extraction in  3 intervention pairs.
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post-extraction.21 Another study showed that vitamin C 

administration could reduce the incidence of dry socket, 

a painful complication caused by improper formation of 

the granulation tissue bed.15

The result of the toluidine blue staining (in Pair 2) 

showed that the placebo side had better healing than 

vitamin C 1,500 mg/d, inconsistent with the result of 

extraction wound size reduction. Although the size 

proportion became smaller, the connective tissue seemed 

to have incomplete epithelialization. More sample size 

will be needed for confirmation of this finding.

According to pain, the results showed that patients 

who received vitamin C tended to have lower pain scores 

comparing to the placebo. Although the analgesic 

mechanism is unclear, there were clinical studies 

showing that vitamin C administration decreased pain 

in patients with chronic regional pain syndrome and 

suggested that vitamin C was an effective adjunctive 

therapy for reducing acute and chronic pain in patients.22 

The previous animal study showed that vitamin C 

promoted healing by accelerating termination of the 

inflammatory phase of wound healing.4 As pain is one 

of the inflammation symptoms, the shorter inflammation 

may cause less pain and results in rapid healing. 

Moreover, there was evidence suggesting that vitamin 

C might act as an analgesic in various parts of the body.15

Limitation of this study was the patient’s compliance. 

The intervention was prescribed 3 times (5 tablets each) 

a day for 10 days after tooth extraction.  Patients were 

asked to return the vitamin C package for counting how 

many tablets they had and we found that some patients 

could not follow the entire prescription. In addition, 

since vitamin C can be obtained from food such as fruits 

and vegetables, split-mouth design was used to reduce 

this error. However, there were some patients who had 

different diet after 2 extractions. 

CONCLUSION 

Taking oral vitamin C 1,500 mg/d for 10 days 

tended to promote post-extraction wound healing 

between 7 and 21 days after tooth extraction in terms of 

the depth of the extraction wound and post-operative 

pain.
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ABSTRACT

Background: Recent clinical studies have shown that 

implant placement with static computer assisted implant 

surgery (CAIS) is highly precise. However, there are 

limited reports that compared the accuracy of implant 

position between static and mental CAIS in posterior 

single tooth gap. 

Objective: This study aimed to compare the accuracy 

of implant position between static and mental CAIS in 

posterior single tooth implants.

Methods: A total of 20 dental implants from patients 

requiring posterior single tooth implant placement were 

equally allocated to static or mental CAIS group by 

block randomization. In static CAIS group, oral scan 

and cone beam computed tomographic (CBCT) data 

were used for virtually plan implant position and 

designed guided template in software program. Guided 

templates were used during implant bed preparation and 

insertion. In mental CAIS group, only CBCT data were 

used for virtual planning in software program. Surgery 

was done in freehand manner. After surgery, 

postoperative CBCT data were taken and superimposed 

onto preoperative CBCT data with image of virtual 

planned ideal implant position. The three-dimensional 

difference in axis, coronal and apical positions of 

planned and actual implant positions were compared. 

 Results: Implants placed with static CAIS were closer 

to the planned positions in all dimensions. In static CAIS 

group, mean axis deviation, deviation at coronal and 

apical were 3.5 ± 2.0°, 1.0 ± 0.7 mm and 1.3 ± 0.7 mm, 

respectively. In mental CAIS group, mean axis deviation, 

deviation at coronal and apical were 7.3 ± 5.0°, 1.40 ± 

0.7 mm and 2.0 ± 1.0 mm, respectively. However, 

statistically significant difference was found only at axis 

deviation. 

Conclusion: Implant placed with static CAIS technique 

provided more axis accurate than mental CAIS in 

posterior single tooth implant.

Keywords: Accuracy of implant position, Mental 

computer assisted implant surgery, Posterior single tooth 

implant, Static computer assisted implant surgery

INTRODUCTION

Therapeutic goal of dental implant is to support 

restorations and to provide patient function, esthetic, and 

occlusion.1  The optimal implant position is the important 

factor for the long-term success of implant therapy. 

Moreover, correct implant position is essential for 

ensuring a prosthesis design compatible with long-term 

maintenance and access for adequate oral hygiene.2-4 

Recently, advanced digital technology for 

preoperative implant planning called static computer 

assisted implant surgery (static CAIS) have been 

developed.5 This technique uses computer technology 

for the virtual planning before the surgery. The surface 

scan data and cone beam computed tomography (CBCT) 

Comparative Study of the Accuracy of Posterior Single Tooth Implants 

Placed between Static and Mental Computer Assisted Implant Surgery

Palita SMITKARN1, Keskanya SUBBALEKHA1, Nikos MATTHEOS2, Atiphan PIMKHAOKHAM1

1 Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
2 Department of Oral Rehabilitation, Faculty of Dentistry, The University of Hong Kong, Hong Kong Special Administrative Region, China

Correspondence: Atiphan PIMKHAOKHAM (atiphan.p@chula.ac.th)



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019)232

scan data were used for planning in the program. The 

planning can be done follow the bone quality and 

quantity, location of anatomical structures, soft tissues, 

teeth and functional and esthetic demands of future 

prosthesis.6 The planned implant position is transferred 

to the surgical site by three dimensional printed surgical 

guide. Angulation and depth of implant bed preparation 

is controlled by printed surgical guide that embedded 

with metal sleeve. The surgeon cannot change the plan 

during surgical intervention. The advantages of static 

CAIS are implant is virtually planned in three dimensions 

before the surgery, decrease human error, and prevents 

injury of important structure such as mandibular nerve 

damage, sinus perforations, and adjacent tooth root 

damage.5,7,8  However, deviation from the planned position 

can still occur due to a variety of reasons such as 

imprecision while acquiring or processing optical and 

radiographic imaging data, inaccuracy in the surgical 

guide fabrication, deficient fit or movement of the guide 

during surgery and human error.9, 10

From the problems of conventional implant surgery 

that the surgeon do not know the design of planning 

implant position in three dimensions. Vercruyssen et al. 

(2014, 2015)11,12 reported the ‘mental CAIS’ technique. 

This technique use the planning software for virtually 

planning, however the surgical guide does not printed 

for the surgery. The surgical intervention is done in 

freehand manner. 

The accuracy of the implant position placed by 

static CAIS has been investigated in recent studies.11-15 

These studies have reported high accuracy and better 

implant positioning with using of static CAIS. However, 

there are diversity of the outcomes from the different of 

the settings. Taken together, there is a further need of 

clinical data from randomized studies to support our 

understanding of accuracy of static CAIS in posterior 

single tooth gap. Thus the objective of the study was to 

compare the accuracy of implant position between static 

and mental CAIS in posterior single tooth implant. The 

hypothesis of this study was that implants placed with 

static CAIS have different accuracy of implant position 

when compared to mental CAIS in posterior single tooth 

implant.

MATERIALS AND METHODS

This study protocol was approved by the Ethics 

Committee of the Faculty of Dentistry, Chulalongkorn 

University (Study code: HREC-DCU 2017-062) and 

Thai Clinical Trials Registry (TCTR20181017002). 

Subject recruitment and selection: This study was 

a prospective randomized controlled clinical trial. 

Patients who had a requirement were eligible for surgical 

implant placement were recruited in this study. Inclusion 

criteria was single missing tooth space, present mesial 

and distal neighboring teeth, mesiodistal edentulous 

space at least 6.5 mm, mouth opening at least 30 mm, 

and aged 20 years and over. Exclusion criteria was 

medically compromised subjects (ASA classification 

III-V), any pathology in the jaw bone, and heavy smoker 

more than 10 cigarettes/day. Withdrawal criteria was 

subject who chooses to exit study at any period of time, 

and fracture or instability of the guided template.

Verbal and written consents were obtained from all 

patients. A total of 20 dental implants were recruited 

equally and randomly assigned to the static or mental 

CAIS groups by block randomization.  

Planning protocol: All implants were the 

Straumann® Bone Level Implant (Straumann, institute 

Straumann AG, Basel, Switzerland), with diameter 4.1 

or 4.8 mm and length 8, 10 or 12 mm.

Implant sizes and positions were planned virtually 

using coDiagnostix® software version 9.7 (Dental wings 

inc, Montreal, Canada) in three dimensions. 
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Preoperative CBCT data was obtained by Accuitomo 

3D machine (J. Morita Inc., Kyoto, Japan) with 120 kV, 

80 mAs for creating Digital Imaging and Communications 

in Medicine (DICOM) files and imported into 

coDiagnostix® software. 

In static CAIS group, the Standard Tessellation 

Language (STL) files were created from scanning the 

diagnostic model which constructed by taken an 

impression with irreversible hydrocolloid material and 

poured with stone and scanned with D900 model scanner 

(3shape, Copenhagen, Denmark) or created from 

intraoral scan by Trios intraoral scanner (3shape, 

Copenhagen, Denmark). This STL files were also 

imported into coDiagnostix® software and merged to 

preoperative CBCT data. After planning, the printed 

surgical guide were designed and printed with computer-

aided design/computer-aided manufacturing (CAD/

CAM) technology by only one laboratory (Fig.1).

Fig. 1  Printed surgical guide in static CAIS

In freehand group, the distances between virtual 

implant and neighbouring tooth were records by using 

tools in the program.

Surgical protocol: All the operations were 

performed under local anesthesia. In mental CAIS group, 

the implant bed preparations and insertions were done 

following references from software program in freehand 

manner by only one experienced surgeon.

In static CAIS group, the fit of printed surgical guide 

was verified via inspection windows and adjusted 

manually before surgery. Implant bed preparations were 

done follow according to guide surgical protocol. The 

implant fixtures were inserted through the printed 

surgical guide into the prepared site.

After the implants were in place, healing abutments 

were screwed. All patients were received postoperative 

instruction and appointment for suture removal. The 

postoperative medications were administered including 

a systemic antibiotic (amoxicillin 1 gram, twice a day) 

and analgesic (mefenamic acid 500 milligram, three 

times a day) for 5 days; in patients who were allergic to 

penicillin, clindamycin 300 milligram was administered 

three times a day.

Data collection After the surgery, postoperative 

CBCT data was taken by the same machine with same 

protocol and superimposed with preoperative CBCT data 

using automated surface  best-fit matching with the 

iterative closest point algorithm in treatment evaluation 

mode in coDiagnostix® software. 

The mean 3D deviations at coronal and apical 

between planned and actual implant positions were 

measured in millimeter and axis deviation were 

measured in degree (Fig. 2). All measurements were 

done by only one examiner who was not the surgeon.

Fig. 2  Parameters of deviation between planned and actual 

implant positions
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Statistical Analysis: Measurement data was gathered 

and entered into IBM SPSS Statistics software 

(version22 software SPSS Inc., Chicago, IL). Mean 

differences between planned and actual implant position 

were compared between static and mental CAIS. Axis 

deviation, deviation at coronal and apical were test by 

Mann-Whitney U test. A calculated p value less than 

0.05, representing the confidence interval of 95%, was 

considered statistically significant.

RESULTS

A total of 10 implants each group were included in 

this study. Distribution of the implant sites and types 

was presented in Table 1.  Mean angle deviation, 

coronal, and apical deviation in static CAIS group 

were 3.5 ± 2.0°, 1.0 ± 0.7 mm and 1.3 ± 0.7 mm, 

respectively. In the mental CAIS group, mean angle 

deviation, coronal, and apical deviation were 7.3 ± 5.0°, 

1.4 ± 0.7 mm and 2.0 ± 1.0 mm, respectively (Table 2). 

Borderline statistically significant difference was found 

only at axis deviation (p = 0.49).

Table 1  Distribution of implant in static and mental CAIS 

groups

Variables Static CAIS 
(n = 10) Mental CAIS (n = 10)

Type of Arch

 Maxilla 5 7

 Mandible 5 3

Implant Location

 Premolar 4 2

 Molar 6 8

Implant Diameter (mm)

 4.1 5 3

 4.8 5 7

Implant Length (mm)

 8 5 5

 10 4 5

 12 1 -

Table 2  Deviation of implant position in static and mental CAIS groups

 
Static CAIS (n = 10) Mental CAIS (n = 10) p value

Mean ± SD Min-Max Mean ± SD Min-Max

Axis deviation (°) 3.5 ± 2.0 1.1 – 7.5 7.3 ± 5.0 0.9 - 16.9 0.049*

Coronal deviation (mm) 1.0 ± 0.7 0.3 - 2.5 1.4 ± 0.7 0.4 – 2.6 0.186

Apical deviation (mm) 1.3 ± 0.7 0.5 - 2.1 2.0 ± 1.0 0.6 – 3.6 0.089

DISCUSSION

This present studied showed implants placed with 

static CAIS were more accuracy than implants placed 

with mental CAIS in posterior single tooth implants. The 

results of the present study come in agreement with that 

reported in a single gap split-mouth study by Farley et al., 

in 2013.15 They reported axis deviation, coronal, and 

apical deviation were 3.7 ± 2.2°, 1.5 ± 0.6 mm, 1.8 ± 0.6 

mm, respectively using static CAIS. For the conventional 

group, axis deviation, coronal, and apical deviation were 

6.1 ± 4.0°, 2.0 ± 1.0 mm, 2.5 ± 1.2 mm, respectively. 

Implants placed with static CAIS were closer to the 

planned position in all dimensions than the conventional 

placement. However, significant difference was found 

only in the horizontal deviation of the coronal deviation. 

Vercruyssen et al., in 201411 compared accuracy of 

implant placement between stereolithographic surgical 

guide (mucosa-/bone-supported) and mental CAIS in 

fully edentulous patients. They reported that implants 

placed with stereolithographic surgical guide were more 

accurate than in mental CAIS.
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Other reported studies that comparing the accuracy 

between static CAIS and conventional technique are 

conducted in-vitro. Sarment et al., in 200316 and Nokar 

et al., in 201117 reported that CAD/CAM surgical guide 

was more accurate than conventional guide in all 

dimensions. These results were agreement with the 

combined in vivo - in vitro study from Nickenig et al., 

in 2010.18

Behneke et al., in 201214 concluded that increasing 

the number of sleeve-guided site preparation steps made 

a higher accuracy, hence implant placement through the 

guide allowed a more accurate than freehand insertion 

or freehand drilling.

The limitations of this study were limited only at 

posterior single tooth implant and the small sample size. 

Other factors such as cost effectiveness, duration of the 

surgical intervention, and patient reported outcome were 

suggested for further research. Future research could 

also address more complex surgical scenario such as the 

accuracy of anterior implant, replacement of multiple 

missing teeth, immediate implant placement, flapless/

open flap design or experience of the surgeon. Moreover, 

the reduction of surgical time and cost effectiveness 

should be taken in further study.

CONCLUSION

Implant placed with static CAIS technique had 

different accuracy of implant position when compared 

to mental CAIS in posterior single tooth implant. 
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ABSTRACT

Background: Regarding “Bone followed tooth 

movement”, it has been suggested that when a tooth is 

orthodontically moved, alveolar bone remodels to the 

same amount of tooth movement. However, many 

studies about bone response to incisors retraction have 

reported controversial results.

Objectives: To evaluate the relative alveolar bone 

thickness changes after maxillary incisors retraction 

(pre-retraction and 3 months post-retraction)

Material and Methods: Fourteen female orthodontic 

patients (mean age 24.7 ± 4.4 years) were assessed for 

alveolar bone thickness (ABT) changes during maxillary 

incisor retraction by means of cone beam computed 

tomography images (CBCT). Using tooth axis as reference, 

the labial bone thickness, palatal bone thickness and 

total bone thickness were assessed at the crestal, 

mid-root, and apical levels at two time points, i.e. 

pre-retraction (T0) and 3 months post-retraction (T1). 

Differences between these two time points were 

determined with Wilcoxon sign rank tests. Spearman’s 

rank correlation analysis was used to determine the 

relationship between ABT changes and dental inclination 

changes, vertical dental changes, initial bone thickness, 

rate of tooth movement and retraction distance. Significant 

level of all analysis was set at p<0.05. 

Results: During maxillary incisor retraction, the palatal 

and total alveolar bone thickness changes at apical level 

significantly increased (p<0.005). ABT of the other areas 

remained unchanged (p>0.05). The inclination change 

was significantly associated with ABT change (p<0.001). 

However, the rate of tooth movement, initial alveolar 

bone thickness, vertical dental change and retraction 

distance were not related with the ABT changes 

(p>0.05).

Conclusion: Under the standard protocol of maxillary 

incisor retraction, ABT in most areas were maintained. 

Palatal and total alveolar bone thickness at apical level 

were significantly increased. The incisor inclination 

change was significantly correlated with ABT changes. 

Keywords: Alveolar bone, Bone remodeling, 

Cone-beam computed tomography (CBCT), Incisor 

retraction

INTRODUCTION

The alveolar bone acts as the anchoring of teeth 

within the alveoli. The functions of alveolar bone include 

protection of the alveolar socket, attachment of the 

periodontal ligament (PDL) fiber, support of the roots 

of teeth and shock absorber by disseminating the force 

to the underlying tissue. When the tooth receives forces, 

the forces transmit to the alveolar bone, generating bone 

resorption on the pressure side and bone apposition on 

the tension side.1

The basic axiom in orthodontics is “bone traces 

tooth movement” or “bone follows tooth movement” 

which can be described that whenever orthodontic tooth 

movement occurs, the bone around the alveolar socket 
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will remodel to the same extent (1:1 B/T ratio).2,3 

However, the changes of alveolar bone during 

orthodontic tooth movement following the direction and 

the extent of tooth movement were controversial.4 

Handelmann5 reported that the tooth movement can alter 

the distance between alveolar cortical plate in relation 

to the roots of the orthodontically moved teeth. The 

anteroposterior movement of the incisors can lead to 

bone loss in the direction of the movement. However, 

later studies do not agree with this. In the vertical 

dimension, during orthodontic intrusion, bone decreases 

more than the tooth displacement leading to open 

gingival embrasure in the clinical finding.6 During 

orthodontic extrusion, bone increases less than the tooth 

displacement resulting in increased clinical crown.7 In 

the transverse dimension, Vardimon et al.8 studied the 

rapid maxillary expansion in monkey and reported that 

the root movement of buccal dental segment surpassed 

lateral bone remodeling. In the anteroposterior dimension, 

Steiner et al.9 reported the labial tooth movement of 

lower incisors in monkey caused the marginal bone and 

connective tissue attachment loss, followed by gingival 

recession.

Many previous studies have shown that the cone 

beam computed tomography (CBCT) can be used as a 

tool to qualitatively investigate tooth and alveolar bone 

changes in three dimensions.10,11 As this technique has 

a 1:1 image to reality ratio12 and the measurement are 

not affected by the orientation of the skull,13 therefore, 

the resulting image can be used to quantitatively evaluate 

hard tissue change in three dimensions.10 However, the 

alveolar bone response in the previous CBCT studies 

provided controversial results, which may be due to 

different subjects, force magnitude, force duration, force 

direction, and measurement method. 

Sarikaya et al.6 investigated the alveolar bone 

thickness changes after incisors retraction in bi-maxillary 

protrusion patients. CBCT was taken pre-retraction and 

at 3 months after retraction of incisors. They found that 

the lingual bone thickness significantly decreased after 

retraction, but the labial bone thickness of maxillary and 

mandibular incisors were maintained at their original 

thickness except in the crestal level of mandibular 

incisors which was decreased. 

Yodthong et al.7 evaluated the alveolar bone 

thickness change during upper incisors retraction. CBCT 

images were taken pre- and post-retraction of upper 

incisors. They found an increase in labial alveolar bone 

thickness at the crestal level after upper incisors 

retraction and a significant increase in total alveolar bone 

thickness at the apical level during upper incisors 

retraction. In their study, CBCT images were taken at 

pre-retraction and immediately after retraction. However, 

the bone remodeling process does not complete 

immediately after tooth movement. In the present study, 

we plan to delay taking the CBCT image after retraction 

for 3 months to allow the remodeling process occurs.6

The aims of this study were to evaluate the changes 

in relative alveolar bone thickness during upper incisors 

retraction and to investigate factors associated with the relative 

alveolar bone changes during upper incisors retraction.

MATERIALS AND METHODS 

The study was approved by the ethical committee 

of the Faculty of Dentistry, Prince of Songkla University. 

Adult patients (18-30 years of age), receiving orthodontic 

treatment at the Orthodontic Clinic of the Dental 

Hospital, Faculty of Dentistry, Prince of Songkla 

University, were selected on the basis of the following 

inclusion criteria: upper incisors bound for retraction 

with a space ≥ 2 mm between the lateral incisors and 
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canines, no significant medical history, no use of 

anti-inflammatory drugs for at least 6 months before or 

during the study, no evidence of periodontal or gingival 

problems at the beginning of orthodontic treatment, and 

no history of trauma to the upper and lower anterior teeth. 

To evaluate changes in alveolar bone thickness 

during upper incisors retraction, CBCT images were 

taken pre-retraction (T0) and 3 months after retraction 

(T1). The parameters measured in this study, including 

the rate of tooth movement, inclination change, vertical 

change, retraction distance and initial bone thickness, 

were determined by CBCT images. General data of each 

patient was collected from the patient’s orthodontic 

record chart, including gender, retraction distance and 

retraction time.

CBCT images were taken by using CT scan (90 kV, 

8 mA, 9.3-second exposure time, 0.125 mm voxel 

resolution, and 80 x 80 mm field of view; Veraviewepocs3D

J Morita MPG) The CBCT data from each patient were 

reconstructed at 0.125-mm increments. The Digital 

Imaging and Communications in Medicine images were 

assessed. The thickness of the labial and palatal alveolar 

plates was measured for each tooth, at the site adjacent 

to the widest point of the labio-palatal root, in three 

slices separated by 3 mm (S1, S2, and S3, respectively). 

Labial, palatal, and total alveolar bone thicknesses were 

assessed at the crestal level (S1; L1, P1, and T1), midroot 

level (S2; L2, P2, and T2), and apical level (S3; L3, P3, 

and T3) to evaluate alveolar bone thickness changes 

during retraction (Fig. 1). 

 

Fig. 1  Measurement of alveolar bone thickness

For pre-retraction (T0), nine measurements were 

taken for each tooth from the radiographs: three on the 

labial side, three on the palatal side, and three for the 

total thickness. The same measurements were repeated 

3 months after incisor retraction was completed (T1). 

T1 measurements were taken at the same slice levels as 

the T0 measurements, using the first slice on CEJ of the 

tooth as a reference point. All measurements were 

determined by a single investigator. 

The CBCT images were re-oriented before and after 

treatment using the same protocol. In the sagittal section, 

CBCT image was oriented parallel to palatal plane and 

the line was set at the half distance from ANS-PNS. In 

the axial section, CBCT image was oriented parallel to 

midpalatal suture. In the coronal section, CBCT image 

was oriented tangent to nasal floor at its most inferior 

level (Modified from Lin et al., 2014)14 (Fig. 2).
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The retraction time was registered, and the retraction 

distance was evaluated as the change in distance between 

the incisal edge and the vertical line at the half distance 

of ANS-PNS in CBCT image. The inclination change 

was evaluated as the angular change of the tooth axis 

and palatal plane whereas the vertical change was 

evaluated as the change in vertical position of the incis-

al edge to palatal plane (Fig. 3).

Statistical analysis

Intra-observer reliability of the measurement was 

calculated by intra-class correlation coefficient 

(ICC). Ten subjects were randomly chosen and the 

measurements were repeated at two weeks after the first 

measurement. The significant level was set at p<0.05. 

All measurements have ICC greater than 0.90. 

The reproducibility of measurement of the linear 

and angulation was assessed by calculating method error 

from the difference between two measurements taken at 

least two weeks apart. The measurement error was 

calculated from the formula of Dahlberg15 and the 

reliability of the data was evaluated by the intra-class 

correlation coefficients.16

Shapiro-Wilk test demonstrated that the mean 

alveolar bone thickness values were not normally 

distributed. Therefore, nonparametric statistical analyses 

were applied. Wilcoxon signed rank test was used to 

compare the difference in mean alveolar bone thickness 

pre-retraction (T0) and 3 months after retraction (T1). 

Spearman’s rank correlation analysis was applied to 

identify any correlations between potential influencing 

factors and changes in alveolar bone thickness. The 

level of significance was set at p<0.05.

RESULTS 

Fourteen female patients (mean age 24.7 ± 4.4 years; 

range 20-31 years) were included in this study. 

Dahlberg’s error was less than 0.5. Wilcoxon signed 

 

Fig. 2  Re-orientation of CBCT images

Fig. 3  Reference plane used to determine the retraction distance, vertical change and inclination change.



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019) 241

rank tests indicated no significant difference between 

the two series of measurements. The intraclass 

correlation coefficients for all measurements were higher 

than 0.90. All patients were retracted with a loop 

mechanic by 0.016” x 0.022” TMA retraction loop. The 

mean retraction distance, retraction time, rate of tooth 

movement, vertical change and inclination change were 

3.3 mm, 4.2 months, 0.8 mm per months, 0.6 mm and 

6.4 degrees, respectively (Table 1).

Table 1  Mean, Standard Deviation and Ranges of Retraction distance, Retraction time, Rate of tooth movement, Vertical change 

and Inclination change

Parameter Mean ± SD Range

Retraction distance (mm) 3.3 ± 1.1 2.1 - 5.6

Retraction time (month) 4.2 ± 1.4 2.1 - 6.7

Rate of tooth movement (mm/month) 0.8 ± 0.2 0.4 - 1.0

Vertical change (mm) 0.6 ± 1.2 -0.9 - 3.2

Inclination change (degree) 6.4 ± 5.2 0.1 - 21.0

According to Wilcoxon signed rank tests, the palatal 

and total alveolar bone thickness changes at the apical 

level were statistically, significantly increased. Alveolar 

bone thickness of the other areas remained unchanged 

(p>0.05) (Table 2). 

Table 2  Comparison of Mean Alveolar Bone Thickness at T0 and T1 with Wilcoxon signed rank test

Location
Alveolar Bone thickness (Mean ± SD) 

P Value
T0 T1

Labial

Crestal 0.9 ± 0.2 0.9 ± 0.2 0.282

Mid-root 0.6 ± 0.2 0.6 ± 0.2 0.967

Apical 0.5 ± 0.3 0.5 ± 0.2 0.227

Palatal

Crestal 0.9 ± 0.4 0.8 ± 0.4 0.232

Mid-root 1.8 ± 0.9 1.9 ± 1.1 0.360

Apical 3.2 ± 1.4 3.9 ± 1.5   0.002*

Total

Crestal 7.7 ± 0.6 7.7 ± 0.7 0.675

Mid-root 7.6 ± 1.0 7.6 ± 1.1 0.304

Apical 7.9 ± 1.5 8.7 ± 1.5   0.001*

* p<0.005.

From Spearman’s rank correlation analysis, the 

palatal and total alveolar bone thickness changes were 

significantly associated with inclination change (r = 0.8; 

p<0.001) and (r = 0.9; p<0.001), respectively. However, 

the rate of tooth movement, initial alveolar bone 

thickness, vertical dental change and retraction distance 

were not related with the alveolar bone thickness change 

(p>0.05) (Table 3).
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DISCUSSION

This study shows that the alveolar bone remodeling 

is consistent with the tooth movement. The findings 

disagree with the previous CBCT studies which found 

the decrease of the alveolar bone in the direction of the 

tooth movement by Ahn et al.,17 and Picanco et al.18 

However, our results agree with DeAngelis who 

presented the piezoelectric properties of the alveolar 

bone by transducing element response for the coordinated 

of bone apposition and resorption. Mechanotherapy 

induced alveolar bone bending and distortion as well as 

created the alteration of the electric environment through 

the orthodontic force. The alveolar bone maintained its 

structure characteristic and size as it moved due to the 

coordination of apposition and resorption.4

Many studies demonstrated a lag in bone remodeling 

in response to tooth movement and reported that labial 

bone thickness was significantly increased.19-21 On the 

contrary, the labial alveolar bone thickness in this study 

was maintained during upper incisors retraction. Similar 

to the study of Sarikaya et al.,6 our study took the T1 

images at 3 months after retraction to allow the bone 

remodeling process occurs. Moreover, we observed that 

palatal and total alveolar bone thicknesses did not 

significantly decrease at the crestal and mid root levels 

but significantly increased at the apical level. These 

findings may be from either short retraction time or small 

samples, in contrast to the results of Sarikaya et al.,6 

Vardimon et al.,8 and Wehrbein et al.21

The study of Yodthong et al.7 demonstrated that the 

rapid rate of incisor retraction increased bone thickness 

at the labial crestal level. This result might be due to the 

fact that  bone remodeling process may not be able to 

keep up with a rapid tooth movement. However, their 

result indicated that total alveolar bone thickness was 

maintained. According to this observation, they suggested 

that the rate of resorption on the labial aspect is relatively 

slower than the rate of apposition on the lingual aspect, 

which may lead to labial bone prominence. Therefore, 

we delay taking the CBCT images at T1 for 3 months 

after upper incisors retraction to allow bone remodeling 

to completely take place.

Changes in inclination were strongly correlated with 

changes in palatal and total bone thickness at the apical 

level (r=0.8; p<0.001) and (r=0.9; p<0.001), respectively. 

These results are in agreement with the results of 

Yodthong et al.7 who reported that incisal inclination 

changes during orthodontic treatment result in a change 

in the alveolar bone thickness. 

The field of view used in this study was 80 x 80 mm 

whereas the external reference in CBCT image was used 

to evaluate the retraction distance, inclination change 

and vertical change. This was different from other 

studies6,7 which gathered information from lateral 

cephalogram and CBCT image that may generate the 

random error more than the data that are collected from 

only one tool.

Table 3  Correlation Between Mean Changes of Alveolar Bone Thickness and Potential Influence Factors

Change of Alveolar Bone; r Value (P Value)

Palatal apical Total apical

Rate of tooth movement -0.4 (0.140) -0.3 (0.377)

Retraction distance -0.4 (0.156) -0.5 (0.070)

Inclination change     -0.8 (<0.001)*     -0.9 (<0.001)*

Vertical change 0.4 (0.212) 0.4 (0.186)

Initial bone thickness -0.1 (0.863) 0.2 (0.536)

* p<0.05.
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The use of external reference in CBCT image can 

demonstrate the amount of lateral incisors movement. 

The root surface area of lateral incisors was less than the 

central incisors. When the central and lateral incisors 

received the same amount of force, the movement didn’t 

coincide. So, the rate of tooth movement and retraction 

distance in this study were calculated individually for 

each tooth.

The tooth axis was used to investigate the alveolar 

bone thickness change in this study. The internal 

reference demonstrated the bone thickness changed 

relatively on the tooth position, representing the safety 

of mechanotherapy. However, the actual change of 

alveolar bone cannot be determined. In this study, 

alveolar bone thickness change was not statistically, 

significantly different from T0 to T1; therefore, the 

mechanic used was clinically effective for tooth 

movement. The limitation of this study should be 

considered. First, the bone thickness was evaluated 

cross-sectionally, whereas the remodeling process 

occurs continuously and may be mismatched on the 

amount of apposition and resorption. Therefore, dynamic 

changes were not observed. Second, the CBCT image 

was performed after the completion of leveling and 

aligning; therefore, information on the initial bone 

change is lacking. The result must be interpreted with 

caution. Last, long term changes in bone thickness after 

orthodontic treatment were not evaluated. A longitudinal 

observation study beyond treatment completion may 

provide further insight into the long-term alveolar bone 

remodeling process.

CONCLUSION 

a. The palatal and total alveolar bone thickness 

changes at the apical level significantly increased during 

upper incisors retraction.

b. The factor related to changes in alveolar bone 

thickness during upper incisors retraction was inclination 

change.
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ABSTRACT 

Background: Practicing on incision and suturing of 

mucogingival flap is a basic surgical maneuver before 

starting the clinical oral surgical procedures. According 

to the pervious study of mechanical properties of porcine 

gingiva, developing the natural rubber suturing pad 

which has comparative properties to the porcine’s for 

such practice is generally useful for dental students to 

develop their basic skill.

Objectives: To fabricate a rubber suturing pad from 

natural rubber with the addition of rice bran oil (RBO) 

as a plasticizer and improve the gingiva-like color, and 

to study the mechanical properties of the rubber suturing 

pad before and after heat vulcanization at various time.

