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EDITORDEN

Degerli Okurlarimiz,

Bilimsel bilgi birikimine katkida bulunma sorumluluguyla siirdiirdiigiimiiz yayin hayatimiza, yeni
sayimizla birlikte bir adim daha eklemekten biiylik mutluluk duyuyoruz. Editor ekibimizin yogun ve titiz
caligmalar1 neticesinde hazirlanan bu sayimizda, siz degerli okuyucularimiza giincel, 6zgiin ve nitelikli
bilimsel icerikler sunmay1 hedefledik.

Bu sayimizda, Agiz Dis ve Cene Cerrahisi, Endodonti ve Ortodonti alanlarinda yiiriitiilmiis dort 6zglin
aragtirma makalesinin yani sira, bir adedi Pedodonti, bir adedi Agiz Dis ve Cene Cerrahisi alaninda iki
derleme makalesi yer almaktadir. Ayrica, klinik pratige 151k tutacak nitelikte, Restoratif Dis Tedavisi ve
Endodonti alaninda iki olgu sunumu da dikkatle segilerek sizlerin begenisine sunulmustur. Her bir ¢alisma,
ilgili alanlarda ¢alisan arastirmaci ve klinisyenlere degerli bilgiler saglamay1 amaclamaktadir.

Dergimizin, Scilit, ROAD Index, Crossref gibi uluslararasi saygin indekslerdeki yerini koruyor olmasi,
bilimsel niteligimizin ve yayin kalitemizin bir gostergesi olmanin yani sira, bizlere gelecege yonelik daha
biiyiik hedefler i¢in ilham vermektedir. Yilda {i¢ say1 olarak diizenli bir sekilde yayinlanan dergimizin bu
basarisinda, 6zverili ¢aligmalariyla siirece katki saglayan editorlerimize, hakemlerimize ve yazarlarimiza
tesekklirii bir borg biliriz. Ayrica, bilimsel tiretimi destekleyen anlayislariyla her zaman yanimizda olan
Dekanligimiza, Rektorliigiimiize ve Miitevelli Heyetimize igten tesekkiirlerimizi sunariz.

Dergimizin her yeni sayisinda, bilim diinyasina katkida bulunacak 6zgiin ve giincel igerikler sunmaya
devam edecegimizi taahhiit ederken, tiim meslektaslarimiza saglikli, verimli ve basarili ¢aligmalar dileriz.
Gelecek sayimizda daha da zenginlestirilmis bir igerikle yeniden bulugmak dilegiyle, Dergimizin Editorler
Kurulu adina sayg1 ve sevgilerimizi sunariz.

Prof. Dr. Seyda HERGUNER SiSO
Aydin Dental Journal Editorii
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Effectiveness of Ascorbic Acid in Eliminating
Orange-Brown Precipitate from Root Canals
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Kok Kanallarindan Turuncu-Kahverengi Cokeltiyi
Uzaklastirmada Askorbik Asitin Etkinligi

Beyza Tunc!, irem Ozcelik!, Ceren Ozcan Diker?, Kiirsat Er**

ABSTRACT

Objectives: To determine the effect of ascorbic acid
(AA) on the removal of orange-brown precipitate (para-
chloroaniline) (PCA) formed by the interaction of sodium
hypochlorite (NaOCI) and chlorhexidine (CHX) during
root canal treatment.

Materials and Method: PCA was obtained by mixing
1.25 mL of 2.5% NaOCI and 1.25 mL of 2% CHX in
glass tubes. Different concentrations of AA ranging from
5-30% were prepared and the effect of these solutions on
PCA solubility was determined by gravimetric method.
In addition, a deep eutectic solvent system (DES) was
obtained by mixing certain mole ratios of AA, glycerin
and deionized water at 70 °C for 1 h and cooling to room
temperature at the end of the time. The performance of
DES on the solubility of PCA was evaluated using the
same method.

Results: In control group prepared with a certain volume
of physiological saline applied to PCA at constant
volume at 25 °C, it was determined that PCA dissolved
approximately 27%. When a certain volume of AA was
applied to the PCA the same way, it was determined that
this rate increased to approximately 55% with the increase
in the concentration of AA. In addition, a solubility of over
80% was achieved in PCA to which a certain volume of
DES was applied.

