European

Oral Research

Volume 59 = Issue 1 = January 2025

ISSN online 2651-2823

77

\

eor.istanbul.edu.tr



Faculty of Dentistry

u ro e a | l Official Publication of
Istanbul University

Oral Research

INDEXING AND ABSTRACTING

SCOPUS
Emerging Sources Citation Index (ESCI)
PUBMED Central
TUBITAK ULAKBIM TR-Index
Proquest
EBSCO Dentistry & Oral Sciences Source
Directory of Open Access Journals (DOAJ)
Open Aire
Chemical Abstracts
SOBIAD




Faculty of Dentistry

u rO e a I I Official Publication of
Istanbul University

Oral Research

OWNER

Prof. Dr. Ugur ERDEMIR
Department of Restorative Dentistry, Faculty of Dentistry, Istanbul University, Istanbul, Turkiye

RESPONSIBLE MANAGER

Prof. Dr. Handan ERSEV
Department of Endodontics, istanbul University, Faculty of Dentistry, istanbul, Turkiye

CORRESPONDENCE ADDRESS

Istanbul University, Faculty Of Dentistry
Prof. Dr. Cavit Orhan Tiitengil Sokak No. 4 Vezneciler-Fatih-istanbul
Phone: +90 (212) 440 00 00/ 12100
E-mail: eor@istanbul.edu.tr

PUBLISHER

istanbul University Press
istanbul University Central Campus,
34452 Beyazit, Fatih / istanbul, Turkiye,
Phone: +90 (212) 440 00 00

Authors bear responsibility for the content of their published articles.
The publication languages of the journal is English.

This is a scholarly, international, peer-reviewed and open-access journal published triannually in January, May and September.

Publication Type: Periodical

A-ll



Faculty of Dentistry

u rO e a I I Official Publication of
Istanbul University

Oral Research

EDITORIAL MANAGEMENT BOARD

Editor-in-Chief

Yigit SIRIN - Department of Oral and Maxillofacial Surgery, Faculty of Dentistry istanbul University , istanbul, Turkiye - ysirin@istanbul.edu.tr

Section Editors
Ahmed Abdel Rahman HASHEM - Department of Endodontics, Faculty of Dentistry, Ain Shams University, Cairo, Egypt - endohashem@gmail.com
Alpdogan KANTARCI - School of Dental Medicine, Harvard University, Cambridge, United-States - AKantarci@forsyth.org

Barig Gagri DELILBASI - Department of Oral and Maxillofacial Diagnostic Sciences, Faculty of Dentistry, Medipol University, Istanbul, Turkiye
- cdelilbasi@medipol.edu.tr

Burcu OZDEMIR - Department of Periodontology, Faculty of Dentistry, Gazi University, Ankara, Turkiye - cburcu@gazi.edu.tr

Didem OZDEMIR OZENEN - Department of Pedodontics, Faculty of Dentistry, Yeditepe University, Istanbul, Turkiye - didem.ozdemir@yeditepe.edu.tr

Enver Alper SINANOGLU - Department of Radiology, Faculty of Dentistry, Kocaeli University, Kocaeli, Turkiye - alper.sinanoglu@kocaeli.edu.tr

Gokmen KURT - Department Of Orthodontics, Faculty of Dentistry, Bezmialem Vakif University, Istanbul, Turkiye - gokmenkurt@bezmialem.edu.tr

Joseph KATZ - Department of Oral and Maxillofacial Diagnostic Sciences, College of Dentistry, University of Florida, Florida, USA - jkatz@dental.ufl.edu
Mehmet Ali DARENDELILER - Department of Orthodontics, Faculty of Medicine and Health, University of Sydney, Sydney, Australia - ali.darendeliler@sydney.edu.au
Meric KARAPINAR KAZANDAG - Department of Endodontics, Faculty of Dentistry, Yeditepe University, Istanbul, Turkiye - meric.karapinar@yeditepe.edu.tr

Merve SOLUK TEKKESIN - Department of Clinical Sciences, Faculty of Dentistry, Ankara University, Ankara, Turkiye - mstekkesin@ankara.edu.tr

Mustafa DEMIRCI - Department of Restorative Dentistry, Faculty of Dentistry, Division of Clinical Sciences, Istanbul University, Istanbul, Turkiye
- demirci@istanbul.edu.tr

Mutlu OZCAN - Division of Dental Biomaterials, Center of Dental Medicine, University of Zurich, Zurich, Switzerland - mutlu.ozcan@zzm.uzh.ch

Burcu OZDEMIR - Department of Periodontology, Faculty of Dentistry, Gazi University, Ankara, Turkiye - cburcu@gazi.edu.tr

Nitesh TEWARI - Department of Pedodontics with Preventive Dentistry, Faculty of Dental Sciences, CSM Medical University, Uttar Pradesh, India - dr.nitesht@gmail.com
Oviil KUMBULOGLU - Department of Prosthothics, Faculty of Dentistry, Ege University, Izmir, Turkiye - ovul.kumbuloglu@ege.edu.tr

Prashant P. JAJU - Oral and Maxillofacial Radiology Department, Rishiraj College of Dental Sciences and Research Centre, Bhopal, India
- docprashant_jaju@yahoo.com

Sebnem TURKUN - Department of Restorative Dentistry, Faculty of Dentistry, Ege University, Izmir, Turkiye - sebnem.turkun@ege.edu.tr

Ethical Advisor
Funda YALGIN - Department of Periodontology, Faculty of Dentistry, Istanbul University, Istanbul, Turkiye - fyalcin@istanbul.edu.tr

Statistics Editor
Halim ISSEVER - Department of Public Health, Faculty of Medicine, istanbul University , istanbul, Turkiye - hissever@istanbul.edu.tr

Scientific Secretariat
Benek SAGLAM - istanbul University, Faculty of Dentistry, istanbul, Turkiye - eor@istanbul.edu.tr

A-llI



Faculty of Dentistry

u rO e a I I Official Publication of
Istanbul University

Oral Research

EDITORIAL ADVISORY BOARD

Amid I. ISMAIL - Department of Restorative Dentistry, Temple University, Maurice H. Kornberg School of Dentistry, Pensilvanya, United States

- amid.ismail@temple.edu

Bekir KARABUCAK - Department of Endodontics, University of Pennsylvania, School of Dental Medicine, PA, United States - bekirk@upenn.edu

Bruno CHRCANOVIC - Department of Prosthodontics, Malmé University, Faculty of Odontology, Malmo, Sweden - b.chrcanovic@gmail.com

Danae APATZIDOU - Department of Preventive Dentistry, Periodontology and Implant Biology, Aristotle University of Thessaloniki, Thessaloniki, Greece

- dapatzidou@dent.auth.gr

Daniel M. LASKIN - Department of Oral and Maxillofacial Surgery, Virginia Commonwealth University, School of Dentistry, Richmond, Virginia, United States
- dmlaskin@vcu.edu

David J. MANTON - Department of Pediatric Dentistry, The University of Melbourne, Melbourne Dental School, Victoria, Australia - dimanton@unimelb.edu.au
Edward LAHEY - Department of Oral and Maxillofacial Surgery, Harvard School of Dental Medicine, Massachusetts, United States - edward.lahey@gmail.com
Elisabetta COTTI - Department of Conservative Dentistry and Endodontics, University of Cagliari, Cagliari, Italy - cottiend@tin.it

Erica Dorigatti De AVILA - Department of Biomaterials, Radboud University Medical Centre, Nijmegen, Netherlands - deavila@gmail.com

Francesco CARINCI - Department of Morphology, University of Ferrera, Maxillofacial Surgery, Surgery and Experimental Medicine, Section of Translational
Medicine and Surgery, Ferrera, Italy - frcarinci@gmail.com

Gabrielle MILLESI - Department of Craniomaxillofacial Surgery, Medical University of Vienna, Vienna, Austria - gabriele.millesi@meduniwien.ac.at

Gunnar E. CARLSSON - Department of Prosthetic Dentistry, University of Gothenburg, Institute of Odontology, Gothenburg, Sweden - gecarlsson@gmail.com
Her-Hsiung HUANG - Department of Materials Science, National Yang-Ming University, School of Dentistry, Taipei, Taiwan - hhhuang@ym.edu.tw

James BAHCALL - Department of Endodontics, The University of Illinois, Chicago College of Dentistry, IL, United States - jbahcall@uic.edu

Javotte NANCY - Department of Dental Surgery, University of Victor Segalen Bordeux 2, Bordeaux, France - javotte.nancy@gmail.com

Jeffrey A. BANAS - Department of Pediatric Dentistry, The University of lowa, School of Dentistry, United States - jeffrey-banas@uiowa.edu

John D. BARTLETT - Department of Biosciences, The Ohio State University College of Dentistry, Ohio, United States - bartlett.196@osu.edu

Joyce Rose P. MASALU - Department of Orthodontics, Paedodontics and Community Dentistry, School of Dentistry, Muhimbili University of Health and Allied
Sciences, Dar es Salaam, Tanzania - jromasalu@gmail.com

Jukka H. MEURMAN - Oral Infectious Diseases, Institute of Dentistry, University of Helsinki, Helsinki, Finland - jukka.meurman@helsinki.fi

Junji TAGAMI - Department of Cariology and Operative Dentistry, Tokyo Medical and Dental University, Tokyo, Japan - tagami.ope@tmd.ac.jp

Kamran SAFAVI - Division of Endodontology, University of Connecticut, Oral Health and Diagnostic Sciences, Connecticut, United States - ksafavi@egmail.com
Lakshman P. SAMARANAYAKE - Department of Oral Biosciences, The University of Hong Kong, Hong Kong, China - lakshman@hku.hk

Louis M. LIN - Department of Endodontics, New York University College of Dentistry, New York, United States - louismlin@gmail.com

Mahmoud AL-OMIRI - Department of Restorative Dentistry, University of Jordan, Faculty of Dentistry, Amman, Jordan - alomirim@yahoo.co.uk

Marcel Marchiori FARRET - Orthodontics Private Practice, Santa Maria, Brazil - marfarret@gmail.com

Mary Anne MELO - Department of Endodontics, University of Maryland School of Dentistry, Prosthodontics and Operative Dentistry, Maryland, United States -
mmelo@umaryland.edu

Michael SWAIN - Biomaterials Unit, University of Sydney, Sydney, Australia - michael.swain@sydney.edu.a

Ngeow Wei CHEONG - Department of Oral and Maxillofacial ClinicalbSciences, University of Malaya, Faculty of Dentistry, Kuala Lumpur, Malaysia

- ngeowy@um.edu.my

Nicholas CHANDLER - Department of Oral Rehabilitation, University of Otago, Faculty of Dentistry, Dunedin, New Zealand - nick.chandler@otago.ac.nz

Noam YAROM - Department of Oral Pathology and Oral Medicine, Tel Aviv University, Tel-Aviv, Israel - noamyar@post.tau.ac.il

Patrick SCHMIDLIN - Department of Periodontology, University of Zurich, Center of Dental Medicine, Zurich, Switzerland - patrick.schmidlin@zzm.uzh.ch
Patrick WARNKE - Department of Oral and Maxillofacial Surgery, University Hospital of Schleswig-Holstein, Kiel, Germany - patrick.warnke@gmail.com

Philip BENSON - Department of Orthodontics, The University of Sheffield School of Clinical Dentistry, Sheffield, United Kingdom - p.benson@sheffield.ac.uk
Philipp SAHRMANN - Department of Periodontology, University of Zurich, Center of Dental Medicine, Zurich, Switzerland - philipp.sahrmann@zzm.uzh.ch
Pushkar MEHRA - Department of Oral and Maxillofacial Surgery, Boston University Henry M. Goldman School of Dental Medicine, Massachusetts, United
States - pmehra@bu.edu

Rafael CONSANI - Department of Prosthodontics, Piracicaba Dental School University of Campinas, Sao Paulo, Brazil - consani@gmail.com

Ruben PAUWELS - Department of Oral and Maxillofacial Surgery - Imaging and Pathology, University of Kleuven, Kleuven Belgium - ruben.pauwels@gmail.com
Vesna MILETIC - Department of Restorative Odontology and Endodontics, University of Belgrade, School of Dental Medicine, Belgrade, Serbia

- vesna.miletic@stomf.bg.ac.rs

A-lV



Faculty of Dentistry

u rO e a I I 2 Official Publication of
Istanbul University

Oral Research

Contents

Original Research Articles

Clinical and demographic profile of oral lichen planus in Sri Lanka: a retrospective study .......cccccoeuoveueneunnee 1

Samadara Siriwardena, Kalani Hettiarachchi, Ruwan Jayasinghe

External cold and vibration with BUZZY versus topical anesthetic gel for pain and anxiety associated
with infiltrative anesthesia in pediatric dentistry: a double-blinded, split-mouth, randomized,

CONETOHEA TFHAL.cei ettt b st s s bbb bbbt bttt b ssates 7
Reyhaneh Faghihian, Mohammad Moin Tofighi, Sanaz Ziaei, Sayed Lotfollah Afzali

In silico prediction of differentially expressed genes and functionally grouped networks in patients
with inflamed pulp for screening PUlPitis DIOMAIKEIS ... sssessssssssssssssssassessses 12
Azizeh Asadzadeh, Fatameh Shams Moattar, Azam Moshfegh

In vitro evaluation of shear bond strength of polymethyl methacrylate/montmorillonite modified
Biodentine with dental reSin COMPOSILE ...ttt sesassas s sassessssssessesaesasssesassassans 19
Fagr Hassan ElImergawy, Olan M. Elborady, Dina M. Wahled

In vitro fracture resistance of implant-supported terminal zirconia cantilevered frameworks..................... 27
Tabark Shibab Al Bayati, Saja Ali Muhsin

The antimicrobial effect of R-limonene and its nano emulsion on Enterococcus faecalis - In vitro study .33
ilke Doga Seker, Tayfun Alacam, Giilcin Ak¢a, Aysel Yilmaz, Sevgi Takka

Comparison of screw and plate osteosynthesis in advancement genioplasty: a finite element
ANANYSIS STUAY ettt sttt sss st ss s se b as s b as s b b e st At se bbb s s b b s s s s sassssases 40

Serap Giilsever, Sumer Miinevveroglu, Selim Hartomaciodlu, ipek Necla Giildiken, Sina Uckan

Optimizing the primary stability of dental implants in type IV bone: in-vitro comparison of ma-
chine-driven and ratcheting iNSErtion ProtOCOIS ...t ssssssssssssssssssssasssssses 46

Nuri Mert Taysi, Aysegul Erten Taysi, Pinar Er¢al, Soner Sismanoglu
Comparison of calcium silicate-based materials in pulpotomies of primary molars:

A FANAOMIZEA CHINTCAT TFHAT ettt e eses e e e e esesasssas s tsssassssessssssssssssssssssssssasassasnsnssessssssssesssssna 53

Mine Koruyucu, Sabiha Ceren llisulu, Sila Yardimci, Figen Seymen

A-XII



Faculty of Dentistry

u rO e a I I Official Publication of
tanbul University

Oral Research

Contents

Invited Review Article

The evolving role of MRI in dentomaxillofacial diagnostics: a comprehensive review..........cooeeierrcnnenns 58
Melisa Ocbe

A-XII



eor.istanbul.edu.tr

\STAy

a%e [STANBUL
S UNIVERSITY
fEet _ pRESS

Official Publication of Istanbul University Faculty of Dentistry

Eur Oral Res 2025; 59(1): 1-6

Original research

Clinical and demographic profile of oral lichen planus in Sri

Lanka: a retrospective study

Purpose

Several relatively large series from developed countries have extensively described
the demographic and clinical characteristics of oral lichen planus (OLP). However,
such descriptions from developing countries are rare. This study aimed to
investigate the differences in these aspects within a cohort of Sri Lankan patients
affected by OLP.

Materials and Methods

Cases diagnosed with OLP between 1999 and 2019 were retrieved. Demographic
data, clinical presentation, main complaints, age, sex, lesion sites, and histological
information, were collected from the database. Cases with lichenoid reactions and
incomplete data were excluded. Instances with multiple biopsies were treated as
single cases. Frequencies were compared using chi-square statistics.

Results

The database identified a total of 3734 cases. The male-to-female ratio was 1:1.6,
indicating an overall female predominance. The youngest patient reported was 1
year and 2 months old, presenting with brownish pigmentations on the right side
of the buccal mucosa. The highest number of cases were observed in the 41-50-
year age group, followed by the 51-60-year age group. The most common clinical
type was the reticular type, followed by atrophic and erosive types. 200 patients
presented with blackish pigmentations in the oral mucosa, experiencing a burning
sensation without evidence of the typical reticular background. The plaque type
was more common on the dorsal surface of the tongue, showing a statistically
significant association (p<0.05). Ninety cases exhibited dysplastic changes ranging
from mild to moderate degrees, accounting for 2.4% of the total sample.

Conclusion

While the malignancy rate is not significantly high enough to reduce morbidity and
mortality from cancer arising on OLP lesions, regular follow-up and examinations
are recommended for early diagnosis of malignant transformation.

Keywords: Oral lichen planus, reticular, dysplasia, prevalence, pigmented lesion
Introduction

Oral lichen planus (OLP) is a chronic mucocutaneous disease with an
immune-mediated pathogenesis. The etiopathogenesis of OLP remains
incompletely understood. This disease is multifactorial, triggered by vari-
ous agents, including dental materials, drugs, viruses like hepatitis C, liver
dysfunction, and psychological stress (1). Primarily affecting the oral mu-
cosa, OLP can also involve other mucosal sites, such as the vulvar, vaginal
mucosae, skin, particularly the flexor surfaces of hands and legs, scalp
leading to alopecia, and nails. The prevalence of OLP may vary from 0.5%
to 2.2%. In the general population, the average rate is 0.89%, and among
clinical patients, it is 0.98% (2,3). Typically manifesting a female predilec-
tion, OLP is commonly observed in the 4th to 6th decade of life.
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The oral mucosal lesions in OLP are usually bilateral but
not necessarily symmetrical, commonly found in sites such
as the buccal mucosa, tongue, and gingiva, often leading
to desquamative gingivitis. With multiple clinical presenta-
tions, some are asymptomatic, while others cause a signif-
icant burning sensation and pain. Although around 17 dif-
ferent clinical types have been described in the skin, only 6
types are identified in the oral mucosa such as papular, retic-
ular, erosive, plaque-like, atrophic, and bullous (4).

The most common is the reticular type, often asymptom-
atic and characterized by a white line on the buccal mucosa,
known as “Wickham striae” The papular type is rare, mostly
asymptomatic, with small white raised areas and occasional
whitish fine striae. Plaque-type OLP can resemble oral leuko-
plakia, appearing as thick white patches on the buccal mu-
cosa and dorsum of the tongue. Erosive, atrophic, and bul-
lous types appear reddish and are symptomatic. Erosive OLP
presents as inflamed, ulcerated areas, often mixed with a
reticular pattern, causing severe pain. Atrophic OLP exhibits
diffuse reddish lesions and may coexist with other subtypes,
notably the reticular type. Bullous OLP begins with blisters
that rupture, resulting in painful ulcerations (1). Different
clinical forms might coexist or merge in the same patient (2).
The clinical features, especially in the asymptomatic “classic”
reticular form, may be adequate for diagnosis. However, as
several conditions with similar clinical appearances exist,
histopathological confirmation through biopsy, although
the clinical evidence is evident, can be essential (2).

Considered a potentially malignant disorder with a very
low transformation potential, OLP patients who smoke, con-
sume alcohol, are seropositive for HCV, or present reddish
types, carry a higher risk of malignant transformation (4-6).
Multiple mucosal lesions clinically and histopathologically
resembling OLP are termed “oral lichenoid” lesions (OLL).
The main differentiating factor between OLP and OLL is
the identification of the etiological agent in OLL. Lichenoid
lesions can stem from dental materials, drugs, or other sys-
temic diseases. Contact of oral mucosa with dental materials
used for restorations, particularly amalgam, can cause oral
lichenoid contact lesions (OLCL) due to contact allergic mu-
cositis (delayed immune-mediated hypersensitivity). Oral
lichenoid drug reactions (OLDR) are associated with specific
medications such as angiotensin-converting enzyme inhib-
itors, nonsteroidal anti-inflammatory agents, and oral hy-
poglycemic agents. Lichenoid lesions are also seen in graft-
versus-host disease (OLL-GVHD) (2). Several relatively large
series from developed countries have extensively described
the demographic and clinical characteristics of oral lichen
planus (OLP). However, such descriptions from developing
countries are rare. This study aimed to investigate the differ-
ences in these aspects within a cohort of Sri Lankan patients
affected by OLP.

Materials and Methods
Ethical approval
The study protocol received approval from the Sri Lanka

Peradeniya University Ethics Committee (project no: ERC/
FDS/UOP/2016/06).

Database search criteria

Cases diagnosed as OLP were retrieved from the Oral Pa-
thology database spanning 1999-2019 at the Department
of Oral Pathology, Faculty of Dental Sciences, University of
Peradeniya, Sri Lanka. Demographic data, including clinical
presentation, main complaints, age, sex, lesion sites, and his-
tological information, were collected. Cases with lichenoid
reactions and inadequate data were excluded, while in-
stances with multiple biopsies were consolidated into single
cases.

Data classification

The gathered data were entered into a Microsoft Excel work-
sheet and categorized based on age to identify frequency dis-
tribution, as well as site of occurrence (right buccal mucosa,
left buccal mucosa, bilateral buccal mucosae, palate, tongue
- ventral, dorsal, lateral - lips, and gingiva). Additionally, data
were categorized according to clinical types, such as reticular,
atrophic, erosive, bullous, and pigmented. Patients present-
ing with the aforementioned clinical types and a pigmented
background were included. OLP, as defined by the WHO, falls
under the category of an oral potentially malignant disorder
(OPMD). Hence, histological reports were assessed to identify
cases exhibiting dysplastic changes.

Statistical analysis

Chi-square tests were employed to determine associa-
tions. Different combinations of each variable were analyzed
to identify statistically significant relationships. A confidence
interval of 95% was set, with the significance level consid-
ered at p<0.05.

Results
Inclusion criteria and demographics

A total of 3734 cases met the inclusion criteria, comprising
1441 males and 2293 females, resulting in a male-to-female
ratio of 1:1.6, demonstrating an overall female predomi-
nance. Within the study population, nearly 90% were of Sin-
halese ethnicity, while Tamils and Muslims each represented
5%, reflecting the country’s ethnic distribution (Table 1). The
overall average age was 45.98 years. However, there were
marked age-specific variations across each category (Table
1). Gender distribution also showed variability across differ-
ent age groups (Figure 1a and Figure 1b).

Clinical presentation and types

The chief complaint among the majority of cases was a
burning sensation. Clinically, OLP manifested as reticular,
atrophic, erosive, and bullous types. The youngest reported
patient was a 1-year and 2-month-old baby with brownish
pigmentations on the right-side buccal mucosa. The highest
number of cases appeared in the 41-50 age group, followed
by the 51-60 age group. When categorizing the total sample
by clinical type, the worst presentation was considered. For
instance, if a lesion displayed erosions/ulcers against a back-
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Figure 1b. Gender distribution within the test group.

ground of reticular areas, it was classified as an erosive type.
The most common type observed was the reticular type, fol-
lowed by atrophic and erosive types. Notably, 200 patients
presented with blackish pigmentations in the oral mucosa
and a burning sensation, devoid of the typical reticular back-
ground (Figure 2a). It's intriguing to note the association of
various clinical presentations with pigmentation (Figure 2b).

Distribution and association

Bilateral buccal mucosae harbored 42.7% of OLP cases
(1595 cases), while the least common site was the palate (Fig-
ure 3). Moreover, the plaque type predominantly occurred
on the dorsal surface of the tongue (Fig 4). A statistically
significant association (p<0.001) was observed between the
distribution of OLP types and the site of the tongue (Table
2). Figure 5a to Figure 5d illustrated typical clinical appear-
ances of different OLP types.

W more than 2 sites

Figure 3. Site distribution of the OLP cases.

Reticular OLP

The most common clinical type observed was the reticular
type, constituting 49.8% of the total sample. Among these
cases, 842 exhibited reticular lesions against a background
of blackish/brownish pigmentation. The primary site affected
by reticular lesions was the buccal mucosa, with the majority
presenting bilateral lesions (54.2%). The right side of the buc-
cal mucosa was more frequently affected, followed by the left
side and the tongue, with 303, 342, and 62 cases respectively.
A similar trend was observed when analyzing cases with pig-
mentation and those without as separate categories.
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Figure 5. Types of OLP, (a) pigmented, (b) erosive with
pigmentation, (c) typical reticular OLP, (d) athrophic OLP with
pigmentation.

Table 2. The heat map presentation of the OLP distribution in the
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Atrophic OLP

Lesions characterized by erythematous areas within a
background of white radiating striae at the periphery, ac-
companied by a burning sensation, are classified as the
atrophic type. In this study, the atrophic type constituted

18.6% (693 cases), commonly affecting bilateral mucosa as
the most prevalent presentation (43.7%). Among the total
atrophic cases, 6.6% displayed a pigmented background (46
cases). Specifically, 152 cases were observed on the right-
side buccal mucosa, and 130 on the left side. Additionally,
12.4% of cases were reported on the tongue, predominantly
on the dorsal surface (24 out of 54).

Erosive OLP

Atrophic, erosive, or ulcerative types are situated within
the same spectrum. In this study, ulcerative lesions were cat-
egorized as the erosive type, with most displaying a reticular
background, some of which exhibited pigmentation (4.4%).
Among the total sample, 13.3% were classified as the ero-
sive type, frequently affecting, akin to the other mentioned
types, bilateral buccal mucosae (158 cases), followed by the
right and left buccal mucosae. A few cases were presented
with a pigmented background (4.4%).

Pigmentation associated with OLP

An important observation in this study was the presence
of pigmentation in OLP, distinct from the typical reticular
white striated background. Out of the total sample, 200 cases
(5.4%) purely exhibited patchy blackish pigmentation, pre-
dominantly affecting the buccal mucosa. Intriguingly, 85% of
the 20 cases related to the tongue were located on its dorsal
surface. Additionally, affected sites included the gingiva, lips,
and palate. While literature suggests that pigmentation might
be due to aging or multiple episodes of OLP, this series not-
ed pigmented lesions without the typical OLP background in
both the youngest child and the oldest individual.

Bullous OLP

Clinically, bullous OLP presents with ulcers covered by a fi-
brin coat, surrounded by an erythematous zone with radiat-
ing white striae. Distinguishing between erosive and bullous
types is crucial. In this study, 2.5% of cases were of the bullous
type, most of which were histologically confirmed to have ep-
ithelial separation from the underlying corium. No associated
pigmented areas were reported in this OLP subset. The most
common site was the buccal mucosa (bilateral - 21.5%, right -
17.2%, left - 11.8%), followed by the gingiva (19.4%).

Plaque OLP

Inthe total sample, 10.5% (394 cases) presented as well-de-
marcated homogenous white plaques, often with a reticular
pattern. The tongue was the most common site, with 118
cases. 5.3% of these cases were associated with pigmenta-
tion. Notably, 65.5% of tongue lesions (74 cases) resembled
leukoplakia lesions, primarily on the dorsal surface, followed
by the lateral border of the tongue (32 cases). Only 34 cases
were bilateral lesions.

Intra oral sites

A significant majority (82.3%) of cases occurred on the buc-
cal mucosa, either bilaterally or on a single side (Figure 3). Bi-



OLP in SriLanka

lateral presentation accounted for 42.7% of the total sample.
Involvement of the buccal mucosa with other sites was ob-
served in 233 cases (6.2%). The distribution of different types
of OLP on the tongue is detailed in Table 3 as a heat map and
Figure 4, showing highly significant results (p<0.001).

OLP as and OPMD

Notably, 132 cases were reported with associated dysplas-
tic changes or candida superinfection. Within this group, OLP
cases with a background of oral submucous fibrosis (OSF) were
also noted. Ages ranged from 24 to 82 years, with a mean age of
52 years. OSF, recognized as an OPMD, was reported in 6 cases,
and all clinical types except the reticular type were observed.
Candidal superinfection partly exacerbated the burning sensa-
tion, evident in 42 cases. Of these, 90 cases exhibited dysplastic
changes ranging from mild to moderate degree (2.4% of the
total sample). Mild dysplasia was predominant, observed in 47
cases of the reticular type, 19 cases of the atrophic type, 11 cas-
es of the erosive type, and 10 cases of the plaque type. Moder-
ate dysplasia was reported in 2 cases of the plaque type and 1
case of the reticular type. There was a male predominance in
cases showing dysplastic changes, contrary to conventional
OLP, with 42 cases in females and 48 in males.

Discussion

In several relatively large series from developed countries,
the clinical characteristics and demography of OLP have
been well-described. However, such series from developing
countries are rare and a possible reason for this may be the
lower prevalence of OLP in Asian countries than in other
countries (3). Therefore, this retrospective study was carried
out with the aim to highlight the differences in these aspects
in a cohort of Sri Lankan group of patients affected with OLP.

A study by Lauritano et al. (7) reports that OLP is a disease
of elderly with a slight female predilection in 5th and 6th de-
cades of life (2-7). The present study also confirms these results
with many of patients belonging to the age group of 41-50
years (mean age 45.98 years) followed by 51-60 years. Howev-
er, a study from India has reported a prevalence in 3rd decade
of life with a mean age of 36.9 years (8) which is comparatively
lower than mean ages reported from several other studies (9-
11). The OLP prevalence in the elder population may be due
to long-standing oral habits, lack of attention to oral hygiene,
the age-related changes, decreased immunity, associated
metabolic changes during aging, medication use, nutritional
deficiencies, or denture wear (2-12). The occurrence of OLP in
the paediatric population is extremely rare, with a prevalence
of < 2-3% and the youngest patient reported in this study, was
one year and two months old (13). The general acceptance is
that the prevalence of OLP is higher in females than in males
which is also evident in this present study as well. Fluctuating
levels of oestrogen and progesterone in females could be the
possible reasons especially during menstruation or meno-
pause. However, Munde et al.(8), reported a male preponder-
ance with a male to female ratio of 1.61:1.

As previously mentioned, even though the involvement of
multiple oral sites is common in OLP, the lesions will typically
and most commonly present in the bilateral, buccal mucosa
in a symmetrical manner, followed by the gingiva and the

tongue (8). In the Sri Lankan context, the involvement of bilat-
eral buccal mucosae was observed 42.7% of OLP cases, while
the palate was noted to be the least commonly affected site.

