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More and more dentists worldwide admit:

Take advantage of the award-winning OccluSense® 
system: 

• 60 microns thin, flexible pressure sensors record 
    both static and dynamic occlusion 

• Data transfer to OccluSense®-iPad-App via wireless 
    network 

• Ergonomic design for intuitive handling 

• Additionally, red colour coating marks the occlusal  
    contacts on the patient’s teeth 

WE MAKE OCCLUSION VISIBLE®

Dr. Jean Bausch GmbH & Co. KG | Oskar-Schindler-Str. 4 | 50769 Köln | Germany 
Tel.: +49-221-709360 | Fax: +49-221-70936-66 | info@occlusense.com | www.occlusense.com  

Bausch and OccluSense are trademarks of Dr. Jean Bausch GmbH & Co. KG, registered in Germany and other countries. 
Apple and iPad are trademarks of Apple Inc., registered in the U.S. and other countries.

I Occlu 
Sense®

Innovative device for digital 
occlusion control. 

More information: 
www.occlusense.com 

and YouTube
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Powered by Myotronics
Neuromuscular Dentistry

Contact Myotronics to receive information on upcoming CE courses and 

Robert R. Jankelson, DDS

GETTING YOUR BITE RIGHT!

Understanding the importance 

of your occlusion.
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www.myotronics.com

Patient Posture and Cervical Range of Motion 
recording is available exclusively on the K7x.
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Dear colleagues and readers,

I feel very priviledged to share with you my impressions from the wonderful ERO Plenary session that was 
held in Istanbul in April, 28-29th, 2023.

Currently, ERO represents dentists from 34 countries and has 42 Dental associations as members. The 2023 
Spring meeting was attended by 49 delegates. 

A special welcome was extended to the guests professor Ihsane Ben Yahya President of the FDI, FDI-CEO 
Enzo Bondioni and some of his staff members, former FDI and ERO-President Gerhard Seeberger, former  
FDI-President, Michèle Aerden, former ERO-Presidents Anna Lella and Michael Frank. The delegates 
appreciated the presence of Freddie Sloth-Lijsberg, Council of European Dentists (CED) President, who 
addressed a few words to the assembly. Both organisations share the same goals, as he mentioned in his 
short speech, to improve and maintain oral health in Europe. 

A very interesting presentation was the one by the President of the Turkish Dental Association Ahmet Tarık 
İşmen who expressed his pleasure as host of this meeting in is country, which celebrates the 100th anniversary 
of its foundation in 2023. He introduced the country and the Turkish Dental Association. 

I had the pleasure to inform about the good cooperation with our mother organization, the FDI. It has resulted, 
for example, in the workshop that took place on Saturday on the margin of the Plenary session and was 
widely attended. It was a pilot workshop on Vision 2030, which will hopefully be duplicated in other regions 
of the FDI. Lively contact was also maintained with the ADEE and the CED. A CED-ERO task force on "Liberal 
Profession in Europe" has also been established to deal with the hot topic of corporate dentistry versus liberal 
dental practice nowadays and in the near future.  The importance of working with young colleagues who, 
after all, represent our professional future, is of the utmost importance for the ERO. This interest has led to 
the ERO-EDSA Awards – in this respect, prof.Taner Yücel and prof. Paula Perlea read 16 submitted essays and 
evaluated them using a grid and finally selected 3 winners, who were announced during the Plenary session.

Prof. Paula Perlea presented the new social media plan. ERO is to become more active in communication. 
Together with a small team, we wish to promote ERO’s greater presence on the social media. 

The real work comes from our working groups (WG). 

The Chair of WG Aging Population, Jean-Philippe Haesler, informed that the web application of the 
"Toothbrushing manual" has been finalized and will be available in 6 languages. It is an amazing product 
helping elderly people with their daily hygiene. The caregivers in institutions and hospitals would also hugely 
profit from the web application. The delegates welcome this endeavour. 

Gerhard Seeberger, who chairs the WG Liberal Dental Practice, reported a good response to the survey 
relaunched from 2016 on the topic of “Liberal practice at times of multi-dentist dental offices, office networks 
and ambulatory healthcare centers". The results will be presented in Sydney, and we can’t wait to see the 
development. 

The WG Relation between Dental Practitioners and Universities represented by prof. Mare Saag presented a 
paper on "Interprofessional Education: Strengths, Weaknesses, Barriers“. 

Simona Dianišková
ERO President

Report from the European Regional 
Organization of the FDI (ERO-FDI)
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Integration of the non-EU countries is the task of the WG Integration. Ilshat Yuldashev was appointed as its 
new chair. The updated CED manual, to which non-EU countries dental associations contributed, will reflect 
dentistry as practiced  in the European countries. 

In her report, prof. Hande Şar-Sancakli, as Chairwoman of the WG Continuing Medical Education in Dentistry, 
points out the importance of the FDI Vision 2023 in promoting oral health as an essential component of 
overall health and well-being. Thus, one of the main pillars of Vision 2030 is the training of high-performing 
oral health personnel. They strongly believe that both basic and advanced training must serve this goal. The 
working group has conducted a survey to find out what theoretical and practical gaps exist in training and 
how any deficits can be remedied.
 
Doniphan Hammer's report representing WG Oral Health Highlights the many technological innovations 
and challenges that the dental team faces and must overcome. This is not only about dental technology, 
but also about management and communication. The working group strongly recommends that member 
associations adapt professional and educational standards regarding digitalisation in dentistry.

Roman Šmucler presented the results of a survey conducted by WG Digitalization in Dentistry - E-Health - 
Artificial Intelligence - on digitalisation in dental practices and dental education. One of the most significant 
challenges posed by AI in dentistry seems to be data quality. There needs to be human control, appropriate 
guidelines, and patient information when such technologies as AI are used. Finally, safety is also very 
important, and the ethical implications must not be forgotten. 

Underlining the importance of the relation between oral health and general health, ERO decided to create a 
new working group on “Oral Health and General Health”.

There are three main themes which emerged from the submitted National Associations reports. Certainly, 
a major concern is "corporate dentistry" and changing the traditional model of the dental practice, in some 
countries, the training of young dentists or the training centres are as many topics of discussion. Finally, the 
insufficient insurance systems or failing reimbursement for dental services by the insurance companies are a 
cause of concern for dentists in several countries.

The increased costs for energy supply, rent and personnel cause problems for many dentists across Europe.

Overall, it has been a great meeting of colleagues, professionals, and friends, in the beautiful historical city of 
Istanbul. Looking forward to meeting many of you in Sydney during the FDI Parliament in September 2023 
and/or in Limassol, Cyprus for the ERO Spring Plenary Session 2024!

Faithfully yours,

Simona Dianišková
ERO President

https://doi.org/10.25241/stomaeduj.2023.10(1-4).edit.1
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It is with the deepest  regret that we announce that Professor Poul Erik Petersen 
has passed away. His whole life was dedicated to improving global oral health 
through his groundbreaking work in public health. Professor Petersen passed 
away on March 19, peacefully, surrounded by his family.

Professor Petersen’s many contributions to the dental community will have 
him be always remembered as a promoter of the cause of oral health as part 
of the global public health agenda as Chief of the World Health Organization's 
(WHO) Oral Health Programme. As such, his achievements have been 
numerous, including launching the first World Oral Health Report in 2003. 
Professor Petersen also worked for the WHO Regional Office for Europe, while 
providing assistance to ministries of health and public health administrators 
worldwide and contributing his knowledge to the above-mentioned Office. 

Professor Poul Erik Petersen: 
An outstanding example of a lifetime 
dedicated to improving global oral 
health through his groundbreaking 
work in public health 

In addition to his vast work in global public health, Professor Petersen held a position as Professor of Global 
Oral Health and Community Dentistry at the Danish University of Copenhagen.  Later on, he was elected 
Dean of the School of Dentistry and Vice-Director of the School of Public Health at the same institution. 
Professor Petersen published more than 350 scientific publications, thus significantly contributing to the 
progress of public health research in universities all over the world. He also played a crucial role in planning 
and implementing community health projects in a large number of developed and developing nations.

He had a unique public health-related vision, persistently pushing for improvements in oral health 
worldwide. Professor Petersen’s contributions to the dental community were invaluable, while he made a 
lasting impression on the oral health community globally. He played a notable role in the global application 
of research projects that attempted to integrate disease prevention and health promotion, further oral 
health in the workplace, and lessen oral health disparities through schools. As the head of the WHO Oral 
Health Programme, Professor Petersen played an influential role in bringing the program's integration into 
the global public health agenda. The program had significant achievements under his guidance, one of 
them being the first-ever World Oral Health Report's historic launch in 2003.

He regularly attended FDI mid-year committee and council meetings and actively contributed to FDI’s work 
to promote oral health.

As representative of WHO, Professor Petersen contributed industriously to many FDI-WHO joint articles and 
publications and was a member of the body of authors who drafted the FDI-WHO Advocacy guide for oral 
health professionals on tobacco and oral health. FDI’s gratitude covers his activity on WHO’s full involvement 
and co-organization of numerous regional events, such as the Global and Regional FDI-WHO Fluoride 
consultation conferences in France and in China.
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He was a man with a mission, namely to improve dental health, which was a source of inspiration to all the 
dental professionals who knew him.

In addition to his outstanding academic qualities, Professor Petersen was highly appreciated by his students 
and colleagues for his good nature and generosity to extend a helping hand and also his   sense of humor, 
qualities which gained him friends all over the world.
As a generous editor, he has consistently supported numerous publications since day one, including Oral 
Health and Preventive Dentistry (OHPD) under the auspices of Quintessence Publishing House and The 
Stomatology Edu Journal (Stoma Edu J) under the auspices of The Romanian Academy.

We are deeply grateful for his friendship and dedication and for all his valuable work. Because of his many 
contributions to global oral health around the world, his remarkable legacy will live on.

https://doi.org/10.25241/stomaeduj.2023.10(1-4).letter.1

Professor Anton Sculean
DMD, MS, Dr hc mult
University of Bern
Bern, Switzerland 
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Marian V. Constantinescu
DDS, MSc, PhD 
Editor-in-Chief
Stomatology Edu Journal
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Her impact is felt globally as she serves as President of the Italian Orthodontic Society (SIDO) in 2021, 
Chairman of the NEBEOP (Network of Erasmus-Based European Orthodontic Postgraduate Programs), and 
President of the Mediterranean Orthodontic Integration Project (MOIP) in 2022. Professor Perillo's diplomatic 
role as the International Ambassador for the American Association of Orthodontists (AAO) from 2018 to 2020 
and Representative of the World Federation of Orthodontists (WFO) from 2018 to 2019 showcases her ability 
to bridge gaps and foster collaboration on an international scale.
Beyond the titles and accolades, Professor Perillo is a prolific author and speaker, having contributed to over 
400 scientific publications, authored 9 books, and delivered engaging presentations at numerous national 
and international courses and congresses. Her role as an Associate Editor for Progress in Orthodontics since 
2017 and her membership on the editorial boards of esteemed journals underline her commitment to 
shaping the discourse in dentistry.
Her stellar contributions have not gone unnoticed, with multiple awards recognizing her groundbreaking 
research, including the prestigious WJB Houston Poster Award and the APOS Trends Award for the Best 
Reviewers. Professor Perillo's impact extends into the realm of education, where she imparts her extensive 
knowledge as an Adjunct Professor at the University of Alabama, Birmingham, USA.
But perhaps, what truly sets Professor Perillo apart is not just her academic prowess but her unwavering 
dedication to mentorship. As an outstanding member of the Italian Society of Orthodontics, she has served 
in various capacities, fostering growth and collaboration within the orthodontic community.
In her journey, Professor Letizia Perillo has not only exemplified excellence in orthodontics but has become a 
beacon of inspiration for the global dental fraternity. Her expertise in cephalometry, craniofacial development, 
and orthodontic appliance design, combined with her commitment to early treatment, non-extraction 
treatment, and orthopedic interventions, flag her as a multifaceted luminary in the field.

Beyond the accolades, Professor Perillo remains a cherished friend of the Romanian Association for Excellence 
in Orthodontics (AREO), a testament to her enduring support for orthodontic associations worldwide.

Professor Irina Nicoleta Zetu, DMD, PhD
Chair of the Division of Orthodontics and Dentofacial Orthopedics
Faculty of Dental Medicine, ,,Grigore T. Popa” University of Medicine and Pharmacy
Iasi, Romania

Laudatio for Professor Letizia Perillo:  
A Visionary Leader in Orthodontics
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In the ever-evolving landscape of orthodontics, Professor Letizia Perillo 
stands out not only as a trailblazer but as a visionary leader, weaving a rich 
tapestry of achievements that transcend borders and redefine excellence. 
Despite her relatively young age, she has left her indelible mark on the realms 
of scientific exploration, experimental innovation, and clinical breakthroughs 
throughout her illustrious academic journey.
Dr. Perillo is not merely a practitioner but a luminary in the field, holding pivotal 
roles that reflect her dedication to advancing orthodontics. As the esteemed 
Dean of the School of Dentistry at the University of Campania Luigi Vanvitelli, 
Naples, Italy, and Full Professor in the Department of Orthodontics, her 
influence extends beyond the lecture halls. She spearheads the Orthodontic 
Division at the Multidisciplinary Department of Medical-Surgical and Dental 
Specialties, exemplifying her commitment to holistic dental care.
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LOOKING BACK AND LOOKING FORWARD

A couple of months ago, the FDI World Dental Congress 2023 was making a remarkable return to an in-
person event in Sydney, Australia from Sunday 24th to Wednesday 27th September 2023. The congress was 
a success, with a total of 10,752 in person registrants including exhibition-only delegates and exhibitors 
from 129 countries. It was staged at the International Convention Centre Sydney in the heart of Australia's 
harbour city, and hosted by the Australian Dental Association, bringing the global dental community 
together to share ideas, knowledge, and experiences over a rich scientific program, an extensive exhibition 
and expansive networking opportunities.
It was also an opportunity for all FDI members to join the FDI WORLD DENTAL PARLIAMENT 2023 (FDI 
WDP2023), which was held in the same location, before the Congress.The FDI World Dental Federation 
serves as the principal representative body for over one million dentists worldwide and has a bold vision of a 
world with optimal oral health. Its membership includes some 200 national dental associations and specialist 
groups from over 130 countries. 
The program of the FDI WDP2023 was very comprehensive. Here are its highlights: NLO Forum, World Oral 
Health Forum (WOHF), the launch of the World Oral Health Day (WOHD) 2024-2026 campaign, FDI policy 
statements adopted by the General Assembly and elections for the future President 2025-2027. It was also 
an opportunity for the European Regional Organization (ERO) of FDI to hold its Plenary Session and to meet 
their Working Groups.
The NLO Forum 2023 was a four-hour meeting with highlights on Oral cancer, Oral health promotion 
and disease prevention and Integration of oral health into general health. The NLO Forum gathered all 
National Liaison Officers and was led by the Chair of the Membership, Liaison and Support Committee, 
Prof. Dr. Paula Perlea. The main topics were the award of Travel Grands, the “Member Supports Member” 
project, the NLOs contribution to the organization of WOHD and the support offered by FDI CE Directors 
for member’s scientific events. The “Member Supports Member” Project (MSM) enables Dental Associations 
to provide support to their fellow members. Three National Dental Associations have provided support by 
paying their peers’ membership fees through MSM 2023 and they received a Certificate of Appreciation from 
Prof. Dr. Paula Perlea, the Chair of MLSC: Bulgarian Dental Association to Bulgarian Scientific Association of 
Dental Medicine, Hong Kong Dental Association to Lao Dental Association, Associazione Nazionale Dentisti 
Italiani to National Dental Association of Somalia and Uzbekistan Dental Association. The 2023 Travel Grant 
recipients  have been also selected by MLSC, from 18 candidates: Bangladesh Dental Society, Ordre Nationale 
des Chirurgiens-Dentistes de la République Démocratique du Congo, Colegio de Cirujanos Dentistas de 
Honduras, Kenya Dental Association, Stomatological (Dental) Association of the Kyrgyz Republic, Myanmar 
Dental Association, Association Rwandaise des Chirurgiens-Dentistes et Stomatologues, Uganda Dental 
Association.
On the 20 March every year, the World Oral Health Day is celebrated worldwide, being an FDI initiative. 
The new 3-year campaign started now and it focusses on the link between oral health and general health 
because: “A HAPPY MOUTH IS… A HAPPY BODY.” Every year, FDI gives out the World Oral Health Day Awards to 
recognize those who organized the most outstanding campaigns. The awards are divided into six categories 
to reward the work of FDI members, students, and the public. 
During the World Oral Health Forum (WOHF) the FDI World Dental Federation also launched a campaign that 
asks dental associations to make a commitment to delivering sustainable oral healthcare. Several issues were 
raised to ensure sustainability including the issue of using plastic like in toothpaste, toothbrushes, focusing  
on oral health education of future dentists.
The Presidency of FDI was handed over from Prof. Ihsane Ben Yahya, the FDI President 2021-2023, to Prof. Dr. 
Greg Chadwick, the FDI President 2023-2025. The outcome of the FDI WDP2023 elections was great for our 
European members of FDI and also ERO, as Assist. Prof. Dr. Nikolai Sharkov is the new President Elect 2025-
2027.  Assist. Prof. Dr. Nikolai Sharkov has always been involved in all activities of the European and Balkan 
dental associations, but he was also the treasurer of FDI. Very warm congratulations to our dearest friend! 
Due to vacancies resulted in the FDI Council, Prof. Young Guk Park, Republic of Korea was elected as the new 
Treasurer and Prof. Dr Hiroshi Ogawa, Japan was elected as Member. 
The new Policy Statements approved by the General Assembly 2023 are “Alcohol as a risk for oral health”, 
“Alternative direct restorative materials to dental amalgam”, “Collaboration between oral health professionals 
and other health professionals”, “Mental health and well-being for oral health professionals and dental 
students”, “Tooth wear”.
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Also, an important event was the official handover of the FDI Congress Flag, from the Australian Dental 
Association (ADA) to the Turkish Dental Association (TDA) for the 2024 FDI World Dental Congress, which 
will take place in Istanbul, from September 12th to September 15th, 2024. The World Dental Congress is a 
flagship continuing-education event for FDI, and a unique opportunity for all dentists to strengthen ties and 
foster collaboration within the global oral health community, a chance to get together and meet leaders 
within the oral health profession, and beyond, from around the globe. It is a platform where all dentists 
embrace innovation and engage in effective continuing education (CE).
It is worth mentioning that the inaugural edition of FDI Young Dentists Forum also took place in Sydney, 
Australia, during the FDI WDC2023, with the participation of international well-known speakers. This first 
edition was a great success and the 2024 edition is scheduled to take place on September 13th 2024, in 
Istanbul, Turkey, during the FDI WDC2024.
We are looking forward to meeting in Istanbul for the FDI World Dental Congress 2024, from Thursday, 
12th September, to Sunday, 15th September 2024. This event, co-hosted by FDI World Dental Federation 
and the Turkish Dental Association, will be held at the Istanbul Congress Center (ICC) and the Istanbul Lütfi 
Kırdar International Convention and Exhibition Centre (ICEC), and will provide 3 days of Scientific Program, 
3 days of Exhibition, 129 hours of Continuing Dental Education (CE) and interactive fora covering the most 
relevant topics in dentistry. It will also be an opportunity for all FDI members to join the FDI WORLD DENTAL 
PARLIAMENT 2024, which will be held in the same location, before the Congress. See you all, in Istanbul!

Paula Perlea
Co-Editor-in-Chief
DDS, PhD, Professor
“Carol Davila” University of Medicine and Pharmacy of Bucharest, Romania
Chair of the MLSC of the FDI (Membership, Liaison and Support Committee of the FDI)
Member of the ERO-FDI Board
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JADA ONLINE CE EXAMS
http://jada.ada.org/ce/home
http://jada.ada.org/ceworksheets

From The Journal of the American Dental Association

February, 2023

FRACTURE RESISTANCE OF DEFECTIVE AMALGAM RESTORATIONS REPAIRED 

WITH A RESIN-BASED COMPOSITE MATERIAL
Catherine E. Hopkins, Natalia Restrepo-Kennedy, Amira Elgreatly, Carissa Comnick, Marcos Vargas, Erica C. Teixeira

J Am Dent Assoc. 2023 February;154(2): 141-150.
Doi: https://doi.org/10.1016/j.adaj.2022.10.012
https://jada.ada.org/article/S0002-8177(22)00677-8/fulltext

This article has an accompanying online continuing education activity available at:

https://doi.org/10.1016/j.adaj.2022.10.012
 PMID: 34952683 

DOI: https://doi.org/10.1016/j.adaj.2022.10.012

Copyright © 2020 American Dental Association. Published by 
Elsevier Inc. All rights reserved.
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From The Journal of the American Dental Association

October 2023

WORLDWIDE PREVALENCE OF NATAL AND NEONATAL TEETH

SYSTEMATIC REVIEW AND META-ANALYSIS
Filipe Colombo Vitali, Pablo Silveira Santos, Carla Massignan, Mariane Cardoso, Lucianne Cople Maia, 
Saul Martins Paiva, Cleonice da Silveira Teixeira

J Am Dent Assoc. 2023 October;154(10): 910-921.
Doi: https://doi.org/10.1016/j.adaj.2023.06.017
https://jada.ada.org/article/S0002-8177(23)00403-8/fulltext

This article has an accompanying online continuing education activity available at:

https://doi.org/10.1016/j.adaj.2023.06.017
 PMID: 34952683 

DOI: https://doi.org/10.1016/j.adaj.2023.06.017

Copyright © 2020 American Dental Association. Published by 
Elsevier Inc. All rights reserved.
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THE NEED FOR IMPROVED STANDARDS OF COMMONLY 
USED EQUIPMENT FOR RECORDING OF EMG AND TMJ 
SOUNDS IN DENTAL CLINICS
Sven Erik Widmalm1a*

1 Computer Science and Engineering Division, College of Engineering, University of Michigan, Ann Arbor, MI 48109, USA
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Recording both Electromyographic (EMG) and temporo-mandibular joint (TMJ) sounds using surface (SEMG) 
and intramuscular electrodes can prove to be extremely beneficial for both dental research and clinics. 
SEMG can provide a comprehensive overview, while needle EMG can be used to analyze the functioning 
of a specific muscle or muscle component. Amplifiers should have various power level options and a flat 
frequency response. When using needle electrodes for EMG recording, it is crucial to have a sampling rate of 
at least 10,000 Hz to capture the necessary waveforms.
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ABSTRACT

KEYWORDS

1. EMG ANALYSIS
There are many applications where integration of 
EMG may be useful [1]. The early users of EMG were 
enthusiastic about the main virtue of integrated 
outputs as having the convenience of a numerical 
read-out, and that the output could be fed directly 
to automatic devices [2]. It was, however, soon 
realized that integration also had dangers. Grossman 
and Weiner published 1966 [3] about those hazards, 
such as failure to discriminate between artifacts 
and unit potentials, where naked-eye examination 
of standard records is superior. Basmajian pointed 
out [2] that one can only compare the levels of the 
integrated curve with parts of the same curve”. 

1.1 Settings
It is desirable to have options for different settings 
of gain, sampling rate, bandwidth, and frequency 
response. Amplitude, waveform, and contraction 
pattern as seen in the raw EMG recording are 
important variables. High sampling rates, wide 
enough bandwidth, and flat frequency response [4] 
are critical for truthful recording of those variables 
both in EMG and sound analysis.

1.2 Gain
Analog systems for EMG recording, such as Medelec/
TECA, had 9 different gain settings of 50 to 100 000 
for amplitude levels from 5 µV to 10 mV. That many 
settings are not needed for SEMG, but the amplifiers 
should preferably have a few options for different 
gain levels. Clipping of amplitudes now occurs freq-
uently at strong clenching. The excuse is usually that 
clipping does not have a significant effect on the 
integration values. However, analysis of “raw EMG” 
is also of interest and amplitude is an important vari-
able. As an example, the variable kurtosis cannot be 
calculated correctly if amplitude clipping occurs [5]. 

1.3 Frequency response and bandwidth
The EMG and sound signals are recorded with two 
limits for the frequency content, called the high pass 
(HP) limit and the low pass (LP) limit. The HP limit 
means that the frequencies lower than that limit are 
recorded with a lower gain and should not be used 
in the analysis. The LP limit means that frequencies 
higher than that limit are recorded with a lower gain 
and should not be used in the evaluation. Those limits 
should be set at levels that make it possible to record 
all frequencies in the signal that may be of interest. 
They are regarding audible TMJ sounds about 20 Hz 
to 20,000 Hz and for EMG with needle electrodes 2Hz 
to 10,000 Hz. 
The EMG amplifiers must should preferably have a 
flat frequency response within the whole frequency 
area for the signals of interest [6] because to secure 
that the signal’s different frequencies are amplified 
with the same gain. The presently used amplifiers 
have a “hump” in the 100-300 Hz area with decreased 
gain before and after that bulge. 
Waveforms are of high interest, the sampling rate 
should in EMG be at least 10,000 Hz when recording 
with needle electrodes. The true waveforms of sound 
waveforms need rates that are up to 200000 Hz 
which is not a problem with modern sound recording 
systems. The bandwidth  should preferably be 
adjusted accordingly. 
 The A/D cards should have as many bits as possible, 
to get the waveforms closer to what they were in 
analog recordings. 