Conclusion: High concentrations of AA can be used as
an irrigating solvent for the removal of PCA and it was
also found that DES system has the potential to be a more
effective solvent for PCA solubilization compared to AA.

Keywords: Ascorbic acid, Precipitate, Chlorhexidine, Root
canal irrigation, Para-chloroaniline, Sodium hypochlorite

OZET

Amag: Bu ¢alismanin amaci, kok kanal tedavisi sirasinda
sodyum hipoklorit ve klorheksidin soliisyonlarinin
etkilesimi sonucu olusan turuncu-kahverengi para
kloroanilin ¢dkeltisinin (PKA) uzaklastirilmasinda
askorbik asitin (para-kloroailin) (AA) etkisini
belirlemektir.

Gere¢ ve Yontem: PKA, laboratuvar kosullarinda cam
tiiplerde 1.25 mL %2.5'lik sodyum hipoklorit ve 1.25 mL
%?2'lik klorheksidin ¢ozeltileri karistirilarak elde edildi.
%35-30 arasinda degisen farkli konsantrasyonlarda AA
¢ozeltileri hazirland1 ve bu ¢ozeltilerin kok kanalindaki
PKA ¢oziliniirligi tizerindeki etkisi gravimetrik
yontemle belirlendi. Ayrica, belirli mol oranlarinda AA,
gliserin ve deiyonize suyun (AA: Gli: H,O) 70 °C'de 1
saat karistirilmasi ve siirenin sonunda oda sicakligina
sogutulmastyla derin 6tektik bir ¢dziicii sistemi (DOC) elde
edildi. DES'in PCA ¢6ziiniirligii tizerindeki performansi
ayn1 yontem kullanilarak degerlendirildi.

Bulgular: 25 °C'de sabit hacimde sodyum hipoklorit ve
klorheksidin ile hazirlanan PKA'ya belirli hacimde serum
fizyolojik uygulanarak hazirlanan kontrol grubunda,
PKA'nn yaklasik %27 oraninda ¢oziindiigii belirlendi.
Ayni sekilde hazirlanan PKA'ya belirli hacimde AA
uygulandiginda, AA konsantrasyonundaki artisla bu
oranin yaklasik %55'e ¢iktig1 belirlendi. Ayrica, belirli
hacimde DOC uygulanan PKA'da %80'in iizerinde bir
¢Oziiniirliik elde edildi.

Sonug¢: Kanaligerisinde olusan PK A’nin uzaklastirilmasinda
irrigasyon ¢oziiclisii olarak yiiksek konsantrasyonlu AA
soliisyonunu kullanilabilir. Ayrica, DOC sisteminin AA’ya
kiyasla PKA’nin ¢éziindiiriilmesinde daha etkili bir ¢oziicii
olma potansiyeline sahip oldugu bulunmustur.

Anahtar Kelimeler: Askorbik asit, Cozelti, Klorheksidin,
Kék kanal irrigasyonu, Para-kloroanilin, Sodyum
hipoklorit

! Research Assistant, Department of Endodontics, Faculty of Dentistry, Akdeniz University, Antalya, Tiirkiye.

2 Research Assistant, Department of Chemistry, Faculty of Science , Akdeniz University, Antalya, Tiirkiye.

3 Professor, Department of Endodontics, Faculty of Dentistry, Akdeniz University, Antalya, Tiirkiye.

*Corresponding Author: Kiirsat Er e-mail: qursater@hotmail.com ORCID: (0000-0002-0667-4909) Department of Endodontics, Faculty of

Dentistry, Akdeniz University, istanbul, Tiirkiye.
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Effect of Ascorbic Acid on the Precipitate

Introduction

The goal of root canal treatment (RCT) is to
eliminate bacteria from infected root canals and
prevent reinfection. Biomechanical cleaning and
shaping of the root canal significantly reduces
bacterial counts; however, due to the anatomical
complexity of the root canal system, organic
and inorganic debris and bacteria cannot be
completely removed, and bacteria often persist in
root canal systems. Therefore, various irrigants
are used to help remove residual debris, necrotic
tissue, microorganisms, and the smear layer.
Sodium hypochlorite (NaOCIl), chlorhexidine
(CHX), citric acid, and phosphoric acid are some
of these irrigants.!”