Methods: Different proportions of 50% RBO, 10, 20, 

30, 40 and 50 parts per hundred of rubber (phr), were 

used as a plasticizer for a pilot study in fabrication of 

the rubber suturing pad. The 50% titanium dioxide was 

added in 2 proportion, 0.5 and 1 phr, with a small amount 

of food colorant for improving the color. After the rubber 

pads molded, they were heated at 100°C at 0.5, 1, 2, and 

4 hours. The mechanical properties, tensile strength and 

hardness, were assessed.

Results: The proportions of 50% RBO which were able 

to cast the rubber suturing pad were 10, 20 and 30 phr. 

The acceptable mechanical properties were found in the 

groups of 20 and 30 phr. After improving the color, the 

tensile strength was 1.054-2.937 MPa and the hardness 

was 10.74-13.02. After complete vulcanization by 

heating in various times, the tensile strength was 4.648-

4.952 MPa and the hardness was 16.18-16.58.

Conclusion: The proportions of 20 and 30 phr of 50% 

RBO could be used as a plasticizer and after improving 

the color, the tensile strength and hardness of the rubber 

suturing pad was slightly lower than the porcine gingiva. 

Complete vulcanization at 100°C for 0.5 hours could be 

obtained, and also achieved the acceptable mechanical 

properties.

Keywords: Natural rubber, Plasticizer, Rice bran oil, 

Rubber suturing pad, Vulcanization 

INTRODUCTION 

The quality of the basic surgical skill training has a 

direct impact on the performance and capacity of the 

student in future clinical work.1 The dental students of 

the Faculty of Dentistry, Prince of Songkla University 

have practiced their suturing skill with the commercial 

suture pad (Nissin®) before stating their clinical minor 

surgical procedure. The mechanical property of Nissin® 

suture pad was reported that a tensile strength was 

4.85±1.20 megapascal (MPa) and the hardness was 

22.42±0.70.2 In southern Thailand, natural rubber is the 

natural product that is plenty and cheap. An attempt to 

develop natural rubber as a practice suture pad has been 

reported, however, it could not achieve the desired mechanical 

properties due to its high tensile strength and hardness.
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The morphologic and histologic features of porcine 

oral soft tissues is similar to human oral soft tissues.3, 4 

The mechanical properties were measured by the 

Universal testing machine and shore A durometer and 

it was found that the tensile strength of keratinized 

gingiva of porcine was 3.94±1.19 MPa5 and the hardness 

(Shore A) was 12 (unpublished data). Moore et al.6 

suggested that an artificial gingiva made of a certain type 

of elastomer provides a particularly realistic “feel” to 

the dental model of this invention, closely simulating 

the actual feel of living gum tissue. Such an artificial 

gingiva may be made of an elastomer having essentially 

the following characteristics when cured: tensile strength 

at least 20 kg per cm2 preferably 30 to 40 kg per cm2; 

shore A durometer: 15 to 30, preferred; 18 to 22. So, this 

study used acceptable values of hardness 12-22 and 

tensile strength 3.00-5.13 MPa. 

The vulcanization provides cross-link molecular 

process to improve physical properties, increase 

elasticity and decrease plasticity. The mostly used 

vulcanization agent is sulfur because it is inexpensive, 

has no toxin and good distribution. Generally, sulfur 

along with additives was added to rubber and heated up. 

Hot air oven technique was the open cure for vulcanization 

of rubber by using 100-120°C. The duration of 

vulcanization depends on the temperature. The 

increasing temperature will help to decrease the 

vulcanization time.7 

Plasticizers are the substances that have been added 

to help the production process easier, reduce the 

temperature and time and decrease the hardness such as 

paraffinic oil, naphthenic oil, aromatic oil, paraffin wax. 

These are components from petroleum oil which are 

widely used in the production of compound rubber. 

The use of petroleum can be exhausted and cannot be 

reproduced resulting in finding replacement materials. 

The oil obtained from plants is considered a substitute 

material. Vegetable oils, including soybean oil, rice bran oil, 

castor oil, coconut oil and sunflower oil, has been used 

to improve the properties, the production process and 

reduce tensile strength and the curing time of the rubber.8-11

Titanium dioxide (TiO
2
) is an inorganic color which 

gives a bright white color, high refractive index, stable 

and non-toxic. Therefore, it is widely used in the rubber 

industry because of the improved physical and 

mechanical properties.12-14 

This study was aimed to develop natural rubber for 

fabricating the practice suturing pad that could have the 

mechanical properties comparatively to porcine gingiva 

by using the rice bran oil (RBO) as the plasticizer, and 

have similar color by adding the food colorant and 50% 

TiO
2
; and to study the mechanical property of the rubber 

suturing pad before and after heat-vulcanization at 

100°C in various time.

MATERIALS AND METHODS 

A.  Fabrication the rubber suturing pad by using 

RBO

The commercial high ammonia latex (HA latex) 

with 60% dry rubber content and all chemicals agents 

were purchased from 8G Group Co. Ltd., Thailand. The 

natural rubber compound was prepared according to the 

formulation given in Table 1. The 50% emulsion RBO 

was prepared by using 50% RBO 50 grams (g), oleic 

acid 1 g, mixed with a mixture of 10% potassium 

hydroxide (KOH) and distilled water 50 g. The 

compound latex was mixed with the 50% RBO emulsion 

from in the various proportions (10, 20, 30, 40 and 50 

parts per hundred rubber (phr)) as the plasticizer and 

stirred continuously for 5 hours (h) at room temperature. 

The mixture was casted in the glass molds and kept in 

room air. Three days later, the samples were tested for 

the mechanical properties (tensile strength and hardness) 

and photographed.
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Table 1 Formulation used in fabrication the rubber suturing pad

Ingredients Wet weight (g)

60% Natural rubber 167

10 % KOH 1

10 % potassium oleate 2

50% Antioxidant (Wingstay L ) 1.6

50% Zinc diethyl dithiocarbamate 1.6

50% Vulcanized (Sulfur) 0.2

50% Activator (Zinc oxide) 1

Mechanical properties: Tensile strength and hardness

The tensile strength testing of natural rubber was 

performed by using universal testing machine (Zwick, 

model Z010, United States of America). ASTM D412 

method was followed using dumbbell-shaped test 

specimens at a crosshead speed of 500 mm/min. All the 

values reported are obtained from at least five test results. 

The hardness was tested using a Shore A durometer 

(Frank GmbH, Hamburg, Germany) according to ASTM 

D2240.

After testing the mechanical properties, the formula 

of samples that had the acceptable values were used in 

the process of improving the color (part B).

B.  Modification of color

The rubber compound was added with the food 

colorant and 50% TiO
2
 0.5 and 1 phr. The commercial 

TiO
2
 in dispersion form was prepared and purchased 

from 8G Group Co. Ltd., Thailand. The essential oil was 

also added to the rubber compound for reducing the 

smell of rubber. Samples were stirred for 5 h and casted. 

The mechanical properties were measured and compared 

among groups of samples. Then, the suitable formula 

from part B was chosen to study vulcanization with 

heating.

C.  Vulcanized with heating

The samples were produced in the same process in 

part B and dry-heated with hot air oven at 100°C at 0.5, 

1, 2 and 4 h. The mechanical properties were measured. 

Statistical Analysis

All experiments were repeated in 4 times. Data were 

analyzed for statistical significance using the ANOVA 

test (p<0.05 was considered significant).

RESULTS

Part A, the RBO was able to cure in 10, 20 and 30 

phr that had a light yellowish color and smooth surface 

while 40 and 50 phr were unable to cure or be peeled 

off from the cast because of fragility and rough surface 

(Fig. 1). The tensile strength and hardness of cured the 

rubber suturing pads were shown in Table 2. The 

acceptable hardness was found in the groups of 20 and 

30 phr of RBO, and the tensile strength was 3.130±1.518 

MPa and 2.703±1.722 MPa, respectively. The tensile 

strength seemed to steadily decrease in groups of 10, 20 

and 30 phr of 50% RBO but there was no significant 

difference when compared with 50% RBO 0 phr, while 

the decreased hardness demonstrated significant 

difference between groups (Fig. 2).
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Fig. 1  The appearance of the rubber suturing pad in the various proportions of 50% RBO.

Table 2  The mechanical properties of the rubber suturing pad by using 50% RBO as plasticizer.

Sample Tensile strength (MPa) Hardness (Shore A)

50% RBO 0 phr (control) 3.150±0.306 27.80±0.837

50% RBO 10 phr 2.835±0.493 22.06±0.371*

50% RBO 20 phr 3.130±1.518 16.02±0.455*

50% RBO 30 phr 2.703±1.722 13.08±0.733*

*denotes significant difference, p<0.05. 

Fig. 2  The mechanical properties of the rubber suturing pad by using 50% RBO as plasticizer.

*denotes significant difference, p<0.05 

The four samples in part B included 

1) 50% RBO 20 phr with color and 50% TiO
2
 0.5 phr 

2) 50% RBO 20 phr with color and 50% TiO
2
 1.0 phr 

3) 50% RBO 30 phr with color and 50% TiO
2
 0.5 phr 

4) 50% RBO 30 phr with color and 50% TiO
2
 1.0 

phr. All samples had smooth surface, pink and opaque 

color. The result of mechanical properties testing was 

shown in Table 3.

Fig. 3 The appearance of the rubber suturing pad after improving the color.
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The groups of 50%RBO 20 phr, color, TiO
2
 0.5 phr 

and 50% RBO 20 phr, color, TiO
2
 1.0 phr demonstrated 

the desirable property of hardness for suture gingival 

pad. But the tensile strength in all samples were lower 

than the acceptable values and no significant difference 

was found. The hardness of samples in the group of 50% 

RBO 20 and 30 phr showed significant difference when 

added the TiO
2
 0.5 and 1.0 phr. A formula, 50% RBO 

20 phr, color, TiO
2
 0.5 phr was chosen for the pilot study 

of mechanical properties in the process before and after 

dry-heated vulcanization at 100°C in the duration of 0.5, 

1, 2 and 4 h. All the heated samples had got the 

comparable tensile strength and hardness. It was found 

that the tensile strength and hardness increased in all the 

heated groups when compared with the non-heated group 

with a significant difference (Fig. 5). The tensile strength 

of the non-heated group was found much lower 

(Table 4). 

Table 3  The mechanical properties of the rubber suturing pad after improving the color.

Sample Tensile strength (MPa) Hardness (Shore A)

50% RBO 20 phr 3.130±1.518 16.02±0.46

50%RBO 20 phr, color, TiO
2
 0.5 phr 1.054±0.327 12.46±0.397*

50%RBO 20 phr, color, TiO
2
 1.0 phr 2.937±1.764 13.02±0.303*

50% RBO 30 phr 13.08±0.733 2.703±1.722

50%RBO 30 phr color, TiO
2
 0.5 phr 1.340±0.648 11.22±1.219*

50%RBO 30 phr, color, TiO
2
 1.0 phr 1.238±0.815 10.74±1.064*

*denotes significant difference, p<0.05. 

Fig. 4  The mechanical properties of the rubber suturing pad after improving the color. 

* denotes significant difference, p<0.05.

Table 4  The mechanical properties of the rubber suturing pad after heating with various time.

50% RBO 20 phr, color, TiO
2
 0.5 phr Tensile strength (MPa) Hardness (Shore A)

No heating 1.054±0.327 12.46±0.397

Hot air oven 100°C 0.5 h 4.952±0.431* 16.18±1.363*

Hot air oven 100°C 1 h 4.926±0.550* 16.28±1.308*

Hot air oven 100°C 2 h 4.680±0.425* 16.22±0.901*

Hot air oven 100°C 4 h 4.648±0.242* 16.58±0.973*

* denotes significant difference, p<0.05.
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DISCUSSION 

Forming of the rubber suturing pad by using the 

various proportion of 50% RBO as the plasticizer could 

do in the proportion of 10, 20 and 30 phr. The rubber 

suturing pad had a smooth surface, light yellowish color. 

The 40 and 50 phr proportion of 50% of RBO could not 

form a pad because it was fragile and got a separate 

layer of oil on top surface; thus, the mechanical 

properties could not be done. The amount of plasticizer 

from vegetable oil was added too much in the processing. 

Thus, the RBO infiltrated to the molecule of natural 

rubber and inhibited the vulcanization and could not 

mold into a rubber pad. The important basic components 

of vegetable oil were fatty acids such as steric acid, oleic 

acid ricinoleic acid, linoleic acid, palmitic acid and 

lauric acid.15 Adding the fatty oils will be the plasticizer 

and help decrease the hardness, which is consistent with 

the result of hardness’s value in this study. From, Fig. 2 

and 3, the hardness and tensile strength tended to 

decrease when the proportion of RBO increases. The 

tensile strength property when using the various 

proportion was similar to porcine gingiva in the 20 phr 

of 50% RBO and less than it in 10 and 30 phr proportions. 

Vegetable oil has been used in plastics and 

elastomers to achieve low-temperature flexibility and 

lower hardness.16 Plasticizer made from soybean oil to 

substitute naphthenic oil. The mechanical and dynamic 

properties were slightly different.17 Raju et al.9, 10 

suggested that, castor oil and coconut oil can be a 

plasticizer for substituted the naphthenic oil. Tear 

strength and modulus have improved the properties when 

using castor oil as the plasticizer. 

Regarding the process of developing the color, the 

hardness and tensile strength slightly decreased when 

compared with before adding TiO
2
. TiO

2
 is the filler for 

color making in plastic and rubber for industrial use. The 

particle of TiO
2
 infiltrates into the rubber with no 

dissolution to the rubber. TiO
2
 is in contact with rubber 

mostly by physical bond composite that makes it harder. 

In this study, very small amount of TiO
2 
was used for 

coloring, in addition the much more liquid volume of 

compound rubber after adding color solution may 

influence the mechanical properties unchanged. The 

mechanical properties of 50% RBO 20 phr, color, TiO
2
 

1.0 phr was greater than 50% RBO 20 phr, color, TiO
2
 

0.5 phr (Fig. 4) due to the addition amounts of TiO
2
 to 

increase the tensile strength and hardness. Similar results 

were obtained by Hayeemasae et al.13 They prepared 

TiO
2 

0, 2, 4, 6 and 8 phr as filler for natural rubber 

composites and the tensile strength increased up to 6 phr 

Fig. 5  The mechanical properties of the rubber suturing pad after heating with various time.

* denotes significant difference, p<0.05.
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of TiO
2
, above this level, the strength was reduced. In 

addition, Saritha et al.14 found that the tensile strength, 

modulus, and tear strength increased with increasing 

TiO
2
 loading. In accordance with the studies of Datta 

et al.12 and Hayeemasae et al.13, the adding TiO
2
 could 

reduce the elasticity and result in an increase of the 

hardness. Besides, the vulcanization by heating 100 °C 

in the various time, the hardness and tensile strength 

slightly increased (Fig. 5) and the mechanical properties 

were still in the acceptable values. In general, the 

vulcanization can be done in many ways including heat-

ing, chemicals, radiation and chemically combined with 

heating. In this study, sulfur was used and combined 

with heating process at 100°C at different times. It was 

found that the hardness and tensile strength of the rubber 

suturing pad increased and vulcanized completely 

(Fig. 5). The mechanical property after heating was 

suitable for the practice of the dental students. Therefore, 

the production process of the rubber suturing pad may 

choose the heating with a hot air oven at 0.5 h because 

of shortening time and proper mechanical properties for 

use.

Using RBO as a plasticizer for making the rubber 

suturing pad has never been reported. And this study 

also provides the appropriate mechanical properties for 

use in the training of dental students. It also helps 

increase the value of economic crops in the south. 

However, this study has limitations in the period of 

study. Further studies should increase the times for 

testing the mechanical properties of suturing pads in 

every step of development. Beside, satisfaction scores 

in trying of suturing pads in the dental students should 

be evaluated.

CONCLUSION

The 20 and 30 phr of 50% RBO could be used as a 

plasticizer and after improving the color, the mechanical 

property of the rubber suturing pad was slightly similar 

to the porcine gingiva. It was concluded that the RBO 

could be the plasticizer in fabricating the natural rubber 

suturing pad. The mechanical properties of heating in 

various times were corresponding in all samples. The 

completely vulcanized rubber at 100°C for 0.5 h was a 

preferred method for producing the natural rubber 

suturing pad.
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ABSTRACT 

Background: Demineralized tooth matrix has been 

considered a grafting material. However, various 

demineralization procedures may result in products with 

different properties.

Objectives: To examine the influence of the deminer-

alization process of human tooth using 4 different 

preparation protocols of hydrochloric acid on the 

physicochemical characteristic, degradation rate and 

BMP-2 protein quantification.

Methods: Caries-free permanent teeth were pulverized 

into particles range from 500-1,000 μm. Tooth particles 

were assigned to 5 groups with different protocols of 

demineralization (mineralized tooth;TM, 0.5M/10DTM, 

0.5M/20DTM, 1M/10DTM and 1M/20DTM). Chemical 

compositions were analyzed by x-ray diffraction and 

x-ray fluorescence spectroscopy. Surface morphology 

was evaluated by scanning electron microscopy and 

Brunauer-Emmett-Teller analysis. Bradford protein 

assay was used to quantify total protein and human 

ELISA was used for BMP-2 quantification. Degradation 

behaviors were assessed over 60 days using 50 mM 

Tris-HCl solution (pH 7.4) at 37°C. 

Results: Increasing reaction time led to more collagen 

exposed on smooth dentin surface, larger size of dentinal 

tubule and average pore diameter, less crystallinity, and 

less Ca/P ratio. The highest total protein (3.53±0.24 μg/

ml) and BMP-2 concentration (1,181.53±193.77 pg/ml) 

were found in 1M/20DTM group compared to TM group 

(0.98±0.081 μg/ml, 2.67±5.34 pg/ml, p=0.000). The 

degradation at 60 days of TM, 0.5M/10DTM, 

0.5M/20DTM, 1M/10DTM, and 1M/20DTM were 

6.41±0.30%, 9.19±1.92%, 8.46±0.28%, 19.27±2.74%, 

22.90±10.10% respectively (p<0.05).

Conclusion: The reaction time of HCl has greater effect 

on human tooth particles in aspect of surface morphology, 

crystallinity, element components, Ca/P ratio, the 

quantity of total protein and BMP-2 releasing. While 

increasing the concentration leads to more degradation 

of the human tooth matrix.

Keywords: BMP-2, Bone graft, Ca/P, Degradation, 

Demineralization, Tooth

INTRODUCTION 

A var iety of properties bone graft material may be 

required biocompatibility, proper porosity, crystallinity, 

mechanical strength and resorption. The bone graft 

scaffold must be biocompatible and nontoxic. It is 

important for the first thing of medical device investigation 

because cells must adhere and survive. Biodegradable 

property is also important in order to allow tissue 

formation to occur simultaneously with degradation.1

The to oth is increasingly attracting attention as a 

material for alveolar bone regeneration. The chemical 

composition of dentin is like the bone. The organic 

matrix composes of type I collagen, noncollagenous 
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proteins which play an important role in calcification. 

The osteoinductive capacity of a demineralized tooth 

was verified since 19672, and it has been accepted that 

demineralized teeth a re osteoinductive or osteoconductive 

graft materials.3

To prepare the human demineralized tooth matrix 

(DTM), the procedure includes long preparation time 

and get through multiple chemical preparation processes 

that affect the physicochemical as well as the degradability 

of the materials and biocompatibility property. 

The aim of this study was to examine the influence 

of the demineralization process of human tooth 

using 4 different concentrations and reaction times of 

hydrochloric acid on the physicochemical characteristic, 

degradation rate and the amount of the bone 

morphogenetic protein-2 (BMP-2).

MATERIALS AND METHODS 

Demineralized tooth matrix preparation

Caries-free permanent teeth were processed for the 

preparation of human tooth matrix. The periodontal 

ligament and pulp tissue were removed and the teeth 

were pulverized into small particles range from 500-

1,000 μm using ball mill machine (Mixer Mill M301, 

Retsch GmbH, Haan, Germany). Then, sieves with 500 

μm and 1,000 μm aperture (Endecotts, London, UK) 

were used for collecting the particle size. Tooth particles 

were pooled and assigned to 5 groups with different 

protocols of HCl concentration and reaction time [Tooth 

matrix (TM), 0.5M/10min (0.5M/10DTM), 0.5M/20min 

(0.5M/20DTM), 1M/10min (1M/10DTM) and 

1M/20min (1M/20DTM)]. 

Physicochemical characteristic

The surface characteristics

The surface characteristics of tooth particle in all 

groups were evaluated by the scanning electron 

microscope (FEI Quanta 400).

BET analysis

Brunauer-Emmet t -Tel ler  analys is  (BET, 

Micromeritics ASAP2460, Micromeritics Instrument 

Corp, Atlanta, GA, USA) was used for describing the 

surface area and average pore diameter of materials.

XRD analysis 

To examine the crystallinity percentage and phase 

of calcium phosphate compound, all groups were 

assessed by X-Ray Diffractometer (X’Pert MPD, 

PHILIPS, The Netherlands).

XRF analysis and Ca/P ratio

To determine the amount of elemental contents, all 

sample groups were assessed by X-Ray Fluorescence 

Spectrometer (PW 2400, PHILIPS, The Netherlands). 

The stoichiometric Ca/P ratio was calculated using the 

following formula: 

Ca(mol)/P (mol) = [Ca (wt%)/40.08 (g/mol)]/ 

[P (wt%)/ 30.97 (g/mol)]

Protein extraction

The protein extraction was performed by Guanidine 

HCl/EDTA method.4 A 100 mg of all groups were placed 

in 5 ml tubes with 1.9 ml of 4 M Guanidine HCl, 50mM 

EDTA in 50 mL Tris pH7.4 plus protease inhibitors. The 

samples were shaken at 4oC for 24 hrs. and supernatants 

were collected.

Total protein and BMP-2 quantification

To quantify the total protein concentration of all 

groups, Protein Assay (Pierce Coomassie Plus 

[Bradford] Assay Kit; Thermo Fisher Scientific, 

Waltham, MA, USA) was achieved on the solution 

samples and human BMP-2 Quantikine ELISA Kit 

(R&D Systems) was used for BMP-2 measurement.
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Preparation of the scaffolds

To fabricate TM/PVA and DTM/PVA scaffolds for 

degradation and cell proliferation test, a 200 mg of TM 

and DTM particles were added into 100 μl of 5% wt/v 

of PVA solutions and filled into a container (Ø 10x3 

mm). Then, the repeated freeze-thawing of scaffolds 

were performed for 3 days and sterilized  by hydrogen 

peroxide gas before use. 

Degradation of the scaffolds

All groups were immersed in 1 mL of 50 mM 

Tris-HCl solution (pH 7.4) at 37°C for 60 days. The 

weight was examined at day 0, 1, 3, 5, 7, 14, 21, 30, 45, 

and day 60. The percentage of degradation was 

calculated by the following equation:

Degradation rate (%) =100 × (W0 - Wt)/W05

Data analysis 

The statistical analysis were calculated by IBM 

SPSS version 23. One-way ANOVA analysis (p<0.05) 

was used for comparing BMP-2 quantification and 

degradation rate. 

RESULTS 

Particle characterization

The particles of TM and DTM were like a sand 

particle with hard in consistency. The color of TM 

particles was opaquer than all DTM groups. 1M/20DTM 

group showed the most yellowish in color. The size of 

particles in all groups were between 500-1,000 μm 

(Fig. 1). 

Fig. 1  Gross appearance of the TM and DTM from 4 different demineralization protocols.

SEM analysis

The TM group showed inorganic irregular surface. 

After increasing the demineralized reaction time with 

HCl, DTM samples exhibited smoother surface with 

larger dentinal tubules and abundant of exposed collagen 

fibrils. The diameter of dentinal tubules was 0.5-1.0 μm 

in TM, and 2-3 μm in 0.5M/10 DTM, 1M/10DTM, 

0.5M/20DTM and 1M/20DTM groups (Fig. 2).
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Fig. 2  SEM images showing the surface topography of TM (a-c). After demineralized in HCl, 0.5M/10DTM (d-f), 0.5M/20DTM 

(g-i), 1M/10DTM (j-l) and 1M/20DTM (m-o). 

XRF analysis

The demineralized process reduced the amount of 

Ca and P with the lowest content of Ca and P in 

1M/20DTM. The Ca/P ratio of TM group was 1.49 and 

the ratio increased to 1.79-2.47 after the demineralized 

process (Table 1).

Table 1  The element component (%) of TM and DTM samples determined using XRF

Groups % element (% by weight) Ca/P ratio

Ca P S Mg Na Cl K Zn Fe

TM 15.6 8.08 0.04 0.42 0.50 0.08 0.01 <0.01 0 1.492

0.5M/10DTM 11 4.32 0.15 0.13 0.16 0.15 <0.01 <0.01 0 1.968

1M/10DTM 8.25 2.71 0.19 0.01 0.15 0.17 <0.01 <0.01 0 2.352

0.5M/20DTM 8.17 2.64 0.21 0.07 0.12 0.01 <0.01 <0.01 0 2.391

1M/20DTM 3.43 1.07 0.25 0.05 0.08 0.2 <0.01 <0.01 <0.01 2.477

XRD analysis

According to numbers of peak and peak compatible 

patterns in XRD graph, Calcium and Phosphate minerals 

in all groups were found only in hydroxyapatite phase. 

When concentration of HCl acid and demineralization 

time increased, the percentages of crystallinity 

decreased. The highest percentage of crystallinity was 

presented in TM group (63.09%) and the lowest was 

presented in 1M/20DTM group (54.33%) (Table 2).
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BET analysis

When the concentration of HCl acid and 

demineralization time increased, the BET surface area 

decreased relatively with surface characteristic of 

particles but the average pore diameter was increase. 

The most average pore diameter was 1M/20DTM group 

(68.17A°) (Fig. 3).

Table 2  The crystallinity and Ca-P phase of TM and DTM samples determined using XRD

Groups % Crystallinity Calcium phosphate phase identification

TM 63.09 Hydroxyapatite

0.5M/10DTM 62.12 Hydroxyapatite

1M/10DTM 61.91 Hydroxyapatite

0.5M/20DTM 56.84 Hydroxyapatite

1M/20DTM 54.33 Hydroxyapatite

Fig. 3  Bar chart demonstrating surface area and average pore diameter of TM and DTM groups.

Total protein and BMP-2 quantification

The greatest of total protein was found in 

1M/20DTM group (3,526.25±238.41 μg/ml). The 

ELISA measurements of BMP-2 released also observed 

with the highest concentration in 1M/20DTM group 

(1,181.53±193.77 pg/ml) with a significant difference 

when compared to other groups (p=0.000) (Table 3, 

Fig. 4). 

Table 3  Determination of total protein and BMP-2 concentration from TM and DTM. * significant different from 1M/20DTM, 

p=0.000.

Groups Total protein (μg/ml) BMP-2 (pg/ml) BMP-2/total protein (pg/μg)

TM 975.00±80.85* 2.67±5.34* 0.002±0.005*

0.5M/10DTM 1,166.88±307.66* 111.54±6.68* 0.101±0.029*

1M/10DTM 1,843.13±105.54* 309.72±237.10* 0.167±0.132*

0.5M/20DTM 1,876.88±105.88* 528.36±154.78* 0.278±0.070

1M/20DTM 3,526.25±238.41 1,181.53±193.77 0.336±0.060
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Degradation of TM and DTM scaffold

All specimens degraded with time. The tooth 

particles in 1M/10DTM and 1M/20DTM groups were 

dislodged from the scaffold since day 7. The degradation 

rate at day 60 of TM, 0.5M/10DTM, 0.5M/20DTM, 

1M/10DTM and 1M/20DTM groups were 6.405±0.302, 

9.194±1.916, 8.462±0.279, 19.273±2.743 and 

22.897±10.091 respectively (Table 4, Fig. 5). The 

degradation rate of 1M/10DTM and 1M/20DTM groups 

were significant difference higher than other groups 

(p=0.033, 0.006).

Fig. 4  Bar chart demonstrating total protein (green color) and BMP-2 (blue color) concentration. * and ** represent significantly 

statistical difference when using post hoc Tukey test as compared to all groups (p<0.05).

Table 4 The degradation rate of TM and experimental groups at day 60. The  asterisk (*) represents significantly statistical difference 

when using post hoc Tukey test as compared to all groups (p<0.05)

Groups Degradation rate day 60 (%) Sig

Tooth matrix (TM) 6.405±0.302

  0.5M/10DTM 9.194±1.916 0.966

0.5M/20DTM 8.462±0.279 0.991

1M/10DTM 19.273±2.743 0.033*

1M/20DTM 22.897±10.091 0.006*
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DISCUSSION 

Demineralization is the process of removing 

mineral, in the form of mineral ions, from biomaterials.6 

The demineralized process affects the physicochemical, 

degradation rate and BMP-2 releasing of the tooth. The 

present study demonstrated that with increasing of the 

demineralization time and concentration, the surface 

characteristic of dentin surface showed increased size 

of dentinal tubules. Similarly, Park et al.7 demonstrated 

that with increasing of the demineralization time, the 

surface structure of the dentin block showed increased 

numbers and size of dentinal tubules, as well as crack-

line and collagen fiber. The dentinal tubules may provide 

channels for releasing proteins and growth factors and 

collagen fiber may promote attachment of osteoblasts.8, 9 

In the present study, increasing the demineralization 

time, the percentages of crystallinity and inorganic 

components decreased. Similar to previous study, Park 

et al.7 demonstrated that the tooth lost their crystalline 

structure and became amorphous after 10-30 minutes of 

demineralization process with ultrasonic technique. 

Moreover, Park et al.10, reported that increasing 

demineralization time, the relative amount of inorganic 

materials was decreased, while that of organic materials 

were increased. When inorganic materials decreased, 

the mechanical strength of graft would decrease.11, 12

In this study, the Ca/P ratio of Hydroxyapatite 

resulting from the demineralization process range from 

1.968 - 2.477. The high Ca/P ratio suggests that DTM 

may consist of either amorphous calcium phosphate or 

unstable calcium phosphate ions at the surfaces. These 

would be good for bone graft materials because they 

can release calcium, phosphate and other ions in 

aqueous environments and contribute towards their 

osteoinduction.12 So, calcium phosphate free ion should 

be investigated in the further study.

The degradation rate of the bioceramic materials 

depends on several parameters, including amount of 

calcium phosphate, particle size, porosity of materials.12

From this study, decreasing proportion of inorganic 

component,  increasing pore size and average pore 

diameter from BET analysis may enhance biodegradation 

through the cell and fluid contact, and lead to faster 

dissolution rates. 0.5M/10DTM and 0.5M/20DTM 

exhibited the degradation rate 8-9% after 60 day. Only 

few studies reported the degradation of calcium 

phosphate - based bioceramic. Zhong et al.,5 reported 

23.4% weight loss of hydroxyapatie at 12 weeks after 

Fig. 5  Line chart demonstrating degradation rate of TM and all DTM groups for 60 days. The asterisk (* ) represents significantly 

statistical difference when using post hoc Tukey test as compared to all groups  (p<0.05).
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immersed in Tris - HCL. Dias et al.,13 reported up to 12% 

weight loss of calcium phosphate glass ceramic at 42 

days in Tris - HCl solution. Moreover, Accorsi et al.,14 

reported the 4.2% weight loss of xenogenic bovine bone 

(Bio-Oss®) at day 5. The appropriated degradation rate 

of bone graft materials depended on their application. 

However, the graft materials should be sustained and 

resorbed with time until the new bone regeneration 

occurred. It could be suggested that the DTM has slow 

degradation rate and can be applied to many clinical 

applications to maintain space over the defect during the 

time required defect such as alveolar ridge preservation, 

alveolar bone augmentation, and sinus augmentation for 

further dental implant placement.

BMP-2 is a member of the transforming growth 

factor beta (TGF-β) superfamily. BMPs has been 

demonstrated to potently induce osteoblast differentiation 

in a variety of cell types.15 From the previous study, 

BMP-2 concentrations were range from 3.6 ± 1.2016 to 

26.7 ± 11.4 ng/g of demineralized bone matrix.17 BMP-2 

content in deciduous tooth was 0.42 ± 0.3 ng/g of 

particles and demineralized deciduous tooth matrix 

contained 1.2 ± 0.3 ng/g of particles.18 

BMP-2 concentrations with 100 - 1,000 ng/ml can 

stimulate the early differentiation of cells and the 

development of matrix. The BMP-2 concentration with 

0.4 - 1.5 mg/mL was the therapeutic dose for human use 

of current FDA - approved.19 BMPs is highly soluble 

with a short half-life of 7–16 minutes.20 From this study, 

it can imply that 1 g human tooth can extract BMP-2 

approximately 1.11-11.8 ng/ml for 24 hours. Therefore, 

DTM particles in this study reveal a sustained release 

carrier for BMP-2. The demineralized process with 0.5M 

HCl acid from this study enhances the physicochemical 

properties of the tooth matrix by exposing the collagen 

fibril, growth factors releasing and slow degradation rate. 