1.4 Needle electrodes
Recording with intramuscular electrodes used to be 
a standard part of EMG procedures, also for dentists 
50 years ago. Some producers of “SEMG only” tools 
claim that such an option is not desirable when 
dentists perform EMG recordings. They motivate this 
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by stating that needle recordings are too painful, 
too dangerous, and too difficult to be performed by 
dentists. They could certainly be too painful for some 
patients 50 to 70 years ago when the EMG needles 
were much thicker than today’s thin replacements. 
Pain reaction is, however, not a reason for never 
using them. Most dentists use needles frequently 
for injection of anesthetics and some techniques, 
like the one needed when anesthetizing mandibular 
molars, is more difficult than most of the techniques 
for needle EMG recordings from jaw muscles. 
There is a risk for hematoma but that is only a real 
problem when recording from the lateral pterygoid’s 
upper head. Hematoma is certainly uncomfortable, 
but the swelling usually disappears after a few days 
without leaving any permanent damage. The dentist 
should describe the risks and ask the patient to sign a 
consent form before making a needle EMG recording. 
I am not aware of any “hematoma statistics” but will 
as a comment tell about my own experience during 
50 years of clinical practice and 20 years with regular 
use of needle EMG. I had two cases of hematoma, 
one when recording from the lateral pterygoid 
muscle and one from local anesthesia before an 
upper molar extraction. My own experience is that 
such a complication is rare.
One situation where the risk for hematoma is not 
enough important is when a patient suffers from 
spastic activity and a BOTOX injection is planned. 
A large part of dental SEMG studies have been about 
the clinical value of recording higher than normal 
levels in jaw muscles during mandibular rest. Studies 
of such activity need to include intramuscular 
recordings to prove which muscle that is the source 
of activity [7].  Labeling the activity as coming from 
a specific muscle without confirmation by needle 
EMG is only an opinion, not a fact, to paraphrase the 
famous statement by Dr. Bernard (Barney) Jankelson. 

2. MUSCLE BIOMECHANICS 

Different parts of the same muscle, such as the deep 
and superior parts of the temporalis muscle and 
the deep and the superior parts of the masseter 
(Figs. 1-4), can have different force vector directions. 
Nearly identical movements can be created by widely 
varying muscular forces. Muscles can alternate 
periods of activity and take turns in activity giving 
the synergists a pause to rest and thereby minimize 
fatigue [8]. They may “take turns” in keeping a steady 
level of force and recording only from one of those 
can therefore give false information about each 
muscle’s activity. Decrease of activity may only mean 
that a synergistic muscle is taking over parts of the 
work.
Figure 3 is from a frontal section through the medial 
pterygoid (ep), masseter (m), and lateral pterygoid 
(lp) muscles. The force vector directions make it 
possible for the masseter and medial pterygoid 
muscles to alternate between working as synergists 
in clenching and as antagonists in mandibular lateral 
movements. It is also a reminder of how close they 
are which makes the content of the SEMG recording 
to be a mixture of masseter and medial pterygoid 
activity. 
Both the masseter and the temporalis have 
subdivisions that have different force vector 
directions than other parts of the same muscle.  My 

experience is that SEMG recordings cannot differ 
between the role of the deep masseter and the 
superior masseter or between the role of the deep 
masseter and the deep portion of the temporalis 
muscle, (Figs. 1-3) when they work as antagonists. 
The masseter has about 15 bundles of fibers (Fig. 4) 
and each bundle can act as a separate muscle. Figs. 
1 and 2 illustrate that large parts of the temporalis 
muscle are deep to the masseter, and that SEMG 
therefore may be a mixture of temporalis and 
masseter activity. Note the large mass of the deep 
temporalis muscle, that is far away from where 
SEMG electrodes are usually placed for temporalis 
recording. 

 Figure 1. A head section in a frontal plane behind the eye bulbs and the 
molar teeth. The main parts of the temporalis (t), masseter (m), tongue, and 
the mylohyoid muscles under the tongue are seen.

 Figure 2. Close-up of a temporalis masseter section. The deep portion of 
the temporalis muscle (1) with origin in the lowest part of fossa temporalis 
and inserting in the medial side of processus coronoideus (5), has an 
antagonist in the deep portion of the masseter muscle (3), also called the 
zygomatico-mandibular muscle. The superior part of the masseter (2). The 
mandibular body (4). The part immediately behind the eye (6). The tongue 
(7). The nasal cavities (8). The adipose tissue between the skin and the 
muscles (9).
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Surface electrodes placed for recording from the 
anterior temporalis muscles cannot avoid to also 
record from the frontal belly of the epicranius that 
can exert strong activity at frowning and may be 
activated by pain. They can also pick up activity 
from the temporo-parietalis or auricularis anterior 
muscles. A common mistake is to always label SEMG 
activity during mandibular rest and recorded in the 
anterior temporalis area as temporalis activity. 

3. SOUND CLASSIFICATIONS & UNITS

MSounds are divided into three groups according to 
audibility for humans, not audible sounds below 20 
Hz, audible sounds between 20 Hz and 20,000 Hz, 
and not audible sounds above 20,000 Hz. Sounds are 
caused by vibrations, but they are always to be called 
sounds even if they are recorded after passing only 
through human tissues, and not through air [9-12]. 

A very high sampling rate is needed for accurate 
recording of the sounds’ waveforms. Definition of 
sounds, adequate labels, and SI units are published 
by the Physical Society. Academic sources are united 
in their definitions of sounds, that is, sounds are 
sounds whether they propagate through air or not 
before being recorded, whether they are audible or 
not by the human ear, and sounds are sounds even if 
nobody was around to hear it [9-12]. Most important 
when discussing applications in dental clinics is that 
it does not matter if the sound has travelled through 
air or not before being recorded. 

3.1 Sound recording
Sounds below 20 Hz can be recorded with a Brüel & 
Kjaer charge accelerometer type 4370 [13] that has 
a flat frequency response between 0.1 Hz and 4,800 
Hz. If sounds under 20 Hz are of interest, the B&K 
transducer is an excellent choice for recording. 
Miniature microphones can be placed in the ear 
canal close to the sound source. The thickness of the 
tissues between the source of sounds and the ear 
canal is only a few mm. In patients with suspected 
disk displacement with reduction, the difference in 
loudness between opening and closing clicking is 
often large. Further studies are required to establish 
such values, but soundcards with 36 bits A/D 
conversion are desirable to get as large dynamic 
range of the patient’s TMJ sound recording as 
possible.
The amplitude of the recorded sounds depends on 
the pressure of the transistor against the skin. This 
varies during the jaw opening due to changes in the 
condyle position.

3.2 Sound amplifiers
3.2.1 Frequency response and bandwidth
As it is for EMG, a basic request has always been, that 
sound amplifiers should have a frequency response 
that is flat. The bandwidth ought to be wide with a 
low pass cutoff at 20,000 Hz. It would be ideal if the 
high pass limit was close to zero, but microphones 
usually have that limit at 20 Hz. If it is important 
to also detect sounds with frequencies below 20 
Hz, the recordings must be complemented with 
soundtracks made with special sensors that can 
record such frequencies. 

3.2.2 Sampling rate
Figure 4  shows how increasing the sampling rate 
from 48,000 Hz to 194,000 Hz improves the quality 
of the recorded waveform of a 16,000 Hz sineway. 
Each small circle marks the position in the sinewave. 
With a sampling rate of 48,000 Hz about 4, and with 
194,000 Hz about 12-13 positions are marked in each 
single sinewave. 
Figure 5 has a contour plot in the left window of a 
TMJ clicking sound and the original waveform of 
the clicking is shown in the right window. It was 
recorded with a miniature microphone placed in the 
ear canal. The colors represent energy levels on a 
scale from low (blue) to high (yellow). The plot shows 
that the area with energy is at about 5000 Hz to 6000 
Hz, which also is the area with highest audibility for 
the human ear.

   13-18

 Figure 3. A frontal section through the medial pterygoid (ep), masseter 
(m), and lateral pterygoid (lp) muscles. The deep masseter is seen in the 
upper right corner with origin at the distal side of the processus coronoideus 
and an insertion into arcus zygomaticus.

 Figure 4. This figure from reference 24 illustrates the differences in 
orientation of muscle bundle subdivisions of the superior and the deep 
masseter. Both have separate fiber bundles with individual directions of 
the force vectors. Presently biomechanical SEMG studies are based on the 
false assumption that the jaw muscles always has only one force vector 
direction. This is true about many arm and leg muscles. The masseter and 
the temporalis have however parts with significantly different force vector 
directions. In the study of jaw muscle biomechanics, SEMG can be 
misleading because the directions of force vectors can differ significantly 
between superficial and deep parts depending on which bundles that are 
active. 
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3.3 Artifacts in sound recording
Skin contact transducers, such as those used in JVR 
recordings [15], can also record movements, that 
cause artifacts in the sound recording [16]. They are 
especially sensitive to sudden jerky condylar and 
cable movements. 

3.4 Wave forms
Graphs of TMJ sounds’ waveforms can be misleading 
if the sampling rate is too low. Because very few 
studies have been made with high quality miniature 
microphones, we still do not know what the LP limit 
is, but we do know that it is at least about 16,000 
Hz. The sampling rate of 194,000 Hz is needed for 
high quality recordings of the forms of the highest 
audible frequencies (Fig. 6). The size of such data 
records was too large for old time computers, but 
they are not for today’s versions. Modern amplifiers 
for sound recording, have a bandwidth of about 20 
Hz to 20,000 Hz. 

3.5 Time constant – the forgotten factor
Recording of TMJ sounds, combined with jaw 
movement recording, is a valuable tool in diagnosis 
and analysis of the relations between TMJ sounds 
and disk position [16,17]. The time location during 
jaw movements of clicking is a helpful information. 
The time constant for sounds is less than a 
millisecond (ms) [18]. However, for jaw movement 
recordings, it can be as large as 40 ms [21] which can 
be a significant error because a fast jaw opening-

closing movement can take less than 100 ms. [19]. 
If looking for the causes of TMJ clicking, it is needed 
to also record during fast and not only during slow 
movements. A problem is that the exact values of 
time constants are seldom, if ever, reported in the 
relevant equipment manuals. 

3.6 Possible harmful effect on hearing ability of TMJ 
sounds
Clicking is often a snapping sound (Fig. 7) and the 
peak loudness may last only for about 0.2 ms. The 
amount of energy can be very low even if the dB 
level is high. That can explain why clicking with 
high dB levels may not cause immediate damage. 
Clinical experience tells us that some patients can 
have clicks, that can be heard several meters away. 
It is therefore possible that TMJ clicking as heard 
by the patient himself can have levels well above 
the 85 dB, that is the common limit for potentially 
harmful sounds. It should be noted, however, that dB 
is not a loudness variable Audible sounds can have 
very high dB levels while the loudness is low. The 
possible longtime effects of chronic audible clicking 
should not be ignored and deserve more attention 
in research. Fig. 7 shows the wave form of a typical 
short duration clicking (snapping) sound. Note the 
exponential decay of amplitude down to noise 
level (arrow E) after about 2 ms. Some patients have 
clicking that can be heard 6-8 m away. A question of 
interest is, how high would the loudness level be as 
heard by the patient with such clicking, and can it 
be harmful? This could be researched by comparing 
hearing ability between sides in subjects with 
chronic unilateral TMJ sounds. The dB level of strong 
clicking may be about 130 dB but still not harmful, 
if the time duration is short, a few ms. or less. Future 
studies are needed. 

4. FLOW CHARTS

Models have been designed to help in diagnosis. They 
are often designed as flow charts [23] but without the 
probability of the answers to each step being correct. 
That may often be lower than 80 %, but even if it is that 
high, it takes only a few steps before the probability of 
correct guidance is about 50 % or less. If the probability 
of the correct answer to each step is 80 %, the credibility 
of the answer to a step will be 80% of the probability 
of the preceding step. In a flow chart with 4 steps the 
probability will be 1st step 80%, 2nd step 64%, 3rd step 
51 %, and 4th step 40.8 %. This means that it would be 
deceptive to have more than two steps in a flow-chart.

 Figure 5. This figure is a contour plot of a TMJ clicking sound recorded 
with a miniature microphone. The colors represent energy levels on a scale 
from low (dark blue) to high (red). The plot shows that the bandwidth of the 
sound is about 100 Hz to 12,000 Hz, with the energy peak at about 6,000 
Hz. The colors represent energy levels on a scale from low (dark blue) to 
high (red).

 Figure 6. The small circles on the waveform mark the position of each 
consecutive sample of the recorded sine way. An acceptable representation 
of the waveform was obtained when the sampling rate was 196,000 Hz. 
This is no problem if modern amplifiers are used.

 Figure 7. The wave form of a short du¬ration clicking (snapping) sound. 
Noise level (arrow E) is reached after about 2 ms. T = temporal period 
duration. Amplitude level is in arbitrary units. 
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5. CONCLUSION

VThe following options in equipments used for EMG 
recordings in dental clinics are suggested to be standard.
Options for intramuscular electrodes and microphone 
input.
Options for multiple gain settings to avoid clipping of 
amplitudes.
Options for increased bandwidth for EMG to 2Hz – 
10,000 Hz, and sounds to 20 Hz – 20,000 Hz, 
Flat frequency response in amplifiers to make sure that 
all recordable frequencies are documented with the 
same gain.
SEMG of masseter and temporalis activity can be a 
source of misconceptions regarding the role of parts 
with different force vector directions such as between 
the deep and superior parts of the masseter and 

between the zygomatico-mandibular and the deep 
temporalis muscle. The value of integration of EMG 
as a method can be discussed but classical methods 
for analysis of “raw EMG”, that is not integrated EMG, 
should not be abandoned. It is motivated to update the 
presently used equipment in a way that true amplitude 
values, waveforms, EMG pattern, can be recorded within 
the full bandwidth of the signals without clipping or 
distortion of form. 
The TMJ sounds are called sounds even if they are in not 
audible frequency areas and whether they have passed 
through air or not.
Flow-charts should consider the probability of the 
statements or questions in each step.
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Questions
1. What should the gain of a surface EMG amplifier be?
qa. The gain should be 1000;
qb. The amplifier should have options for different gain settings at low and at high activity. They should 
be variable from high to differ between rest and low activity to high enough to avoid clipping at maximal 
activity;
qc. The gain should be 5000;
qd. The gain should be 10,000.

2. How should the frequency response be for a TMJ sound/vibration amplifier?
qa. The frequency response should be limited to frequencies below 1000 Hz and higher for a specific area, 
such as 100Hz to 300 Hz than for the other areas;
qb. It can be “curved” and a flat frequency response is not needed;
qc. The amplifier should ideally have a flat frequency response for audible sounds/vibrations (20 Hz to 
20,000 Hz);
qd. The amplifier should record the frequencies below about 500 Hz.

3. What type of sensor or technique is best for TMJ sound/vibration recording?
qa. Skin contact transducer;
qb. Miniature microphones;
qc. Stethoscope;
qd. Finger palpation.

4. TMJ sound analysis:
qa. Vibrations cannot be called sounds unless they pass through the air before being recorded;
qb Sounds above 1000 Hz are not of clinical interest;
qc. Not audible vibrations cannot be called sounds;
qd. Sounds are called sounds even if they do not pass through the air before being recorded.

Widmalm SE.

CV
Sven Erik Widmalm (DDS) is Specialist of Stomatognathic Physiology certified by the Swedish National Board of Health and 
Welfare, Professor Emeritus, University of Michigan, Scientific Research Consultant at the Second Affiliated Hospital Zhejiang 
University School of Medicine.
Widmalm worked as Senior Researcher at the Karolinska Institute, Stockholm, and later at the University of Michigan, School of 
Dentistry, and as Adjunct Research Scientist, at the Electrical Engineering & Computer Science College of Engineering University 
of Michigan.
Widmalm has been a Visiting Professor, at Yonsei University, Seoul, Korea, at Chosun University, Guang-ju, Korea, at Fourth 
Military Medical University, Xi'an, Shaanxi Province, China, and at Zhejiang University. 
Widmalm’s doctoral thesis was based on electromyographic (EMG) recordings of jaw reflex activity. He has published original 
research based on anatomical dissections, TMJ sound, and electromyographic jaw muscle studies.

Sven Erik WIDMALM
DDS, PhD, Professor Emeritus

Computer Science and Engineering Division
College of Engineering
University of Michigan

Ann Arbor, MI 48109, USA

18



Stoma Edu J. 2023;10(1-4):                                                                          pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

O
ri

g
in

a
l A

rt
ic

le
s 

    19-25

DENTAL MATERIALS
EFFECT OF THERMAL CYCLING ON MICROHARDNESS 
VALUES OF RESIN COMPOSITES WITH DIRECT AND  
INDIRECT INDICATIONS CURED BY DIFFERENT  
POLYMERIZATION TECHNIQUES
Meltem Mert Eren1a*       , Günçe Ozan2b       , Solen Gunal3c      , Mahmut Erol4d      , Ergun Kelesoglu5e      , Iffet Yazici6f       , 
Hande Șar Sancakli2g

1 Department of Restorative Dentistry, Faculty of Dentistry, Altinbas University, 34217 Bağcılar/İstanbul, Türkiye
2Department of Restorative Dentistry, Faculty of Dentistry, Istanbul University, 34116 Fatih/İstanbul, Türkiye 
3Department of Restorative Dentistry, Faculty of Dentistry, University of Kyrenia, Karakum Kyrenia TRNC, Cyprus
4Department of Metallurgical and Materials Engineering, Faculty of Chemical and Metallurgical Engineering, Yildiz Technical University, 34220 Esenler/
İstanbul, Türkiye
5Department of Material Science and Technologies, Faculty of Science, Turkish-German University, 34820 Beykoz/İstanbul, Türkiye
6Department of Prosthodontics, Faculty of Dentistry, University of Kyrenia, Karakum Kyrenia TRNC, Cyprus

aDDS, PhD, Assistant Professor; e-mail: meltemmert@yahoo.com; ORCIDiD: https://orcid.org/0000-0002-5903-6636
bDDS, PhD, Assistant Professor; e-mail: gunce.saygi@istanbul.edu.tr; ORCIDiD: https://orcid.org/0000-0003-1018-3173
cDDS, PhD, Professor; e-mail: solen.gunal@kyrenia.edu.tr; ORCIDiD: https://orcid.org/0000-0002-9112-6420
dEng, Research Assistant; e-mail: mahmute@yildiz.edu.tr; ORCIDiD: https://orcid.org/0000-0003-1332-4242
eDDS, PhD, Associate Professor; e-mail: ergun.kelesoglu@tau.edu.tr; ORCIDiD: https://orcid.org/0000-0002-9953-9342
fDDS, PhD, Assistant Professor; e-mail: iffet.yazici@kyrenia.edu.tr; ORCIDiD: https://orcid.org/0000-0001-7250-517X
gDDS, PhD, Professor; e-mail: handesar@istanbul.edu.tr; ORCIDiD: https://orcid.org/0000-0001-8063-0413

Introduction The present in vitro study investigated the effects of cyclic temperature changes on the surface 
hardness of composite resins that could be used indirectly and cured by different polymerization methods. 
Methodology A total of 200 disc-shaped samples (5 mm x 2 mm) were prepared from resin composites with 
indirect indications (ENA HRi Bio Function [BF], Enamel Plus HRi [HRI]), an indirect composite (Gradia Plus [GR]), 
and a direct composite (Herculite XRV Ultra [HL]). Composite samples were divided into subgroups according 
to the 20- or 60 seconds polymerization methods with either a light emitting diode (LED), halogen curing 
units, or a dual mode light curing unit (Labolight DUO) (n=10). Then, the specimens were subjected to ageing 
through 5000 thermal cycles at temperatures alternating between 5°C and 55°C with a dwelling time of 30 
seconds in water baths. Finally, all samples were subjected to hardness testing using a digital microhardness 
tester. Scores in Vickers values were analyzed statistically using the ANOVA and Bonferroni tests at p<0.05. 
Results Thermal cycling had significantly affected the microhardness values of groups polymerized with 
both the halogen (GR- 60 seconds, HRI- 60 seconds) and LED units (HRI- 60 seconds). Dual mode curing had 
significantly increased the microhardness scores of HRI and HL groups (p<0.05). Among all groups, regardless 
of the curing time or unit, BF had the highest microhardness scores. 
Conclusion Although thermal cycling had significantly affected the microhardness scores of some groups of 
composite resins with indirect indications, its efficiency could be reported as inconsiderable. 

Dual mode curing; Polymerization; Microhardness; Resin composites; Thermal cycling.
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ABSTRACT

KEYWORDS

1. INTRODUCTION
Improvements in the materials science and adhesive 
technology have led dental clinicians to have a wide 
spectrum of options for tooth-coloured restorations, 
even when the teeth are severely damaged. In the 
past, most of these cases were treated with crown 
restorations, but now, onlays and overlays are highly 
common and applied frequently. Furthermore, 
nowadays, there are restorative materials which could 
be used for both direct and indirect applications of 

composite resins. These materials are conventional 
composite resins comprised of increased filler ratios 
and adapted to extraoral curing settings [1]. With 
higher filler ratios and increased curing time, these 
materials are reported to provide higher mechanical 
properties [2].
Common curing methods used for the composite 
materials with indirect indications include high 
energy irradiation, which can be conducted through 
the use of different polymerization devices, from 
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halogen to light emitting diodes (LEDs), or additional 
devices such as laboratory equipment [1]. After the 
polymerization reaction of the resin composites 
occurs, a three-dimensional cross-linked network 
is developed, which is termed the “polymer chains” 
[3]. The degree of conversion of the materials could 
change in all of the polymerization methods, which 
could consequently lower the final properties at 
the end. The degree of conversion after the poly-
merization reactions are previously reported to 
be up to 77% for direct composite resin materials 
[4]. Thus, uncured monomers are eluted and able 
to soften the polymer matrices, resulting in lower 
microhardness values and a lack of resistance to 
wear [5]. As the polymerization reaction occurs as 
same steps as in the halogen and LED curing units, 
laboratory polymerization devices emit light with 
either constant or intermittent setting, or by using 
extra polymerization methods such as vacuum or 
pressure. Labolight Duo is one of these devices 
equipped with polywave (blue and violet) LED light 
sources and speculated to ensure optimal hardening 
of resin materials with high power outlet and 
different curing modes. Besides, with the relevant 
additional polymerization methods, a greater 
monomer conversion is achieved by having more 
formation of the polymer chains on the indirect 
usage of suitable composite materials. Studies have 
also reported higher mechanical properties, such 
as superior microhardness values [6,7]. However, 
additional polymerization devices generally have 
extended curing times. Prolonged curing time have 
been reported to increase the degree of conversion 
and lower the residual monomers thus, improving 
the properties of composite materials [5].
Properties such as microhardness values of compo-
site resins directly increase with the degree of 
conversion, which describes the actual rate of the 
chain reaction [8]. However, in the polymerization 
process, tensions can arise within the composite 
structure, possibly leading to degenerations and 
crack formations [8,9]. As a result of these hazardous 
situations, the properties of the materials could once 
again be negatively affected. Thus, microhardness of 
the restorative resin composites is to be measured 
after dynamic tests that constitute stresses or 
tensions during and after prolonged polymerization 
reactions. Thereby, the clinical behavior of the 
material may be better understood. 
Thermal cycling is one of the most common dynamic 
test mechanisms used to simulate the temperature 
changes in the oral environment; thus, it is a useful 
methos for evaluating the physiological ageing of 

dental materials [10]. These temperature changes 
may lead to the contraction or expansion of the 
restorative materials, and as a result of these changes, 
resin matrices of the materials may absorb water. 
Ultimately, the degradation of the polymeric network 
may increase, or existing cracks in the structure may 
widen [11]. In each case, the resistance of the material 
will be reduced. In the literature, bath temperature 
and a number of cycles have not been standardized, 
but commonly used bath temperatures for testing 
dental materials are of 5 °C and 55 °C, with a dwell time 
of 15-20 seconds [10,11]. Apart from the differences 
in the methodology design of the studies, thermal-
cycling had been previously linked to increased ratio 
of degree of conversion of monomers and surface 
roughness [12], reduced microhardness and flexural 
strength of direct composite materials [13]. On the 
other hand, there are a few studies investigating the 
post-thermal outcomes of composite resins with 
indirect indications [14,15]. Since not only thermal 
cycling but also thermopolymerization methods such 
as autoclave or microwave were also investigated in 
those studies, no clear conclusions could be drawn 
regarding the thermal effect to microhardness 
scores of indirect composite materials. However, 
the alterations between the microhardness scores 
of the indirect composites were attributed to the 
polymerization mode of the device used or the 
monomer matrix type [14].
Since there have been similar monomer types 
among indirect composites and conventional 
direct composites, the polymerization mode may 
be investigated. Therefore, the present study 
investigated the effect of thermal cycling on the 
microhardness values of composite resins poly-
merized with different curing devices in order to 
find out the optimum materials and polymerization 
methods that could be applied for severely-damaged 
teeth. The null hypotheses of the study were that 
there would be no significant differences (1) after 
thermal cycling among microhardness values of 
(2) tested materials (3) those cured with various 
polymerization methods.