NaOCl is the most frequently used irrigant in
endodontics. Its concentration can range from
0.5%to 8.5%, with 2.5% being the most common.*
It has both tissue-dissolving and antibacterial
capabilities. While higher concentrations of
NaOCl enhance its antimicrobial efficacy, they
may also lead to irritation of periapical tissues.’
CHX is a positively charged, antimicrobial
irrigant. In higher concentrations, it demonstrates
bactericidal effects, while at lower doses, it
exhibits bacteriostatic effects.® Despite having
similar antimicrobial properties to NaOCl with
lower toxicity, CHX lacks tissue-dissolving
properties.’”

The combination of NaOCl and CHX has been
proposed as an irrigation protocol to enhance
antimicrobial properties during RCT. However,
a problem with this combination is that CHX
irrigation in the presence of NaOCI in the canal
produces a dense orange-brown precipitate.>
Clinically, this precipitate is difficult to remove
from the canal walls and can cause esthetic
tooth discoloration. Another concern is that this
precipitate can form a chemical smear layer,
obstruct dentinal tubules, and compromise the
seal of root canal fillings, particularly those using
resin-based sealer.” Furthermore, its cytotoxic
and carcinogenic potential on human tissues
is a major concern. To prevent or remove this
precipitate, researchers have tested a range of
intermediate irrigants and final rinses (including
chelators (EDTA, citric acid), organic acids
and phytic acid, alcohol (ethanol or isopropyl
alcohol), saline/water rinses, and newer

2

agents) with variable efficacy: chelators and
alcohols generally perform better at dissolving
or displacing the deposit than water alone.”!
Several in vitro studies'"'? specifically report that
brief intermediate irrigation with EDTA or citric
acid, or a short flush with high-concentration
alcohol, significantly reduces residual precipitate
compared with no intermediate rinse. In
addition, activation techniques such as passive
ultrasonic irrigation or sonic/EDDY activation
enhance the mechanical disruption and removal
of the precipitate versus syringe irrigation
alone, improving penetration of the irrigant into
irregularities and increasing the cleanliness of
canal walls.!>!* Taken together, these studies
linking these strategies to improved long-term
outcomes remain limited. Therefore, the search
for new solutions and techniques continues.
The aim of this study was to determine the
effect of ascorbic acid (AA) (C Vitamin) and
AA-containing deep eutectic systems (DES)
in removing orange-brown precipitate (para-
chloroaniline) (PCA) formed by the interaction
of NaOCl and CHX during RCT.

Materials and Methods

Chemical agents

AA, used to prepare the irrigant, was supplied
from BDH (British Drug Houses, London, UK),
and the glycerol required for the preparation of the
deep eutectic solvent system was supplied from
Riedel-de Haen (Seelze, Germany). The 2.5%
NaOCl required to produce parachloroaniline
(PCA) was supplied from Cerkamed Medical
(Chloraxid, Stalowa Wola, Poland). The 2%
CHX was supplied from Jefix Dental (Istanbul,
Tiirkiye). The physiological saline solution used
in the control group was supplied by Turkfleks
(Ankara, Tiirkiye). Deionized water was used
throughout the study.

Preparation of solutions

In this study, specific amounts of AA solid
were weighed separately. These amounts were
dissolved in deionized water to prepare 25 mL
AA solutions of 5%, 10%, 15%, 20%, 25%, and
30% by weight/volume. To investigate the effects
of these solutions on the solubility of PCA, 2.5
mL of NaOCl and 2.5 mL of CHX were added
to 6 separate test tubes, and PCA formation was
achieved. Then, 5 mL of AA solution at a specific
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concentration was added to each test tube. The
tubes containing AA were vortexed for 10 sec
to ensure thorough dispersion. Photographs of
the test tubes were then taken. The same process
was repeated with 5 mL of AA solutions at
specific concentrations added to each test tube to
determine whether the AA volume affected PCA
solubility. The control group of this study was
prepared by adding physiological serum instead
of AA solution to PCA prepared with 2.5 mL of
NaOCl and 2.5 mL of CHX in a separate test
tube.