Many authors have described various clinical variants in the
literature (14-16), however, the most common type found in
this study was the reticular type, which was in par with the liter-
ature (3,10,11). Dark brownish pigments which are associated
with OLP is frequently noted. A report by Cawson and Odell
(17) indicated that the degenerative changes in basal keratino-
cytes frequently led to pigmentary incontinence. The melanin
in pigment is ingested by macrophages in the superficial co-
rium, resulting in a brownish-pigmented area in the mucosa,
which can persist long after the OLP has resolved (17). However,
various hypothesis has been reported in the literature regard-
ing the hyperpigmentation associated with the OLP. A study
proposed that the mechanism of hyperpigmentation is related
to the GABA imbalance that occurs during stress and anxiety.
They further indicated that 96.97% of patients having anxiety
disorders showed OLP associated with hyperpigmentation. The
imbalance of these patients might be passed through the crani-
al nerve, which stimulates the production of melanocytes, lead-
ing in large amount of melanin deposition in OLP (18). While
Chitturi et al. (19) suggested that hyperpigmentation could be
due to the results of inflammation in recurrence of flare-up and
healing, which was mostly found in the chronic reticular form
of OLP. In this present study almost, all types were associated
with pigmentation and about 5.4% of cases were pigmented
without reticular white striated background. Therefore, more
studies are required to study further regarding the pigmenta-
tion associated with the OLP. It has been also suggested that
the cytokines released by the band of lymphocytes stimulate
the melanocytes (20). The exact mechanism of hyperpigmenta-
tion in OLP remains unclear, and needs further studies, to eval-
uate by means of immunohistochemistry or molecular biologi-
cal techniques, in the occurrence of hyperpigmentation in OLP.
Unfortunately, a main limitation of this study is that we could
not exactly determine the mechanism of hyperpigmentation in
our cases due to unavailability of details from the history.

In routine practice, evidence of dysplasia in a given lesion
shows the cancer risk in OPMDs. However, the general accep-
tance of epithelial dysplasia as an accompanying histologic fea-
ture in OLP is subject to great controversy. Presence of dysplasia
is considered by many pathologists as a criterion to exclude OLP
when routinely reporting on OLP. The spreading of this practice
among oral pathologists, has led to underestimate the malig-
nant potential of OLP. In this present case 2.4 % of the patients
demonstrated epithelial dysplasia. Therefore, OLP should be
followed-up for a longer time, and should be investigated by a
biopsy aiming to assess any dysplastic changes in the epithelium
(21).Two cases of malignant transformation within Sri Lankan pa-
tients were also reported in the Sri Lankan literature (22).

Conclusion

Up-to-date OLP is considered as a potentially malignant
disorder by the WHO. Malignancy rate is very low with lower
morbidity and mortality that are arising from OLP. Howev-
er, regular follow-up is recommended for early diagnosis of
malignant transformation. Further, we recommend further
studies in order to resolve the controversies in the hyperpig-
mentation and presence of dysplasia in relation to OLP.
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Tiirkge 6zet: Sri Lanka'da oral liken planusun klinik ve demografik pro-
fili: retrospektif bir calisma. Amag: Gelismis (lkelerdeki nispeten genis
birkag seride oral liken planusun (OLP) demografik ve klinik 6zellikler-
ini kapsamli bir sekilde tanimlanmistir. Ancak gelismekte olan (ilkele-
rde yapilmis bu tiir ¢alismalar olduk¢a enderdir. Bu ¢alisma, OLP'den
etkilenen Sri Lankali hastalardan olusan bir kohortun 6zelliklerini in-
celemeyi amacglamistir. Gere¢ ve Yéntem: 1999-2019 yillari arasinda
OLP tanisi alan olgulara ulasildi. Veritabanindan demografik veriler,
klinik goriiniim, ana sikayetler, yas, cinsiyet, lezyon bélgeleri ve histo-
lojik bilgiler toplandi. Likenoid reaksiyonlari olan ve eksik verileri olan
vakalar hari¢ tutuldu. Coklu biyopsi vakalar tek vaka olarak deger-
lendirildi. Sikliklar ki-kare istatistikleri kullanilarak karsilastirildi. Bul-
gular: Veritabaninda toplam 3734 vaka tespit edildi. Erkek-kadin orani
1:1.6 oldugundan genel olarak kadin hastalarda daha sik rastlanan bir
durum olarak belirlendi. Bildirilen en geng hasta 1 yil 2 aylikti ve yanak
mukozasinin sag tarafinda kahverengimsi pigmentasyonlari bulun-
maktaydi. En fazla vaka 41-50 yas grubunda g6riildi, bunu 51-60 yas
grubu takip etti. En sik goriilen klinik tip retikiiler tip olup bunu atrofik
ve eroziv tipler izlemekteydi. 200 hasta oral mukozada siyahimsi pig-
mentasyonlarla basvurdu ve tipik retikiler arka plan belirtisi olmaksizin
yanma hissi yasadigini belirtti. Plak tipinin dilin dorsal ylizeyinde daha
yaygin oldugu ve istatistiksel olarak anlamli bir iliski gdsterdigi gértild(i
(p<0,05). Doksan vakada hafiften orta dereceye kadar degisen displas-
tik degisiklikler goriildii ve bu toplam hastalarin %2,4'(ini olusturdu.
Sonug: Malignite orani, OLP lezyonlarindan kbken alan kanserden kay-
naklanan morbidite ve mortaliteyi azaltacak kadar anlamli diizeyde
yliksek olmasa da, malign déntisiimiin erken tanisi icin diizenli takip
ve muayeneler énerilmelidir. Anahtar kelimeler: Oral liken planus, re-
tikiiler, displazi, prevalans, pigmente lezyon
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External cold and vibration with BUZZY versus topical
anesthetic gel for pain and anxiety associated with
infiltrative anesthesia in pediatric dentistry: a double-blinded,

split-mouth, randomized, controlled trial

Purpose

A way to reduce the pain of injection is applying of external cold or vibrations
with BUZZY, along with spinal cord gate control systems. We aimed to evaluate
the effectiveness of this method in reducing children’s pain and anxiety during
infiltrative anesthesia.

Materials and Methods

This was a double-blinded, randomized, split-mouth, controlled, trial. Thirty 6
to 12-year-old children with decayed first permanent molar tooth on both sides
of their maxilla were enrolled. Each side of the children's mouths was randomly
allocated to either BUZZY or topical anesthetic gel prior to infiltrative anesthesia.
Pain and anxiety during infiltrative anesthesia were measured with the Baker-Wong
(BWS), FLACC (Face, Leg, Activity, Cry, Consolability), and heart rate (HR) scales.

Results

A generalized estimating equation (GEE) adjusted for age and baseline HR,
indicated, significantly-lower intra-procedural HRs associated with BUZZY (aOR
[95%Cl]: 0.02 [0.00, 0.91], p=0.04). GEEs adjusted for age revealed the BWS (aOR
[95%Cl]: 0.59[0.30, 1.14], p=0.12) and FLACC (aOR [95%Cl]: 0.82 [0.62, 1.09], p=0.17)
scores to be comparable between the study arms.

Conclusion

Our study failed to demonstrate the superiority of BUZZY over anesthetic gels
regarding WBS and FLACC measures of pain and anxiety, but demonstrated a
decrease in HR associated with BUZZY.

Keywords: Pediatric dentistry, dental anxiety, behavioral control, pain, vibration

Introduction

Pain management, particularly in pediatric populations, is a challenging
aspect of a wide range of practices. Appropriate management of pain in
pediatric patients is crucial for providing appropriate and timely interven-
tions; this is subject to an appropriate understanding of the mechanisms
underlying pain itself. The gate control theory, proposed by Melzack and
Wallin 1965 (1), provides a theoretical framework according to which, the
perception of pain is not solely determined by nociceptive input, but other
inputs such as the ones from vibration and temperature receptors as well
as psychological, social, and environmental factors resemble controlling a
gate through which the pain inputs pass and by which could be modified.
This theory offers valuable insights into how pain can be effectively man-
aged, especially in children. Furthermore, appropriate identification and
assessment of the degree pain are necessary for its proper management;
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in pediatric practice this could be performed via subjective
measures such as the Wong-Baker Scale (WBS), and objec-
tive ones such as physiological measures e.g., the heart rate
and behavioral measures such as the face, legs, activity, cry,
consolability (FLACC) scale. Each of these standardized mea-
sures provides a unique insight on patients’ perception of
pain, and are used in current research and practices.

Non-pharmacological interventions exist aimed at allevi-
ating pain based on the gate control theory. For instance,
previous studies have shown, pain thresholds increase when
skin temperature is reduced to 4°C (2, 3). Furthermore, be-
sides the gate control theory, which states non-painful stim-
uli reduce the transmission of pain signals, this phenome-
non could be explained by reduced sensitivity of terminal
neurons, reduced edema, and slowing of signal transmission
through nerves, due to vasoconstriction(4). A similar effect is
observed for vibration; according to the gate control theory,
activation of mechanoreceptors by external vibration, leads
to blocking of the pain signals in the spinal cord, and/or their
diversion to the spino-thalamic fibers (5-9).

The mentioned phenomena have been used, as bases of
non-pharmacological management of injection-associated
pain and/or anxiety, particularly in pediatric practices. For
instance, Mohiuddin et al. (2) demonstrated that pre-cooling
of the injection site with ice is more effective than topical an-
esthetic gel in reducting the pain perception in child (8-12
years) candidates of infiltration anesthesia and Albouni et al.
(10) showed in a more recent study that a vibrating injection
system reduces pain perception in child (6-9 years) candi-
dates of intraoral injection. Consistently, simultaneous cool-
ing and vibration has been shown to be effective as well, as
indicated by Bilsin et al. (11) and a recent study by Nagpal et
al. (12) demonstrated this effectiveness further increases by
addition of a sound distraction. Yet, contrary evidence also
exists, e.g., Smolarek et al. (13) conclude from their recent
study on 5-8-year-old candidates of dental procedures that
the vibrational technique is not associated with a reduced
pain perception compared to the conventional method.

Among devices currently available that utilize “cold and
vibration” for means of reduction of injection-associated
pain/anxiety in pediatrics, VibraJect (VJ), DentalVibe (DV)
and BUZZY could be cited (9). Among all, BUZZY (Pain Care
Labs, USA) applies external vibration and cold simultaneous-
ly on the injection site. The device has a bee-like plastic body
to transfer vibration, with a “wing” part accommodating 18
grams of ice, to apply cold (Figure 1). Furthermore, BUZZY
has an attractive appearance to distract the child’s attention
during injection, and only a handful of contraindications ex-
ist regarding its use (8). Regarding the real-world effective-
ness of BUZZY in reducing injection-associated pain/anxiety
of children, results of previous studies have been contrary;
the effectiveness seems to vary based on site of injection,
and its type (14, 15). Particularly in pediatric dentistry, Faghi-
hian et al. (16) concluded that inadequate data is available
on the effectiveness of BUZZY in controlling injection pain,
in their systematic review and meta-analysis study. There-
fore, we aimed to contribute to the knowledge in this re-
gard, with level-l evidence from a randomized trial. The null
hypothesis is that there is no difference between the two
anesthesia techniques.

Figure 1.BUZZY device and its use in pediatric dentistry. (Images
from: dentaquick.com).

Materials and Methods
Study design, outcomes, and measurements

Herein reported in accordance with the CONSORT state-
ment, is a double-blinded, randomized, split-mouth, active
comparator-controlled, trial, with a 1:1 allocation ratio, con-
ducted from 20 August 2021, until 20 December 2021, on
children aged 6-12 years admitted to the clinics of the Isfa-
han Dental School, Isfahan, Iran. Participants were enrolled,
whereby they met the following inclusion criteria: age from
6 to 12 years; adequate cooperation, with positive (+) or
completely positive (++) Frankl classification; having first
permanent molar tooth decayed on both sides of maxilla,
requiring class | cavity preparation; being otherwise healthy,
with no history of prior toothache and dental treatment; and
no active use of painkillers and/or sedatives at the time of
enrollment.

Participants were excluded after randomization, if any
pathology and/or inflammation was discovered later in the
face and/or the injection site; and/or if they were absent for
the study procedures.

The primary outcome was pain during local anesthesia
infiltration, measured by the following: the WBS, which is a
subjective scale of pain; and the FLACC scale, which is an ob-
jective scale.

The WBS comprises 6 painted faces, each demonstrating a
level of pain. Immediately after the injection, the child par-
ticipant was asked to point to a face which demonstrates
his/her subjective feeling of pain. The child’s pain is then
scored from 0 to 10, with 0 being the least, and 10 being the
most severe pain.

In the FLACC scale, the pain, as demonstrated through
involuntary movements and behaviors of the child during
the painful procedure, is scored in accordance with a respec-
tive table. Score 0 suggests no pain, 1-3 shows mild pain,
4-6 indicates moderate pain, and 7-10 shows severe pain.
The FLACC scores were assessed by a professional, based on
video recordings of the procedures, whereby the sound was
turned off for measuring of face, legs, and activity scores,
and the sound was turned on for measuring of cry, and con-
solability scores.

Furthermore, the child’s anxiety comprised a secondary
outcome, measured by child’s heart rate 5 minutes before,
during, and 5 minutes after the painful procedure, moni-
tored using a pulse oximeter device (Beurer PO80, Berlin
Germany), in contact with the index finger of the children’s
left hand.
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Sampling, randomization, and blinding

The sample size of 30 for each group was measured in or-
der to detect significant difference for a type | error of 0.05
and power 0.8. Aiming to compensate for loss during fol-
low-up, the sample size was increased by 36 percent, there-
fore a sample size of 41 was planned.

The recruitment of participants was from the clinics of the
Isfahan Dental School, and in a simple random fashion. Ran-
domization was in a split-mouth fashion with a 1:1 allocation
ratio, with each side of each participant’s mouth allocated to
one of the study arms based on the results of an online coin
flipper. Participants underwent their dental procedures in
two sessions separated by a two-week interval, each session
on one of the mouth sides.

The researchers, and the participants were all blinded to
the results of random allocation. Random allocations and
execution of procedures were done by a third person not
involved in the study. Furthermore, the camera used for re-
cording of treatment sessions was placed out of the child’s
vision, and recorded all procedures from the same angle.
In order to further ensure blindness of the participants and
the researchers, the BUZZY device (Pain Care Labs, USA) was
placed on the child’s face in all procedures, but it was turned
off in the procedures of the comparator arm.

Intervention and comparator

The intervention arm underwent placement of BUZZY
on the respective side of the face, with cold temperature,
and vibration turned on, from two minutes before, until
after infiltration of 1.8 ml lidocaine + 1:80,000 epinephrin.
The comparator arm underwent placement of BUZZY on
the respective side of the face, with ambient temperature,
and vibration turned off, from two minutes before, until
after infiltration of 1.8 ml lidocaine + 1:80,000 epineph-
rine, along with administration of a topical anesthetic gel
(Benzocaine 20%, Prime Dental Gel) 30 seconds before
the infiltration.

Statistical analysis

Data was analyzed in a per-protocol fashion, as outcome
measurement was not possible for participants who were
lost to follow up. Normality and/or lognormality of distribu-
tions were tested using the Kolmogorov-Smirnov method.
Accordingly, continuous variables with normal distribution
of measures were reported with mean and standard devi-
ation (SD), and continuous variables without normal distri-
bution were reported with median and range, and nominal
variables were reported with count and percentage. Appro-
priate (non)parametric tests were used for comparisons in-
volving study variables. Generalized estimating equations
(GEE), adjusted for age were used to evaluate the adjusted
effect of the BUZZY in comparison to active comparator; re-
sults were reported as adjusted odds ratio (aOR) along a 95%
confidence interval (Cl). Statistical analyses were carried out
using SPSS IBM 25 software (IBM SPPS, Armonk, NY, USA)
and p-value equal or below 0.05 was considered as the crite-
rion of rejection of the null hypothesis.

Ethics, trial registration, and data availability

This study was approved by the research ethics commit-
tee (REC) of Isfahan University of Medical Sciences (approv-
al ID: IR.MUI.RESEARCH.REC.1400.115), and was registered
prospectively in the Iranian Registry of Clinical Trials (regis-
tration ID: IRCT20111219008458N3, 03/08/2021). The data-
sets originating from the current study are available upon
request of qualified investigators, subject to approval of the
REC of Isfahan University of Medical Sciences.

Results

As seen from the CONSORT flow diagram (Figure 2), a to-
tal of 44 children were assessed for eligibility, among whom,
41 underwent randomization. Of whom, 30 completed the
study; they had a mean age (SD) of 8.9 (1.9) years, and 16
(53.3%) were girls. The baseline characteristics of the chil-
dren and the measured outcomes in each group can be
interpreted from Table 1. Moreover, no harms and/or unin-
tended adverse effects were observed in either group. Fur-
thermore, compared to active control, i.e., topical anesthetic

Assessed for eligibility
(n=44)

»  Declined to participate (n = 3)

Randomized (n = 41)

Lost to follow up (n = 11)
| ”| *Did not return for second session

i l

Received intervention in first session and
comparator in second session (n = 16)
*Number of teeth: 32

Received comparator in first session and
intervention in second session (n = 14)
*Number of teeth: 28

}

Analyzed (n = 30)
*Number of teeth per arm: 30

Figure 2. CONSORT flow diagram.

Table 1. General demographics and outcomes.

Participants (n = 30)

Mean age (SD) 8.9(1.9)

Female sex (n, %) 16 (53.3%)

Study arm BUZZY  Topical Anesthetic P-value
(n=30) Gel (n=30)

Mean heart rate (SD)

- Before injection 104.0 100.8 0.06*
(12.2) (11.1)

+ During injection 107.7 109.9 0.33*

(9.6) (12.0)

Median FLACC 1 1 0.19%*

score (Range) (0-3) (0-4)

Median Wong-Baker 0 2 0.17%**

score (Range) (0-8) (0-10)

Abbreviations: SD, standard deviation; FLACC, Face, Leg, Activity, Cry,
Consolability scale.

* From paired samples T-test.

** From related-samples Wilcoxon signed rank test.
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gel, a GEE adjusted for age and baseline heart rate, showed
that usage of BUZZY is associated with significantly lower
heart rates during the infiltration procedure (aOR [95%Cl]:
0.02[0.00, 0.91], P=0.04), yet, GEEs adjusted for age, showed
that usage of BUZZY is associated with an insignificantly-de-
creased WBS (aOR [95%Cl]: 0.59 [0.30, 1.14], P=0.12) and
FLACC scores (aOR [95%Cl]: 0.82 [0.62, 1.09], P=0.17) during
the infiltration procedure.

Discussion

Our study failed to demonstrate the superiority of BUZZY
over anesthetic gels regarding WBS and FLACC measures of
pain and anxiety, but demonstrated a decrease associated
with BUZZY, in the intra-procedural heart rate of child candi-
dates of infiltrative anesthesia of teeth. These results, subject
to replication by others, have implications for future practic-
es in the field.

Feeling of pain is affected by different factors e.g., fear,
anxiety, previous experiences, personality of the individual,
confidence in the dentist; thus, it is difficult to measure (17,
18). Limited verbal communication further complicates the
measurement of pain in pediatric practices. To counter this
issue, and have an accurate measurement of the severity of
pain, we used three different scales to measure the severity
of pain, namely, a self-reported (WBS), a behavioral (FLACC
scale), and a physiological (heart rate) scale. Regarding the
usage of the FLACC scale, it should be noted that this scale is
more frequently used, and therefore, optimized for children
aged 6 months to 5 years; nevertheless, prior studies that
were similar to the present study utilized this scale on chil-
dren aged 5 to 12 years (10-13, 16, 19). Therefore, in order to
maintain consistency and comparability with previous liter-
ature, we decided to use the FLACC scale as well.

Furthermore, we used a split-mouth design for the study;
unlike parallel designs, this design could account for inter-
personal differences that might exist in perception of pain
between individuals. In other words, it could not be estab-
lished whether two parallel group of people experience pain
in a similar fashion, yet, it could be argued that the same
person’s perception of a specific pain in a specific setting
remains similar. Nevertheless, the pain perceived in a situa-
tion may impact the pain perceived in the same situation in
the future; we encountered this issue by splitting the partic-
ipants into a group that received the intervention first and
one that received the comparator first.

The BUZZY device, first invented for needle-related medi-
cal practices, has shown to be effective in reducing the pain
and anxiety levels of children undergoing medical, needle in-
jections; yet, its real-world effectiveness in dental injections
is understudied. Recently, Faghihian et al. (19) and Sahiti et
al. (17) demonstrated an additional level of pain reduction,
associated with using the BUZZY device, in comparison to
cold alone or counter simulation alone. Yet, our study hints
that this additional level of pain reduction is not superior to
using anesthetic gels, as per routine in dental injections. It
could be argued that the vibrating device itself, along the
vibrations and the sounds it produces, may be perceived as
pain and increase the children’s anxiety, thereby cancelling
out the effects that it might have through stimulating tem-
perature and vibration receptors. Furthermore, the topical

anesthetic gels may also decrease the temperature of the
site, thereby having a similar effect with the device. These
points remain to be studied in the future, since they were
not investigated in the present study.

Additionally, our study was limited in some aspects, in-
cluding the number of participants, high loss to follow up,
inclusion of only cooperative patients, and absence of mi-
nority populations. Particularly, whether the high loss to
follow-up rate was associated with the intervention was
not investigated, yet, this is deemed unlikely, since a split-
mouth design was used, and the rate was similar between
the participants in the intervention first and the ones in the
comparator first arms. Nevertheless, further evidence is still
warranted, to be used for evidence-driven practices. Future
studies are encouraged to account for our limitations, espe-
cially the ones described supra.

Conclusion

Our study failed to demonstrate the superiority of BUZZY
over anesthetic gels regarding WBS and FLACC measures of
pain and anxiety, but demonstrated a decrease in HR associ-
ated with BUZZY.

Tiirkce 6zet: Pediatrik dis hekimliginde infiltratif anestezi ile iliskili agri
ve anksiyete icin topikal anestezik jelle BUZZY ile dissal soguk ve titresim
yénteminin karsilastirkmasi: ¢ift kér, split mouth, randomize, kontrollti
calisma. Amag: Enjeksiyon agrisini azaltmanin bir yolu, omurilik kapi
kontrol sistemleriyle birlikte BUZZY ile dissal soguk veya titresim uygula-
maktir. Bu yéntemin ¢ocuklarin infiltratif anestezi sirasinda agri ve ank-
siyetelerini azaltmada etkinligini degerlendirmeyi amagladik. Denekler
ve Yontem: Bu, ¢ift kér, randomize, split mouth, kontrollii bir calismaydi.
Maksillalarinin her iki tarafinda ¢lirlimUis birinci daimi molar disi olan
6 ila 12 yas arasindaki otuz ¢ocuk ¢alismaya dahil edildi. Cocuklarin
adizlarinin her iki tarafi, infiltratif anesteziden dnce rastgele olarak ya
BUZZY ya da topikal anestezik jel gruplarina ayrildi. infiltratif anestezi
sirasinda adri ve anksiyete, Baker-Wong (BWS), FLACC (Yiiz, Bacak,
Aktivite, Aglama, Teselli Edilebilirlik) ve kalp atis hizi (HR) élcekleri ile
6l¢tildi. Sonuclar: Yasa ve baslangi¢ HR'sine gére ayarlanan genellestir-
ilmis tahmin denklemi (GEE), BUZZY ile iliskili olarak anlamli derecede
daha diistik islem ici HR'ler oldugunu gédsterdi (aOR [95%Cl]: 0.02 [0.00,
0.91], p=0.04). Yasa gére diizeltiimis GEE’ler, BWS (aOR [95%Cl]: 0.59
[0.30, 1.14], p=0.12) ve FLACC (aOR [95%Cl]: 0.82 [0.62, 1.09], p=0.17)
puanlarinin ¢alisma kollari arasinda karsilastirilabilir oldugunu ortaya
koydu. Sonug: Calismamiz, agri ve anksiyetenin BWS ve FLACC él¢iimleri
agisindan BUZZY'nin anestezik jeller karsisindaki Uistiinliigiinii gdstere-
medi, ancak BUZZY ile iliskili olarak HR'de bir azalma gésterdi. Anahtar
kelimeler: pediatrik dis hekimligi, dis anksiyetesi, davranis kontrold,
agri, titresim
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Original research

In silico prediction of differentially expressed genes and
functionally grouped networks in patients with inflamed

pulp for screening pulpitis biomarkers

Purpose

Pulpitis is one of the most common oral inflammatory diseases. There are many
limitations in the traditional methods of diagnosing pulpitis. By replacing new
diagnostic ways based on biomarkers, it is possible to quickly and accurately
identify this disease. Biological indicators have greatly helped not only in the
screening of infectious diseases but also in early and appropriate treatment. In this
research, differentially expressed genes (DEGs) related to pulpitis were analyzed,
and prognostic biomarkers were introduced.

Materials and Methods

In this in silico study, we applied the GSE77459 dataset as the gene expression
profile of pulpitis. Web tool, GEO2R was used to separate up-regulated and
down-regulated DEGs. |logFC|>2 and adjusted p-value < 0.05 was set as the cut-
off criterion. For the pathway enrichment study of obtained genes, EnrichR was
implemented. After constructing a protein-protein interaction (PPI) network, hub
genes that are involved in pulpitis were selected. Finally, functionally grouped
networks by ClueGO software (v2.5.10) were generated.

Results

GEO2R analysis of the GSE77459 dataset showed 672 up-regulated genes and
239 down-regulated genes with GB_ACC code. Based on Cytoscape results,
the 15 top hubba nodes were ranked including PTPRC, ITGAM, CCL2, ICAMT,
MMP9, CXCL8, TLR2, CD86, CXCR4, IL1A, CD44, CCL3, ITGAX, CXCL10, and CCR7.
Functionally grouped networks determined that these genes were mainly enriched
in chemokine-mediated signaling pathway, morphogenesis of endothelium, and
neuroinflammatory response

Conclusion

In our research, 15 genes were introduced as diagnostic biomarkers in pulpitis and
their functionally grouped networks were constructed. However, the obtained
results need to be validated using in vitro and in vivo methods.

Keywords: Dental pulp, inflammation, gene ontology, DEGs, PPI, Pulpitis
Introduction

Under the dentin is the innermost and vital part of the tooth called the
dental pulp (1). This jelly-like center is a mass of connective tissue and
the presence of proteins such as albumin, transferrin, tenascin, and oth-
er proteoglycans is necessary for its proper function (1, 2). Large nerve
trunks and blood vessels in the central area of the pulp play a major role in
signaling processes and nerve message transmission. In addition, dentin
formation, dentin nutrition, and tooth defense are important functions
related to the dental pulp (1-3).

Delay in the treatment of tooth decay leads to damage in the hard tis-
sue of the tooth and various stimuli cause pathological changes in the
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dental pulp and surrounding periapical tissues which even-
tually leads to pulpitis. As a result of uncontrolled inflamma-
tion caused by invading bacteria, irreversible pulpitis occurs
(4). Based on the degree of pulp inflammation and the im-
portance of tooth preservation, dentists choose different
strategies for the treatment of pulpitis such as covering the
pulp, staged decay drilling, and pulpotomy (5, 6). To preserve
the infected tooth, it is very important to quickly recognize
and prescribe appropriate treatment for patients. Traditional
methods of diagnosing pulpitis are based on clinical find-
ings and the results of X-rays and pulp vital tests, which have
limitations and need to be refined (7).

One of the interesting topics in medical science is the identi-
fication of molecular biomarkers for early diagnosis of diseases
(8, 9). Diagnostic biomarkers are important in drug selection,
treatment response, prevention, and other aspects of bio-
medicine (10). The use of computer-based methods with high
throughput has accelerated the process of analysis. One of the
ways to identify molecular biomarkers is using microarray tech-
nology and the study of differentially expressed genes (DEGs)
between two states (healthy and diseased states) (11, 12). To
draw the interaction network of DEGs that reflects specific con-
ditions, and physical interactions on a wide scale, a protein-pro-
tein interaction network (PPIN) is used. Cytoscape software
constructs a network of all the differentially expressed genes
along with the determination of degree, betweenness, and
closeness. The number of links of a given node determines its
degree centrality. Nodes with a higher degree are considered
hub genes (8, 13). To investigate the biological pathways relat-
ed to these hub genes, functionally grouped network analysis
in ClueGO software can be used (14).

There is a lot of evidence that shows the important role
of differentially expressed mRNAs (DEMs), miRNAs (DEMIs),
and IncRNAs (DELs) in a variety of cellular and pathological
processes along with pulpitis. With the RT-qPCR technique,
the difference in the expression levels of many mRNAs such
as, HMOX1, LOX, ACTG1, STAT3, GNB5 has been proven (15).
Previous studies have shown that some miRNAs for example
miR-155, miR-21, miR-142, miR-223, miR-486, miR-675 were
significantly upregulated in patients with inflamed pulp (16).
Further, Huang et al. (17) showed that 752 IncRNAs were sig-
nificantly altered in inflamed pulp samples compared to
normal pulp samples, they reported 338 overexpressed In-
cRNAs and 414 down-regulated IncRNAs. However, detailed
research on functionally grouped networks based on key
differentially expressed genes seems necessary to study key
pathways related to pulpitis. In our research, due to the im-
portance of discovering critical pathways related to pulpitis
and an improved method in the early detection of this dis-
ease, first key differentially expressed genes related to pulpi-
tis were introduced, and then, functionally grouped network
for detected biomarkers was constructed.

Materials and Methods
Microarray data extraction

The workflow chart of data processing and analysis in this
study is shown in Figure 1. Microarray data related to patients

with inflamed pulp was extracted from a public database
called Gene Expression Omnibus (GEO). Based on the key-

Microarray data
extraction
: Gene ontology and
Screening of DEGs :> pathway analysis of DEGs

Construction of PPI 15 Hub genes
[ E

network based on DEGs
Functionally grouped network for 15
Hub genes

Figure 1. Flowchart of data processing and analysis.

words including pulpitis, Homo sapiens in the type of organ-
ism part, series in the entry type part, and expression profiling
by an array in the study type section, searches were limited.

Screening of DEGs

Screening of DEGs between samples from inflamed pulps,
and samples from normal pulps were analyzed via GEO2R
(https://www.ncbi.nlm.nih.gov/geo/geo2r). The tool system
of GEO2R works using the R language. The normal distribu-
tion of data in box plots of this dataset was checked and then,
to estimate differentially expressed genes |logFC|>2 and ad-
justed p-value < 0.05 were regarded as statistically significant.

Gene ontology and KEGG pathway analysis of DEGs

For a more in-depth understanding of the obtained DEGs,
Gene ontology and KEGG pathway analysis were carried
out by EnrichR.This analysis tool is useful for predicting the
most significantly enriched pathways of DEGs in biological
processes, molecular functions, cellular components, and
human phenotype Ontology.

Construction of PPl network

For PPl network construction, based on the genes that had
a significant increase and decrease in expression, STRING v9.
1 software in https://string-db.org was used. After selection
Homo sapiens in organism type search, DEGs were insert-
ed as multiple proteins. Finally, protein-protein interaction
network with a high confidence score > 0.7 was formed. The
output file was imported into Cytoscape (v3.9.1) software for
more analysis.

Hub genes detection

CytoHubba with free access is a functional section in the
menu bar of Cytoscape software that is very helpful in dis-



14

Asadzadeh A., etal.

covering hub protein in protein-protein interaction net-
works. The basis for identifying key genes in the CytoHubba
plugin is the degree, maximum neighborhood component,
and other topological analysis parameters. In this research,
15 hub nodes were obtained using this plugin.