2. MATERIALS AND METHODS 

2.1 Sample preparation
A nanohybrid direct composite, a nanohybrid 
indirect composite, and two composite resins which 
are indicated for both direct and indirect restorations 
were tested in the present in vitro study. Compositions 
and types of  materials are presented in Table 1. 

Type of 
Material

Material Brand Lot number Shade Filler 
ratio

Composition

Direct 
nanohybrid 
composite

Herculite XRV Ultra
[Enamel] [HL]

Kerr 6591129 A2 71% wt., 
54% vol.

Bis-GMA, TEGDMA, Bis-EMA, SiO2, 
Barium silicate glass, Prepolymerized 
filler with barium silicate glass and silica

Indirect 
composite

Gradia Plus [GRA] GC 1304201 Enamel 
[Heavy Body]

71% wt. 1-5% Bis-GMA, 5-10% TEGDMA, 1-5% 
UDMA; ceramic filler

Nanohybrid 
composite

Enamel Plus HRi 
[HRI]

Micerium 2016007321 Enamel [UE2] 75% wt., 
53% vol.

UDMA, Bis-GMA, 
1,4-butandioldimethacrylate, nano 
zirconium oxide [20 nm], glass fillers 
[1 μm]

Microhybrid 
composite

Enamel Plus HRi 
Bio Function [BF]

Micerium 2019008590 Enamel [BF2] 74% wt., 
60% vol.

UDMA, TCDDMA, silicone dioxide 
[0.005-0.05 μm], glass fillers [0.2-3 μm]

*Bis-GMA: bisphenol-A glycidyl dimethacrylate, TEGDMA: triethylene glycol dimethacrylate, UDMA: urethane dimethacrylate, Bis-EMA: ethoxylated 
bisphenol-A-dimethacrylate, TCDDMA: Tricyclodecane dimethanol dimethacrylate. wt%: weight percentage, vol%: volume percentage.

 Table 1. Compositions and types of  tested materials*.

Mert Eren M, et al.
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A total of 200 samples were fabricated using a 
cylindrical metallic mold (5 mm in diameter and 2 
mm thick). Each material was inserted into the mold 
and confined between two opposing transparent 
matrix strips. A glass microscope slide (1 mm in 
thickness) was then placed over the mold, and 
constant pressure was applied to extrude the excess 
material. Afterward the samples were divided 
into 5 subgroups according to the polymerization 
methods (n=10): i) Halogen for 20 seconds (Halo 
20), ii) Halogen for 60 seconds (Halo 60), iii) Light 
emitting diode (LED) for 20 seconds (LED 20), iv) LED 
for 60 seconds (LED 60), or v) A dual-mode curing 
device (Dual-mode). Curing times, wavelength of the 
curing device, and the mode of polymerization unit 
are given in Table 2. 

Curing 
unit

Name Irradiance 
[Mw/cm2]

Wavelength
[nm]

Application

Halogen Lunar 
[Benlioglu 
Dental, 
Turkey]

500 380-500 Samples were 
polymerized for 20 or 60 
seconds in direct contact 
with glass slide.

LED D-Light 
Pro [GC, 
Japan]

1400 T 385-515 T Samples were 
polymerized for 20 or 60 
seconds in direct contact 
with glass slide.

Dual-mode Labolight 
Duo [GC, 
Japan]

- T 380-510 T Samples were 
polymerized in full 
mode of the curing 
device for 3 minutes, 
after 10 seconds 
polymerization by 
abovementioned LED 
curing unit in direct 
contact with glass slide.

All samples were then removed from the mold, 
evaluated for visible surface defects, and kept in 
distilled water at 37 ±1°C for at least 24 hours. 
Afterwards, finishing and polishing procedures 
were performed with a silicone polisher kit 
(Diatech, Coltene, Switzerland) according to the 
manufacturers’ instructions. Then, all samples were 
washed under running tap water to remove residuals 
from the polishing procedures and dried gently with 
air spray. Finally, all of the samples were stored under 
light-proof conditions in distilled water at 37 ±1°C 
for at least 24 hours before testing. 

2.2. Microhardness testing and thermal cycling
The surface microhardness of the specimens was 
measured using a microhardness tester (Schimadzu 
HMV-G, Kyoto, Japan) under a load of 300 g for 15 
seconds. The average value of the three indentations 
for each sample was taken in terms of Vickers 
hardness number (VHN) and recorded as the 
“baseline” score. Then the samples were subjected 
to thermal cycling (SD Mechatronik Thermocycler, 
Rosenheim, Germany) of 10.000 cycles using 5°C and 
55°C water baths, with a dwelling time of 30 seconds 
and a resting time of 15 seconds. Following the 
thermal cycling, samples were air-dried and three 
indentations were assessed again to reach the “final” 
microhardness scores. Then, all of the “baseline” and 

“final” scores were averaged. An illustration of the 
experimental period is given in Fig. 1. 

2.3. Statistical analysis
The statistical analysis was done using SPSS 27.0 
[SPSS, Chicago, IL, USA] at a significance level of 
0.05. The results were primarily analyzed using 
the Kolmogorov-Smirnov test to determine the 
existence of a normal distribution. Since the data 
were normally distributed, differences observed 
within the baseline and final scores of each material 
were analyzed by Student’s t-test. Further statistical 
analyses for cross-comparing among groups were 
performed by the one-way ANOVA and Bonferroni/
Dunn test. 

3. RESULTS

Mean microhardness values (VHN) of all groups 
and statistical analysis within subgroups before 
(baseline) and after (final) thermal cycling of tested 
composite resins are given in Table 3. 

Groups & Subgroups n Mean Std. deviations p*

HRI-Halo 20
Baseline 10 43.99 2.84

0.28
Final 10 45.29 3.22

HRI- Halo 60
Baseline 10 40.13 2.14

0.000
Final 10 2.93 1.28

HRI- LED 20
Baseline 10 48.79 2.15

0.27
Final 10 49.06 1.77

HRI-LED 60
Baseline 10 46.16 2.22

0.040
Final 10 48.91 2.28

HRI-Dual-mode
Baseline 10 57.06 7.60

0.49
Final 10 56.13 4.55

BF-Halo 20
Baseline 10 63.13 5.49

0.40
Final 10 64.27 5.55

BF- Halo 60
Baseline 10 71.14 3.88

0.34
Final 10 72.27 3.19

BF- LED 20
Baseline 10 67.52 7.30

0.68
Final 10 68.74 3.20

BF-LED 60
Baseline 10 66.2 3.30

0.10
Final 10 68.67 2.58

BF-Dual-mode
Baseline 10 69.31 5.00

0.31
Final 10 71.01 6.47

 Table 2. Properties and application of the curing devices.

 Figure 1. An illustration of the experimental period.

 Table 3. Mean microhardness values with standard (Std.) deviations and 
the statistical differences within subgroups before and after thermal 
cycling.
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GRA-Halo 20
Baseline 10 53.91 4.45

0.22
Final 10 51.35 3.16

GRA- Halo 60
Baseline 10 48.69 1.87

0.001
Final 10 50.63 2.31

GRA- LED 20
Baseline 10 48.91 2.49

0.16
Final 10 50.82 3.16

GRA-LED 60
Baseline 10 57.92 5.67

0.43
Final 10 58.88 3.99

GRA-Dual-mode
Baseline 10 53.90 3.65

0.51
Final 10 54.18 1.90

HL-Halo 20
Baseline 10 43.75 1.66

0.19
Final 10 45.27 2.19

HL- Halo 60
Baseline 10 52.73 5.09

0.33
Final 10 51.30 2.90

HL- LED 20
Baseline 10 47.97 3.58

0.17
Final 10 49.26 3.27

HL-LED 60
Baseline 10 47.90 1.60

0.51
Final 10 48.96 2.47

HL-Dual-mode
Baseline 10 4.64 5.62

0.63
Final 10 54.65 3.30

*p<0.05 presents significantly different scores within subgroups.

According to the analysis within subgroups regarding 
the effect of thermal cycling, it could be noted that 
no significant differences were detected among 
groups except for subgroups of HRI- Halo 60, HRI-
LED 60 and GRA-Halo 60. The final microhardness 
values of those groups were significantly higher than 
those of the baseline scores (p<0.05). 
The statistical analysis regarding the subgroups of 
tested materials are given in Table 4.

Materials Polymerization methods Baseline Final

HRI Halo 20 43.99A 45.29a

Halo 60 40.13A 42.93b

LED 20 48.79B 49.06a

LED 60 46.16B 48.91a

Dual-mode 57.06C 56.13c

p 0.000* 0.000*

BF Halo 20 63.13D 64.27d

Halo 60 71.14E 72.27e

LED 20 67.52D,E 68.74d,e

LED 60 66.25D,E 68.67d,e

Dual-mode 69.31D,E 71.01e

p 0.015* 0.003*

GRA Halo 20 53.91F 51.35f

Halo 60 48.69G 50.63f

LED 20 48.91G 50.82f

LED 60 57.92F 58.88g

Dual-mode 53.90F 54.18f

p 0.000* 0.000*

HL Halo 20 43.75G 45.27g

Halo 60 52.73H,I 51.30h

LED 20 47.97G,H 49.26i

LED 60 47.90G,H 48.96g,i

Dual-mode 54.64I 54.65h

p 0.000* 0.000*
*Uppercase letters of “Baseline” values and lowercase letters of “Final” values 
of each material group showed significant difference regarding polymerization 
methods.

Regarding the materials, in most of the polymerization 
methods, BF showed higher microhardness values 
among other tested composites. Comparing the 
only indirect composite resin material, GRA, BF 
showed significantly higher microhardness values in 
all polymerization methods (p<0.05). Furthermore, 
inferior microhardness values were reported for 
HRI than GRA and HL in groups polymerized with 
halogen (p<0.05). In LED groups, HRI showed 
similar microhardness values to HL but had lower 
scores than GRA. GRA showed significantly higher 
microhardness values than HL when polymerized 
with Halo 20 and LED 60. 
Among the polymerization methods, the dual-
cure curing unit had significantly increased both 
baseline and final microhardness values of the HRI 
group only. However, microhardness values of the 
rest of the composite materials had only improved 
numerically by dual-cure curing unit. Except for the 
only indirect composite group of the study, GRA, 
there were no significant differences among the final 
microhardness values of the LED groups. In most of 
the Halo 20 and LED groups, similar microhardness 
results were gained among tested composites.

4. DISCUSSION

The microhardness of the resin-based composites 
is directly affected by their polymerization ratio. The 
prameters regarding light curing of these materials 
such as exposure time and distance, radiant emittance, 
and wavelength of the curing unit, could affect the 
polymerization efficacy [5]. Various polymerization 
methods may alter the formation rate of double carbon 
bonds and affect the level of residual monomers in the 
structure. The efficiency of polymerization could be 
measured directly by spectroscopic measurements, 
which are expensive and much more time consuming 
than indirect methods. On the other hand, micro-
hardness is one of the indirect methods and is 
commonly used in many studies due to its repeatability 
and simple usage [16]. Thus, the present in vitro study 
investigated the effect of thermal cycling on the 
microhardness scores of resin-based composites with 
indirect applications, which were cured with different 
polymerization methods.
Composite materials are subjected to temperature 
and humidity changes in the oral environment which 
may affect their behavior against upcoming forces  
and form a physical degradation such as wear, abrasion, 
and fatigue. These stress conditions are commonly 
simulated in the laboratory through thermocycling 
[10,17]. It is one of the most widely accepted methods in 
the international literature [10], and also allows a transfer 

 Table 4. Mean microhardness values of all groups and their significant 
differences regarding the polymerization methods before and after 
thermal cycling.*
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of the obtained in vitro results to the clinical practice [17]. 
Aging the materials with thermal cycling may stimulate 
temperature-related or hydrolytic breakdowns of resin 
matrices, however, in the present study, there were no 
considerable changes in the microhardness scores of 
the tested groups. A significant improvement in the 
microhardness scores of only three groups (GRA Halo 
60, HRI Halo 60 and LED 60) were obtained, so the first 
hypothesis of the study is partly rejected. 
According to the literature, thermal cycling had lowered 
the microhardness scores [13,18], wear resistance 
[12], flexural strength [18], and increased the surface 
roughness [12]. The enhancement in the microhardness 
scores of the related group of materials, which were 
polymerized with extended curing time, could be 
attributed to a couple of reasons. The increased 
temperature and the thermal shocks provided by 
the design of thermal cycling increase the monomer 
movements as well as the elution of unreacted 
monomers. Some free radicals that are entrapped in 
the polymerization process were reported to remain in 
the structure for many weeks [19]. After thermal cycling, 
these free radicals were able to join within any double 
bonds and maintain the polymerization reaction, thus 
leading to a higher final microhardness [13]. Still, the 
effect of thermal cycling to the microhardness scores of 
the tested composites may count as inconsiderable.
In both the anterior and posterior areas, one of the main 
reasons for restoration failures are the fractures of the 
composite bulk or mix of teeth/restoration structure [20]. 
So, today’s strategies for strengthening the resistance of 
composite materials are to increase the filler content 
and improve curing initiation, monomer systems, and 
polymerization modes [21,22]. With the help of the 
improvements in the material and adhesion science, 
there are now various types of composites that could be 
used when there is a lack of remaining tooth structures. 
In the present study, direct and indirect composites 
showed significantly different microhardness scores, 
thus the second hypothesis is rejected.
GRA as an indirect composite was presumed to 
show the highest microhardness scores, but in many 
experimental groups, it is reported to have the second-
best microhardness scores. Indirect composites differed 
from direct composite materials by particular changes 
in the structure, such as filler and monomer types 
and/or an improved filler or matrix adhesion [23]. 
Along with the polymerization methods improved 
with the laboratory devices such as heat, vacuum, or 
extra light applications, with some of the previous 
studies reporting comparable physical and mechanical 
properties of indirect composites to hybrid ceramics 
and even CAD/CAM blocks [17,21,23,24]. 
However, in the present study, the microhybrid 
composite BF, which has a higher filler ratio (74%) than 
GRA (71%), showed significantly higher microhardness 
scores in all groups except for Halo 60. These superior 
results could not only be attributed to BF’s higher filler 
ratio, but also its monomer content. The bulky three-
ring structure of the TCDDMA monomer in BF slows 
down the polymerization rate and provides more 
double bonds before the reaction is completed [25]. 
Thus, the advantageous organic and inorganic 
contents of BF could be the reason why it has greater 
microhardness scores in tested polymerization 
methods.

Moreover, as fillers ratios of the tested materials are similar 
to each other (between 71% - 75%), the differences 
in the monomer type may alter the microhardness 
scores. It was reported that addition of TEGDMA to 
resin matrices increases the double bond conversion in 
polymerization reactions [26]. In the present study, the 
two tested composites involving TEGDMA (GRA and HL) 
showed similar microhardness values following BF. The 
related monomer may have an effect on these results, 
however, its ratio in the structure and the interactions 
with other monomers may also have an influence on 
the final microhardness parameter. On the other hand, 
except for the polymerization with the dual mode 
curing unit, tested HRI groups showed significantly 
and numerically lower microhardness scores than 
HL groups. As HL has both the direct and indirect 
indications, it is reliable to use with the dual mode 
curing devices. Although BF and HRI are composites 
of the same brand and BF showed significantly higher 
results, it could be erroneous to lead an indisputable 
opinion on these composite materials. In order to form 
an indisputable opinion, more of the mechanical tests 
should be conducted, such as elasticity modulus, and 
flexural and tensile strength.
The enhancement of a composite material’s micro-
hardness after polymerization with various light curing 
units or methods has been reported in previous studies 
[16,27,28]. In addition to this, extended curing durations 
has been investigated with various curing devices in 
the present study. As the curing time recommended 
by manufacturers is generally the minimum seconds 
required, it may not be effective in every clinical setting 
[29]. Besides, extended curing time may improve 
the performance of composite materials against oral 
forces [17]. Regarding the results, there are significant 
differences between the various polymerization 
methods tested in the current study, thus, the third 
hypothesis is also rejected.
Polymerization of composite materials is influenced 
by many parameters, such as curing time, irradiance 
of the curing unit, and composite layer thickness [16]. 
The amount of light transmitted from the surface to 
the bottom of the composite layer is one of the main 
specifying factors for final microhardness score [16,29]. 
The effect of structural differences of the tested materials 
is widely discussed above, but there is one important 
point which could affect the light transmittance. In 
parallel with other studies, “shades” of the composites 
are chosen to the ones commonly used at the top layer 
of the restorations [28,29]. So, they were all “enamel” 
composites that should have the highest transparency 
than “dentin” or “body” composites.
Extended curing time (60 seconds) improved the micro-
hardness scores of HL, BF, and GRA significantly. The  
only indirect composite of the current study, GRA, 
showed significantly different microhardness values in 
LED groups, however BF and HL also showed significantly 
different microhardness values in halogen groups. On 
the other hand, the dual mode device had significantly 
and numerically improved the microhardness levels, 
and even the highest values were obtained in two of 
the groups (HRI and HL). Even though the LED device 
had a higher light density, the various differences in 
the scores between LED and halogen groups may 
be attributed to the materials’ compatibility to the 
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wavelength of the curing devices or the differences 
between the shade and level of the photoinitiators. The 
dual mode device used in the present study involves 12 
blue and three purple LEDs, thus, as compared to the 
other devices, the highest light intensity was expected. 
Although polymerization efficiency is multifactorial, it 
could still be concluded that all of the tested composite 
materials had benefited from the wide wavelength 
spectrum of the dual mode curing device. This result is 
also in accordance with Mayinger et al. (2021)’s study [1]. 
Therefore, when compared with the material selection, 
the polymerization procedure (LED or halogen) may 
play a minor role. Still, further studies are needed to 
investigate this hypothesis.
The results of the present in vitro study have to be 
evaluated in regards to its limitations. There was a 
limited number of tested samples and a lack of elements 
of oral cavity. Within the present methodology, only 
the thermo-hydrolytic effect of the materials was 
tested, but the influence of extrinsic factors such as 
beverages, toothpaste, or mouthwashes and also of the 
intrinsic factors such as masticatory or chewing forces 
were not included in the present study. Furthermore, 
in order to highlight the effect of thermal cycling and 
various polymerization methods, only one example of a 
parameter, microhardness, was evaluated. 

5. CONCLUSION
Various polymerization methods generated by 
extended light curing and different curing units were 
investigated in the current study but, thermal cycling 
did not significantly affect the microhardness scores, 
so its influence could be counted as inconsiderable. As 
the manufacturers recommended definite curing times 
with various polymerization devices, it should be noted 
that dual-mode curing had significantly improved 
the microhardness scores of the tested nanohybrid 
composites only. Thus, various polymerizaton methods 
and extended curing times tested in the study had 
affected the microhardness scores depending on the 
material-basis.  
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Questions
1. The level of degree of conversion of direct resin composites are reported to be up to a 
…… ratio?
qa. 70%;
qb. 75%;
qc. 77%;
qd. 90%.

2. Which of the following is not a consequence of remaining uncured monomers?
qa. A reduction in microhardness; 
qb. An increase in microhardness;
qc. A reduction in wear resistance;
qd. Organic matrix softening.

3. Which of the following is not a property of laboratory polimerization devices?
qa. High power outlet;
qb. Extended curing times;
qc. Various curing modes;
qd. Low battery level.

4. Which of the following has not been previously linked with thermal cycling 
procedures?
qa. A rise in surface roughness;
qb A rise in the degree of conversion; 
qc. A rise in surface corrosion;
qd. A reduction in microhardness.
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Introduction This study assesses the effectiveness of a whitening treatment by analyzing the variations in 
the color of the tooth surface using a spectro-photometer that employs the CIE "L*a*b*" system.
Methodology A Professional Motivational Kit containing 6% hydrogen peroxide whitening gel and blue 
covarine toothpaste was used on a sample of 30 subjects. Six applications were performed, two per day, and at 
the end time-point two (T2) was taken. The results of the treatment were analyzed with a spectrophotometer. 
After an initial detection using the L*a*b*, executed at baseline (T0), the whitening product was applied for 
10 minutes. The L*a*b* values were then detected at time one (T1). Six applications were performed, two per 
day, and at the end time-point two (T2) was taken. A statistical analysis was carried out. 
Results The results showed a positive ΔE (> +2) after the sixth application. A statistically significant variation 
in the colorimetric parameters L*, a*, b* with Test T < 0,05 was observed for all the parameters (p<0,05). 
Conclusion Our study demonstrated that the whitening treatment with 6% hydrogen peroxide whitening 
gel and blue covarine toothpaste has immediate positive effects.

ABSTRACT

Dental; Dental Care; Dental Equipment; Esthetic Dentistry; Vital Tooth Bleaching.

1. INTRODUCTION

Smiling plays a decisive role in social interactions. 
Given that smiling entails revealing one’s teeth, the 
whiteness of the teeth and their good state of health 
are essential for self-esteem and self-confidence 
[1,2]. A smile should also communicate strength and 
confidence. Consequently, a ‘perfect’ smile is thus 
not only sought after by adolescents and young 
people as part of their social media requirements, 
but also by leaders and those who work in the public 
domain. In fact, the literature highlights how a strong 
clear color of the teeth gains greater social appeal 
than smiles that show teeth with a more natural 
color [3]. In particular it is reported that physical 
appearance has a very important role in human 
social interactions. The face is usually considered 
the social card presentation, even if in some cases 
a severe body disfigurement can be an important 
obstacle. Considering the face, the eyes and mouth 

are the most important elements. People’s smiles are 
thought to be the major components determining 
the attractiveness of the facial aesthetics. This is why 
in the dental field, whitening is in very high demand, 
with a market growing by 15% every year [4]. 
The color of the teeth is determined by the intrinsic 
feature and by extrinsic elements like stains that 
can form on the external surface of the teeth. The 
intrinsic color of teeth is influenced by how light is 
scattered and absorbed at the surface and within the 
structure of the teeth. The perception of teeth color 
is determined by the enamel which is a scattering 
trans-lucent material. In some cases enamel is not 
able to cover the underlying dentine enough; this 
can influence the overall perception of the color of 
the teeth. 
Whitening can be performed with various methods: 
the most commonly used one are those used by 
professional dental clinics and in-home whitening 
kits. There are also numerous options on the choice 
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of product and application times, which is why it 
is necessary to choose the one most suited to the 
individual and to the dentist’s clinical experience 
[5]. Tooth whitening products help to improve 
the aesthetic and whiteness of the elements by 
improving the intrinsic color of teeth and in some 
cases removing the extrinsic stains. These can be 
even taken off by the abrasive and polishing action of 
dental prevention.  
Home whitening products treat discolored teeth in 
a discreet and non-invasive way, but which is also 
effective, thanks to the use of hydrogen peroxide-
based products (HP) and carbamide peroxide (CP). 
Although the action of hydrogen peroxide and its 
effect on enamel and dentin have not been fully 
understood yet [6], it permeates these tissues 
and produces free radicals that break down the 
pigmented molecules and create a whitening effect. 
A whitening agent based on low hydrogen peroxide 
concentration has a positive aesthetical impact [7] 
and also gives good clinical results, with fewer side 
effects than those products at high concentrations 
[8]. Carbamide peroxide’s activation depends on a 
reaction with water that determines the production 
of active components that permit the whitening 
process. When performing home whitening with 
peroxide of hydrogen, the only documented side 
effect is a slight and transient hypersensitivity, which 
ceases at the end of the procedure [9-11]. In relation 
to the use of whitening products, the use of products 
containing bleaching agents with concentrations of 
less than 0.1% peroxide of hydrogen, as adjuvants to 
therapy is widely used. 
The effectiveness of toothpaste whiteners is still 
under debate. However, recent studies have shown 
that toothpaste whiteners containing blue covarine 
show a whitening effect from the first use, with a 
statistically reduced yellowing of the teeth [12]. Thus 
although there are numerous techniques, products 
and whitening agents for improving the aesthetics of 
patients, not all whitening treatments are suitable for 
everyone [13] and they should only be used as part 
of a comprehensive treatment plan developed by a 
dentist after a thorough oral examination [14].
The aim of this study was to assess the effectiveness 
of the motivational whitening kit named “White 
Beauty Professional Motivational Kit” with White Now 
toothpaste (Miromed - Mentadent, Unilever, Italy).

2. MATERIALS AND METHODS

The product is an athome whitening system packaged 
in vials containing 1ml of whitening gel, with a 6% 
concentration of hydrogen peroxide. Thanks to its 
highly viscous consistency, the whitening gel can be 
spread homogeneously over the entire tooth surface, 
thus reducing the risk of ingestion. Furthermore, it 
contains water, which prevents dehydration of the 
dental elements. The kit also contains a whitening 
toothpaste with blue covarine, used as adjuvant 
during the treatment.