Test process

The study also investigated the effects of AA-
based deep eutectic solvents (DES) on the
solubility of PCA. For this purpose, AA, glycerol
(Gly), and H,O were added to separate capped
glass vials at molar ratios of 1:4:10 (DES-1) and
1:10:10 (DES-2). The DES-1 system was stirred
at 70 °C on a magnetic stirrer for 1 h, and the
DES-2 system was stirred at 60 °C on a magnetic
stirrer for 2 h. After allowing the mixture to
cool to room temperature, both DESs were
determined to have a homogeneous, transparent,
and fluid structure.'>!” To determine whether the
prepared DESs could be used to dissolve PCA,
2.5 mL of DES-1 and DES-2 were added to PCA
prepared with 1.25 mL of NaOCI and 1.25 mL
of CHX in separate test tubes, and photographs
were taken of the test tubes.

The amounts of PCA precipitated by mixing
NaOCland CHX and dissolved by adding various
solutions were determined gravimetrically. For
this purpose, eight 50 mL capped centrifuge
tubes were weighed empty. 1.25 mL of NaOCl
and 1.25 mL of CHX were added to each tube.
Centrifugation was performed for 10 min at
a rotation speed of 7500 rpm to precipitate
the resulting PCA. After centrifugation, the
liquid remaining on the precipitated PCA was
removed by decantation, and the centrifuge
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tubes containing PCA were reweighed. The total
amount of precipitated PCA was calculated from
the difference between these weighing results
and the weights of the empty tubes. Then, 5%,
10%, 15%, 20%, 25%, and 30% AA solutions
were added to 6 tubes separately, DES-1 was
added to one tube, and 2.5 mL of physiological
serum was added to the control tube. The tubes
were vortexed and ultrasonicated sequentially
to completely disperse the precipitated PCA in
the liquid portion. They were then centrifuged
again at a rotation speed of 7500 rpm for 10 min.
To determine the amount of PCA precipitated
by centrifugation, the liquid in the tubes was
removed by decantation and reweighed. The
amount of PCA remaining undissolved in
the centrifuge tube was determined from the
difference between the final weighing values and
the weights of the empty tubes. Thus, precipitated
PCA, insoluble PCA, and % solubility values
were calculated.

Results

Photographs showing the effect of AA
concentration and applied AA volume on the
solubility of PCA and including the control
group are given in Figure 1, and photographic
images of test tubes to which a total of 10 mL
of AA solution at certain concentrations and
physiological serum were added are given in
Figure 2. An examination of Figures 1 and 2
reveals that PCA dissolves better with increasing
the concentration of the AA solution added to the
PCA formed with NaOCl and CHX. It appears
that increasing the volume of AA applied does
not significantly change the solubility of PCA,
but diluting the medium facilitates visual
monitoring of the remaining undissolved PCA.
Figure 2 compared to the control group using
physiological saline, clearly demonstrates that
AA can be used as a highly effective irrigating
solution for PCA, regardless of the applied
concentration.
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Figure 1. Photographs showing the effect of AA concentration and applied AA volume on the resolution of
PCA and including the control group.
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Figure 2. Photographs of test tubes to which 5 mL of AA (a) and 10 mL of AA (b) were added at specific

concentrations.

The effects of deep eutectic solvents prepared
using different ratios of AA, Gly, and H,O
on the dissolution of PCA were investigated.
Photographs showing the effects of DES-1 and
DES-2 on the solubility of PCA are given in
Figure 3. The photographs in Figure 3 show that
both DES-1 and DES-2 significantly dissolve

PCA. 1t is particularly clear that DES-1 is the
best dissolving PCA system among the DES
systems, both compared to the AA solutions at
different concentrations shown in Figure 2, and
that it can be used as a highly effective irrigation
solution for removing PCA formed in the canal.