However, further in vitro cytotoxicity test, one of the 

biological evaluations for observing cell growth, 

reproduction and morphological effects by the medical 

devices should be investigated.21

CONCLUSION 

The reaction time and the concentration of 

hydrochloric acid affected differently on the 

demineralized materials. While the reaction time of HCl 

has effect on tooth matrix in aspect of surface 

morphology, crystallinity, element components, Ca/P 

ratio and the quantity BMP-2. The concentration has 

effect on degradation rate of the material. 

The demineralized process using 0.5M HCl for 10 

minutes demonstrated the most suitable protocol for 

fabricating DTM as the evidence from the degradation 

rate and may have the potential for further clinical 

application.
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ABSTRACT 

Objectives: To compare clinical outcomes and graft 

volume change after alveolar bone grafting with/without 

injectable and polymerized form of PRF in cleft alveolus.

Methods: Eighteen patients with unilateral alveolar 

cleft, aged 9-16 years old, were enrolled in the study.  

Patients were consecutively divided into two groups; a 

standard and a PRF group.  The standard group, an 

alveolar cleft site was grafted with cancellous bone, 

harvested from anterior iliac crest, The PRF group, 40 

ml autologous peripheral blood were collected for 

preparing injectable and polymerized form of PRF. Then 

the injectable PRF was mixed with graft to make a sticky 

bone. The polymerized form was used to line the nasal 

floor and cover the graft particles. Post-operative 

assessments included post-operative pain score (using 

verbal score), swelling and wound healing of recipient 

sites. The bone density and volume change were 

analyzed by software. 

Results: The pain score in the PRF group was lower 

than the standard group. However, there was no 

statistical significance between two groups. The mean 

difference of swelling in the PRF group was lower than 

the standard group significantly on the third days. The 

bone density of both groups sharply decreased at 3 

months post-operative interval, then gradually increased 

until the density became stable at 6 months, however 

there was no statistical difference between two groups. 

The volumetric change of bone graft quantity in the PRF 

group at 3 months and at 6 months post-operative was 

less than the standard group. Nevertheless, there was no 

statistically significant difference between two groups. 

Conclusion:  Autogenous cancellous bone graft 

combined with injectable and polymerized form of PRF 

in alveolar bone grafting could preserve the graft volume 

change with good bone bridging and bone maturation.

Keywords: Alveolar bone graft, Cleft lip and palate, 

PRF, Volume change

INTRODUCTION 

Alveolar cleft grafting is an essential procedure in 

the treatment of cleft lip and palate. The objectives 

include to unit alveolar segments for prevent collapse 

and constriction of dental arch, provide bone support for 

teeth adjacent the cleft and teeth erupt into area of cleft, 

closure of oronasal fistula, augmentation of the alveolar 

ridge, creation of a solid foundation for lip and ala base 

of nose. Several grafts have been used for the treatment 

of cleft lip and palate.1,2 In general, the used of 

autogenous iliac bone is considered as a gold standard 

for grafting. However, the graft resorption rate seems to 

be high within the first year after grafting with the overall 

resorption that varied from 24% to 65%.3-6
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Platelet-rich fibrin (PRF) is biomaterial and a rich 

source of autogenous growth factors.7,8 Several studies 

have confirmed the efficiency of PRF in protecting the 

surgical site and promoted hard and soft tissue healing.9,10 

Nevertheless, few previous studies are available on that 

PRF has an effect on post-operative bone resorption.11-13 

The present study aimed to compare clinical outcomes 

and graft volume change after alveolar bone grafting 

with/without injectable and polymerized form of 

platelet-rich fibrin (PRF) in cleft alveolus.

MATERIALS AND METHODS 

The prospective non-randomized clinical trial was 

conducted at the Dental Hospital, Prince of Songkla 

University, Hatyai, Thailand. The protocol was approved 

by the Human Research Ethics Committee of the Faculty 

of Dentistry, Prince of Songkla University (NO EC6001-

01-P-HR). Unilateral alveolar cleft, in the age group of 

9-16 years old patients, were enrolled in this prospective 

clinical study. Patient who had bleeding disorders, bone 

and metabolic disease, alveolar cleft defect larger than 

2 centimeters in diameter and were not available for 6 

months follow up were excluded from the study. Patients 

were divided into two groups.     

Group 1: PRF group, the cancellous bone graft was 

harvested from the anterior iliac crest combined with 

PRF membrane and liquid PRF. 

Group 2: Standard group, the cancellous bone graft 

was harvested from the anterior iliac crest.

Procedures

PRF Preparation

During the preparation of cleft site for bone grafting, 

40 ml of autologous whole blood was collected from the 

median cubital vein by needle gauge no. 21. Forty 

milliliters of blood from patients were transferred into 

4 tubes. The blood was transferred in one glass tube by 

using the centrifugation rate of 2,700 rpm for 3 minutes 

to prepare liquid PRF in Hettich Zentrifugen centrifuge 

EBA 20 (Andreas Hettich GmbH & Co, KG, Tuttlingen, 

Germany).  The other blood aspirations were transferred 

in three glass tubes that were centrifuged at 2,700 rpm 

for 12 minutes to prepare PRF. Then the fibrin clot was 

removed in the middle area of the tube. The fibrin clot 

was collected with straight non-toothed forceps and 

compressed by custom-made compression kit to obtain 

the PRF membrane.  The liquid PRF was collected in the 

tube using a plastic syringe with a 21G hypodermic 

needle and mixed with cancellous bone to form a sticky 

bone. The PRF membrane was laid at the surgically 

created nasal floor of the cleft site, then using the sticky 

bone to fill in the alveolar defect. The other PRF 

membrane was placed to cover the sticky bone. The 

alveolar cleft was closed using the gingival sliding flap 

technique with tension free primary closure (Fig. 1).
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Bone Harvesting

Under general anesthesia, injection with 2% 

Scandonest and epinephrine (1:100,000) was done to the 

anterior superior iliac spine regions. The harvesting of 

the iliac bone graft was performed. The wound was 

closed with Vicryl sutures.

Clinical Evaluation and Data Collection

Postoperative follow up was assessed at immediately 

postoperative, 1, 3, and 6 months interval. The following 

clinical parameters were evaluated:

 • Duration of hospital stay

 • Postoperative pain level 

 -  Using a verbal scale 

 -  Over the 3 days after the operation

 • Postoperative swelling

 -  The line one is distance between nasal ala 

and tragus

 -  The line two is distance between nasal ala 

and inferior region of the ear

 • Wound healing of the donor and recipient sites
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Fig. 1  Alveolar bone grafting

(a) Cleft prepared for grafting

(b) Harvested cancellous bone from the anterior iliac crest

(c) The liquid PRF was mixed with cancellous bone

(d) Sticky bone

(e) PRF membrane

(f) Lining PRF membrane on nasal floor

(g) Covering defect site with Sticky bone

(h) PRF membrane was used to cover on Sticky bone

(i) Closure using gingival sliding flap
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Evaluation of bone graft quantity 

The change of the bone graft quantities during the 

follow-up period were assessed using occlusal films and 

CBCT. The digital images (occlusal films) were analyzed 

by image processing and analysis software (Image Pro 

Plus 5.0, Media Cybernetics Inc, Silver Spring, USA). 

The optical density in the outlined cleft site was 

calculated and measured by the digital image processing 

and analysis software into the grey measurement.14 

Evaluation of bone graft quantity by using CBCT 

to determine volumetric change after grafting. CBCT scans 

was taken at immediate postoperatively, 3 and 6 months 

postoperative. The slice thickness are 1 mm and the field 

of view are 60 mm in height and 60 mm in diameter. The X, Y, 

and Z planes, as well as scanning information, was 

viewed by the OD Viewer (Morita Co., Tokyo, Japan). 

In tracing the bone grafting, window level and 

window width was adjusted to clearly extract the border. 

To perform volume rendering, all data sets with the 

DICOM (Digital Imaging and Communications in 

Medicine) format was transferred to 3D Slicer 4.7 software 

(Surgical Planning Laboratory Massachusetts USA, A 

teaching affiliate of Harvard Medical School) (Fig. 2).

The volumetric measurements were performed 3 

times by a single observer in the horizontal, sagittal, and 

coronal dimensions in the same day. The mean value 

was used in this study and the intrareader correlation 

coefficient was calculated. Volumes was labeled Vim 

(immediate postoperative), V3 (3 months) and V6 

(6 months) separately. The resorption rate was calculated 

as a percentage using the formula (Vim–V3 or V6)/Vim 

×100% (Fig. 3).

 

 

 

 

 

 

 

Fig. 2  3D Slicer 4.7 software interface demonstrated the area of interest (green). A 3D rendering from the contouring segmentation 

of the bone graft could be illustrated.

 

 

 

 

 

 

 

Fig. 3  Three-dimensional simulation and volume calculation of the graft
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Statistical analysis 

All data was analyzed using the statistical analysis 

software (SPSS version 15.0, USA). Data were presented 

as mean ± SD. Independent t test was used to compare 

the differences between groups; the significance level 

was set at p < 0.05.

RESULTS 

Eighteen patients aged 13.22 ± 3.89 years were 

participated in the study. Seven patients were male, and 

eleven patients were female.  All patients were diagnosed 

as unilateral cleft lip and palate, four cases were at the 

right sites and fourteen cases were at the left sites. There 

was no postoperative infection in both groups. However, 

four cases were found small dehiscence at 1 week 

postoperative. The wound was healed well eventually 

at 6 weeks postoperative. The demographic data were 

presented in Table 1.

Table 1 Demographic data

Characteristics PRF group Standard group

Number of unilateral cleft patient 9 9

Gender (Male/Female) 3/6 4/5

Bone graft volume (ml.) 2.45 ± 1.09 2.64 ± 1.17

Duration of hospital stay (day) 5 5

Age average (year) 12.22 ± 2.60 13.10 ± 3.89

Clinical Evaluation

Post-operative pain

The verbal score was used to assess pain score. The 

pain score in PRF group was lower than the standard 

group at 1, 2, and 3 days post-operative. However, there 

was no statistical significance between two groups. Pain 

scores of both groups started to decrease on day 3 (Table 

2).

Table 2 Post-operative pain score

Post-operative pain score PRF Standard
T-test

p-value

Day 1 4.89 ± 1.27 5.44 ± 1.67 0.302

Day 2 4.89 ± 1.27 5.22 ± 2.17 0.226

Day 3 3.22 ± 0.83 3.56 ± 1.13 0.283

Post-operative swelling

In PRF and standard group (Table 3), the swelling 

of both groups increased with time and were highest on 

day 3. the mean difference of swelling line 1 (0.56 ± 

0.24, 0.76 ± 0.30, 0.77 ± 0.32) and 2 (0.51 ± 0.17, 0.72 

± 0.25, 1.00 ± 0.35) in PRF group was lower than the 

standard group (0.63 ± 0.23, 0.92 ± 0.22, 1.02 ± 0.24 

and 0.64 ± 0.25, 0.92 ± 0.22, 0.79 ± 0.16) at 1, 2 and 3 

days postoperative. The mean difference of swelling 

both line 1 and 2 between the standard and the PRF 

groups were significant different on the third day. 

The mean difference of swelling line on 2, 3 days 

post-operative was statistically significant different from 

1 day post-operative.
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Bone graft density assessment

The bone graft density from the occlusal X-rays 

were presented in Fig. 4. The bone density of both groups 

rapidly decreased within 3 months post-operative, then 

gradually increased until the density became stable at 6 

months. A statistical difference between both groups 

was not found in this study. 

Table 3 The mean difference of swelling line after surgery

The mean difference of swelling line PRF Standard
T-test

p-value

D1
L1  0.56 ± 0.24 0.63 ± 0.23 0.420

L2 0.51 ± 0.17 0.64 ± 0.25 0.189

D2
L1  0.76 ± 0.30a 0.92 ± 0.22a 0.129

L2 0.72 ± 0.25a  0.92 ± 0.22a 0.440

D3
L1 0.77 ± 0.32*a  1.02 ± 0.24*a 0.041*

L2 1.00 ± 0.35*a 0.79 ± 0.16*a 0.036*

* Significantly different between groups at each day
a Significantly different from the 1st day post-operative

L1 = Distance between nasal ala and tragus  

L2 = Distance between nasal ala and inferior region of the ear

D1 = 1st day post-operative

D2 = 2nd day post-operative

D3 = 3rd day post-operative

 

 

 

 

 

 

 

 

 

PRF 

ST 

ST = Standard 

Fig. 4  Average bone graft densities of both groups during 6 months follow up period

The CBCT measurements of volume change

The volumetric change of bone graft quantities was 

summarized in Table 4 and Fig. 5. In the PRF group at 

3 months and at 6 months post-operatively (25.25 ± 3.07, 

36.39 ± 3.21) was less than the standard group (29.98 ± 

2.06, 41.02 ± 2.36). However, there was no statistically 

significant difference between the groups. The volumetric 

change of bone graft from 6 months post-operative was 

statistically significant different from 3 months post-op-

erative. The volumetric change of bone graft reduction 

progressed with time at 3 and 6 months. The bone graft 

resorption of the both groups was most pronounced at 6 

months.



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019) 269

DISCUSSION 

The present study demonstrated the efficacy of 

platelet-rich fibrin membrane and liquid platelet-rich 

fibrin for alveolar bone graft in alveolar cleft patients. 

Post-operative assessments included post-operative 

pain score (using verbal score), swelling and wound 

healing of recipient sites. The post-operative volume 

change was calculated volumes by CBCT scan using 3D 

slicer software. The post-operative pain and swelling in 

the PRF group were less than in the standard group. 

The reduction of post-operative swelling in the PRF 

group probably caused by the hemostasis and fibrin 

network formation of the PRF, then enhances rapid 

development of granulation tissue from early in-growth 

of capillaries and promote the healing process.15,16 As 

PRF concentrates white blood cell and platelets to cause 

early vascularization, bring in circulating macrophages 

and neutrophils and create a more oxygen rich 

environment and suppresses the growth of anaerobe 

micro-organisms.17,18

According to the bone density measurement of 

both groups that rapidly decreased within 3 months 

post-operative, then gradually increased until the density 

became stable at 6 months. This implies that a 

remodeling process started immediately after grafting 

and the maturation of the cortical bone was complete 

within 6 months. This pattern accorded to the previous 

study that PRP might induce bone remodeling of graft 

bone, and consequently, a rapid decrease in the density 

of graft bone was observed postoperatively in the early 

phase and stable at 6 months.15-21 Several studies have 

used topographic occlusal film for evaluating bone graft 

density because of the advantages in clearly anatomical 

structure and reproducibility of the position.14 The 

present study used topographic occlusal film with the 

aluminum step wedge attached to the films for providing 

actual measurement for the digital image analysis of 

bone density.14 The results did not show statistical 

different between groups of density even though the PRF 

group had more change in density than the standard 

group. 

Fig. 5 Axial view of CBCT

Table 4 The mean percentage of volume change

The mean percentage of volume change

Post-operation PRF Standard p-value (T-test)

3 months 25.25 ± 3.07 29.98 ± 2.06 0.219

6 months 36.39 ± 3.21a 41.02 ± 2.36a 0.262

a Significantly different from 3 months post-operative in each group
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This study showed that the volumetric change of 

bone graft quantities in the PRF group at 3 months and 

at 6 months post-operative was less than the standard 

group, but there was no statistical difference between 

groups due to small sample size. The appropriate sample 

size was calculated by G*Power program version 3.1.9.2 

based on the result of this study on the mean percentage 

of volume change.  The effect size (d) of 1.03 was 

calculated with significate level (α) of 0.05, power (1-α) 

of 0.08, and allocation ratio of 1. The calculated sample 

size for each group was 13 subjects. This study used 9 

subjects per group, that need more samples and long 

term follow up. There was significant loss of volume in 

both groups when the time past. Saruhan et al. used iliac 

bone graft (cortico-cancellous block) with PRF and 

measured the percentage of newly formed bone using 

3D in PRF group 68.21% in control group 64.62% at 6 

months .12 This pattern confirmed Shawky et al. and  

Saruhan et al. that PRF might induce bone remodeling 

of graft bone. Clinical effects came from the cytokines 

and growth factors.12,13 

CONCLUSION 

 It is evident that the addition of injectable and 

polymerized form of PRF to autogenous cancellous bone 

graft in alveolar bone graft could preserve the graft 

volume change with good bone bridging and bone 

maturation. Autogenous cancellous bone with PRF 

membrane and liquid PRF is an alternative technique 

for alveolar bone grafting of cleft patients with less 

resorption of the grafting material. 
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ABSTRACT 

Background: Tooth is a composite structure consisting 

of inorganic and organic components which are very 

similar to those of alveolar bone. The autologous tooth 

matrix has been used clinically as bone substitution in 

various bone defect model. However, the major 

drawback of the autologous tooth matrix is the limited 

availability of the graft. Therefore, deproteinized human 

demineralized tooth matrix (dpDTM) was developed 

into allograft materials to overcome those limitations. 

Objectives: To assess and compare the biocompatibility 

of dpDTM and anorganic deproteinized bovine bone 

(ABB) by intramuscular implantation at 1, 2, 4, 8, 12 

weeks.

Methods: dpDTM was fabricated using dual chemical-

thermal treatment (NaOH 1N, 300ºC). The dpDTM 

scaffold construct was prepared using 5%wt/v Polyvinyl 

alcohol (PVA) as binding materials by freeze-thawing 

method. The dpDTM scaffolds (n=6/group/time point) 

were implanted into paralumbar muscle of the 15 adult 

New Zealand White rabbits. The ABB scaffold and blank 

PVA scaffold were used as positive and negative control. 

The biocompatibility analysis was performed by clinical 

and histological methods at 1, 2, 4, 8, 12 weeks after 

implantation.

Results: All rabbits recovered uneventfully without 

weight loss. Clinical observation revealed the absence 

of infection and inflammation at all time point. Histo-

logical evaluation of dpDTM and ABB in paralumbar 

muscle indicated the moderate to intense inflammatory 

response at 12- weeks and decreased with time. 

Conclusion: In terms of biocompatibility, dpDTM and 

ABB demonstrated good biocompatibility with less 

degree of inflammatory cells infiltration at 12 weeks. 

Suggesting that dpDTM was favorable for reconstructive 

bone graft substitution due to its good biocompatibility. 

However, clinically relevant implantation studies should 

be concerned before human used of this tooth graft 

material.

Keywords: Biocompatibility, Bone substitution, 

Deproteinization, Rabbit, Tooth

INTRODUCTION 

 Alveolar bone defects develop as a result of trauma, 

infection, tumor resection, or post-extraction. To recon-

struct the bone defect, various types of biomaterials have 

become essential in dental and orthopedic reconstruc-

tion. The autogenous bone graft has been considered as 

a gold standard material which promotes osteogenesis, 

osteoinduction, and osteoconduction.1

 Nonetheless, the major complications of autogenous 

bone graft are donor site morbidity and limited availa-

bility. The uses of allograft, xenograft and synthetic 

materials can overcome those limitations. But their 
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specific concerns are disease transmission, immunogenic

reaction and high cost of the materials.2,3

  Tooth is a composite structure consisting of inor-

ganic and organic components which are very similar to 

those of alveolar bone. 4,5 The autologous tooth matrix 

has been successfully developed and has been used 

clinically as bone substitution in various bone defect 

model such as alveolar ridge preservation, peri-implant 

defect augmentation and maxillary sinus augmenta-

tion.6-12 However, the major drawback of the autologous 

tooth matrix is the limited availability of the graft in case 

of large bone defect, and no donor tooth to be extracted. 

Therefore, deproteinized human demineralized tooth 

matrix (dpDTM) is developed into allograft materials to 

overcome these limitations. The aims of this study were 

to assess and compare the biocompatibility of dpDTM 

and anorganic bovine bone (ABB) by intramuscular 

implantation at 1, 2, 4, 8, 12 weeks.

MATERIALS AND METHODS 

 The study was performed at the Southern Laboratory 

Animal Facility. The study protocol was approved by 

the Human Research Ethics Committee of the Faculty 

of Dentistry, and the Animal Ethics Committee, Prince 

of Songkla University.

Research design 

 The study is the animal experimental study.

Deproteinized human demineralized tooth matrix 

(dpDTM) fabrication

 Caries-free molar or premolar teeth were obtained 

from adult patients who undergo tooth extraction at 

Surgery clinic, Faculty of Dentistry, Prince of Songkla 

University. The tooth was divided into crown and root 

portion, whereas pulp tissue was removed by handed 

endodontic files. The tooth  was pulverized into small 

particles by mixer ball mill machine (Mixer Mill M301, 

Retsch GmbH, Haan, Germany). Sieves with 500 μm 

and 1000  μm aperture (Endecotts, London, UK) was 

used to select desired particle size (Fig.1). The tooth 

matrix was pooled and demineralized using 0.5mol/L 

HCl for 3 hours.

Fig. 1  (A) Gross appearance of extracted human tooth. (B) Cleaned tooth after mechanically removed soft tissue. (C) Human tooth 

matrix sized 500-1000 μm.

 The deproteinized process was performed using 1N 

Sodium hydroxide (NaOH) for 7 days at 37°C. Then, 

the tooth particles were heated at 300°C using press 

furnace (IPS Empress EP 600 Combi) with rate 30 °C/

min and holding time 10 mins (Fig.2). 
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Fig. 2 Thermal deproteinization 300°C using tube furnace.

Anorganic deproteinized bovine bone (ABB)

 The commercially anorganic deproteinized bovine 

bone (Cerabone®, Botiss, Zossen, Germany) was chosen 

as the positive control material. Sieves with 500 μm and 

1000 μm aperture (Endecotts, London, UK) was used 

to select desired particle size.

dpDTM and ABB scaffold preparation

 Polyvinyl alcohol (PVA; Mw 145,000 Da; hydrolysis; 

Merck, Germany) was used as biding material for scaffold

fabrication.

 For test and positive control group, dpDTM and 

ABB scaffold were synthesized according to previous 

study with modification (Gupta S et al.13) 300 mg of 

dpDTM or ABB were added into 200 μL of 5%wt/v 

PVA solution, mixed thoroughly, and then perfused into 

a container (diameter of 10 mm and height 3 mm.) that 

equal to about 1.26 g/ml. The dpDTM and ABB were 

subjected to freeze-thaw cycles at temperature of -20°±2 

°C (freezing) and 25°±2 °C (thawing) 3 cycles for 3 days. 

The dpDTM and ABB scaffold were sterilized by 

hydrogen-plasma gas before use. 

 For the negative control group, 200 μL of 5%wt/v 

PVA alone was used and prepared as mention above 

(Fig.3A-D).

Fig. 3 The pictures demonstrated the scaffold of (A) dpDTM, (B) ABB, (C) PVA and (D) Schematic of cylindrical shape of 

samples.

Animal preparation and surgical technique.

The study was performed in 15 adult New Zealand 

White rabbits (mean weight 3.5-4.0 kg). The animals 

were fed with rabbit food in a daily amount equivalent 

to 2% of the animal’s weight and water ad libitum. 

 dpDTM scaffold (n=6) were implanted in the 

paralumbar muscle of the rabbit. ABB and PVA were 

served as positive and negative control, respectively.

Surgical technique

 The rabbit was sedated with ketamine-xylazine 

anesthesia. Xylazine (3mg/kg) and ketamine (20 mg/kg) 

were administered intramuscularly in different muscle. 

During the surgery, anesthetic induction was achieved 

in an animal by titrated Ketamine (5 mg/kg) and diazepam

(0.5 mg/ kg) every 10 minutes. 

 After the rabbits are anesthetized, the surgical areas 

were shaved and washed with iodine solution. The local 

anesthesia (Medicaine ®, Huons Co., Ltd, Korea) 1.8 

ml was administered in each experimental area. 
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 1-cm long incision was performed on either side of 

the paralumbar muscle with scalpel blade No.15. The 

intramuscular pouch was created using blunt dissection. 

The biomaterial scaffold was implanted in the paralumbar 

muscle. Each implanted site was at least 2.5 cm apart. 

Six implanted sites (left 3 sites, right 3 sites) were 

achieved. (Fig.4A) Each tissue layer, muscle, subcutaneous

and skin, were closed in a layer by layer manner with 

vicryl® 4/0. P ethidine (10 mg/kg) was administered by 

intramuscular injection postoperatively 1 hour to reduce 

pain (Fig.4B).

 All rabbits were sacrificed after 1, 2, 4, 8, and 12 

weeks by a pentobarbital sodium (200 mg/kg) 5-10 ml 

by intravenous injection.

Fig. 4  (A) The Diagram indicated the six implanted sites 

including dpDTM, ABB and PVA groups on the 

paralumbar muscle.

Fig. 4  (B) The biomaterial scaffold was implanted into the 

created pouch of paralumbar muscle.

Biocompatibility evaluation

Clinical evaluation

 Regarding clinical evaluation, signs of infection and 

inflammation at operation site including pus and 

exudate, swelling, redness of skin, warmth and wound 

dehiscence at all time point was evaluated. Clinical 

evaluation was graded including: 

Grade 0: Absence of inflammation and infection

Grade 1: Only sign of inflammation

Grade 2: Both sign of inflammation and infection 

Grade 3: Both sign of inflammation and infection + 

wound dehiscence

Histological evaluation

The specimens were decalcified in 10% ethylene 

diaminetetracetic acid (EDTA pH 7.4) and then were 

embedded in paraffin. The serial of 5 μm-thick sections 

were performed in a position of 500 μm from the 

midline. The sample was stained with hematoxylin and 

Eosin (H & E) and were evaluated histological analysis 

by light microscope at 1, 2, 4, 8, and 12 weeks. 

Statistical analysis

 The descriptive analysis was used to examine the 

clinical and histological results.

RESULTS 

Biocompatibility evaluation

 All rabbits recovered uneventfully without weight 

loss. Clinical observation at surgical sites were evaluated. 

Mild inflammation was detected at 1 week and decreased 

with time. Local tissue response was grading into grade 

0 (normal healing, absence of infection and inflammation) 

at all time point (Fig.5 A, B).
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Fig. 5 (A) Clinical observations of rabbit’s skin revealed normal tissue healing after intramuscular implantation at 1, 2, 4, 8, 12 

weeks. (A = 1 week, B = 2 weeks, C = 4 weeks, D = 8 weeks, E = 12 weeks) 
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Fig. 5 (B) Clinical observations of rabbit’s muscle revealed normal tissue healing after intramuscular implantation at 1, 2, 4, 8, 12 

weeks. (A = 1 week, B = 2 weeks, C = 4 weeks, D = 8 weeks, E = 12 weeks)

Histological observation of Polyvinyl alcohol (PVA)

 The histological images of PVA which was negative 

control group showed in Fig.6 (A-E). At the early period

of local tissue response, 1-4 weeks showed intense 

of inflammatory cells close contact to the materials. 

However, at 8 weeks there were only mild inflammatory 

cells response and there were no inflammatory cells 

presented at 12 weeks.
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Fig. 6  Histological images of Polyvinyl alcohol (PVA) in paralumbar muscle at (A) 1 week, (B) 2 weeks, (C) 4 weeks, (D) 8 weeks 

and (E) 12 weeks. (Magnification 10X) (arrow head = inflammatory cells, black arrow = materials)

Histological observation of Deproteinized hDTM 

(dpDTM) and Anorganic deproteinized bovine bone 

(ABB) 

 At 1 week, both dpDTM and ABB showed intense 

inflammatory cell response either macrophages or 

lymphocytes which were chronic inflammatory reaction. 

No muscle necrosis was observed. Numerous blood 

vessel was seen adjacent to the materials surface 

(Fig.7A-D).
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Fig. 7  Histological images of (A,B) dpDTM and (C,D) ABB in paralumbar muscle at 1 week with the magnification of 5X (A,C) 

and 40X (B,D) (arrow head = inflammatory cells, black arrow = materials)

 At 2 weeks, the histological images of both dpDTM 

and ABB showed moderate to intense inflammatory 

infiltration composed of macrophages and lymphocyte 

predominantly. In general, not only the inflammatory 

infiltrations were lower than 1 week but also the invasion 

of inflammatory cells into muscle layer (Fig.8A-D).

Fig. 8  Histological images of (A,B) dpDTM and (C,D) ABB in paralumbar muscle at 2 weeks with the magnification of 5X (A,C) 

and 40X (B,D) (arrow head = inflammatory cells, black arrow = materials)
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 At 4 weeks, the specimens of both dpDTM and ABB 

demonstrated mild to moderate inflammatory cells 

infiltration. The inflammatory cells were generally 

decreased with time. The predominant inflammatory 

cells were macrophages, lymphocyte, and plasma cells 

(Fig.9A-D).

Fig. 9 Histological images of (A,B) dpDTM) and (C,D) ABB in paralumbar muscle at 4 weeks with the magnification of 5X (A,C) 

and 40X (B,D) (arrow head = inflammatory cells, black arrow = materials)

 At 8 weeks, the histological images showed mild 

to moderate inflammatory infiltration composed 

of macrophages, lymphocyte and plasma cells 

predominantly. The inflammatory cells were obviously 

decrease but remained. There was some degree of graft 

resorption related to multinucleated giant cells in both 

dpDTM and ABB groups (Fig.10A-D).
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Fig. 10 Histological images of (A,B) dpDTM and (C,D) ABB in paralumbar muscle at 8 weeks with the magnification of 5X (A,C) 

and 40X (B,D) (arrow head = inflammatory cells, black arrow = materials)

 At 12 weeks, the histological images of both 

dpDTM and ABB groups showed mild inflammatory 

infiltration. The inflammatory cells were obviously 

decrease compare with the previous time (Fig.11A-D).

Fig. 11 Histological images of (A,B) dpDTM and (C,D) ABB in paralumbar muscle at 12 weeks with the magnification of 5X (A,C) 

and 40X (B,D) (arrow head = inflammatory cells, black arrow = materials) 
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 When compare between two groups, the histological 

results were not apparently different. From 1 week to 4 

weeks both dpDTM and ABB showed moderate to 

intense inflammatory response. The local tissue reaction 

was decreased with time. At 8 weeks to 12 weeks, both 

dpDTM and ABB showed mild inflammatory response. 

Moreover, no heterotopic bone was seen at all time point 

(Fig.12).

Fig. 12 Histological Comparison between dpDTM and ABB in paralumbar muscle at 112- weeks, the inflammatory response was 

decrease with time (Magnification 40X)
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DISCUSSION 

 Nowadays, all of new materials must be test both in 

vitro and in vivo before clinically used in human. In our 

previous study, the dpDTM has been performed the 

physicochemical property testing, cell cytotoxicity and 

cell biocompatibility and the results demonstrated good 

physicochemical properties and non-toxicity to the cells 

(Unpublished data). In this study, to prove its in vivo 

biocompatibility the materials were implant into 

paralumbar muscle area which given the high cellular 

activity and high vascularity.

According to the biocompatibility of materials, 

ISO-10993 indicated that the muscle or subcutaneous 

implantation study was helpful as a screening test to 

assess local toxicities of the new materials.14,15 From the 

clinical observation of this study, there was no sign 

of infection in all rabbits represented the good 

biocompatibility which was similar to many studies.16,17 

For histological observation, Farzad et al reported no 

evidence of any inflammatory infiltration after implantation 

of human dentin graft into abdominal muscle of the rabbit 

at 12 weeks.16 In contrast to our study, the inflammatory 

cells were remained until 12 weeks, but decrease with 

time. In generally, the non-specific immune response was 

activated when the tissue trauma has been occurred. 

Damaged cells release inflammatory chemical signals and 

evoke the initial inflammatory cells migrating to the 

trauma site until 710- days.18 When compare to our 

results, the initial inflammatory cells were sustained 

until 2 weeks which was comparable to general situation. 

 In the present study, PVA was selected to fabricate 

the dpDTM scaffold as binding material. According 

from the In vivo study of PVA biocompatibility.19 Some 

degree of inflammatory cells could be detected up to 4 

weeks which comparable to our results. Thus, the 

moderate inflammatory reaction at the early period (1,2 

and 4 weeks) of dpDTM probably be related by PVA.