Functionally grouped networks for Hub genes

The key genes obtained from the previous step were
considered for functionally grouped network studies. The
ClueGO software (v2.5.10) was used for this target. This func-
tional software provides a network for hub genes using var-
ious original and reliable sources. To deeply investigate the
relationship between these genes and pulpitis formation,
the pathways with p-values less than 0.05 were filtered.

Results
Microarray data extraction and Screening of DEGs

In our study, accession number GSE77459 was selected as
the gene expression profile dataset with inflamed pulp samples
for further analysis. GSE77459 which has been studied by the
GPL17692 platform (Affymetrix Human Gene 2.1 ST Array) con-
tains 6 samples of irreversible inflamed pulps and 6 samples of
normal pulps. Differentially expressed genes that were detected
from GSE77459 by GEO2R include 672 upregulated genes and
239 downregulated genes with GB_ACC code. The box plot and
volcano plot of this dataset were presented in Figures 2A and 2B.

GSE77459

GSE77459: testvs n

10 12 14
I

-log10(Pvalue)

Padj<0.05

cuwp

2 0 2 4 8

G
G
G

log2{fold change)

Figure 2. A: The box plot of GSE77459; B: Volcano plot of
GSE77459.

b

Gene ontology and pathway analysis of DEGs

Based on GO biological process, the differentially ex-
pressed genes were enriched in Cytokine-Mediated Sig-
naling Pathway (GO:0019221), Inflammatory Response
(GO:0006954), Neutrophil Chemotaxis (GO:0030593), Gran-
ulocyte Chemotaxis (GO:0071621), Neutrophil Migration
(GO:1990266), Cellular Response To Lipopolysaccharide
(GO:0071222). Kyoto encyclopedia of genes and genomes
(KEGG) analysis showed, Cytokine-cytokine receptor inter-
action, Viral protein interaction with cytokine and cytokine
receptor, Chemokine signaling pathway, TNF signaling path-
way, Staphylococcus aureus infection, and Cell adhesion
molecules are major pathways in which DEGs are involved.
The P-value, adjusted P-value, odds Ratio, and Combined
score of each pathways are shown in Table 1 and 2.

Construction of PPl network and hub genes detection

The protein network generated by STRING v9. 1 was vi-
sualized with Cytoscape software. This network consists
of 564 nodes and 6704 edges (Figure 3). After calculating
the score of each node by the CytoHubba plugin, 15 hub
genes were screened. The 15 top hubba nodes were ranked
based on the degree including PTPRC, ITGAM, CCL2, ICAMT,
MMP9, CXCL8, TLR2, CD86, CXCR4, IL1A, CD44, CCL3, ITGAX,
CXCL10, and CCR?7. In this selection, the criterion above 102
was considered. The gene symbols, scores, and ranks of each
gene are shown in Table 3.

Functionally grouped network for Hub genes

Functional annotation of the hub genes is shown in Figure
4. hub genes were analyzed by ClueGO software (v2.5.10).
The output file was a network with 3 groups (PV < 0.05).
chemokine-mediated signaling pathway, morphogenesis of
endothelium, and neuroinflammatory response were 3 ma-
jor groups in this network.

Discussion

The presence of microorganisms in the pulp space caus-
es pulpitis (18). The progress of infection in the dental pulp
stimulates the pain receptors causing a pain response which
is the main reason for emergency visits to dentists (19). Ear-
ly diagnosis of inflamed pulp is very important to provide
appropriate treatment. Biological markers are measurable
parameters and are important indicators for checking nor-
mal conditions. Like any other inflammation, pulpitis is
accompanied by changes in biological molecules (20-22).
These biological differences between healthy and inflamed
dental pulp can be the basis of rapid diagnosis. Due to the
lack of a reliable reference standard in the diagnosis of pul-
pitis, the identification of new biomarkers, along with pre-
vious methods, can be a suitable strategy for the diagnosis
of inflamed pulp before reaching the stage of experiencing
progressive and devastating pain (22). In this study, differen-
tially expressed genes (DEGs), PPl networks, and hub genes
were investigated by analyzing and comparing the expres-
sion matrix of genes in the inflamed pulp. Finally, prognostic
biomarkers and functionally grouped networks were intro-
duced.

In our study, in order to compare differentially expressed
genes between healthy and inflamed dental pulp, the gene
expression profile dataset with accession number GSE77459
was analyzed and 672 upregulated genes and 239 down-
regulated genes were identified. Among differentially ex-
pressed genes, The 15 top hubba nodes were detected as di-
agnostic biomarkers including PTPRC, ITGAM, CCL2, ICAM1,
MMP9, CXCL8, TLR2, CD86, CXCR4, ILT1A, CD44, CCL3, ITGAX,
CXCL10, and CCR7.

The activity of most obtained genes is related to inflam-
matory responses. Tyrosine phosphatase receptor type C
(PTPRQ) is a transmembrane glycoprotein that has import-
ant roles in the regulatory processes of cell growth, differ-
entiation, mitosis, and transformation. PTPRC is also known
as CD45 (23, 24). An increase in CD45 indicates activation of
one or more inflammatory conditions (25). Integrin alpha
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Table 1. Gene ontology results of DEGs.

Adjusted

Odds Ratio
P-value

Term P-value

Combined
Score

Genes

Cytokine-Mediated = 5.89E-34  1.51E-30
Signaling Pathway

(GO:0019221)

11.64114

890.7257

CNTFR;CXCL6;CSF3;PLVAP;CXCLY;
SPI1;CSF3R;CXCL8;CXCL1;CXCL13;
CXCL3;CXCL2;CXCL5;0ASL;GHR;IL6R;
PF4V1;CCR2;FCER1G;SYK;IL18;0SMR;
TNFRSF1B;EREG;HCK;ILTA;CEACAMT;
AIM2;KIT;IL3RA;BIRC3;CSF2RB;IL2RG;
CSF2RA;CCL4;STAT4;CCL3;CCL2;
CD300LF;LYN;EGR1;IL33;CCL23;
CCL21;CCL20;0SM;LILRB1;PPBP;
CXCL10;CXCL11;LEP;PTPN6;PF4

Inflammatory 1.96E-28  2.51E-25 10.68248

Response
(GO:0006954)

681.5376

CXCL6;CXCL9;CXCL8;C5ART;
FPR1;
CXCR4;PIK3CD;FPR3;CXCLT1;
HPR;F11R;
CXCL13;CXCL3;ITGAL,CXCL2;
CXCL5;CCL4;CCL3;CCL2;CCR7;
PF4V1;,CMKLR1;CCR2;CD96;
CCL23;CCL21;CCL20;SLC11A1;
NFAM1;IL18;CYBB;PPBP;FOS;
TACRT;SELE;IL1A;CXCL10;
CXCL11;KIT;CHI3L1;ACKR1;
S100A9;CD44;S100A8;TLR2;PF4

Neutrophil 2.81E-27  2.40E-24 28.47076

Chemotaxis
(GO:0030593)

1740.634

CXCL6;CXCL9;CXCL8;PIK3CD;
CXCL1;CXCL13;CXCL3;CXCL2;
TREM1;CXCL5;CXCR1;CCL4;
CCL3;CCL2;PF4V1;EDN1;CCL23;
FCER1G;SYK;CCL21;CCL20;PPBP;
CXCL10;CXCL11;JAML;S100A9;
S100A8;PF4

Granulocyte 1.15E-26  7.37E-24 26.56862

Chemotaxis
(GO:0071621)

1586.856

CXCL6;CXCL9;CXCL8;PIK3CD;
CXCLT;CXCL13;CXCL3;CXCL2;
TREM1;CXCL5;CXCR1;CCL4;
CCL3;CCL2;PF4V1,EDN1;CCL23;
FCER1G;SYK;CCL21;CCL20;PPBP;
CXCL10;CXCL11;JAML;S100A9;
S100A8;PF4

Neutrophil 6.72E-26  3.44E-23 24.39474

Migration
(GO:1990266)

1413.957

CXCL6;CXCL9;CXCL8;PIK3CD;CXCL1;CXCL13;CXCL3;
CXCL2;TREM1;CXCL5;CXCR1;CCL4;CCL3;CCL2;PF4V1;
EDN1;CCL23;FCER1G;SYK;CCL21;CCL20;PPBP;CXCL10;
CXCL11;JAML;S100A9;S100A8;PF4

Cellular ResponseTo  4.09E-24  1.75E-21 14.94729

Lipopolysaccharide
(GO:0071222)

804.9457

CD86;CD274;CXCL6;CXCLY;CXCL8;CD80;SERPINET;
TNFAIP3;CXCL1;PTPN22;CXCL13;CXCL3;CXCL2;CXCL5;
PLCG2;CCL3;SIRPA;CCL2;PF4VT;LYN;IL18;LILRBT;
NR1D1;PPBP;TNFRSF1B;CXCL10;HCK;ILTA;CXCL11;
CARD16;CD68;PF4

M (ITGAM) also known as CD11b, is expressed in myeloid
and lymphoid cells. Expression of CD11b increase in mono-
cytes in inflammatory response (26). C-C chemokine ligand
2 (CCL2) is produced in response to pro-inflammatory cy-
tokines and increased in inflamed dental pulp (27). Among
Glycosylated proteins on the surface of endothelial cells
and immune cells that are up-regulated in inflamed tissue
is intercellular adhesion molecule 1 (ICAM1) which binds
to integrins (28, 29). Matrix metalloproteinase 9 (MMP9)
is involved in the proteolysis of the extracellular matrix as

well as the migration of leukocytes (30). Sharma et al. (31)
reported that MMP-9 is a potential prognostic biomarker in
patients with irreversible pulpitis. C-X-C Motif Chemokine
Ligand 8 (CXCLS8) acts as a primary cytokine in the inflam-
mation site for neutrophil recruitment. In a study conduct-
ed by Karapanou et al. (32) the concentration of CXCL8 in
gingival crevicular fluid (GCF) samples in pulpal inflamma-
tion was investigated and the increase of this inflammatory
factor was confirmed (33). Gram-positive bacteria in the
pulp area cause the activation and increase of Toll-Like Re-
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Table 2. KEGG pathway assessment of DEGs.

Term P-value Odds Ratio

P-value Score

Adjusted . Combined

Genes

Cytokine-cytokine 5.85E-26  1.47E-23 8.588493 498.9977  CNTFR;CXCL6;IL1RN;CSF3;CXCL9;CSF3R;CXCLS;

receptor interaction

CXCR4;CSF2RB;CXCL1;CXCL13;CXCL3; IL2RG;
CSF2RA;CXCL2;CXCL5;TNFSF13B;GHR;
CXCR1;CXCR3;CCL4;TNFSF10;CCL3;
TNFRSF17;CCL2;CCR7;IL6R;PF4V1;
CCR2;IL33;CCL23;CCL21;CCL20;ILTR2;
ILTORA;LIF;IL18;0SM;IL16;PPBP;OSMR;
TNFRSF1B;IL1A;CXCL10;CXCL11;LEP;IL3RA;PF4

Viral protein 8.24E-25  1.04E-22 18.35683 1017.994  CXCL6; CXCL9;CXCL8;CXCR4;CXCL1;CXCL13;CXCL3;IL2RG;

interaction with
cytokine and
cytokine receptor

CXCL2;CXCL5;CXCR1;CXCR3;CCL4;TNFSF10;CCL3;CCL2;CCR7;
IL6R;PF4V1;CCR2;CCL23;CCL21;CCL20;IL10RA;IL18;PPBP;
TNFRSF1B;CXCL10;CXCL11;PF4

Chemokine signaling 7.21E-22  4.54E-20 9.972527 485.4778  CXCL6;CXCL9;CXCL8;ADCY4;PIK3CD;CXCR4;CXCL1;ARRB2;

pathway

CXCL13;CXCL3;CXCL2;CXCL5;PIK3R5;CXCR1;CXCR3;CCL4;
PLCG2;RAC2;CCL3;CCL2;CCR7;PF4V1;CCR2;LYN;CCL23;CCL21;
CCL20;PPBP;FGR;CXCL10;HCK;CXCL11;ELMO1;DOCK2;
PLCB2;PF4

TNF signaling 145E-18  7.29E-17 12.82573 526.8552  CXCL6;PIK3CD;TNFAIP3;CXCL1;CXCL3;PTGS2;CXCL2;CXCL5;

pathway

ICAM1;SOCS3;CASP10;CCL2;JUNB;MAP2K6;EDN1;MLKL;
RIPK3;CCL20;LIF;FOS; TNFRSF1B;SELE;MMP9;CXCL10;
BCL3;BIRC3

Staphylococcus 6.95E-16  2.50E-14 12.68297 442.6667  ITGAM;SELPLG;C5AR1;CFI;PTAFR;FPR1;FPR3;ITGAL;FCAR;

aureus infection

ICAM1;C2;C4B;C3;C4A;HLA-DMA;HLA-DMB;FCGR2A;
HLA-DRA;HLA-DOA;FCGR1A;HLA-DOB;HLA-DQA1

Cell adhesion 2.05E-15 6.47E-14 9.02434 305.1966  CD86;CD274;ITGAM;SELPLG;CD80;NRXNT;ICAM2;F11R;

molecules

ITGAL;ICAM1;SPN;CDH5;HLA-DMA;HLA-DMB;CTLA4;
HLA-DOA;ICOS;HLA-DOB;HLA-DQA1;HLA-B;SELE;CLDNS5;
PTPRC;SELL;CNTN1;HLA-DRA
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Figure 3. Protein-protein interaction network of DEGs.

ceptor 2 (TLR2) expression in adult mice with infected pulp
(34). Cluster of Differentiation 86 (CD86) is expressed by
macrophages and B lymphocytes which play an essential
role in the inflammation (35).

So far, many studies have been conducted on pulpitis
biomarkers. Chen et al. (36) merged two datasets and re-
ported hub nodes from the common genes of two profiles.
In their study, 8 diagnostic biomarker candidates were re-
ported which include PTPRC, CD86, CCL2, IL6, TLR8, MMP9,
CXCL8, and ICAMT1. In our research, the hub genes of one
microarray gene expression dataset related to pulpitis were

Figure 4. Functionally grouped network for Hub genes.

subjected to ClueGO software (v2.5.10) for functionally
grouped network determination. Based on this network,
our hub genes) PTPRC, ITGAM, CCL2, ICAM1, MMP9, CXCLS,
TLR2, CD86, CXCR4, ILTA, CD44, CCL3, ITGAX, CXCL10, and
CCR7 (were mainly enriched in the chemokine-mediated
signaling pathway, morphogenesis of endothelium, and
neuroinflammatory response. Detection of target proteins
in new drug development is the major challenge. These
hub genes can be useful not only in the screening of Pulp
inflammation, they can provide some new ideas for further
research such as therapeutic drug development for clinical
application.
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ILTA CD44 CCL3 ITGAX CXCL10 CCR7

CXCR4

MMP9 CXCL8 TLR2 CD86

ICAM1

CCL2

ITGAM

PTPRC

gene

symbol

(Integrin  C-X-C Motif C-C

C-X-C Motif Interleukin Cluster of C-C Motif

Matrix C-X-C Motif Toll Like  Cluster of

C-C chemokine Intercellular

Description protein tyrosine Integrin

Chemokine chemokine

Ligand 10

Differentiation Chemokine Subunit

Differentiation Chemokine 1 alpha

Chemokine Receptor

Metallo

Adhesion

ligand 2

Subunit

receptor type C Alpha M

phosphatase

receptor
type 7

Ligand 3 Alpha X

44

Receptor 4

86

peptidase 9 Ligand 8 2

Molecule 1

Conclusion

In this study after analyzing the GSE77459 dataset in the
GEO database, the 15 biomarker were detected. Function-
ally grouped networks show these genes were mainly en-
riched in pathways related to inflammatory responses. How-
ever, the obtained results need to be validated by in vitro
and in vivo methods.

Tiirkce ozet: Pulpitis biyobelirteclerini taramak icin iltihapli pulpali
hastalarda diferansiyel olarak eksprese edilen genlerin ve fonksiyonel
olarak gruplandiriimis aglarin silico tahmini Amag: Pulpitis en sik gortilen
oral inflamatuar hastaliklardan biridir. Pulpitis tanisinin geleneksel
yéntemlerinde bircok sinirlama vardir. Biyobelirteclere dayali yeni tani
yéntemlerinin degistirilmesiyle bu hastaligin hizli ve dogru bir sekilde
tanimlanmasi miimkiin olmaktadir. Biyolojik géstergeler sadece bulasici
hastaliklarin taranmasinda degil, ayni zamanda erken ve uygun tedavide
de bliylik 6l¢tide yardimci olmustur. Bu arastirmada pulpitis ile ilgili difer-
ansiyel olarak eksprese edilen genler (DEG'ler) analiz edilmis ve prognos-
tik biyobelirtegler tanitilmistir. Gereg ve yéntem: Bu in silico ¢alismasinda,
pulpitisin gen ekspresyon profili olarak GSE77459 veri setini uyguladik.
Web araci GEO2R, yukari regtile edilmis ve asadi reglile edilmis DEG'leri
ayirmak icin kullanildl. |logFC|>2 ve diizeltilmis p degeri < 0,05 kesme krit-
eri olarak belirlendi. Elde edilen genlerin yol zenginlestirme ¢alismasi icin
EnrichR uyguland. Bir protein-protein etkilesimi (PPI) agi olusturulduk-
tan sonra pulpitiste rol oynayan merkez genler secildi. Son olarak,
ClueGO yazilimi (v2.5.10) tarafindan islevsel olarak gruplandiriimis aglar
olusturuldu. Bulgular: GSE77459 veri setinin GEO2R analizi, GB_ACC ko-
dlu 672 yukari regtile edilmis gen ve 239 asadi regiile edilmis gen goster-
di. Cytoscape sonuglarina gére, en iyi 15 hubba diigimd PTPRC, ITGAM,
CCL2, ICAM1, MMP9, CXCL8, TLR2, CD86, CXCR4, IL1A, CD44, CCL3, ITGAX,
CXCL10 ve CCR7 dabhil olmak lizere siraland.. Fonksiyonel olarak grup-
landirlmis aglar, bu genlerin esas olarak kemokin aracili sinyal yolun-
da, endotel morfogenezinde ve néroinflamatuar yanitta zenginlestigini
belirledi. Sonug: Arastirmamizda pulpitiste tanisal biyobelirte¢ olarak
15 gen tanitilmis ve bunlarin fonksiyonel olarak gruplandirilmis aglar
olusturulmustur. Ancak elde edilen sonuglarin in vitro ve in vivo yéntemler
kullanilarak dogrulanmasi gerekir. Anahtar Kelimeler: dis pulpas; iltihap-
lanma; Gen ontolojisi; DEG'ler; UFE; Pulpitis.
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In vitro evaluation of shear bond strength of polymethyl
methacrylate/montmorillonite modified Biodentine with

dental resin composite

Purpose

The aim of this study was to evaluate the bond strength between Biodentine,
modified with polymethyl methacrylate/Montmorillonite nanoclay, and resin
composite at different stages of Biodentine's setting time.

Materials and Methods

Nanoclay was prepared and organo-modified with polymethyl methacrylate.
The characterization of polymethyl methacrylate/Montmorillonite nanoclay,
Biodentine, and modified Biodentine was assessed by X-ray diffraction analysis,
Fourier-transform infrared spectroscopy, and scanning electron microscopy
coupled with energy-dispersive X-ray spectroscopy. A total of sixty acrylic molds
were constructed; thirty specimens were filled with Biodentine, and the other
thirty with nanoclay-modified Biodentine. Each group was subdivided according
to different stages of Biodentine's setting time: 12 minutes, 2 hours, and 2 weeks.
Universal adhesive, followed by flowable resin composite, was applied. The micro-
shear bond strength was tested using a universal testing machine. Data were
analyzed using one-way ANOVA followed by Tukey’s post hoc test, in addition to
two-way ANOVA. The significance level was set at p < 0.05.

Results

The characterization results revealed the successful preparation of polymethyl
methacrylate/Montmorillonite nanoclay and modified Biodentine. The micro-shear
bond strength results showed that modified Biodentine had significantly higher
micro-shear bond strength than unmodified Biodentine at 12 minutes. However, no
statistically significant difference was found between the unmodified and modified
Biodentine groups at 2 hours and 2 weeks.

Conclusion

The incorporation of 10% modified nanoclay by weight into Biodentine could
enhance the bond strength with resin composite when placed after 12 minutes of
Biodentine's setting time.

Keywords: Biodentine, montmorillonite nanoclay, resin-modified nanoclay, micro-
shear bond strength, pulp capping materials

Introduction

Pulp capping materials have been used for pulp protection against
chemical, thermal, and other noxious stimuli. They are placed as a protec-
tive layer on the floor of deep cavities or after traumatic exposure. These
biomaterials should be bioactive to allow for the regeneration of dentin
at the exposed pulp areas.

Calcium hydroxide (Ca(OH),) had been regarded as the gold standard for
pulp capping due to its high pH which leads to stimulation of the pulp cells
to form dentin bridge and its antibacterial effect. However, Ca(OH), showed

Fagr Hassan ElImergawy' ©,
Ola M. Elborady? ®,
Dina M. Wahied'’

ORCID IDs of the authors: F.H.E. 0000-0003-1514-4851;
O.M.E. 0000-0002-4168-5697; D.M.W. 0000-0002-8006-6901

'Dental biomaterials Department, Faculty of Dentistry,
October University for Modern Sciences and Arts

2Institute of Nanoscience and Nanotechnology,
Kafr EI-Sheikh University, Qism Kafr EI-Sheikh

Corresponding Author: Fagr Hassan Elmergawy
E-mail: fmergawy@msa.edu.eg

Received: 21 August 2023
Revised: 22 October 2023
Accepted: 19 November 2023

DOI: 10.26650/e0r.20241339433

How to cite: ElImergawy FH, Elborady OM, Wahied DM. In vitro evaluation of shear bond strength
of polymethyl methacrylate/montmorillonite modified biodentine with dental resin composite. Eur
Oral Res 2025, 59(1): 19-26. DOI: 10.26650/e0r.20241339433

=g
BY NC

This work is licensed under Creative
Commons Attribution-NonCommercial
4.0 International License


https://orcid.org/0000-0003-1514-4851
https://orcid.org/0000-0002-4168-5697
https://orcid.org/0000-0002-8006-6901

20

Elmergawy FH., et al.

high solubility, poor sealing ability, lack of adhesion with tooth
structure, tunnel defects in the formed dentin bridge as well
as necrosis and inflammation in pulp tissues. To overcome
these drawbacks calcium-silicate based pulp capping mate-
rials have been introduced (1, 2). Mineral tri-oxide aggregate
(MTA) is the first calcium silicate bioactive material introduced
in 1993 (3). MTA is capable of apatite formation by either us-
ing calcium aluminates or calcium silicates. MTA exhibits a
higher rate of clinical success compared to Ca(OH),, owing to
the formation of thicker and less porous dentin bridge with
fewer signs of inflammation. Yet, MTA shows some disadvan-
tages such as its long setting time, difficulty in handling, tooth
discoloration, high cost as well as incompatibility with other
dental materials when layered. (1, 3, 4)

Second generation calcium silicate based materials were
introduced in an attempt to overcome the drawbacks of MTA,
among which is the Biodentine. (4) Biodentine is a repair ma-
terial that was introduced in 2011 as a bioactive dentin substi-
tute due to its resemblance to dentin regarding its mechanical
properties. Biodentine is composed of tri-calcium and di-calci-
um silicates, calcium carbonate, in addition to iron oxide and
zirconium oxide (5). Biodentine has an accelerated setting time
and higher viscosity, in addition to its easier manipulation, and
less tooth discoloration than MTA. Moreover, it shows very
promising bioactivity which comes mainly from being formed
of tri-calcium silicate and calcium carbonate matrix along with
zirconium oxide and iron oxide (6, 7). Owing to its promising
properties, it has not been used only as a pulp capping material
but also used as a retrograde filling, perforation repair, treat-
ment of immature necrotic teeth, pulpotomy, and apexifica-
tion (7, 8). However, one of the main drawbacks of Biodentine
is the poor bond strength with the overlying resin composite
restoration due to its water based chemistry which affects the
micromechanical retention with overlying resin composite, im-
pairing the longevity of the final restoration (3).

Nanoclays are promising nanoparticles thatattracted many
researchers due to their biocompatibility, good mechanical
properties as well as high abundance (9). Montmorillonite
(MMT) is a type of nanoclay that is formed of alumino-sili-
cate sheets of approximately one nanometer thickness that
are stacked over one another forming complex crystallites
(10). Organo-modification of nanoclays involves the grafting
of bulkier organic polymers onto MMT sheets to increase its
compatibility with resin based materials.

To our knowledge, no previous studies have been done to
modify Biodentine with resin or nanoclay in an attempt to in-
crease bond strength with resin composite. Thereby, the aim of
this study was the addition of polymethyl methacrylate modified
MMT nanoclay to Biodentine and to evaluate its effect on shear
bond strength with resin composite restoration over different
stages of Biodentine setting time. The null hypothesis states that
there would be no statistically significant effect of adding orga-
no-modified nanoclay on shear bond strength between Bioden-
tine and overlaid composite at different stages of setting time.

Materials and Methods
Materials

Materials used for the synthesis of MMT modified with
polymethyl methacrylate (PMMA/MMT), as well as Bioden-

tine, universal adhesive system and flowable resin compos-
ite are listed in Table 1.

Table 1. Materials used in this study, their chemical composition and
manufacturer.

Material Cheml.ca.ul Manufacturer
composition

Tetraethyl (CH50),4Si Alpha Chemika

orthosilicate (India)

(TEOS)

Aluminum nitrate Al(NO3)3 Alpha Chemika
(India)

Magnesium nitrate Mg(NOs), Alpha Chemika
(India)

Calcium nitrate Ca(NO3), Sigma-Aldrich

(Germany)

Sodium nitrate NaNOs LOBA Chemie (India)

Acrylamido- methyl C;H 13NO,S Acros organics (USA)

Propane sulfonic

acid (AMPS)

Ammonium (NH4),S,0g LOBA Chemie (India)

persulfate (APS)

Methyl methacrylate C4H60, LOBA Chemie (India)

Carbon tetrachloride CCly Acros organics (USA)

Ethanol C,HsOH LOBA Chemie (India)

Methanol CH30H LOBA Chemie (India)

Biodentine Tri-calcium silicate, ~ Septodont (France)

di-calcium silicate,
calcium carbonate,
iron oxide and
zirconium oxide

All bond universal Bis-GMA, 10-MDP, Bisco (USA)
adhesive HEMA, ethanol and

water
Flowable resin Bis-GMA and VOCO GmbH.
composite TEGDMA (Germany)

Methacrylate-based
nanohybrid resin
composite with

76wt% filler loading

PMMA/MMT nanoclay preparation

PMMA/MMT was prepared following a method mentioned
in a previous study (10), where TEOS, Al(NO3);, Mg(NOs),,
Ca(NO3), and NaNO3 were used as sources of SiO, Al,O3,
MgO, Ca0, and Na,O respectively. MMT nanoclay was first
synthesized from sol-gel technique, where a solution of 57%
SiO5, 33% Al,05, 5.4% MgO, 4% CaO and Na,O was mixed in
250ml of acidified distilled water of pH 2. Afterward, 26.26g
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of TEOS and 30 ml of ethanol were added to the solution,
and mixed till a powder is precipitated. The formed powder
was washed with distilled water using a centrifugal machine,
dried at 80°C for 24hrs and ground into fine powder.

PMMA was grafted onto MMT nanoclay via in-situ graft po-
lymerization methodology adopted from Atai et al (11, 12)
(Figure 1). An aqueous solution of distilled water containing
0.5 wt% MMT was prepared and kept at 50°C for 12 hours
with continuous stirring using a magnetic stirrer. Then 2.5g
of AMPS (2-acrylamido-2methyl-1 Propane sulfonic acid) was
added to the aqueous solution and mixed for 2hrs. Afterward,
2g of the initiator (Ammonium persulfate), in addition to 50ml
of methacrylic acid and 2ml of CCl, (the chain transfer agent)
were added to the solution. The temperature was then ele-
vated to 70°C to allow for full polymerization and gel forma-
tion. Precipitation was done by dropping the formed gel into
methanol solution. The precipitate was washed using distilled
water and ethanol by centrifugal machine. Purification of the
powder was performed by the dialysis method adopted from
Sample-Lord and Shackelford (13). The prepared sample pow-
der was then dried and ground into fine powder and stored in
a sealed container till use.

Sample size estimation

Statistical power analysis was performed to determine
the sample size using Power and Sample Size Calculation
Software (Version 3.1.2, Vanderbilt University, Nashville, Ten-
nessee, USA). Sample size was calculated to be 10 for each
experimental condition (n=10) with power value of 90% and
type | error probability of 0.05.

Specimens preparation

A total of sixty acrylic circular molds with a depth of 2mm
and internal diameter of 10mm were prepared using self-
cured acrylic resin (Acrostone Cold Cure Acrylic Resin, Acros-
tone Co., England). Thirty acrylic molds were fully filled with
unmodified Biodentine (Biodentine™, Septodont, Saint-
Maur-des-Fossis, Creteil, France). Samples were stored at
37°C and 100% humidity in an incubator at three time inter-
vals (12min for initial setting time, 2hrs and 2 weeks for final
setting time). Another thirty acrylic molds were packed with

%/
Wy =
MMT nanoclay sheets ? é
AMPS (active sites)

PMMA chains

=l

Figure 1. Schematic representation of grafting of PMMA onto
MMT nanoclay sheets; step (A) represents swelling behavior
of nanoclay sheets in distilled water in the presence of AMPS.
Step (B) represents graft polymerization of PMMA chains in the
presence of the initiator and chain transfer agent.

10wt% PMMA/MMT modified Biodentine, stored at the same
condition and aging periods (12min, 2hrs and 2 weeks).

Unmodified Biodentine was prepared according to the
manufacturer’s instructions, where the powder was mixed
with five drops of Biodentine liquid in an amalgamator for
30 seconds. The prepared Biodentine paste was packed into
the acrylic molds using a plastic condenser, then a glass slab
was used to gently press over the Biodentine to create a
smooth surface. Biodentine modified with 10% PMMA/MMT
by weight was prepared. Samples of both unmodified and
modified Biodentine were stored in an incubator as men-
tioned above before the application of adhesive bonding
agent. After each incubation period, specimens were ran-
domly selected to apply the adhesive bonding agent and
resin composite build up.

A universal adhesive (All bond universal, Bisco, USA) was
applied in a self-etch mode using a bristle brush on the
surface of each tested material, rubbed for 20 seconds and
dried by gentle air for 5 seconds. Before light curing, five
transparent cylindrical shaped silicon tubes of Tmm inter-
nal diameter and 2mm length were placed on the surface of
each tested specimen and then the adhesive resin was po-
lymerized by a light cure unit (VivaDent Bluephase, Ivoclar,
USA) for 20 seconds. Flowable resin composite (Polofil NHT
Flow, VOCO GmbH. Germany) was carefully injected in a in-
side each tube in a single bulk to avoid air bubbles formation
and light cured. Polyethylene tubes were then removed by
a sharp razor blade. Specimens were stored for 48 hours at
37°C at a relative humidity of 100% before testing.