Table 1. Precipitated PCA, insoluble PCA and % solubility values.

Solution  Precipitate PCA (g) Insoluble PCA (g) Solubility (%)
%5 AA 0.2247 0.1485 33.912
%10 AA 0.1919 0.1252 34.758
%15 AA 0.2746 0.1748 36.344
%20 AA 0.2081 0.1226 41.086
%25 AA 0.2150 0.1225 43.023
%30 AA 0.1939 0.0836 56.885
DES-1 0.1816 0.0339 81.333
Control 0.1828 0.1323 27.626

The amounts of dissolved PCA in the solvent
systems applied to the precipitated PCA were
determined gravimetrically. The calculated
values for precipitated PCA, insoluble PCA,
and % solubility are given in Table 1. When
the values in Table 1 are examined, it is seen
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applying physiological saline solution increases
from 33.912% to 56.885% with increasing
concentrations of AA solution applied instead
of physiological saline from 5% to 30%, and
these numerical data confirm the results obtained
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in Figures 1 and 2. From the data presented in
Table 1 it is clearly seen that a high solubility of
81.333% was achieved with the deep eutectic
solvent system prepared with AA:Gly:H,O at a
1:4:10 molar ratio, coded as DES-1. However,
during the studies, it was determined that the
homogeneous DES-1 lost its stability after

remaining at room conditions for more than 6
h. This suggests that if the reaction conditions
for DES-1 prepared with AA:Gly:H,O are
optimized, it has the potential to be used as an
irrigation solution providing high dissolution for
PCA.

1.25 mL NaOCl and

1.25 mL CHX 2.5 mL DES

After Vortex

DES-1

DES-2

Figure 3. Photos showing the effect of DES-1 and DES-2 on the resolution of PCA.

Discussion

The interaction between NaOCl and CHX in
the root canals is a well-documented clinical
challenge in endodontics.” While both are highly
effective irrigants, their combination results in the
formation of an orange-brown PCA, which can
obstruct dentinal tubules, compromise the seal of
root canal fillings, and potentially pose cytotoxic
risks.”!®2* The search for an effective and safe
solvent to remove this precipitate is ongoing, as
existing intermediate rinses like EDTA, QMix,
citric acid, and alcohol show variable efficacy
and additionally several activation techniques
(e.g. EndoActivator, PIPS).?*3! This study
investigated the potential of AA and a DES as
novel agents for PCA solubilization.

6

AA s a water-soluble antioxidant and an essential
cofactor for collagen biosynthesis, catecholamine
production and iron absorption; humans cannot
synthesize it endogenously and must obtain it
from the diet.’? In the oral and dental context,
AA’s roles are twofold: systemically it supports
connective-tissue formation and modulates
inflammatory responses that are central to
periodontal disease and wound healing, and
locally it has been investigated as an adjunct
to promote healing after tooth extraction and
implant surgery.’** Clinical and experimental
studies suggest that perioperative or short-term
oral supplementation with AA can improve
extraction-socket healing and may accelerate
soft-tissue repair in implant sites, likely through

Aydin Dent J. - Volume 12 Issue 1 - April 2026 (1-11)



enhanced collagen deposition and antioxidant
effects.?% At the same time, formulations of AA
(especially acidic tablets or powders) may pose
an erosion risk to enamel if used improperly, so
its dental application requires attention to dosage
form and timing relative to oral hygiene.*
Recent narrative and systematic reviews propose
that AA is a promising adjunct in periodontal
therapy and oral wound management, but they
emphasize that high-quality, larger randomized
clinical trials are still needed to define optimal
dosing, delivery methods, and long-term
outcomes in dental practice.’* Recent researchs
have highlighted the multifaceted role of AA in
endodontic and restorative dentistry. Diederich
et al.’” demonstrated that AA functions as a
growth and differentiation factor for dental
stem cells, thereby supporting its potential
application in regenerative endodontic therapies.
Complementing these biological findings,
Grazioli et al.’® reported that antioxidant
solutions, including AA, can counteract the
adverse effects of NaOCl on dentin, significantly
improving the bond strength of adhesive
systems. Similarly, Albashaireh et al.** showed
that conditioning solutions such as AA and QMix
enhance the adhesion of glass fiber-reinforced
composite posts to root dentin, underscoring
the clinical relevance of antioxidant-mediated
dentin conditioning.