Informed consent was obtained and signed by all 
participants, explaining all the information about the 
product, the procedures carried out and the possible 
complications, as well as the instructions for the 
application of the product. 
The protocol was reviewed and approved by the local 
Ethical Committee (nº 0111335 University of Insubria, 
21100 Varese VA, Italy 23/12/2022).
In order to ensure an objective evaluation of the 
color differences obtained after using the whitening 
product in question, a spectrophotometer was used 
(SpectroShade micro, MHT, Italy). The color variation 
in the vestibular surfaces of the central upper incisors 
was analyzed before, during and after the whitening. 
For the application of the product, the protocol 
consisted in the application of the whitening gel on 
the buccal surface of selected teeth, twice a day for 
three days. 
The degree of subjective satisfaction was evaluated 
through an anonymous questionnaire for all 
participants.
The study sample consisted of 30 subjects. The 
inclusion criteria were as follow:
- age between 18 and 50
- periodontal Screening Record (PSR) of 1 or 2
- good state of oral health
- absence of previous whitening treatment in the past 
24 months
The exclusion criteria were:
- presence of systemic diseases
- patients in pharmacological treatment
- hypersensitivity to the active ingredient contained 
in the product
- anomalies of dentin development or accentuated 
intrinsic dyschromia such as amelogenesis imper-
fecta, fluorosis or tetracyclines
- patients with fixed orthodontic appliances or 
nocturnal retainers
- patients with prosthetic elements
- smokers (>10 cigarettes/day)
For each patient, the buccal surfaces of the four upper 
incisors were treated twice a day for 3 days. The 6% 
hydrogen peroxide gel was applied on the vestibular 
surface for 10 minutes. The CIELAB color space (also 
known as L* a* b*) was then recorded using the 
spectrophotometer. 
Three parts of each tooth were analyzed: the incisal 
third, the middle third and the gingival third. The 
measurements were recorded at three different 
times: before the treatment (T0), after the first 
application (T1), and at the end of the treatment (T2). 
Before starting the procedure, the subjects brushed 
their teeth thoroughly using the toothpaste included 
in the kit. A frontal digital photograph was acquired 
using a digital camera, and the spectrophotometer 
was then used to detect the parameters of value, 
chroma and hue for the upper incisors at incisal, 
middle, and gingival level [14,15]. The subjects were 
given all the information they needed to carry out the 
home treatment. 

Evaluation of Motivational Whitening Treatment

27



Stoma Edu J. 2023;10(1-4):                                                                          pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

O
ri

g
in

a
l A

rt
ic

le
s 

26-31

Levrini L, et al.

At the end of the procedure, a satisfaction 
questionnaire on the treatment was carried out, to 
evaluate the difference between objective evaluation 
and subjective perception of the results. 
The following questions were asked: 
Did you notice a change in tooth color?
Did you experience gum irritation and dentinal 
hypersensitivity? 
Did you feel more motivated to take care of your smile?
Would you recommend the treatment to your family, 
friends and acquaintances?
Did you find it difficult to follow the instructions of the 
treatment?
SpectroShade Downloader® and SpectroShade 
Database® were used to create an archive of the 
images. 
Descriptive and statistical analysis was performed 
using Microsoft Excel (Microsoft Corporation, 
Redmond, Washington, USA), and the statistical 
significance was set at p<0.05. For the descriptive 
analysis, the formula ΔE = (ΔL2 + Δa2 + Δb2)½ 
was applied for each tooth at incisal, middle, and 
gingival level. In detail, ΔL represents the difference 
of two L* values, Δa the difference of two values 
a* values and Δb the difference of two b* values. 
This formula represents the distance between two 
points in the color space and expresses the overall 
color difference between two samples, indicating an 
objective measurement. Accordingly, it was possible 
to calculate the color difference (ΔE) of two spectro-
photometric measurements: between T0 and T1 and 
between T0 and T2.

3. RESULTS

The spectrophotometric results showed an overall 
increase in L * of +1.11, while a decrease in a * of -0.66 
and a decrease in b * of - 1.52 were observed after the 
sixth application (T2). (Tab. 1)

Δ1 Δ2

L* 0,317 (S.D. 0,21)* 1,11 (S.D. 0,44)*

a* -0,364 (S.D. 0,25)* -0,66 (S.D. 0,32)*

b* -0,756 (S.D.0,56)* -1,52 (S.D. 0,86)*

After the first application, an increase in L* of +0,317 
was recorded, while there was a decrease in a* of 
-0,36 and in b* of -0,76. An ΔE of +1.87 was observed 
after the first application (between T0 and T1) (Fig. 1) 
and of +2.71 after the sixth application (between T0 
and T2) (Fig. 2). The descriptive analysis (ΔE) of the 
experimental study showed a clinically detectable 
color change only after the sixth application (T2), in 
fact an ΔE> 2 was obtained only between T0 and T2 
(Tab. 2). 
The L * values showed a significant increase, while a 
* and b * decreased significantly after whitening. The 
results show a homogeneous change in tooth color 
throughout the sample, with few outliers.

The statistical analysis was performed with a 
Student Test and reported that the variations of 
colorimetric parameters L *, a *, b *, between T0 and 
T1 and between T0 and T2 (Figure 3), presented a 
p-value not statistically significant (> 0.05). The only 
exception was for L * after the first application. 

Δ1 Δ2

Incisal 1,94 (S.D. 0,83) 2,84 (S.D. 0,78)

Medial 1,80 (S.D. 0,76) 2,57 (S.D. 1,12)

Gingival 1,86 (S.D. 0,96) 2,71 (S.D. 1,01)

ΔE 1,87 (S.D. 0,91) 2,71 (S.D. 0,94)

The satisfaction questionnaires were filled in by all 
participants and gave a Likert scale from 0 (not at all) 
to 10 (very) in terms of satisfaction. The results were 
encouraging: more than 50% of the subjects noticed 
a change in the tooth color with an average Likert 
Scale of 7.36.

A total of 80% of the participants did not experience 
gum irritation and dentinal hypersensitivity and 83% 
said they were now much more motivated to “take 
care of their smile” and they would all recommend 
the treatment to family, friends and acquaintances.

 Table 1. L*a*b* variations between T0-T1 and T0-T2. (* p<0,05).

 Figure 1. Spectrophotometric analysis of 2.1 at T0 .

 Figure 2. Spectrophotometric analysis of 2.1 at T2.

 Table 2. ΔE variations of the L*a*b* parameters beteween T0-T1 and 
T0-T2.

 Figure 3. Spectrophotometric analysis of 2.1 at T2.

28



Stoma Edu J. 2023;10(1-4):                                                                          pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

O
ri

g
in

a
l A

rt
ic

le
s 

24-29

Evaluation of Motivational Whitening Treatment

Almost 90% of the participants did not find it difficult 
to follow the directions during the treatment, which 
was carried out without complications. Finally, the 
whitening treatment was well tolerated by most of 
the patients. 
Over the past twenty years, scientific research on 
teeth whitening has increased notably [13] and the 
use of home whitening treatments is increasing. The 
scientific literature claims that a hydrogen peroxide-
based whitening agent in low concentrations 
can achieve good clinical outcomes with less 
adverse effects compared to treatments at high 
concentrations [8]. Furthermore, the application of 
color science in dentistry has enabled the precise 
description of the ideal color and whiteness of the 
teeth. Progress in instrumental measurement means 
that the reproduction of these parameters is quantifi-
able and reliable [16]. Other studies confirmed 
that color variation, evaluated as ΔE, is considered 
clinically significant and it is perceived by the subject 
only when it appears to be greater than +2.14 [17].
This evidence is also supported by our findings that 
revealed a clinically significant ΔE, at a rate of +2.71 
after six applications of the product. Despite the 
minimal variation, the perception of the change 
was expressed by all the patients in the satisfaction 
questionnaire. 

4. DISCUSSION

In our study we observed that this whitening product 
produced a significant increase in L * (+ 1.11) and an 
excellent reduction of parameters a * (-0.66) and b * (- 
1.52), leading to an increase in the clarity of the color 
of the teeth and a decrease in the red and the yellow 
rate. Indeed, the degree of satisfaction is more related 
to the variations of b * rather than of L * or a *, thus 
the reduction of yellow is of primary importance for 
evaluating the effectiveness of whitening products 
[16].
In accordance with the spectrophotometric 
and descriptive analysis (ΔE), which highlighted 
encouraging results in the clinical efficacy and in the 
subjective perception, the statistical analysis revealed 
that the whitening treatment produce statistically 
significant results with a p-value> 0.05 for the L * a * b 
* parameters at T0, T1 and T2. 
These results agree with Sarrett et al. [13], who 
highlighted how the whitening treatment does not 
follow fixed rules, but is influenced by physiological 
and non-physiological variables, such as age, sex, 
quality and quantity of dental tissues, diet, bad oral 
hygiene, and lifestyle.
According to other studies, dental hygiene and 
periodontal health are fundamental prior to any 
whitening treatment and other dental procedures, 
especially for orthodontics and surgery [18].

The spread of bleaching products in commerce need 
to raise awareness as to their benefits and effects: the 
study of Basheer et al. [19] observed that over the 
counter bleaching agents improve teeth color in a 
similar way to at home bleaching but they both could 
leave the enamel surface slightly rough. 
Estay et al. stated that 6% hydrogen peroxide is an 
effective bleaching agent with a valid one year follow 
up, and could provide a positive psychosocial impact 
on patients. 
In conclusion, our study highlighted the effectiveness 
of the whitening product starting from the first 
application (T1), which led to an increase in the L * 
parameter and a decrease of a * and b *. Furthermore, 
all the subjects enrolled in this study were satisfied 
with the result obtained. 
Our results highlighted that in order to increase 
psychophysical well being, the whitening treatment 
needs to be tailored to the patient, in order to achieve 
significant results not only at a clinical level, but also 
at a statistical level.
The study has some limitations: firstly, the small size 
of the sample, but also the fact that the starting colors 
of the teeth treated differed from patient to patient. 
Further studies are needed to confirm the findings.

5. CONCLUSION

Our study demonstrated that the whitening treatment 
with “White Beauty Professional Motivational Kit” has 
immediate positive effects.
It shows good clinical results after the sixth application, 
regardless of the starting color and moreover, it leads 
to an increase in L * (clarity) and to a decrease in the a 
* and b * (red and yellow, respectively). 
In conclusion, the White Beauty Professional 
Motivational Kit, which contains 6% hydrogen 
peroxide, could represent an alternative to the 
traditional application of hydrogen peroxide at 
home, even though further research is needed to 
confirm the findings.
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Evaluation of Motivational Whitening Treatment

Questions 
1. What is the CIELAB color space?
qa. A method to express color using L*a*b*;
qb. A unite of measurements for dental bleaching;
qc. A unite of measurement for color opacity;
qd. A scale of tooth sensibility.

2. According to the satisfaction questionnaire reported in the study:
qa. A total of 80% of the participants did not experience gum irritation;
qb. 90% of the participants find it difficult to follow the instructions;
qc. 12% of the subjects noticed a change in the tooth color;
qd. 87% of the participants would not repeat the treatment.

3. After how many applications is the “White Beauty Professional Motivational Kit” 
effective?
qa. 6;
qb. 3;
qc. 2;
qd. 1.

4. A fundamental factor for dental bleaching success is:
qa. Dental hygiene and periodontal health;
qb. The brand of the product;
qc. The patient’s nationality;
qd. The hours the product is used.
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ORTHODONTICS

AN ALTERNATIVE METHOD FOR ACCESSING IMPACTED 
CANINE USING A COMPUTER-AIDED DYNAMIC  
NAVIGATION TECHNOLOGY
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Objective This in-vitro study aimed to compare dynamic navigation guidance (DNG) to the freehand method 
for exposure of palatally impacted canines.
Materials and Methods Eighteen models with bilaterally palatally impacted canines were fabricated from 
resin. The models were scanned, and canine exposure was planned on CBCT by either traditional or DNG 
approach by randomizing the method and side. The time to plan, prepare, and drill was recorded. The Initial 
and final size of the osteotomy was measured. Time and osteotomy sizes were compared by jaw and method 
using two-way ANOVA. 
Results Thirty-six teeth were exposed evenly distributed between techniques. The total volume for initial 
and final osteotomy was assessed. The preparation time was significantly longer for the DNG, on average 
10:07 (min:sec) compared to 3:19 for freehand (p<.0001).
The time to locate the tooth was significantly different on the left side, with DNG taking approximately two 
minutes longer than freehand (2:03; p=.0423) but did not differ significantly on the right side (16.78s longer 
for freehand; p=.9809). The time to finish the procedure did not vary significantly based on the method 
(p=0.8342) or side of the model (p=.3441). The total time was significantly longer for DNG (7:48; p<.0001). 
The initial osteotomy was marginally significantly smaller for DNG on the right side by an average of 7.25mm3 
(p=.1520). The difference on the left side was insignificant (0.81, p=0.9933). The total volume removed did 
not differ significantly between the two methods (p=0.88851) or on the side (p=0.7582).  
Conclusion DNG can be used for canine exposure; however, the method requires longer preparation and 
operation time.

ABSTRACT

Computer-Aided Navigation Technology; Impacted Tooth; Maxillary Osteotomy; Dental Digital Surgery;  
Tooth Movement Techniques.

1. INTRODUCTION

Adult maxillary canines erupt into the dental arch 
around the age of 11 to 12 [1]. A canine is possibly 
impacted if it remains unerupted despite its root 
being completely developed or the contralateral 
tooth being erupted for at least six months with 
complete root formation [2]. Second to mandibular 
third molars, maxillary canines are the most 
commonly displaced or impacted teeth [3]. One-
third of canine impactions are located labially or in 

the alveolus, while two-thirds are located palatally 
[4]. Palatally displaced canines (PDCs) cannot erupt 
naturally. Depending on the population, less than 
1-3% of patients present with canine impactions, [5] 
of which 8% occur bilaterally [6].
Canine impactions often go unidentified beyond the 
normal expected eruption timeline because they 
typically erupt later in the sequence of maxillary 
teeth. In addition, the deciduous canine may be 
mistaken for the permanent canine due to the close 
resemblance between these teeth. On the panoramic 
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Exploring Dynamic Navigation for Palatally Impacted Canine Uncovery

radiographs of patients in mixed dentition, 78% of 
the impacted canines were identified when their 
cusp tips overlapped or were located mesial to the 
long axis of the erupted lateral incisor root [2]. Once 
identified, management often involves surgical 
exposure of the tooth, along with orthodontic 
treatment. 
The surgical approaches traditionally utilized to 
facilitate exposure of the impacted canines include 
open and closed techniques [9]. With developments 
in Cone-Beam Computed Tomography (CBCT) 
imaging technology, the location of impacted canines 
and their proximity to other teeth can now be easily 
determined. An accurate and better visualization of 
impacted canines in three dimensions is the key to 
the efficient and successful management of surgical 
exposure procedures [10].
Recently, a computer-aided system called dynamic 
navigation guidance (DNG) has been explored in 
implant dentistry and endodontics [11-13]. This 
technology enables the operator to pre-plan the 
osteotomy for optimal access to the impacted tooth 
with the aid of computer software on a preoperative 
CBCT. This virtual access is then turned into guided 
access with the help of computer software, fiducial 
landmarks, and a stereolithic camera that guides the 
drill directly to the desired location [14] Dynamic 
navigation guidance systems allow the surgeon to 
visualize the osteotomy and implant site entirely 
during preparation. The monitor provides real-time 
video feedback, which guides the osteotomy and 
minimizes positional deviations. 
Applications of DNG have been explored and 
documented in endodontics and implantology, 
however no evidence exists at present on the 
feasibility of its application in orthodontics for 
uncovering impacted canine teeth. The primary 
objective for this study was therefore to explore the 
potential use of DNG approach in guiding access to 
palatally impacted canines. The second objective 
was to assess the time to plan and perform the 
canine exposure, the size of the initial access, and 
the final size of the osteotomy needed to completely 
uncover the impacted tooth achieved via DNG and 
compare it to a free-hand approach.

2. METHODS AND MATERIALS 

Three 3D-printed plastic maxillary models (Navident, 
Claronav, Canada) representing various clinical 
scenarios (clinic scenarios 1, 2, and 3) of impacted teeth 
and edentulous space configurations were chosen. Six 
replicas of each model type were fabricated, and each 
model's left and right sides were considered as access 
sites, resulting in 36 tests.
In this study, the epoxy models with lead powder were 
used for radiopacity. First, the crowns of de-identified 
extracted teeth were individually wrapped in molding 
clay that served as follicle space. This configuration 
was chosen to simulate impacted canines, which were 
then randomly embedded within the epoxy bilaterally 
on the right and left palatal aspect of the dental arch, 
roughly in the canine location (Fig. 1A). 

A preoperative (first) cone beam computed 
tomographic (CBCT 1) scan (CareStream Kodak 8100 
3-D Cone Beam, Carestream Dental, Atlanta, GA) was 
obtained for each model, and the image was loaded 
into the dynamic navigation software (Navident, 
Claronav, Canada), where virtual surgical access to 
the impacted tooth was planned. (Fig. 1B)

Once the models were prepared, they were mounted 
in manikins on the dental chair, and tags were attached 
to the jaw and handpiece (Fig. 2). 

The attached tags and a camera above the operating 
field provided live video feedback to guide the 
osteotomy along the pre-planned pathway to the 
target location. During the procedure, the computer 
screen displayed the CBCT plan and real-time feedback 
on the drill or instrument tip deviation from the ideal 
planned position (Fig. 3). 

 Figure 1A-F. One of three maxillary models used in the study (A) with 
initial CBCT 1 of impacted canines (B). Preparation of Initial Access (IA) on 
the model (C), and volumetric analysis of IA on second CBCT 2 (D). Enlarged 
Final Access (FA) preparation for crown exposure (E), and volumetric 
analysis of FA on the third CBCT 3 (F).

 Figure 2. Experimental set-up with typodont head and maxillary model 
on a dental chair (A), tracking tags attached to jaw (A) and handpiece (B) 
enable tracking during the navigated procedure.

 Figure 3. Planned osteotomy access (yellow) with real-time positional 
feedback on virtual display (green). 
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placing the bur tip on three random points on the 
model. A randomization schedule determined the 
order of model type used (clinic scenarios 1, 2, and 3), 
the side of the model (left or right), and the method of 
access (freehand or dynamic guided). All procedures 
were performed by a third-year graduate student in 
periodontics with previous experience in surgical 
tooth exposure and no previous experience using 
computer-aided Dynamic Navigation Technology.
Following the initial osteotomy, a second CBCT (CBCT 
2) was captured to measure the area of the initial 
access (IA). (Fig. 1C,D) The DNG technique allows only 
the planning of straight-line access, and therefore it 
was used for the IA osteotomy only. All osteotomies for 
both groups were then further enlarged by freehand 
method for complete uncovery of the impacted tooth 
to enable attachment of the orthodontic chain. The 
final CBCT (CBCT 3) was taken to measure the size of 
the final access (FA) osteotomies. (Fig. 1E,F) Each initial 
access was performed to be ideal, minimally invasive 
with the minimum material removed for the operator 
to locate the tooth in order to eventually completely 
uncover the impacted canine. 
The CBCT scans were taken using Carestream Cone 
Beam CT scanner (CS-8100D, Carestream Dental 
LLC, Atlanta, GA, USA.) at 60kVp and 2mA with the 
Voxel size of 150µm. All scans were analyzed with 
the ITK/SNAP DICOM viewer (http://www.itksnap.
org/download/snap), an open source medical 
image computing platform for biomedical research. 
A manual segmentation tool was used to segment 
the osteotomy opening on the right and left side. 
The images were evaluated in the axial, coronal 
and sagittal planes. With a manual segmentation 
paintbrush tool, a standard brush size of 5 was used 
to mark the consistent thickness of the voxels of the 
osteotomy opening. For each access on each model, 
two end points of the walls of the osteotomy sites 
were connected by the paintbrush marking and 
were confirmed in the all three planes for accuracy.
The interpolation tool was then used to fill any gaps 
between markings due to the non-orthogonal nature 
of the anatomy. The software then automatically 
calculated the volume in mm3 and provided the 3D 
rendering of the osteotomy opening in the form of 
a 3D-disc.
The time to plan and prepare for each procedure, 
including the time to access and fully expose the 
canine, was determined using a stopwatch (Apple 
iPhone X, Apple Inc. Cupertino CA, USA). The 
time required for procedures guided by dynamic 
navigation included virtual planning of the access 
for the osteotomy and calibration of the handpiece 
recognition pattern tags. The time to plan and prepare 
the site started at the opening of the CBCT image and 
stopped once the operator was ready to begin the 
procedure. Both exposure methods were timed from 
the initial opening of the CBCT file until the operator 
had familiarized himself with the surgical site and 
prepared the appropriate access approach. The timer 

was stopped following the initial access when a new 
CBCT (CBCT 2) was taken, but it was started again for 
the operator to completely uncover the impacted 
canine. The final uncovery was performed solely using 
the freehanded method. All the steps in this study 
were performed by one single operator.

Statistical Methods
Two-way ANOVA models were used to test for 
differences in time and volume based on the side of 
the jaw (left vs. right) and the method (freehand vs. 
DNG). An interaction term allowed for differences in 
the effect of the technique based on the side of the 
jaw. Post hoc pairwise comparisons were performed 
with Tukey's adjustment to account for multiple 
comparisons. SAS EG v.8.2 (SAS Institute, Cary, NC) 
was used for all analyses. The significance level was 
set at 0.05. 
 
3. RESULTS 

The time to prepare for the procedure was significantly 
longer for the DNG technique than for the freehand 
method (p<.0001). The preparation time was, on 
average, 10:07s for the DNG method and 3:19s for the 
freehand approach. The time to locate the tooth was 
significantly different on the left side of the models 
with the DNG, taking approximately 2 minutes longer 
than the freehand approach (2:03; p=.0423) but did 
not differ significantly on the right (16.78s longer for 
the freehand approach; p=.9809). The time to finish 
the procedure did not vary significantly based on the 
method (p=0.8342) or the side of the model (p=.3441). 
The total time was significantly longer for the DNG 
technique (7:48; p<.0001). (Fig. 4) 

Based on a volumetric assessment, the size of the 
initial osteotomy was significantly smaller for DNG on 
the right side of the models by an average of 7.13mm3 
(adjusted p=.0097). The difference on the models' 
left side was not statisticaliy significant (1.86mm3, 
p=.9933). 

Golob Deeb J, et al.

 Figure 4. Average procedure time by side and method (seconds). 