Chemical analysis and phase identification

Chemical analysis of PMMA/MMT nanoclay as well as Bio-
dentine before and after modification with PMMA/MMT
was done by Fourier Transform Infrared Spectroscopy (FTIR)
(IRAffinity-1S.SHIMADZU. Japan), with a wavelength of 4000
to 400 cm'. Phase identification was tested by X-ray diffrac-
tion analysis (XRD) (PXRD-6000 SCHIMADZU. Japan) with a
voltage of 40KV and a current of 30mA with CuKa radiation
(A=1.54056A°).

Scanning electron microscope (SEM) and energy dispersive
X-Ray spectroscopy (EDX) assessment

Surface morphology of Biodentine before and after mod-
ification with PMMA/MMT was performed by SEM (Quanta
FEG-250, FEI. USA) coupled with energy dispersive X-Ray
spectroscopy (EDX) for elemental composition analysis. Disc
shaped specimens (4mm in diameter and 2 mm in height)
were mounted on stubs, gold coated using a vacuum sputter
coater and their upper surfaces were examined by the SEM.

Micro-shear bond (uSBS) strength testing

All tested samples were subjected to shear bond strength
by a Universal testing machine (Model 3345; Instron In-
dustrial Products, Norwood, USA) with a load cell of 5 kN.
Samples were mounted to the lower fixed compartment of
testing machine and load was applied at resin-liner interface
using a metallic loop attached to the upper movable com-
partment of testing machine operated at crosshead speed
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of 0.5 mm/min.The load required to de-bonding was record-
ed in Newtons.

Statistical analysis

Mean values and standard deviation for each group were
tested for normality using Shapiro-Wilk tests. One-way ANO-
VA thenTukey’s post hoc test were used to evaluate the effect
of unmodified and PMMA/MMT modified Biodentine with-
in each setting time interval and the effect of setting time
intervals within each group on micro-shear bond strength
test. A two-way ANOVA test was used to test the interactions
between the tested variables. The significance level was set
at P < 0.05. Statistical analysis was performed with (IBM SPSS
Statistics Version 23 Armonk, NY, USA) for Windows.

Results
FTIR analysis results

Results of FTIR of PMMA/MMT showed peaks correspond-
ing to aluminum silicates and magnesium silicates at 447
cm-1 and 537 cm-1 respectively (Figure 2). In addition,
bands of aluminum oxide and silicon oxide were aligned at
900 cm-1 and 1045 cm—1 respectively (14-18). Bands were
detected at the regions of 2900 that were attributed to C-H
bonds of the organic modifier PMMA. Another band was
observed at approximately 1700 cm-1 which is associated
to the stretching of the carbonyl group (C=0) belonging to
PMMA (19-23).

™~
C=0 group

C-H group
P
-

t/\

— PMMA/MMT
— Biodentine

== Biodentine modified with
10% PMMA/MMT

Transmission

C=0 group

C-H group

4000 3000 2000 1000 400

Figure 2. FTIR analysis of PMIMA/MMT nanoclay, Biodentine and
PMMA/MMT modified Biodentine.

FTIR analysis of Biodentine and modified Biodentine re-
vealed bands at 500cm-1 that corresponded to silica vibra-
tions. Broad bands at 1400 and 1600 cm-1, as well as bands
at 870, and 700 cm-1 attributed to carbonate groups were
also presented (24, 25) Modified Biodentine showed new
bands corresponding to C-H and C=0 of PMMA.

XRD analysis results

XRD results of PMMA/MMT (Figure 3) showed the char-
acteristic peak of MMT (d001) at 26=7.4°(26). Typical peaks
of quartz were also detected at 26=25.5° (27). XRD results
of Biodentine showed peaks corresponding to calcium car-
bonates and calcium silicates at approximately 26=24.5°and

28° respectively (28). However, Biodentine modified with
PMMA/MMT showed peaks corresponding to MMT(d001)
at 26=7.7°. As well as peaks of quartz at approximately
20=25.5°.

MMT Quartz

(doo) (5i02)  pamar
> = PMMA/MMT
G = Biodentine
v
5 calcium === Biodentine modified
E CaCo3 silicate with 10% PMMA/MMT

M\O\LJMM

10 20 30 40 50
20 scale

Figure 3. XRD patterns of PMMA/MMT nanoclay, Biodentine
and PMMA/MMT modified Biodentine.

Scanning electron microscopy

SEM images of Biodentine (Figure 4A) showed Biodentine
crystals with large spaces between them, while Biodentine
modified with PMMA/MMT (Figure 4B) showed nanoclay
particles (yellow arrows) on the surface of Biodentine and in
between the crystals.

W m

Figure 4. SEM images (10000X) of A: Biodentine, B: PMMA/MMT
modified Biodentine.

EDX analysis results

EDX analysis (Figure 5-A) revealed the typical composition
of Biodentine with high percentages of calcium (50.21%), ox-
ygen (36.77%), carbon (6.75%) and silicon (6.25%), whereas in
EDX analysis of PMMA/MMT modified Biodentine, aluminum
(0.48%), sodium (0.23%) and magnesium (0.07%) attributed
to MMT nanoclay were detected as shown in (Figure 5-B).

cPs

(T8 0.0
000 0% 100 130 200 2% 3N 3N 40 4N AN 000 050 100 150 200 2W 300 IW 400 4W 500
v [

Figure 5. EDX analysis of A: Biodentine, B: PMMA/MMT modified
Biodentine.
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Micro-shear bond strength (uSBS) results

Statistical analysis of micro-shear bond strength results
(Figure 6 and Table 2) revealed significantly lower uSBS val-
ues (MPa) for the unmodified Biodentine group at 12 min-
utes compared to 2 weeks where p <0.001. However, no
statistically significant difference was found between 12
minutes with 2 hours and between 2 hours and 2 weeks
within unmodified Biodentine groups. No statistically signif-
icant differences were found between PMMA/MMT modified
BD groups between the three-time intervals. Pairwise com-
parisons showed significant difference between unmodi-
fied and modified Biodentine groups at 12 minutes, where
(p=0.002), however, no statistically significant difference
was found between unmodified and modified Biodentine
groups at 2hours and 2weeks, where (p=0.176 and 0.289) re-
spectively. The results of two-way ANOVA showed that type
of Biodentine exhibited a statistically significant effect on
micro-shear bond strength at p=0.0463. While different set-
ting time intervals showed a statistically significant effect at
p<0.001. Moreover, the interaction between the two tested
variables showed statistically significant effect at p=0.0137.

Table 2. Micro-shear bond strength (uSBS) data in MPa for tested
groups.

Groups 12 min 2 hours 2 weeks p value
Unmodified  5.95+1.35 7.19**+1.54 8.59°+0.88  <0.001
Biodentine

PMMA/MMT  7.67°+0.98 7.92°+1.28 8.02°+0.97 0.756
Biodentine

P-value 0.002 0.176 0.289

Different letter within each row indicates significant difference by Tukey’s
post hoc test (P-value<0.001).

12min 2hrs 2weeks

Microshear bond strength
(Mpa)
Q= N W e UM N W

m Unmedified Biodentine groups u PMMA/MMT modified Biodentine groups

Figure 6. Bar chart representing micro-shear bond strength of
the different tested groups.

Discussion

Biodentine is a tri-calcium silicate based bioactive material
that was advertised in markets as “Bioactive dentin substi-
tute” since it has mechanical properties comparable to that
of dentin. Moreover, it has a superior ability to stimulate the
odontoblasts differentiation leading to the formation of re-
parative dentin, excellent bioactive property as well as bio-
compatibility. However, Biodentine has water-based chem-
istry which has greatly compromised the micromechanical
bond with overlying resin composite (29-31). To overcome

this drawback, polymethyl methacrylate (PMMA) modified
Montmorillonite (MMT) nanoclay (PMMA/MMT) was used in
this study to modify Biodentine in an attempt to improve its
bond strength with resin composite due to the good chem-
ical interaction between PMMA and Bis-GMA in resin com-
posite matrix (32).

MMT was synthesized by sol-gel technique due to its abil-
ity to control the structural morphology of the final prod-
uct, utilize relatively low temperature and produce very fine
powder with high chemical homogeneity (33, 34). Then
PMMA was incorporated inside MMT using in-situ graft po-
lymerization method (Figure 1) which was reported to be an
easy and reliable technique that allows the penetration of
polymeric chains into nanoclay sheets and also promotes
covalent bonding between polymer and nanoclay (35, 36).

FTIR analysis for PMMA/MMT (Figure 2) was in agreement
with that reported in literature; where peaks contributing to
distinctive functional groups of Si-O-Al, Si-O-Mg as well as
Si-O-Si of the tetrahedral layer of MMT were observed (37,
38). The appearance of C-H band as well as C=0 band could
further confirm the success of organo-modification and in-
corporation of PMMA into nanoclay sheets (38, 39). Bands of
functional groups containing carbon were detected in FTIR
analysis of PMMA/MMT modified Biodentine suggesting the
success of incorporation of PMMA/MMT into Biodentine.

XRD results of PMMA/MMT exhibited the characteristic
peaks of MMT (dgg4), quartz and Montmorillonite which
were in accordance with the chemical structure reported
in literature(40) (Figure 3). Peaks of MMT (dgq) and quartz
were also observed in the XRD pattern of PMMA/MMT mod-
ified Biodentine confirming the incorporation of PMMA/
MMT into Biodentine. FTIR and XRD findings were further
justified by SEM images and EDX analysis. SEM shows clus-
ters of PMMA/MMT nanoclay on modified Biodentine sur-
face (Figure 4-B). Moreover, the EDX analysis confirmed the
presence of aluminum, sodium and magnesium in modi-
fied Biodentine which are the main constituent elements
of MMT, thus confirming the incorporation of PMMA/MMT
in Biodentine (Figure 5-B).

Biodentine has different stages for setting, the initial set-
ting stage is when the tri-calcium silicate reacts with water
forming calcium silicate gel and calcium hydroxide and it
takes nearly 12 minutes, then afterward nucleation and ex-
pansion of this gel over the tri-calcium silicate occur filling
the spaces between tri-calcium silicate till crystallization of
the hydrated calcium silicates gel. Crystallization continues
till complete maturation of the cement occurs which might
take 12 weeks up to 1 month (7, 41).

The literature was unclear regarding the time after which
resin composite should be placed over Biodentine. Some
studies suggested immediate placement of resin composite
after Biodentine setting (42-44). However, one study claimed
that resin composite should be placed after 2 hours of Bio-
dentine setting and they suggested that the changes in Bio-
dentine became minimal after nearly 120 minutes (8). Other
studies reported that final composite restoration should be
placed at least 14 days after setting to allow sufficient mat-
uration of Biodentine (7, 45-47). Accordingly, the time inter-
vals chosen in this study for placement of resin composite
and testing the bond strength were; after 12 minutes (as
claimed by the manufacturer), 2 hours and 2 weeks.
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Regarding the type of adhesive systems used with Bioden-
tine, some studies suggest the advantage of using etch and
rinse methodology over self-etch (48, 49). However, other
studies reported that self-etch strategies showed higher
bond strength (42). While other studies reported that the
choice of the adhesive strategy doesn’t affect the bond
strength (45, 50-52). In this study, universal bonding in self-
etch mode was used to simplify the application process and
reduce the technical errors (53).

Micro-shear bond strength (SBS) test was performed to
evaluate the bond strength between Biodentine and resin
composite because of its simplicity, ease of specimen prepa-
ration and lower incidence of pretest failure. Micro- shear
mode testing was employed in this study rather than mac-
ro-shear testing as it was reported that conventional macro
shear bond test resulted in non-uniform stress distribution
with heterogeneous stress patterns when assessed by finite
element stress analysis (54). Acrylic resin molds were used
as it is an easy and fast way for standardization and central
holes with 10 mm x 2 mm were done allowing better reten-
tion of the overlying resin composite (45).

The null hypothesis in this study was rejected as there
was a statistically significant difference between the shear
bond strength of the modified Biodentine and the unmodi-
fied one after 12 minutes of Biodentine setting (as shown in
Figure 6 and Table 2). Addition of PMMA modified nanoclay
to Biodentine might have increased the bond strength with
resin composite, as PMMA chains within the nanoclay could
interact with BisGMA of resin composite matrix creating
stronger network with the monomers in resin composite.

Besides, the incorporation of nanoclays in between Bioden-
tine crystals could act as crack deflectors resisting crack prop-
agation, thus increasing the bond strength (55). Moreover, the
use of self-etch adhesives with freshly mixed Biodentine was
reported to cause deeper penetration of the adhesive system
into the unset Biodentine leading to stronger micro-mechani-
cal retention (46). This was in agreement with previous studies
that recommended immediate placement of resin composite
restoration on fresh Biodentine (42-44, 56).

The results also revealed that unmodified Biodentine
group after 2 weeks showed significantly higher shear bond
strength than after 12 minutes. This could be attributed to
the fact that calcium hydroxide released during the hydra-
tion setting reaction of Biodentine could react chemical-
ly with 10-MDP monomers present in self-etch adhesives,
thereby enhancing their chemical bonding. Moreover, the
initial water-based nature of Biodentine could have a det-
rimental effect on the bond strength when resin compos-
ite is placed immediately. This was in accordance with other
studies that suggested that the bond strength continues to
increase by time and it should not be placed immediately
after setting (7, 45-47). However, no significant difference
was found between different setting times of PMMA/MMT
modified Biodentine. This could be due to the incorporation
of PMMA/MMT that increased the initial bond strength com-
pared to unmodified Biodentine as mentioned above and
changed the mode of interaction with resin composite.

It is worth noting that Theracal LC (a resin modified light-
cured calcium silicate base material) showed higher bond
strength to resin composite compared to Biodentine. This
was attributed to the similarity between the resin chemistry

of Theracal and resin composite promoting true chemical
adhesion and creating strong interface (57).

The current study findings are of important clinical relevance;
as strong bond between resin composite and underlying base
material is essential to increase the longevity of the final resto-
ration and enhance its stability and performance. However, the
current study has some limitations; this is an in vitro study with
limited sample size and the simulation of in vivo conditions is
yet unsolved. The concentration of nanoclay used was 10% by
weight only, yet the effect of different concentrations needs
to be examined. Moreover, the effect of modified Biodentine
on other properties such as solubility, bioactivity and water
sorption are of great importance and it is recommended to be
considered in further researches. Evaluation of the biological
properties and assessment of the biocompatibility of the nano-
clay modified Biodentine should be taken in consideration in
further researches. Bond strength durability after different ag-
ing conditions was not considered in this study and it is also
recommended to be investigated in further studies.

Conclusion

Within the limitations of this study, it was concluded that
incorporation of 10% PMMA/MMT by weight to Biodentine
improved shear bond strength with resin composite when
placed after 12 minutes of Biodentine setting time.

Tiirkce ozet: Polimetil Metakrilat/Montmorillonit Modifiye Bioden-
tine’nin Dental Rezin Kompozit ile Kayma Baglanma Dayaniminin in Vi-
tro Degerlendirilmesi. Amag: Bu ¢calismanin amaci, polimetil metakrilat/
montmorillonit nanokil ile modifiye edilen Biodentine ile rezin kompozit
arasindaki baglanma dayanimini, Biodentine'in farkli sertlesme asama-
larinda degerlendirmektir. Gere¢ ve Yontemler: Nanokil hazirlandi ve
polimetil metakrilat ile organik olarak modifiye edildi. Polimetil metakri-
lat/montmorillonit nanokilin, Biodentine’in ve modifiye Biodentine’in
karakterizasyonu; X-isini kirnim analizi, Fourier dénlisiimlii kizilbtesi
spektroskopisi ve enerji dagilimli X-isini spektroskopisi ile eslestirilmis
taramali elektron mikroskobu kullanilarak yapildi. Toplam altmis akrilik
kalip hazirlandi; otuz drnek Biodentine ile, diger otuz 6rnek ise nanokil
ile modifiye Biodentine ile dolduruldu. Her grup, Biodentine'in sertlesme
stirecinin farkli asamalarina gére U alt gruba ayrildi: 12 dakika, 2 saat
ve 2 hafta. Evrensel adeziv uygulandiktan sonra akiskan rezin kompozit
yerlestirildi. Mikro-kayma baglanma dayanimi, liniversal test cihazi kul-
lanilarak test edildi. Veriler tek yonlii ANOVA ve ardindan Tukey’nin post
hoc testi ile analiz edildi; ayrica iki yénltii ANOVA uygulandi. Anlamlilik
seviyesi p < 0,05 olarak belirlendi. Bulgular: Karakterizasyon sonuclari,
polimetil metakrilat/montmorillonit nanokilin ve modifiye Bioden-
tine’in basarili bir sekilde hazirlandigini ortaya koydu. Mikro-kayma
baglanma dayanimi testleri, modifiye Biodentine’in 12. dakikada,
modifiye edilmemis Biodentine'e kiyasla anlamli derecede daha yiik-
sek baglanma dayanimina sahip oldugunu gésterdi. Ancak, 2 saat ve 2
hafta gruplari arasinda istatistiksel olarak anlamli bir fark bulunmadi.
Sonug: Biodentine'e adirlik¢a %10 oraninda modifiye nanokil eklenme-
si, Biodentine'in sertlesme siirecinin 12. dakikasinda uygulandiginda,
rezin kompozit ile baglanma dayanimini artirabilir. Anahtar Kelimeler:
biodentine, montmorillonit nanokil, rezin-modifiye nanokil, mikro-kay-
ma baglanma dayanimi, pulpa értiileme materyalleri
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In vitro fracture resistance of implant-supported terminal

zirconia cantilevered frameworks

Purpose
This study aims to investigate the in vitro fracture loads of three different terminal
cantilever forms of implant-supported zirconia frameworks.

Materials and Methods

A total of 30 implant-supported zirconia frameworks (Aconia, China) were CAD/
CAM-fabricated and divided into three groups, each with a distal abutment
cantilever form design of 5mm: Group A had square cantilevers, Group B had oval
cantilevers, and Group C had oval-square cantilevers. Universal testing machine was
used to apply vertical loads to the samples, and the fracture loads were recorded.
Variance analysis and Tukey's post-hoc tests were applied for statistical evaluation.

Results

There was no significant difference between the mean fracture loads of Group B
(587.8£112.2 N) and Group C (591.3 £81.3 N), but both of these groups exhibited
significantly lower fracture loads compared to Group A (893.8+145 N, p<0.001 for
each).

Conclusion

Within the scope of this experimental study, it can be concluded that implant-
supported terminal square shaped cantilever zirconia frameworks, each measuring
5 mm from the distal abutment, are more likely to exhibit greater resistance to
vertical loads compared to their oval and oval-square counterparts.

Keywords: Fixed partial denture, zirconia, implant, fracture load, dental prosthesis

Introduction

Cantilevered Fixed Partial Dentures (CFPDs) are among the alternative
options available for patients with distal extension edentulous ridges. The
evaluations vary, and some researchers have expressed concerns about
the risks associated with CFPDs (1). Implant restorations may experience
mechanical failure due to the potential interference of cantilevers with
biomechanics (2). Patients with critical anatomical features, such as high
ridge bone resorption structures near the maxillary sinus floor and inferi-
or alveolar nerves, are recommended to opt for an implant-retained pros-
thesis. However, the demand for CFPDs has surged due to factors such as
cost-effectiveness, patient comfort, and acceptance (3).

Loads on distal extensions can cause bending because of the hinging
action of the restorations (4). Despite the absence of a consensus on the
maximum permissible cantilever span, suggestions include considering
anterior-posterior extension and the use of various prosthodontic materi-
als (5). The Shorter Dental-Arch concept (SDA) may provide an alternative
treatment option to reduce restoration bending and stress on implant/
bone contacts caused by cantilever loads. Therefore, it is advisable to
keep the distal extensions as short as possible (6).
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Recently, the utilization of zirconia (Zr) dental restorations
has witnessed a substantial increase. This surge can be at-
tributed to their enhanced biocompatibility and mechanical
attributes, including fracture strength and toughness, as
well as physical properties such as dimensional stability and
tooth color matching (7,3). Several authors have suggested
that occlusal forces may have the potential to damage the
cantilever structure by acting as a lever. However, there ex-
ists a lack of empirical consensus in the literature concern-
ing classic titanium and Zr substructures due to their limited
study, primarily in vitro and retrospective research studies
(8). Zr ceramics find application in single crowns, implant
abutments, frameworks, and fixed partial dentures (FPD) (9).
The formation of inherent flaws and microcracks is an out-
come of the intrinsic brittleness of ceramics, which contin-
ues to pose a fundamental challenge in the use of metal-free
ceramic restorations (10). Over time, microcracks may prop-
agate, ultimately leading to restorative fracture and failure
(11). Zr dental restorations have demonstrated an increased
resistance to crack propagation and microcrack formation.
This heightened resistance may be attributed to the con-
version of the tetragonal phase to the monoclinic phase
through transformation toughening (12).

Computer-aided design and computer-aided manufactur-
ing (CAD/CAM) represents an additional production method
that plays a pivotal role in dentistry (13,14). The production
of an ideal metal-ceramic restoration involves a myriad of in-
tricate techniques that are method-sensitive, time-consum-
ing and costly. With the advent of state-of-the-art CAD/CAM
technology, it is now feasible to precisely fabricate Zr abut-
ments for implant-supported fixed dental prostheses (FDPs)
(15,16). Nonetheless, despite their remarkable mechanical
capabilities, Zr FPDs are not exempt from challenges (17).
FPDs located in posterior regions should ideally be able to
withstand masticatory pressures without mechanical failure
(18). This is of paramount importance for posterior resto-
rations in terms of biofunctionality, as they are designed for
functional mastication rather than purely aesthetic consid-
erations (19). Molars are particularly susceptible to complex
occlusal stresses, which can range from 300 to 800N. In cer-
tain patients exhibiting parafunctional behaviors, occlusal
loads can escalate to T000N (20). In terms of the implications
and survival rates of Zr FPDs, the data is contingent on study
designs and specific circumstances (21).

The use of implant-supported CAD/CAM fabricated canti-
levered Zr frameworks (ISCZFs) in distal extension-free end
saddle zones has arisen out of necessity (22,23). Current-
ly, there is limited and insufficient evidence regarding the
strength of ISCZFs concerning the size and dimensions of
the cantilever (24,25). The indirect fabrication of restorations
through CAD/CAM empowers dentists and practitioners to
design a wide range of restorations, from simple inlays/on-
lays to single crowns, fixed partial dentures (FPDs), and even
maxillofacial prostheses. CAD/CAM technology comes with
no constraints, resulting in restorations that are long-lasting,
aesthetically pleasing, biocompatible, possess greater mar-
ginal and internal adaptability, and are efficiently manufac-
tured (26). However, the milling method involving diamond
burs for the cutting blocks under torque may initially cause
tiny, non-visible fractures that could propagate and eventu-
ally lead to restoration failure (27).

Many in-vitro studies related to implant-supported res-
torations excluded the use of cementation during testing
procedures to ensure uniform stress distribution along the
occlusal surface. Cement retention is often associated with
occlusal integrity (28). Removing any excess cement materi-
al entirely from the subgingival area can be challenging (29).
During the fabrication process, the flowable cement materi-
al may have lined the inner surface of the implant-support-
ed crown, resulting in a tight fit between the restoration and
the abutment. Cementless fixation (CLF) involves a recessed
device on the occlusal surface of the abutment that uniform-
ly distributes stresses along the occlusal surface (30). Conse-
quently, CLF has been proposed as a novel retentive method
for implant prostheses that do not rely on cement or screws.
However, there have been few studies investigating the bio-
mechanical aspects of the CLF implant crown, leaving the
optimal design for reducing stress distribution on the CLF
implant restoration uncertain.

In the present in-vitro study, the fracture load of the
cross-sectional dimension of the cantilever on ISCZF was
considered as the standard. The ultimate fracture strength
of the specimens was assessed using a universal mechani-
cal tester and incremental loading until failure. This method,
known for its simplicity and accuracy, has been employed
in previous studies to evaluate cantilever prostheses (31,32).
The objective of this in-vitro study is to examine the fracture
load of three different forms of terminal Zr cantilevers. Ac-
cording to the null hypothesis, the different forms of the ter-
minal cantilevers would not have an impact on the fracture
load of ISCZFs.

Materials and Methods
Sample preparation

In this in-vitro study, CAD/CAM ISCZF specimens (n=33)
were fabricated using Aconia Zirconia blank (HT+, Sichuan,
China). The specimens were then divided into three main
groups (n=11) based on the forms of the terminal cantilever:
Group A (Oval-shaped cantilever), Group B (Square-shaped
cantilever), and Group C (Oval-square shaped cantilever).

The study utilized a Dentium arch (Dentium, Cypress CA,
USA) to secure two mono-screw implants measuring 5mm
in diameter and 10mm in height (De-Tech mono-screw im-
plant, Ankara, Turkey). Digital implant-supported cantilever
zirconia frameworks (ISCZFs) were designed for the study
groups using Exocad dental (3.0 Galway 2018, Germany),
and fabricated using the In lab imes-icore CORITEC 350i
PRO milling device (GmbH & Co, Germany). The frameworks
were milled from Aconia Zirconia blank HT+. Two identical
cemented-retained mono-titanium abutments were used in
the preparation of Zr implant-supported frameworks.

For the Co-Cr base model, a 3D-printed version was creat-
ed using Bego Co-Cr (BEGO GmbH & Co, Germany) and the
Riton Dual-150 DMLS Dental Laboratory Fit Laser Metal 3D
Printer (Guangzhou, China) (33,34). All frameworks were de-
signed with dimensions corresponding to the forms of the
cantilever, as shown in Figure 1, and were sintered at 1520°C
for 8h using ZITIN-TECH (Zhengzhou, China), to achieve full
strength. The dimensions of all terminal cantilevers were
confirmed using a digital caliper (Shanghai, China).
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Fracture strength test

As per the ISO standardization for dental ceramics
(6872:1995), each framework with a terminal cantilever un-
derwent testing for ultimate fracture load using a Universal
Testing Machine (Instron 1195, England). Failure was identi-
fied through naked-eye observation, discerning an audible
crack or a sudden drop in the applied force at the terminal
end of each specimen. The static load testing involved a tra-
ditional load-to-failure approach until fracture occurred (35).

A vertically oriented tapered-shaped plate, with a cross-
head speed of 2mm/min, was directed to contact the frame-
work 2mm away from the terminal end of the cantilever (see
Figure 2). The maximum load values leading to fracture were
recorded in newtons (N), and failure was determined by a
sharp decrease in the applied force at the terminal cantilever.

Statistical analysis
The fracture load data for the three-shaped terminal canti-

lever was recorded and subjected to statistical analysis using
IBM SPSS 22.0 (IBM SPSS Inc., Armonk, NY, USA). Analysis of

Figure 1. The CAD design and dimensions of the Zr framework
terminal cantilevers, A, oval-shaped; A, Square-shaped; and C,
Oval-square shaped cantilever

variance (ANOVA) and post-hoc Tukey HSD test were em-
ployed to assess the differences between the fracture loads
of the ISCZFs. The established statistical significance thresh-
old was set at p<0.05.

Results

The study results are presented in Table 1 and Figure 3.
Oval-shaped terminal cantilever specimens failed at a mean
load of 587.8+112.2N, square-shaped terminal cantilevers at
893.8+145N, and oval-square terminal cantilevers fractured
at 591.3+81.3N.

The one-way ANOVA test indicated a statistically signif-
icant strength effect for the square-shaped terminal canti-
lever (p<001). However, a non-significant interaction was
observed between the oval and oval-square terminal can-
tilevers.

Specimens failed due to a fracture of the terminal cantile-
ver without abutment copy damage or plastic deformation.
In all oval and oval-squared terminal cantilevers, the distal
abutment wall broke, leading to catastrophic crack propaga-

Figure 2. RPD Zr frameworks, A, Three different terminal
cantilever designs; B, Terminal cantilever under load fracture
testing chisel
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Figure 3. Box plot represent an ultimate fracture load for three
shaped terminal cantilevers.

Table 1. Analysis of variance and post-hoc Tukey HSD test showing the mean fracture load differences for three groups.

95% Confidence Interval

Groups Mean Difference Std. Error P-Value Sig.
Lower Bound Upper Bound
Oval Square -306.0000 49.36945 .000 S -427.7091 -184.2909
Oval-Square -3.4545 49.36945 .997 NS -125.1636 118.2545
Square Oval-Square 302.5455" 49.36945 .000 S 180.8364 424.2545
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tion at the cantilever connector section. Fissures extended
around the length of the distal abutment copy wall, reach-
ing the connecting region. In contrast, the squared Zr spec-
imens shattered at the very end of the terminal cantilever
(see Figure 4 and Figure 5).

e 4
v /]

oval Square Oval-Square

Figure 4. The mode of failure for shaped terminal cantilevers, A,
Oval; B, Square; and C, Oval-square

Figure 5. Fractographical chart for the studied cantilevers.

Discussion

The testing method, although based on static applied
forces, can provide an early assessment of the mechani-
cal properties of cantilevered restorations. Zr materials are
prone to crack propagation and fracture due to their brittle-
ness nature. Therefore, it is essential to identify some mate-
rial's mechanical characteristics in advance, including frac-
ture strength and fractographic analysis (32). Moreover, the
use of implant mimics for testing the fracture resistance and
stress distribution for implant-supported cemented crowns
is well acknowledged (33).

A typical load-to-failure technique was employed to test
Zr implant-supported frameworks with variable dimensions
of a terminal cantilever. The null hypothesis has been par-
tially rejected. In the case of the square-shaped terminal
cantilever, different cantilever forms having the same frac-
ture load were rejected. However, it is accepted in terms of
oval and oval-square cross-sectional area cantilevers since
non-significant interaction was found between both oval
and oval-square terminal cantilevers.

The failure of terminal cantilevered implant-supported
frameworks made of Zr occurred at the thinnest region of
the abutment wall. Figures 4 and 5 show the failures that
occurred within the abutment walls, likely at internal stress
concentrators as a result of abutment copy design. Tensile
forces cause cracks to propagate and fracture within the
thinnest ceramic part of Tmm thickness. Future research
should investigate the impact of thickening the abutment
copy wall. The distal abutment wall shattered all oval and
oval-squared terminal cantilevers, resulting in catastrophic
crack propagation to the cantilever connector region.

Despite the lack of long-term successful clinical evidence
and complication rates of Zr FPDs, one systematic review
advocated for the use of posterior Zr FPDPs (35). The inter-

occlusal space available for restorative material is likely to
influence the cantilever dimension. As a result, the cantile-
ver shape must fit inside the given area. It seems that cer-
tain connector specifications enable the terminal cantilever
to overcome higher loads and have superior fracture resis-
tance (2). This study applied a static load with gradual dis-
placement increases till failure, following the experimental
methods over a 3D-printed Cobalt-Chromium (Co-Cr) man-
dibular testing model. Although this study’s static load up
to failure testing does not reflect the clinical conditions, it
can be considered a preliminary determination for ultimate
fracture force. It might denote the sort of fracture force that
is applicable to terminal cantilevered Zr restorations, and
further studies are needed to highlight the effect of terminal
cantilever cross-section on the performance of FPDs.