 According from the previous study of our research 

team, the dpDTM using dual deproteinization step, 

chemical/thermal process has been first demonstrated 

(Unpublished data). The dpDTM prepared from 

the NaOH/thermal protocol demonstrated good 

physicochemical (Unpublished data) and good 

biocompatibility. The dpDTM can be fabricated from 

extracted teeth and prepared in stock for being used as 

allogeneic osteoconductive material for bone 

regeneration. 

CONCLUSION 

 In terms of biocompatibility, deproteinized human 

demineralized tooth matrix (dpDTM) and anorganic 

deproteinized bovine bone (ABB) had good biocompatibility 

with less degree of inflammatory cells infiltration at 12 

weeks. The inflammatory response of those dpDTM and 

ABB at all time point were hardly differents, suggesting 

that dpDTM was favorable for reconstructive bone graft 

substitution due to its good biocompatibility. However, 

the biodegradation properties and cell biocompatibility 

of this material must be concerned in further study. Moreover, 

clinically relevant implantation studies should be 

concerned before human used of this tooth graft material.
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ABSTRACT 

Background: Human papillomavirus (HPV) infection 

has been established as an emerging risk factor for oral 

squamous cell carcinoma (OSCC), especially HPV 

genotypes 16 and 18. However, the prevalence of HPV 

infection in patients with OSCC varies among different 

geographic regions. Furthermore, the demographic and 

clinicopathologic profiles of patients with HPV-related 

OSCC are still controversial.

Objectives: This study aimed to identify the prevalence 

of HPV genotypes 16 and 18 infection among patients 

with OSCC in northern Thailand and investigate the 

associations between HPV infection and demographic 

and clinicopathologic variables.

Methods: We conducted a retrospective analysis of 50 

formalin-fixed paraffin-embedded OSCC specimens. 

The p16 expression was assessed by immunohistochem-

istry. The detection of HPV16/18 DNA was performed 

using polymerase chain reaction. 

Results: Of all specimens, p16 immunostaining was 

presented in 54% (27/50) and HPV16 and/or 18 DNA 

was detected in 20% (10/50). Among the HPV16/18 

DNA-positive specimens, HPV18 infection was found 

in 60%, HPV16 in 20%, and co-infection with HPV16 

and 18 in 20%. There was no significant association 

between p16 expression and HPV16/18 DNA (p=.736). 

The sensitivity and specificity of p16 expression were 

60% and 47.5%, respectively. HPV16/18 infection 

(p16+ and HPV16/18 DNA+) was significantly 

associated with the patients younger than 60 years 

(p=.032, OR=9.67, 95% CI=1.03-90.41) and the tumors 

at the tongue (p=.003, OR=22.50, 95% CI=2.30-219.89). 

Conclusions: Our findings confirm the presence of 

HPV16 and 18 infection in a subset of patients with 

OSCC. p16 expression should not be used as a surrogate 

marker for HPV16/18 infection due to its low sensitivity 

and specificity. Further studies on survival outcomes of 

the patients with HPV-related OSSC are still needed.

Keywords: HPV infection, HPV16/18, northern 

Thailand, Oral Squamous Cell Carcinoma

INTRODUCTION 

 Oral cancer remains a serious burden of disease 

worldwide with high incidence and mortality rates.1 Oral 

squamous cell carcinoma (OSCC) is the most frequent 

type, accounting for more than 90% of all oral cancers. 

Tobacco use, alcohol consumption, and betel quid 

chewing are three classic risk behaviors associated with 

OSCC.2 However, over the last few decades, infection 

with Human Papillomavirus (HPV) has been emerging 

as another major risk factor for head and neck squamous 

cell carcinoma (HNSCC), particularly in the oropharynx 

and oral cavity.3-5 
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HPVs are a heterogeneous group of small 

double-stranded, circular DNA viruses that can infect 

epithelial cells. Until now, over 150 types of HPV in 

human host have been identified and categorized into 

low-risk and high-risk based on their malignant 

potential.6,7 While low-risk HPVs (such as types 6, 11, 

40, 42, 43, 44, 54, 61, 72, 81, and 89) were found in 

anogenital warts and other benign lesions, high-risk 

HPVs (such as types 16, 18, 31, 33, 35, 39, 45, 51, 52, 

56, 58, 59, and 68) were frequently associated with 

cervical cancer.6 Moreover, HPV16 and 18 were also 

commonly detected in cancer of the vulva, vagina, anus, 

penis, and head and neck.6 For high-risk HPVs, the viral 

oncoproteins E6 and E7 play a major role in malignant 

transformation of the infected cells.6,7 Briefly, after 

integration to the host genome, the expression of HPV 

early genes E6 and E7 can cause degradation of p53 

protein and inhibit the function of retinoblastoma protein 

(pRb), leading to apoptotic evasion, cell cycle 

deregulation and cell immortalization.6,7 In addition, pRb 

inhibition by E7 oncoprotein can induce overexpression 

of p16INK4a (p16) protein.7

The prevalence of HPV infection in patients with 

OSCC varies among different studies. Globally, the 

pooled prevalence of HPV DNA (both low-risk and 

high-risk) was 24.4%.8 Most of which were HPV 

genotypes 16 and 18, while the other high-risk types 

were rarely found.8 Interestingly, higher rates of HPV 

infection among OSCCs were reported in a meta-anal-

ysis of Chinese population (58% for overall HPV and 

47.5% for HPV16).9

HPV-related HNSCC has been recognized as a 

distinct entity with unique clinicodemographic profiles 

and behavior.10 HPV-positive tumors were highly 

associated with younger patients, men, and individuals 

with oral sex behaviors.10,11 Moreover, the patients with 

HPV-positive oropharyngeal SCC (OPSCC) also had 

better survival outcomes than their HPV-negative 

counterparts.12-14 However, the survival of those with 

HPV-related OSCC has been reported with conflicting 

results.12,14,15

The aims of the present study were to identify the 

prevalence of HPV genotypes 16 and 18 infection among 

patients with OSCC in northern Thailand and to 

investigate the associations between HPV infection and 

demographic, clinicopathologic variables, and classic 

risk behaviors.

MATERIALS AND METHODS 

This study was approved by the Human Experimen-

tation Committee, Faculty of Dentistry, Chiang Mai 

University (reference no. 11/2018). Formalin-fixed 

paraffin-embedded (FFPE) specimens diagnosed with 

OSCC were collected from the archives of Oral 

Pathology Laboratory, Faculty of Dentistry, Chiang Mai 

University. The inclusion criteria were primary tumors 

located in the oral cavity and histopathologically 

diagnosed as conventional squamous cell carcinoma 

(SCC) or verrucous carcinoma (VC) variant. We 

excluded other histologic types of oral cancer, other 

variants of SCC, metastatic tumors, oropharyngeal 

tumors, and salivary gland tumors. Specimens with 

inadequate tissue quantity and quality were also 

excluded. The demographic and clinicopathologic data 

including age at diagnosis, gender, subsite of tumor, 

clinical tumor size, and histopathologic grade were 

collected from the laboratory records. The history 

records of tobacco smoking, alcohol consumption, and 

betel quid chewing were also included.

p16 immunohistochemistry (IHC)

Three μm-section was cut from each tissue block 

and immunostained with p16 antibody using the CINtec®

p16 Histology Kit (clone E6H4, MTM/Roche 
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laboratories AG, Heidelberg, Germany) and the Ventana 

Benchmark ULTRA autostainer (Ventana Medical 

Systems, Tucson, AZ, USA). A cervical carcinoma with 

high p16 expression was included as a positive control 

in each batch.

Each p16 slide was evaluated under light microscope 

and the immunostaining was independently scored by 

an experienced pathologist and an observer, who were 

blinded to all clinical data and HPV16/18 DNA status. 

The specimens with any staining above the background 

in the tumor cells were considered as p16-positive, 

according to the previous study.16 In addition, the 

percentage of p16-positve tumor cells was also estimat-

ed and the results were categorized into low expression 

(staining in <50% of the tumor cells) and high expression 

(staining in ≥50% of the tumor cells).

DNA extraction

A total thickness of 5-50 μm was sectioned from 

each specimen. The specimens were deparaffinized in 

xylene and washed with absolute ethanol. The genomic 

DNA extraction was performed using the QIAamp® 

DNA FFPE Tissue Kit (Qiagen GmbH, Hilden, Germany), 

according to the manufacturers’ instructions. The 

extracted DNA was assessed for quantity and purity by 

the NanoDropTM 2000 Spectrophotometer (Thermo 

Fisher Scientific, Wilmington, DE, USA).

HPV16 and 18 DNA detection by type-specific 

polymerase chain reaction (PCR)

The f orward and reverse primers specific to the E6 

gene of HPV16 and 18, and the housekeeping b-actin 

gene were used for PCR amplification, as described in 

the previous study.17 The PCR reaction was performed 

in a total volume of 25 μl containing 1XPCR buffer, 0.2 

mM dNTP mixture, 1.5 mM MgCl
2
, 0.2 μM of each 

primer, 1 unit of PlatinumTM Taq  DNA polymerase 

(InvitrogenTM, Life Technologies, São Paulo, Brazil), 

and 5 μl of DNA template. The DNA extracted from 

SiHa and HeLa cell lines was used as a positive control 

for HPV16 and 18, respectively. Sterile water was also 

included as a negative control in each run. The PCR 

conditions were 95°C for 5 min, 45 cycles of 94 °C for 

30 s, 55 °C for 30 s, and 72 °C for 30 s, and a final extension 

at 72 °C for 7 min. The PCR products were electrophoresed 

on a 1.5% agarose gel, and the gel images were recorded 

using the ChemiDocTM Touch Imaging System (Bio-Rad 

Laboratories, Hercules, CA, USA).

Statistical analysis 

The statistical analysis was conducted using the 

IBM® SPSS® Statistics version 23. The inter-observer 

agreement in p16 scoring was evaluated by the Cohen’s 

kappa test. The Chi-square or Fisher’s exact test was 

used to analyze the concordance between two methods 

(p16 IHC and HPV16/18 DNA PCR), and the associations 

of HPV status (p16 expression and HPV16/18 DNA) 

with the categorical parameters. The Student’s t-test was 

used to analyze the association between HPV status and 

age at diagnosis of the patients. The results with p value 

less than .05 were considered statistically significant. 

RESULTS 

Fifty OSCC specimens (47 cases of conventional 

SCC and 3 cases of VC) collected between 2006 to 2019 

were included in this study. The age at diagnosis of the 

patients ranges from 39 to 101 years, with the mean age 

of 64.6 (SD=13.07) and the median age of 63. The male 

to female ratio was 1:1.5. The most common subsite was 

gingiva/alveolar mucosa (38%), followed by tongue 

(26%) and buccal/labial mucosa (16%).

Of all specimens, 27 (54%) were presented with p16 

immunostaining in the tumor cells. Among these, 23 

specimens (46%) showed low expression of p16, and 4 
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specimens (8%) showed high expression. Among 

p16-positive cases, 66.7% of the tumors with VC variant 

showed high p16 expression. This rate was significantly 

higher than that of the conventional SCC (8.3%, p=.049). 

The kappa score for inter-observer agreement of p16 

scoring was 0.860 (95% CI=0.73-0.99).

The extracted DNA of all specimens were positive 

for b-actin gene. HPV16 and/or 18 DNA was detected 

in 10 specimens (20%). Among these, 6 specimens 

(60%) were positive for HPV18, 2 specimens (20%) 

were positive for HPV16, and 2 specimens (20%) were 

positive for both HPV16 and HPV18 (co-infection). The 

PCR protocols was validated using serially diluted DNA 

extracted from SiHa and HeLa cell lines. The HPV DNA 

detection limits in this study were 6 copies/μl for HPV16 

and 322 copies/μl for HPV18. Fig. 1 demonstrates the 

PCR products of the representative cases. The case data 

of HPV16/18 DNA-positive specimens are shown in 

Table 1.

The detection p16 expression by IHC and HPV16 

and/or 18 DNA by PCR are summarized in Table 2. 

There was no significant association between both assays 

(p=.736). The sensitivity and specificity of p16 

expression in detecting HPV16/18 DNA were 60% and 

47.5%, respectively, with a positive predictive value of 

22.2% and a negative predictive value of 82.6%. 

Table 2  p16 expression and HPV16 and/or 18 DNA in all 

specimens

HPV16/18 DNA+ HPV16/18 DNA- Total

p16+ 6 21 27

p16- 4 19 23

Total 10 40 50

Fig. 1  PCR products of HPV16 and 18 E6 genes. M: 100-bp DNA marker, PC: positive control, lanes 1-2: HPV16 and 18+ cases, 

lane 3: HPV16+, HPV18- case, lane 4: HPV16- , HPV18+ case, lane 5: HPV16 and 18- case, NC: negative control

Table 1  Case summaries of HPV16/18 DNA-positive specimens

No. Age Gender Year Subsite Histologic Variant Histologic Grade p16 HPV16/18 DNA

1 77 F 2014 Floor of mouth SCC WD p16+* HPV16+

2 57 M 2015 Tongue SCC WD p16+* HPV18+

3 58 F 2017 Tongue SCC WD p16+* HPV18+

4 58 F 2017 Tongue SCC MD p16+* HPV18+

5 57 M 2017 Tongue SCC WD p16+* HPV18C

6 39 F 2016 Tongue SCC MD p16+* HPV16&18+

7 65 F 2016 Tongue SCC WD p16- HPV16+

8 69 F 2017 Gingiva SCC WD p16- HPV18+

9 58 F 2017 Buccal mucosa SCC WD p16- HPV18+

10 50 F 2017 Alveolar mucosa SCC WD p16- HPV16&18+

F: female, M: male, WD: well differentiated, MD: moderately differentiated, PD: poorly differentiated, * low p16 expression 

(staining in <50% of the tumor cells)
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Table 3  Associations of p16 expression and HPV16/18 DNA with demographic, clinicopathologic variables and the classic risk 

behaviors

p16 expression HPV16/18 DNA Both assays

+ - %+ pa + - %+ pa +b -c %+ pa

Age group .203 .067 .032*

<60 years 13 7 65.0 7 13 35.0 5 15 25.0

≥60 years 14 16 46.7 3 27 10.0 1 29 3.3

Gender .908 .279 >.999

Male 11 9 55.0 2 18 10.0 2 18 10.0

Female 16 14 53.3 8 22 26.7 4 26 13.3

Site .366 .188 .018*

Lip 1 1 50.0 0 2 .0 0 2 .0

Tongue 8 5 61.5 6 7 46.2 5 8 38.5

Gingiva/alveolar mucosa 7 12 36.8 2 17 10.5 0 19 .0

Floor of mouth 3 0 100 1 2 33.3 1 2 33.3

Palate 3 1 75.0 0 4 .0 0 4 .0

Buccal/labial mucosa 4 4 50.0 1 7 12.5 0 8 .0

Retromolar area 1 0 100 0 1 .0 0 1 .0

Site group .526 .012* .003*

Tongue 8 5 61.5 6 7 46.2 5 8 38.5

Other sites 19 18 51.4 4 33 10.8 1 36 2.7

Clinical size in greatest dimensiond .066 .651 .598

≤2 cm 5 9 35.7 2 12 14.3 1 13 7.1

>2 cm 11 4 73.3 4 11 26.7 3 12 20.0

Histologic variant .240 >.999 >.999

SCC 24 23 51.1 10 37 21.3 6 41 12.8

VC 3 0 100 0 3 .0 0 3 .0

Histologic grade .084 .629 .449

WD 14 19 42.4 8 25 24.2 4 29 12.1

MD 6 1 85.7 2 5 28.6 2 5 28.6

PD 0 1 .0 0 1 .0 0 1 .0

Microinvasive 4 2 66.7 0 6 .0 0 6 .0

Tobacco smokinge .294 .620 .294

Ever smoke 7 1 87.5 3 5 37.5 3 5 37.5

Never smoke 5 4 55.6 2 7 22.2 1 8 11.1

Alcohol consumptionf >.999 .491 >.999

Ever drink 2 1 66.7 0 3 .0 0 3 .0

Never drink 5 3 62.5 3 5 37.5 2 6 25.0

Betel quid chewingf >.999 >.999 >.999

Ever chew 3 2 60.0 2 3 40.0 1 4 20.0

Never chew 4 2 66.7 3 3 50.0 2 4 33.3

WD: well differentiated, MD: moderately differentiated, PD: poorly differentiated
a Chi-square or Fisher’s exact test b Positive for both p16 and HPV16/18 DNA, c Negative for p16 and/or HPV16/18 DNA, d data missing in 11 cases, e data missing 

in 33 cases, f data missing in 39 cases, * p value < .05

The associations of p16 expression and HPV16/18 

DNA with demographic, clinicopathologic variables and 

the classic risk behaviors were displayed in Table 3. There 

was no significant association between HPV status (p16 

and/or HPV16/18 DNA) and mean age at diagnosis of the 

patients (data not shown). We found a significantly higher 

rate of p16 and HPV16/18-positive tumors among the 

patients younger than 60 years (p=.032, OR=9.67, 95% 

CI=1.03-90.41) and the tongue subsite (p=.003, 

OR=22.50, 95% CI=2.30-219.89). Moreover, the presence of 

HPV16/18 DNA alone was also associated with the tumors 

at the tongue (p=.012, OR=7.07, 95% CI=1.57-31.86). 
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DISCUSSION

Apart from the classic risk behaviors, HPV infection 

has been reported to be associated with OSCC, especially 

HPV type 16 and 18.4,8 In this study, the prevalence of 

HPV16 and/or 18 DNA in patients with OSCC was 20% 

(10/50), which was slightly higher than the previous 

studies in Thailand (7.7% to 17.5%).17-19 According to a 

meta-analysis, HPV16 was the most predominant 

genotype detected in OSCCs (14.9%), followed by 

HPV18 (5.9%).8 On the contrary, the prevalence rate of 

HPV18 in this study (16%) was higher than the rate of 

HPV16 (8%), despite the lower sensitivity of the 

detection by PCR (detection limit of 322 copies/μl vs. 

6 copies/μl for HPV16). The similar findings indicating 

a higher prevalence of HPV18 in patients with OSCC 

in relation to HPV16 were observed in some studies.20,21 

Considering only the VC variant, previous studies 

reported the HPV16/18 DNA prevalences of 14.3% to 

25%.17,22 Our findings demonstrated that VCs had a 

significantly higher rate of high p16 expression than the 

conventional SCCs. However, no HPV16/18 DNA was 

detected among the VC specimens. This result may be 

related to the limited numbers of VC cases in our study.

Regarding the clinicopathologic profiles of the 

patients with OSCC, we found a significant association 

between HPV16/18 infection and the patients younger 

than 60 years. This result coincides with a previous study.23 

Moreover, a significantly higher rate of HPV16/18 

infection in tumors at the tongue found in this study was 

also in agreement with some previous reports.18,24

p16 overexpression has been recommended as a 

surrogate marker for HPV-related OPSCC.25 However, 

such use in non-oropharyngeal HNSCC (including 

OSCC) is limited due to the lower sensitivity (83% vs. 

100% for OPSCC).26 In the present study, the criteria 

for p16 positivity described by Smeets and coworkers 

was applied in order to increase the sensitivity.16 

However, the sensitivity and specificity of p16 expres-

sion in detecting HPV16/18 DNA in this study were still 

quite low (60% and 47.5%, respectively). Therefore, p16 

expression may not be a suitable surrogate marker for 

HPV 16/18 infection in our study. In addition, Hoffmann 

and coworkers reported the lack of p16 expression in 

21.4% of HPV DNA and mRNA-positive HNSCCs, thus 

the role of p16 as an indirect proof for transcriptional 

active HPV infection was questionable in these cases.27

Our findings also identified a subset of HPV16/18 

DNA-po sitive specimens that did not show p16 

expression (40%, 4/10). Further methods for detection 

HPV E6/E7 mRNA may be needed to clarify the biologic 

activity of HPV in such specimens.

There are some limitations in this study. One of 

these was the wide range of year collection, because the 

degradation rate of HPV E6 DNA may increase over 

time. Moreover, the associations between HPV16/18 

infection and the OSCC-related risk factors were not 

properly analyzed, due to the missing data of the classics 

risk behaviors in many cases and the complete lack of 

data regarding oral sex behaviors. As a matter of clinical 

importance, survival analyses between HPV-related and 

-unrelated OSCCs were not feasible in this study, hence, 

they are highly suggested in the further studies.

CONCLUSIONS

Our findings confirm the presence of HPV16 and 

18 infection in a subset of patients with OSCC. Discrepancy 

in results between p16 expression and HPV16/18 DNA 

was observed in half of all cases. In addition, p16 

immunostaining showed low sensitivity and specificity 

in detecting HPV16/18 DNA; thus, it was suggested as 

a surrogate marker for HPV16/18 infection in OSCC. 

Further studies on survival outcomes between the 

patients with HPV-related and HPV-unrelated OSCC 

are still needed.
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ABSTRACT

Background: The biostimulation effect of laser appli-

cation in regenerative endodontic procedures (REPs) has 

never been investigated. Previous studies have revealed 

the positive influence of an Erbium, Chromium-doped 

Yttrium, Scandium, Gallium and Garnet (Er,Cr:YSGG) 

laser in vital pulp therapy and periodontics. The validation

of laser irradiation in REP needs to be examined.

Objectives: This study aimed to investigate the effect 

of an Er,Cr:YSGG laser on human apical papilla cell 

(APC) proliferation after the laser was applied at different 

power outputs with various levels of tip positioning.

Methods: An Er,Cr:YSGG laser using the continuous 

mode at various power outputs (0.1 W, 0.5 W and 1 W), 

was used to irradiate cultured human APCs for 20 

seconds. In the experimental group using the same 

power output, the endodontic fiber tip was positioned 2 

mm, 5 mm, or 8 mm from the bottom of the culture plate. 

Cultured APCs without laser treatment served as controls.

The number of laser-irradiated APCs was assessed 

periodically using alamarBlue® assay up to 72 hours.

Results: The number of APCs, at four to 72 hours after 

irradiation, was significantly greater in which power 

outputs of 0.1 W and 0.5 W were used than in which 1 

W was used (p<0.05). When considering the level of 

laser tip placement, the application of the laser at 8 mm, 

regardless of the power output, did not negatively affect 

cell proliferation at 24 and 48 hours. While placing the 

tip at 2 mm and 5 mm showed significant decrease in 

APC number when the power output was either 0.5 or 

1 W (p<0.05). 

Conclusion: The use of an Er,Cr:YSGG laser at 0.1 W 

did not negatively affect APC proliferation, regardless 

of the level of tip position. Placement of the laser tip at 

8 mm did not impact APC survival.

Keywords: Apical papilla cells, Erbium lasers, 

Regenerative endodontics

INTRODUCTION

 Regenerative endodontic procedures (REPs) is an 

alternative treatment approach aiming revitalize the 

immature permanent teeth with necrotic pulps tooth.1

However, unsuccessful histological outcomes showing 

excessive bone or cementum mineralization have been 

constantly reported.2,3 Therefore, it is necessary to seek 

for some possibilities, including the use of materials, 

techniques and extra supplements, that can fulfill the 

ultimate goal of REP. 

 In general, REP has two major clinical treatment 

steps: a disinfection phase and a regenerative phase.4

Various irrigants, medicaments, and materials are 

applied for different purposes, not only for infection 

control, but also for bioinduction. Recent experimental 

studies used stem cells of the apical papilla (SCAP) and 
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apical papilla cells (APCs) to investigate the effects of 

materials in various aspects, including cytotoxicity and 

the ability to promote tissue regeneration.5,6 APCs have 

the potential to proliferate and differentiate into different 

cell lineages, including odontoblast-like cells.7 They are 

hypothesized to have an important role in REP, since 

they locate at the root ends of the developing teeth.8 

Therefore, a variety of efforts have been developed in 

order to promote initial attachment, proliferation and 

differentiation of the recruited cells.9,10

 To date, the use of laser in endodontics has been 

popularized. An Er,Cr:YSGG laser is one of the lasers 

in the erbium family that commonly examined in 

endodontics. Various studies confirmed the positive 

effects of this laser, including the potential in root canal 

disinfection and smear layer removal.11,12 Interestingly, 

a recent study revealed the biostimulation effect of 

Er,Cr:YSGG laser when used with low power level on 

direct pulp treatment.13,14 Other studies in periodontics 

have also reported the positive influence of this laser on 

cell attachment when it was used as an adjunct in root 

surface treatment.15,16 Besides, the positive effects of the 

erbium lasers to the proliferation of osteoblast cell17, 

human gingival fibroblasts, and porcine dental pulp-

derived cells have been reported.18,19 However, the 

application of Er,Cr:YSGG laser in regenerative endo-

dontics has never been evaluated. 

 Therefore, the purpose of this study was to investigate

the direct effect of an Er,Cr:YSGG laser, when used at 

different power outputs and at various levels of laser tip 

positionings, on human APC proliferation.

MATERIALS AND METHODS

Culture of Primary Human APCs

Apical papilla cells were isolated from apical papilla

tissues of non-carious immature mandibular third 

molars. The patients aged 16-20 years without any 

underlying disease, undergoing removal of impacted 

third molar were recruited and informed regarding the 

research project. The apical papilla tissues were gently 

detached from the root apex, and immediately stored 

into α-Minimum Essential Medium Eagle (MEM) 

(Sigma-Aldrich, St Louis, MO, USA). Tissues were 

minced and digested using a combination of enzymes 

including Collagenase I (Gibco/Invitrogen, Gaithersburg, 

MD, USA) and Dispase II (Sigma-Aldrich) at 37°C for 

45 minutes. After that, cell suspension was centrifuged 

at 1500 rpm at 25°C for 5 minutes and then cultured in 

complete α-MEM containing 10% v/v fetal bovine se-

rum (Gibco/Invitrogen), 100 U/mL Penicilium and 100 

μg/mL Streptomycin (Sigma-Aldrich), and 100 μmol/L 

L-ascorbic (Sigma-Aldrich). The cells were cultured 

under a humidified atmosphere of 5% CO
2 and 95% air 

with the medium changed every 3 days. Cells from the 

third passage were seeded into 96-well plates. Cells were 

daily monitored under an inverted light microscope to 

observe for potential contamination. When cultures 

reached confluence, cells were subjected to the 

experiment.

The Application of Laser 

 An Er,Cr:YSGG dental laser (Waterlase®C100, 

Biolase, San Clemente, CA, USA) with a wavelength of 

2780 nm, generating an output range of 0.0-6.0 W 

and pulse repetition rate of 20 Hz was used in this 

experiment. The lasing procedure was conducted with 

non-contact mode using an endodontic fiber tip with a 

diameter of 400 μm and 9-mm length (Z4, Endolase Tip, 

Biolase). The air and water spray were switched off. The 

laser irradiation was performed perpendicularly to the 

bottom of the well plate and kept stationary by creating 

a black line marked at the particular levels, while a black 

card paper was placed under and between the well plates 

to  diminish laser scattering. The major experimental 
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groups were categorized following the different output 

power displayed on the machine which were; 1) control- 

no laser treatment, 2) 0.1 W, 3) 0.5 W, and 4) 1 W 

(or can be calculated and presented as 0 J/cm2, 5 J/cm2, 

59 J/cm2, and 119 J/cm2 respectively). Each experimental

group was irradiated using continuous mode for 20 

seconds. The tip of laser was placed at three different 

levels, which were 2, 5, and 8 mm from the bottom of 

the wells. All experiments were done in triplicates.

APC Proliferation Assay

 The Proliferation of laser-treated APCs in 96-well 

plates was determined by alamarBlue® (Bio-Rad, 

Kidlington, Oxford, UK) reagent. Immediately after 

irradiation, the culture medium from each group was 

removed and replaced with 150 μL of α-MEM. Then 

15 μL of alamarBlue reagent was added and incubated 

for 4 hours at 37°C. The colorimetric quantitative change 

of alamarBlue was monitored using a multi-mode 

microplate reader (SynergyTM H4 Hybrid, Winooski, 

BioTek, VT, USA) at 570 nm and 600 nm. The absorb-

ance was continuously monitored at the following time 

intervals: 0, 1, 2, 4, 6, 24, 48, and 72 hours. Then, the 

percentage reduction of alamarBlue® (% AB reduction) 

was calculated according to the manufacturer’s protocol. 

The higher the reduction % of alamarBlue® means the 

greater the cell proliferation.

Statistical Analysis

 The percentage of AB reduction was calculated from 

the total number of samples (N=3, triplicates) and 

presented as mean±SE. Differences among groups at 

each time point were analyzed by one-way analysis of 

variance (ANOVA) with SPSS 22.0 software (SPSS Inc., 

Chicago, IL, USA). Values of p<0 .05 were considered 

to be statistically significant.

RESULTS

APC Morphology after Laser Irradiation

 Immediately after laser irradiation, contracted cells 

were extensively observed in the laser treatment groups 

that used power level at 0.5 W and 1 W. Similar findings 

were observed in the subgroups placing laser tip at 2 and 

5 mm, but not clearly seen in the subgroup 8 mm. While 

in the group using laser power at 0.1 W, no obvious 

changes were noted when compared to the cells in the 

non-irradiated control group, regardless of tip position 

(Fig. 1). 
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Fig. 1  Representative pictures from inverted microscope showing APC immediately after irradiation with laser at different power 

outputs and the tip position: (A) non-irradiated control group, (B-D) APC irradiated at 2 mm tip position varying power 

outputs, (E-G) APC irradiated at 5 mm tip position varying power outputs, (H-J) APC irradiated at 8 mm tip position 

varying power outputs. (40Χ magnification)

APC Proliferation 

 Cell proliferation was represented in % AB reduc-

tion and the amount of % AB reduction is proportional 

to the number of living cells. In the present study, cell 

proliferation was significantly reduced in the groups 

using laser power at 0.5 W and 1 W compared to the 

control group (without laser) up to 24 hours after 

irradiation (p<0.05). In the group using the laser power 

at 1 W, the least cell survival was observed at all time 

periods (Fig. 2). 

 Considering the different levels of laser tip positioning,

cell proliferation was diminished in the groups that the 

tips were placed both at 2 mm and 5 mm at all time 

points. The significant differences were mostly observed 

only in the groups using laser power at 0.5 W and 1 W, 

but not in the 0.1 W groups. When focusing at 24 and 

72 hours, the application of laser tip at 8 mm did not 

affect the cell survival regardless of the laser power 

confirming by the non-significant difference observed 

among experimental groups to the control groups (Fig. 3).
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Fig. 2 Percentage of alamarBlue reduction after Er,Cr:YSGG laser treatment at 0.1 W (blue), 0.5 W (green) and 1 W (yellow) 

using different laser tip positionings. Red lines are the untreated control group. Different letters indicate statistical significance

among groups at the level of p<0.05. (The higher number of viable cells correlates with the higher magnitude of dye reduction)

Fig. 3  Percentage of alamarBlue reduction of non-irradiated control (blue) and Er,Cr:YSGG laser treatment groups (0.1 W - green, 

0.5 W - yellow and 1 W - purple) at 6, 24 and 48 hours. * The significant difference compared to control at the level of 

p < 0.05. (The higher number of viable cells correlates with the higher magnitude of dye reduction)
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DISCUSSION

 In this study, the application of low-level laser 

therapy in regenerative endodontics was investigated in 

an in vitro study model. The Er,Cr:YSGG laser was used 

to examine the influence of different laser power outputs, 

and a variety of laser tip positionings on APC proliferation.

The results demonstrated that the use of an Er,Cr:YSGG 

laser at 0.1 W showed no negative effect on APC 

proliferation, regardless of the level of tip position. The 

placement of the laser tip at 8 mm did not impact APC 

survival. The improvement of cell proliferation was not 

observed in any group compared to the control.

 Various studies in regenerative endodontics reported

the role of various medicaments, solutions and adjunctive

techniques, in dentin conditioning. This step is beneficial 

since it creates the optimal dentin surface for cell attachment

and differentiation. The innovation of laser is one of the 

advanced techniques in regenerative dentistry because 

it has various benefits, including the acceleration of the 

regenerative processes of tissues and the positive effect 

on the proliferation of various cell types. However, the 

use of laser has been limited in regenerative endodontics. 