 Figure 5. Average entry volume by side and method. 
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Figure 5 displays the average entry volume by method 
and side of the jaw. The total volume removed did not 
differ significantly between the two methods (78.9 vs. 
77.4mm3; p=.7793) or on the side of the model (79.1 
vs. 77.2mm3, p=.7175). (Fig. 6) 

4. DISCUSSION

This study aimed to investigate the application of 
dynamic navigation guidance for use in the surgical 
exposure of palatally impacted canines and compare 
it to the traditional freehand approach. 
The use of DNG has been applied in various dental 
disciplines. A previous  study reported that dynamically 
guided implant placement was more accurate than 
freehand implant placement in multiple planes of 
orientation, including angular deviation, platform 
positioning, and apical positioning [15]. Similarly, in 
endodontics, the DNG technique showed benefits such 
as conserving thr tooth structure and finding calcified 
canals with better accuracy [11,12,16]. Using DNG, the 
operator can access a pre-determined destination 
with remarkable accuracy within a small access field. 
Therefore, for surgical exposure of palatally impacted 
canines, DNG can provide minimally invasive access 
to the tooth with an overall smaller access osteotomy 
and less volume loss than the conventional freehand 
technique.
In this study, the volumetric analyses revealed that the 
average initial access sizes on both sides were smaller 
for the DNG technique, significantly on the right side 
(7.13mm3, adjusted p=.0097) and less on the left side 
(1.86mm3, p=.9933). This difference favored DNG as 
a more accurate, direct, and less invasive approach. 
The difference between the left and right sides can 
likely be attributed to direct visualization on the left-
hand side for a right-handed operator versus the 
right side, which may be more difficult to visualize 
with the freehand approach but is unaffected by a 
computer-guided dynamically navigated procedure. 
Our findings support that DNG could be used for the 
sites with difficult visualization and demonstrates 
quantitatively the differences in access osteotomy 
size. (Fig. 4) To the best of the authors' knowledge, this 
is the first application of this technology to uncover 
palatally impacted canines. As such, no other studies 
are available for direct comparison. In orthodontics, 
it is crucial to utilize a method that does not harm 
the surrounding area when accessing an impacted 

canine, especially if there is contact with the lateral 
and central incisor.
The extrapolation of relevant findings could be 
interpreted in several ways. First, with less than 
adequate visualization for a right-handed operator, 
the DNG allows more controlled, precise access in 
more difficult operator conditions. The assistance 
that the DNG provides is reflected in a significantly 
smaller initial osteotomy and significant differences 
in volume sizes. On the left side, the differences 
were less significant due to direct vision and better 
visualization of the surgical site. Similar side-specific 
differences have been reported with less accurate 
implant placement on maxillary left sites than on 
contralateral right sites [13]. The differences may be 
attributed to working across the arch, angulation, and 
more challenging accessibility while maintaining the 
orientation of the jaw and handpiece tags within the 
tracking field of view for the left side. 
While the size of the initial osteotomy was significantly 
smaller for the DNG, the size of the final osteotomy 
and total volume removed did not differ significantly 
between the two methods or the side of the model 
as the enlargement of IA to FA was achieved by 
freehand technique for both groups. Since access with 
DNG is essentially in a straight line, once the initial 
access is completed, the operator must continue to 
expose the impacted tooth using the freehanded 
method to ensure all bone and follicular structure 
that may impede the canine's traction is removed. 
After finalizing the uncovery with freehand drilling, 
although the initial size of the access was smaller 
for DNG, we found that the final size of the structure 
removed was similar between the two methods. 
If the accuracy and precision of DNG is its strength, 
the additional time needed in preparation for its use 
is its weakness. The time to prepare for the procedure 
was significantly longer for the DNG experiments 
(p<.0001). The preparation time was, on average, 
10:07s for DNG and 3:19s for the freehand approach. 
The time to locate the tooth was significantly different 
on the left side of the models, with DNG taking 
approximately 2 minutes longer than freehand but 
did not differ significantly on the right. This finding 
supports our volumetric data, suggesting that the 
left side is more difficult for a right-handed operator, 
taking more time and resulting in larger, less precise 
access. The time to prepare the final osteotomy was 
similar based on the method (p=0.8342) or the side 
of the model (p=.3441) since all osteotomies were 
enlarged using the freehand technique. The total time 
was significantly longer for the DNG approach (7:48s; 
p<.0001).
The dynamic navigation guidance method could 
be a valuable tool in impacted tooth uncovering in 
clinical situations with proximity to vital structures, 
adjacent roots, or deep impactions with rotated 
teeth. The advantages of DNG drilling include  
real-time visualization, minimal collateral morbidity, 
pre-determined access, accuracy, and conservation of 

 Figure 6. Average total volume removed by side of the jaw and method.
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tooth structure [12,15]. Accuracy and precision of the 
initial access to the location of the tooth appear to be 
the main benefit associated with this application of 
the DNG technology. The downside of its use is the 
additional time, equipment cost, learning curve to use 
the system, and difficult access in some areas due to 
tracking tags.
Previous studies evaluating the operator learning 
curve using this technology found only slight 
improvements in time and accuracy of implant 
placement between the second and third attempts.13 
Computer-guided simulation is used in other surgical 
fields such as laparoscopy and endoscopy, for training 
and evaluation of the surgical capacity and has 
demonstrated a learning curve and improvement 
with more training [17-19].
There are limitations to this study. First, the jaw tag was 
fixed to the typodont rather than individual models. 
Second, no simulation of soft tissue for mucoperiosteal 
flap elevation was provided on models, which 
influenced the time necessary for each procedure. 
Elevation of a mucoperiosteal flap would have added 
time to the traditional freehand surgical approach. 
Using the DNG approach with precisely planned 
access to the tooth, a surgeon may feel confident in 
the pre-planned procedure and pass directly through 
the palatal tissues to uncover the tooth without raising 
a flap. With the traditional approach lacking this 
precise access to the tooth, the elevation of the flap is 
inevitable. Precise access without a flap would reduce 
the overall time of the DNG procedure and decrease 
post-operative morbidity. An orthodontic chain can be 
passed through a window or tunnel through ablated 
palatal tissues if the tooth position can be accurately 
and predictably accessed [20]. Conversely, if a flap 
is raised to locate and expose the impacted tooth, 
the procedure affects a much larger area, requires a 
larger area of local anesthesia, takes a long time to 
elevate the flap and suture it back, and leads to higher 
intraoperative bleeding and post-operative morbidity.
The total time of the procedures studied here is 
within the reported ranges in the literature. Access to 
palatally impacted canines required 12:1 minutes for 
freehand and 19.92 minutes for dynamic navigation 
guidance. On average, the mean operating time 
previously reported for a closed eruption technique 

was three times longer (36 min) than the open method 
(12 min) [21]. A potential drawback to not reflecting 
a full-thickness mucoperiosteal flap and complete 
visualization of the palatal bone could be insufficient 
osseous removal. Crowns do not contain the cells 
necessary to resorb bone and the crowns may move 
very slowly or not at all, giving the appearance of 
ankylosis. The periodontal health of palatally impacted 
canines has been the subject of several studies [22-25]. 
Previous studies concluded that when a conservative 
surgical technique is used, and the periodontium is 
kept healthy, periodontal attachment loss does not 
occur during orthodontic tooth movement [26,27].

5. CONCLUSION

The advantages of the DNG approach to access 
impacted canines are real-time visualization, accuracy, 
minimal collateral morbidity, and pre-determined 
access in situations with proximity to vital structures. 
Appropriate clinical circumstances may support 
the use of DNG despite the more time-consuming 
and technology-advanced process that  includes 
additional treatment time, equipment cost, and 
operator learning curve.
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1. Which of the following is true for canine impactions?
qa. The majority of impactions are mid-alveolar;
qb. The majority of impactions are labial;
qc. The majority of impactions are palatal;
qd. The location of impactions is equally distributed between the buccal and palatal aspects.

2. Canine impactions often go unidentified beyond the normal expected eruption 
timeline because:
qa. They typically erupt earlier in the sequence of maxillary teeth;
qb. They typically erupt later in the sequence of maxillary teeth;
qc. Deciduous canine may be mistaken for the permanent canine due to close resemblance;
qd. b and c.

3. Which of the following imaging techniques depict accurate spatial relationships of the 
occult pathology in the jaws? 
qa. Intraoral periapical radiograph;
qb. Panoramic radiographs;
qc. Nuclear scan;
qd. Cone beam computed.

4. Dynamic Navigation Guidance has been explored for use in dentistry for:
qa. Implant placement;
qb. Endodontic therapy;
qc. Exposure of impacted teeth;
qd. All of the above.

Golob Deeb J, et al.
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Background The palate is a well-established donor site for obtaining graft tissue, but it is limited by the 
proximity to the adjacent teeth and the greater palatal artery. 
Methods A total of 10 cadaver hemifaces were dissected perpendicular to the median palatine raphe (MPR) 
from the greater palatine to the incisive foramen into vertical slices of 3 mm in width. On each slice, the 
distance from the epithelial surface to the superior border of the GPA, the diameter, the distance from the 
inferior border of the vessel to the bone, the distances from the MPR and from the teeth or midline of the 
alveolar crest to the GPA were measured. 
Results The mean tissue thickness above the GPA was 4.30 mm ranging from 1.92 – 8.72 mm. It decreased 
from the 3rd molar to the canine area with the greatest thickness being in the 2nd molar region and the 
shallowest in the lateral incisor region. A significant correlation (R2 = 0.92) was found between the total 
palatal tissue thickness and tissue thickness above the GPA.
Conclusion The mean tissue thickness above the GPA was 4.30 mm ranging from 1.92 – 8.72 mm. It decreased 
from the 3rd molar to the canine area with the greatest thickness being in the 2nd molar region and the 
shallowest in the lateral incisor region. A significant correlation (R2 = 0.92) was found between the total 
palatal tissue thickness and tissue thickness above the GPA.

ABSTRACT

Connective Tissue Grafts; Dental Research; Free Gingival Grafts; Greater Palatine Artery; Periodontics.

1. INTRODUCTION

The palate is a well-established donor site for 
obtaining graft tissue in periodontal plastic surgical 
procedures [1,2] such as free gingival grafts (FGG) or 
connective tissue grafts (CTG). However, proximity 
to the adjacent teeth on the lateral aspect of the 
palate and the greater palatine neurovascular 
bundle (GPB) on the medial aspect limit the amount 
of graft tissue that can be obtained from the palate. 
Previous studies have been concerned with the 
location of the greater palatine foramen (GPF) as 
well as the greater palatine artery (GPA) and have 
established guidelines on how to estimate the 
distance between the teeth and the GPB. Reiser et 
al. (1996) determined in their cadaver study that 

the average distance between the cemento-enamel 
junction (CEJ) of the maxillary posterior teeth and 
the greater palatine neurovascular structures in an 
average palate is 12 mm, in a shallow palate is 7 mm 
and in a high palatal vault is 17 mm [3]. Comparable 
results were found by Benninger et al. (2012) who 
detected a range of 9 - 16 mm from the CEJ of the 
first molar to the coronal neurovascular structure [4] 
Traditionally, clinicians follow these guidelines and 
choose to avoid removing graft tissue in the area 
close to the GPB out of fear of possible complications 
such as hemorrhaging and paresthesias [5-9]. 
Like previous studies, [3,4] for all measurements 
in this study, human cadaver tissue was used. The 
question arises how closely cadaver tissue resembles 
living human tissue. Simpson and Henneberg (2002) 
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investigated in their forensic study the effect of 
tissue embalming on facial soft tissue. Following 
death, there is considerable dehydration of tissues, 
sufficient to affect the application of the use of 
unembalmed cadavers when comparing it to the 
soft-tissue thicknesses of living humans [10,11]. They 
found a significant increase in tissue thickness of  
50-60% directly following the embalming process, 
which is reduced by about 20% over the next 
6 months. The tissue thicknesses of cadavers, 
which have been embalmed for over 6 months, lie 
approximately midway between these extremes 
of tissue dehydration and recently embalmed 
cadavers. Thus, they concluded that using cadavers 
that have been embalmed for over 6 months may 
be preferable to using unembalmed cadavers or 
recently embalmed cadavers, if the results are to 
be applied to a living population. The embalming 
process effectively rehydrates the tissue and 
embalmed cadavers may be more representative 
regarding tissue thicknesses of living people than 
tissues of recently deceased cadavers [12].
Previous studies have not considered that the 
thickness of tissue above the GPA might be adequate 
to harvest graft tissue in the area above the GPA. 
As gingival grafts are daily procedures during 
oral and periodontal plastic surgery, it is essential 
to determine the exact location of the GPA as in 
courses anteriorly in the palatal groove from the GPF 
to the incisive canal. The goal of the present study 
was to locate the position of the GPA in relation to 
surrounding anatomical landmarks and determine if 
the tissue thickness covering the GPA is sufficient to 
permit gingival grafts to be obtained for periodontal 
plastic surgery procedures in the area close to the 
GPB.
 
2. METHODS AND MATERIALS 

The College of Medical Sciences, Department of 
Anatomy, of Nova Southeastern University provided 
10 embalmed human cadaver hemifaces for all 
measurements in this study. These bodies have 
been donated to NSU for scientific purposes. In the 
anatomy laboratory, craniotomies of the cadavers 
were performed followed by sagittal bisection 
through the maxilla, horizontal plates and central 
incisors and the resultant hemifaces have already 
been used for educational purposes.
Cadaver dissections were performed on a total of 
ten (n=10) cadaver hemifaces of which [7] were 
partially and [3] were completely edentulous. It was 
not possible to accurately determine the gender 
of the hemifaces, hence no anatomical gender 
differences between males and females in the GPA 
could be investigated. To ensure a starting location 
distal to the greater palatine foramen, a vertical 
incision past the junction of the hard and soft palate 
was performed from the median palatine raphe all 
the way to the midline of the alveolar ridge using a 

No. 15 scalpel blade. Following this, the masticatory 
mucosa was sectioned until the greater palatine 
foramen was detected. From the greater palatine 
foramen to the incisive foramen, the palatal tissues 
of the cadavers were dissected into vertical slices of 
3 mm in width perpendicular to the median palatine 
raphe using a double-bladed scalpel (Fig. 1).

On each tissue slice, the following measurements 
were performed (Figs. 2 and 3):
1. Distance from the epithelial surface to the superior 
border of the GPA.
2. Diameter of GPA.
3. Distance from the inferior border of the vessel to 
the palatal bone.
4. Total thickness of the slice at the location of the 
GPA.
5. Distance from median palatine raphe to the GPA.
6. Distance from the CEJ of the teeth directly to the 
GPA in dentate cadavers.
7. Distance from the midline of the alveolar ridge 
directly to the GPA in edentulous cadavers.

All measurements were completed using a 
periodontal probe and a digital caliper. The digital 
caliper was used to obtain an exact result, while 
the periodontal probe was used to evaluate the 
clinical applicability of the findings. In completely 
edentulous cadavers, the midline of the entire 

 Figure 1. Schematic illustration of a cadaver hemiface marked with the 
location of the greater palatine foramen, incisive foramen, intrasulcular 
incision and several tissue slices (from http://3dsciencepics.com/tag/
palate).

 Figure 2. Sectioning of cadaver palate into multiple vertical slices of 3 
mm in width using a double bladed scalpel. 

 Figure 3. Soft tissue slice displaying measurements of the epithelial 
surface to the GPA, diameter of the vessel and distance to the bone using a 
periodontal probe.
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alveolar ridge was marked with a thin black 
permanent marker. Perpendicular to the line 
marking the midline of the alveolar ridge, all missing 
teeth were marked, calculated from the average 
mesiodistal tooth diameter measurements.
All measurements were correlated to each other, the 
head length of the cadavers, the angle of the palatal 
vault and an estimate of the palatal depth.

2.1 Head length
The length of each cadaver’s head was measured in a 
straight line from the glabella point of the forehead 
(g) to the most posterior point (opisthocranion, 
op) of the cranium in the midsagittal plane using a 
spreading caliper. The measurements for the head 
length were related to the different parameters and 
measurements taken on each slice.

2.2 Angle of palatal vault
Before any dissections were performed, alginate 
impressions of all cadaver hemifaces were taken 
and poured into microstone in the laboratory. Heavy 
body impression material was applied to the casts 
at the palatal vault, where the alveolar process 
meets the palatal process above the greater palatine 
foramen and GPA. The angle of the palatal vault was 
measured by using a protractor that was applied to 
slices of obtained impression of the palatal vault. The 
steepest angle was taken as the angle of the palatal 
vault. The angle of the palatal vault was related to 
the other tissue measurements.

2.3 Estimate of palatal depth
In addition, the depth of the palatal vault was 
estimated by two examiners and divided into 
shallow, average and steep according to the 
investigation by Reiser et. al [2]. The estimation of 
the palatal vault was then correlated to the various 
tissue measurements.
This study has a correlational pilot study design. 
Appropriate measures of central tendency (e.g. 
mean) and dispersion (e.g. standard deviation - 
SD) were calculated. ANOVA statistics at a P < 0.05 
significance level to identify correlations was 
performed.

3. RESULTS 

The average of all measurements was performed 
with respect to the opposing teeth in all the subjects. 
Measurements starting from the 3rd molar to the 
lateral incisor using a probe are displayed using  
a periodontal probe (Tab. 1) and a digital caliper 
(Tab. 2).
The comparison of the measurements of the 
periodontal probe and the digital caliper for all 
the measured variables were not statistically 
significantly different (P > 0.10, Power 0.35). Thus, 
the results are displayed as an average of the caliper 
measurements.

 Table 1. Average measurements of the measurements with respect to 
the opposing teeth using a periodontal probe in all subjects. Probe 1 = 
Distance from the epithelial surface to the superior border of the GPA; 
Probe 2 = Diameter of the GPA; Probe 3 = Distance from the inferior border 
of the vessel to the palatal bone; Probe 4 = Total thickness of the slice; Probe 
5 = Distance from the median palatine raphe to the GPA; Probe 6 = Distance 
from the CEJ to the GPA; Probe 7 = Distance from the midline of the alveolar 
ridge to the GPA.

 Table 2. Average measurements of the measurements with respect to 
the opposing teeth using a digital caliper in all subjects. Caliper 1 = Distance 
from the epithelial surface to the superior border of the GPA; Caliper 2 = 
Diameter of the GPA; Caliper 3 = Distance from the inferior border of the 
vessel to the palatal bone; Caliper 4 = Total thickness of the slice; Caliper 5 = 
Distance from the median palatine raphe to the GPA; Caliper 6 = Distance 
from the CEJ to the GPA; Caliper 7 = Distance from the midline of the 
alveolar ridge to the GPA.
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The tissue thickness above the greater palatine 
artery decreased consistently from the 3rd molar to 
the canine area with the thickest mean tissue being 
in the 2nd molar region with 6.25 mm and shallowest 
mean tissue thickness in the region of the lateral 
incisor with 2.92 mm (Fig. 4).

The total palatal tissue thickness followed a similar 
pattern as noted with the thickness of tissue over 
the artery with the smallest diameter in the lateral 
incisor region (4.27 mm) and thickest tissue found 
in the posterior with the thickest tissue in the 
second molar region (7.89 mm). The total palatal 
tissue thickness in the other sites presented to be 
canine (4.42 mm), first premolar (4.32 mm), second 
premolar (5.02 mm), first molar (6.39 mm) and third 
molar (6.92 mm). The mean diameter of the GPA 
ranged from 0.72 mm to 1.39 mm with the biggest 
diameter measured in the second molar and the 
smallest diameter in the lateral incisor region and a 
total range of 0.40 mm to 1.94 mm. The distance of 
the GPA to the bone ranged on from 0 mm to 2.06 
mm and was on average less then 1 mm away from 
the bone throughout palate. The furthest distance of 
the GPA from the bone was detected in the second 
premolar region (0.70 mm) and the closest distance 
in the second molar region (0.28 mm) (Tab. 2).
The distance from the median palatine raphe or 
median palatine suture to the GPA was displayed to 
range from 3.17 mm to 18.42 mm with a total average 
of 10.34 mm. The distance increased consistently 
from anterior to posterior with the greatest distance 
on average being in the region of the 3rd molar with 
13.77 mm and the smallest distance in the region of 
the lateral incisor with 6.02 mm. The distance from 
the CEJ directly to the GPA ranged on average from 
13.88 mm to 14.38 mm in the molar region and 9.05 
mm to 12.74 mm in the premolar region. The distance 
from the midline of the alveolar crest directly to the 
GPA ranged on average from 11.71 mm to 16.18 mm 
in the molar region and 10.88 mm to 11.55 mm in 
the premolar region. The distance of the GPA from 

the median palatine raphe ranged on average from 
the shortest distance of 6.02 mm in the lateral incisor 
region to the greatest distance of 13.77 mm in the 
3rd molar region (Tab. 2).
A significant correlation (R2=0.92) was found 
between the total palatal tissue thickness and 
tissue thickness above the GPA. The correlation R2 
was excellent at 0.916, suggesting that few other 
variables are involved in the relationship (Fig. 5). 

From this finding a regression formula was derived 
calculating the tissue thickness above the artery 
using the total tissue thickness: Tissue thickness 
above the artery = (Total palatal tissue thickness – 
0.967) x 0.9. The tissue thickness above the greater 
palatine artery is 1mm less than the total tissue 
thickness and the GPA does not deviate much more 
than approximately one mm from the palatal bone.
No statistically significant correlations were found 
between the angel of the palatal vault, the estimate 
of the palatal depth and the head length.

4. DISCUSSION

The purpose of the present investigation is to locate 
the position of the GPA in relation to surrounding 
anatomical landmarks and determine if the tissue 
thickness covering the GPA is sufficient to permit 
gingival grafts to be obtained for periodontal plastic 
surgical procedures in this area.
All measurements in the current investigation were 
performed using a digital caliper and a periodontal 
probe. It was demonstrated that there was no 
statistically significant difference between these two 
measurement tools for all the measurement variables 
(P > 0.10). Thus, our results will be applicable when 
using a periodontal probe in a clinical situation 
within the range of its scale.
The current investigation revealed that the average 
tissue thickness above the GPA, measured from 
the epithelial surface to the superior border of the 
vessel including the 2nd molar to the lateral incisor 
region, was found to be 4.29 mm using a periodontal 
probe and 4.30 mm using a digital caliper, ranging 
from 2.00 – 8.50 mm and 1.92 – 8.72 mm using a 
probe and caliper respectively. These results are in 
accordance with the investigation by Cho et al. who 

 Figure 4. Bar chart of palatal tissue thickness by adjacent tooth type.

 Figure 5. Regression plot of the total thickness of the palatal tissue, and 
distance from the epithelial surface to greater palatine artery.
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performed a histological analysis of 32 cadavers and 
showed that the overall distance from the surface of 
the palatine mucosa to the center of endothelium 
of the GPA in the canine to the 1st molar region was 
4.31 ± 2.07mm [13]. 
To ensure survival of a FGG on the recipient site, a 
graft ranging between 0.75 – 1.25 mm in thickness is 
required which was determined by the histological 
study of Soehren et al (1973) [14]. Hence it was 
shown by the results of this study that with an 
average 4.30 mm tissue thickness above the GPA 
(ranging from 2.00 – 8.50mm), there is sufficient 
tissue thickness from the epithelial surface to the 
GPA in the entire palate to permit gingival grafts 
of 1 – 1.5 mm in thickness [2,14-17] to be obtained 
for FGG without risking injury to the GPA when 
meticulous surgical skills are applied. According to 
these measurements, bleeding issues in relation to 
the main branch of the GPA can be avoided if these 
boundaries are maintained. However, there are 
multiple smaller branches of the GPA that have been 
detected during this investigation, which could not 
be included and frequently course closer to the 
tissue surface; therefore, bleeding incidents during 
surgical procedures on the palate cannot entirely be 
prevented.
When it comes to harvesting CTG from the palate, 
different techniques have been described to obtain 
an adequate amount of graft tissue of 1 - 1.5 mm 
[17,18] or 1.5 - 2 mm [19] in thickness, but at the same 
time leaving a sufficiently thick amount of palatal 
fibromucosa in order to preserve blood supply of the 
undermined superficial flap [20]. Studies reported 
that the epithelial thickness on the palate ranges 
from 0.1 - 0.6 mm [14], 0.11 - 0.82 mm [21] or 0.30 
- 0.41 mm [13]. Thus, to maintain vascularization of 
the undermined superficial flap and avoid tissue 
sloughing and the concomitant patient morbidity 
such as delayed healing, post-operative pain and 
discomfort, the thickness of the remaining flap must 
at least exceed the thickness of the epithelium and 
leave enough connective tissue for blood supply. It 
has been proposed, as a general rule, that at least 3 
mm of tissue thickness is needed to provide a CTG 
of adequate thickness of 1 to 2 mm [22,23] and at 
the same time leave an adequate layer of epithelium 
and connective tissue to ensure sufficient blood 
supply to the access flap at the donor sit [24,25] 
In the current study, the average distance from 
the epithelial surface to the GPA in the third molar 
region, presented to be 5.04 mm, ranging from 4.00 
to 6.17 mm. It increased in the second molar region 
with an average of 6.25 mm, ranging from 4.47 to 
8.57 mm. Following the 2nd molar region anteriorly, 
it continuously decreased from the first molar region 
onwards. In the second and first premolar region, the 
mean thickness above the GPA presented with 3.30 
mm and 3.13 mm respectively and approached ≤ 3 
mm from the canine region forward (Fig. 4). This is 
in accordance to the results by Cho et al (2013) [13] 

and Kim et al (2014) who found that the shortest 
distance between the palatal masticatory mucosa 
and the GPA in the 2nd molar region was 5.7 ± 2.2 
mm, in the 1st molar region 4.2 ± 1.4 mm [26]. In 
contrast to our results, their measurements reduced 
already to less than 3 mm from the 2nd premolar 
anteriorly [26]. From the results of our study, Kim et 
al. [26] and Cho et al. [13], it can be concluded, that 
the greatest tissue thickness above the GPA can 
be found starting from the 1st molar and posterior 
to it. According to the results of the current study, 
it was determined that the area of the first molar 
and posterior to it is suitable for obtaining donor 
tissue for connective tissue grafts in periodontal 
mucogingival surgeries staying above the GPA if 
a depth of 3 mm is not exceeded. This means that 
the donor site for obtaining palatal grafts can be 
extended in a medial and posterior direction and 
much larger size palatal graft can be obtained in one 
single surgery, possibly avoiding the contralateral 
side. Thus, not only the number of donor sites can 
be reduced but also the patients’ postoperative 
morbidity. In addition, incidents of paresthesias and 
anesthesias is greater when graft tissue is harvested 
from the anterior palatal region, which is another 
reason to extend donor sites in a posterior direction. 
Nevertheless, just like previously mentioned when 
harvesting FGGs, there is always a risk of injuring any 
of the multiple smaller branches of the GPA.
Previous studies have not assessed the distance from 
the GPA to the palatal bone as the artery courses 
anteriorly from the greater palatine foramen. It was 
shown in the current investigation, that the distance 
from the vessel to the bone revealed to be an 
average of 0.47 mm ranging from 0.0 – 2.06 mm. It 
followed at a consistent distance to the palatal bone, 
on average never deviating more than one mm from 
the bone throughout the entire palate. Furthermore, 
it was shown by the results of this investigation 
that both the tissue thickness above the GPA and 
the total palatal tissue thickness increased from 
anterior to posterior. Correlation analysis showed an 
excellent correlation between these two parameters 
of R2 = 0.92, which means that the thicker the tissue 
the further away the artery is from the tissue surface 
(Fig. 5). From this finding a regression formula was 
derived calculating the tissue thickness above 
the artery using the total tissue thickness: Tissue 
thickness above the artery = (Total palatal tissue 
thickness – 0.97) x 0.9.
This means that the artery does not appear to 
ascend to the epithelial surface within the tissue 
but stays close to the palatal bone. Knowing that 
the GPA never deviates much more than one mm 
from the palatal bone and applying the total tissue 
thickness into our formula, this formula could be of 
clinical significance as a predictable way to calculate 
the location of the GPA in the palatal tissue. Two 
practical clinical implications can be derived from 
this finding. Firstly, after obtaining the total tissue 
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thickness through bone sounding [27] or CBCT 
analysis [28,29], the regression formula can be used 
to determine if a site is suitable as a donor site for soft 
tissue grafts and avoid injuries to the GPA. Secondly, 
during an accidental injury of the GPA, it is important 
to insert the suture needle close to the palate bone 
when attempting to ligate it and not just place it 
anywhere within the tissue. There is a high risk to 
pierce the artery instead of ligating it otherwise. 
This is especially critical in the posterior region as 
the artery was found to be closest on average to the 
palatal bone in the second molar region with a mean 
of 0.28 mm.
Clinicians often refrain from utilizing donor tissue 
close to the GPF and along the entire course of the 
GPB to avoid sequelae involved with these injuries. 
Several studies have established guidelines on how 
to estimate the distance between the teeth and 
the GPA. [3,4,9] Reiser et al. (1996) and Benninger 
(2012) found the distance between the CEJ of the 1st 