The current study’s cantilever form was a basic Zr beam.
To overcome the problem of stresses at the site of failure,
future research will properly include the importing of a 3D
study component of framework design into modeling and
finite element analysis (FEM/FEA) by reinforcing the areas of
weakness within the framework. Zr thermocycling loading
in a wet environment should also be established to deter-
mine how this material is expected to perform in an oral en-
vironment, as well as include cementation and the use of the
original components of the implant system.

This study was conducted without veneering porcelain, as
the overlaying veneering porcelain may weaken the spec-
imens. Recent treatment procedures have incorporated
unique Zr with partial designs to reduce or eliminate veneer-
ing porcelain fractures. Furthermore, in the current design,
Zr FPDFs were mounted on third-party 3D non-titanium im-
plant-printed counterparts with no cementation. The critical
fracture force of the frameworks might be lower due to the
use of non-original components that cause misfits at the im-
plant-abutment contact (28,29).

Conclusion

This in-vitro data suggests that the use of a 5mm square-
shaped short terminal cantilever with Zr frameworks should
be limited to the two distal implant-supported occluding
units. It appears that employing a cantilevered implant-sup-
ported restoration could be a viable alternative in partial
edentulous rehabilitations. The success of implant-retainer
Zr cantilevers replacing posterior teeth relies on a comput-
erized prosthetic approach that considers the design of the
cantilever area. Consequently, for prosthetic construction
dependent on the position and shape of the terminal canti-
lever, a comprehensive examination of the implant-support-
ed case is necessary.

Tiirkge 6zet: implant destekli terminal zirkonya kantilever alt yapilarin
in vitro kinlma direnci. Amag: Bu ¢alisma, implant destekli zirkonya alt
yapularin (g farkl sekilli kantilever formunun in vitro kirllma yiiklerini
arastirmay! amaclamaktadir. Gere¢ ve Yontem: Toplam 30 adet im-
plant destekli zirkonya alt yapi (Aconia, Cin) CAD/CAM ile iiretildi ve
her biri 5 mm’lik distale uzanan farkl kantilever kesit tasarimina sahip
tic gruba aynildi: Grup Ada kare, Grup B'de ise oval ve Grup Cde oval-
kare sekilli numuneler hazirlandi. Numunelere dikey yiikler uygulamak
icin evrensel test cihai kullanildi ve kirilma yiikleri kaydedildi. istatistik-
sel degerlendirmede varyans analizi ve Tukey post-hoc testleri uygu-
land.. Bulgular: Grup B (587,8+112,2 N) ve Grup C'nin (591,3 +81,3 N)
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ortalama kirlma yiikleri arasinda anlamli bir fark yoktu, ancak her iki
grup da Grup A’ya (893,8+145 N) kiyasla anlamli derecede daha diistik
kinik ytikleri sergiledi (her biri icin p<0,001). Sonug: Bu deneysel ¢alis-
ma kapsaminda, her biri distal dayanaktan 5 mm uzanan kare sekilli
zirkonya implant destekli terminal kantileverlerin, oval ve késeli alt
yapilara kiyasla dikey ytiklere karsi daha fazla direng g6sterme ihtima-
linin daha yliksek oldugu sonucuna varilabilir. Anahtar kelimeler: sabit
béliimli protez, zirkonya, implant, kirik yiikd, dis protezi
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The antimicrobial effect of R-limonene and its nano emulsion

on Enterococcus faecalis - In vitro study

Purpose
This study aimed to evaluate the effectiveness of R-limonene and its nano emulsion
formulation against Enterococcus faecalis (E. faecalis) in infected root canals.

Materials and Methods

A nano emulsion containing 20% R-limonene was prepared using the phase
inversion method. E. faecalis was cultivated, and MIC/MBC values were determined
through the macrodilution method. Standardized E. faecalis suspensions were
used to infect the root canals ex vivo. Subsequently, R-limonene, nano emulsion
containing 20% R-limonene, calcium hydroxide, and sterile saline were applied to
the infected root canals for 7 days at the determined MIC/MBC dose. The root canals
were sampled, and droplets were plated onto Mueller-Hinton agar plates, and
viable bacteria (Colony Forming Units, CFU/mL) were counted. Statistical analyzes
were performed based on the data.

Results

Statistically similar efficacy was observed between test materials on the root canal
samples. All test materials were significantly more effective than the saline control
(p<0.05), however, none of the test materials completely eliminated E. faecalis from
root canals.

Conclusion

Although the effects of R-limonene on E. faecalis in infected root canals appeared
to be like calcium hydroxide, with its broad antibacterial spectrum, gutta-percha
softening and cleansing benefits, it was considered that it could considered among
antimicrobials that could be used especially in endodontic retreatments alone orin
synergistic combinations.

Keywords: Antimicrobial effect, calcium hydroxide, Enterococcus faecalis, nano
emulsion, R-limonene

Introduction

Enterococcus faecalis (E. faecalis) is an enteric facultative Gram-posi-
tive cocci frequently associated with persistent endodontic infections
(1). In addition to several virulence factors displayed by this species, E.
faecalis isolates expressed varied resistance patterns to some agents
used as intracanal medications including calcium hydroxide pastes
(2). The proton pump of the E. faecalis cell wall, the dentin buffering
capacity in the clinical samples, the bacteria’s deep penetration into
dentin tubules, and the biofilm formation characterize the behavior
of this bacterial species in the face of calcium hydroxide in root canal
treatment. Therefore, conventional calcium hydroxide cannot pen-
etrate well into dentinal tubules resulting in limited effectiveness of
this material on this microorganism. This finding leads researchers to
explore new and different forms and combinations of antimicrobial
agents and various application methods.
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Medicinal plants have been found to have various therapeu-
tic properties such as antimicrobial, anti-inflammatory, seda-
tive/anxiolytic, analgesic, antioxidant, anticoagulant, anti-cario-
genic, antiseptic, and antitumor effects (3-5). These properties
make them functional in a wide range of endodontic applica-
tions, such as irrigation solutions, intracanal drugs, chelating
agents, gutta-percha solvents, storage media for traumatic in-
juries, and repair materials in vital pulp therapy (6). Limonene,
a cyclic monoterpene, and the primary component of essen-
tial oils in citrus plants has been identified as one of the most
important active compounds with antimicrobial effects (7). A
previous study showed that Citrus imonum essential oil, which
has a high content of limonene (73%), was effective against
endodontic pathogens, including E. faecalis (8). The use of Cit-
rus limonum and R-limonene in endodontics is promising be-
cause of their antimicrobial, antioxidant, anti-inflammatory,
and gutta-percha solvent effects. The antimicrobial mechanism
of R-limonene involves disrupting the integrity of the cytoplas-
mic membrane of microorganisms, causing leakage of cellular
components, and inhibiting respiratory enzymes (9, 10). Using
R-limonene in the form of a nano emulsion carrier system can
further enhance its penetration into microorganism cells and
dentinal tubules. Due to its smaller size and its existence as a ki-
netically stable system, nano emulsions may exhibit improved
functional properties compared to conventional emulsions. A
nano emulsion carrier system prepared with a mixture of D-lim-
onene and terpene has been shown to significantly increase
the antimicrobial activity of the compounds (11).

E. faecalis is a microorganism commonly found in unsuc-
cessful endodontic treatments. If any form of R-limonene will
provide a plus benefit as an antimicrobial on this microorgan-
ism, the use of R-limonene in retreatment cases will gain a dual
benefit along with its organic dissolving property on gutta-per-
cha. This study aimed to investigate the antibacterial effects of
R-limonene and its nano emulsion containing 20% R-limonene
on root canals infected with E. faecalis and to compare these
effects against calcium hydroxide. The null hypothesis of this
study states there is no difference between pure R-limonene
and its nano emulsion formulations and their effects compared
to calcium hydroxide on E.faecalis infected root canals.

Materials and Methods
Ethical statement

The study protocol was approved by the Gazi University
Faculty of Dentistry Clinical Research Ethics Committee with
the number 21071282-050.99/06 and dated 12/03/2020.

Chemicals used in the study

(R)-(+)-Limonene was purchased from Alfa Aesar (97%,
Stab., Kandel, Germany). Calcium hydroxide, Polysorbate
80 (Tween 80) and 1,2-Propanediol (Propylene Glycol) were
purchased from Merck KGaA (Darmstadt, Germany). All oth-
er chemicals and reagents were of analytical grade.

Sample size determination

Power analysis was performed according to one-way ANO-
VA (analysis of variance) for the sample size of the number of

viable bacteria after treatment with the test (R-limonene, nano
emulsion containing 20% R-limonene) or control materials (cal-
cium hydroxide, saline solution) to be compared. In calculating
the sample size, the probability of Type | error (0=0.05) and the
power of the test (1-f) were considered as 0.95. When litera-
ture studies (12) were examined, it was seen that the average
difference of 0.6 points was significant and therefore the effect
size was taken as 0.6 points. Using the G Power 3.1.9.2 (Heinrich
Heine-Universitat, Disseldorf, Germany) program, it was cal-
culated that the total sample size should be 64 teeth, with 16
teeth in each group [(0=0.05), (1-f=0.95)].

Preparation of R-limonene nano emulsions

R-limonene nano emulsions were prepared using the phase
inversion method with some modifications (10, 13, 14). The
water phase consisted of sterile distilled water and propylene
glycol in a mass ratio of 2:1, while the oil phase included R-limo-
nene and Tween-80. Experiments were performed in triplicate,
and nano emulsions were evaluated for their external phase
detection, droplet size and zeta potential measurements, mi-
croscopic examination, viscosity, flow properties, and stability.

The external phase of the nano emulsions was determined
using the dyeing method and it was found that all the pre-
pared nano emulsions formed an oil-in-water emulsion.
Droplets smaller than 200 nm were obtained in all formula-
tions, and the mean diameter of the droplets decreased as
the surfactant concentration increased. Zeta potential val-
ues also decreased with increasing surfactant concentration.
A nano emulsion containing 20% (w/w) R-limonene/10%
(w/w) Tween-80 formulation was chosen for further testing.

The stability of nano emulsion containing 20% R-limonene
was evaluated at 4, 25, and 40 °C for one week, during which
time no significant changes in overall physical appearance,
droplet size, or zeta potential were observed. Microscopic
examination revealed that oil droplets were homogeneously
distributed in the water phase. The viscosity of nano emulsion
containing 20% R-limonene was determined as 8.128+0.17
mPa.s and exhibited pseudoplastic flow properties.

Determination of the minimum inhibitory and bactericidal con-
centration (MIC/MBC)

In this study, the standard bacterial strain E. faecalis (ATCC
29212) was used. Preliminary experiments indicated the ef-
fectiveness of R-limonene in agar diffusion tests (data not
shown). Therefore, it was decided to determine the mini-
mum inhibitory concentration (MIC) and minimum bacteri-
cidal concentration (MBC) of both R-limonene and its nano
emulsion containing 20% R-limonene. A serial macrodilu-
tion method was used to determine MI/MBC, and the rele-
vant data are summarized in Table 1.

Endodontic experiment setup

This study is based on the approach of Turner et al. (12). Ac-
cordingly, 64 recently extracted human maxillary molar teeth
were collected, and the palatal roots were resected and cor-
onally abraded to length of 11 mm. The working length was
determined as 1 mm shorter than the length at which the tip
of the #10 K-file (Dentsply Sirona, Ballaigues, Switzerland) ap-
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peared at the apical foramen and was adjusted to 10 mm (Fig-
ure 1). The canals were prepared using ProTaper Gold (PTG;
Dentsply Sirona, Ballaigues, Switzerland) nickel-titanium rotary
files, and the preparation was completed with PTG F2. During
preparation, sodium hypochlorite (Wizard, Rehber Chemistry,
Istanbul, Turkey) irrigation (10 mL, 1%) was performed using
sterile endodontic needles and a 5 mL syringe. The standard-
ized roots were rinsed in an ultrasonic bath (Eurosonic Micro,
Euronda, Vicenza, Italy) first with water for 5 minutes, then with
17% ethylenediaminetetraacetic acid (EDTA; Wizard, Rehber
Chemistry, Istanbul, Turkey) for 4 minutes, sodium hypochlorite
(1%) for 4 minutes, and finally with water for 5 minutes, respec-
tively. After sterilization in an autoclave (15 min at 121°), three
layers of clear nail polish were applied to all outer root surfaces,
and the apical regions of the roots were covered with compos-
ite resin (Charisma, Kulzer, Hanau, Germany). The roots were
then placed in sterile Eppendorf tubes upright.

Infection of root canals

Using brain heart infusion (BHI; Merck KGaA, Darmstadt,
Germany) broth, the E. faecalis bacterial suspension was ad-
justed according to the 0.5 McFarland standard (1.5x108 CFU/
mL). Each root canal was infected and incubated for 21 days
at 37 °C, sealed in 2 ml of bacterial suspension within separate
Eppendorf tubes. The canals were recontaminated with bac-
terial suspension in a fresh medium every 3 days. The viability
(culturing) and purity (gram staining, microscopic examina-
tion) of the bacteria were also controlled periodically.

Medication of root canals

After 21 days, the canals were rinsed with 5 mL saline us-
ing a sterile endodontic needle and dried with sterile paper
points. Roots were distributed into 2 test groups and 2 control
groups, each containing 16 roots. In the first group, the deter-
mined MIC/MBC value of R-limonene (210,3 mg/mL; dilution
in Tween 80) was applied using a 27-gauge dental needle and
syringe (Set Inject; Set Medical Instruments, Istanbul, Turkey).

Table 1. Minimum Inhibitory Concentration and Minimum

Bactericidal Concentration (MIC/MBC) values .

Type of Type of test Concentration  MIC/
Microorganism medicament range MBC
R-limonene 841.2mg/mL- 2103
1.64 mg/mL  mg/mL
E. faecalis i
cNoanntziE?:\UIszlgs) 19529 mg/mL-  48.82
9 =% 0.38 mg/mL mg/mL

R-limonene

| g p
» > » 7 » »  »
21days 7days 24 hours
Count of viable

bacteria on agar
medium

Medication of Collection of
anals samples

Infection of
root canals
E faecalis

Separation and Preparation of root canals

Preaparation of R-imonene nanoemuisions

Figure 1. The diagram depicting the workflow of the experiment.

In the second group (nano emulsion containing 20% R-limo-
nene), the R-limonene concentration was 195,29 mg/mL. In
the third group, a mixture of calcium hydroxide powder (Mer-
ck KGaA, Darmstadt, Germany) and distilled water (15) was
applied using a sterile lentulo spiral filler (Dentsply Sirona).
The fourth group was washed only with sterile saline solution,
as the control groups. The canal openings were closed with
dental wax, and then all samples were incubated in Eppen-
dorf tubes at 37 °C for 7 days with the closed caps. After seven
days, the canals were rinsed with 5 mL of sterile saline solution
and dried using sterile paper points (DiaDent, Chongju, Ko-
rea). The root canals were sampled using a sterile PTG F3 file,
and the dentinal chips were collected into a sterile Eppendorf
tube containing 1 mL of BHI broth, followed by vortexing for
30 seconds. Ten-fold serial dilutions were prepared, and in-
oculations were made on Mueller-Hinton agar (MHA; Merck
KGaA, Darmstadt, Germany) plates. The plates were incubated
at 37 °Cfor 24 hours. Colonies that grew at the end of the incu-
bation were counted, and the result for each sample, in terms
of viable bacteria count in CFU/mL was recorded.

Statistical analysis

Descriptive statistics for the number of viable bacteria
were calculated for R-limonene, nano emulsion containing
20% R-limonene, calcium hydroxide and saline solution. Nor-
mality assumptions were examined using the Shapiro-Wilk
test. Since the assumption of normal distribution was not
provided, the non-parametric Kruskal-Wallis test was used
to compare the materials. Pairwise comparisons were made
using Dunn’s test with Bonferroni correction. All analyzes
were performed using SPSS v23 software (IBM Corp. SPSS
Statistics for Windows, Armonk, NY, USA) and the upper limit
for the significance level was taken as 0.05.

Results

The number of viable bacteria counts, and statistical anal-
ysis results are given in Table 2 and Table 3. The Shapiro-Wilk
test showed that the viable bacterial count did not follow a
normal distribution, and Figure 2 revealed the presence of
outliers and/or skewness in the data.

Table 2. Comparison of materials in terms of the number of viable
bacteria.

Material Median* IQR X2 P
6

R-limonene 3'39:(10 6.33x10°

Nano emulsion .

containing 20% 4'16:(10 1.25x10’

R-limonene 3709 <0.001
6

Calcium hydroxide 2'08:( 1" 232x100
8

Saline solution 1:38x10 4.85x107

b

¥: Within the same column, different letters indicate groups statistically
differing from each other based on post hoc comparisons by Dunn's test
(P<.05).

IQR: Interquartile Range; x2 (Kruskal-Wallis Test Statistics Value)
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Table 3. Descriptive statistics on the number of viable bacteria.

Measurement Group M SD Min Max Sw
R-limonene 5.56x10° 7.25x10° 1.08x10° 2.64x107 732*%
Number of viable = Nano emulsion containing 20% R-limonene  6.31x10° 6.31x10° 2.56x10° 1.61x107 .819%
bacteria Calcium hydroxide 1.61x10° 1.17x10° 1.80x102 3.58x10° .878*
Saline solution 1.43x108 3.93x107 9.20x10’ 2.52x108 905

*p<0.05 (The data is not from the Normal Distributions); M: Mean; SD: Standard Deviation; SW: Shapiro-Wilk

50
2,568 =

2.0E8

1.5E87

1.0E8-]

Number of viable bacteria

5.0E7]

worod = = —

Calcium hyd

R-Limonene N ulsion Saline soluti

20% R-Limonene

Material

Figure 2. Distribution graph at the material level in terms of
viable bacteria count values.

Statistical analysis of the materials according to the num-
ber of viable bacteria showed that the measurement values
of the saline solution were significantly higher than the oth-
er materials (p<0.05). On the other hand, there was no sta-
tistically significant difference between the nano emulsion
containing 20% R-limonene, R-limonene, and calcium hy-
droxide materials. Pairwise comparisons revealed that each
group had significantly lower bacterial count compared to
the saline control, and a significant difference was found be-
tween each group and the saline solution (Figure 3).

Discussion

There has been increased interest in herbal products re-
cently in dentistry due to their high therapeutic efficacy and
fewer adverse effects. Limonene is the main compound con-
tained in all citrus-derived essential oils. It is widely used as
a flavoring in commercial applications such as the food and
beverage industry, due to its transparency and pleasant cit-
rus fragrance. It is listed in the code of federal regulations
as generally considered safe (GRAS) for food preservation
(16). In addition, limonene has aroused the interest of many
researchers due to its wide spectrum of antimicrobial activ-
ities, making it a promising antimicrobial agent (17, 18), as
a green solvent for the extraction of natural products (19),
and its ability to serve as a substitute solvent for chloroform
for softening gutta-percha during endodontic retreatment
cases (20).

To minimize the oxidation degradation and hydrophobic-
ity of limonene, nano emulsion technology has been widely

Saline Solution
56.50

Nanoemulsion
containing 20%
R-limonene R-limonene
26.97 26.91

O

19.62
Calcium hydroxide

Figure 3. Graphs of the binary comparison test of the materials
over the viable bacteria count values.

used for its encapsulation (11, 21). Nano emulsions are very
efficient in terms of improving the stability and decreasing
the disruption of encapsulated compounds (22). Further-
more, it is believed that the same encapsulated component
displays higher antimicrobial activity compared to the bulk
form. This might be due to tiny droplets of the formulation
that can easily penetrate bacterial cells and destabilize the
lipid envelope of the treated microorganisms (23, 24).

The purpose of this study was to compare the antibacterial
properties of R-limonene and its nano emulsion containing
20% R-limonene on E. faecalis in infected root canals. It was
first planned to develop nano emulsion formulation con-
taining 20% R-limonene using the phase inversion method,
known for being cost-effective, time-efficient, and does not
require high energy. Initially, it was thought that an emulsion
formulation with a droplet size of “/nm” would be effective in
terms of antibacterial activity, and it was aimed to develop
stable and nano-sized emulsions with the phase inversion
method. The results of the macrodilution method showed
that the nano emulsion containing 20% R-limonene exhib-
ited a lower MIC/MBC against E. faecalis compared to R-lim-
onene. This difference can be attributed to the improved
transport mechanism of the nano-sized emulsion form of
R-limonene to the cell membrane of target microorganisms.
Additionally, R-limonene is susceptible to oxidative degra-
dation, which results in direct loss of activity. Therefore, the
protection offered by the nano emulsion form of R-limonene
against oxidative stress contributed to the increased antimi-
crobial activity observed in this study. On the other hand,
the hydrophobic nature of R-limonene may have prevented
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its homogeneous dispersion in the macrodilution method,
which could be the reason for the less antimicrobial effect.

MIC/MBC values were determined for R-limonene and
nano emulsion containing 20% R-limonene, and these val-
ues were then applied to infected canals at the prepared
concentration. While using R-limonene and nano emulsion
containing 20% R-limonene in the root canals in this study,
care was taken to include R-limonene in a similar mass ratio
to understand which form of R-limonene would be more ef-
fective. The least number of viable bacteria was observed in
calcium hydroxide. Subsequently, R-limonene, nano emul-
sion containing 20% R-limonene, and saline solution were
observed, respectively. The number of viable bacteria in the
saline group was significantly higher than the other materi-
als in infected root canals.

On the other hand, it was observed that both R-limonene
and its nano emulsion containing 20% R-limonene demon-
strated similar efficacy against E. faecalis on infected root ca-
nal dentin as that of calcium hydroxide. According to these
results, the fact that there was no difference between calci-
um hydroxide and pure R-limonene and the nano emulsion
form on infected root canals confirmed the null hypothesis.
Findings regarding the number of viable bacteria for nano
emulsion similar to that of R-limonene were consistent
with results reported by Sonu et al. (25) who reported that
the nano emulsion of limonene and limonene dissolved in
dimethyl sulfoxide had an antimicrobial effect on Bacillus
cereus, Escherichia coli, E. faecalis, and Salmonella typhi mi-
croorganisms, but there was no difference between them.
Although the nano emulsion containing 20% R-limonene
was superior in terms of MIC/MBC value, it lost its advantage
when exposed to structural materials such as dentin, hy-
droxyapatite, and collagen found in infected root canals. The
preparation method of nano emulsion, the amount of sur-
factant and active agent concentration, pH, ionic strength,
temperature, and sampling technique problems arising
from the complexities of root canal anatomy, as well as the
penetration factor of microorganisms into dentinal tubules,
and subsequent culturing, may be the causes of variation in
the number of microorganisms among the groups. An in-
crease in the sample size in future studies would mitigate
the effects of variations and may provide more supporting
evidence for the benefit of using nano emulsions in infected
teeth during the endodontic treatment.

The retreatment requires the complete removal of the fill-
ing material from the root canal space, usually made by the
association of gutta-percha and some endodontic cement
(26). The effectiveness of this procedure is guaranteed by
the total removal of the sealer and the gutta-percha from an
inadequately shaped and filled root canal system because it
is critical to uncover remnants of necrotic tissue or bacteria,
and they have to be exposed to a more efficient chemo-me-
chanical disinfection procedure (27). Organic solvents have
to be applied during retreatment to reduce the resistance of
filling materials inside the root canal, thus facilitating their
removal (28). The orange oil solvent is traditionally used for
cleansing and removing various types of cement, pastes,
and impression materials from instruments, mixing plates,
devices, patient skin, tissues, etc., but it is widely indicated
as a solvent during endodontic retreatments. Orange oil
was found to be more biocompatible than eucalyptol, xy-

lol, chloroform, and halothane (29). The main ingredient of
Citrus limonum essential oil is monoterpenoids, especially
limonene. Orange oil solvent efficiency was found similar to
chloroform, so it is recommended as a suitable alternative to
this product. This facilitates chemo-mechanical preparation,
and the irrigating solutions can access all ramifications of
the entire root canal system during retreatment by decreas-
ing the residual microbial population (30). Thus, citrus oil has
discrete effectiveness in the antimicrobial, antioxidant, an-
ti-inflammatory activity, and solvent action on remnants of
gutta-percha in endodontic retreatment. Given the associa-
tion of E. faecalis in cases of chronic failure in endodontically
treated teeth, a medication especially for this species may
be of value (8).

Using normal saline to eliminate calcium hydroxide was
one of the limitations of this study. It is not possible to be sure
that some remnants of calcium hydroxide were not included
in the collected debris, which should be considered in future
studies. One of the other limitation of our study is that it was
conducted under in vitro conditions. The effectiveness of anti-
septic substances is affected by factors such as the density of
the active substance, incubation time, ambient temperature,
root canal condition, pH, pollution level, and the amount of
organic matter in the environment. Considerations should
include the resistance of microorganisms, the interaction
between microorganisms, host factors, inactivation by bacte-
ria in the canal, and the ability of the drug to penetrate the
dentin tissue and canal details. Since microorganisms diffuse
into the dentin canals, intracanal drugs must also be capable
of penetrating the dentin canals or spreading their activity
deeply. The wetting properties of antiseptics are also gaining
importance. Additionally, biofilms and bacterial aggregation
are general mechanisms for the survival of bacteria and are
virulence factors that play an important role in development.
In addition to the antibacterial effect in irrigation and disin-
fection of root canals, the prevention of bacterial adhesion
should also be considered. The fact that R-limonene, nano
emulsion containing 20% R-limonene, and calcium hydroxide
showed similar results suggests that R-limonene could serve
as an alternative to intracanal medicaments used in root ca-
nals, considering its other properties. The organic solvent
feature, gutta-percha dissolving capability, and antibacterial
effects all indicate that this natural product holds promise for
use in endodontics.

Conclusion

Within the limitations of this in vitro experiment, it can
be concluded that both R-limonene and its nano emulsion
containing 20% R-limonene demonstrated similar efficacy
against E. faecalis on infected root canal dentin as that of
calcium hydroxide. Although we have determined that the
nano emulsion form does not provide a plus advantage over
its pure form in terms of its antibacterial effect on E. faeca-
lis, the use of the nano emulsion form may be preferable in
retreatment cases, for its gutta-percha dissolving efficacy,
existing broad-spectrum antibacterial effects, and protec-
tion against oxidative stress. Furthermore, due to its anti-in-
flammatory, and antioxidant properties, R-limonene can be
incorporated into the content of endodontic medicaments,
irrigation solutions, and sealers.
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Tiirkce Ozet: R-Limonen ve nanoemiilsiyonunun Enterococcus fae-
calis lzerindeki antimikrobiyal etkisi- In vitro ¢calisma. Amag: Bu ¢alis-
ma, enfekte kék kanallarinda Enterococcus faecalis’e (E. faecalis) karsi
R-limonen’in ve onun nanoemdilsiyon formiilasyonunun etkinligini
degerlendirmeyi amaglamaktadir. Gere¢ ve yontem: %20 R-limonen
iceren nanoemdilsiyon, faz inversiyon yéntemi kullanilarak hazirland..
E. faecalis kiiltiire edildi ve MIC/MBC degerleri makrodiltisyon ydntemi
ile belirlendi. Standartlastirilmis E. faecalis siispansiyonlan kék kanal-
larini enfekte etmek icin ex vivo olarak kullanildi. Daha sonra, R-limo-
nen, %20 R-limonen iceren nanoemdilsiyon, kalsiyum hidroksit ve ster-
il salin, belirlenen MIC/MBC dozunda enfekte kék kanallarina 7 giin
boyunca uygulandi. K6k kanallarindan alinan 6rnekler, Mueller-Hinton
agar plaklarina ekildi ve canli bakteriler (CFU/mL) sayildi. Verilere dayali
olarak istatistiksel analizler yapildi. Bulgular: Test materyalleri arasin-
da istatistiksel olarak benzer etkinlik gézlendi (p>0.05). Tiim test ma-
teryalleri, salinden (p<0.05) 6nemli él¢iide daha etkiliydi, ancak hicbir
test materyali E. faecalis’i k6k kanallarindan tamamen elimine edeme-
di. Sonug¢: R-limonen’in enfekte kék kanallarinda E. faecalis tizerinde-
ki etkileri kalsiyum hidroksite benzer gdriinse de genis antibakteriyel
spektrumu, guta-perka yumusatma etkisi ve temizleyici etkisi de g6z
6nline alinarak endodontik tedavilerde tek basina veya sinerjistik kom-
binasyonlarla kullanilabilecek antimikrobiyaller arasinda bulunabi-
lecegi diistinilmdistiir. Anahtar kelimeler: Antimikrobiyal etki, kalsiyum
hidroksit, Enterococcus faecalis, nanoemiilsiyon, R-limonen.
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Comparison of screw and plate osteosynthesis in advancement
genioplasty: a finite element analysis study

Purpose

The purpose of this study was to evaluate the distribution of stresses in screw and
plate fixation systems during simulated advancement genioplasty using finite
element analysis.

Materials and Methods

A cone-beam computed tomography image of a patient was used to create three-
dimensional virtual models of mandibular bone. Chin advancement of 8 mm was
simulated following a horizontal osteotomy of the chin in a computer-aided design
program. The distal segment was stabilized with two titanium mini-screws placed
bilaterally in the first model and a single 4-hole titanium pre-bent chin plate placed
centrally in the second model. The plate was fixed with four mini-screws, two in the
proximal and two in the distal segment. All fixative appliances were submitted to 15
N force applied backwards to the lingual surface of the chin parallel to the occlusal
plane and 7 N force applied upwards to the buccal surface of the chin perpendicular
to the occlusal plane. The distributions of von Mises stresses and deformations in
bone and titanium materials were evaluated.

Results

In the screw fixation system (22.52 MPa) higher stress values were observed
compared to the plate fixation system (13.71 MPa). The deformation value was
higher for the screw fixation system (0.0217 mm) than the plate fixation system
(0.0007 mm).

Conclusion

In advancement genioplasty, fixation with a single pre-bent centrally placed chin
plate showed slightly better stabilization than fixation with two bilaterally placed
bicortical screws. The stress values were within the physical strength limits of bone
and titanium for both systems.

Keywords: Genioplasty, bone plate, bone screw, finite element analysis, stress
distribution

Introduction

The chin plays an important role in facial aesthetics and overall appear-
ance and creates the basis for judging an individual’s character (1). A prop-
erly shaped and positioned chin contributes to self-confidence and good
social life (2).

Genioplasty is a surgical procedure performed to correct the cosmet-
ic deformities of the chin in three dimensions and has been carried out
alone or in association with other orthognathic surgical procedures (3).
Hofer (4) first described the horizontal sliding osteotomy of the anteri-
or half of the inferior border of the mandible performed by a submental
approach to the chin in 1942. Trauner and Obwegeser (5) first described
the intraoral approach to expose the symphysis for horizontal osteotomy
of the chin in 1957. Over the years various modifications have been de-
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scribed to lengthen, shorten, advance, set back, widen, or
narrow the chin.