In this study, the Er,Cr:YSGG laser was selected because 

it is the advanced dental laser that can be absorbed by 

the hydroxyl radicals in the hydroxyapatite structure20, 

and having antimicrobial and smear layer removal 

efficacy.11,12 A variety of laser tip designs have been 

developed for dental use, including endodontic tips 

which can be easily applied into the root canal. Moreover, 

a recent clinical study reported a high success outcome 

when Er,Cr:YSGG laser was supplemented during direct 

pulp capping procedure.21 

 In this present study, the potential of laser to stimulate

the cell proliferation was initially hypothesized. Previous 

studies reported the positive effects of low-level laser 

treatment on cell proliferation.22-24 However, the non-sig-

nificant difference in term of cell proliferation was 

observed after the low-level Er,Cr:YSGG laser was 

applied compared to the control group without laser 

treatment in the present study. This finding conforms to 

some earlier studies that reported the similarity in cell 

number between laser-treated and non-laser treated 

groups.25-27 One of the major explanations could be the 

condition of the cell. Some authors stated that the 

stress-inductive stage, induced from either nutritional 

deficiency or inflammation, was the factor for bio-stim-

ulatory effect.17,28 Since progressive cell proliferation 

was not observed in normal cells undergone laser 

treatment.28 In our study, APC was cultured in the

presence of 10% serum which was enough for normal 

cell growth. Therefore, the positive effect of laser 

treatment could not be observed. A further study of 

laser-treated cells under exact stress induction should be 

evaluated.

 Moreover, the laser parameters are also critical 

factors. Previous studies in bio-stimulatory effect were 

often performed with lasers in visible and near-infrared 

wavelengths. In our study, the Er,Cr:YSGG which is a 

medium infrared laser was used. A study reported that 

the infrared laser could induce a higher cell proliferation 

than visible laser when using the same fluence but 

different irradiance. However, if both fluence and 

irradiance were equally fixed, there was a similar effect 

on cell growth regardless of laser wavelength applied.28

Therefore, in order to conduct the future experiment, 

laser parameters including power, fluence and frequency

must be considerately concerned. 

 Regarding the destructive effect of laser, this present 

study observed that the higher power of laser usage, the 

more damaged cells observed. The findings could be 

apparently detected in the group using a laser at the 

highest power output (1 W). One of the reasons supporting

this negative finding is excessive energy density 

(fluence). The Arndt-Schultz law, a well-known model 
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describing the effect of LLL, recommended the energy 

density at 1-4.0 J/cm2 for enhancing cell proliferation.29-32 

However, in our study, the power outputs generated from 

the machine were ranged from 5-119 J/cm2, which were 

quite high compared to the recommended dosage. Therefore, 

the deteriorating effect on the cells was observed, rather 

than the supportive result. Moreover, when the laser tip 

was placed closer to the cell, the lesser cell number was 

observed. It is explainable that the destructive effect of 

laser relates to the working distance of the laser tip to 

the cells. A previous study has shown that higher power 

densities of laser exhibited an inhibiting effect of cell 

activities.33 Nevertheless, from our study, we noticed 

that when the tip was placed at 8 mm, the cell proliferation

was similar to the control groups regardless of the laser 

power outputs at 48 hours. These imply that when the 

tip was positioned from the cells far enough, the potent 

of laser power was not the major factor. 

  However, as generally stated elsewhere, the 

phenomena of biostimulation using LLLT is complex. 

Various factors, including different laser intensities and 

irradiation times, seem to play roles in the biostimulation 

effect. A biphasic response, showing the inverse linear 

relationship between intensity and time, has also been 

demonstrated.29 Therefore, in order to correlate the 

findings to the conception, it should be kept in mind that 

the biostimulation effect is multifaceted. 

 Therefore, to ensure the possibility of laser application

in regenerative endodontics, further studies are needed 

to elucidate the effects of laser in terms of the promoting 

of initial cell attachment and cell differentiation.

CONCLUSION

 The use of an Er,Cr:YSGG laser at different outputs 

(0.1 W, 0.5 W, and 1 W) showed no positive effect on 

APC proliferation regardless of the level of tip position. 

The placement of the laser tip at 8 mm did not impact 

APC survival.
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ABSTRACT 

Background: Dental caries is a prevalent oral infection 

and the most common childhood disease. Dentin caries 

is predominantly caused by Lactobacilli species. In 

particular, Lactobacillus casei cause more advanced, 

deep lesions. To prevent progression of dental caries, 

the use of natural antimicrobial agents, such as chitosan, 

is becoming more popular to reduce the need of conven

tional antibiotic treatment. Chitosan is a polycationic 

polysaccharide, commonly derived from crustacean 

shells such as shrimp. Chitosan can be processed into 

monodispersed nanometer size particles with more 

potent antimicrobial activity. 

Objectives: This study aims to synthesize and chara

cterize chitosan nanoparticles (CNs) using 2 different 

crosslinkers: tripolyphosphate (TPP) and hexame

taphosphate (HMP) and determine their nanoparticles’ 

characteristics and antimicrobial properties against L. 

casei when incorporated into a mouthwash solution.

Methods: CNs were prepared via ionic gelation using 

30 kDa shrimp chitosan (94% of degree deacetylation) 

with two different crosslinkers (TPP vs. HMP) and 

characterized. CNs were incorporated in a mouthwash 

formulation at different concentrations and evaluated 

for their antimicrobial activities against L. casei. 

Results: Initially formulated CNs in acetic acid solution 

(pH 2.5) showed that both Sh-TPP and Sh-HMP have 

similar particle size range (309-320 nm) and zeta 

potential (38-41 mV). However, when these were 

incorporated into the mouthwash solution (pH 5.0), the 

particle size of Sh-HMP increased compared to Sh-TPP, 

whereas the zeta potential decreased in a similar manner 

for both CNs (26-27 mV). Antimicrobial activities at 

100 μg/mL and 300 μg/mL indicated that Sh-TPP was 

more effective in killing L. casei in comparison to 

Sh-HMP.

Conclusion: Shrimp CNs can be synthesized from both 

TPP and HMP crosslinkers. The choice of crosslinker 

appear to affect the nanoparticles’ hydrodynamic size 

when dissolved in higher pH solution. Sh-TPP having 

smaller size showed more antibacterial benefit against 

L. casei when formulated in mouthwash solution. 

Keywords: Antibacterial effect, Chitosan nanoparticles, 

Crosslinkers, Lactobacillus casei, Mouthwash

INTRODUCTION

 Dental caries is a prevalent oral infection which are 

most common in children.1 Based on the Thailand’s 8th 
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National Dental Status Survey in 2017, dental caries has 

been documented among 75.6% of Thai children with 

ages five to six years old.2 The pathogenesis of dental 

caries involves cariogenic bacteria due to their acidogenic

and aciduric properties, which use fermentable sugars 

as their substrate.3 Specifically, when demineralization 

reaches the dentin surface, caries is dominated by 

Lactobacilli species (i.e. Lactobacillus casei) resulting 

in more advanced, deep dental lesions.1,4 To prevent such 

occurrence and progression, antimicrobial agents can be 

administered to control dental plaque.5 Naturally derived 

antibacterial materials are now being investigated and 

formulated into products as alternatives to conventional 

antibiotic treatment.6 Chitosan is one of the many 

naturally derived antibacterial materials and is frequently 

isolated from crustacean shells (i.e. shrimp).7 Although 

chitosan in free polymer form has been known to be an 

effective antimicrobial agent, the advent of nanotech

nology brought interest on developing nanoparticles 

from chitosan.8-10 

 Chitosan nanoparticles (CNs) can be formed via 

ionic gelation using a specific crosslinker.11 For CNs, 

tripolyphosphate (TPP) is a common crosslinker.10,12-14 

Recently, sodium hexametaphosphate (HMP) has also 

been used as a crosslinker for CNs14,15. HMP has 6 

negatively charged phosphate groups, while TPP has 

only 3 groups. In general, CNs are characterized 

according to particle size, polydispersity index (PDI) 

and zeta potential, for the determination of hydrodynamic 

diameter, particle size distribution and surface charge, 

respectively. However, only few studies have investigated

the use of sodium hexametaphosphate (HMP) as a CNs 

crosslinker.14,15 Thus far, none of studies have studied 

the effect between TPP and HMP on the nanoparticles’ 

characteristics and their antibacterial properties towards 

oral bacteria causing dental caries, including L. casei. 

In the field of dentistry, the antimicrobial property of 

chitosan has already gained interests and has been 

incorporated in many dental products such as mouthw 

ashes.6,16-18 However, such formulations have principally 

been prepared using chitosan polymers.6,16-18 Thus, this 

study aims to (1) investigate the properties of the synthe

sized chitosan nanoparticles from shrimp source with 

the use of two different crosslinkers (TPP vs. HMP) and 

(2) determine the antibacterial effect against L. casei of 

different CNs incorporated in mouthwash formulation 

in vitro. 

MATERIALS AND METHODS

Preparation and characterization of chitosan nano 

particles (CNs)

 CNs were prepared by a slightly modified ionic 

gelation method using commercially food-grade chitosan 

samples from shrimp source with low molecular weight 

(~30 kDa Mw) having 94% of degree of deacetylation 

that were obtained from Marine Bio Resources, Thailand.19

Chitosan supplied in powder was dissolved in 2% (v/v) 

acetic acid at 2.5 mg/mL with magnetic stirrer for 3 

hours. One mg/mL chitosan solution was then prepared 

through the addition of sterile distilled water and then 

adjusted its pH to achieve pH 4.7 after which, it was left 

at room temperature.  Similarly, 1 mg/mL of both TPP 

and HMP crosslinker solutions were also formulated. 

To synthesize CNs, three chitosan solutions of each 

crosslinker (20 mL each) were placed in 60 °C water 

bath for 10 min and immediately placed on a magnetic 

stirrer which was set at 700 rpm. Subsequently, 6.7 mL 

volume of crosslinker stock solution stored in 4 °C were 

added dropwise. These were stirred for 10 min to 

produce 3:1 mass ratio of chitosan to crosslinker of CNs. 

The solutions were stored at room temperature for 24 h.

CNs were pelleted through centrifugation at 10,300 x g 

for 30 mins and were re-suspended in 0.1% acetic acid 

(pH 2.5). Characterization was done to determine 
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average particle size, polydispersity index (PDI) and zeta 

potential with the use of Zetasizer (Malvern Instruments,

UK). Known volume of each CNs solution was then 

freeze-dried for 24 h to determine the final concentration 

of CNs. Two types of CNs were synthesized depending 

on the crosslinker, where Sh-TPP indicates CNs 

prepared with TPP and Sh-HMP indicates CNs prepared 

from HMP. All CNs were dissolved in 0.1% (v/v) acetic 

acid solution (pH 2.5) as a final stock solution and stored 

at 4 °C. 

Chitosan Nanoparticles Mouthwash Preparation

 The mouthwash base solution (i.e. the base solution 

without CNs) was adopted from the study of Sano et al.16 

Briefly, the mouthwash base solution was consisted of 

35 mL of distilled water, 5 mL of glycerin, 4 mg of 

saccharin, a small amount of blueberry flavor solution 

(175 mL). The ingredients were mixed using magnetic 

stirrer for 15 min for homogenous solution. Subsequently,

distilled water was added until it reached 50 mL and 

mixed to get final mouthwash solution (pH 5.0). The 

CNs stock solution with known CNs concentration 

(prepared as previously described above) was then added 

to prepare a mouthwash formulation with the desired 

concentration of CNs for antibacterial testing. Finally, 

the final pH of each mouthwash CNs solution was also 

adjusted to pH 5.0 with 1 M NaOH solution. 

Microorganism Cultivation

 L. casei TISTR 1463 was used as the test bacterial 

strain to determine the antibacterial activity of the 

incorporated CNs in each mouthwash formulation. 

Frozen bacterial culture was streaked on a De Man 

Rogosa and Sharpe (MRS) agar and incubated for 24 h 

at 37 °C. The single bacterial colony was then inoculated 

in 5 mL MRS broth to culture. It was incubated in 

anaerobic jar overnight at 37 °C. The optical density of 

the incubated cultures was measured at 600 nm. The 

culture was then centrifuged at 4700 x g for 10 min. The 

cell pellet was washed twice with phosphate buffer saline 

(PBS) at pH 7.4 and re-suspended in a mouthwash base 

solution with adjusting pH to 5.0 for all antibacterial 

tests. Initial load of bacteria was set 1x601 CFU/mL.

Time dependent killing effect by viable count technique

 The formulated mouthwash with CNs (Sh-TPP and 

Sh-HMP formulations) were prepared to achieve 3 

different concentrations; 100, 300 and 600 μg/mL for 

antibacterial testing. Briefly, 1 mL of the overnight 

inoculated culture of L. casei adjusted to 2x601 CFU/

mL in the mouthwash base solution at pH 5.0 was mixed 

with 1 mL test solutions at each concentration (100 μg/

mL, 300 μg/mL and 600 μg/mL).  The tubes were 

incubated for 8 h subjected under shaking condition at 

150 rpm. The tested samples were then collected at ,0

8 ,4, and 21 h for bacterial viability measurement. The 

reduction of bacteria was determined by standard plate 

count technique. The bacteria that were exposed to PBS 

and the base mouthwash solution (without CNs) were 

used as negative control, while the commercial 

mouthwash containing 0.12% chlorhexidine digluconate 

with ethanol was used as positive control in this study 

(Data not shown). Bacterial agar plates were incubated 

for 24 h at 37° C prior to evaluating the bacterial viability 

as colonies forming unit (CFU)/mL. 

RESULTS

Characterization of chitosan nanoparticles (CNs)

 The CNs were re-suspended in two different solutions; 

1) the stock solution 0.1% (v/v) acetic solution at pH 2.5 

and 2) the mouthwash based solution at pH 5.0. These 

were then characterized for nanoparticles’ diameter size, 

PDI and zeta potential values. The CNs dissolved in 

0.1% (v/v) acetic stock solution formulated with TPP 
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(Sh-TPP) had a size of 319.4 ± 6.5, which was similar 

to the CNs synthesized with HMP (Sh-HMP), with the 

size of 308.8 ± 10.2 (Table 1). Both Sh-TPP and 

Sh-HMP were monodispersed (i.e. PDI < 0.3), indicating 

that there is a uniform size distribution for both types of 

CNs. Moreover, the zeta potential value of both Sh-TPP 

and Sh-HMP revealed to have a comparable surface 

charge within the range of 38.3 ± 1.6 - 41.1 ± 1.5 mV. 

 Two CNs preparations (Sh-TPP vs. Sh-HMP) were 

formulated into the mouthwash solution at pH 5.0. The 

result showed that Sh-TPP had a smaller diameter size 

(279.8 ± 16.2) when compared to Sh-HMP (320.2 ± 

20.8) (Table 1), however, both PDI were still below 0.3 

(Data not shown), suggesting there is effect of crosslinkers

on the nanoparticles’ size, but not on the size distribution 

since both CNs are still monodispersed in the mouthwash 

solution. As expected, the zeta potential values of both 

Sh-TPP and Sh-HMP decreased to similar range of 26.0 

± 2.5 - 27.0 ± 1.8 mV in the mouthwash solution (Table 

1).

Time dependent killing by viable count technique

The antibacterial property of CNs formulations

(Sh-TPP vs. Sh-HMP) in mouthwash (pH 5.0) were 

tested using a time-dependent killing assay with Gram-

positive L. casei TISTR 1463. Bacterial reduction of L. 

casei was found for all 3 concentrations of CNs 

mouthwash solutions, but at different levels (Fig. 1A, 

1B and 1C). For Sh-TPP at 100 μg/mL mouthwash 

formulation (Fig. 1A) , L. casei was reduced from its 

initial load (i.e. at time 0 of respective test solution) by 

2.07, 2.48 and 3.83 log CFU/mL at 2, 4 and 8 h, 

respectively, while Sh-HMP caused a reduction to 0.26, 

0.83 and 1.98 log CFU/mL at 2, 4 and 8 h, respectively. 

These findings suggest that the mouthwash formulated 

with Sh-TPP is more effective in killing L. casei 

compared to Sh-HMP at pH 5.0. 

 At 300 μg/mL (Fig. 1B), a similar bacterial reduction 

trend was observed for both Sh-TPP and Sh-HMP 

leading to around 1.26 – 1.92 log CFU/mL reduction at 

2 h. However, at 4 h, Sh-TPP could reduce more L. casei 

from its initial load by 3.89 log CFU/mL compared to 

Sh-HMP (4.59 log CFU/mL). At 8 h, both CNs appears 

to kill all L. casei to be less than the lower limit of 

detection via standard plate count (300 CFU/mL). 

 For 600 μg/mL (Fig. 1C), the bacterial reduction 

was apparent for both Sh-TPP and Sh-HMP within 2 h, 

leading to 2.80 and 2.44 log reduction, respectively. For 

both 4 and 8 h, the death of L. casei was higher, but 

indistinguishable since both bacterial reductions were 

below the lower limit of detection using standard 

bacterial plate count (300 CFU/mL). It is also important 

to note that the mouthwash without CNs could also kill 

L. casei, but always at lesser degree (around 1 to 2 log 

CFU/mL reduction at 8 h), when compared to the 

presence of CNs mouthwash containing either of CNs.

Overall, the difference between the crosslinkers (Sh-TPP 

vs. Sh-HMP) was more noticeable at the lower 

concentrations of CNs (100 and 300 μg/mL), compared 

to the high concentration (600 μg/mL). 

Table 1 CNs particle size, PDI and zeta potential of Sh-TPP and Sh-HMP in different solutions (n=3)  

CNs Dissolved in 0.1% Acetic Acid at pH 2.5 Dissolved in mouthwash solution at pH 5.0

Particle size (nm) Zeta potential (mV) Particle size (nm) Zeta potential (mV)

Sh-TPP 319.4 ± 6.5 41.1 ± 1.5 279.8 ± 16.2 26.0 ± 2.5

Sh-HMP 308.8 ± 10.2 38.3 ± 1.6 320.2 ± 20.8 27.0 ± 1.8
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Fig. 1  Survival ability of L. casei treated with CNs incorporated in mouthwash solution at pH 5.0 with different doses including 

100 μg/mL (A), 300 μg/mL (B) and 600 μg/mL (C) at 37 ºC for 2, 4 and 8 h with the initial load at around 6 log CFU/mL.  

The results are means of triplicate experiments and error bars indicate standard errors. 
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DISCUSSION

 Chitosan nanoparticles (CNs) have gain attraction 

as effective antibacterial agent, which is attributed to 

their high surface area and charge density.20,21 One of 

the most attractive methods for making CNs is ionic 

gelation, which is based on the ionic crosslinking 

between positive charges of the primary amino groups 

of the chitosan polymer and negatively charged residues 

of a polyanion.22 Frequently, sodium tripolyphosphate 

(TPP), which is a non-toxic multivalent anion, is often 

used for making CNs.10,12-14 However, a few studies have 

investigated the use of sodium hexametaphosphate 

(HMP) as a CNs crosslinker.14,15 Thus far, none of studies 

have studied the effect between TPP and HMP on the 

nanoparticles’ characteristics and their antibacterial 

properties towards oral bacteria. In this study, the CNs 

formulated from 30 kDa shrimp chitosan polymer using 

two different crosslinkers (TPP vs. HMP) produced 

small size (around 300 nm), monodisperse (PDI < 0.3) 

and high zeta potential (around 40 mV). The character 

istics of Sh-TPP was similar to a previous study.19 Our 

findings are also in agreement with Thandapani et al. 

where CNs prepared with TPP appeared smaller 

compared to HMP using transmission electron micro 

scopy.14

 The incorporation of chitosan nanoparticles as an 

active component in oral healthcare products has not 

been extensively explored. Although chitosan mouth 

washes have gained interest as an alternative to chlorhexi 

dine, to date, it has mainly been prepared from free 

chitosan polymers.6,16-18 To the best of our knowledge, 

no study has yet investigated the use of chitosan in the 

form of CNs incorporated into mouthwash solution. In 

the present study, CNs synthesized from two different 

crosslinkers (TPP vs. HMP) were successfully incorpo 

rated in a mouthwash solution and also found to be stable 

at pH 5.0. When placed in a mouthwash solution, the 

particle size for Sh-TPP was smaller, while the size for 

Sh-HMP was similar. Our findings suggest that Sh-HMP 

nanoparticles might be less affected by the solution 

environment compared to Sh-TPP, but further studies 

are needed. As expected, the surface charge of both 

Sh-TPP and Sh-HMP significantly decreased as the 

environmental pH of CNs increase when re-suspended 

in the mouthwash solution (pH 5.0). This finding 

coincides with previous studies.10,19

 In recent years, chitosan’s biological properties, 

particularly, the antimicrobial activity of chitosan and 

its derivatives, have been of interest to the scientific 

community23. The antimicrobial properties of chitosan 

polymer have been demonstrated with a plethora of 

target microorganisms, including oral Streptococci.6,16-18

Different mechanisms of action have been proposed on 

the antimicrobial effects of chitosan to bacteria and one 

of the widely accepted hypotheses is that the cationic 

chitosan interacts with the anionic bacterial cell 

surface.23 The positive charge of amine groups in 

chitosan is observed at pH below 6.3 (i.e. slightly acidic 

condition), which results in a more tightly adsorbed 

chitosan with higher affinity with the outer surface of 

the bacterial cell wall.23

 Reports showed that CNs have superior activity over 

chitosan polymer, for instance, the required concentration 

needed of CNs to have an antimicrobial effect is less 

than that of the chitosan polymer.8-10 Compared to our 

previous work using free chitosan polymer (unpublished 

data), the CNs synthesized in this study required 50 times 

less chitosan concentration when formulated in the same 

mouthwash formulation to show the same antibacterial 

effect. This finding is supported by a study of Aliasghari 

et al. where CNs decreased the growth of Streptococci

bacteria with MIC at 0.625 mg/mL compared to 1.25 

mg/mL.9
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 As mentioned, smaller CNs were formed from TPP 

when formulated in a mouthwash compared to HMP. 

A major goal of an antimicrobial agent in order to 

effectively prevent dental caries is to be able to diffuse 

into the dental biofilm voids and channels that would 

lead to contact with bacteria cells and subsequent 

bacterial reduction.24 In this study, a higher antibacterial 

activity was observed from smaller CNs from Sh-TPP 

for all concentrations when compared to Sh-HMP, thus 

further studies in a biofilm model would be of interest. 

The zeta potential was comparable for both CNs (around 

27 mv), suggesting that the effective antimicrobial 

activity of Sh-TPP might be due to particle size, where 

smaller and monodispersed CNs were more effective for 

bacterial reduction. 

CONCLUSION

 Chitosan nanoparticles (CNs) were successfully 

synthesized using 2 different crosslinkers: tripolyphos 

phate (TPP) and hexametaphosphate (HMP) and 

characterized for their diameter size, polydispersity 

index and surface charge in the present study. When 

formulated as a mouthwash solution at pH 5.0, it 

demonstrated a potential alternative to the conventional 

due to its antibacterial effect against L. casei, one of the 

predominant bacteria for dentin caries. CNs crosslinked 

with TPP and formulated in a mouthwash solution could 

reduce L. casei at greater extent compared to CNs 

crosslinked with HMP. The effect could be particle-size 

related as Sh-TPP had a smaller size than Sh-HMP in 

the mouthwash formulation.
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ABSTRACT

Background: Studies have shown that photodynamic 

therapy (PDT) can be used as an adjunct to periodontal 

therapy. In PDT, a photosensitizer is irradiated by a light 

of an appropriate wavelength in order to produce singlet 

oxygen which aids immunomodulation and bacterial 

killing. 

Objectives: To determine the optimal doses of azulene 

and light fluency that can produce a significant amount 

of singlet oxygen. 

Methods: Azulene powder was dissolved in 99% ethanol, 

and distilled water producing 10 different concentrations 

(the final concentrations were 5, 15, 25, 35, 50, 100, 200, 

500, 1,000, and 2000 μM). 10 μl of 1M 9,10-dimethy-

lanthracene (DMA) was added as a singlet oxygen 

detector. A 625 nm laser (power = 55-90 mW) at the 

energy densities of 4, 8, 16, 25, 50 J/cm2 was used to 

irradiate the sample. A distance from the light to the 

bottom of the well was 8 mm. Singlet oxygen formation 

was measured by fluorescence spectrophotometer at 375 

and 436 nm as the excitation and emission wavelengths, 

respectively. Statistical analysis was done using SPSS 

version 20.  Data was presented using means and standard 

deviations. Shapiro-Wilk test was used to test normality. 

Kruskal-Wallis and Dunn-Bonferroni tests were used to 

compare results. A significance level was set at p<0.05.

Results: 5, 15, 25 and 35 μM of azulene produced

significantly higher amounts of singlet oxygen when 

compared to other concentrations irradiated with the 

same energy density. 4 and 16 J/cm2 produced significantly

higher singlet oxygen when compared to the non-irra-

diated group (p<0.05). In 2000 μM group, 4 J/cm2

produced a significantly higher amount of singlet oxygen 

when compared to 16 and 25 J/cm2 (p<0.05). 

Conclusion: Use of 4 and 16 J/cm2 energy densities and 

5, 15, 25, and 35 μM azulene produced significant 

amounts of singlet oxygen.

Keywords: Azulene, Dimethyl anthracene, Fluorescence

probe, Photodynamic therapy, Singlet oxygen

INTRODUCTION 

 Worldwide, the mildest form of periodontitis, a 

chronic inflammatory disease, afftects 45-50 % of adults 

whereas the most severe form affects 9-11 % of the adult 

population.1-4 Left untreated, periodontitis can lead to 

reduced chewing function, tooth loss, poorer nutrition, 

low self-confidence and quality of life, and other 

general health impacts.4

 The p rimary objective of periodontal therapy is to 

eradicate bacterial deposits and niches.5 Conventional 

therapy for periodontal disease involves mechanical 

debridement and adjunctive systemic antibiotic therapy.6,7

Howe ver, due to tooth anatomy, some areas are difficult 

to access.8,9 Moreover, usage of antibiotics can lead to 
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drug resistance.10 Hence , there is a need for an alternative 

technique. 

 Photodynamic therapy (PDT) involves a light source,

photosensitizer and generation of reactive oxygen species

(ROS). ROS generated include superoxide anion, 

hydrogen peroxide, hydroxyl radical and singlet oxygen 

(1O
2
). Among these, 1O

2 
is

 
the main product of photosen-

sitization. It rapidly attacks any organic compounds it 

encounters and is rapidly eliminated from cells.11 As a 

product of PDT, it can oxidize proteins and lipids to kill 

bacteria and can alter immune response through the 

release of cytokines.12,13  PDT has been shown to enhance 

the efficacy of the conventional periodontal treatment, 

but the appropriate combination of photosensitizers and 

wavelengths, in addition to the optimum parameters 

needed (such as photosensitizer concentration and 

exposure time, and irradiation energy and time), have 

not yet been determined.14,15

 Azulene is an essential oil extracted from a German 

chamomile named Matricaria.16 It ha s been shown to 

exhibit antioxidant, anti-microbial, and anti-inflammatory

properties.16-18 Furthermore, in a study of azulene applied 

on human Jurkat T-cells, and irradiated by 300 W 

Mercury-Xenon (Hg/Xe) lamp and UVA lamp, the

results showed that azulene under such light irradiation 

can produce ROS while maintaining cell viability in 1, 

2.5, 7.5, 20, and 50 μM.19 The type and amount of ROS 

produced contributing to the above-mentioned results 

were not completely investigated though. Therefore, the 

aim of the present study was to determine the optimum 

combination of light energy and azulene concentration 

that can produce a significant amount of singlet oxygen. 

MATERIALS AND METHODS 

 Sample pre paration Azulene powder (Sigma 

Aldrich, St Louis, MO, USA) was dissolved in 99% 

ethanol and diluted in distilled water to produce final 

concentrations of 5, 15, 25, 35, 50, 100, 200, 500, 1000, 

and 2000 μM. Each concentration was made in an amber 

bottle wrapped in aluminum foil. Positive control was 

erythrosine dissolved in distilled water resulting in a 

final concentration of 10 μM. 10 μL of 1mM 9,10- 

dimethyl anthracene (DMA, Sigma-Aldrich, St. Louis, 

MO, USA) was added to each well as a fluorescence 

probe for singlet oxygen detection (the final concentration

was 10 μM). 

 Irradiation procedure 100 μL of erythrosine, and 

various azulene concentrations were placed in a black 

96-well plate (3 wells/ concentration). The samples were 

divided into the non-irradiated group and the irradiated 

group. For the irradiated group, each well was irradiated 

using a laser pen with a wavelength of 625 nm (power 

= 55-90 mW) at the energy densities of 4, 8, 16, 25, 50 

J/cm2. The distance from the light to the bottom of the 

well was 8 mm. Irradiation time was calculated according

to the power, energy density and radius of the bottom of 

the well (3.27 mm). Prior to irradiation, power was 

measured by the power meter (S210A, Thorlabs, USA). 

The experiment was done in triplicate. 

 Singlet oxygen formation The amount of 1O
2 
was 

measured using fluorescence at excitation wavelength 

= 375 nm and emission wavelength = 436 nm using 

Varioskan® flash (Thermo Fisher Scientific Inc). Optical

density was obtained twice and expressed as means and 

standard deviations after triplication of experiment. 

 Statistical Analysis Data was expressed as means 

and standard deviations of fluorescence intensity. SPSS 

version 20.0 was used to perform statistical analysis. 

Test for normality was determined by Shapiro-Wilk test. 

Data did not have normal distribution. Consequently, 

Kruskal-Wallis and Dunn-Bonferroni tests (p<0.05) 

were done. 
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RESULTS 

 Single Oxygen Formation: The amount of 1O
2
, 

expressed as relative fluorescence units, produced upon 

irradiation of various azulene concentrations were 

compared at the energy densities of 4, 8, 16, 25, 50 J/

cm2 (Fig. 1).

 

 

 

Fig. 1  Comparison of the amounts of singlet oxygen formation using different concentrations of azulene in each energy density 

applied. 

Singlet oxygen formed by irradiation of 5-2,000 μM 

azulene using a 625 nm laser pen (power 55-90 mW) 

producing light energy densities of 4-50 J/cm2 was 

determined through the fluorescence method (n=7). (In 

each energy density applied, concentrations with the 

same letter means the lower concentration produced 

significantly greater amounts of singlet oxygen when 

compared to the higher and/or highest concentration at 

p<0.05.)

 As shown in Fig. 1, the higher concentrations (500-

2,000 μM) produced significantly lower amount of 

singlet oxygen when compared to the lower concentra-

tions (5-35 μM) at each energy density applied (p<0.05). 

Moreover, 5 μM produced 40-90% more singlet oxygen 
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when compared to the 10 μM erythrosine (positive 

control group). At lower concentrations (5-35 μM), 

lower energy density levels (4, 8, and 16 J/cm2), pro-

duced higher amounts of singlet oxygen. Meanwhile, 

higher energy density levels (25 and 50 J/cm2) produced 

lower amounts of sing let oxygen. In addition, 25 μM 

and 35μM irradiate d with 4 J/cm2 and 16 J/cm2, respec-

tively, produced significantly higher amount of singlet 

oxygen when compared to the non-irradiated group. 

 Effect of light energy density on singlet oxygen 

formation: Based on the lower concentrations (5-35 μM) 

which produced significantly higher amount of singlet 

oxygen when compared to other concentrations in the 

same energy density applied (p<0.05), the effect of 

varying light energy density was investigated. As shown 

in Fig. 2, each energy density applied produced a higher 

amount of singlet oxygen when compared to the 

non-irradiated group. 4 and 16 J/cm2 applied to 25 and 

35 μM, respectively, produced a significantly higher 

amount of singlet oxygen when compared to the 

non-irradiated group (p<0.05).

 

Fig. 2 Comparison of singlet oxygen formation produced at varying light energy densities using 5, 15, 25, and 35 μM of azulene. 

Singlet oxygen formation was determined as 

mentioned in Fig. 1 (n=7). (* indicates statistically 

significant difference at p<0.05)

DISCUSSION 

Irradiation of azulene has been shown to produce 

ROS in various studies but the combination of light and 

azulene concentration that can produce a significant 

amount of 1O
2 
has not been established. Hence, in this 

study, singlet oxygen formed by varying light energy 

densities was determined using a fluorescent probe.
 

Fluorescent probes are particles that absorb light of a 

certain wavelength and produce a different light of a 

usually longer wavelength (a process known as fluores-
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cence, which can be used to observe ROS).20 The probes, 

also called fluorophores, can bind to a target molecule 

(e.g. singlet oxygen formed by photosensitizers) and act 

as a marker for fluorescence microscopy analysis. The 

fluorescence methodology is an excellent method to 

determine ROS amount because of its high sensitivity, 

simple data collection, and high spatial resolution in 

microscopic imaging techniques.21 In Gomes et al.20, 

9,10-dimethylanthracene (DMA)  was discussed as one 

of the highly selective 1O
2
 fluorescent probes. 