molars and the GPA to range from 7 - 17 mm [3] and 
9 - 16 mm [4] respectively. The range of the current 
study of the distance of the CEJ directly to the GPA 
of 5.72 - 19.14 mm is much greater compared to 
these previous findings. However, whereas Reiser 
et al. performed average measurements to the 
GPA primarily from the CEJs of the premolar and 
molar region, [3] and Benninger took only the first 
molar distance to the GPA into consideration [4], 
the current study demonstrated distances for each 
tooth separately including the second molar to the 
lateral incisor region. Fu et al. detected in their study 
similar measurements of the mean vertical distance 
from the GPB to the CEJ of the first molar with 
13.1 ± 2 mm to our results of 13.88 mm [30]. With 
respect to the first premolar and canine distances 
to the GPA, our measurements were resembling 
those of the investigation by Cho et al. with 9.21 
± 2.55 mm and 7.76 ± 2.43 mm respectively. Our 
data agree with the recommendation of Cho et 
al., that “careful consideration is required during 
any surgical procedure involving the anterior 
region of the first premolar”[13]. Not only does the 
artery run closer to the teeth, but also is the tissue 
thickness above the artery reduced in the anterior 
area. These conclusions are in contrast with the 
recommendations of Dridi et al. (2008), who suggest 
the choice of harvest sites must favor the premolar 
or incisive-canine regions [9]. Despite the fact that 
there is an increased risk for injury in the anterior 
region, one must also bear in mind that the diameter 
of the artery is considerably reduced compared to 
the posterior region and homeostasis is achieved 
more predictably. Regarding harvesting grafts from 
the posterior palate, our conclusions are consistent 
with those of Klosek et al. (2009). The area more 
posterior on the palate, between the maxillary first 
premolar and second molar, was more suitable for 
harvesting CTG [31] 
Three edentulous cadavers were included in the 
present investigation. No significant difference was 
found between dentate or edentulous subjects 
with respect to all variables (P-value = 0.44) and 

particularly when examining measurements on 
each tissue slice (P = 0.84). An additional dimension 
was added in the current investigation to be able to 
estimate the location of the GPA independent of the 
presence of teeth such as in partially and completely 
edentulous patients. This measurement was the 
distance from the median palatine raphe or median 
palatine suture to the GPA. The study correlated the 
measurements of the GPA to the patients’ anatomical 
feature such as the length of the patients’ head, the 
angle of palatal vault and an estimation of the palatal 
depth. No relationship between these features 
and the measurements was found in the current 
investigation. The limitations of the study include a 
small sample size of only 10 cadaver hemifaces and 
the fact that the study was executed on embalmed 
cadaver tissue and not on living tissue.

5. CONCLUSION

Several clinically relevant conclusions can be drawn 
from this descriptive pilot study. Firstly, a formula has 
been derived calculating the tissue thickness above 
the artery based on the total tissue thickness: Tissue 
thickness above the artery (in mm) = (Total palatal 
tissue thickness – 0.97) x 0.9. Through this formula it 
can be concluded that the GPA never deviates much 
more than one mm from the palatal bone which is 
helpful in predicting the location of the GPA when 
harvesting soft tissue for soft tissue graft procedures.
Secondly, the results of our study revealed that the 
gingival tissue thickness above the GPA is adequate 
to harvest FGGs of 1 - 1.5 mm in thickness in the 
entire palate without risking injury to the GPA. 
Furthermore, donor tissue above the GPA for 1.5 
mm thick CTGs with a 1.5 mm flap can be obtained 
from the 1st molar and posterior to the 1st molar. The 
thickest tissue thickness above the GPA was found 
above the 2nd molar region and the smallest above 
the lateral incisor/canine region. Thus, donor sites 
for palatal grafts can be extended in a medial and 
posterior direction and much larger size palatal graft 
can be obtained in one single surgery, if a depth of 3 
mm is not exceeded.
Finally, measurements from the median palatine 
raphe or median palatine suture to the GPA provide 
a new landmark to reliably locate the GPA. This new 
landmark can assist the clinician to more reliably 
locate the GPB at various locations on the palate.
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Questions 
1. The greatest tissue thickness above the GPA can be found:
qa. In the 3rd molar region;
qb. In the 2nd molar region;
qc. In the premolar region;
qd. In the canine region.

2. Which statement is not correct:
qa. The GPA can be expected to be located within one mm from the palatal bone;
qb. The tissue thickness above the GPA and the total palatal tissue thickness increase from anterior to 
posterior;
qc. Donor tissue above the GPA for 1.5 mm thick CTGs with a 1.5 mm flap can be obtained from the 1st 
molar and posterior to the 1st molar;
qd. The GPA courses anteriorly in the palatal groove consistently at 2 mm from the tissue surface.

3. There is sufficient tissue thickness from the epithelial surface to the GPA in the entire 
palate to permit gingival grafts of which thickness: 
qa. 0.25 - 0.5 mm;
qb. 0.5 - 1 mm;
qc. 1 - 1.5 mm;
qd. 2.5 - 3 mm.

4. Possible sequelae from palatal graft procedures are:
qa. Hemorrhaging;
qb. Paresthesias;
qc. Tissue sloughing;
qd. All of the above.
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Introduction The objectives of this 5-year retrospective study were to evaluate the indications and risk 
factors for the removal of titanium miniplates following osteosynthesis in orthognathic surgery. 
Methodology The records of 1252 consecutive patients (5779 plates) undergoing orthognathic surgery 
between January 2015 and July 2020 were reviewed. The  risk factors considered in the study included 
age, sex, smoking habits, jaw movement and rotation, third molar removal at the time of the surgery, plate 
location and plate manufacturer.
Results 681 patients had bimaxillary surgery, 466 patients had a bilateral sagittal split osteotomy and 105 
patients had a Le Fort I osteotomy. In total, 341 genioplasties were performed. 78 patients required plate 
removal (6,2% of all patients). A total of 107 plates were removed (1,9% of all plates). All patients had their 
plates removed within a year. Infection is the most important reason for plate removal in 71,8% of the patients 
(56 patients, 68 plates). 12 patients had their plates removed because of subjective complaints (15,4%, 20 
plates). The average time between surgery and plate removal was 73 days.
Conclusion Age, third molar removal during surgery, mandible plates and mandibular rotation were significant 
predictors for plate removal. These factors should be taken into consideration for every orthognathic patient. 
This study reports a low incidence of plate removal compared with previously published reports. 

ABSTRACT
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1. INTRODUCTION

Orthognathic surgery is a common procedure for 
correcting dentofacial anomalies and occasionally 
for obstructive sleep apnea. Nowadays, fixation 
of these osteotomies with miniplates and screws 
is common practice and replaced intermaxillary 
fixation. Internal fixation with titanium plates and 
screws has been accepted as the gold standard in 
orthognathic surgery to achieve rigid immobilization 
of bony segments [1]. When the technique with 
miniplates was introduced, postoperative removal 
of the plates and screws after bone healing was 
standard procedure [2]. However, the introduction of 
titanium miniplates has led to the routine removal of 
miniplates becoming obsolete in Belgium and many 
parts of the world so plates are only removed in case 
of complications [3,4]. These complications may 
vary: plate infection, plate exposure, plate fracture, 
screw loosening, postoperative instability, malunion 
at the fracture lines or subjective complaints (Fig. 1).
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ORAL SURGERY

 Figure 1. Postoperative panoramic tomograph showing miniplates in 
place after bimaxillary surgery and genioplasty.
A: Immediate postoperative. B: six months after orthognathic surgery 
the screws on the left mandibular side were loose which resulted in pain 
complaints. Plate removal was performed under procedural sedation.
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A meta-analysis showed that 13.4% of the patients 
required the removal of at least one titanium plate 
after orthognathic surgery [5]. To date, risk factors 
for plate removal are not clear and are varying 
according to different studies. Some of these 
factors, such as perioperative removal of third 
molars, mandibular rotation or plate manufacturer 
have not been analyzed. Furthermore, the existing 
studies had small sample sizes, and some were only 
including single jaw osteotomies [6-8]. Standardized 
criteria to document reasons and risk factors for 
plate removal are lacking. The objectives of this 
study are to investigate the incidence and reasons 
of postsurgical removal of titanium fixation plates in 
orthognathic surgery, identify the risk factors that 
result in plate removal and compare it with the rates 
and reasons described in the literature.

2. METHODS AND MATERIALS 

2.1. Data collection and study design
The case records and radiographs of 1252 consecutive 
patients who had undergone routine orthognathic 
surgery between January 2015 and July 2020 for 
dentofacial anomalies were reviewed retrospectively. 
All patients had undergone either a bimaxillary, Le 
Fort I, or bilateral sagittal split ramus osteotomy (BSSO) 
with or without genioplasty performed by 1 of the 
senior staff members of the Department of Oral and 
Maxillofacial Surgery at AZ Nikolaas in Sint-Niklaas, 
Belgium. Ethical approval for this restrospective 
analysis was given by the institution’s Ethical 
committee. The same operative technique was applied 
in alternating surgical teams with two surgeons.
Patients were excluded if they had undergone 
jaw surgery for other reasons than dentofacial 
anomalies, i.e. trauma, reconstruction or tumor-
related. No patients with craniofacial syndromes 
were treated in our department. All fixation plates 
used were manufactured by either DePuy Synthes 
(MatrixORTHOGNATHIC, DePuy Synthes, Zuchwil, 
Switzerland) or Titamed (BETA-system, Titamed, 
Kontich, Belgium). For the genioplasties KLS Martin 
plates were used (KLS Martin Group, Tuttlingen, 
Germany). All plates were inserted and, if necessary, 
removed intra-orally. The main outcome variable was 
the removal of osteosynthesis material. Secondary 
outcomes were indication for plate removal and risk 
factors. The patients’ records were reviewed for patient 
demographics including age, gender and smoking 
status. The following intraoperative variables were 
evaluated: hardware manufacturer, plate size and 
presence of maxillary or mandibular third molars 
during surgery. When a difference in plate size of more 
than two mm was noted between the mandibular 
plates, the BSSO was categorized as rotation (to 
correct the asymmetry). The following parameters 
were recorded for patients requiring plate removal: 
indication for removal, location (upper/lower jaw, left/
right side), simultaneously removal of third molars 
during the time of surgery, the time between insertion 

and removal and size of the plate (as an indicator 
for advancement). A minimum follow-up period of 
6 months was used to be included in the study. No 
patients were lost in the follow-up. Furthermore, this 
retrospective study was conducted in compliance with 
the Helsinki Declaration guidelines.

2.2. Operative technique
Bilateral sagittal split osteotomies were performed 
according to the Hunsuck modification of the 
Obwegeser–Dal Pont method [9]. Le Fort I osteotomies 
were performed according to the method described 
by Bell [10], and genioplasties were performed 
according to the method described by Chan [11]. Our 
surgical protocol consists of four plates for maxillary 
fixation (two L-shaped fixation plates lateral to the 
nose aperture, and two L-shaped fixation plates at 
the zygomaxillary buttress) and two plates for the 
mandible. Each plate was fixated with 4 mono-cortical 
screws. Genioplasties were fixated with one chin plate 
and 4 monocortical screws. Third molar removal 
was performed at least 6 months preoperatively to 
achieve sufficient bone healing, or they were removed 
during the osteotomy. Suturing was performed with 
polyglactin (Vicryl 3–0) for the mucosa and Vicryl 4-0 
for the periosteum of the maxilla. All patients received 
perioperative intravenous antibiotics (cefazolin 
sodium 1.0 g) and during the postoperative period 
(cefazolin sodium 1.0 g every 12 h); antibiotics were 
not continued after being discharged from hospital. 
Also, all patients were administered intravenous 
steroids (methylprednisolone 125 mg) during surgery 
and a second and third dose at 12h and 24h post-
surgery respectively. No patients were discharged with 
steroids. An intra-oral drain was inserted at the surgical 
sites of the mandible until the first postoperative day 
to minimize postoperative hematoma. Generally, 
patients were hospitalized for 1 day. Light guiding 
elastics on surgical hooks were used for one week 
postoperatively in most cases. Guiding elastics 
during the next follow-up period were only used if 
the occlusion deviated from the desired result. No 
occlusal splints were used. Normal chewing function 
was allowed after six weeks when bone healing was 
completed. Follow-up appointments were planned 
after 1 week (with radiological assessment), 3 weeks, 
6 weeks and after completing the orthodontic 
treatment. From then on, follow-up appointments 
were only planned on the patients’ request. 

2.3 Indications for plate removal
In our department the decision for postoperative 
plate removal was based on the patient’s complaints 
regarding discomfort and on clinical appearance 
such as infection, inflammatory reaction, or plate 
exposure. An infectious reaction was considered 
to be present whenever wound dehiscence over 
the plates, granulation tissue at the plate site, or an 
intraoral fistula with pus at the plate site was observed 
(Fig. 2). Infection was a clinical diagnosis; no wound 
cultures were obtained. Pain, tenderness over the 
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plates and sensory disturbances were categorized as 
clinical irritation. When an immediate postoperative 
occlusal instability or relapse was noted the patient 
was planned for redoing the surgery and the removed 
plates were included in this study. Surgical removal 
of plates in the upper and lower jaw was performed 
on the side with infection or clinical irritation only. 
Most plate removals of the mandible were performed 
under local anesthesia or procedural sedation instead 
of general anesthesia. This resulted in reduced 
hospitalization time and costs. For the removal of 
plates in the upper jaw general anesthesia was used 
for the patients’ comfort. 

2.4. Statistical analysis
The data were collected into a database using 
Microsoft Excel (Microsoft Inc., Redmond, WA, 
USA). Statistical analyses were performed using 
the statistical package SPSS (IBM SPSS Statistics for 
Windows, version 25.0, (IBM Corp., Armonk, N.Y., USA)). 
For the descriptive analysis, percentages were used 
for qualitative variables and associations were tested 
by the t-test and Pearson chi-square test. P-values of 
<0.05 were considered statistically significant.

3. RESULTS 

During the 5-year period of the study, 1252 patients 
underwent orthognathic surgery at Vitaz Hospital. 
This group consisted of 501 males and 751 females 
(giving a 1–1.5 male-female ratio, 40% vs 60%). At the 
time of the osteotomy, the age range was 13–64 years 
with an average of 21.8 years (Fig. 3). 681 patients 

had bimaxillary surgery, 466 patients had a bilateral 
sagittal split osteotomy and 105 patients had a Le 
Fort I osteotomy. The average follow-up interval for 
the included patients was 344 days.

In total, 341 genioplasties were performed (Table 1). It 
was calculated that a total of 5779 plates were placed 
out of which 3144 were in the maxilla and 2294 in the 
mandible. 

 BSSO Le Fort 1 Bimaxillary Total

Not removed 433 99 642 1174

Removed 33 6 39 78

Total 466 105 681 1252

For each genioplasty one plate was used, in total 
341 plates. The average time of hospitalization was 
1.08 days (range 0-4 days). 78 patients required plate 
removal (6.2% of all patients) of which 54 were female 
and 24 were male (7.2% of all female patients and 4.8% 
of all male patients (P=.085, table 2). A total of 107 
plates were removed (1.9% of all plates). 69 patients 
required mandibular plate removal (83 plates – 3.6% 
of the mandibular plates) and 9 patients required 
plate removal from the maxilla (24 plates – 0.8% of the 
maxillary plates). The plate removal ratio between the 
lower and the upper jaw was statistically significant 
(P<.001). None required removal of plates from both 
jaws, none of the chin-plates were removed. Removal 
of plates was slightly more common on the left side: 
45 patients had plates removed on the left side (lower 
or upper jaw) and 33 patients had plates removed on 
the right side (P=.171). None of the patients who went 
through plate removal had any significant underlying 
medical conditions that might predispose plate 
removal (i.e. diabetes mellitus, steroid therapy). The 
mean age of the patients who had plates removed 
was 24.8 years, versus 21.6 years for the patients 
without removal of plates (Table 2). The patients were 
categorized into the following age categories: 18 years 
and younger, between 18-29 years old, and 30 years 
and older. Plate removal incidence in the oldest group 
is significantly higher compared to the other two age 
categories (P<0.001).

 Figure 2. Status after orthognathic surgery in two different patients, 
both with signs of infection which indicated plate removal
A: Granulation and swelling at the site of the plate at the left lower jaw 
(marked with arrow) B: Fistula with purulent discharge on the left lower 
jaw (marked with arrow).

 Figure 3. Age distribution of the study group according to gender, 
resulting in a 1–1.5 male-female ratio. Male patients are situated on the left 
side of the graph, female patients on the right side.

 Table 1. Patients requiring plate removal according to type of surgery.
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The mean time to removal of metalwork was 73 days 
(range 6–330 days). No plates were removed before 
bony healing was completed, except for cases with 
postoperative instability (8 cases).  Hence, all patients 
had removal within a year of placement (Fig. 4).

 

Infection was the most important reason for plate 
removal in 71.8% of the patients (56 patients, 68 
plates). 12 patients had plates removed because of 
subjective complaints (15.4%, 20 plates). Of these 12 
patients, the reason for removal was discomfort in 7 
patients (9%, 13 plates), and palpability of the plates 
in 5 patients (6.4%, 6 plates). 
Noteworthy: 11/12 patients with subjective com-
plaints were female. In 8 cases the plates were 
removed due to postoperative occlusal instability or 
relapse (10.3%, 12 plates). 1 patient wanted removal 
because of moving abroad (1.4%, 4 plates), and 1 
patient had plate removal because the adjacent teeth 
needed extraction (1.4%, 4 plates). No plate fractures 
were observed (Fig. 5). 

In 930 patients the manufacturer was Synthes (74.3% 
of the patients, 4014 plates), 322 patients received 
Titamed plates and screws (25.7% of the patients, 1424 
plates). 23 of the 78 patients required Titamed plate 
removal (29.5% of the patients with plate removal), 
55 Synthes plates (70.5%). A total of 74/4014 Synthes 
plates were removed (1.8%) and 33/1424 of the 
Titamed plates (2.3%, P=0.432) (Table 3).

Patients (%) Plates Removed plates (%)

Synthes 930 (74,3%) 4014 74 (1,8%)

Titamed 322 (25,7%) 1424 33 (2,3%)

KLS Martin 341 (27,2%)* 341 0 (0%)

Total 1252 5779 107 (1,8%)

Simultaneously,  removal of the third molars happened 
in 214 of 1252 patients (17.1%). Of these 214 patients, 
21 needed post-surgical plate removal (9.8%). Plate-
removal incidence in patients without third molar 
removal is 5.5% (P=.017). 

 Table 2. Analysis of risk factors considered for removal.

 Patients with plates removed Patient with no plates removed

Total P-valueN % N %

Age

<18y 29 4,9% 568 95,1% 597

P<.00118-29y 24 5,4% 420 94,6% 444

≥ 30y + 25 11,8% 186 88,2% 211

Gender
Male 24 4,8% 477 95,2% 501

P=.085
Female 54 7,2% 697 92,8% 751

M3 removal
Yes 21 9,8% 193 90,2% 214

P=.017
No 57 5,5% 981 94,5% 1038

Plate manufacturer
Synthes 55 5,9% 875 94,1% 930

P=.432
Titamed 23 7,1% 299 92,9% 322

Mandibular plate length
≤ 8mm 31 5,4% 543 94,6% 574

P=.221
≥ 8mm 41 7,2% 532 92,8% 573

Mandibular rotation
Yes 11 12,8% 75 87,2% 86

P=.010
No 61 5,7% 1000 94,3% 1061

Smoking
Yes 3 6,4% 44 93,6% 47

P=.965
No 75 6,2% 1130 93,8% 1205

Plate location
Mandible 72 6,3% 1075 93,7% 1147

P<.001
Maxilla 45 5,7% 741 94,3% 786

Plate location
Right 45 3,6% 1207 96,4% 1252

P=.171
Left 33 2,6% 1219 97,4% 1252

 Figure 4. Time to plate removal in months. All 78 patients had plate 
removal within a year of placement.

 Figure 5. Reasons for plate removal. Infection was the most frequent 
reason for plate removal, followed by subjective complaints.

 Table 3. Differences between the plates manufacturers.

* Genioplasty always in combination with bimaxillary surgery, BSSO or Le 
Fort 1 osteotomy.
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The length of the plates in the mandible was used 
as an indicator for the advancement of the lower 
jaw. A BSSO with plate lengths of 8 mm or less was 
considered as a small advancement (574 patients), 
while plate lengths of more than 8 mm were 
considered as a big advancement (573 patients). 
In the patient group with a small advancement 31 
patients needed plate removal, 41 patients in the big 
advancement group (P=.221). Of the 1147 patients 
with a lower jaw osteotomy, 86 patients had a rotation 
of the mandible. Patients with a rotation of the lower 
jaw had more plates removed than patients with a 
symmetrical osteotomy (P=.010). 
According to the patient files 47 out of 1252 patients 
smoked (3.8%). Only 2 of these 47 patients had plates 
removed (2.6%, P=.965). Smoking was more frequent 
among female patients (70.2%), versus 29.8% for male 
patients.

4. DISCUSSION

This retrospective study reports the incidence and 
reasons for titanium miniplate removal in a series 
of 1252 consecutive orthognathic surgery cases. 
The reasons and risk factors for plate removal were 
investigated by different authors in the past, however 
they are still subject to debate [4,6,7,12]. In previous 
studies the patient population consisted of patients 
who had undergone plate fixation for an osteotomy 
or facial trauma. Only a limited number of studies 
investigated solely orthognathic patients. An overview 
of the papers that have been published about plate 
removal in orthognathic surgery is shown in table 4. 
Orthognathic patients received planned surgery 
and the surgical environment is well controlled and 
standardized, so we excluded all other types of surgery 
with internal plate fixation. Our sample distribution is 
the same as in the literature with more female patients 

than male patients: 60% in our study, on average 64% 
in the literature [5]. The average age of surgery (21,8 
years) is lower in comparison to other studies [4,13-
15]. The incidence of plate removal after orthognathic 
surgery varies widely in the literature, ranging from 
1% to 27.5% [4,13]. This study showed an incidence of 
6.2% plate removal, which is lower than the average of 
13.4% in orthognathic patients [5]. 1.8% of the plates 
were removed, however in literature 9.7% of the plates 
required removal [5]. A possible explanation is that 
some surgeons will remove plates bilaterally when 
only one side is symptomatic, therefore increasing 
the percentage of plates removed. 
More mandibular plates were removed than maxillary 
plates (3.5% versus 0.5%). This is similar to other studies 
in the literature and is possibly due to better blood 
supply and thinner cortical bone of the maxilla and 
greater masticator forces on the lower jaw, however 
this is not scientifically proven. We found that in many 
of the patients in whom the plate was removed in the 
lower jaw, the screw in the proximal segment closest 
to the osteotomy was often loose and associated with 
a fragment of loose bone (Fig. 6). 

First author Year No patients Type of surgery
Patients with plates removed Plates

N %
No plates 
inserted

No plates 
removed

% plates 
removed

Snel 2023 1252 BM, BSSO, LF1, G 78 6,2% 5779 107 1,9%

Sukegawa 2018 240 BSSO, LF1, G 71 29,6% 717 236 32,9%

Shin 2018 153 BSSO, LF1, G 57 37,3% 394 142 37%

Widar 2017 323 BM, BSSO, LF1, G 50 15% - - -

Verweij 2016 150 BM, LF1, LF1 + G 3 2% 600 7 1,2%

Little 2015 202 BM, BSSO, LF1 21 10,4% 854 27 3,2%

Baas 2015 29 BM, BSSO 2 6,9% - - -

Van Bakelen 2013 90 BM, BSSO, LF1 13 14,4% - - -

Falter 2011 570 BM, BSSO, LF1 157 27,5% 3197 27 19,5%

Kuhlefelt 2010 153 BSSO 29 19% 308 56 18%

Haraji 2009 142 LF1 15 10,6% - - -

O’Connell 2009 101 BM, BSSO, LF1 1 1% 447 1 0,2%

 Table 4. Overview of papers that have been published about plate removal in orthognathic surgery.