Among all movements of the chin, the most frequently per-
formed is the advancement genioplasty (2). Advancement ge-
nioplasty is a reliable surgical procedure however; suprahyoid
muscles and perimandibular connective tissues attached to
the mandible can contribute to mechanical instability and re-
lapse by creating resistance during advancement (1,3). There-
fore, the use of a proper fixation technique is important for
predictable postoperative results. Today, rigid internal fixation
with plates or screws is the standard procedure because of
their ease of application and reliability (6-9).

Various studies were conducted to evaluate the most reli-
able fixation method in terms of skeletal and soft-tissue sta-
bility in genioplasty procedures (7-15), however, the discus-
sion about the ideal type of fixation is still going on (16). To
our knowledge, the stability of titanium bicortical screw and
plate fixation systems have not been evaluated in advance-
ment genioplasty procedures with large bone movements.

The aim of this study was to evaluate the stress distribution in
titanium bicortical screws and pre-bent chin plates in simulated
advancement genioplasty using finite element analysis (FEA).

Materials and Methods
Data acquisition and 3D model

A cone-beam computed tomography (CBCT) scan of a
26-year-old female patient which was obtained previous-
ly using Planmeca ProMax 3D (Planmeca, Roselle, IL, USA)
was used to create a three-dimensional (3D) image of the
mandibular bone. Images were saved in Digital Imaging and
Communications in Medicine (DICOM) format. The DICOM
data was imported to MIMICS software (Materialise, Leuven,
Belgium), segmented by 222 to 3071 HU (Haunsfield unit)
values, and 3D object data was created. This data was im-
ported to reverse engineering software (Geomagic 11.0,
Geomagic Company, Morrisville, NC, USA) to clean and repair
the data and create a 3D surface model of the mandible. The
surface model was imported to SolidWorks 2018 software
(Dassault Systemes SolidWorks Corp., Waltham, MA, USA) to
create a 3D solid model. Finite element models including the
cortical and cancellous bones were employed and the mean
cortical bone thickness was defined as 1.5 mm.

Surgical treatment simulation

A surgical treatment plan was simulated with an 8 mm ad-
vancement of the chin. The genioplasty technique simulat-
ed in the experiment was a horizontal osteotomy of the chin
created approximately 5 mm below the inferior margins of
the mental foramina and parallel to the horizontal plane. 2.0
mm titanium screws and 2.0 mm pre-bent titanium 4-hole
chin plate with 8 mm step (KLS Martin, Tuttlingen, Germany)
were measured using a digital caliper and the information
obtained was used to create solid 3D models of hardware via
SolidWorks software. Using the SolidWorks assembly mod-
ule, all 3D models were assembled considering the surgical
plan, and the assembly model was exported to STEP format.
In the first model, two screws (2.0x19 mm) were placed bi-
cortically (Figure 1A); in the second model, a centrally placed

pre-bent chin plate was fixed with two screws (2.0x11 mm)
in the chin and another two in the mandible (Figure 1B)
virtually. The STEP data was imported to ANSYS 18.1 Work-
bench software to perform the finite element simulation.

Finite element model

In this finite element study, firstly the model was opened us-
ing ANSYS SpaceClaim module to repair the geometric faults
(e.g., split edges, extra edges, and inexact edges) and pre-
pared for analysis. Secondly, using ANSYS Mesh module, the
3D mesh model was generated. The locations where critical
stresses will occur were subjected to a more stringent mesh
process. In the mesh structure; the numbers of the elements
and nodes were 165117 and 275006 respectively for the screw
fixation model, and 182555 and 300082 for the plate fixation
model (Figure 2). Mechanical properties of the materials were
defined in the ANSYS Workbench. Poisson’s ratio and modu-
lus of elasticity of all materials were obtained from the liter-
ature (17) (Table 1). All materials were considered isotropic,
homogenous, and linearly elastic. The finite element package
of ANSYS Workbench software was used to establish bound-
ary conditions and loading conditions for the components of
solid models. The symmetric boundary condition was applied
to the symmetric region and the fixed support boundary con-
dition was applied to the posterior region (Figure 3). Two dif-
ferent loads representing the muscle forces that can affect the
distal segment during the postoperative bone healing period
in a clinical situation were applied to each model. A load of 15
N parallel to the mandibular occlusal plane was applied back-

)
A

Figure 1. Mandible models with simulated advancement
genioplasty and fixation systems. (A) Screw fixation system;
two screws (2.0x19 mm) were placed bicortically. (B) Plate
fixation system; centrally placed pre-bent chin plate was fixed
with four screws (2.0x11 mm).

)
A

Figure 2. Finite element mesh generation. (A) Screw fixation (B)
Plate fixation.
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Table 1. Mechanical properties of the materials.

Structure Modulus of elasticity (MPa) Poisson’s ratio
Cortical bone 13700 0,3
Medullary bone 1370 0,3
Titanium 110000 0,35
(Ti-6Al-4V)

wards to the lingual surface of the chin segment, simulating
the forces of the suprahyoid muscles. A load of 7 N perpendic-
ular to the mandibular occlusal plane was applied upwards to
the buccal surface of the chin segment, simulating the force
of the mentalis muscle (Figure 3). The connections were con-
tacted with frictionless contact and a non-linear solution was
generated for each finite element model. The finite element
solution took 8 iterations for the screw fixation model and 11
iterations for the plate fixation model (Figure 4).

The stress distribution and the deformation in the bone
and fixation appliances were analyzed by the FEM. The dis-
tribution of stresses was analyzed with the equivalent von
Mises stress criterion.

[ e soppore
Force:25N

B Force 2752000

o2 000 mmy
—
000

B

—_—_—
A

Figure 3. Loading and boundary conditions in finite element
simulations. (A) Screw fixation (B) Plate fixation.

A B

Figure 4. Solution process and the total number of iterations. (A)
Screw fixation (B) Plate fixation.

Results

Higher stress values were observed for double screw fix-
ation in comparison with a single chin plate fixation (Figure
5). For the screw fixation system, the maximum equivalent
stress of 22.52 MPa was observed on the screw, and for the
plate fixation system maximum equivalent stress of 13.71
MPa was observed on the plate (Figure 6) (Table 2).

Maximum equivalent stress values observed in the cortical
bone of the proximal segment were 14.93 MPa in the screw

]
A

Figure 5. Distribution of von Mises stresses in the structures. (A)
Screw fixation (B) Plate fixation.

Figure 6. Distribution of von Mises stresses in the fixation
appliances. (A) Screw fixation (B) Plate fixation.

Table 2. Maximum equivalent (von Mises) stress values and
deformation values.

Maximum equivalent Deformation

Fixation type

stress (MPa) (mm)
Screw fixation 22.52 0.021
Plate fixation 13.71 0.0007

system and 2.74 MPa in the plate system (Figure 7). Maxi-
mum equivalent stress values observed in the cortical bone
of the lower segment were 4.41 MPa in the screw system and
11.81 MPa in the plate system (Figure 8). In screw fixation
system, the maximum stress (14.93 MPa) was observed in
the part of the osteotomy line close to the screw body at the
cortical bone of the proximal segment. In the plate fixation
system, the maximum stress (11.81 MPa) was observed in
the part of the osteotomy line under the plate at the cortical
bone of the distal segment.

Maximum deformations were observed in the distal seg-
ments in both models. In the screw system, maximum de-
formation was 0.021 mm and observed in the chin region.
In the plate system, maximum deformation was 0.0007 mm
and observed in the posterior part of the distal segment
(Figure 9) (Table 2).

Discussion

The long-term success of orthognathic surgery procedures
resulting in ideal esthetic and function depends on skeletal
and soft tissue stability that is obtained by achieving optimal
osseous union. As with other maxillofacial osteotomies, two
important mechanisms affect the stability of advancement
genioplasty carried out by the osteotomy of the lower edge
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Figure 7. Distribution of von Mises stresses in the cortical bone
of the proximal segment. (A) Screw fixation (B) Plate fixation.
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Figure 8. Distribution of von Mises stresses in the cortical bone
of the distal segment. (A) Screw fixation (B) Plate fixation.
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Figure 9. Distribution of deformation in the structures. (A) Screw
fixation (B) Plate fixation.

of the mandible. The first one is the skeletal instability that
may alter the surgical outcome by causing a change in the
position of the genial segment before the osseous union.
The second one is the osseous remodeling process, during
which the advanced genial segment is slowly recontoured
and may cause the final result to differ from the immediate
postoperative outcome (1,7,18).

Fixation method, magnitude of surgical movement, and
other factors such as age, gender, and occurrence of com-
plications are possible factors that may influence the post-
operative relapse rate in advancement genioplasty (2).Even
though advancement genioplasty is considered a reliable
surgical procedure with only minor relapses (2,8,10-12,19),
the surgical results may not always be predictable, especially
in large vertical and horizontal bony movements. The great
propensity of the advanced genial segment to displace
downward and posteriorly because of the tendency of the
suprahyoid musculature and perimandibular connective tis-
sues to retain the inferior segment in the original anatomic
position contributes to potential bony instability and unde-

sired resorption especially when semirigid fixation is used
(1,3,12,14,20,21). Additionally, the genial region is also vul-
nerable to external forces in daily life and sleep. Immobility
of the repositioned genial segment should be achieved with
a proper fixation technique before osseous union, for pre-
dictable results (14).

The literature is replete with studies reporting the use of
different fixation techniques in genioplasty but there is still
controversy about which of these methods is more success-
ful regarding the skeletal stability, clinical advantages, and
long-term results. In some studies, the instability of the bony
segment due to the fixation method was held responsible for
recurrence (15,21), while others indicated that the amount
of recurrence was not related to the fixation method (2,9-
11,22,23). At this point, the distinction between short-term
bone healing and long-term bone remodeling should be
considered. The close approximation of the bony segments
by providing maximum stability promotes early osteogene-
sis and enhances short-term bone healing.

Rigid internal fixation is usually performed with the aid of
screws, miniplates, and pre-bent chin plates in genioplasty
procedures (14,20,24). Osteosynthesis with bone plates and/
or screws has certain technical advantages regarding skel-
etal stability, especially in cases with complex, asymmetri-
cal, and large chin movements (6,11,12,18,21). Although 3D
planning is very helpful in preoperative planning, still the fi-
nal decision of whether to use plate and/or screw osteosyn-
thesis is often made during surgery in the operating room.

Pre-bent chin plates have become increasingly popular
due to their ease of manipulation, and fixation with a sin-
gle chin plate placed to the midline in the symphysis is of-
ten preferred (2,14,20). Screw osteosynthesis is also a viable
option in genioplasty procedures, but the applicability of
the technique depends on the osteotomy type and the di-
rection of movement of the genial segment and it may be
technically more challenging and sensitive than plate osteo-
synthesis (20). For screw fixation alone, the 2.0 mm bicortical
screws are usually employed and a minimum of two screws
is needed to achieve initial segmental stability (20,24). After
the down-fractured segment is mobilized, it is relatively dif-
ficult to prepare the screw holes and insert the screws with
maintaining the intraoperative segmental stability. When
placing bicortical screws, holding the distal segment may
cause undesired displacement of the distal segment that
directly affects the postoperative symmetry of the chin. It is
not easy to notice an asymmetry at the time of surgery and
it may be obvious days or weeks after the operation. When
genioplasty is performed to achieve the retro positioning of
the chin, fixation with screws is difficult or even impossible
because stabilization can be only possible if the screw can
reach the far cortex (6,20). In the fixation of multisegmental
osteotomies, maintaining the planned positional relation-
ship between the bone fragments seems to be technically
more difficult during the insertion of bicortical screws com-
pared to the plates.

The amount of surgical movement is another important
factor that could affect the stability of the procedure. The
more the chin is advanced, the less the soft tissue follows
the advancement due to the more tension on the soft tis-
sues and the muscles (2,12). However, the results of some
studies evaluating the effect of the magnitude of genial
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advancement on relapse rates indicated no significant cor-
relation between the amount of surgical movement and the
amount of long-term relapse in the hard and soft tissues
(3,8,10,19). Based on the knowledge that the main technical
advantage of rigid fixation is successful applicability in large
advancements and three-dimensional repositioning; in this
study, the amount of chin advancement was determined as
8 mm, taking into account previous studies using 7 mm (3,8)
or 8 mm (12,19) advancement, and the even-numbered step
lengths of the pre-bent chin plates of the selected company.

In the present study, a FEA was used to compare the sta-
bility of fixation with pre-bent chin plate and screws. FEA is
a numerical analysis method widely applied in engineering
and is a powerful research tool that can be used to solve
biomechanical problems in oral and maxillofacial sciences.
Stress analysis obtained from finite element modeling of
maxillofacial bony structures can provide information about
the complex biomechanical behavior of bone and hardware
affected by mechanical loading (25,26).

Although FEA is useful in the evaluation of osteotomy pro-
cedures, it has some limitations (27). Finite element model-
ing involves some assumptions and simplifications about
material properties that differ from real clinical conditions.
For example, bone is modeled as isotropic and homoge-
neous whereas, in fact, it is anisotropic and nonhomoge-
neous (26). In this study, it was assumed that the osteotomy
line was smooth and clear and that the contacts between
the bone and the osteosynthesis systems were 100%, but
these conditions cannot be achieved in a clinical situation.
In addition, in this study only the muscle forces acting on
the distal segment were considered, however external forc-
es that may affect this region during daily life and at sleep
were not considered.

During the postoperative bone healing period, the distal
segment is subjected to the retraction forces of the supra-
hyoid muscles, especially the anterior belly of the digastric
muscle, which originates from the digastric fossa on the
lingual surface of the mandible, and the geniohyoid mus-
cle, which originates from the inferior mental spine of the
symphysis menti. The mentalis muscle originates from the
mental protuberance of the mandible near the midline and
provides a weak upward-inward movement of the soft tissue
complex of the chin. In this study, to represent the muscle
forces to which the chin segment would be subjected in a
clinical situation, a 15 N load parallel to the occlusal plane
was applied backwards simulating the forces of the supra-
hyoid muscles and a 7 N load perpendicular to the occlusal
plane was applied upwards simulating the force of the men-
talis muscle. The backward applied loads were determined
by considering the study by Ramos et al. (28).

There are many papers comparing titanium screw and
plate osteosynthesis systems in terms of postoperative sta-
bility in other mandibular osteotomies. Although the results
of these studies varied, generally it has been indicated that
the factors that appear to have the greatest influence on
the stability were the magnitude and direction of the bone
movement. To the best of our knowledge, the only report
that comparatively evaluated the stability of monocortical
miniplate and bicortical screw systems in advancement ge-
nioplasty is the study by Akti and Kalayci (16) in which five
different fixation models were evaluated in 5 mm advance-

ment genioplasty using finite element analysis. They report-
ed that better stability and less displacement were observed
in the bicortical screw fixation groups, but the plate groups
were more favorable in terms of tensile and compression
stresses. The present study demonstrated that; plate osteo-
synthesis showed slightly better stress distribution and less
deformation than screw osteosynthesis, and in both fixation
systems the maximum stress values in the bone and titani-
um fixation appliances were far below the yield strength val-
ues described for bone and Ti-6Al-4V alloy in the literature
(29). Further studies performing fatigue analysis by applying
higher forces to the genial segment in advancement genio-
plasty can be undertaken.

The decision of the fixation method to be used depends
on the clinical characteristics of the case, such as the magni-
tude and the direction of segmental movement or the num-
ber of bone segments. Surgeons should be able to make this
decision intraoperatively based on the final position of the
advanced genial segment and considering the stresses that
may affect the postoperative results.

Conclusion

Fixation with a single centrally positioned titanium
miniplate is slightly more stable than fixation with two bilat-
erally positioned titanium bicortical screws in advancement
genioplasty. Both osteosynthesis systems can withstand the
loads that are exerted by the muscles that attach to the chin
in the postoperative remodeling period.

Tiirkge 6zet: ilerletme genioplastisinde vida ve plak osteosentezinin
karsilastirilmasi: sonlu elemanlar analizi calismasi. Amag: Bu calismanin
amaci, ilerletme genioplastisinde vida ve plak fiksasyon sistemlerindeki
stres dagilimini sonlu elemanlar analizi ile degerlendirmektir. Gereg ve
Yontem: Bir hastaya ait konik 1sinli bilgisayarli tomografi gértintiileri
kullanilarak mandibular kemiginin l¢ boyutlu sanal modelleri
olusturulmustur. Bilgisayar destekli tasarim programinda ¢ene ucunun
horizontal osteotomisini takiben 8 mm’lik ¢ene ucu ilerletmesi simiile
edilmistir. Distal segment, ilk modelde bilateral olarak yerlestirilen iki
adet titanyum mini vida ile ve ikinci modelde ortaya yerlestirilen tek
bir 4 delikli titanyum 6nceden blikiilmiis genioplasti plagi ile stabilize
edilmistir. Plak, iki adet proksimal ve iki adet distal segmentte olmak
lizere toplam dort adet mini vida ile fikse edilmistir. Tim fiksasyon
araglari, ¢cene ucunun lingual ytizeyine okliizal diizleme paralel olarak
lingual yénde uygulanan 15 N'luk ve ¢ene ucunun bukkal ylizeyine
okliizal diizleme dik olarak yukari yénde uygulanan 7 N'luk kuvvetlere
maruz birakilmistir. Kemik ve titanyum materyallerdeki von Mises stres
dagilimlari ve deformasyonlar degerlendirilmistir. Bulgular: Vida fik-
sasyon sisteminde (22,52 MPa), plak fiksasyon sistemine (13,71 MPa)
gbre daha yliksek stres degerleri g6zlenmistir. Deformasyon degeri vida
fiksasyon sisteminde (0,021 mm), plak fiksasyon sistemine (0,0007 mm)
gére daha yiiksek bulunmustur. Sonug: ilerletme genioplastisinde, orta-
ya yerlestirilen tek bir 6nceden blikiilmiis genioplasti plagi ile fiksasyon,
bilateral yerlestirilen iki adet bikortikal vida ile fiksasyona gére daha iyi
stabilizasyon gbstermistir. Her iki sistemdeki stres degerleri, kemik ve tit-
anyumun fiziksel dayanim sinirlar icerisinde kalmistir. Anahtar kelimel-
er: Genioplasti, Plak, Vida, Sonlu elemanlar analizi, stres dagilimi
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Optimizing the primary stability of dental implants in type IV
bone: in-vitro comparison of machine-driven and ratcheting

insertion protocols

Purpose

The objective of this study was to assess the effects of various implant insertion
techniques on the primary stability of dental implants in both type Il and type IV
cadaveric bovine.

Materials and Methods

A total of 48 dental implants (BEGO Semados RSX, BEGO Implant Systems GmbH &
Co. KG, Germany) with a diameter of 3.75 mm and a length of 12 mm were used in
the experiments. Bovine bone ribs were adjusted to mimic type Il and type IV bone
characteristics. Following the preparation of recipient sites, implants were inserted
using three different protocols: machine-driven insertion (Standard group, Std
group), ratchet insertion (Ratcheted, R Group), and a combination of both (Std + R
group). The Osstell® Beacon device was used to record the implant stability quotient
(ISQ) of each implant immediately after insertion. Two-way analysis of variance and
Bonferroni tests were used for statistical evaluation.

Results

Bone type significantly influenced the ISQ values (p<0.05). However, when
comparing insertion protocols separately for type Il and type IV bone, no significant
differences were observed. In type IV bone, both the Std group and R group
exhibited significantly lower 1SQ values compared to the same groups in type Il
bone (p<0.05 for each). Nevertheless, there were no significant differences in the
ISQ values when employing the Std+R technique between the two types of bone.

Conclusion
Combining machine-driven and ratchet insertion techniques may prove beneficial
in optimizing 1SQ values in bovine samples simulating type IV bone.

Keywords: Dental implants, oral surgical procedures, osseointegration, resonance
frequency analysis

Introduction

In recent decades, dental implant treatments have increasingly been re-
garded as a viable solution for providing functional rehabilitation to both
partially and completely edentulous patients. This shift in perception is
largely attributable to significant advancements in oral implantology (1).
Therefore, it is of paramount importance that research efforts are directed
toward fostering a consensus on achieving implant success through opti-
mal treatment options (2). The success of dental implants hinges on both
biological processes and mechanical factors, with the osseointegration pro-
cess standing out as the predominant parameter in oral implantology (3, 4).

One crucial step in establishing optimal osseointegration based on
long-term clinical experience is achieving primary stabilization (5, 6).
Primary stabilization is a mechanical aspect that refers to the implant’s
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ability to withstand axial, lateral, and rotational loads within
the bone at the time of implant placement (5-7). This initial
mechanical stability arises from the difference in stiffness
between the implant and the surrounding bone. The ulti-
mate goal is to attain a level of primary stability sufficient to
support biological processes during the subsequent healing
phase (5, 6).

Various techniques can be employed to assess the initial
mechanical stability, such as surgical insertion torque, re-
moval torque, damping capacity analysis, and resonance
frequency analysis (8). Resonance frequency analysis (RFA)
stands out as one of the most widely used clinical tech-
niques for measuring the implant stability quotient (ISQ)
and, thus, evaluating the primary stability of an implant (9).
RFA offers a non-invasive and objective approach, enabling
clinicians to monitor implant stability over time and make
necessary adjustments to treatment protocols, such as im-
mediate loading in dental implants (10, 11).

Multiple factors, including implant design, bone quality,
osseous morphology at the surgical site, bone vascularity,
drilling techniques, insertion protocols, and clinicians’ skill,
have been shown to influence primary stability in various
studies (3, 12). Maintaining optimal primary stability is espe-
cially critical in cases with poor bone density, as it can signifi-
cantly impact the long-term success of implant procedures
(9, 13). Consequently, this investigation has two primary
objectives. First, by examining changes in primary stability
under different insertion protocols for dental implants, we
aim to determine the significance of the chosen protocol.
Second, through a comparison of different bone types, we
seek to offer guidance to clinicians regarding protocol pref-
erences for cases with poor bone density. The null hypothe-
sis for this study is that the utilization of different insertion
protocols would not result in any differences in the primary
stability achieved after implant placement.

Materials and Methods

All preparations of bone specimens and surgical procedures
described below were carried out at room temperature by the
same oral surgeon (N.M.T) to ensure standardization.

Selection and preparation of bone specimens

The macroscopic composition of cortical and medullary
bone makes ribs a suitable choice for simulating edentulous
human bone (14-17). For this study, fresh bovine ribs were
purchased from a slaughterhouse. After removing all soft tis-
sues and the periosteum from the bones using scalpels and
periosteal elevators, 7 cm-long bone block pieces were cut
under copious amount of saline irrigation in room tempera-
ture using a surgical saw. A total of 12 fresh bone blocks were
checked macroscopically for irregularities. Subsequently, they
were randomly assigned to three groups representing differ-
ent insertion protocols: manual insertion group, handpiece
insertion group, and combination group. In each group, the
preparation of the bone blocks was conducted in accordance
with established procedures from previous studies (18-21).

For half of the bone blocks, the cortical bone layer was
thinned using 220-grit sandpaper until it reached a thick-
ness of 2 mm, mimicking type Il bone, which represents cor-

ticocancellous bone (18, 19, 21). For the other half, the dis-
tal epiphysis along the longitudinal axis of the bone blocks
was selected to mimic type IV bone, representing cancellous
bone (18-20). Each block received four implants (Figure 1).

A B
Figure 1. Insertion of four dental implants for type Il bone (A)
and type IV bone (B).

Experimental protocol and study groups

As part of the experimental protocol, bovine ribs were se-
curely stabilized on a bench vise to prevent any micro-move-
ments. The implant recipient site preparations for a total of 48
dental implants (BEGO Semados RSX, BEGO Implant Systems
GmbH & Co. KG, Germany), each with a diameter of 3.75 mm
and a length of 12 mm, were carried out in accordance with
the BEGO Semados RS/RSX TrayPlus standard drilling proto-
col, following the manufacturer’'s recommendations. In the
manual insertion group, 16 dental implants (8 implants for
each bone type) were placed into the prepared sites using
a ratchet connected to a torque wrench. The torque wrench
was carefully adjusted to apply torque at a level of 35 Ncm,
as per the manufacturer’s guidelines. In the machine-driven
group, the insertion of 16 dental implants (8 implants for each
bone type) was executed using a 20:1 surgical contra-angle
handpiece. The surgical motor was configured to operate at
25 rpm with a maximum torque of 35 Ncm, and no saline irri-
gation was used, as per the manufacturer’s recommendations.
In the combination group, the insertion of 16 dental implants
was carried out in two steps. Initially, two-thirds of the dental
implant’s threads, approximately 8 mm in distance from the
apex towards the neck of the implant, were inserted into the
bone using a 20:1 surgical contra-angle handpiece. Subse-
quently, the dental implant was securely tightened to its final
position using a ratchet connected to a torque wrench, with
the torque wrench adjusted to apply torque at 35 Ncm, in ac-
cordance with the manufacturer’s instructions.

Primary stability measurements

To assess primary stability measured in terms of 1SQ val-
ues, we used the Osstell® Beacon device (W&H, Goéteborg,
Sweden) along with commercially available transducers
(Smartpeg type 26, W&H, Goteborg, Sweden) attached to
each implant. For each implant, two consecutive measure-
ments were conducted, one from the frontal and another
from the lateral direction, by positioning the probe laterally
in relation to the transducer. The I1SQ values acquired at the
frontal site of each implant were recorded as buccolingual
ISQ values, while those obtained at the lateral site were re-
corded as mesiodistal ISQ values. The second operator (S.S)
was responsible for performing and recording all measure-
ments. To validate I1SQ values, the operator repeated both BL
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and MD measurements at least three times, and the average
value of these measurements was established as the refer-
ence for statistical analysis.

Statistical analysis

Statistical Package for Social Sciences (SPSS) software,
version 22 (IBM SPSS Inc., Armonk, NY, USA) was used for
statistical analysis. The Kolmogorov-Smirnov test and Shap-
iro-Wilk test were applied to verify normal data distributions.
Two-way analysis of variance was used to assess the effects
of insertion techniques and bone types on the ISQ measure-
ments. Bonferroni post hoc analysis was performed for pair-
wise comparisons. The confidence level was set to 95% and
p values less than 0.05 were considered significant.

Results

Two-way ANOVA analysis revealed that the bone type vari-
able significantly affected the ISQ values (p<0.05), unlike the
insertion protocols (Table 1).

For type Il bone, primary stability recorded in the Std + R
group was the highest at 75.4 + 5.3 ISQ, followed in order by
the value for the R group at 74.9 + 7.0 1SQ and that of the Std
group at 72.6 + 2.7 I1SQ (Table 2). No significant differences
were observed when comparing the insertion protocols in
type Il bone.

In type IV bone, the primary stability of the samples in the
Std group was the lowest at 62.7 + 3.7 ISQ, while those of the
other samples were 66.0 + 6.8 and 69.8 + 5.4 ISQ, respectively,
for the R and Std + R groups. Comparing the three insertion
protocols within type IV bone, no significant differences were
found in primary stability values of the samples (Table 2).

When comparing the two bone types, the mean ISQ val-
ues of the Std and R groups in type Il bone were significant-
ly higher than those of their counterparts in type IV bone
(p<0.05 for each). However, there were no significant differ-
ences in ISQ values when employing the Std+R technique
between the two types of bone.

Discussion
Osseointegration, defined as the direct structural and

functional connection between the implant surface and the
patient’s bone, plays a crucial role in the success of dental

implant procedures (22). Osseointegration, resulting from
initial mechanical stability combined with biological stabili-
ty, occurs at two stages: primary and secondary stabilization
(23). Primary stabilization stands out as a key clinical objec-
tive during implant insertion (24). Achieving primary stabili-
ty depends on numerous factors, including the implant’s di-
ameter, length, shape, thread design, as well as the surgical
techniques employed by the operator and the type/density
of the bone into which the implant is placed (25). Although
advancements in oral implantology can assist in achieving
predictable osseointegration even with low or non-primary
stability, optimal primary stability can expedite and enhance
the predictability of achieving strong secondary stability, es-
pecially when employing immediate loading protocols (26,
27). Furthermore, challenges in achieving optimal primary
stability are common in clinical scenarios where medullary
bone density is notably low, such as in the maxilla and pos-
terior mandible, particularly among elderly patients (28).
Multiple strategies exist to enhance primary stability in sit-
uations with poor bone density, including aspects of bone
bed preparation like the osteotomy drilling process, drilling
speed, irrigation during osteotomy to prevent overheating,
and implant body insertion (3, 29, 30).

The aim of this study was to compare the effects of three
different insertion protocols on the primary stability of den-
tal implants placed in type Il and IV bone. We hypothesized
that advocating specific insertion protocols for a particular
bone type could enhance primary stability and help clini-

Table 2. Means and standard deviations of the ISQ measurements
and post-hoc analysis for pairwise comparisons. p-values written in
bold indicated significant differences for pairwise comparison related

to bone types calculated by post hoc Bonferroni test. Parameters were
described as mean + SD. Different uppercase superscript letters
present significant difference between insertion methods written in
the same column.

Insertion Methods

Bone

Type Std group R group Std + R group
Typell 726 (2.7)A 749 (7.0) A 754 (5.3)A
Type IV 62.7 (3.7) A 66.0 (6.8) A 69.8 (5.4) A
P-Value 0.0185 0.0495 0.8475

Std group:machine-driven insertion, R group: ratchet insertion, Std+R group:
machine-driven and ratchet insertion

Table 1. Effects of insertion method and bone type on the ISQ measurements according to the two-way analysis of variance.

Source Type lll Sum of Squares df Mean Square F Sig.
Corrected Model 1035.042° 5 207.008 6.291 .000
Intercept 236742.521 1 236742.521 7195.105 .000
Method 193.948 2 96.974 2.947 .063
Bone 800.333 1 800.333 24.324 .000
Method x Bone 40.760 2 20.380 .619 543
Error 1381.937 42 32.903

Total 239159.500 48

Corrected Total 2416.979 47

Note: 2 R Squared = .428 (Adjusted R Squared = .360)
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cians select the appropriate protocol. To test this hypothesis,
we specifically aimed to compare and evaluate 1SQ values
of dental implants inserted into type Il and type IV bone us-
ing three insertion protocols: standard insertion (Std group),
ratchet insertion (R group), and a combination of both (Std
+ R group) protocols. According to the main findings of this
study, selecting the combination of insertion protocols may
yield improved implant primary stability in conditions char-
acterized by poor bone density.

ISQ values represent the predictability of the primary sta-
bility of a dental implant, at least on a macroscopic level,
and provide the clinician with an idea of the prognosis they
can expect for that specific implant or how soon it can be
loaded (31). This study reaffirms that I1SQ values were lower
in low-density bone compared to high-density bone. This
supports the findings of several studies (24, 32, 33) that
have suggested that the accuracy of primary implant stabil-
ity measurements obtained through resonance frequency
analysis depends on bone density and can be influenced
by different protocols. Orban et al. (34), in a prospective and
randomized clinical study, evaluated the accuracy of implant
placement by comparing the insertion torque for two types
of insertion protocols: machine-driven and manual inser-
tion. They concluded that there was no significant difference
between the insertion protocols in terms of the accuracy
of implant placement and mean insertion torque. In an in
vivo study, Aliabadi et al. (35) focused on marginal bone loss
around dental implants using two insertion methods, man-
ual and mechanized. They observed that manually inserted
implants showed less long-term marginal bone resorption.
Similarly, Novsak et al. (36) aimed to evaluate differences be-
tween manual and mechanized techniques for orthodontic
mini-implants in pig ribs and demonstrated higher stability
and less bone resorption for manually inserted implants.