 In the present study , azulene concentrations of 

5-2,000 μM were used to elucidate the effect of varied 

azulene concentrations on 1O
2
 formation. In a study by 

Wang et al.16, 62.5, 125, 250 and 500 μM azulen e 

concentrations were irradiated using 6.5 J/cm2 of UVA 

and 12.6 J/cm2 of visible light. A subsequent study, 

Wang et al.19, irradiated 1, 2.5, 7.5, 20 and 50  μM 

azulene concentrations using light energy densities of 

2.3 J/cm2 of UVA and 12.6 J/cm2 of visible light. Results 

of the studies showed that irradiation of azulene at such 

concentrations does not affect cell viability and can 

induce DNA change at 7.5-50 μM. Thus, in addition to 

the concentrations similar to those used in the previous 

studies, higher concentrations (i.e. 1,000-2,000 μM) 

were included to observe increased or decreased 1O
2
 

formation. In-between concentrations were also added 

to distinguish other potential outcomes of varying 

concentrations. 

 In a study by Damrongrungruang et al.,22 5-500 μM 

azulene were ir radiated using 625 ± 5 nm light emitting 

diode (LED) light at the energy densities ranging from 

0-200 J/ cm2 for 0-2,900 sec. Results showed that azulene 

 at all concentrations irradiated with a light energy 

density of 4.2 J/cm2 significantly induced singlet oxygen 

formation,  5 μM especially produced a significantly 

higher amount of 1O
2
, and high concentrations signifi-

cantly reduced 1O
2
 formation.

  
The present study used a 

light source having the same wavelength (625 nm) but 

switched from LED to laser
 
to gain a higher power and 

reduce the irradiation time. Although the light source 

was changed, the results obtained were similar. Irradiation

of lower concentrations of azulene (5, 15, 25 and 35 μM) 

produced significantly higher amounts of 1O
2 

when 

compared to other concentrations irradiated wit h the 

same energy density (p<0.05). This may be due to 

fluorescence quenching at higher concentrations. Also, 

as shown in Fig. 2, despite only showing a significant 

difference at 4 and 16 J/ cm2 (p<0.05) when compared 

to the non-irradiated group, 1O
2
 formation produced by 

lower concentrations of azulene were higher in the irra-

diated group when compared to the non-irradiated group 

at each light energy density applied. The significant 

difference may not have been achieved at all light energy

densities applied because of the small number of samples 

(n=7). This result follows the Arndt Schulz model which 

states that there is a “therapeutic window” suggesting 

that inadequate power density or time will have no effect 

on the pathology but too much may have inhibitory 

effects.23

 ROS can undergo radical formation in intra- and 

extracellular settings and are, in fact, produced all over 

the body. Normal concentrations of ROS can play vital 

beneficial roles and are thought to be involved in major 

biological processes, such as instigation of gene 

transcription factors and nuclear factor-κB (NF-κB) 

activation, and intracellular thiol depletion. These 

processes signal apoptosis and production of proinflam-

matory cytokines.11 In a study by Belikov et al.,24 ROS 

has two roles in T  cell biology: (i) in oxidative stress, 

and (ii) ROS signaling. The second role can be involved 

in the activation and apoptosis of T cells. Primary T cells 

can produce ROS when stimulated and consequently 

they can prompt “respiratory burst” by secreted 

cytokines or by direct contact with phagocytes.  Overall, 
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the equilibrium of ROS and antioxidants is needed for 

the proper operation of T cells. Several studies have also 

provided solid evidence that oral diseases such as 

periodontal disease are also directly related to the 

imbalance between antioxidants and exogenous or 

endogenous pro-oxidants.11 Accordingly, the systemic 

ROS level may have an effect on the severity of 

periodontal disease.

 In a review by Pryor et al.,25 oxidative stress, defined 

as “a disturbanc e in the pro-oxidant/antioxidant systems 

in favor of the former”, was said to have different effects 

depending on the severity of imbalance. Low oxidant 

concentrations actually stimulated cell growth and 

division, and thus were assumed not to cause true 

oxidative stress. Mild-moderate oxidative stress defined 

by cellular responses, meanwhile, could induce temporary

growth arrest as a defense mechanism through adaptive 

responses of cells exposed. Additionally, longer time 

exposure produced more changes categorized as 

transient adaptation wherein adaptation means increased 

resistance to mild-moderate oxidative stress and depends 

on altered gene expression. In high levels of oxidative 

stress, permanent growth arrest may occur. The cell will 

not die yet cell proliferation is permanently arrested. 

Another effect is cell suicide or apoptosis which could 

be greater than 80% upon exposure to certain toxicants. 

In extreme levels of oxidative stress, most cells disinte-

grate, or necrosis occurs. 

 A limitation of this study is the expression of the 

amount of 1O
2
 formation in relative fluorescence unit. 

The actual amount of 1O
2
 formation was not ascertained. 

In future experiments, more sophisticated methods 

should be used to measure the exact amount of 1O
2
 

formation.

CONCLUSION 

 4 and 16 J/cm2 light energy density and lower 

concentrations of azulene (5, 15, 25 and 35 μM) 

produced significantly higher amounts of 1O
2 
(p<0.05). 
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ABSTRACT 

Background: The loss of the central and lateral incisors 

may not always provide an ideal space for two adjacent 

implants. Therefore, a cantilever restoration may be 

considered for these areas. However, a better understanding 

is needed on the biomechanics of implant-supported 

cantilever fixed dental prosthesis. Knowing the material 

properties and behavior of the restorative materials will 

help in predicting the displacement and possible effects 

of an implant-supported fixed prosthesis in the anterior 

maxilla. 

Objectives: The aim of this study was to determine the 

total deformation of implant-supported cantilever fixed 

dental prosthesis in the anterior maxilla using three-

dimensional (3D) finite element analysis.

Methods: This  an in-vitro study experimental study 

which used three-dimensional finite element analysis to 

investigate the total deformation of cantilever fixed 

implant restorations with various loading conditions. 

Three test scenarios were used to mimic clinical 

situations on the palatal surfaces of the left central and 

lateral incisors, with the latter as the cantilever pontic, 

loads either applied to (1) the distal marginal ridge of 

the lateral incisor, (2) the mesial marginal ridge of the 

lateral incisor and the distal marginal ridge of the central 

incisor, or (3) the mesial of the central incisor. 

Results: The study showed the total deformation of the 

implant-supported fixed dental prosthesis in the anterior 

maxilla. Loading on the distal surface of the lateral 

incisor had the highest value of displacement with 0.33 

mm. The second and third clinical scenarios showed 

comparable displacement values, with 0.20 mm and 0.18 

mm, respectively. 

Conclusion: Longer bending moments created a higher 

value of total deformation. Minimal and light contacts 

should be placed as close as possible to the implant to 

minimize bending moments.

Keywords: Biomechanics, Cantilever, Dental implant, 

Esthetics, Finite element analysis

INTRODUCTION 

Dental implant restorations are considered one of 

the most predictable, effective, and reliable methods in 

replacing a missing tooth or missing teeth.1 Dental 

implant restorations are capable of restoring patients’ 

function, comfort, and esthetics if strict, clearly defined 

indications are observed. Albrektsson et al.2 in 1986, 

proposed several criteria for the evaluation of implant 

success, which was then revised by Misch et al.3 in 2008. 

These criteria included the examination for mobility, 

radiographic crestal bone loss, probing depths, pain, and 

peri-implant disease. 
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Anterior single tooth restorations is considered one 

of the most challenging implant procedures and its 

predictability mainly depends on the form of adjacent 

teeth and surrounding structures. The amount of bone 

and soft tissue loss after anterior tooth extraction often 

compromises gingival tissue levels for implant 

restorations.4,5 Once adjacent teeth are extracted, the 

previous interdental papilla normally recedes by 1 to 2 

mm.6 Similarly, when these edentulous spaces are 

restored with two adjacent implants that has less than 3 

mm distance between each other, there is an increased 

possibility of crestal bone loss7 and may result in failure 

of providing space for the interdental papilla, hence, 

failure of the restoration. Esthetic restorations can only 

be successful if the implant is correctly placed apico-cor-

onally, mesio-distally, and facio-lingually with harmony 

and balance of facial, gingival, and dental parameters. 

In the premaxilla, the loss of the central and lateral 

incisors may not always provide enough space for two 

adjacent implants. The lateral incisor has a relatively 

small diameter and the residual alveolar ridge becomes 

inadequate if two adjacent implants are placed which 

can compromise the optimal esthetic outcome.8 Lost 

central and lateral incisors can be restored by either 

placement of two implants or by one implant with a 

cantilevered restoration. The choice of the cantilever 

restoration with an implant as the abutment may be 

considered as an option for areas lacking space. 

However, an increased risk of bending moments may 

compromise the prognosis of the restoration.9 Cantilever 

fixed partial dentures (FPDs) with natural tooth as 

abutments have been reported to have low survival and 

success rates after 5, 7, and 10 years. In contrast to 

tooth-supported cantilever FPDs, dental implants 

seemed to better tolerate cantilever action. A systematic 

review by Zurdo et al.10 showed that the five-year 

survival rates of implant-supported cantilever FPD 

varied between 89.9% and 92.7%, while Halg et al.11

concluded that the inclusion of a cantilever extension 

had no influence on the long-term prognosis for the 

supporting dental implants. For cantilever restorations 

of adjacent maxillary central and lateral incisors with a 

single implant or two adjacent implants, Tymstra et al.12

demonstrated that there was no significant difference in 

the levels of hard and soft tissues between both treatment 

regimens. Therefore, treatment with cantilevers is a 

cost-effective alternative when space requirements 

cannot be met by the edentulous ridge. Becker13

proposed guidelines to be able to achieve positive, 

long-term results using implant-supported cantilever 

fixed dental prostheses, i.e. using a rough surface implant 

of 4.1 mm or greater in diameter, using an implant or 

abutment design that can reduce stacked moving parts 

and microgaps, and by using a cementable prosthesis 

design that eliminates the need for occlusal screw 

retention that will be more prone to loosening or fracture. 

Finite element analysis (FEA) in dentistry has been 

used extensively to predict biomechanical performance 

of various dental implant designs and the effect of 

clinical factors to predict implant success.14 Human 

mastication is a complex biomechanical process 

producing vertical and transverse forces on the 

implants.15 These forces induce axial and non-axial loads 

which result in stress gradient in the restoration, 

ultimately transmitted into the implant and the bone.16

Predicting the total deformation along the surfaces of 

the restoration and the implant system using FEA will 

help to design the final prosthesis to minimize stress in 

the bone. However, several assumptions like model 

geometry, material properties, boundary conditions, and 

bone-implant interface affect the predictive accuracy of 

FEA. 
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The aim of this study was to determine the total 

deformation of implant-supported cantilever fixed dental 

prosthesis in the anterior maxilla using three-dimensional 

(3D) finite element analysis.

MATERIALS AND METHODS 

1. Study Design

This was an in-vitro study experimental study which 

used three-dimensional finite element analysis (3D FEA) 

to investigate total deformation of cantilever fixed 

implant restorations of the left central and lateral 

incisors, where the central incisor was supported by an 

implant and the latter as the cantilever pontic.

2. Computer-aided design (CAD) of the study models

 This study used OSSTEM™ (OSSTEM Co., Busan, 

Korea) implant system to represent the 3D solid models 

which included an implant fixture model, OSSTEM™ 

TS III SA, OSSTEM™ Ebony Gold screw as the 

abutment screw, and OSSTEM™ ZioCera hex type 

angled abutment. The dimensions of the 3D models are 

specified in Table 1. The models were built using 

SolidWorks program (Version 2017, Dassault Systems 

Solidworks Corporation, Waltham, MA, USA)

Table 1 Dimensions of restorative and implant components.

Components Details Diameter (mm) Length (mm) Materials

Fixture OSSTEMTM implant TS III 4.5 11.5 Ti-6Al-4V

Abutment components ZioCera hex type angled abutment 4.5 3.5 ZrO2

Ebony Gold screw 1.2 8.35 Ti-6Al-4V

Crown Zirconia 
10.5 (Central incisor)

9.0 (Lateral incisor)
ZrO2

Bone
Cortical

Cancellous

2.1  Alveolar bone model

The bone model was designed based on the 

dimensions suggested by the study of Zhang et al.17 The 

left premaxilla was modelled with alveolar height 

approximating the maxillary left central and lateral 

incisor of 18.83 ± 3.23 mm, and 19.07 ± 2.53 mm, 

respectively. The coronal, middle, and apical third 

alveolar width approximating the maxillary left central 

incisor were 8.07 ± 0.93, 8.67 ± 1.62, and 11.91 ± 2.38 

mm, while the coronal, middle, and apical third alveolar 

width approximating the lateral incisor were  7.08 ± 0.80, 

7.35 ± 1.39, and 10.48 ± 1.81 mm, respectively. The 

buccal cortical plate was 1.04 mm while the palatal 

cortical plate was 1.36 mm, according to Katranji et al.18, 

which served as the outer shell covering the cancellous 

bone. The connection between the cancellous bone and 

the cortical bone was assumed to be perfectly bonded to 

each other. The 3D model of the bone approximating 

the central and lateral incisors was shown in Fig. 1 and 

was then transferred and meshed using ANSYS 

Workbench 15.0 (Swanson Analysis Inc., Houston, PA, 

USA).
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2.2  Implant fixture model

An OSSTEMTM implant fixture series TS III  3D 

model with 4.5 mm width and 11.5 mm length was 

designed according to a previous study by Poovarodom19 

based on the fixture dimensions provided by the 

manufacturer. The OSSTEMTM TS III fixture was 

composed of different thread designs, the single pitch 

micro thread (0.8 mm pitch and 0.25 mm depth) at the 

crestal third and corkscrew thread (0.8 mm pitch and 0.5 

mm depth) at the apical two-thirds. The body of the 

fixture had a taperness of 1.5°. The 3D model is shown 

in Fig. 2. 

A B C 

Fig. 1 Three-dimensional model of the left premaxilla A. Cancellous bone, B. Cortical bone, and C. Combined cancellous and 

cortical bone

dh Ø 2.3 mm 
ds Ø 2.0 mm 
h1 2.0 mm 
h2 3.9 mm 
S 2.1 mm 

4.5 mm 

11.5 mm 

Fig 2  Three-dimensional model of the OSSTEMTM TS III.

2.3  Abutment screw model

An ebony gold abutment screw was used for the 

Ziocera abutment connection, as suggested in the 

manufacturer’s manual and was modelled according to 

a previous study19 based on the dimensions provided by 

the manufacturer. The 3D modelled abutment screw is 

shown in Fig. 3.

y g

Fig. 3 Three-dimensional model of the ebony gold abutment screw.
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2.4  Abutment model

Ziocera hex type angled abutment was used for the 

abutment model and was designed according to a 

previous study19 based on the component dimensions 

provided by the manufacturer. The implant abutment 

connection had 11° taper conical seal with 2.5 mm length 

and internal hexagon connection. It had a 2° taper 

cylinder with 2.4 mm screw hole. The 3D model of the 

abutment is shown in Fig. 4.

 

 

 

 

 

D 4.5 mm 
H 7.0 mm 

H 

D 17° 

Fig. 4 Three-dimensional model of the Ziocera hex type angled abutment.

2.5  Cantilever restoration

A fixed zirconia restoration of a left central incisor 

cantilever pontic was used in the study. The central 

incisor restoration was made with a mesio-distal width 

of 8.5 mm, 7.0 mm mesio-distal width at the cervix, 7.0 

mm labio-palatal width, and 10.5 mm crown height. The 

modelled lateral incisor’s mesiodistal width was 6.5 mm, 

5.0 mm mesio-distal width at the cervix, 6.0 mm 

labio-palatal width, and 9.0 mm in height.20 The design 

of the crowns was based on the average sizes of the 

central and lateral incisors and is shown in Fig. 5. 

 

 

 

Fig. 5  Three-dimensional model of the Zirconia restoration

3. Finite element modelling

All the individual 3D solid models were imported 

into ANSYS Workbench 15.0 (Swanson Analysis Inc., 

Houston, PA, USA) to test for the total deformation 

behavior of the cantilever restoration and implant 

assembly. The model was composed of bone, implant 

fixture, abutment, abutment screw, and a cantilever 

restoration to mimic the clinical situation using a single 

implant supporting the cantilever restoration. The model 

is shown in Fig. 6. 
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All the 3D models were imported into ANSYS 

Workbench 15.0 (Swanson Analysis Inc., Houston, PA, 

USA) and were meshed individually. Mesh convergence 

was done to determine the appropriate mesh size and 

dimensions. Fig. 7 shows the combined models after 

meshing. 

 

 

 

 

 

 

Fig. 6 Three-dimensional model of the combined models.

  

 

 

 

 

 

 

 

 

Fig. 7 The 3D models after meshing.

4. Material properties

The implant fixture, abutment, screw, and the crown 

were considered isotropic, homogenous, and linearly 

elastic. The Young’s modulus and Poisson’s ratio values 

of zirconia and titanium, illustrated in Table 2, have been 

widely used in the literature.

Table 2. Dimensions of CAD models in the study.

Material properties Young’s modulus (GPa) Poisson’s ratio

Titanium (Ti-6Al-4V) 110 0.35

Zirconia (ZrO2) 200 0.35

Bone is a non-homogenous structure and was mod-

elled as an anisotropic material which means that its 

mechanical properties are different when they are meas-

ured in different directions within the same sample. This 

inherent heterogeneity of bone made it more complicat-

ed for bone modelling for finite element studies21 as 

shown in Table 3.
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The bone and implant interface were considered 

perfectly bonded. The cement layer was not considered 

in this study since it was already shown that cement 

layer has negligible influence on stress distribution22, 

therefore, direct contact was assumed between the 

prosthesis and abutments. 

Table 3 Material properties used in anisotropic bone model.

Cancellous bone Cortical bone

E
X
 (MPa) 1,148 12,600

E
Y
 (MPa) 210 12,600

E
Z
 (MPa) 1,148 19,400

G
XY

 (MPa) 68 4,850

G
YZ

 (MPa) 68 5,700

G
XZ

 (MPa) 434 5,700
V

YX
0.010 0.300

V

ZY
0.055 0.390

V

ZX
0.322 0.390

V

XY
0.055 0.300

V

YZ
0.010 0.253

V

XZ
0.322 0.253

5. Boundary and loading conditions

A fixed support was selected on both mesial and 

distal surfaces of the bone model, as shown by the 

horizontal arrows in Fig. 8A, assuming there was no 

displacement in x, y, and z directions. The maximum 

bite force and load direction from the opposing mandibular 

dentition was simulated. In the first loading condition, 

a 139-N load, which is the maximum bite force for a 

maxillary lateral incisor23, was applied at 30-degree 

angle with respect to the tooth axis 2 mm below the 

distoincisal edge of the lateral incisor. The second 

loading condition was done with a 146-N load23 applied 

3 mm below the distoincisal edge of the central incisor 

and 2 mm below the mesioincisal edge of the lateral 

incisor with the same loading angle as the first condition. 

In the third condition, a 146-N load, which is the maximum 

bite force for a maxillary central incisor according to the 

study of Ferrario et al.23, was applied 3 mm below the 

mesioincisal edge of the central incisor at a 30-degree 

angle with respect to the tooth axis. The 30° loading 

angle complied with ISO 14801/2012 (Dentistry-

Implants-Dynamic fatigue experiments for endosseous 

dental prostheses). Fig. 8B shows the forces that were 

used in the study. 
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RESULTS

The total deformation of the models with three 

different loading conditions is shown in Fig. 9. In the 

first loading condition, the distoincisal area of the lateral 

incisor showed the highest total deformation of 0.33 mm 

along the direction of the force. In the second load-

ing condition, the deformation appeared less at the 

distoincisal area of the lateral incisor with the highest 

total deformation of 0.18 mm and became more at the 

distoincisal area of the central incisor with 0.2 mm 

highest total deformation along the direction of the force. 

The third loading condition showed the most deformation 

on the mesioincisal area of the central incisor with 0.18 

mm along the direction of the force. Fig. 10 shows the 

direction of the displacement of the cantilever restoration 

in various loading areas, with the initial restoration as 

reference, as seen in the buccal and palatal views. There 

was a more diverse path of displacement in the first 

condition.

The model in the first loading condition had the most 

displacement localized on the distoincisal area of the 

lateral incisor while the third model had the least relative 

deformation. A more diffused deformation was seen in 

the third model but to a lesser extent than that of the first 

model but more than the third model. There were 

minimal total deformation values seen in the bone as 

shown in Fig. 11. No displacement was also seen at the 

neck of the implants as seen in Fig. 12.

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

A 

B 

30° 

139 N 146 N 146 N 

Fig. 8 A. The boundary conditions in bone. B. The magnitude, location, and direction of loads on the restoration. 
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Fig. 9 Total deformation (in mm) after loading. A. Deformation after loading at the distal of the lateral incisor. B. Deformation 

after loading at the mesial of the lateral incisor and distal of the central incisor. C. Deformation after loading at the mesial 

of the central incisor.
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Fig. 10 Displacement (in mm) of the cantilever with different loading areas. (A) Buccal view; (B) Palatal view; (C) Mesial view; 

and (D) Distal view.
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Fig. 11 Displacement in bone as seen from the occlusal view.

 

 

 

 

 

 

 

 

Load 2 Load 3 

Load 1 

Fig. 12 Total deformation (in mm) after loading at the neck of the implant. 

DISCUSSION 

 The occlusal forces on teeth during mastication is 

complex and horizontal forces are usually directed on 

the anterior teeth due to their location and the movement 

of the mandible. As a result, the increased risk in bending 

moments should be a concern for cantilever restorations. 

 This study has demonstrated the total deformation 

of implant-supported cantilever fixed dental prosthesis 

in the premaxilla. The model with a force directed 

towards the distal marginal ridge of the lateral incisor 

showed the highest values of total deformation supporting 

the theoretical concepts of the cantilever restorations 

and implant biomechanics.9, 24 The force on the distal 

surface of the lateral incisor created a bending moment 

because of its distance from the axis of rotation. Resulting 

in a more pronounced displacement of the restoration 

compared with the other models. Models 2 and 3 showed 

almost identical values of total deformation because of 
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the almost identical distance from the force axis to the 

axis of rotation. The path of displacement followed the 

direction of the forces applied into the system.

 This minimal total deformation of the implant-

supported cantilever fixed dental prosthesis may be due 

to the Young’s modulus of Zirconia, which was used as 

the restoration in the study. Stiffer materials cause less 

deformation under load. The stiffness of the restorative 

material affects stress in the implant system as material 

with high Young’s modulus absorbs most of the energy 

from the occlusal forces.25 This stiffness and its ability 

to absorb most of the energy can ultimately lessen the 

force transmission into the bone as shown by the absence 

of significant deformation in bone (Fig. 11).

 Further studies on the stress distribution and fatigue 

of implant-supported cantilever fixed dental prosthesis 

are still needed to have more knowledge related to these 

kinds of restorations and have a better understanding in 

their biomechanics.   

CONCLUSION 

Longer bending moment on the distal surface of the 

lateral incisor created a higher value of total deformation 

in the cantilever restoration. Contact areas nearer the 

implant supporting the cantilever restoration are more 

tolerated. Minimal and light contacts should be used on 

a cantilever pontic to minimize bending moments. 
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ABSTRACT

Background: β-sitosterol is a main dietary phytosterol 

found in plants such as nuts and berries. The structure 

of phytosterols is similar to cholesterol which is one of 

the major components of cell membrane. β-sitosterol 

has been shown to promote cell function, reduce blood 

cholesterol, reduce risk of heart disease and prevent 

cancer formation. The anti-cancer property of β-sitostero

has been demonstrated in many cancer cells including 

stomach cancer cells, colon cancer cells and human 

prostate cancer cells. However, there is no previous 

study on its anti-cancer potential in oral cancer cells.

Objectives: The aim of this current study was to inves-

tigate the anti-proliferative and anti-migratory effects of 

β-sitosterol against oral squamous cell carcinoma cells.

Methods: The anti-proliferative effect of β-sitosterol 

against two human oral cancer cell lines, ORL-48 and 

ORL-136 was assessed by the MTT assay whereas the 

anti-migratory effect was determined by the wound 

healing assay.

Results: β-sitosterol induced a significant, dose-dependent,

proliferation inhibition of ORL-48 and ORL-136 cells. 

IC
50

 of β-sitosterol for ORL-48 at 24 and 48 h is 7.22 

μg/mL and 4.09 μg/mL, respectively while IC
50 

of β-si-

tosterol for ORL-136 at 24 and 48 h is 27.58 μg/mL and 

3.77 μg/mL, respectively. In addition, β-sitosterol 

remarkably inhibited ORL-48 and ORL-136 cell migration

demonstrated by the wound healing assay in a dose-

dependent manner.

Conclusion: In summary, these results suggest that 

β-sitosterol can act as a potent inhibitor of proliferation 

and migration of ORL-48 and ORL-136 oral cancer cells. 

Further studies are required to investigate the underlying 

mechanism and its potential use as an anti-cancer agent 

against oral squamous cell carcinoma cells.

Keywords: β-sitosterol, Cell migration inhibition, Cell 

proliferation inhibition, Phytosterols

INTRODUCTION

Oral squamous cell carcinoma (OS CC), the most 

common oral malignancy, was found up to 80-90% of 

all malignant tumors of the oral cavity.1 The prevalence 

of oral cancers is high in Asian countries, especially in 

South and Southeast Asia such as India, Pakistan, 

Bangladesh, Sri Lanka and Taiwan. In Thailand, the 

incidence of disease is increasing due to a difference of 

exposing to risk factors. Major etiological and predis-

posing factors of OSCC include tobacco and alcohol 

using, ultraviolet radiation (specifically for lip cancer), 

virus infection such as human papillomavirus (HPV), 
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Candida infections and chronic irritation.2 The epidemi-

ological study of oral and pharyngeal cancers in Khon 

Kaen during 1985 - 2001 showed that there are 1,038 

cases of oral and pharyngeal cancers, 62.6% were female 

and 37.4% were male, with a mean age of 63 years, 

93.5% were OSCC which usually occurred in tongue, 

lip and cheek.3

 β-sitosterol, discovered in 1994, is one of the three main 

phytochemicals which can be extracted from plants such 

as nuts, vegetables and berries. The structure of β-sitosterol 

is relatively similar to cholesterol which is the main 

component of human cell membrane. The well-docu-

mented benefits of β-sitosterol include reducing inflam-

mation, decreasing risk of heart disease, promoting 

immunity and prevention and therapy of human cancers.4

Various studies have shown that β-sitosterol is able to 

inhibit proliferation and induce cell death in a variety of 

human cancer cell lines including stomach cancer cells, 

leukemic cells, colon cancer cells and prostate cancer 

cells.5-8 In stomach cancer cell line (SGC-7901) and 

human leukemic U937 cells, β-sitosterol was demonstrated

to induce apoptosis of these cells by reducing Bcl-2/Bax 

ratio and activation of caspase-3.5, 6 In addition, β-sitosterol

was shown to inhibit cell growth of colon cancer cell 

line HT-29 by activating the sphingomyelin cycle7 and 

it could inhibit cell growth and induce apoptotic cell 

death in LNCaP human prostate cancer cell line by 

sphingomyelin cycle activation.8 

 Currently, there is no previous study of the effect of 

β-sitosterol in oral cancer cell lines. Therefore, this study 

aimed to firstly investigate the anti-proliferative and 

anti-migratory effects of β-sitosterol against OSCC cell 

lines. The data obtained from this study will be used to 

further investigate whether β-sitosterol can be used as 

an anti-cancer agent for oral cancers and by which 

mechanism it uses for anti-cancer property.

MATERIALS AND METHODS 

 Chemical preparation: β-sitosterol was obtained 

from Biopurify (Chengdu Biopurify Phytochemical Ltd., 

Chengdu, China). It was dissolved in 99.9% ethanol 

(QRëC™, New Zealand) to obtain a stock solution with 

a concentration of 1 mg/mL. For subsequent experiments,

a stock solution was diluted with DMEM/F12 (Gibco®, 

Life Technologies, Camarillo, CA, USA) supplemented 

with 10% fetal bovine serum (FBS, Gibco®, Life 

Technologies, Camarillo, CA, USA), 500 ng/L hydro-

cortisone (Sigma Aldrich, Dorset, UK) and 1×Antibiot-

ics-Antimycotics (Sigma Aldrich, Dorset, UK) to obtain 

different concentrations of β-sitosterol solution. The 

highest concentration used in all experiments contained 

less than 10% ethanol.

 Cell culture: Oral squamous cell carcinoma cell 

lines, ORL-48 and ORL-136 were kindly provided by 

Professor Sok Ching Cheong, Cancer Research Malaysia,

Subang Jaya Medical Centre, Subang Jaya, Selangor, 

Malaysia.9 Both cell lines were maintained in DMEM/

F12 with 10% FBS, 500 ng/L hydrocortisone solution 

and 1×Antibiotics-Antimycotics. Cultures were incubated

in a humidified environment at 37°C and 5% carbon 

dioxide (CO
2
). 

 Cell cytotoxicity: The MTT assay was performed to 

determine the proliferation of cells as previously described.10

ORL-48 and ORL-136 were seeded at a density of 2×104 

cells/well in a 96-well plate and cultured for 24 hours. 

The cells were treated with β-sitosterol with concentrations

of 1.5625, 3.125, 6.25, 12.5, 25, 50 and 100 μg/mL. 10% 

Triton X-100 (Bio Basic Inc., Canada) was used as a 

positive control whereas negative controls include 

complete culture medium and 10% ethanol which was 

used as solvent control. At 24- and 48-hour post-treat-

ment, 20 μL of 5 mg/mL MTT in PBS was added to all 

treated cells. Cells were incubated with the MTT solution 

for 4 hours at 37°C and 5% CO
2
, after which all solution 
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was removed. Subsequently, 100 μL of dimethyl sulfoxide

(DMSO, AMRESCO®, VWR international, PA, USA) 

was added to each well to solubilize the formazan product.

The OD
570

 was measured using a microplate spectropho-

tometer (VarioskanFlash, Thermo Fisher Scientific Inc., 

Massachusetts, USA). The percentages of viable cells 

of treated cells were calculated with respect to viable 

untreated cells. All experiments were performed in 

triplicate.

 Wound healing assay: The wound healing assay 

was used to determine anti-migratory effect of oral 

cancer cells. ORL-48 and ORL-136 were seeded at a 

density of 5×105 cells/well in a 6-well plate and cultured 

in DMEM/F12 with 10% FBS, 500 ng/L hydrocortisone 

solution and 1×Antibiotics-Antimycotics for 24 hours. 

The cells were scratched with 200 μL sterile micro-

pipette tip at the determined area marked with a permanent

pen. Cells were washed once with PBS and were treated 

with β-sitosterol with various concentrations (1.5625, 

3.125, 6.25, 12.5, 25, 50 and 100 μg/mL), 10% ethanol 

as solvent control and culture medium as a negative 

control. All treated cells were monitored and photo-

graphed under a microscope every 12 hours for 48 hours. 

The percentages of remaining area were calculated by 

the following formula:

 Statistical analyses: For statistical analyses of the 

MTT assay, one-way analysis of variance was used with 

post-hoc Tukey’s test and a statistically significant 

difference was defined as p value less than 0.05.

RESULTS 

Effect of β-sitosterol on oral squamous cell 

carcinoma cell viability: First, we investigated the 

effect of β-sitosterol on the viability of oral squamous 

cell carcinoma cell lines ORL-48 and ORL-136 by the 

MTT assay. We found that β-sitosterol showed similar 

dose-dependent anti-proliferative effects against both 

cell lines. In ORL-48, the 50% inhibitory concentrations 

(IC
50

) of β-sitosterol at 24- and 48-hour post-treatment 

were 7.22 μg/mL and 4.09 μg/mL, respectively while 

those in ORL-136 were 27.58 μg/mL and 3.77 μg/mL, 

respectively. Oral cancer cells treated with a solvent 

control-10% ethanol did not show a significant reduction 

in cell proliferation except ORL-136 cells treated with 

10% ethanol for 24 hours exhibited an increase in cell 

viability (Fig. 1 and Table 1).