Abbreviations: BM = bimaxillary surgery; BSSO = bilateral sagittal split osteotomy; LF1 = Le Fort 1 osteotomy; G = genioplasty. 

 Figure 6. Time to plate removal in months. All 78 patients had plate 
removal within a year of placement.
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Screw loosening can be explained due to ischemic 
necrosis of the cortical bone when the screw is 
inserted too close to the superior border, and this 
particular screw is subject to the greatest mandibular 
forces [16, 17]. Another explanation is that the manual 
tightening of this first screw was too tight, resulting 
in microfractures around the osteotomy. In cases of 
interference of the lingual bone plate of the proximal 
segment, due to mandibular rotation, a secondary 
lingual osteotomy was performed to avoid strain 
on the plates. Plate removal occurred more on the 
left side than on the right side. According to Falter 
et al. righthandedness of the surgeon could be a 
reason [4]. We did not notice a difference in plate 
removal between the right- and left-handed surgeons 
because the surgeon sitting on the right side of 
the patient operated the right side and vice versa. 
Women presented a higher rate of plate removal than 
men: 91% of the patients with plate removal due to 
subjective complaints were female. This was also 
noted in a similar study, suggesting that higher body 
awareness in women is attributed to this difference 
[18].
The exact movements of the jaws were not available 
in all medical records. Therefore, we used the length 
of the plates as an indicator for jaw movement. 
No statistically significant difference was found 
between the different plate lengths and the risk for 
plate removal, similar to the previous studies [4,6,7]. 
However, patients with a mandibular rotation to 
correct the asymmetry showed significant more risk 
for plate removal than patients with a symmetrical 
osteotomy of the lower jaw. Rotational forces can 
result in more strain on the plate. 
Most of the literature reported infection as the major 
reason for plate removal [4,6,7,12]. One possible 
reason for the infection rate in our study could be the 
use of intraoral drains. To prevent hematoma, in our 
unit we use intraoral drains which are removed on the 
first postoperative day. The use of drains at the surgical 
sites of the mandible is controversial, because there 
is a temporary connection between the oral cavity 
and the osteotomy segments, which conceptually 
can result in higher risk of plate infection. 
In this study plates were removed relatively early 
with a 73-day average. It is hypothesized that early 
infections leading to removal of the plates within the 
first months may be associated with the distance to 
the incision [1]. All of the patients who required plate 
removal had removal within 1 year after surgery which 
is consistent with the literature. The role of antibiotics 
in post-surgical care in orthognathic surgery remains 
questionable. Exposure of bony segments to the 
contaminants of the oral and nasal cavity is for many 
surgeons the reason to give prophylactic antibiotic 
treatment, however the evidence is inconclusive 
[19]. All orthognathic patients in our unit received 
intraoperative antibiotics and every 12 hours during 
the postoperative period in hospital. With an average 
hospitalization of 1,08 days patients received two 

doses of antibiotics. Remarkably, we reported a 
lower infection rate in comparison with studies were 
patients received antibiotics for a 7-day postoperative 
period [1,4,6,7,13]. Bacterial sampling when infection 
was present was not commonly performed. The 
second most frequent reason for plate removal is plate 
exposure, however none of the patients had plate 
exposure in our study [5]. It is unclear if wound closure 
in two layers in the lower jaw is beneficial to one layer 
in preventing plate exposure and infections, so in our 
unit we used single layer wound closure [4]. Bhatt et 
al. [20] had more plate exposure when high profile 
plates were used. These plates were not used in our 
department. Fixation of the mandibular osteotomy 
was performed with a single plate bilaterally. The use 
of more mandibular plates per side increases the risk 
of removal and should be avoided if possible [1,4].
Several studies have reported other causes for plate 
removal, such as sensitivity to temperature change, 
sinusitis, interference with dental implants and nerve 
and dental injuries. These causes were not found in 
the present study. We investigated two risk factors 
not mentioned in other studies: third molar removal 
during surgery and the manufacturer of the plates. The 
plates and screws used in our orthognathic patients 
are from two different manufacturers and were used 
according to the surgeon’s preference. However, we 
noted a small (non-significant) difference in plate 
removal between the two different plate systems. The 
reason for this is unclear. In both systems the plate 
thickness and screws are similar. Titamed plates could 
also be used upside down, which can result in less 
torque resistance. To our knowledge, we were the 
first study groups to investigate the relation between 
plate removal and manufacturer. Based on our data 
the brand of the plates and screws should not be 
considered as a risk factor. 
Smoking results in reduced oxygenation of the oral 
tissues which impairs wound and bone healing and 
leads to more infections. Smokers showed a higher 
risk of plate removal than non-smokers according 
to most studies (up to 3,4 times higher risk) [7], 
whereas others did not [21]. In Belgium, 19% of 
the population smoke [22]. Our study presented a 
remarkably low percentage of smokers: 47 patients 
(3,8%). In general, orthognathic patients are young, 
healthy and highly motivated patients which results in 
a lower percentage of smokers. Thus, smoking is in our 
study not a significant risk factor, however smoking 
cessation should be emphasized at the presurgical 
intake.
In literature, age as a risk factor is unclear. Age was 
a statistically significant risk factor for plate removal 
according to different authors [6,18]. However, Widar 
et al. [1] and Kuhlefelt et al. [7] found no significant 
difference. In our study patients aged over 30  had a 
significant higher risk of plate removal.
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5. CONCLUSION

One of the main limitations of our study is the lack 
of information about the quantity and type of bone 
during surgery. Another limitation is the lack of 
standardized documentation in the follow-up period, 
i.e. information about bruxism or limited mouth 
opening is missing. The duration of the surgery was 
not registered in the patient files, so this parameter 
was excluded. These factors should be investigated 
in further studies because they could influence the 
need for plate removal.
The authors conclude that significant risk factors for 
plate removal are age, mandibular plates, mandibular 
rotation and third molar removal during surgery, 

hence patients should be informed about these factors 
before the surgery. If plate removal is necessary, it is 
likely to occur within a year after surgery. 
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Questions 
1. Which of the following is a significant risk factor for plate removal in this study?
qa. Gender;
qb. Age;
qc. Plate manufacturer;
qd. Smoking.

2. In which period were most plates removed?
qa. 0-2 months post-operatively;
qb. 3-4 months post-operatively;
qc. 5-6 months post-operatively;
qd. 11-12 months post-operatively.

3. Which of the following factors was the main reason for plate removal? 
qa. Subjective complaints: palpability;
qb. Subjective complaints: discomfort;
qc. Relapse;
qd. Infection.

4. Which of the following locations had a significant higher incidence of plate removal?
qa. Right side;
qb. Left side;
qc. Upper jaw;
qd. Lower jaw.

Snel R, et al.
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1. INTRODUCTION
The dental eruption is a very complex phenomenon 
influenced by multiple factors which act at the same 
time to obtain a normal eruption; [1] however, this 
process could be modified by genetic, molecular, 
cellular or tissutal factors, ultimately leading to 
eruption disorders, also known as ectopic eruption [2].
Most dental eruption disorders develop during the 
dental transition phase, and the most common 
involved teeth are the first permanent maxillary 
molars and canines [3]. The ectopic eruption of the first 
permanent molars is a disorder characterized by the 
apical displacement of the tooth bud, that becomes 
stuck under the equator of the crown of the second 
deciduous molar, being unable to reach the occlusal 
plane. As reported by the literature, the constriction 
of the maxillary arch and the severe crowding are risk 
factors for the ectopic eruption of the first permanent 
molar and should be looked at as valid parameters 
to perform an early diagnosis of this anomaly [4] 
Radiographically, when an overlap between the 
crown of the first permanent molar and the root of the 
second deciduous molar is seen, a diagnosis of ectopic 
eruption could be made. Therefore, this anomaly can 

be diagnosed through radiographic examination 
before the eruption of the tooth and be classified in 
four grades [3,4]. (Fig. 1)

The incidence of the ectopic eruption of first 
permanent molars is relatively common: there is a 
prevalence ranging from 1.8% to 6% according to 
Bjerklin et al. or of the 3% of the population according 
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ABSTRACT 

Aim The ectopic eruption of the first permanent molars is a local disorder characterized by the eruption of 
these teeth apical to the distal undercut of the second deciduous molars. Two different cases diagnosed with 
an irreversible ectopic eruption of a maxillary first permanent molar and treated with a trans-palatal arch 
(TPA) are reported.
Cases presentation The first case of an 8 year-old male presented an irreversible ectopy of the first permanent 
molar, exacerbated by an hypoplasic maxilla. It was decided to use a TPA to derotate and distalize the first 
permanent ectopic molar and to perform subsequently serial extractions of the first permanent premolars 
to recover space in the arch. The second case of another 8 year-old male showed a bilateral ectopy of the 
maxillarypermanent first molar, with a marked mesial rotation. A similar approach with a TPA to derotate and 
distalize the two molars was adopted.
Conclusions In both cases the TPA used to derotate and distalize the first permanent ectopic molars proved 
to be a valid treatment approach due to its simplicity and effectiveness.

https://doi.org/10.25241/stomaeduj.2023.10(1-4).art.7
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 Figure 1. Representation of the grades I, II, III and IV of resorption of the 
second temporary molar inspired by the article of Barbeira-Lache et al,  
and modified by MIP.
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to Moyers et al. and Young et al. [2,5,6]. There is no 
distinction of ethnicity, [7] but a gender preference 
with the majority of patients being males [6,8]. It 
has been shown that the prevalence increases in 
subjects with a cleft palate reaching up to 21.8% of 
children with a cleft palate [9,10]. Moreover, this dental 
anomaly may occur in both arches even though it is 
more common in the maxillary arch, [11] and there 
is a one-to-five ratio between unilateral and bilateral 
cases [2].
It is known that the ectopic eruption of the permanent 
first molar can be classified into reversible and 
irreversible, [2] and the former are called "jump 
cases", where the molar corrects itself spontaneously 
resuming its normal eruption pattern; the latter are 
called “hold cases”, where the first permanent molar 
remains in contact with the distal part of the second 
deciduous molar in the cervical area and fails to erupt 
in a normal position, thus requiring orthodontic 
treatment [6].
There are different treatment options that could be 
used to treat the ectopic eruption of the first permanent 
molar, one of these is the use of transpalatal arch (TPA) 
which could provide different movement of molars 
and it is very useful because being a biomechanics 
determinate system it provides a system of forces 
and angular moments that are more predictable and 
controlled of the straight wire appliance [12].
The purpose of this paper was to report two different 
cases diagnosed with irreversible ectopic eruption of 
maxillary first permanent molars, both treated with 
a TPA.

2. CASE PRESENTATION 

2.1 CASE 1
An eight years and nine months old male patient came 
to our observation, because the parents were worried 
about his crooked teeth. A complete orthodontic 
check-up was carried out: photographic examination, 
orthopantomography, cephalograms in both lateral 
and postero-anterior projections, and study models 
of the dental arches.
The clinical examination revealed that the dental 
midlines were off because the upper midline was 
deviated to the left side in regard to the facial midline 
plane, giving an asymmetrical and disharmonious 
appearance to the smile. A moderate mandibular 
crowding was present, along with a maxillary skeletal 
contraction. Ectopic first molars were clinically 
appreciable bilaterally in the upper arch.

The orthopantomography allowed to classify both 
upper first molar as an irreversible type III because 
the mesial margin of the first permanent molar was 
significantly overlapped with the distal undercut of 
the second deciduous molar and had caused a partial 
resorption of the crown and root of the deciduous 
tooth. Arch expansion would not have been sufficient 
to provide the necessary amount of space to allow all 
the teeth to erupt properly. Therefore, it was decided 
to extract the second deciduous molar and use a TPA 
to derotate and distalize the first permanent ectopic 
molar and subsequently to perform serial extractions 
of the first permanent premolars. It was decided to use 
the TPA because it is a very comfortable appliance for 
patients and could provide important modifications of 
the first molar position in a short time. The treatment 
with TPA lasted eighteen months. In the mandible 
a lingual arch was used to maintain the arch length 
during the serial extractions phase. At the end of this 
phase of treatment the first molars were in a correct 
class I relationship, the premolars and the canines 
were correctly erupted, and crowding was relieved. 

1a 2a

3a 4a

5a 6a

7a

 Figure 1a,2a,3a,4a,5a,6a,7a. 
Initial condition.

1b 2b
 Figure 1b. The TPA which helps 

to derotate and distalize the ectopic 
first molar.

 Figure 2b. The extraction of the 
first permanent premolar.

 Figure 1c,2c. Intraoral photo 5 months after application of the TPA.
1c

2c

 Figure 1d,2d,3d. Result after 14 
months of treatment.

1d 2d

3d

2c
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Finally, the case finalization was done with a fixed 
appliance and lasted twenty-three months.

2.2 CASE 2
The second case presented is an eight-year-old male 
patient. As described for the previous case, a complete 
orthodontic examination, comprised of photographic 
examination, orthopantomography, cephalograms 
in both lateral and postero-anterior projections, and 
study models of the dental arches, was performed.
Also, in this case the upper first molars were in 
an ectopic position. Considering the clinical and 
radiographic records, the position of both molars was 
considered as irreversible type III.  

Moreover, the upper first molars were severely mesially 
rotated and in a class II relationship as looked from the 
buccal aspect, while the mesio-palatal cusps were in 
a class I relationship. 
In this case, as in the previous one, it was decided 
to use a TPA as it is very effective in derotating and 
distalizing the mesio-buccal cusp.

Periodic checks were carried out to monitor the stages 
of the treatment. The TPA treatment lasted twelve 
months, then periodic checks were performed for four 
years. When the permanent dentition was complete 
the treatment with fixed appliance began. Brackets 
self-ligating with MBT prescription were used and the 
treatment lasted twenty months, until the goal was 
reached.

57-62

1e 2e

3e 4e

5e

6e
 Figure 1e,2e,3e,4e,5e,6e. 

After 18 months, the patient's TPA 
and lingual bar were removed.

1f 2f

3f 4f

5f 6f

7f 8f
 Figure 1f,2f,3f,4f,5f,6f,7f,8f. After 23 months, the fix appliance was 

removed.

1a 2a

3a

4a

5a 6a
 Figure 1a,2a,3a,4a,5a,6a. Pre-treatment intraoral photos and 

orthopantomography.

1b 2b

3b 4b

5b

 Figure 1b,2b,3b,4b,5b. 
Intraoral photos immediately after 
the application of TPA.
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3. DISCUSSION 

The early correction of permanent molars in ectopic 
eruption is an integral part of interceptive orthodontics 
and is crucial for the proper development of a stable 
occlusion. Pulver et al. suggested many causal factors 
for the ectopic eruption of the first molar such as: first 
permanent molar larger than normal, a shorter maxilla 
than normal, posteriorly positioned maxilla relative to 
the cranial base, abnormal permanent molar eruption 
angle, delayed mineralization of the first permanent 
molars [13].

As soon as the anomaly is diagnosed, it is important 
to discriminate whether a reversible or an irreversible 
ectopy is present, because the former does not 
require treatment while for the latter it is necessary. 
The optimal treatment timing is around eight years, 
the age at which it is possible to confidently evaluate 
the prognosis of the ectopy. If left untreated, many 
problems could arise, such as reduction of the arch 
length, mesial tipping and rotation of the permanent 
molar, premature loss of the second primary molar, 
and impaction of the second premolar [14]. For these 
reasons paediatric dentists must learn to diagnose 
and treat this condition early in order to allow the 
prevention of future malocclusions and other clinical 
sequelae [15]. 
From the results of these two reported cases, it could 
be said that the use of the TPA is a very useful and good 
device to reach success in this therapy. According to 
Lamons et al. 80% of the first permanent ectopic 
molars are mesially rotated and/or contracted. So, 
the therapy must be aimed at derotating and possibly  
distalizing the first ectopic molars [16]. 
This was assessed also by other authors, according 
to which the treatment choice for the ectopically 
eruption of first permanent molars is the distalization 
of the permanent molar to its normal position in the 
arch [17].
The TPA can be used both in mixed and permanent 
dentition, it can be used on the first or second molars 
to derotate, distalize, give dental torque, extrude or 
intrude, expand or contract. Therapy with this device 
is well tolerated by patients. For the purpose of 
treating ectopy cases, the TPA was used to derotate 
and distalize the first permanent ectopic molars with 
the aim of repositioning them in a correct occlusal 
relationship. 
Other techniques have been described in the 
literature for the treatment of the first permanent 
molar ectopic eruption. Gonçalves et al. advocated 
inserting a "twisted" brass wire between the first 
permanent molar and the deciduous second molar, 
with activation achieved by wire twisting at the time 
of insertion and after fifteen and thirty days, or using 
separator elastics [18].
Another technique to manage the ectopic eruption of 
the first permanent molar could be the hemisection of 
the second deciduous molars, as described by some 
authors in a case report where a seven-year-old girl 
showed an irreversible ectopy [19]. However, the use of 
a TPA could provide additional advantages other than 
the correction of the molar position: in fact, the TPA 
can preserve the leeway space and in some cases of 
unilateral ectopic eruption it is used as an anchorage 
device [20]. Indeed, some authors assessing the long-
term stability of treatment with TPA showed that after 
treatment, a significant increase of maxillary dental 
arch widths and perimeter was observed along with 
a significant reduction of crowding without changes 
in arch length [8]. 

1c 2c

3c
4c

5c

 Figure 1c,2c,3c,4c,5c. Intraoral 
photos after two years and seven 
months of treatment.

1d
 Figure 1d. Orthopantomography after twenty months of treatment 

with a fixed appliance.

1e 2e

3e 4e

5e 6e
 Figure 1e,2e,3e,4e,5e,6e. End of treatment.
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4. CONCLUSIONS

Based on this study, it can be stated that this disorder 
must be managed through early diagnosis with 
objective examination and orthopantomography. In 
relation to the methods described by other authors, 
this is easier to manage and less invasive for the 
patient. In conclusion, we can define the ectopic 
eruption of the first permanent molar as an irreversible 
type that can be successfully corrected using the TPA.

AUTHOR CONTRIBUTIONS

MIP treated the patient and collected the data; RE collected the data 

and drafted the manuscript; LP and FC revised the manuscript; MT 

Treated the patient,defined the protocol, revised the manuscript 

and supervised the study.

ACKNOWLEDGMENTS 

 This research project did not receive any specific grant from funding 

agencies in the public, commercial, or not-for-profit sectors. 

61



Stoma Edu J. 2023;10(1-4):                                                                          pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

Questions 
1. How many grades were enunciated by Barbeira-Lache et. al for the diagnosis of the 
overlap between the crown of the first permanent molar and the root of the second 
deciduous molar?
qa. I;
qb. II;
qc. III;
qd. IV.

2. Which is the prevalence of the ectopic eruption of the first permanent molar in 
patients with a cleft palate?
qa. 10,9%;
qb. 15,6%;
qc. 21,8%;
qd. 33,3%.

3. How can you differentiate the type of ectopic eruption of the first permanent molar?
qa. Reversible or irreversible;
qb. Jumping or not jumping;
qc. Included or retained;
qd. Deciduous or permanent.

4. How are the 80% of the first permanent ectopic molars according to Lamons et al?
qa. Distally rotated and/or expanded;
qb. Mesially rotated and/or contracted; 
qc. Extruded; 
qd. Intruded.
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portable X-ray units.
- The device provides speed through PA, bitewings 
and even a full mouth series without ever using 
positioning rings again.
- Pressing a single button allows the on-board LED 
to read through nine specific positions of the tooth 
to be captured (mandibular and maxillary incisors, 
canines, premolars, molars and bitewing), displaying 
the angular target above the actual collimator angle.
- When the X-ray cone is at the right angle, a 
beeping laser alerts the user to capture the image.
- Optional auto-sequencing mode prompts the 
operator via FMX at 30-second intervals.
- The device works wirelessly, is rechargeable and 
battery-powered. Includes adjustable strap, velcro 
straps for portable units and USB charging cable.

Using the LunaLite Dental X-ray Positioner device 
gives a number of advantages:
• Better quality of the dental X-ray
• Provide better care for each patient
• Better workflow
• Better patient comfort
• Cost savings through efficiency.
Given these qualities of the LunaLite X-ray Positioner, 
I recommend using the device to improve the 
efficiency of the dental office both to increase 
the success rate of dental X-rays and for patient 
satisfaction and comfort.
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sPROPER ALIGNMENT OF THE DENTAL X-RAY MACHINE  
BY LUNALITE DENTAL X-RAY POSITIONER  

Florin - Eugen Constantinescu
DMD, PhD Student

Editorial Director, Product News

https://doi.org/10.25241/stomaeduj.2023.10(1-4).prodnews.1

The positioning of the dental X-ray machine and the 
correct placement of the X-ray sensor is an essential 
part to obtain quality images for the diagnosis of 
the teeth and the surrounding anatomical support 
structures of patients.
The correct alignment of the X-ray machine is 
important for several reasons:
- patient safety during radiography
- reducing the risk of relapses and a lower exposure 
to radiation
- creating an overall safer environment for staff 
safety
- better planning of dental treatment
- monitoring the progress of various dental 
treatments, such as orthodontic treatments, caries, 
bone loss, implant placement and root canals
- providing quality images necessary for diagnosis.
To ensure proper alignment of the dental x-ray 
machine, Suzanne Cano invented an advanced 
MedTech safer positioning device for dental and 
veterinary imaging called the LunaLite. It is stated 
that wirelessly positioning with this device ensures 
an optimized X-ray workflow, adds confidence, 
accuracy and efficiency in seconds to the user. The 
device provides accuracy, with minimal to zero taper 
and taper cuts, and without the user having to use a 
Rinn holder.

Description of the dental positioning device:
- The device is a compact laser that provides visual 
and audible confirmation of the collimator angle for 
correct radiographs for every tooth, every time.
- The device attaches to 3"-4" diameter collimators or 

The LunaLite Dental X-ray Positioner 
LunaLite Dental

https://www.lunalitedental.com

The LunaLite Dental X-ray Positioner attached to X-ray unit
LunaLite Dental

https://www.lunalitedental.com

65 65



66

D
e

n
ta

l M
e

e
ti

n
g

s

Dentsply Sirona CEE Central
Office & Showroom

Str. Vulturilor 98A, 030857, București
Tel.: 0774 074 094

office.romania@dentsplysirona.com
www.dentsplysirona.ro

http://facebook.com/dentsplysirona.romania



Stoma Edu J. 2023;10(1-4):                                                                          pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

B
o

o
ks

 R
e

vi
e

w

67-73

Neuroscience for Dentistry
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Edition: 1/e
Publish Year: 2022
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Price: €82.30

Marian V. Constantinescu 
DDS, MSc, PhD 
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Bucharest, Romania 
e-mail: marian.v.constantinescu@stomaeduj.com

Associate Professor Barbara J. O'Kane and Professor Laura C. Barritt from the Department of Oral 
Biology at the School of Dentistry. Creighton University, Omaha, NE, USA have created the book 
entitled Neuroscience for Dentistry aimed at  future dentists.
The book provides clear and comprehensive coverage from a dental perspective of the motor, 
sensory, and autonomic innervation of the head and neck pathways, as well as the fundamentals 
of orofacial pain biology and management, masticatory function, taste, and proprioceptive input 
to the temporomandibular joint (TMJ) and teeth.
To better understand the orofacial region, the authors divided the book in two parts, Part A - Basic 
Neuroscience and Part B - Orofacial Neuroscience in 27 chapters.
Part A has four units which  provide an overview of the general neuroanatomy of the Central 
Nervous System (organization, development, neurohistology and neurophysiology), Gross  
Anatomy of Brain and Spinal Cord (gross topography and blood supply of the brain, ventricles and 
cerebrospinal fluid, the meninges, cranial nerves and gross anatomy of the spinal cord), Sensory 
Systems (anatomical receptors and nerve fibers, somatosensory pathways of the body and head, 
pain, special senses), Motor Systems (direct activation pathways, indirect activation pathways and 
integrated systems) being the subject of study for all medical students enrolled in a first-year 
neuroscience course.
Part B has three units focusing specifically on the Review of Orofacial Structures and Tissues  
(development and organization of oropharyngeal region, trigeminal and facial nerves, glosso-
pharyngeal, vagus and hypoglossal nerves, neuromuscular control of mastication, swallowing 
and speech), Dental-Related Structures (temporomandibular joint, salivary glands and teeth) and 
Orofacial Pain and Dental Anesthesia by Intraoral Injection.
Richly illustrated and concisely written, each chapter includes an introductory overview and 
learning objectives.
The Neuroscience of Dentistry provides fundamental knowledge of the neuroscience of the  
orofacial region, making it an indispensable resource for dental students, dental hygiene  
students, and oral maxillofacial surgery residents.
This book includes free access to a digital copy at https://medone.thieme.com.