Furthermore, Misch et al. (37) stated that in compro-
mised bone density situations, manual insertion of den-
tal implants with the use of a handpiece is more suitable
for providing the necessary force. Similarly, Cavallaro et al.
(29) suggested that hand-ratcheting two to three threads
was reasonable, but they emphasized not applying high
hand-torque forces to seat the entire implant. However, in
another article, Kim et al. (38) compared the success rates
of manual and machine-driven methods for inserting mini
screws. Regarding the insertion site, they claimed that the
overall success rate of insertion with an engine driver was
significantly higher than that with a hand driver for both
the mandible and maxilla.

In our study, when comparing the effect of insertion pro-
tocols on primary stability within each bone type, no signifi-
cant difference was observed in I1SQ values. ISQ values mea-
sured following the utilization of standard insertion protocol
or ratchet insertion protocol were significantly lower in type
IV bone compared to type Il bone. Importantly, the Std + R
group did not exhibit a significant decrease in 1SQ levels for
type IV bone compared to type Il bone. If proven clinically,
this may suggest that the utilization of the combination
protocol may be beneficial as it allows ISQ values to remain
stable even in cases of lower bone density. Therefore, it may
be a more promising and preferable insertion method for
patients with poor bone density, as well as for immediate
implant placement.

In a previous in vitro study, wood blocks were used as an
alternative to low-density bone, simulating D4 and D3 bone.
In this study, 32 implants were inserted using either a low-
speed machine-driven handpiece or hand ratcheting, and a
pull-out test was conducted (39). The results revealed that
D3 bone exhibited statistically significantly higher pull-out
strength than D4 samples. Additionally, implants inserted
using the machine-driven handpiece seemed to exhibit en-
hanced stability compared to those placed manually. How-
ever, the authors acknowledged a limitation in using pullout
force as a measure of stability, suggesting that Resonance
Frequency Analysis (RFA) would have been a better choice
for analyzing primary stability. RFA has become one of the
most widely used techniques for assessing implant stability
in both clinical trials and experimental studies (9, 25). This
analysis ensures accurate control of implant stability, with
repeatable and reproducible measurements over time, and
facilitates precise communication among professionals (22).

Numerous experimental studies have been conducted
using various bone models, including animal bones, human
cadaver bones, and artificial bone, to simulate situations
with different bone densities (40-42). The objective of these
studies is to highlight the challenges posed by poor bone
quality and investigate methods to enhance primary stabili-
ty. Concerning animal bones, the macroscopic composition
of cortical and medullary bone in bovine ribs serves as an
acceptable model for reproducing edentulous human bone,
as reported in numerous studies (14-17). While these studies
endorse the use of this animal model in implant research to
gain insights into edentulous human bone, it's important to
note that there are various experimental designs addressing
bone type variations. For example, Lanchmann et al. (14)
characterized the distal aspect of the rib, with a smaller di-
ameter, as type Il bone according to the Lekholm/Zarb clas-
sification (43) or D2 to D3 according to Misch (44). In their
study, the bone region with a greater diameter at the end of
the ribs, containing less cortical components and a higher
content of bone marrow and spongy trabeculae, represent-
ed type lll bone according to the Leckholm & Zarb classifi-
cation (43) or D3 to D4 according to the Misch classification
(44). Garcia-Vives et al. (15) referred to the distal end of the
ribs as type IV bone according to the Leckholm & Zarb classi-
fication (45) or D4 according to the Misch classification (44).

In line with our experimental design, other relevant studies
used the distal epiphysis on the longitudinal axis of bovine
ribs, without any cortical bone, to mimic the morphological
structure of type IV bone, resembling the human posterior
maxilla (18). Toyoshima et al. (19) also used the distal epiphy-
sis of the longitudinal axis of the bone block to represent the
cancellous bone group. In their study, the authors adjusted
the thickness of the cortical layer of bone blocks to 2 mm to
reduce the effects of compressive forces, referring to them
as the corticocancellous bone group. On the other hand,
Moon et al. (20) and Anil and Aldosari (21) removed the en-
tire cortical bone of bone rib blocks until trabecular bone
was exposed to mimic type IV bone. In these two studies,
the cortical bone was thinned to 1 mm to mimic type Il bone.

Taking everything into consideration, we chose to use bo-
vine ribs as an animal model for this study. This decision was
based on well-established evidence in the literature demon-
strating their effectiveness in evaluating the correlation be-
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tween bone density and implant stability (14, 46, 47). Our
experimental bone models were designed to resemble type
Il or type IV bone in line with the aforementioned literature.
For the same reasons, we did not include type | or type llI
bone in the study, as each group represents a wider selec-
tion of bone density according to bone classifications.

The authors of this study acknowledge that the use of
animal models may not perfectly represent human bones,
which is a key limitation of the study. We recommend fur-
ther studies in this area, including the assessment of bone
type/density using advanced analysis methods such as mi-
cro-computed tomography or histomorphometric analysis.
Therefore, the absence of any analysis defining the bone
type may also be considered another limitation of the cur-
rent study. Some other limitations of the present study
include the fact that, we did not account for both the me-
chanical and biological aspects of in vivo conditions, such as
access to the surgical site or the blood supply to the bone.
Moreover, it should be noted that various types of implants
with different geometrical designs may alter the ISQ values.
Additionally, it should be considered that high 1SQ values do
not always correlate with successful osseointegration and
the long-term survival of an implant. Further studies should
also be conducted to estimate the long-term effects of inser-
tion protocols, as the findings may influence clinicians’ pref-
erences for selecting the proper insertion protocols based
on bone type.

Finally, 1SQ values greater than 65 have been regarded as
favorable for implant stability, whereas ISQ values below 45
indicate poor primary stability (48). In studies that inves-
tigated the predictive value of RFA analysis in the survival
rates of dental implants, Baltayan et al. (49) showed that
there was a significant difference in survival rate between
early and traditional loading protocols for implants with I1SQ
values serving as cutoff points (ISQ of 45, 50, 55). It is em-
phasized that implants with I1SQ values less than 60 are of
questionable stability, while those with values greater than
70 are very stable, with the 60 to 70 range serving as the cut-
off region (49, 50). Importantly, the values in our results for
type IV bone fall within the cutoff region for each insertion
protocol.

Conclusion

Considering the limitations of the present study, it can be
concluded that utilizing a combination of machine and ratch-
et insertion techniques may prove beneficial in optimizing
ISQ values in bovine samples simulating type IV bone.

Tiirkce ozet: Tip IV kemikte dental implantlarin primer stabili-
zasyonunun optimize edilmesi amaciyla angldruva ve ragetle yer-
lestirme protokollerinin in-vitro karsilastirlmasi. Amag: Bu ¢alismanin
amaci farkli implant yerlestirme tekniklerinin implant stabilitesi (ize-
rindeki etkilerinin Tip Il ve Tip IV kemigi taklit eden sigir kadavrasinda
karsilastirnlmasidir. Gereg ve Yéntem: 12 mm uzunlugunda, 3,75 mm
capinda toplam 48 adet dental implant (BEGO Semados RSX, BEGO
Implant Sistemleri Lmt. Sti & Kom. Sti, Almanya) tip Il ve tip IV kemigi
taklit etmesi icin hazirlanan sigir kaburga kemiklerinin icine yerlestiril-
di. implant yataklarinin standart frezleme teknidi ile hazirlanmasindan
sonra dental implantlar kemik icerisine 3 farkli protokol ile yerlestirildi.
Bu protokoller ile implant motoru yardimiyla yerlestirilen grup (Std gru-
bu), raset ile yerlestirilen grup (R grubu) ve iki ydntemin kombinasyonu
seklinde yerlestirilen grup (Std + R grubu) olusturuldu. Her bir implantin

primer stabilitesi, kemik icerisine yerlestirilmesinden hemen sonra, Os-
stell Beacon cihazi ile él¢iilen implant stabilite katsayisi (1SQ) ile deger-
lendirildi. [statistiksel analiz igin iki yénlii varyans analizi ve Bonferroni
testleri yapildi. Bulgular: Kemik tipinin ISQ degerlerini anlamli derecede
etkiledigi g6zlendi (p<0.05). Ancak tip Il ve tip IV kemik i¢in yerlestirme
protokolleri ayri ayri karsilastirildiginda anlamli bir fark gézlenmedi. Tip
IV kemikte hem Std grubu hem de R grubu, tip Il kemikte ayni gruplarla
karsilastinldiginda anlamli derecede dlisiik 1SQ degerleri gésterdi (her
biri icin p<0,05). Bununla birlikte, iki kemik tiirli arasinda Std+R teknigi
uygulandiginda ISQ degerlerinde anlamli bir fark bulunamadi. Sonug:
Tip IV kemigi taklit eden sigir numunelerinde, implant motoru ve raset
yerlestirme tekniklerinin birlikte kullaniimasinin ISQ dederlerinin op-
timize edilmesinde faydali olabilecegi sonucuna varilmistir. Anahtar
kelimeler: dental implant, oral cerrahi islemler, osseointegrasyon, rezo-
nans frekans analizi
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Comparison of calcium silicate-based materials in pulpotomies
of primary molars: a randomized clinical trial

Purpose

The primary objective of this investigation is to evaluate the clinical and radiographic
findings of mineral trioxide aggregate (MTA) and Biodentine (BD) as pulpotomy
agents in primary molars.

Materials and Methods

Two hundred primary molars (N=200) were treated with pulpotomy. Clinical and
radiographic outcomes, including both successes and failures, were documented
throughout a 36-month follow-up period. Statistical analyses were performed
using the Fisher Exact, McNemar, and Chi-Square tests.

Results

No statistically significant differences in success rates were found between the 1-, 3-,
6-,24-,and 36-month assessments for each material when evaluated independently.
However, at the twelfth month, the clinical and radiographic success rates for MTA
(98% and 92%, respectively) were significantly higher than those for BD (90% and
80%, respectively) with a p-value of less than 0.05.

Conclusion

In this study, MTA demonstrated greater success than BD at 36 months. Nevertheless,
higher quality randomized controlled trials with longer follow-up periods are
necessary to obtain more reliable results.

Keywords: Tricalcium silicate, mineral trioxide aggregate, pulpotomy, primary teethv

Introduction

Pulpotomy stands as the preferred method of treatment for asymptom-
atic primary molars where caries has approximated the pulp (1). Pulpoto-
my involves the surgical removal of the coronal pulp followed by the ap-
plication of a pulp-dressing agent to preserve the vitality of the remaining
radicular pulp tissue (2). Pulpotomy can be classified based on the follow-
ing treatment objectives: preservation, devitalization, and regeneration
(3). An ideal pulpotomy medicament should effectively eliminate bacte-
ria while being compatible with the biological environment to promote
healing and minimize any negative effects on the patient’s oral health.
Additionally, it should facilitate root pulp healing while aligning with the
natural physiological process of root resorption (4).

Formocresol (FC) is suggested as the ideal dressing agent in pulpoto-
my procedures by the American Academy of Pediatric Dentistry, despite
concerns regarding its potential mutagenic and toxic effects (2,3). FC con-
tinues to be widely recognized and upheld as the gold standard against
which all new materials, including calcium hydroxide, ferric sulfate, and
glutaraldehyde, are compared (2).

The search for newer pulpotomy materials is ongoing. The objective of
preserving pulp tissue has been replaced by the pursuit of regeneration
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due to improvements in biocompatibility and bioinductivity
of the materials. MTA and BD have been developed for these
purposes (3). MTA has the ability to seal and stimulate hard
tissue formation. Its biocompatibility enables its widespread
use in pediatric dentistry. BD also has high biocompatibil-
ity combined with bioactivity, thanks to calcium silicate’s
improved properties, including rapid setting time and high
strength (2).

The primary objective of this investigation is to evaluate,
both clinically and radiographically, the success of two pul-
potomy medicaments: Pro-Root White MTA and BD in prima-
ry molars. The null hypothesis is that there are no significant
differences between MTA and BD in radiographic and clini-
cal outcomes.

Material and Methods
Ethical statement

This randomized clinical trial was conducted from 2013 to
2016, with the study protocol receiving approval from the
Ethics Committee of Istanbul University, Medical Faculty (file
number:2012/1742-1302).The research strictly adhered to the
Declaration of Helsinki. The study was registered at Clinical-
Trials.gov (NCT03395496), and meticulous adherence to the
2010 Consolidated Standards of Reporting Trials Statement
was observed in the study design. Additionally, the study de-
sign followed the guidelines outlined in the CONSORT 2010
Statement for reporting parallel group randomized trials (5).

Study design

The patients who participated in this study were attend-
ing the Pediatric Dentistry clinic. The possible discomforts,
risks, and benefits of the procedures were explained to the
participants and their families. Before participating in the
study, the parents gave their informed consent. Eligible par-
ticipants were between 6 and 12 years of age (mean age 10
+1.62). All patients were healthy and had one or two primary
molars in need of pulpotomy treatment. Clinical and radio-
graphic examinations were systematically performed to en-
sure compliance with the specified inclusion criteria.

Inclusion criterion

The inclusion criteria for teeth selection included the fol-
lowing parameters: teeth had to demonstrate extensive car-
ies, teeth must radiographically demonstrate the existence
of 2/3 of the root length, and there must be adequate tooth
structure to be restored. Additionally, there should be no ra-
diographic or clinical evidence of pulp pathology (such as
spontaneous pain, tenderness to percussion or palpation,
swelling, sinus tract, pathologic mobility, etc.). This study ex-
cluded teeth without permanent successors.

Sample size estimation

The sample size was calculated to have 80% power at a
5% level of statistical significance with a 10% level of differ-
ence between the groups, necessitating 71 teeth in each
group. A total of 213 primary molars (108 molars in Group |

and 105 molars in Group Il) were included from 106 children.
Thirteen teeth were excluded from the study due to uncon-
trolled pulp bleeding (Figure 1).

| Assessed for eligibility (n=213) |

Excluded (n=13
(Had uncontrolled pulp bleeding)

| Randomisation (n=200) |

o2 S

| BIODENTINE group (n=100) |

| MTA group (n=100) |

}

)

5 n=100 n=100
5 100% Clinical success. 98% Clinical success
E 97%Radiographic success 96%Radiographic success
i= n=100 n=100
é 5 100% Clinical success 98% Qlinical oz
£ 97%Radiographic success 92%Radiographic success
= n=100 n=100
£6 100% Clinical success 96% Clinical success
E 95%Radicgraphic success 88%Radiographic success
=100
= Physiological gruplinn in 2 tooth : n=100
g% Extraction in 1 tooth : Execionmhiocl
“E 98% Clinical success HisiCanicalisicess
92%Radiographic success 80%Radiographic success
n=97 n=90
s Physiclogical eruption in 12 tooth. Physiological eruption in 22 tooth.
g 5 Extraction in 2 tooth Extraction in 8 tooth.
E 97 9% Clinical success 93.3% Clinical success
92 7%Radiographic success 86.6%Radiographic success
= n=83 n=60
g ‘g’ Physiological eruption in 22 tooth. Physiological eruption in 10 tooth.
™ g 100% Clinical success 100% Clinical success
93.9%Radiographic success 93.3%Radiographic success
I 8 unsuccessful treatments 22 unsuccessful treatments
6 92% clinical and radioghraphic 78% clinical and radioghraphic
= success success.

Figure 1. Flow chart of the clinical and radiographic success of
the materials.

Pulpotomy protocols

Pulpotomy procedures were conducted following the
application of local anesthesia and rubber dam isolation
to ensure patient comfort and procedural precision. Caries
removal and coronal access were performed using a high-
speed bur with water spray to expose the pulp chamber. Pa-
tients were excluded from the study if hemostasis was not
achieved within 3 minutes after placing a sterile cotton pel-
let gently against the amputated pulp, indicating a potential
infection of the pulp tissue within the canal.

Two different pulpotomy medicaments were applied ac-
cording to the manufacturer’s instructions for 200 primary
molars. Group I: Pro-Root MTA (Dentsply Tulsa Dental Special-
ties, Johnson City, U.S.) was formulated by combining three
parts of powder with one part of water to achieve a putty-like
texture. The prepared mixture was then inserted into the pulp
chamber and gently condensed using a dampened cotton
pellet. Following this, a glass ionomer base material was ap-
plied over the MTA. Group lI: BD (Septodont, Saint Maur des
Fosses, France) powder in the capsule was mixed with five
drops of liquid in a triturator (4200 rpm) for 30 seconds. The
resulting mixture was placed in the pulp chamber and left to
set entirely, which took roughly 12 minutes. Permanent resto-
ration was carried out during the same session.

After the pulpotomies, all molars were restored using
amalgam materials. Clinical and radiographic assessments
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were conducted during follow-up visits at 1, 3, 6, 12, and 36
months. In cases where a patient missed or cancelled a ses-
sion, a new follow-up examination was rescheduled. Experi-
enced pediatric dentists, unaware of the patients’ assigned
treatment groups, conducted the clinical examinations.

Treatment follow-up

A pulpotomized tooth was deemed clinically successful if
there were no signs of swelling, pain, fistula, gingival inflam-
mation, or pathologic mobility. A paralleling technique with
a film holder (Rinn XCP; Dentsply, Elgin, U.S.) was used to
capture the preoperative and control periapical radiographs.
An automatic processor (Velopex® Intra-X Medivance Instru-
ments, London, UK. was used to process the radiographs,
which were then inspected and evaluated under optimal il-
lumination. Radiographic examinations were performed by
two experienced pediatric dentists. Each control was evalu-
ated independently. Physiological eruption was considered
a success. For intra-examiner reproducibility of radiographic
assessment, 10% of the radiographs were re-evaluated after
2 weeks. The intra-examiner kappa value was determined to
be 0.90.

Statistical analysis

Statistical analysis was conducted using the Statistical
Package for the Social Sciences (SPSS, IBM Corporation,
Version 21.0; Armonk, NY, USA) software. Group differences
were assessed using Fisher’s Exact Test, Student t-test, Shap-
iro-Wilk Test, McNemar Test, and Chi-square statistical tests.
The significance level was set at p<0.05.

Results

As there were statistical differences between the two ma-
terials, null hypothesis was rejected. A total of 200 pulpoto-
mized primary molars were evaluated in this study. Figure 1
shows a flow chart of the included pulpotomized teeth. The
mean ages (+ SD) were 9.82 + 1.43 years for the MTA group
and 10.18 + 1.77 years for the Biodentine (BD) group, with no
statistically significant difference between them (p=0.116).

Clinical findings for the two materials were significantly
different at the 12-month follow-up (p=0.037). In the Bio-
dentine group, statistically significant differences were ob-
served between the 1st and 12th months (p=0.008), 3rd and
12th months (p=0.008), 3rd and 24th months (p=0.031),
6th and 12th months (p=0.031), and 24th and 36th months
(p=0.031). No significant differences were noted between
these timepoints in the MTA group (Table 1).

A significant difference in radiographic findings was also
noted between the materials at the 12-month follow-up
(p=0.025). In the Biodentine group, significant differences
were found between the 1st and 6th months (p=0.08), 1st
and 12th months (p=0.01), 1stand 24th months (p=0.02), 3rd
and 12th months (p=0.01), 3rd and 24th months (p=0.02),
6th and 12th months (p=0.08), and 6th and 24th months
(p=0.08). There was no statistically significant difference be-
tween these timepoints in the MTA group (Table 2).

Clinical evaluation at 6 months showed success rates
of 100% for the MTA group and 98-96% for the Bioden-

Table 1. Statistical analysis of the clinical success of the materials.

Group | (MTA) Group Il (BD)

Duration

n (%) n (%)
1st month 100 (100%) 98 (98%) 10.497
3th month 100 (100%) 98 (98%) 0.497
6th month 100 (100%) 96 (96%) 0.121
12th month 98 (98%) 90 (90%) 20.037*
24th month 95 (97.9%) 84 (93.3%) 0.157
36th month 83 (100%) 60 (100%) -
1-3 months 3p 1.000 1.000
1-6 months 3p 1.000 0.500
1-12 months 3p 0.500 0.008*
1-24 months 3p 0.500 0.289
1-36 months 3p 1.000 1.000
3-6 months 3p 1.000 0.500
3-12 months 3p 0.500 0.008*
3-24 months 3p 0.500 0.031*
3-36 months 3p 1.000 1.000
6-12 months 3p 0.500 0.031*
6-24 months °p 0.500 0.289
6-36 months 3p 1.000 1.000
12-24 months p 1.000 1.000
12-36 months 3p 0.500 1.000
24-36 months °p 0.500 0.031*

'Fisher Exact’s test, *Continuity (Yates), *McNemar test, *p<0.05

Table 2. Statistical analysis of the radiographic success of the
materials.

Group | (MTA) Group Il (BD)

Duration
n (%) n (%)
1st month 97 (97%) 96 (96%) 1.000
3th month 97 (97%) 92 (92%) 20.215
6th month 95 (95%) 88 (88%) 20.128
12th month 92 (92%) 80 (80%) 20.025*
24th month 90 (92.8%) 78 (86.7%)  20.254
36th month 78 (94%) 56 (93.3%) '1.000
1-3 months 3p 1.000 0.125
1-6 months p 0.500 0.008*
1-12 months 3p 0.063 0.001*
1-24 months 3p 0.063 0.002*
1-36 months 3p 0.250 0.125
3-6 months 3p 0.500 0.125
3-12 months 3p 0.063 0.007*
3-24 months 3p 0.063 0.002*
3-36 months 3p 0.250 0.125
6-12 months 3p 0.250 0.008*
6-24 months °p 0.250 0.008*
6-36 months °p 1.000 0.500
12-24 months °p 1.000 0.500
12-36 months 3p 1.000 1.000
24-36 months *p 1.000 1.000

'Fisher Exact’s test, 2Continuity (Yates), *McNemar test, *p<0.05
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tine group (Table 1). Radiographic evaluation at 6 months
showed success rates of 97-95% for the MTA group and 96-
88% for the Biodentine group (Table 2). After the eruption
and extraction of the teeth, the success rates started to de-
crease. When the total success rates of the groups were com-
pared after 36 months, a statistically significant difference
was found (p=0.010) (Table 3).

Table 3. Statistical analysis of the total success of the materials.

Group | (MTA) Group Il (BD)
Total Success
n (%) n (%)
Successul 92 (92%) 78 (78%)
0.010*
Unsuccessful 8 (8%) 22 (22%)

Continuity (Yates), *p<0.05

Discussion

This preliminary randomized clinical trial assessed the clin-
ical and radiographic performance rates of pulpotomies us-
ing either MTA or BD in primary molars. Both groups demon-
strated clinical and radiographic success, with a significant
difference in success rates found at the 36-month follow-up.

Clinical research has centered on comparing various pul-
potomy agents. Many studies examining pulpotomy ma-
terials have employed FC and Ferric sulfate (FS) as control
medicaments, consistently concluding that these materials
yield comparable results (1-3, 6-10).

After a Cochrane review, it was concluded that no pulpot-
omy medicament or technique produces better results than
another. Studies comparing FC and MTA in pulpotomy treat-
ment in primary teeth showed that MTA is a better pulpotomy
agent than FC (11). Fuks (2008) reviewed multiple random-
ized clinical trials comparing MTA and FC and recommended
MTA as an alternative to FC because it showed better results
in all cases (12). A recent meta-analysis examining the clinical
effects of MTA and FC in primary molar pulpotomies included
thirty clinical trials across seven databases. It concluded that
MTA is a more promising agent, with a success rate of 95%
compared to FC's success rate of 87% (2,13).

Following these findings, MTA was chosen as the control
material. In previous studies, the success rates of MTA as a
pulpotomy material have varied between 66-100% (1,3,4,7-
10,12-23). Similar radiographic and clinical success rates of
MTA pulpotomy were observed in our study (92-100%).

El-Meligy et al. (2016) compared the clinical and radio-
graphic success rates of BD and FC as pulpotomy agents in
primary teeth. The success rate for BD was reported as 100%,
while that of FC was 94% at the 6-month follow-up (6).
Carikcioglu et al. (2017) defined the clinical and radiographic
success rates of BD and FS. The success rates were 97.1% for
BD and 64.6% for FS-ZOE between 6 to 12 months (24).

Juneja and Kulkarni (2017) compared FC, MTA, and BD in
their randomized controlled clinical trial. After follow-ups
at 12 and 18 months, they noticed significant differences in
clinical outcomes between FC, MTA, and BD. Radiographic
outcomes were also significantly different between FC and
MTA at 6, 12, and 18 months. They showed that MTA has a
superior success rate (100%) to BD (86.7%) and that BD has

a superior success rate to FC (73.3%) at the 18-month fol-
low-up (3). Gliven et al. (2017) conducted a clinical and ra-
diographic comparison of calcium silicate-based materials
(Pro-Root MTA, MTA-P, BD) and FS in primary molar pulpoto-
mies. After 24 months, the total success rates for the PR-MTA,
MTA-P, BD, and FS groups were reported as 93.1%, 86.2%,
82.75%, and 75.86%, respectively (4).

In another study, Kusum et al. (2015) evaluated MTA, BD,
and propolis in primary dentition pulpotomies. MTA and BD
were found to be more successful than propolis, both clin-
ically and radiographically, at the 9-month follow-up (20).
Niranjani et al. (2015) compared the success of pulpotomy
outcomes using MTA, lasers, and BD. The results showed that
MTA offers the best outcome as a pulpotomy agent, though
the comparison of MTA, BD, and Laser was not statistically
significant at the 6-month follow-up (21).

Cuadros-Fernandez et al. (2016) also evaluated the MTA
and BD materials. The clinical success rate for MTA was
95.3%, and 97.5% for BD at 6 months. The clinical success
rates at 12 months were 97.4% for MTA and 100% for BD.
The radiographic success rate was 100% in both groups at
6 months and 97.4% in the MTA group and 94.9% in the
BD group at 12 months (2). Bani et al. (2017) compared BD
and MTA. The clinical success rate was 100% in both the
MTA and BD groups at 6 months, 96.9% in both groups at
12 months, 96.9% in both groups at 18 months, and 96.8%
in both groups at 24 months. The radiographic success rate
was 100% in both groups at 6 months, 96.9% in both groups
at 12 months, 90.6% in MTA and 93.8% in BD at 18 months,
and 87.1% in MTA and 93.6% in BD at 24 months (19).

Comparing these two studies with our research, Bani et
al’s (2017) clinical findings are similar to ours in that MTA
was clinically more successful than BD at the 6-, 12-, and
24-month follow-ups. Interestingly, their radiographic suc-
cess rate was higher for BD at 24 months. In contrast, Cuad-
ros-Fernandez et al. (2016) showed better clinical outcomes
with BD at the 6- and 12-month follow-ups; however, at the
12-month follow-up, MTA was more successful radiograph-
ically. Clinically and radiographically, MTA was found to be
more successful than BD in all months (2). Many studies have
shown that radiographic success rates are lower than clinical
success rates, aligning with the findings of the current study
(2,3,19,20,24,25). Thus, it is important and necessary to per-
form radiographic follow-ups after pulpotomies.

This study constitutes a long-term clinical investigation
with a substantial sample size and an extended follow-up
period. It is essential to interpret the study findings in the
context of certain limitations inherent in the study design. A
significant constraint is the utilization of amalgam for coro-
nal restoration. Financial constraints precluded the availabil-
ity of stainless steel crowns, compelling the authors to em-
ploy amalgam restorations in all pulpotomies. To mitigate
potential inconsistencies arising from disparate restorations,
teeth exhibiting extensive structural loss that requires exten-
sive restorations were deliberately excluded from the study.

Conclusion
Within the limitations of this clinical study, it can be con-

cluded that MTA exhibits a higher overall success rate com-
pared to BD at the 36-month follow-up for pulpotomies in
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primary molars. However, to substantiate these findings, fur-
ther high-quality randomized controlled trials with extend-
ed follow-up periods are necessary.

Tiirkge ozet: Siit azi disi pulpotomilerinde kalsiyum silikat esasl mal-
zemelerin karsilastirilmasi: randomize bir klinik ¢alisma. Amag¢: Bu
calismanin amaci, siit azi disleri igin pulpotomi ajanlar olarak mineral
trioksit agregat (MTA) ve Biodentine (BD) materyallerini klinik ve radyo-
grafik olarak karsilastirmaktir. Hastalar ve Yontem: Toplam 200 siit azi
disine pulpotomi tedavisi uygulandi. 36 aylik takiplerde klinik ve radyo-
grafik basari ve basanisizliklar kaydedildi. Gruplar arasindaki farklar
Fisher Exact, McNemar ve Chi-Square testleri kullanilarak istatistiksel
olarak analiz edildi. Bulgular: Materyaller kendi icinde degerlendirildigi
birinci, l¢iincd, altinci, yirmi dérdiincii ve otuz altinci aylar arasinda
basari oranlarinda istatistiksel olarak anlamli bir fark yoktu. On ikinci
ayda MTA materyalinin klinik ve radyografik basari oranlari (sirasiy-
la %98 ve %92), BD materyalinden (sirastyla %90 ve %80) istatistiksel
olarak anlamli bulundu (p<0.05).Sonug: 36 ayin sonunda MTA matery-
ali BD'den daha basarili bulundu. Bununla birlikte, glivenilir sonuglar
icin daha uzun takip stireli yliksek kaliteli randomize kontrollii ¢alisma-
lara ihtiya¢ duyulmaktadir. Anahtar Kelimeler: trikalsiyum silikat; min-
eral trioxide aggregat; pulpotomi; siit disleri
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Invited Review

The evolving role of MRl in dentomaxillofacial diagnostics:

a comprehensive review

Magnetic Resonance Imaging (MRI) has emerged as a pivotal diagnostic tool
in dentomaxillofacial radiology, surpassing conventional imaging techniques
by offering superior contrast resolution for soft tissue lesions without the use of
ionizing radiation. This comprehensive review explores the expanding applications
of MRI in dentistry, highlighting its integration into routine diagnostic protocols
and its significance in the evaluation of oral and maxillofacial structures. The article
delves into the physics of MRI, detailing the various sequences such as Spin Echo
(SE), Gradient Echo (GRE), and Short-Tau Inversion Recovery (STIR), each tailored for
specific diagnostic needs. Advanced techniques like Dynamic Contrast-Enhanced
MRI and Diffusion-Weighted Imaging (DWI) are discussed for their roles in assessing
tissue perfusion and differentiating between benign and malignant lesions. The
review emphasizes the necessity of appropriate coil selection and parameter
optimization to enhance image quality, particularly in dental applications
where artifacts from restorative and prosthetic materials can pose challenges.
Furthermore, the article addresses the utility of MRI in visualizing dental hard
tissues, the temporomandibular joint, and neurovascular structures, providing a
comprehensive overview of its diagnostic capabilities. The integration of MRI into
global health systems and the role of Personal Electronic Health Records in reducing
redundant imaging are also examined. Conclusively, the review underscores the
transformative impact of MRI on dentomaxillofacial diagnostics, advocating for its
broader adoption in clinical practice to facilitate accurate diagnosis and effective
treatment planning.