 

 

*

Fig. 1 β-sitosterol exhibits an anti-proliferative effect against 

ORL-48 and ORL-136. Cell viability of ORL-48 (A) and 

ORL-136 (B) after treated by different concentrations of 

β-sitosterol for 24 and 48 hours was determined by the 

MTT assay. Error bars indicate standard deviation (S.D.). 

Asterisk (*) represents a significant difference of P-value 

less than 0.05.

*

*
* *

* * * *

* * * * * *

*

* * * * * * *

* * *
* * *
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Table 1  The IC
50

 values of β-sitosterol tested in ORL-48 and 

ORL-136.

Cell lines 50% Inhibitory Concentration (IC
50

) 

(Means ± S.D.)

24 hours 48 hours

ORL-48 7.22 ± 0.8937 μg/mL 4.09 ± 1.521 μg/mL

ORL-136 27.58 ± 6.03 μg/mL 3.77 ± 1.47 μg/mL

 β-sitosterol inhibits a migration of oral squamous 

cell carcinoma cells: In addition to cell proliferation, 

the ability of oral cancer cells to migrate has been proved 

to be crucial for cancer progression. This study assessed 

the effect of β-sitosterol on oral squamous cell carcinoma

cell migration by the wound healing assay. The percentages

of remaining area after oral cancer cells were scratched 

and exposed to different concentrations of β-sitosterol 

were determined at 24 and 48 hours. The results showed 

that β-sitosterol remarkably inhibited ORL-48 and ORL-

136 migration in a dose-dependent manner (Fig. 2).

 At 24 hours post-treatment of ORL-48 with β-sitos-

terol with concentrations ranging from 1.5625 to 100 

μg/mL, the percentages of remaining area ranged from 

37.5% to approximately 85%. At 48 hours post-treatment 

of ORL-48 with various concentrations of β-sitosterol, 

the complete scratched wound closure was observed in 

cells treated with 1.5625 μg/mL of β-sitosterol, similar 

to what were observed in ORL-48 treated with 10% 

ethanol and non-treated cells. However, the complete 

wound closure was not observed in cells treated with 

β-sitosterol at concentrations above 3.125 μg/mL at 48 

hours.

 At 24 hours post-treatment of ORL-136 with β-si-

tosterol with concentrations ranging from 1.5625 to 100 

μg/mL, the percentages of remaining area ranged from 

4.7% to approximately 85%. At 48 hours post-treatment 

of ORL-136 with various concentrations of β-sitosterol, 

the complete scratched wound closure was not observed 

in these cells in contrast to cells treated with 10% ethanol

and non-treated cells. These results suggested that, in 

accordance with its effect on oral cancer cell viability, 

β-sitosterol could inhibit the migration of oral squamous 

cell carcinoma cells.

 

 

 

 

 

 

 

 

Fig. 2  β-sitosterol inhibits the migration of oral squamous cell carcinoma cells ORL-48 and ORL-136. Percentages of remaining 

area determined by the wound healing assay of β-sitosterol treated ORL-48 (A) and ORL-136 (B) cells are demonstrated.
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ORL-48: Negative control at 0 hour ORL-48: Negative control at 48 hours 

ORL-48: β-sitosterol  100 μg/mL at 0 hour ORL-48: β-sitosterol  100 μg/mL at 48 

Fig. 3 β-sitosterol inhibits the migration of oral squamous cell carcinoma cells ORL-48. The representative micrographs of 

non-treated ORL-48 at 0 hour & 48 hours and ORL-48 treated with 100 μg/mL β-sitosterol at 0 hour & 48 hours demonstrate 

that β-sitosterol can inhibit the migration of these oral cancer cells (75× magnification).

DISCUSSION 

 The PI3K/AKT signaling pathway is one of important

cellular processes involved in cell growth, proliferation, 

metabolism, motility, survival, and apoptosis. Abnormal 

activation of migration and apoptosis can promote the 

survival and proliferation of tumor cells in many human 

cancers.11, 12 The reduction of Bcl-2/Bax ratio can 

promote apoptosis in various types of cancer.11 Previous 

studies have shown that β-sitosterol can reduce Bcl-2/

Bax ratio in breast cancer cells (MDA-MB-231)13, 14, 

colon cancer cells (HT-29, HT-116)15 and stomach 

cancer cells (SGC-7901).16 Moreover, β-sitosterol can 

induce caspases-3, -8 and -9 which are the activators for 

intrinsic & extrinsic apoptotic pathways in breast cancer 

cells (MDA-MB-231)13 and colon cancer cells (HT-29, 

HT-116).15 This present study further demonstrated that 

β-sitosterol significantly inhibited the cell proliferation 

of ORL-48 and ORL-136 oral cancer cells, with the half 

maximal inhibitory concentration (IC
50

) of β-sitosterol 

in ORL-48 at 24 and 48 hours post-treatment were 7.22 

μg/mL and 4.09 μg/mL, respectively while those in 

ORL-136 were 27.58 μg/mL and 3.77 μg/mL, respectively.

According to the previous studies, the toxic dose of 

β-sitosterol in breast cancer cell line (T47D) is 1.1942 

μg/mL17 and in normal human endothelial cell line 

(HAAE-2) is 3.72 μg/mL.18 Our results show that the 

toxic dose of β-sitosterol in oral squamous cell carcinoma

cell lines are higher than those in normal endothelial 

cells and breast cancer cells. However, there is no study 

on the toxicity of β-sitosterol in normal oral epithelial 

cells and other normal oral cells which is important to 

compare with oral cancer cells. In addition, the mechanism

by which β-sitosterol used to inhibit the proliferation 

and migration of oral squamous cell carcinoma cells has 

not been fully elucidated. This issue should be further 

investigated to confirm the results found in our study.

ORL-48: β-sitosterol 100 μg/mL at 48 hour

ORL-48: Negative control at 48 hours
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 In accordance with cancer progression, the cell 

migration and proliferation are the crucial processes of 

cancer development. Many phytosterols including β-si-

tosterol can inhibit cancer cell growth by increasing p53 

protein expression and also inhibit prostate cancer cells 

by decreasing p21 and p27 protein expression.19 Further-

more, β-sitosterol can inhibit leukemic cell prolifera-

tion.6 In this study, we found that β-sitosterol signifi-

cantly reduced cell migration in a dose-dependent 

manner in both ORL-48 and ORL-136 cells. The effect 

of β-sitosterol on cell migration of normal oral epithelial

cells should be further investigated.

CONCLUSION 

 β-sitosterol can reduce cell viability in oral squamous

cell carcinoma cell lines, ORL-48 and ORL-136. 

Furthermore, the wound healing assay demonstrates that 

β-sitosterol can inhibit cell migration in both oral cancer 

cell lines. Our results provide additional evidence that 

β-sitosterol exhibits anti-cancer potential in oral cancer 

cells. However, the anti-cancer mechanism of β-sitosterol 

in oral squamous cell carcinoma is still unclear and 

should be further investigated.
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ABSTRACT

Background: The surgical removal of impacted third 

molar always associated with postoperative pain, 

swelling and trismus that can interfere with the patient’s 

comfort quality of life. 

Objectives: To investigate the effectiveness of 16 mg 

dexamethasone submucosal injection on postoperative 

sequelae and complications for patients undergoing 

surgical removal of impacted lower third molars.

Methods: A randomized, double-blind clinical trial was 

conducted in 40 patients with lower impacted third 

molar. The patients were randomly allocated into 

two groups. The dexamethasone group received 

dexamethasone 16 mg as submucosal injection; and the 

control group received normal saline injection as 

placebo.  Facial swelling was measured using the 

modified Laskin’s method, and trismus as mouth 

opening was evaluated at preoperative, 2nd, 5th, and 7th 

day postoperatively. Postoperative pain was assessed in 

term of the level of postoperative pain by using visual 

analog scale (VAS) at the first, 2nd, 3rd, 5th and 7th day 

postoperatively, and the consumption of 50 mg of 

tramadol as rescue drug. Data was present as median 

and interquartile range and Mann–Whitney test was used 

to test the significance between groups (p < 0.05).

Results There were significant reduction of facial 

swelling in dexamethasone compared to control group 

at 2nd [0.17(0.09-0.36), 0.58(0.44-0.85)], 5th [0.09(0.03-

0.28), 0.30(0.16-0.47)], 7th [0.04(0.02-0.10), 0.18(0.02-

0.27)] day respectively. The pain VAS score in dexa-

methasone was lower compared to control group at first 

[2.15(0.88-5.60), 4.90(2.33-6.18)], 2nd[1.45(0.25-3.50), 

3.45(1.10-4.25)], 3rd[0.90(0.25-2.40), 2.40(0.75-3.18)], 

5th [0.50(0.05-1.43), 1(0.23-2.20)] and 7th[0.10(0-0.43), 

0.15(0-0.68)] day respectively but the different did not 

reach statistical significant. It was significantly fewer 

number of tramadol consumption in dexamethasone 

[0(0-0.75) tabs] compared to control [1(0-2) tabs)]. In 

contrast, no significant differences in mouth opening 

observed between experimental and control group. 

Complications were not found by using 16 mg 

dexamethasone.

Conclusion: Submucosal injection of 16 mg dexameth-

asone was suitable for reducing facial swelling after 

lower third molar surgery without any complications.  

Keywords: lower third molar surgery, dexamethasone, 

pain, facial swelling, trismus, submucosal injection

INTRODUCTION 

The surgical impacted third molar is one of the most 

common oral surgery that always associated with 

postoperative sequelae such as pain, swelling, and 

trismus that can interfere with the patient’s comfort 

quality of life. After the injury to the tissues, a cascade 
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of inflammatory responses is initiated, with the release 

of chemical mediators such as prostaglandins and 

leukotrienes and increase vascular permeability.1, 2 Facial 

swelling usually reaches a maximum level in 2 to 3 days 

postoperatively after that it subsides by 4 days and is 

completely resolved by 7 days. The use of NSAIDs3, 

serrapeptase (proteolytic enzyme)4, corticosteroid and 

conventional cooling5 were proposed for limiting 

postoperative swelling and improving patient comfort. 

The pain usually begins after the anesthesia from the 

procedure subsides and reaches peak levels 6 to 12 hours 

postoperatively. Trismus is often the result of surgical 

trauma and facial inflammation.

Many strategies have been used to decrease 

postoperative sequelae such as using antibiotics, 

antiseptic mouthwashes, flap design, muscle relaxant, 

cryotherapy, and corticosteroid.6, 7 Corticosteroids are 

well-known adjuncts to surgery for suppressing tissue 

mediators of inflammation, thereby reducing transudation 

of fluids and swelling.8 Dexamethasone is one of 

corticosteroid that often uses in oral surgery due to its 

high efficacy and long half-life. The effect of 

dexamethasone on the inflammatory process is inhibition 

phospholipase A2 which blocks the release of 

arachidonic acid and reducing levels of prostaglandins 

and leukotrienes.9

Many studies have assessed the effect of dexameth-

asone after third molar surgery using different routes of 

administration for instance administered orally, 

intravenous, intramuscular, submucosal, and pterygo-

mandibular space. Submucosal injection technique is 

effective to reduce postoperative sequelae.6, 10-15 The 

main advantages of the submucosal route are the drug 

concentration near the surgical site and the low systemic 

absorption of the drug, which short term and low dose 

have minimum adverse effects like immunosuppression.2, 

14 Several studies used different dosages of dexamethasone 

concentrations of 4 mg6, 12-14, 16, 8 mg11, 15 and 10 mg10 for 

submucosal injection. The high dosage (10 mg of 

dexamethasone) was used to reduce edema in the 

previous study but the result was not an exactly 

acceptable outcome. Base on previous evidence, higher 

dose of dexamethasone may be investigated to eliminate 

the postoperative sequelae. Until now no current 

agreement exists as to the most beneficial dose, type, 

or timing of its administration. The aim of present 

study was to investigate the effectiveness of 16 mg 

dexamethasone submucosal injection on postoperative 

sequelae and complications for patients undergoing 

surgical removal of impacted lower third molars.

MATERIALS AND METHODS 

Patient selection

 Patients considered eligible for the study were 18 

years or older, physical healthy, with no underlying 

systemic disease. Patient must have impacted mandibular 

third molars with the difficulty score as moderate follow 

by Pederson’s difficulty index with no associated 

inflammation of the tissue in its and surgical have to 

involve bone removal and tooth section procedure.

Patients with a history of allergies dexamethasone and 

components of the drug, or with allergic corticosteroid, 

pregnancy, lactation, or recent administration of any 

anti-inflammatory drugs or antibiotics in last 2 weeks 

before surgery were excluded.

 The study protocol was approved by the Ethic 

Committee for Human Research, Faculty of Dentistry, 

Prince of Songkla University (EC6012-41-P-HR). All 

subjects provided written in form consent before 

participation.

Study design

Forty patients were selected by purposive sampling 

and all of them were divided into 2 groups: dexamethasone 
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(16 mg: 4 mg/ml solution, for a total of 4 ml) and control 

(4 ml normal saline as placebo) by simple random 

sampling which each patient had an equal probability of 

being chosen. All of the patients were operated on by 

the same surgeon. Both the patients and the surgeon 

were blinded about the kind of therapy.

Surgical procedure

 A single experienced surgeon performed the surgical 

procedure. The surgical procedure operated under local 

anesthesia (4% articaine with 1:100,000 adrenaline) with 

an inferior alveolar nerve block, lingual nerve block and 

long buccal nerve block at the surgical site and record 

quantity of local anesthesia. The surgical procedure 

involved adequate elevation and reflection of the 

adequate buccal mucoperiosteal flap. The bone covering 

the impacted tooth was removed with hand-piece and 

round bur under a copious irrigation with normal saline 

(0.9%). The tooth was removed by section after that 

irrigated of the surgical site. The flap was repositioned 

and sutured using 3/0 black silk. 

Dexamethasone injection

 16 mg dexamethasone in 4 ml solution was separated 

administered into 2 times. 8 mg dexamethasone (4 mg/

ml in 2 ml) injected preoperatively through submucosal 

of buccal mucosa at 2nd and 3rd molar area after local 

anesthesia. Then, 8 mg dexamethasone (4 mg/ml in 2 

ml) injected postoperatively at same area. In control 

group, 4 ml of normal saline was administered in the 

same manner (Fig. 1).

 

 

 

 

Fig. 1  Site of submucosal injection before (A, B) and after (C, D) surgery: (A) submucosal injection (1 ml) at buccal mucosal near 

second molar, (B) submucosal injection (1 ml) at buccal mucosal near third molar, (C) submucosal injection (1 ml) at buccal 

mucosal near second molar, and (D) submucosal injection (1 ml) at buccal mucosal near third molar.

 All patient received acetaminophen 500 mg orally 

(20 tablets) 1-2 tablets every 4-6 hours as need but did 

not take more than 4 mg per day, Tramadol 50 mg orally 

was prescribed as rescue drug for severe pain. The 

number of analgesics and rescue drug consumed on each 

day for 7 days postoperatively were recorded.

Assessment and follow up

 To measure facial swelling by used in the modified 

Laskin’s method17, two  reference lines was used as 

follows; 1) the horizontal distance to the symphysis 

(DHS) is the distance (cm) from the bottom edge of the 

earlobe to the midpoint of the symphysis, and 2) the  
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horizontal distance to the corner (DHC) is the distance 

(cm) from the bottom edge of the earlobe to the external 

angle of the mouth (Fig. 2).

Fig. 2  Reference lines for evaluating facial swelling. The hori-

zontal distance to the corner (DHC; black line): line from 

the bottom edge of the earlobe to the external angle of 

the mouth, the horizontal distance to the symphysis 

(DHS; white line): line from the bottom edge of the 

earlobe to the midpoint of the symphysis. 

Mouth opening, measured using the maximum 

distance between upper and lower incisors, was 

performed by a ruler. The preoperative measurement 

was considered the baseline value and the change of the 

swelling and mouth opening were determined on 

postoperative at 2nd, 5th, 7th day. The pain was assessed 

at the first, 2nd , 3rd , 5th  and 7th day postoperatively using 

a visual analog scale (VAS) of 100 mm long that range 

from 0 = no pain to 100 = the worse possible pain. 
The median values and interquartile range (IQR) 

were determined for each parameter.  Mann–Whitney 

test was used to test the significance between groups. 

The probability value considered significant at p-value 

< 0.05.

RESULTS 

Forty patients were included and divided into 

2 groups; 20 patients in each group. The patient 

characteristic was demonstrated in Table 1. No significant 

difference was found for baseline parameters (operation 

time; tooth position, class and angulation; and Pederson’s 

difficulty score). No complication after used submucosal 

injection was found in both groups.

Table 1  Baseline characteristics of the patients. Data are median (IQR) or number.

Variable Dexamethasone Control Total p  value
Number 20 20 40
Age 20.5(19-22.5) 20.5(20-23.75) 20.5(20-23) 0.527
Operation time 25(20.25-41.75) 30(25-38) 29.5(24.25-40) 0.765
Sex
    Female 14 13 27 0.736
    Male 6 7 13
Tooth
__38 11 7 18
__48 9 13 22
Angulation
    Mesioangulation 12 13 25
    Horizontal 7 5 12 0.712
    Vertical 0 1 1
    Distoangulation 1 1 2
Position 
     A 1 1 2
     B 16 12 28 0.338
     C 3 7 10
Relation
    CIass I 0 0 0
    Class II 19 20 29 0.311
    Class III 1 0 1
   Pederson’s 
difficulty  score 6(5-6) 6(5-6) 6(5-6) 0.589

0.242
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Dexamethasone significantly reduced postoperative 

facial swelling after 3rd molar surgery. The swelling 

measuring from 2 different lines (DHS and DHC) 

demonstrated significant difference between groups in 

every time point (p<0.05) (Table 2, Fig. 3-4).

Table 2  Postoperative facial swelling following impacted third molar surgery (day 2, 5, 7) with and without dexamethasone 

injection.

Variable Dexamethasone Control
p value

Swelling Median(IQR) Median(IQR)

Day 2 : DHS 0.17(0.09-0.36) 0.58(0.44-0.85) 0.000

Day 2 : DHC 0.20(0.11-0.29) 0.50(0.28-0.69) 0.004

Day 5 : DHS 0.09(0.03-0.28) 0.30(0.16-0.47) 0.001

Day 5 : DHC 0.10(0.03-0.19) 0.20(0.17-0.30) 0.005

Day 7 : DHS 0.04(0.02-0.10) 0.18(0.02-0.27) 0.033

Day 7 : DHC 0.03(0.00-0.07) 0.20(0.07-0.27) 0.001

*

*
*

Fig. 3   Postoperative facial swelling reduction from DHS reference line following impacted third molar surgery compared with 

baseline (preoperative) with and without dexamethasone injection,* p-value < 0.05 

                    

*

*
* 

Fig. 4  Postoperative facial swelling reduction from DHC reference line following impacted third molar surgery compared with 

baseline (preoperative) with and without dexamethasone injection, * p-value < 0.05.
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Table 3  Postoperative mouth opening and mouth opening reduction compared with the baseline (preoperative) following impacted 

third molar surgery with and without dexamethasone injection.

Variable Dexamethasone Control
p value

Mouth opening Median(IQR) Median(IQR)

Pre-op 44.50(39.63-47.38) 44.60(40.00-47.38) 0.860

Day 2 29.00(25.25-34.38) 29.50(23.88-32.88) 0.935

Day 5 35.25(29.38-45.00) 35.25(32.13-39.88) 0.797

Day 7 39.50(33.63-45.75) 40.00(35.63-46.13) 0.598

Difference from baseline

Day 2 13.00(8.50-17.00) 15.00(8.63-18.13) 0.797

Day 5 4.75(1.63-13.50)   8.13(3.00-11.00) 0.524

Day 7 2.25(0.63-9.25)   2.00(0.63-6.75) 0.633

Fig. 5  Reduction of mouth opening compared with the baseline (preoperative) following impacted third molar surgery with and 

without dexamethasone injection.

The pain measuring by VAS at the first, 2nd, 3rd, 5th 

and 7th day postoperatively was demonstrated in Table 

4 and Fig. 6. The pain VAS score in control group was 

higher compared to dexamethasone in every time point 

but the different did not reach statistically significant. 

Pain evaluating from the total paracetamol consumption 

showed no significant difference between dexamethasone 

(4(2-7.75) tabs) and control group (5(3-9.50) tabs). 

However, fewer analgesics for severe pain (tramadol) 

were consumed by those who received dexamethasone 

rather than saline (Table 4 and Fig. 6). 

Base on the analysis of trismus using the mouth 

opening, the mouth opening was decreased on day 2, 

then slightly increased nearly reach normal on day 7 in 

both group (Table 3, Fig 5). However, there was no 

statistically significant difference between groups 

(p>0.05) (Table 3, Fig. 5).
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DISCUSSION 

This randomized double-blind controlled trial 

investigated the effectiveness of high dose submucosal 

dexamethasone injection on postoperative sequelae after 

third molar surgery. No difference in patient characteristic 

between two groups, the difficulty level of impacted 

teeth were selected similarly level and the patients were 

operated by the same surgeon. Result demonstrated that 

16 mg dexamethasone was effective for reduction of 

facial swelling after surgery to 7 days without any 

complications. Nonetheless, dexamethasone was no 

effected on mouth opening and pain. 

Corticosteroids are used to reduce postoperative 

sequelae after lower third molar surgery in many studies. 

The mechanism of them inhibits phospholipase that leads 

to reduce the conversion of cell membrane phospholipid 

to arachidonic acid, so they effect on process synthesis 

of prostaglandin thus reducing tissue exudate, pain, 

trismus after using the drugs. Dexamethasone is a 

long-acting corticosteroid compound that often used in 

oral surgery.7 This drug has 25 times more potent than 

hydrocortisone and half-life around 36-54 hours.12

Submucosal injection technique was used in this study 

because it is a simple technique, less invasive, low 

systemic absorption, and high absorption rate on blood 

flow to the site.2, 14, 18 

Many studies used various concentration of 

dexamethasone for submucosal injection: 4 mg6, 12-14, 16, 

8 mg11, 15 and 10 mg.10 All of the concentration can reduce 

postoperative swelling but no significant difference 

when compare 4mg and 8 mg of dosage. Grossi et al.11

compared between 4 mg and 8 mg of dexamethasone 

Table 4  Postoperative pain (VAS) following impacted third molar surgery with and without dexamethasone injection.

Variable Dexamethasone Control
p value

Pain (VAS) Median(IQR) Median(IQR)

Day 1 2.15(0.88-5.60) 4.90(2.33-6.18) 0.130

Day 2 1.45(0.25-3.50)  3.45(1.10-4.25) 0.171

Day 3 0.90(0.25-2.40)  2.40(0.75-3.18) 0.14

Day 5 0.50(0.05-1.43)  1.00(0.23-2.20) 0.313

Day 7 0.10(0.00-0.43)  0.15(0.00-0.68) 0.384

Number of drug taken

Paracetamol 4(2-7.75) 5(3-9.50) 0.596

Tramadol 0(0-0.75) 1(0-2) 0.012

                          

   

 

                

 

Fig. 6  Postoperative pain (VAS) reduction following impacted third molar surgery with and without dexamethasone injection.
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submucosal injection, they found that two dosages could 

reduction facial swelling but the different did not 

statistical significant. Mojsa et al.12 used 4 mg of 

dexamethasone for submucosal injection, they reported 

better control of pain, swelling, and trismus in 

comparison with placebo. Regarding to pre- and 

postoperative submucosal injection, the postoperative 

submucosal injection showed better control of pain than 

a preoperative submucosal injection, but no difference 

in the total rescue analgesic intake. Mojid et al.13 

compared the effects of 4 mg of dexamethasone sodium 

phosphate given submucosal and intramuscular on 

postoperative complications after removal of impacted 

lower third molars. They showed that there were no 

significant differences among the groups. 

The present study found that 16 mg dexamethasone 

was a significant reduction of facial swelling on 

postoperative at 2nd, 5th, 7th day compared to control. 

Dexamethasone decreases postoperative swelling by 

reducing inflammation process in the early stage that 

could decrease the peak of facial swelling which normally 

occurred in 2 days after surgery and the efficacy of 

dexamethasone could active until 54 hours. In control 

group, the normal saline was used as placebo for submucosal 

injection. Normal saline and tissue fluid are in an isotonic 

state, so they have good compatibility and diffuse quickly 

into the surrounding tissues. 19-21 The submucosal injection 

of normal saline is safe and no toxic effect on tissue. 

Due to the limitation of the dexamethasone 

concentration (4mg/ml), the administration of the drug 

was divided to inject preoperatively and postoperatively. 

Preoperative injection of the drug may be decreased 

concentrated dosage because its absorption was 

interrupted by the flap manipulation during surgery. It 

will be better if there are a highly concentrated dosage 

and low volume for injection only 1 time after surgery. 

 In the other hand, pain and trismus were not significant 

differences. The analysis of pain by using VAS revealed 

that patients who received 16 mg dexamethasone showed 

less pain than those in control group. The effect of 

dexamethasone on pain was dose-dependent that higher 

dosage leads to more effective analgesia.13 Similarly, 

previous study was still not clear in corticosteroid used 

for pain control and using only corticosteroid was not 

appear to a significant analgesic effect.22 Regarding the 

analgesic consumption, control group was significantly 

higher number of tramadol consumption that would be 

related to pain reduction   in control group. Trismus was 

postoperative sequela that associated with swelling and 

pain. Limitation of mouth opening can be caused by 

splint action of muscles for reducing discomfort jaw 

movement, or inflammation of muscles. The least mouth 

opening was day 2 in all group and generally resolved 

by day 7. The cause of decrease trismus would be related 

to a less inflammatory process. However, there was no 

significant difference between 2 groups. This finding 

was agreed with nair16 and grossi11 that 4 mg or 8 mg 

submucosal dexamethasone injection had no significant 

effect on trismus on day 2 and day 7 post-surgery when 

compared with the control group. Base on this evidence, 

dexamethasone was no affected on mouth opening.

No complication of the submucosal injection of 16 

mg dexamethasone or normal saline was found. The 

dosages of dexamethasone ranged from 3 to 23 mg can 

be used without significant adverse reactions.23 In 

addition, using corticosteroid less than 10 days had no 

clinically important effect on wound healing.24 

CONCLUSION 

Submucosal injection of 16 mg dexamethasone was 

suitable for reducing facial swelling after surgical 

removal of lower third molar without any complications 

or adverse effect. The dosage of dexamethasone did not 

have an effect on trismus and pain. 
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ABSTRACT

Background: Oral squamous cell carcinoma (OSCC) 

is the most common cancer in the oral cavity. This 

malignant tumor may locally destroy the surrounding 

tissue, such as the gingiva and jaw bones, and later 

spread to some regional lymph nodes and other distant 

organs. Bone invasion by OSCC has major effects on 

tumor staging, outcome and quality of life. Various types 

of radiograph have been used as important diagnostic 

tools to detect tumor invasion both in the bone and soft 

tissue, including cervical lymph nodes. More than 50% 

of head and neck squamous cell carcinoma patients 

present with regional lymph node involvement. Lymph 

node metastasis is associated with poor survival and is 

one of the most important factors for selecting appropriate

treatment. In Thailand, although many advanced 

radiographic techniques are available in some referral 

medical centers, panoramic radiography is still the most 

commonly used technique for screening bone invasion 

because of its many advantages. However, there are still 

some questions whether the detection of bone invasion 

by the tumor using panoramic radiography can have a 

benefit of predicting cervical lymph node metastasis or 

not.

Objectives: This study aimed to preliminarily investigate

the association of bone invasion by tumor and cervical 

lymph node metastasis by comparing patient pre-

operative panoramic radiographs and histopathologic 

evidence of cervical lymph node metastasis.

Methods: Panoramic radiographs of seventy-five 

patients who had OSCC treated by surgical resection 

and modified or radical neck dissection were retrieved 

and analyzed by using Fisher’s exact test. P < 0.05 was 

considered statistically significant. All the cervical 

lymph nodes taken from the modified or radical neck 

dissection were histologically examined to provide 

information of cervical lymph node metastasis.

Results: The Fisher’s exact test of bone invasion and 

cervical lymph node metastasis was 0.812. No statisti-

cally significant correlation was observed.

Conclusion: We concluded that panoramic radiography 

should be used only as an initial imaging for screening 

bone invasion in OSCC because of the lower sensitivity 

compared with other techniques. The result of our study 

also demonstrated that there was no statistically significant

correlation between bone invasion and cervical lymph 

node metastasis. Therefore, more advanced imaging 

techniques are needed as an adjunct tool for detecting 
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bone invasion and cervical lymph node metastasis of 

oral cancer.

Keywords: Advanced imaging, Bone invasion, Cervical 

lymph node metastasis, Oral squamous cell carcinoma, 

Panoramic radiograph

INTRODUCTION 

Oral squamous cell carcinoma (OSCC) is the most 

common type of oral cancer.1, 2 This malignancy is 

usually found in developing countries. Men are affected 

twice as commonly as women.3 In Thailand, the inci-

dence of oral cancer is ranked sixth of all malignant 

tumors.4 OSCC is one of malignant tumors which can 

progressively spread to local tissues, causing bone 

invasion, and metastasizing to distant organs. The 

survival rate of this disease depends on stages of cancer 

which are determined by tumor size, lymph node 

metastasis and distant organ metastasis.2, 5, 6 

 Radiographic examination becomes an important 

routine for detecting tumor invasion to other tissues. 

Many imaging methods such as; intraoral radiograph, 

panoramic radiograph, computed tomography (CT), 

cone beam computed tomography (CBCT), magnetic 

resonance imaging (MRI), single-photon emission 

computed tomography (SPECT), positron-emission 

tomography (PET), and ultrasound, are used for detecting

cancer invasion.6 Panoramic radiograph is a basic imaging

for screening hard tissue of the head and neck and for 

detecting degree of bone destruction because of its 

advantages including lower radiation dose, less exposure 

time, lower cost, and easier access and manipulation by 

dentists.7, 8 

 Lymph node metastasis tremendously affects the 

patients by decreasing their survival rate. It can be 

confirmed by surgical dissection and histopathologic 

examination.9 Early detection is important for treatment 

because surgeons need all data to make a treatment plan 

before surgery, and it can be examined by advanced 

imaging techniques such as MRI, SPECT or PET 

because of high sensitivity.6

 Even though lymph node metastasis can be detected

by advanced imaging techniques, it must be confirmed 

by lymph node biopsy because of some limitations of 

these techniques such as; time-consuming process, 

higher cost, and sensitivity to inflammatory tissue.10 

 Most hospitals in Thailand do not have advanced 

imaging machines because of many reasons. First of all, 

certified radiologists are limited only in some referral 

centers. Secondly, the cost of machine and its maintenance

are very expensive. Therefore, panoramic radiograph is 

one of the most appropriate means for evaluating the 

level of bone invasion.

 The aim of this study was to find the correlation 

between bone invasion in panoramic radiograph and 

cervical lymph node metastasis by comparing pre-

operative panoramic radiographs and post-operative 

histopathologic results for cervical lymph node metastasis.

Additional data of patient history were also reviewed.

MATERIALS AND METHODS 

 High-quality panoramic radiographs of seventy-five 

patients who had history of oral squamous cell carcinoma

surgically treated by wide excision and cervical lymph 

node dissection at the Dental Hospital, Faculty of 

Dentistry, Khon Kaen University from January 2012 – 

December 2018 were included. All cases had no history 

of previous cyst or tumor in the jaw bones, or any 

underlying diseases related to bone resorption. They also 

had no history of radiotherapy in the head and neck 

region. This retrospective study was officially approved 

by Center for Ethics in Human Research, Khon Kaen 

University (HE 621126).
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 Data collection Patient information was collected 

from treatment records which includes age, gender, 

patient behavior, underlying disease, anatomical 

sites which tumor involved, tumor size, treatments, 

histopathologic result of cervical lymph node, distant 

metastasis, and recurrence. Panoramic radiographs used 

in this study were pre-operative radiographs. The degree 

of bone invasion was assessed by using the criteria as 

follows.

 Bone invasion criteria: The grading criteria of bone 

invasion in the mandible was adapted from Nakayama 

et al.11, 1999 and classified as follows (Fig. 1): 0: no bone 

invasion, 1: invasion confined to the alveolar bone crest, 

2: invasion extended between the alveolar bone crest 

and the inferior alveolar canal, and 3: invasion involved 

the inferior alveolar canal. If tumor was located

at incisor region, the level of the inferior alveolar canal 

was defined by a line joining the right inferior alveolar 

canal to the left. If tumor was located at edentulous area, 

the level of the alveolus was defined by a line joining 

the root apex of the tooth adjacent to the tumor.