The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions

https://doi.org/10.25241/stomaeduj.2023.10(1-4).bookreview.1
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VEP is the acronym for Vertical Edgeless Preparation, a technique for the preparation of complete 
prosthetic crowns indicated for teeth that have lost their attachment, or for teeth with reduced 
periodontal support, with minimal probing (≤ 3 mm). This technique involves the subgingival 
extension of the preparation, in order to ideally treat the entire exposed root surface, up to the 
epithelial attachment, creating an axial wall without corners or edges in the prosthetically usable 
area.
VEP - Vertical Edgeless Preparation is a book which describes the technique clearly, is supported by 
suggestive illustration and is divided in four chapters. The first chapter begins with the descrip-
tion of the method, the concepts of the Cartesian axes and the relevant orders of magnitude are 
again proposed as well as a new simplified classification of the different prosthetic preparations.
It then presents the anatomical, histological and physiological aspects of the marginal periodon-
tium that are the basis of this method of preparing prosthetic crowns.
In a separate chapter, the practical part of the VEP technique is described, the different clinical 
and laboratory phases, the instruments and the operational sequence, comparing the classical 
applications with the new ones, in the view of the latest technological developments.
The last chapter defines the advantages and disadvantages, as well as the indications and contra-
indications for the use of the VEP technique.
VEP - Vertical Edgeless Preparation by Doctors Edoardo Foce, Gaetano Noè, Gianfranco Di Febo, 
Roberto Bonfiglioli and Gianfranco Carnevale constitutes a practical guide for every dentist who 
aims to treat as correctly as possible teeth that have lost their attachment, or teeth with reduced 
periodontal support.

The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions
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Cephalometric analysis is an indispensable tool TO plan, monitor and evaluate complex and  
integrated orthodontic treatment, surgical and oral rehabilitation protocols. Computer  
tomography (CT) represented a fundamental advance in diagnostic radiography whose authors 
were awarded the Nobel Prize in Medicine and Physiology in 1979. Advances in computer soft-
ware technology allowed the combination of conventional cephalometric radiography and CT 
methods to produce the new method of three-dimensional (3-D) cephalometry.
Three-dimensional cephalometry is a tool for planning, monitoring and evaluating craniofacial 
morphology and growth, immediate and long-term postoperative evaluation of orthognathic 
surgery procedures.
Basic Principles of Cephalometry is a practical guide both for orthodontists, maxillofacial  
surgeons, and dentists practicing complex and integrated oral rehabilitation. The 12 chapters of 
the book present  the experience of Prof. Rudolf Slavicek's school in cephalometry.
After introducing the basic principles of lateral cephalometry, the concept of individualized norm 
in the analysis, the tracing in profile, bony and dental structures, identification of special points 
and landmarks, determination of planes and the measurements are presented. 
There follows a detailed presentation of the occlusal plane: analysis and definitions, occlusal plane 
and cranio-facial development, functional view of occlusal plane, and inclusion of the spherical 
form of occlusion from the sagittal aspect. Next comes the establishment of the basic diagnostic 
conclusions: position of the mandible and the maxilla, relationship between the maxilla and the 
mandible, growth pattern of the mandible and the maxilla and overall craniofacial development.
The next section describes the compensation mechanisms: adaptation, compensation and  
decompensation; dento-alveolar compensation, vertical and articular compensation, adapta-
tion, compensation and decompensation during growth and basic principles of compensation  
and decompensation. It continues with the treatment plan, demonstration of growth-related, 
demonstrating the goals of treatment, the treatment plan, superimposition of cephalometric 
radiograph tracings, a historical overview of superimposition techniques and VTO: Broadbent, 
Bolton and Ricketts standards, various superimposition techniques: Björk, Ricketts, vertical  
dimension and visualization of verticalization, visualization of the difference between ICP and RCP 
and molar position and occlusal plane. Analysis of the lateral cephalometric radiograph follows: 
Bergen/Hasund, Björk, Jarabak, Downs, Ricketts, Sassouni, Sato/Kim, Slavicek, Steiner, Tweed and 
Wylie.
The last chapter addresses the history of the evaluation of the cephalometric radiograph, the 
need for standardized x-rays and the development of and methods of evaluating cephalometric 
radiographs: anthropology and cephalometry, the cephalometric photograph and cephalometry.
This book  by Prof. Gregor Slavicek, Dr. Anastasia Slavicek and Dr. Florian Slavicek is a convincingly 
documented, abundantly illustrated guide indispensable for the library of orthodontists, maxil-
lofacial surgeons, and dentists practicing complex and integrated oral rehabilitation.

The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions
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With the advent of rotary nickel-titanium systems in the early 2000s, a new challenge arose for 
Schilder's concept invented in the 1970s, as the discrepancy between the speed of root canal 
preparation with fast mechanical systems and effective control became apparent of infections. An 
update to the cleaning and shaping concept is now required.
The authors of  Shaping for Cleaning the Root Canals, five recognized specialists in End-
odontics from Universities in Brazil with a history of excellence in research and clini-
cal practice within the specialty offer readers their extensive knowledge of the clinical,  
biological and material sciences that underlie the practice of contemporary endodontics.
In this sense, the book complies  with the current standard of root canal preparation to maximize 
efforts to ensure disinfection after canal shaping.
To better clarify the ideas surrounding the concept of Shaping for Cleaning, the authors addressed 
the evolution of root canal preparation through an in-depth discussion of the impact of the  
technological revolution on each stage of root canal treatment, including scouting, glide path, 
patency, coronal augmentation, irrigation, shaping and remodeling, based on the best available 
knowledge supported by cutting-edge scientific evidence, proposing simple treatment protocols 
that take root canal anatomy into account.
Shaping for Cleaning the Root Canals is a true combination of clinical, scientific and educational 
expertise to provide the reader with a meaningful learning process for any practitioner interested 
in the field of Endodontics.

The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions
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Dr. Fabio Savastano specialized in Orthodontics at the University of Padua (1990). Since 1991, 
he has been applying the principles of Neuromuscular Dentistry (NMD) in orthodontics, and 
since 1994 he has been developing a unique diagnosis and treatment protocol for orthodontics, 
as a distinct branch of the field. Since 1989, Dr. Savastano has disseminated his knowledge of  
Neuromuscular Dentistry in orthodontics through lectures and courses in Italy and in over 12 
other countries of the world, teaching over 1,200 doctors. He is currently an adjunct professor 
and director of the master's program in Neuromuscular Orthodontics at the Universitat Jaume I 
in Castellón, Spain.
Fascinated by the idea of considering occlusion as a dynamic aspect of the stomatognathic sys-
tem, he begins to apply neuromuscular principles in orthodontics and studies his cases initially 
using Myotronics® K5-AR in 1991, and later K6I and K7. To synthesize his experience in Neuro-
muscular Dentistry, he drafted the book entitled Neuromuscular Orthodontics | A Clinical Guide 
divided in 12 chapters.
The book provides a solid foundation in neuromuscular dentistry, explaining the anatomy and 
function of the stomatognathic system, neuromuscular theory and the stomatognathic triad.  
Important techniques such as TENS and surface EMG are presented, a simplified protocol with the 
bioelectrical instrumentation used for diagnosis, treatment planning and monitoring, schematic 
kinesiographic representation of occlusal dental relationships in occlusal Class I, II and III, with 
the ideal function linked to ideal swallow, mandibular freedom and spontaneous mandibular  
migration (SMM) and head and body posture in relation to mandibular position. The last chapter 
covers case studies with kinesiographic recordings for diagnosis, treatment planning, showing 
long-term results after treatment.
Neuromuscular Orthodontics promotes a physiological method of practicing dentistry, is written in 
an easy-to-understand style and supported by eloquent iconography, constituting an indispens-
able guide for the application of neuromuscular concepts in orthodontics to meet the needs of 
students, dental practitioners and orthodontists.

         The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions
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Since the operating microscope has become an essential part of clinical practice and education, 
countless hours have been devoted to mastering this technology and its application in periodon-
tics and dental implantology.
Microsurgery has taken the entire field of minimally invasive surgery to new heights by operating 
with less damage to the body than classical surgical procedures. In addition, minimally invasive 
surgery is associated with less pain, a shorter postoperative recovery and fewer complications 
compared to traditional techniques. Clinicians can now perform highly precise and refined opera-
tions with improved visualization and a better evaluation of the soft and hard tissues.
Clinical Associate Professor Hsun-Liang Chan, and Adjunct Clinical Assistant Professor Diego  
Velásquez-Plata from the School of Dentistry of The University of Michigan, Ann Abor, USA  
conduct a comprehensive review of the fundamental concepts and advanced techniques related 
to the applications of minimally invasive procedures in periodontal and implant therapy in the 
book titled Microsurgery in Periodontology and Implantology. This book is divided in 14 chapters.
The book summarizes all pertinent information on the basic concepts and advanced techniques 
covering the applications of minimally invasive procedures in periodontal and implant therapy 
made possible by the operating microscope. Microsurgical therapy, principles of wound heal-
ing, and biomechanical and design aspects of microinstruments and suture armamentarium are  
discussed. The book emphasizes ergonomics (positioning of the patient, operator, and assistant) 
and collaborative techniques such as four- to six-hands assisting. Each topic tackled in the book 
is convincingly discussed by world-renowned experts in the field. Mention must be made of  the  
detailed description of Dr. Dennis A. Shanelec's technique. He developed the microsurgical  
implant simplified real aesthetics (SMILE), the technique of immediate tooth extraction and  
replacement in the anterior aesthetic area with a long-term success rate of over 98% on very 
complex cases.
Microsurgery in periodontal and implant dentistry is a book which is to be seen as a valuable,  
explicit and eloquently illustrated resource for general dentists, periodontists, oral surgeons and 
implantologists.

The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions
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As dentistry advances, artificial intelligence (AI) can become a cornerstone, offering remarkable 
opportunities to significantly improve disease diagnosis and treatment procedures. The six  
authors share their expertise in AI in the book entitled Artificial Intelligence in Dentistry. The book is 
divided in eight chapters.
This book provides a comprehensive introduction to state-of-the-art applications and technolo-
gies for improving diagnostic accuracy and predicting treatment outcomes in dentistry by using 
AI and machine learning (ML).
It is a book that looks at the merger of dentistry and AI, providing valuable insights into the  
successful integration of AI into oral health. Aimed specifically at oral health practitioners and  
researchers, the book contains organized chapters and up-to-date references, making its struc-
ture easy to navigate.
The first two chapters cover dental history, evolution, and specialties while introducing dental 
anatomy, nomenclature, and developmental disorders to ensure a solid understanding of funda-
mental concepts before addressing AI topics.
Chapter 3 covers prevalent oral health conditions, and Chapter 4 examines the links between oral 
health and general well-being. The importance of early detection and prevention of oral diseases 
is emphasized. The book's holistic approach highlights the critical role of AI in improving dental 
care globally.
Chapter 5 discusses  the innovative and advanced technologies that have radically transformed 
dentistry. Chapter 6 is a valuable resource for understanding AI for those who want to understand 
the fundamentals of AI in dental applications.
Chapter 7 explores the application of AI in oral health and imaging, highlighting effective  
AI-powered solutions for global health, including dental trauma prevention, periodontal risk  
assessment, caries prevention, and early childhood caries detection. The last chapter presents an 
example of a multiclass classification algorithm based on X-ray images.
The authors provide a comprehensive guide to the general and clinical aspects of dental and oral 
health problems and the etiology, prevalence, evaluation and management of these conditions.
It combines engineering and healthcare applications and is an important reference for research-
ers, biomedical engineers, dental students, and dentists.
In conclusion, this book is an indispensable resource for any practitioner interested in future  
developments in dentistry and the intersection of dentistry and AI.

The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions
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The Stomatology Edu Journal (Stoma Edu J) is one of the first 
Green Open Access journals in the field of dental medicine, 
publishing well-established authors, but equally committed 
to encouraging early career researchers and professionals 
alike to publish their work after a non-partisan, objective, 
double-blind rigorous peer-reviewed process. Our aim is to 
publish in the shortest possible time frame and ensure the 
rapid dissemination of your work via our journal page, but also 
through our indexing partners (Dimensions, EBSCO, KUDOS, 
Google Scholar, Scilit) which reach the vast mass of dental 
researchers, professionals and practitioners across the world.
This journal fully adheres and complies to the policies and 
principles of the Committee on Publication Ethics (COPE). 

1. Submission Instructions
The Stomatology Edu Journal (Stoma Edu J) publishes articles 
written only in English. All articles will be accompanied by the 
signed copyright form which can be returned by e-mail, fax (as 
scanned documents). All the responsibility for the originality of 
the material sent belongs to the author(s) alone. Each article will 
be evaluated by the peer-review committee composed of two 
independent peer-reviewers, in a blinded fashion, according to 
the peer-review protocol. All manuscripts must be original and 
exclusive. The Stomatology Edu Journal Editor will consider only 
articles that are original, have not been published elsewhere 
and have been submitted exclusively to the Stomatology Edu 
Journal. The manuscripts should be submitted online at www.
ManuscriptManager.net/stom. 

2. Ethics in publishing
The Stomatology Edu Journal (Stoma Edu J) and its 
editorial board fully adhere and comply to the policies 
and principles of Committee on Publication Ethics (COPE)  
(https://publicationethics.org/files/2008CodeofConduct.pdf ). 
Your manuscript should not contain any information that 
has already been published. If you include already published 
figures or images, please obtain the necessary permission 
from the copyright holder to publish under the CC-BY license. 
Plagiarism, data fabrication and image manipulation are not 
tolerated. Plagiarism is not acceptable in the Stomatology Edu 
Journal (Stoma Edu J) submissions. Plagiarism includes copying 
text, ideas, images, or data from another source, even from 
your own publications, without giving any credit to the original 
source. Reuse of text that is copied from another source must 
be between quotes and the original source must be cited. If a 
study's design or the manuscript's structure or language has 
been inspired by previous works, these works must be explicitly 
cited.
If plagiarism is detected during the peer review process, the 
manuscript may be rejected. If plagiarism is detected after 
publication, we may publish a correction or retract the paper. 
Image files must not be manipulated or adjusted in any way 
that could lead to misinterpretation of the information provided 
by the original image. To verify the originality of content 
submitted to our journals, we use iThenticate (www.ithenticate.
com) to check submissions against previous publications. 
All submitted manuscripts will be checked for any possible 
duplication or plagiarism with iThenticate (www.ithenticate.
com). Nevertheless, corresponding authors are responsible for 
any fraud, intentional or unintentional malpractice.

3. Articles sent for publishing
The Stomatology Edu Journal (Stoma Edu J) publishes: original 
articles; reviews; case reports; technical procedures; consensus 
declaration coming from an association or from a group of 
specialists; letters to the editor. All articles must be up to 3,000 
and 5,000 words for meta- analysis (the word count is for the 
manuscript text only). Letters to the editor must not exceed 
400 words of text and have no more than 3 authors. Letters to 
the editor can be related to an article already published in the 
journal or it can represent original scientific contributions or 
events news/presentations etc. of interest for the reader.

4. Permissions and Ethics
For citations, tables, figures etc. which are not original, these 
must be accompanied by the written permission for their 
use and the full reference must be provided. Photographs 
of identifiable persons must be sent alongside the written 
permission of the person(s) and all regions that may allow the 
identification of the subject must be covered. The author must 

have obtained, for all studies including human subjects, the 
permission of the subjects to be part of the study whilst keeping 
their anonymity. By sending the article, the author declares that 
he obtained this permission from all his subjects. All studies 
must respect the Helsinki Declaration (2013). For human and 
animal studies, the authors must have obtained the approval of 
the ethics committee from the University/Institute/etc. where 
the study was done. Consent for publication is required for 
studies involving human subjects - ALL case reports, letters 
that describe cases and some original articles. Cohort studies 
are exempt; instead evidence of IRB approval (name of IRB, 
date of approval and approval code/reference number) must 
be provided.

5. Manuscript preparation
The article must be written in conformity with the general 
recommendations of the International Committee of Medical 
Journal Editors. 
http://www.icmje.org/icmje-recommendations.pdf 
The Stomatology Edu Journal (Stoma Edu J) uses double-blind 
review, which means that both the reviewer and author name(s) 
are not allowed to be revealed to one another for a manuscript 
under review. The identities of the authors are concealed from 
the reviewers, and vice versa. To facilitate this, please include 
the following separately: 
Title page (with author details): This should include the title, 
authors' names and affiliations, and a complete address for 
the corresponding author including an e-mail address, Author 
Contributions, Acknowledgements and Curriculum Vitae. 
Blinded manuscript (no author details): The main body of the 
paper (including the references, figures, and tables) should not 
include any identifying information, such as the authors' names 
or affiliations.The articles must be sent either as a Microsoft 
Word 2000 document (*.doc) or as a Microsoft Word 2003/16/19 
document (*.docx). The article will be written using Times New 
Roman font, size 12 for the characters with one and half (1 1/2) 
spaces between paragraphs. The manuscript must be sent in 
its final form. The pages will be numbered with the manuscript 
containing the following sections: title, authors, abstract, 
keywords, the text of article, contributions, acknowledgments, 
references, the figures and the tables legend.
A. The title of the manuscript will have a maximum of 100 
characters without spaces, written in title case, centered 
capitals, and in 12 point bold Times New Roman font at the top 
of page. Abbreviations should be avoided within the title.
B. The author(s) will send their full name(s) and surname(s), 
the highest academic position, their full titles and their 
affiliations. All names are listed together and separated by 
commas. Provide exact and correct author names as these 
will be indexed in official archives. Affiliations should be keyed 
to the author's name with superscript numbers and be listed 
as follows: Laboratory, Department, Institute, Organization, 
City, State abbreviation (USA, Canada, Australia), and Country 
(without detailed address information such as city zip codes or 
street names).
The correspondent author will send his/her full name and 
surname, the highest academic position, his/her full title, his/
her affiliation, his/her institution address, his/ her telephone, 
fax and e-mail. The authors will send this information in the 
same format as that in the published articles.
C. The Structured Abstract 
The abstract can have a maximum of 250 words. After the 
abstract, the author(s) must mention a maximum of 5 keywords. 
Keywords must be selected from Medline Mesh. Abbreviations 
are not accepted in the title or the abstract.
The abstract for Original Scientific Articles should be no more 
than 250 words using the following structure: Introduction; 
Methodology; Results; Conclusion.
The abstract for Review Articles should be no more than 250 
words with the authors covering all the following information 
regarding the subject presented under the following 
subheadings: Background, Objective, Data Sources, Study 
Selection, Data Extraction, Data Synthesis. 
The abstract for Case Reports should be no more than 250 
words using the following structure: Aim, Summary and Key 
learning points: provide up to 5 short statements of the report.
The abstract for Clinical Articles should be no more than 250 
words using the following structure: Aim, Methodology, Results 
and Conclusions.
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D. The Article Text
Headings and Sub-headings
Except for special names (e.g. GABAergic), capitalize only 
the first letter of headings and subheadings. Headings and 
subheadings need to be defined in Times New Roman, 12, bold. 
You may insert up to 5 heading levels into your manuscript (not 
more than for example: 3.2.2.1.2 Heading title).
For original articles:
1. Introduction - a presentation of the most important aspects 
in the studied domain without doing a review of the literature. 
The purpose of this part is to present and backup the hypothesis 
on which the study was based.
2. Material and Methods - this section will include all required 
information so that the reader can verify the validity of the 
study including, but not limited to, subjects, measurements, 
statistics and ethics. The methods used should be discussed 
(why the methods have been chosen, which the limitations/
advantages). A paragraph about the statistical analysis is 
required as well.
3. Results - the results of the study will be presented in a 
descending order of importance. An interpretation of the 
results will not be done in this section.
4. Discussion - the authors will present the way the results 
backup the original hypothesis, as well as the way in which 
the results are backed up or contradicted by the published 
literature. A paragraph must be dedicated to presenting the 
limitations of the study.
5. Conclusion - The conclusion presents the implications of this 
latest work. In addition, authors may consider discussing future 
plans or recommendations for future research etc. For all other 
types of articles, we recommend the use of a clear structure 
based on sections and sub-sections.
E. Author Contributions
The Author Contributions section is mandatory for all articles, 
including articles by sole authors. The Author Contributions 
statement must describe the contributions of individual 
authors and, in doing so, all authors agree to be accountable 
for the content of the work. Please list only 2 initials for each 
author, without periods, but separated by commas (e.g. AC, 
AS). In the case of two authors with the same initials, please 
use their middle initial to differentiate between them (e.g. AEC, 
ASC). Each author must be able to prove his active participation 
in the study by contributing to the concept, protocol, data 
gathering or analysis, their interpretation or by critically revising 
the manuscript.
F. Acknowledgments
Acknowledge persons who have made substantive 
contributions to the study. Specify grant or other financial 
support, citing the name of the supporting organization and 
grant number.
G. References
- The references will be written using the Vancouver style 
(https://www.imperial.ac.uk/media/imperial-college/
administration-and-support-services/library/public/vancouver.
pdf). All references that are identified with DOI (Digital Object 
Identifier) must be mentioned.
- For each reference use active links to the full text (DOI link), 
free PMC article, PubMed, Google Scholar, Scopus pages, and 
WoS were they exist:
- For all references identified with DOI the full-text link must be 
the CrossRef hyperlink
Examples
Articles with DOI
Singbartl G. Pre-operative autologous blood donation: clinical 
parameters and efficacy. Blood Transfus. 2011;9(1):10-18.  
[CrossRef] [Free PMC Article] [PubMed] Google Scholar Scopus WoS
Articles without DOI
Mehta H, Shah S. Management of Buccal Gap and Resorption 
of Buccal Plate in Immediate Implant Placement: A Clinical Case 
Report. J Int Oral Health. 2015;7(Suppl 1):72–75. 
[Full text links] [PubMed] Google Scholar
- The references will be numbered, in the order they appear in 
the text, in square brackets, as such: [3], [5,7-9]. 
- All sources found in the text must be present in the bibliography 
and all the papers mentioned in the bibliography must appear in 
the text. 
- For references with more than 5 authors, list the first 3 authors 
followed by “et al.” 

- Full-page ranges should be given in expanded form (e.g., 426–
429, not 426–9).
- If non-English-language titles are translated into English, 
bracketed indication of the original language should follow the 
title. 
- All journals will be abbreviated and italicized names of journals 
according to the style in PubMed; refer to the National Library 
of Medicine (NLM) Journals Database (http://www.ncbi.nlm.
nih.gov/nlmcatalog/journals) if needed. Journal names will be 
abbreviated according to the List of Title Word Abbreviations
- Information obtained from sources which are not published 
yet, but accepted for publishing will include at the end of the 
reference the mention “in print” between round parentheses. 
- If the cited results have not been published yet the mention 
will be “personal communication” written in the text of article 
between round parentheses. 
- Only references read by the authors of the article will be cited.
- An original article will have at most 50 references, a review will 
have at most 100 references, a letter to the editor 5 references, 
whilst all other types of articles will have the minimum number 
of references required.

6. Curriculum Vitae – Ultra Short version
Please provide a brief presentation of the first author and his 
contribution in the field, of maximum 130 words (with a 3.5x4.5 
cm color photo).

7. Figures, Images, Tables
All illustrations must be numbered and cited in the text in order 
of appearance.
Figures and Images will be drawn professionally and sent in separate 
file(s) as jpeg, tiff or png files. Illustrations should preferably fill single 
column width (54 mm) after reduction, although in some cases 
113 mm (double column) and 171 mm (full page) widths will be 
accepted. See the Image quality specifications chart for details. 
Image files also must be cropped as close to the actual image as 
possible.
In the text, each figure must be represented by a number, a title and 
a description. The authors will indicate where should the figure be 
placed in the text. All images or figures must come from the author’s 
personal collection or the author must have rights to publish the 
image or figure. All images must be at or above intended display size, 
with the following image resolutions: Line Art 800 dpi, Combination 
(Line Art + Halftone) 600 dpi, Halftone 300 dpi. We do not accept 
images or figures taken from the Internet. 
The Tooth Identification System used in manuscripts must conform 
to the FDI International System. Units used in manuscripts must 
conform to the Système Internationale d’Unités (SI). 
Tables will be included in the text and each table will have a number 
and a short description if required.

8. Ownership Rights
By sending the article for publication the author(s):
- take full responsibility for the scientific content of the text and 
for the accuracy of the send data;
- become (co)author(s) of the manuscript (all further plagiarism 
accusation are addressed solely to the author(s) who signed the 
manuscript);
- declare they are the rightful owners of the images, figures 
and/or information sent for publishing and that they have the 
permission to publish all the materials for which they do not 
own the intellectual property rights;
- declare that the message/content of the manuscript is 
not influenced in anyway by commercial interests/previous 
engagements/ any sort of relations with other people or 
companies;
- transfer all rights for the manuscript to the Editorial Council for 
the Stomatology Edu Journal (Stoma Edu J).

9. Other
Previously mentioned limitations can be ignored in special cases 
with the agreement of the chief-editor and/or the publisher. All 
published materials cannot be returned.
Not taking into consideration the recommendations 
mentioned before can lead to delay in publishing the 
materials or may lead to not publishing the article.
The Stomatology Edu Journal (Stoma Edu J) also helps authors 
measure the impact of their research through specialist 
partnerships with Kudos and Altmetric.
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