Keywords: Dental imaging, magnetic resonance imaging, radiology,
dentomayxillofacial diagnostics

Introduction

Magnetic resonance imaging (MRI) has evolved into a well-established
diagnostic tool in the oral and maxillofacial radiology as a gold standard
with its superior contrast resolution in imaging of soft tissue lesions (1,
2-4). Avoidance of ionizing radiation distinguishes MRI from other ad-
vanced imaging methods and constitutes its non-invasive characteristics
(5, 6). MRI utilizes powerful magnetic fields and radiofrequency pulses to
generate detailed images of tissues. This process provides a comprehen-
sive view of oral and maxillofacial structures with high resolution images.
As this technology continues to evolve, considerations about its integra-
tion into dental practice requires further attention in the emerging den-
tomaxillofacial diagnostic methodologies (3, 7-13).

Basic concepts of MRl in dental applications
Understanding the basic principles of MRl is vital for optimizing image

quality and clinical data extraction. Dental clinicians need concise knowl-
edge of imaging sequences to make informed decisions (14). MRI relies
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on magnetic properties of atomic nuclei, particularly hydro-
gen protons, interacting with magnetic fields and radiofre-
quency pulses (15). Manipulating radiofrequency signals in
pulse sequences controls hydrogen atom movement, crucial
for image formation (16). Protons emit signals when aligned
and disturbed, resulting in relaxation processes influencing
image contrast (17). Regarding to these relaxation process-
es, T1 refers to the time constant for longitudinal relaxation,
representing how quickly protons realign with the magnetic
field, while T2 refers to the time constant for transverse re-
laxation, indicating how quickly protons lose phase coher-
ence in the transverse plane (3, 14, 16, 17). MRI sequences
are critical for identification of anatomical structures and
pathological conditions. Each sequence of MRI offers unique
advantages with various imaging parameters.

T1 and T2-weighted images

T1-weighted (T1W) and T2-weighted (T2W) images relies
on the Time of Repetition (TR) and Time of Echo (TE) char-
acteristics of the image. TR and TE can be manipulated to
emphasize different properties in MRI. While short TR and TE
emphasizing T1w images, long TR and TE emphasizes T2w
images (3, 14, 16). Alterations in T1 and T2 properties are
main parameters in generation of those sequences (2, 15,
18, 19).

Spin Echo (SE) sequence

SE is a commonly used MRI sequence particularly used in
reducing artifacts and provides high-contrast images for the
diagnostic process (14, 17). TTW SE sequences offer anatom-
ical detail, while T2W SE sequences highlight water content
differences which is critical in identification of pathological
conditions (5, 20, 21).

Gradient echo (GRE) sequence

Gradient echo sequence is an MRI technique that uses
variable flip angles and gradient fields which provides fast-
er imaging with enhanced contrast (16, 17). It is specifically
used for dynamic imaging of blood flow and functional MRI
(fMRI), and commonly used for high-resolution anatomical
imaging and detecting hemorrhages (17, 19).

Short-tau inversion recovery (STIR) sequence

STIR sequence is an MRI technique that suppresses fat sig-
nal by using an inversion recovery pulse. This technique is
commonly used for detection of pathologies such as ede-
ma, inflammation, and tumors, as it provides high contrast
between fat and water-containing tissues (18, 19) (Figure 1).

3D fast low-angle shot (3D FLASH)

The 3D FLASH sequence provides excellent contrast be-
tween tissues, particularly useful for visualizing anatomical
structures and dynamic processes. It is commonly used in
contrast-enhanced studies to assess vascular structures and
abnormalities. (22).

Figure 1. Coronal sections in T2W MRI showing Spin Echo (a)
and STIR (b) sequences. Hyperintense appearance observed in
maxillary sinus mucosal thickening and nasal cavity in the STIR
image due to fat signal suppression.

Magnetic resonance angiography (MRA) and MR perfusion

MRA sequences provide detailed images of blood vessels
without the need for contrast agents by highlighting the
flow of blood. In dentomaxillofacial imaging, MRA can be
valuable for assessing vascular anatomy, arteriovenous mal-
formations, and to evaluate the blood supply to tumors or
other pathologies (23, 24).

Time-resolved angiography with interleaved stochastic
trajectories (TWIST) or time-resolved imaging of contrast ki-
netics (TRICS) MR angiography is a method that delivers high
temporal resolution images across arterial, capillary, and ve-
nous phases. This technique is effective for evaluating the
feeding arteries, nidus, and draining veins of arteriovenous
malformations in the dentomaxillofacial region (14, 25).

Dynamic contrast-enhanced (DCE) MRI

DCE MRI is an advanced technique for the analysis of mi-
crovascular parameters of tissue perfusion. It involves plac-
ing a region of interest within the tumor to calculate time-in-
tensity curves and semiquantitative parameters (5, 16, 25).

3D fluid attenuated inversion recovery (3D-FLAIR)

3D-FLAIR suppresses the signal from cerebrospinal fluid
to increase the visibility of lesions. It is commonly used for
detecting abnormalities such as multiple sclerosis plaques,
subarachnoid hemorrhages, and other pathologies (5, 8, 25).

3D double-echo steady-state (3D DESS)

3D DESS sequence captures both T2W and GRE images
by simultaneously acquiring two echo signals with different
weighting during each repetition of the sequences. In the
dentomaxillofacial region, it is commonly used to visualize
and assess the temporomandibular joint anatomy and dis-
orders (14, 16, 25).

Ultrashort echo time (UTE)
UTE is a specialized method designed to capture images

with extremely short echo times, typically less than 1 mil-
lisecond. This allows UTE MRI to visualize tissues with very
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short T2 relaxation times, such as cortical bone and liga-
ments. UTE MRI is particularly useful in orthopedic and mus-
culoskeletal imaging for assessing bone structure, cartilage,
and tendon integrity, as well as in imaging dental structures
such as enamel and dentin (14, 25, 26).

Diffusion-weighted imaging (DWI) and diffusion tensor imaging
(DTI)

DWI measures the random motion of water molecules
within tissues, providing information about tissue cellulari-
ty and integrity. It is commonly used in the dentomaxillofa-
cial region to evaluate lesions, such as tumors or abscesses,
based on their cellular density and the restriction of water
diffusion. DTl is an extension of DWI that assesses the di-
rectionality and coherence of water diffusion in tissues, al-
lowing for the visualization of white matter tracts and nerve
fibers. In the maxillofacial region, DTl can be used to map
the course of cranial nerves or assess the integrity of neural
pathways, aiding in the diagnosis and surgical planning for
conditions like trigeminal neuralgia or facial nerve disorders
(8, 25,27, 28) (Table 1).

Integration of spesific sequences

MRI offers sequence options for specific tissues or pathol-
ogies, facilitating precise diagnostic imaging. Proficiency in
sequence selection is crutial for optimizing MRI examina-
tions. Arteriovascular malformations or malignant lesions
necessitate different sequence choices. Furthermore, vari-
ations in tissue characteristics may necessitate additional
parameter adjustments in MRI protocols. Consideration of
scanning duration may be a criterion for optimizing image
acquisition. These factors collectively underscore the signifi-
cance of sequence selection in MRI.

SE and GRE sequences offer contrast advantages, while
STIR and DESS protocols improve lesion detection (13). To
reduce image acquisition, quick overview scans could be
achieved. For instance, by employing rapid TTW 3D FLASH
sequences, allowing comprehensive evaluation of the jaw
with isotropic spatial resolution within minutes at slightly re-
duced spatial resolution. This provides adequate anatomical
detail for identifying specific areas. Integrating rapid over-

view imaging with subsequent high-definition local imag-
ing of identified areas could lead to a significant decrease
in the overall scan time, potentially reaching the 15-minute
range (5, 22).

DCE MRI utilizes pharmacokinetic modeling to derive
quantitative parameters like Ktrans, which has shown prom-
ise as a marker for tumor hypoxia and treatment response
in squamous cell carcinoma. Tumor characteristics such as
vascularity and perfusion can be evaluated such as angio-
genesis, which lead to the differentiation of squamous cell
carcinoma from benign lesions or other malignancies. How-
ever, the technique remains subjective and lacking full stan-
dardization due to variations in analysis, choice of regions
of interest, scanner models, pharmacokinetic models, and
treatment time points (25).

MRI of hard tissues as bone, enamel and dentin, presents
a challenge due to their limited water content and solid
structure. Conventional MRI sequences struggle with these
tissues due to their ultrashort T2 relaxation times. However,
addressing this specific challenge requires sequences that
are sensitive to ultrashort T2 relaxation and can provide a
detailed analysis of these tissues with high spatial resolution
and signal-to-noise ratio. Ultrashort Time Echo (UTE) MRl is a
sequence that fulfills these requirements, allowing for effec-
tive imaging of dental hard tissues by capturing signals from
rapidly decaying echoes and overcoming the limitations as-
sociated with their short relaxation times (26).

Recently, there has been a surge in popularity of Diffusion
Tensor Imaging (DTI) and Diffusion-Weighted Imaging (DWI)
sequences in oral and maxillofacial imaging (8, 25, 27, 28).
The degree of anisotropy and directional information ob-
tained through DTl contribute to a more comprehensive un-
derstanding of the organization and integrity of tissue struc-
tures. Overall, DTI, by unraveling the complexities of water
diffusion at a microscopic level, proves to be a pivotal tool
in tissue microstructure and pathology (27, 29, 30). DWI and
DTl can assist in characterizing lesions and evaluating treat-
ment responses in dentomaxillofacial imaging. Specifically,
the apparent diffusion coefficient (ADC) ratios derived from
DWI and DTI can facilitate the differentiation between be-
nign and malignant lesions (29-35). Koontz et al. (29) stated
that DTl serves as a valuable predictor of malignancy in head
and neck lesions, with the ADC values of malignant lesions

Table 1: Commonly used sequences for strategic MRI ordering

Commonly used sequences

Justification

Spin Echo (SE)

Provides T1- and T2-weighted images with versatile soft tissue contrast

Griadient Echo (GRE)

Enables dynamic imaging and susceptibility-weighted imaging

Short-tau Inversion Recovery (STIR)

Suppresses fat signal for enhanced visualization of pathology

3D Fluid Attenuated Inversion Recovery (3D-FLAIR)

Supresseses fluid signal and produces high-resolution 3D images

3D Double-Echo Steady-State (3D DESS)

Provides multiple contrasts in a single acquisition

3D Fast Low-Angle Shot (3D FLASH)

Offers high-resolution images with short acquisition times

Ultrashort Echo Time (UTE)

Able to view the dental hard tissue

Dynamic contrast-enhanced (DCE)

Assesses blood flow and tissue perfusion

Magnetic Resonance Angiography (MRA)

Visualizes blood vessels without the use of contrast agents

Diffusion Tensor Imaging (DTI)

Quantifies the direction and magnitude of water diffusion in tissues

Diffusion-Weighted Imaging (DWI)

Provides information about the microstructure and cellularity of tissues
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being significantly lower than benign lesions. In addition,
Li et al. (31) found that not only the malignant lesions ADC
values are lower, ADC values of benign solid lesions were sig-
nificantly lower than cystic lesions. In the studies of Baba et
al. (33, 34) it was found that ADC values were significantly
higher in osteomyelitis when its compared with nasopha-
ryngeal cancer.

Evaluation of MRI databases in global health
systems

In the context of escalating healthcare costs, healthcare
providers bear the responsibility of seeking advanced imag-
ing modalities. Dental clinicians are prompted to consider
whether the prevailing clinical issue has been recently ad-
dressed through existing imaging resources. Oral and Max-
illofacial Radiology consultations can provide insights into
the appropriateness of the requested diagnostic workup
(36). From a global perspective, Personal Electronic Health
Records Systems (PEHRSs) are avaible in various countries
network systems which allows to view the previous MRI re-
cords. PEHRSs have been widely utilized on a global scale.
utilized by 82% of the Turkish population (e-Nabiz), with
similar implementations in Denmark (e-Record), Estonia
(e-Health Record), and Germany (Elektronische Patiente-
nakte — ePA) (37, 38). The appropriate utilization of PEHRSs
and familiarity with the aforementioned systems are impor-
tantant in avoiding unnecessary or redundant MR imaging,
thereby addressing healthcare cost concerns. An extensive
study involving 196,314 patients revealed a 7.7% repetition
rate within 90 days when prior imaging data was inaccessi-
ble. Additionally, it was stated that 18% of the patients had
at least one image in this cohort study. Findings indicated
that accessing PEHRSs within 90 days subsequent to an ini-
tial imaging procedure significantly reduced the repetition
of imaging. This underscores the significant increase in im-
aging redundancy in the absence of PEHRS access. To avoid
repetitive and unnecessary imaging, it is crutial to consult
PEHRSs prior to ordering new imaging studies (36).

In evaluation of the MRI data existing in the PEHRSs, another
important consideration is sequence assesment with respect
to targeted pathological condition. A majority of MR imaging
is conducted for medical purposes which may be problematic
in analyzing data for dentomaxillofacial diagnostic purpos-
es. MR images acquired for other medical purposes may oc-
casionally lack the adequacy needed for evaluating oral and
maxillofacial conditions. For instance, SE or GRE MR images
can be employed to assess the position and anatomical varia-
tions of the inferior alveolar nerve before surgeries involving
the posterior mandibular region (39). Yet, if the objective is
to discriminate between benign and malignant pathologies,
pulse sequence MR imaging may prove insufficient, necessi-
tating the application of different MR imaging techniques de-
pending on the characteristics of the lesion (29, 31).

Factors influencing image quality in MRI
Coil selection

In MR, a coil refers to a radiofrequency (RF) coil, an essen-
tial component of the MRI system and play a crucial role in

capturing detailed images, used to transmit radiofrequency
pulses and receive signals during the imaging process (40).
Different coils are tailored for specific body parts or imaging
goals. The application of a specific coil enables a nuanced
and differential diagnosis of suspicious lesions within the
head and neck region (41). The choice of coil depends on the
imaging requirements and the anatomical structures being
examined (42, 43). While gradient coils and surface coils are
the most commonly used coil in MR imaging (44), using spe-
sific coils for dentomaxillofacial imaging improves the image
quality (45). Although not common, intraoral coil design is
implemented using an appliance placed inside the mouth.
The current literature indicates that MR images obtained
with this type of coil provide detailed dentomaxillofacial im-
aging (42, 43).

Al-Haj Husain et al. (9) reported a case of irritation fibroma.
Imaging of the lesion prior to the excision was perfomed with
a 15-channel mandibular coil. The STIR and DESS sequences
was in that case report, while the authors stated that these
sequences are best suited to overcome the limitations of
hard tissue imaging in dentomaxillofacial imaging. Accord-
ing to the study of Grandoch et al. (45), MR imaging with an
intraoral coil can be a non-invasive alternative of cone-beam
computed tomography in dental treatment planning such
as third molar extraction or implant procedures concerning
mandibular posterior region.

In addition to coils, various imaging parameters such as
Signal-to-Noise Ratio (SNR), Contrast-to-Noise Ratio (CNR),
FOV, matrix size, slice thickness, bandwidth play significant
roles in influencing image quality in MRI (14, 44, 46, 47).

Signal-to-noise ratio (SNR)

The primary objective of RF receiver coils is to maximize
the SNR, which is influenced by the coil’s loop size and elec-
trical properties (44). SNR compares the level of the target
signal to the level of background noise in an MRl image (14).
An increase in SNR can lead to higher spatial resolution or
faster scanning speeds, resulting in clearer, more detailed
images and improved diagnostic accuracy (5, 44, 46).

Contrast-to-noise ratio (CNR)

CNR measures the difference in signal strength between
two adjacent tissues compared to the background noise
level. High CNR is vital for distinguishing between different
tissues or structures in an image and is particularly useful for
detecting lesions with low contrast. Improved image quality
is associated with higher SNR and CNR values (47).

Field of view (FOV)

FOV refers to the extent of the area being imaged, typi-
cally measured in millimeters (14). Increasing the FOV may
reduce spatial resolution, as the MRI scanner distributes the
available imaging resources over a larger area, resulting in
less detailed images (46).

Slice thickness

Slice thickness refers to the thickness of the anatomical
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slices captured during imaging, measured in millimeters.
Thinner slices provide better spatial resolution and reduce
partial volume effects, but may increase scan time and noise
(44, 46,47).

Bandwidth

Bandwidth in MRI refers to the range of frequencies used
to encode the signal. Higher bandwidth can reduce image
distortion and chemical shift artifacts but may decrease SNR,
while lower bandwidth improves SNR but can increase arti-
facts and distortions (46) (Table 2).

Dental materials and MRI

As stated in the 2020 guideline of the American College
of Radiology, whether an implant or a foreign body, a fer-
romagnetic material can cause image distortion and signal
loss artifacts (48). Materials employed in dental applications
for restorative, endodontic, prosthodontic and orthodontic
treatments may contribute to the occurrence of imaging ar-
tifacts (14, 49, 50). The severity and extent of artifacts were
influenced by factors such as material location, size, and
thickness, with orthodontic appliances covering a large area
of the oral cavity being of particular concern.

Restorative and endodontic materials

In restorative dentistry, certain materials like glass-ion-
omer cements and composite resins exhibit minimal dis-
tortion on MR imaging. Amalgam contains various metals
including non-ferromagnetic silver, which does not signifi-
cantly affect MR image quality (14). In addition, resin-based
sealer and gutta-percha seem not to produce detectable
distortions on MRI as well (14, 46).

Prosthetic materials

In prosthetic dentistry, gold crowns exhibit minimal ferro-
magnetic effects. Ceramic and zirconia crowns typically do
not produce artifacts (50-52), although Reda et al. (14) stated
that there are conflicting statements regarding the effect of

Table 2. Imaging parameters in MRI

zirconia, with some comparing it to metal effects. Metal-ce-
ramic restorations, often made with nickel alloys, tend to
generate artifacts (14). (Figure 2).

Dental implants

Dental implants contributed to localized artifacts in the
oral cavity, affecting the assessment of adjacent structures,
and susceptibility artifacts were observed in brain imaging
as well. Current conventional techniques, like employing
lower field strength or utilizing a SE sequence, are available
to mitigate artifacts. Research indicates that 3 Tesla MRI
tends to produce larger artifacts compared to 1.5 Tesla MR,
and using a SE sequence has been shown to decrease arti-
facts when contrasted with a GRE sequence (14, 49).

Orthodontic materials

While artifacts from titanium and ceramic materials were
mostly confined to the oral cavity, stainless steel alloy caused
more widespread distortion of the magnetic field due to its
ferromagnetic properties. Removal of orthodontic applianc-
es before MRI may be necessary to mitigate artifact severity.
The decision to remove the orthodontic wire prior to MRI
acquisition should be considered based on the chosen se-
quence, irrespective of whether the brackets are retained.

A S B
Figure 2. Computed tomography (a) and MRI (b) axial sections
showing significant signal loss in the anterior region due to the
removable prosthetics in the maxilla.

Parameter Definition

Effect on Image Quality

Impact

Signal-to-Noise Ratio A measure of the strength of the

(SNR) signal compared to noise details

Higher SNR improves image Increased SNR results in higher image quality,
quality, providing clearer

essential for better visualization of structures
and pathology.

Represents the difference in signal

Contrast-to-Noise . . .
intensity between two regions

Higher CNR enhances the
visibility of differences

Improved CNR aids in better differentiation of

Ratio (CNR) relative to the noise. between tissues. structures.
Larger FOV is suitable for imaging larger
Field of View (FOV)  The size of the imaging area Larger FOV captures a anatomical regions but may reduce spatial

larger anatomical area

resolution for smaller structures.

Thinner slices provide
better detail but may
extend scan time

Slice Thickness The thickness of each imaging slice

Thinner slices improve spatial resolution and
are preferred for detailed imaging, although this
may increase the overall scan time.

The range of frequencies acquired

Bandwidth L .
during signal collection

Narrower bandwidth can
improve image quality

Narrower bandwidth refines frequency
resolution, potentially reducing chemical shift
artifacts and improving overall image quality.
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Retainers crafted from gold or titanium generate insignifi-
cant artifacts, preserving diagnostic quality in dental and
head/neck MRI. Conversely, ferromagnetic steel retainers
induce notable artifacts, persistently compromising image
quality, particularly with proximity to orthodontic retainers
like rectangular steel and twistflex-steel, which can also im-
pact remote anatomical structures (14, 49, 50).

MRI of dentomaxillofacial structures

MRI in detecting the normal anatomy of dentomaxillofa-
cial structures is crucial for the accurate detection of pathol-
ogies. Advancements in MRI technology have also enhanced
its importance in evaluating bone structures for a compre-
hensive dentomaxillofacial assessments (46, 54-57).

Dental anatomy

The appearance of enamel and dentin in MRI is typically
dark due to the absence of unbound protons. Surrounding
structures are clearly visible, with cortical bone delineated
as a black zone outlined by a moderate signal from external
soft tissues (46) (Figure 3).

Yy

Impacted 3rd molar

i

Figure 3. T2W SE MRl sagittal section showing dental structures.
Mote that peripheral area of the impacted 3rd molar is
hyperintense compared to the normal bone and the impacted
tooth is in close relation with inferior alveolar nerve.

It is recognized that a minimum of 30% mineral loss is nec-
essary to identify a bony lesion through radiation-based imag-
ing technique (53). In contrast, MRI can detect signal changes
before significant mineral loss occurs, as it is sensitive to alter-
ations in the number of water molecules within a lesion (54,
55). Bracher et al. (54) found that UTE-MRI may offer advan-
tages in certain aspects of caries detection by visualizing hard
tissues with limited water content. It was stated that UTE MR
imaging can be applied for the identification of caries lesions
wtih the ability to differentiate between dentine, enamel, and
cementum. Despite the high sensitivity provided by this tech-
nique, the increased acquisition time (approximately 45 min-
utes) and the higher costs still represent a concrete obstacle
for widespread clinical application of UTE-MRI (3, 55).

In the in vivo study of Assaf et al. (56), with 3 Tesla MR scan-
ner, four sequences were tested: non-contrast-enhanced

T1w, non-contrast-enhanced fat-saturated T1w, fat-satu-
rated T2w, and constructive interference steady state. The
findings revealed that the pulp chamber, periodontal space,
and periapical lesions were observable without the need
for contrast media. However, as anticipated, the differenti-
ation between the enamel-dentin junction and the cemen-
tum-dentin junction of the teeth was limited. Dental MRI’s
characteristics enable the distinction between vital and
nonvital teeth. When contrast media is employed, the vital
pulp exhibits increased brightness, while older teeth display
lower signal intensity due to reduced perfusion of the pulp.
In contrast, nonvital or endodontically treated teeth do not
exhibit any brightness (46, 56, 57).

Floor of the mouth

The mylohyoid muscle divides the sublingual space from
the submandibular space, serving as a crucial landmark in
imaging the oral cavity and upper neck. Surgical strategies
are determined by a lesion’s proximity to the mylohyoid
muscle. Additionally, sublingual lesions often extend into
the submandibular space at the muscle’s posterior edge.
Consequently, pre-surgical MRI of the floor of the mouth is
important for assessing the submental area (58, 59).

Figure 4. Coronal SE T2W images of submental muscle group.
Note the geniohyoid muscle, mylohyoid muscle and anterior
bellies of digastric muscle.

Neurovascular structures of dentomaxillofacial
region

Inferior alveolar nerve and lingual Nerve

Inferior alveolar nerve and lingual nerve are branches of
trigeminal nerve’s mandibular division. The visualization of
the inferior alveolar nerve and lingual nerve with various
MRI sequences and field strengths were stated in the liter-
ature previosly (10, 60-62). Borges and Casselman (63) stat-
ed that best sequences for neurovascular imaging are the
non-contrast-enhanced fat-saturated TTW and T2W images.
In TTW images, the outer cortical plate exhibits a dark ap-
pearance, diverging from the typical radiopacity observed
in radiographs attributable to increased bone density. This
manifestation in MRI results from the significant low sig-
nal, attributed to the absence of water or lipid protons.
Conversely, the more organic cancellous bone presents a
distinctly bright appearance in TTW images. Therefore, as
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Malaro and Kolokythas (64) stated, the course of the inferior
alveolar nerve and the mandibular trigeminal division can
be followed with high-resolution TTW sequences (64).

Nasopalatine nerve

The nasopalatine nerve is a branch of the maxillary divi-
sion of the trigeminal nerve which innervates the mucosa of
the anterior hard palate, the lingual gingiva adjacent to the
maxillary central and lateral incisors, and the lower part of the
nasal septum. A study of Grandoch et al. (65), highlights the
potential of employing a dedicated dental coil, revealing that
MR imaging provides superior detail in both axial and coro-
nal planes compared to CBCT for imaging the nasopalatine
and inferior alveolar nerves. Nevertheless, Miller et al. (66)
stated that SE sequences also offer precise diagnostic capabil-
ities and imaging quality concerning the components of the
trigeminal nerve. Imaging of the inferior alveolar canal and
nasopalatine canal with conventional methods typically visu-
alize the surrounding bone cortex rather than the contained
nerve or vascular structures. Conversely, MRI enables the vi-
sualization of not only the bone cortex but also the neurovas-
cular structures within it. Consequently, MRI holds potential
for evaluation in cases where monitoring the relationship
between lesions or teeth and neurovascular structures in the
dentomaxillofacial region is necessary.
Exploring temporomandibular (TMJ)
through MRI

joint

MRI offers superior visualization of the TMJ and masti-
catory muscles, with high spatial and contrast resolution
without the use of ionizing radiation and enables detailed
assessment of the TMJ anatomy, including the disc, articular
surfaces, ligaments, and surrounding muscles. Additional-
ly, MRI allows for the detection of pathologies such as disc
displacement, degenerative joint disease, and inflammatory
conditions (67) (Figure 5).

For the detection of disc displacement, MRI provides de-
tailed images of the disc, comprised mainly of collagen,
allowing differentiation from synovial fluid and vessel-rich
retrodiscal tissue on proton density (PD) and T2W imaging.
While MRI allows examination of bone marrow integrity and
osseous component morphology, it is also useful for detect-
ing joint effusion and evaluating soft tissue neoplasia or
neoplastic-like lesions. Commonly used protocols involve

Figure 5. Axial T2W SE images showing masticatory muscles in
axial plane. *: Mandibular foramen.

T1W (or PD) and T2W imaging in closed and open mouth po-
sitions, with cross-sectional views including axially corrected
sagittal oblique and coronal oblique sections along the long
axes of the condyles. The closed mouth position helps as-
sess disc position and soft tissue conditions, especially for
detecting disc displacement, while the open mouth position
aids in determining if a displaced disc was recaptured by the
condyle upon opening (59-61) (Figure 6).

Figure 6. A and B: T2-weighted images in open (A) and closed
(B) mouth positions, depicting normal disc position and lateral
pterygoid muscle (LPM) C: Proton Density Turbo Spin Echo (PD TSE)
image showing lateral disc displacement. D and E: T2-weighted
images in open (D) and closed (E) mouth positions displaying
anterior disc displacement. F: T2-weighted Spin Echo (SE) with
Short Tau Inversion Recovery (STIR) sequence demonstrating the
normal position of the disk in the coronal plane.

Traditional MRl methods typically provide only static mor-
phological and qualitative assessments of TMJ disorders,
lacking the ability to capture the dynamic movement of the
TMJ disc and mandibular condyle. In addition, while CBCT can
depict osseous pathologies of the TMJ, such as arthropathies
and osteoarthritis, MRl is still insufficient regarding bone pa-
thologies of TMJ. A review of Xiong et al. (67) examines recent
advancements in dynamic and quantitative MRI techniques,
including DWI, T2 mapping, and UTE MRI, which show prom-
ise in TMJ imaging. Future directions in TMJ imaging involve
the use of 7 Tesla MRI scanners with specialized sequences
and improved SNR. While quantitative analysis of biochemical
structures and MRI parameters has room for improvement, it
remains achievable, particularly with ADC values (67, 68). In
a retrospective MRI study by Jin Jeon et al. (68), 3 Tesla MR
images of patients with TMJ disorders were analyzed using a
specific sequence known as ‘chemical shift-encoded magnet-
ic resonance imaging’, aiming to evaluate muscle parameters.
Quantification of MR images through fat fraction analysis sug-
gested its potential as a biomarker for TMJ disorders.

Conclusion

In conclusion, the integration of MRI into dentomaxillofa-
cial imaging represents a significant advancement, offering
a non-invasive imaging method with high-resolution imag-
ing capabilities. MRI provides valuable insights that contrib-
ute to more accurate diagnoses.
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Tiirkce 6z: Dentomaksillofasiyal Tanida MRG'nin Gelisen Roliiniin
Degerlendirilmesi. Manyetik Rezonans Gértintiileme (MRG), yumusak
doku lezyonlari igin lstiin kontrast ¢dziiniirliigli sunan ve iyonize
radyasyon kullanmayan, dentomaksillofasiyal radyolojide geleneksel
gdriintiileme tekniklerine dnemli bir tani araci altenatifi olarak ortaya
ctkmustir. Bu inceleme, MRG'nin dis hekimliginde genisleyen uygulama-
larini inceleyerek, rutin tanisal protokollere entegrasyonunu ve oral ve
maksillofasiyal yapilarin degerlendirilmesindeki dnemini vurgulamak-
tadir. Spin Echo (SE), Gradient Echo (GRE) ve Short-Tau Inversion Recov-
ery (STIR) gibi ¢esitli sekanslarin her birinin belirli tani ihtiyaglarina gére
ozellestirildigi MRG fizigini ayrintili olarak ele almaktadir. Dinamik Kon-
trastl MRG ve Difiizyon Agirlikli Gériintiileme (DWI) gibi ileri tekniklerin
doku perfiizyonunu degerlendirme ve iyi huylu ile kéti huylu lezyon-
lari ayirt etmedeki rolleri tartisiimaktadir. Ozellikle restoratif ve protez
malzemelerinden kaynaklanan artefaktlarin zorluklar olusturabilecegi
dis hekimligi uygulamalarinda gériintii kalitesini artirmak icin uygun
bobin se¢imi ve parametre optimizasyonunun gerekliligi vurgulanmak-
tadir. Ayrica, MRG'nin dis sert dokularini, temporomandibular eklemi ve
ndrovaskiiler yapilari gdrsellestirmedeki kullanimini ele alarak, tanisal
yeteneklerinin kapsamli bir 6zetini sunulmaktadir. MRG'nin kiiresel
saglik sistemlerine entegrasyonu ve kisisel elektronik saglik kayitlarinin
tekrarlayan gériintiilemeyi azaltmadaki rolii de incelenmistir. Sonug
olarak, MRG'nin dentomaksillofasiyal tani siirecinde dikkate deger
derecede olumlu etkisi oldugu, klinik uygulamalarda daha genis ¢apta
kullanilmasinin dogru teshis ve etkili tedavi planlamasinina sanilandan
daha fazla katkisi olabilecegi éne siiriilmektedir. Anahtar kelimeler:
dental gériintiileme, manyetik rezonans gériintiileme, radyoloji, dento-
maxillofasiyal tani
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