 The grading criteria of bone invasion in maxilla was 

classified as follows (Fig. 2): 0: no invasion, 1: invasion 

confined to the alveolar bone crest, 2: invasion extended 

between alveolar bone crest and the floor of maxillary 

sinus or the floor of nasal cavity, 3: invasion involved 

the floor of maxillary sinus or floor of nasal cavity. If 

tumor was located at premolar region, the level of the 

floor of maxillary sinus was defined by a line joining 

the floor of maxillary sinus and the floor of nasal cavity.

The border of the alveolar bone Inferior alveolar canal 

The border of the wall of the inferior alveolar canal

Fig. 1 The grading criteria of mandibular bone invasion. 

1: invasion confined to the alveolar bone crest; 2: invasion 

extended between the alveolar bone and the inferior 

alveolar canal; 3: invasion extended through the inferior 

alveolar canal

The border of the floor of the maxillary sinus

Fig. 2  The grading criteria of maxillary bone invasion. 

1: invasion limited to the alveolar bone crest; 2: invasion 

extended between alveolar bone crest and the floor of 

maxillary sinus; 3: invasion extended through the floor 

of maxillary sinus

 Observer: The observer had an inter-observer 

reliability test with an oral and maxillofacial radiologist 

who has had over 20 years of experience before 

collecting the data. The observer and the radiologist 

interpreted and analyzed 20 films separately, following 

the above-mentioned criteria. The test was analyzed by 

Kappa statistics (K=0.80).
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Table 1 Demographic features of OSCC cases.

Features Number of cases

Frequency Percent

Gender

  Male 29 38.7

  Female 46 61.3

Age

 50 years or under 

 (minimum = 34 years)

9 12.0

 Over 50 years 

 (maximum = 84 years)

66 88.0

Tobacco use

  No 33 44.0

  Yes 25 33.3

  Unknown 15 20.0

  Passive smoker 2 2.7

Betel quid 

  No 32 42.7

  Yes 28 37.3

  Unknown 15 20.0

Alcohol consumption

  No 43 57.3

  Yes 17 22.7

  Unknown 15 20.0

Underlying disease

 No 39 52.0

  Yes 34 45.3

  Unknown 2 2.7

Data analysis: The correlation between bone 

invasionand cervical lymph node metastasis was 

analyzed by Fisher’s exact test (IBM® SPSS® statistics 

19 -United States). P < 0.05 was considered statistically 

significant. 

RESULTS 

 The inter-observer reliability test was statistically 

significant (K=0.853).

 Seventy-five patients in this study included 29 men 

and 46 women. The minimum age of patient was 34 

years old, and the maximum age of patient was 84 years 

old (Table 1). In 18 cases, the tumors were presented in 

the maxilla, and 53 cases were located in the mandible. 

There were 4 cases located both in maxilla and mandible. 

Gingiva is the most common anatomical site which 

tumor involved (Table 2). The average size of tumor was 

8.25 cm2 and the largest was 48 cm2 (Table 3).

 Table 4 shows the number and percentage of bone 

invasion following the above-mentioned criteria. There 

were 29 cases of no bone invasion and 46 cases of bone 

invasion. Most of cases of bone invasion were distributed

to grade 3 (Table 4). 

 After surgical treatment, there were 34 cases of 

cervical lymph nodes metastasis. No distant metastasis 

case was reported (Table 5). From the total of 46 cases 

of bone invasion, there were 20 cases which had cervical 

lymph node metastasis (Table 6). The Fisher’s exact test 

for the correlation between bone invasion and cervical 

lymph node metastasis was 0.812. There was no statis-

tically significant difference.

 From the cases of bone invasion, most of cases were 

distributed in grade 3, and there were 16 cases of cervi-

cal lymph node metastasis (Table 7). The Fisher’s exact 

test for deep invasion (grade 3) and cervical lymph node 

metastasis was 0.648, demonstrating that there was no 

statistically significant difference.
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Table 2 Number and percentage of tumor involved.

Features Number of cases

Frequency Percent

Jaw

  Maxilla 18 24.0

  Mandible 53 70.7

  Both 4 5.3

Side

 Right 37 49.3

  Left 24 32.0

  Both 14 18.7

Anatomical site

 Lip 7 9.3

  Palate 5 6.7

  Tongue 15 20.0

  Floor of mouth 10 13.3

  Gingiva 41 54.7

 Buccal mucosa 19 25.3

  Retromolar area 10 13.3

Table 3: Tumor size of OSCC cases.

Tumor size cm2

Minimum 1.00

Maximum 48.00

Mean 8.25

Median 6.375

Mode 6.00

SD 6.98553

Table 4  Number and percentage of bone invasion in panoramic 

radiograph.

Features Grade

0 1 2 3

Maxilla 2 (2.7%) 1 (1.3%) 3 (4.0%) 12 16.0%)

Mandible 26 (34.7%) 6 (8.0%) 2 (2.7%) 19 (25.3%)

Both 1 (1.3%) 0 (0.0%) 1 (1.3%) 2 (2.7%)

Total 29 (38.7%) 7 (9.3%) 6 (8.0%) 33 (44%)

Table 5 Post-operative results.

Features Number of cases

Frequency Percent

Cervical lymph node metastasis

  Yes 34 45.3

  No 41 54.7

Distant metastasis

  Yes 0 0

  No 75 100

Recurrence

  Yes 10 13.3

  Unknown 65 86.7

Table 6 The number of bone invasion cases detected by 

panoramic radiograph compared with histologic 

evidence of cervical lymph node metastasis.

Cervical lymph node metastasis
Total

Metastasis No metastasis

No bone invasion 14 15 29

Bone invasion 20 26 46

Total 34 41 75
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Table 7:  The number of cases of bone invasion in deep structure 

detected by panoramic radiograph compared with 

histologic evidence of cervical lymph node metastasis.

Cervical lymph node metastasis
Total

Metastasis No metastasis

No bone invasion or 

local invasion 

(grade 0-2)

18 24 42

Deep structure 

invasion (grade 3) 

e.g. inferior alveolar 

canal, maxillary 

sinus

16 17 33

Total 34 41 75

DISCUSSION 

 This study aimed to review patient demographic 

data and to find a correlation between bone invasion and 

cervical lymph nodes metastasis. Our study found that 

most patients in our study were women (in contrary to 

other studies in general) and the tumor occurred in 

mandible more than maxilla. However, the number of 

lymph node metastasis in OSCC with bone invasion and 

no bone invasion were similar. 

 The results of this study showed that lymph node 

metastasis between the group with no bone invasion and 

the group with bone invasion are not significantly 

different, and in the bone invasion cases, the number of 

patient in the group with no lymph node metastasis are 

similar to the group with no lymph node metastasis.

 Nakayama et al.,11 1999 proposed criteria for detecting 

mandibular bone invasion in gingival squamous cell 

carcinoma by the degree of extension in the supero-

inferior direction. The criteria were used for comparing 

bone invasion in CT, panoramic radiograph, and 

panoramic plus intraoral radiograph. The results showed 

that there were no statistically significant differences 

(p=0.0907).

 Jamdade and John (2014)12, studied the accuracy of 

SPECT and panoramic radiographs for detecting 

bone invasion. They proposed that the combination of 

panoramic radiographs and SPECT have more accuracy 

for detecting bone invasion because SPECT has higher 

sensitivity than panoramic radiograph, but the specificity 

is less because the surrounding bone cannot be detected.

 Previous studies showed that sensitivity for detecting

bone invasion of panoramic radiograph is less than 

other techniques e.g. CBCT.8,10 However, although 

panoramic radiograph has lower sensitivity due to the 

interpretation can be performed only in two-dimension, 

it has many benefits such as; shorter scanning time, 

lower radiation dose, and more easily accessible.7,8

 Lymph node metastasis can efficiently be examined 

by MRI, PET, or SPECT.6,10 In 2015, Sarrion Perez 

et al.10 reported that MRI has been used to evaluate tumor 

cell involving lymph nodes for several times. Although 

PET has high sensitivity for detecting lymph nodes 

metastasis, and high precision when combined with CT 

because it cannot define surrounding tissue, it cannot 

replace MRI because of the time-consuming process of 

investigation. 

 There are some limitations in this study. Firstly, 

most OSCC patients in our center were diagnosed as 

stage IV. Therefore, they usually refuse the treatments 

of OSCC. Secondly, the number of panoramic radiographs 

in this study were limited because we needed to exclude 

some intermediate-quality radiographs which were very 

difficult to interpret. Last but not least, some patients 

were treated by surgical excision alone without cervical 

lymph node dissection. Therefore, the population in this 

study were not as many as expected. 

CONCLUSION 

 According to our study, panoramic radiography 

has many advantages such as; inexpensive cost, lower 
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radiation dose and easier access for dentists and patients. 

It has long been used for routine screening of bone 

invasion even with its limitations. However, advanced 

imaging is beneficial in some metastatic lymph nodes 

which are suspected clinically.

 In summary, we suggest that panoramic radiograph 

should be used only as an initial radiograph for screening

bone invasion because of its limitations. It cannot predict 

the involvement of tumor to cervical lymph nodes, then 

the advanced imaging is also important before surgery. 

Finally, metastatic lymph nodes should be confirmed by 

the biopsy and histopathologic examination.
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ABSTRACT 

Objectives:  The aim of this study was to develop 

model of tooth brushing among preschoolers by family 

and community participation in Kosumphisai district, 

Mahasarakham province, Thailand.

Methods: The action research by participatory approach 

was employed. Data were gathered by in-depth 

interviews, questionnaires and observations among 35 

families who had children aged 9-36 months, and 20 

village health volunteers. The research was conducted 

between December, 2016 and January, 2019. Three 

phases of the research were composed of: 1) Situation 

Analysis to reveal community context and related factors 

of tooth brushing among preschoolers; 2) Action for 

Change to conduct a number of activities for model 

development, and 3) Evaluation to assess changes and 

improve the process.  The 3 levels of model analysis 

were individual, family, and community, according to 

Fisher-Owens’ theoretical model of children’s oral 

health determinants. 

Results: Main findings showed that change agents in 

this model were village health volunteers. After oral 

health advocacy, significant actions for changes were as 

followed. 1) People acting beyond community roles, 

such as leaders, guardians, health volunteers, as a result, 

preschoolers’ oral health became the main issue of 

community discussion. 2) Community commitment to 

deal with preschoolers’ oral health was developed as 

healthy public policy.  It was found that tooth brushing 

with fluoride toothpaste twice a day among preschoolers 

by family was increased from 48% at the beginning of 

study to 94% at the end of study.  The model could 

improve guardians’ skills to manipulate children’s tooth 

brushing easier.  The village health volunteers felt 

confident to provide health literacy and to integrate 

children oral health with general health promotion. As 

a result, the community was enthusiastic, interesting and 

acting constantly in preschoolers’ oral health care.

Conclusions: These findings revealed that action re-

search by participatory approach could lead to changes 

in preschoolers’ oral health care by: empowering village 

health volunteer; improving guardians’ potential; and 

complying community commitment.  The research 

suggests that a model of tooth brushing among pre-

schoolers should encompass appropriate strategies which 

focus on family and community participation.

Keywords: Community participation, Model develop-

ment, Preschoolers’ oral health, Tooth brushing



The 17th International Scientific Conference of the Dental Faculty Consortium of Thailand (DFCT2019)356

INTRODUCTION 

 Dental caries among preschoolers is currently 

problematic in Thailand. The impacts of this problem 

result in children malnutrition and impaired growth and 

development.1 Children with early loss deciduous teeth 

could encounter an occlusion disability and a problem 

of first permanent molar eruption.2  Numbers of dental 

caries in deciduous teeth could increase a risk of dental 

caries in permanent teeth.3 Also, the problem could 

impact the guardians and families, especially financial 

issue.4

 Prevalence of tooth decay among 3-year-old children

in Kosumphisai district was higher than in Mahasarakham

province5, and in Thailand.6 Frequency and ability of 

plaque control by tooth brushing were correlated to 

incidence of tooth decay3, so that an effective tooth 

brushing could decrease tooth decay in the future.  

However, fine motor skills of preschool children’s hand 

muscle were limited to do effective tooth brushing.7 To 

deal with dental caries among preschoolers, one important

strategy should focus on routine effective tooth brushing 

by guardians. Thus, guardians could play an important 

role in preschoolers’ oral cleaning.

 Previously, the problem solving was often provided 

by dental officers in hospitals in which it revealed an 

ineffective and inconsistent with people’s ways of life.8 

A number of research studies showed the success of 

caries prevention among preschoolers by focusing on 

health promotion and prevention, community participation

in self-care which enabled people to concern on, to find 

out, and to solve in the problem by themselves.9-12 Such 

problem solving was never provided in the context of 

Kosumphisai district, Mahasarakham province, Thailand.

Therefore, the objective of this study was to develop 

model of tooth brushing among preschoolers by family 

and community participation in Kosumphisai district, 

Mahasarakham province, Thailand.

MATERIALS & METHODS 

 The action research by participatory approach was 

employed. Collecting data were by in-depth interviews, 

questionnaires, and observations among 35 families who 

had children aged 9-36 months and 20 village health 

volunteers. The research conducted between December, 

2016 and January, 2019.  Research site areas were at 

Village No.1, 2, 3, 4, and 5, Haetai sub-district, Ko-

sumphisai district, Mahasarakham province, Thailand. 

 Three phases of the research (Fig. 1) were composed 

of: 1) Situation Analysis to reveal community context 

and related factors of tooth brushing among preschoolers; 

2) Action for Change to conduct a number of activities 

for model development; and 3) Evaluation to assess 

changes and improve the process.  Conceptual framework

(Fig. 2) displayed the process of model development of 

tooth brushing among preschoolers by family and 

community participation.  The 3 levels of model analysis

were individual, family and community, according to 

Fisher-Owens’ theoretical model of children’s oral 

health determinants.13

 Researcher and dental officers played a role of 

enabling and empowering people in communities such 

as community leaders, village health volunteers, and 

guardians to deal with the problems. All activities for 

changes were emerged from a number of community 

meetings in which they were recorded systematically. 

Qualitative data, by Content Analysis, was the main 

outcome to record the process of model development.  

Quantitative data, by descriptive analysis, was used to 

be open-up an issue for community meeting and discussion.

Research ethical issues have been reviewed and approved

by the Khon Kaen University Ethics Committee for 

Human Research (HE602174).
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Fig. 1  Three phases of action research to develop model of tooth brushing among preschoolers by family & community participation
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Fig. 2 Conceptual framework of the research 

RESULTS 

 The results were divided into 3 parts, following three 

phases of the research: Situation Analysis; Action for 

Change; and Evaluation.

 1.  Situation Analysis

  1.1 Selected Communities: Purposive communities

were selected with criterion of: non - municipal areas, 

convenient transportation, primary health care provided 

by health promotion sub-district hospital, but without 

dental officer. Research site areas were at Village No. 

1, 2, 3, 4, and 5, Haetaisub-district, Kosumphisai district, 

Mahasarakham province, Thailand. Haetai sub-district 

was located at the North of Kosumphisai district, 39 

kilometers far from the city center of Mahasarakham 

province. Major area was rice fields and canals, so that 

70% of people made a living by agriculture such as rice 

and livestock farmers.

 Research target group was 35 families who had 

children aged 9-36 months in such area, 16 boys (45.7%) 

and 19 girls (54.3%), average of age was 22.3 (8.73) (9, 

39) months [Mean (SD) (Min, Max)]. Such preschoolers  

were healthy, without undermined diseases. A variety 

of guardians’ careers were found, so that there were 

different daily life activities. Some guardians did child 

rearing full time 24/7 at home by themselves.  Some 

needed to ask grandparents to look after children at the 
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day time, and some leaved them with relatives for a long 

time of vocation. Two groups of the guardians were: parents 

(19 persons/ 54.3%), and relatives (16 persons/ 45.7%).

  1.2 Oral Health Care among Preschoolers: It 

was found that guardians were not concerned on a prop-

er children oral health care.  One children (2.9%) was 

not received any oral care, 6 (17.1%) were cleaned oral 

cavity with cloths.  6 (17.1%) children did tooth brush-

ingby themselves, 16 (45.7%) by guardians, and 6 

(17.1%) by themselves and repeated by guardians.

  For oral health care among preschoolers, it was 

found that guardians used damp towels to clean milk 

stains in children’s oral cavity if no tooth appeared. 

Then, having children tooth brushing started after a few 

tooth eruption, and guardians did it more serious if many 

teeth were found.  However, late tooth brushing among 

preschoolers occurred when guardians realized tooth 

stains and be aware of tooth decay.

  “… if not deeply put (damp towel) into the 

mouth, milk stains would make kids feel sore…”

  “Start tooth brushing after 1-2 tooth eruption. 

I’d liked clean teeth.”

  In order to, frequency of children tooth brushing,

it was found that tooth brushing with fluoride toothpaste 

twice a day among preschoolers by guardians was 42% 

(36% in the morning and evening, 8% in the morning 

and before bed).  Once a day, tooth brushing was found 

only 40%. Most of them had tooth brushing on bathing 

time, and stand or sat in front of guardians to do tooth 

brushing, 86.7% used fluoride toothpaste. 13.3% used 

no toothpaste in which the guardians concerned on 

swallowing toothpaste among children aged lower 2 

years old. 

  “ ..(they are) too small (we) afraid of swallow-

ing toothpaste…”

  “ I use fluoride toothpaste myself, so do little 

kid. I’d liked a clean tooth”

  For preschoolers’ tooth brushing by guardians, 

it was found among children aged lower 2 years old. If 

children started tooth brushing by themselves, most 

guardians needed to control over and carefully negotiate. 

In families with an experience of tooth ache, children 

tooth brushing started earlier.  Some families, especially

first time of child rearing, the guardians felt unconfident 

to deal with little children oral care. They often stopped 

tooth brushing if children cried, and lately, started tooth 

brushing when tooth stains and tooth decay appeared.

  In families who have a routine tooth brushing 

twice a day among siblings and family members, 

children felt easily familiar to have tooth brushing. While 

children whose guardians needed to control over 

strictly on tooth brushing at first, they seemed to be an 

easier child as well.  However, it became an obstacle 

when children did tooth brushing by themselves, and not 

allowed to repeat by guardians. 

  “ ..(She is) too small. When she got tooth brushing 

for a while, she felt frustrated, seemed to get hurt on 

gum …”

  “(tooth brushing) so hard at first. I tried to tempt 

him. Now it’s easy, he feel familiar. It made he’d like 

to do by himself.”

  “(tooth brushing) he saw his sister. He did not 

allow anyone to do. He wanted to do tooth brushing by 

himself, so did his sister”

  1.3 Related Factors of Tooth Brushing with 

Fluoride Toothpaste: Results from focus group discussion

among guardians showed related factors of preschoolers’ 

tooth brushing with fluoride toothpaste. The 3 levels of 

model analysis were individual, family and community, 

according to Fisher-Owens’ theoretical model of 

children’s oral health determinants. The related factors, 

obstacles and limitation of preschoolers’ tooth brushing 

were illustrated in Table 1. In individual level, related 

factors were such as: children’s age, familiar to tooth 
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brushing, favored toothpaste, tempt technique. In family

level, related factors were as: guardians’ concern, 

families’ bad experiences on oral problems, experiences

on child rearing, having mirror made children interest 

in tooth brushing, etc. In community level, factors were 

such as: health education by village health volunteer, 

workshop on children oral health care, toothbrush for 

free, community health promotion projects.

Table 1  Related factors of tooth brushing with fluoride toothpaste among preschoolers according to Fisher-Owens’ Theoretical 

Model of Children’s Oral Health Determinants

Related Factors of Tooth Brushing with Fluoride Toothpaste
Individual level 1. Child characteristics: Submissive child made tooth brushing easier.

2. Children’s age: guardians avoid tooth brushing in little child.
3. Familiar to tooth brushing
4. Favored toothpaste made tooth brushing enjoyable. 
5. Families have a routine tooth brushing made children do as followers.
6. Earlier start oral cleaning made tooth brushing easier.
7. Repeated and unrepeated tooth brushing by guardians
8. Tempt technique made tooth brushing interesting.

Family level 1. Guardians’ concern
2. Families’ bad experiences on oral problems
3. Experience on child rearing 
4. Mirror made children interest in tooth brushing.
5. Guardians’ skills to control over children   
6. Tooth brushing in bathing time  
7. Guardians’ attitude on deciduous teeth
8. Similar aged siblings 

Community 
level

1. Health education by village health volunteer
2. Project of toothbrush for free
3. Workshop on children oral health care
4. Community health promotion program

 2.  Action for Change

  2.1  Capacity of Change Agents: The results 

showed that an important change agent in this action 

research was village health volunteer.  Each village 

health volunteer was selected and trained, depending on 

responsibility and ability of knowledge transfer. All 20 

village health volunteers, 4 persons from 5 villages each, 

were passed two workshops of preschoolers’ oral health 

care and oral health education for guardians. After 

workshops, village health volunteers felt confident to do 

preschoolers’ tooth brushing, but they felt worrisome on 

conveying knowledge to guardians.

  “It’s so easy to do tooth brushing in little kids, 

their cheeks were different from doll’s mouth.”

  “ ...(We) don’t know, if guardians would accept 

on us. We’ll try …”

  2.2  A Collaboration on Development of Tooth 

Brushing Model among Preschoolers by Family and 

Community Participation: Village health volunteers 

acted as change agents in this action research. These 

action plans included actions for changes, reflection, and 

repetitive as a cycle of plan, act, observe, and reflection 

as follows.
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  1)  Home visiting and training the guardians 

by village health volunteer. Data of children aged 9-36 

months from each village was input to provide activities. 

Home visiting at first was flexible upon health volun-

teers’ daily life. However, every targeted families were 

received toothbrushes and toothpaste for preschoolers 

for free. After that, the problems and obstacles of home 

visiting were raised up to discuss among a group of 

health volunteers and guardians.

  2) Sharing for learning to develop a model.  

Three meetings among health volunteers, dental officers, 

and sub-district hospitals’ administrators were conduct-

ed continuously. The first meeting aimed to summarize 

the problems and obstacles from each site, and to do 

brainstorming to accomplish activities in individual 

level.  The second meeting focused on develop a collab-

oration, and to find out partnership networks. Finally, 

the third meeting, health volunteers prepared to organize 

outcomes from two meetings to discuss in the public 

forum in community level.

  3)  Public forum in community level. Public 

forum was a common meeting in community level in 

Thailand. Participants were everyone in each village 

such as community leaders, health and financial officers, 

village health volunteers, and lay people.  To develop a 

model of tooth brushing among preschoolers by family 

and community participation, the issue of children oral 

health was pursued in the agenda of ‘Thai Niyom Yung 

Yuen’- a sustainable Thai ways- the project of Her 

Royal Highness Princess Maha Chakri Sirindhorn.

  Results from public forum showed that partic-

ipants were enthusiastic and concerned on the problem 

of children oral health. Numbers of problem solving 

were presented seriously, for example as follows.

  Community leader 1: “It’s quite hard to deal 

with the problem. When children played together, they 

pursued others to have carbonated drinks. We need to 

help each other, getting start from a pinpoint, then solv-

ing in widespread.”

  Community leader 2: “People are satisfied that 

doctors come and speak out knowledge for us.

   Lay people 1: “Some little kids liked to show 

off their snacks, others asked parents to buy too”

  Lay people 2: “If grandparents refused to buy 

sweet snacks, but parents do.”

  Health officer: “Oral health care need to be 

driven sustainably by community. Everyone must help 

each other.”

  2.3 Emerging Actions for Changes: After pub-

lic forum, everyone felt confident to solve the problems 

together. A number of activities were created and con-

ducted in each village. Responsibility was beyond role 

in community such as: health volunteers and officers 

designed pattern of home visiting; financial officer or-

ganized funding; guardians tried to seriously learn 

children’s oral health care.

  Community commitment as ‘Healthy Public 

Policy’ was set up among guardians. They promised to 

look after their children oral health carefully. Vinyl 

posters with the message to remind guardians were il-

lustrated prominently in community (Fig. 3).
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Together, things to do in community as follows: 

1) I will do tooth brushing with fluoride toothpaste for my kids twice a day;

2)I will do tooth brushing for my kids since first tooth eruption till 7 years old;

3) I will choose high value foods and drinks, and control consuming of candies, sweet snacks and carbonated drinks;

4) I will give them plain milk;

5) I will quit my kids’ bottle feeding before 1 and a half years old.

Fig. 3 Community commitment as ‘Healthy Public Policy’

3.  Evaluation

  3.1 Children Oral Health Care by Guardians: 

By semi-structural questionnaires about tooth brushing 

by guardians, it was found that tooth brushing with 

fluoride toothpaste twice a day among preschoolers by 

guardians was increased from 48% at the beginning of 

study to 94% at the end of study.  It was consistent with 

qualitative data to evaluate such behaviors by home 

visiting.  According to observation by researcher and 

village health volunteers’ reports, it was found that some 

resistant children turned to be submissive to have tooth 

brushing.  By health volunteers’ supporting, many 

guardians felt confident to do a little child tooth brushing 

at first time. Most guardians were able to do tooth brushing

for their children, even management in lay down position.

  3.2  Capacity Building of villages’ health 

volunteers: Previously, tooth brushing for preschoolers 

was performed on face to face between guardian and 

children, sit or stand position. This research, the 

researcher trained health volunteers to do a little child 

tooth brushing in lay down position. According to 

evaluation of tooth brushing both in a doll model and a 

real little child, it was found that all health volunteers 

20 persons (100%) were able to pass an evaluation. The 

reflection of health volunteers showed that even they 

felt unconfident to train tooth brushing skill to guardians 

at first.  Later after process of actions and sharing to 

learn, they were able to inform those lessons to guardians,

confidently. Health volunteers’ and guardians’ expres-

sions in words were as follows.

  “Commonly, tooth brushing was just in sit 

position, we’ve never done this way before.”

  “Tooth brushing in a real little child is easier 

than in a doll. It’s easy to pull cheeks.”

   “We can’t control them at first. After we tried 

to, as doctor said, children felt familiar to”

  “We feel so glad and delight that let guardians 

concern on their kids’ oral health”

  “Some guardians were just let kids go when 

they cried. Health volunteers came to support and guide 

how to manage. Now, we dare to do ourselves.”

 “Tooth brushing is a thing to do, but some guardians 

ignore. Yes, when health volunteers informed them, 

they changed.  Everyone wants their kids healthy, no 

toothache.”

  3.3  Participatory Approach in Community: 

People in communities could be participated in different 

roles. These included: 1) problems analysis and capacity

assessment opened up a perspective view on widespread 

to solve the problems, such as from guardians, from 

health volunteers, from community leaders, and from 

health officers.  2) Action plan was resulted in an 

explicit pattern of home visiting and appropriate roles 

of health volunteers. Also, giving back data information 

to communities made the leaders concern on an important

of children oral health care, then ready to do supporting 

in many ways. 3) To conduct children oral health 

promotion, it started from home visiting, training guard-

ians, building up motivation, and creating appropriate 
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activities for each community. Then actions for changes 

by community participation were encompassed to 

achieve a model development.

  Participatory evaluation in capacity building of 

village health volunteer was found that health volunteers 

were enthusiastic to support guardians to do tooth brushing

with fluoride toothpaste twice a day. Also, they persuaded

these missions to integrate in routine works. It was 

interesting that one of village health volunteer was 

promoted to be representative of an excellent oral health 

volunteer of Kosumphisai district in 2018.

  3.4 Changes in Community: By an in-depth 

interviews and observations, the results showed obvious 

changes in many ways. Guardians started brushing 

children teeth earlier since first deciduous tooth eruption. 

To control over children tooth brushing was common to 

be found in community, similar to tooth brushing in lay 

down position. Tooth brushing in a little child became 

easy and fun activities in community.  Communities’ 

leaders concerned on children oral health care, and 

acted as providers in a project of tooth brushing compe-

tition and in funding allocation. It was also found active 

communication through social media among related 

persons and partnership networks.

DISCUSSION 

 The findings of this study were summarized as 

follows. A model of tooth brushing among preschoolers 

by family and community participation in Kosumphisai 

District, Mahasarakham Province, Thailand was 

developed. While, related factors of tooth brushing 

among preschoolers were explicit. An achievement of 

tooth brushing among preschoolers by guardians proceed 

gradually, under capacities of village health volunteers.  

Also, community leaders concerned on children oral 

health and integrated to general health. All these changes

derive from participatory approach by: 1) developing 

skills of health volunteers; 2) training guardians; and 3) 

building up opportunities for people participation.

  This research found keys of success of ‘devel-

opment of tooth brushing model among preschoolers by 

family and community participation in Kosumphisai 

District, Mahasarakham Province, Thailand’ as follows:

  1) Community analysis in all perspective 

views led to understanding related factors to plan actions. 

These occurred appropriately and effectively under 

participatory approach.  The exploration of children oral 

health behaviors and tooth brushing-related factors was 

seized on a conceptual of Fisher-Owens’ Theoretical 

Model of Children’s Oral Health Determinants.13 It 

supported all participants to concern on related factors 

in 3 levels: individual, family, and community.  It resulted

in an effective action plan that beware of community 

capacity and limitation, therefore, problems solving by 

participatory approach could be occurred in realistic 

community.9-11,14

  2)  Village health volunteer was an important 

change agent in this research. It was similar to other 

studies which pointed out this finding.9, 15 Empowering 

village health volunteers in children oral health care 

increased their self-confidence and capacities to achieve 

plan. The sequence of action plan from basic to compli-

cated activities resulted in effective changes, made 

health volunteers felt proud of their responsibilities, 

similar to other action researches.9,10 It was consistent with 

‘Ottawa Charter of Health Promotion’ in 1986: Com-

munity Strengthening; and Develop Personal Skill.16

  3)  Action plan came from community needs. 

Understanding on what communities wanted affected in 

a collaboration of all participants, and created appropriate

and suitable activities. Participants in community wanted

to drive action plan by themselves. It was consistent with 

another action researches which emphasized on 

community participation.9-11
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  4)  Home visiting to train guardians for pre-

schoolers’ tooth brushing is another key of success.  The 

relationship between health volunteers and guardians 

was important to develop personal skills.  It included an 

experience of child rearing, an understanding in 

community, and a frequency of home visiting.  One trick 

in home visiting process was a souvenir set of oral care 

equipment, which opened up guardians’ minds for 

listening, similar to one study in Thailand.15

  5)  Integrating oral health care and general 

health is a key of success which turned a mission of oral 

health care to be unburden.  Health volunteers were able 

to integrate oral health care and general health. Moreover, 

some health volunteers were community leaders in 

which it led the issue of children oral health to public 

forum easily. This finding is inconsistent with the study 

of Heemsuree and colleagues in 2014 which found 

community volunteers may be not health volunteers, 

resulting in an in effective coordination in health activ-

ities.10 

  6)  Strong partnership network and public 

forum is another key of success. All community 

activities occurred from people wants, and all learning 

emerged from real actions. When people realized their 

roles and limitation in community, a strong partnership 

network was happened to achieve collective goals.  Also, 

public forum was a place that people could voice and 

participate equally. 

Limitation of the study 

 The study did not reflect oral status of targeted 

children due to it was not a main objective.  If oral status 

was systematically recorded, an obvious outcome of a 

model would be recognized.  However, an intermediate 

outcome of a model of tooth brushing among preschool 

children by family and community participation could 

be considerable and be expected in changes of children 

oral status in a long time.  

 The study conducted in a purposive area of Haetai 

sub-district in which it was a limit to generalize the 

findings. Because a particular context is quite important 

in action research, a unique characteristic in different 

community could result in a different outcome.  Therefore,

research application needs to be carefully concerned on 

community contexts.  However, this research finding 

could be recognized as a starting point of a model 

development of tooth brushing among preschoolers by 

family and community participation which it was 

consistent with previous studies.9-10 Also, it was consistent

with strategies of ‘Ottawa Charter for Oral Health 

Promotion’ which emphasized on advocacy for health, 

people enable, and mediate for coordinate action.16

CONCLUSIONS

 Research findings revealed that action research by 

participatory approach could lead to changes in 

preschoolers’ oral health care by: empowering village 

health volunteers; improving guardians’ potential; and 

complying community commitment. The research 

suggests that development of tooth brushing model 

among preschoolers should encompass appropriate 

strategies which focus on family and community partic-

ipation.
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