A DES is a mixture of two or more substances
(often a hydrogen-bond donor and a hydrogen-
bond acceptor) that, when mixed in a precise molar
ratio, produces a liquid with a substantially lower
melting point than the separate components. They
function similarly to ionic liquids, but at a lower
cost and with less environmental impact. They
are commonly utilized in medicines, chemical
synthesis, extraction, nanoparticle production,
and biomaterials. AA-containing DES is a DES
system in which AA is a constituent of the
eutectic mixture. It can behave as a hydrogen-
bond donor, acceptor, or functional additive with
antioxidant activity. These are beneficial because
they have significant antioxidant capabilities, are
biodegradable, are considered green solvents,
and may stabilize reactive molecules (for
example, metal ions and nanoparticles).*’ In this
study, we investigated the effects of AA-based
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DES on the solubility of PCA. For this purpose,
AA, glycerol (Gly), and H,O were added to
separate capped glass vials at molar ratios of
1:4:10 (DES-1) and 1:10:10 (DES-2).

The results demonstrate a clear concentration-
dependent effect of AA on PCA solubility. While
the control group, using physiological saline,
achieved a solubility of approximately 27.6%,
the application of AA solutions significantly
increased this rate. Specifically, the solubility
increased from 33.9% to 5% AA to a maximum
0f'56.9% at 30% AA concentration. This finding
is visually supported by photographic evidence,
which shows a marked reduction in the PCA
as the AA concentration increases (Fig. 1 and
2). The observation that increasing the volume
of AA did not significantly alter the solubility
suggests that the chemical concentration, rather
than the total volume, is the primary factor
driving the dissolution process. This is critical
finding for clinical application, as it suggests that
a higher concentration of AA, even in a standard
irrigation volume, would be more effective.

The use of DES represents a novel approach
in this context. DES are often considered
green solvents with tunable properties.!>!”
The AA-based DES system, specifically
DES-1 (AA:Gly:H20 at 1:4:10 molar ratio),
demonstrated superior performance compared to
all tested AA solutions. The gravimetric analysis
showed that DES-1 achieved a high solubility
of 81.3%, which is a substantial improvement
over the 30% AA (56.9%). This high efficacy
is also visually evident, with DES-1 showing
the best dissolution among all tested systems
(Fig. 3). This suggests that the unique solvent
properties of the DES, which may include
enhanced hydrogen bonding or altered polarity
compared to a simple aqueous AA, are highly
effective at breaking down the PCA. However,
a significant limitation was identified regarding
the stability of the DES-1 system, which lost its
homogeneity after approximately 6 h at room
temperature. This instability necessitates further
research into optimizing the preparation and
storage conditions of the DES-1 system to ensure
its clinical viability. Future studies should focus
on modifying the molar ratios or incorporating



Effect of Ascorbic Acid on the Precipitate

stabilizing agents to extend the shelf life of this
highly effective solvent.

In summary, this study confirms that AA
1s an effective solvent for PCA, with its
efficacy increasing with concentration. More
importantly, the DES system based on AA
shows a significantly higher potential for PCA
removal, although its stability requires further
optimization.

Conclusion
Based on the gravimetric and visual analysis, the
following conclusions can be drawn:

1. AA is an effective solvent for the orange-
brown PCA formed by the interaction of
NaOCl and CHX. The efficacy of AA in
dissolving PCA is directly proportional to
its concentration.

2. The DES system prepared with AA, glycerol,
and water (DES-1) is a significantly more
effective solvent for PCA.

3. The DES-1 system has the potential to be a
superior irrigating solvent for PCA removal
compared to aqueous AA, but its stability at
room temperature must be improved before
clinical application.

4. High concentrations of AA (e.g., 30%) can
be considered a viable and biocompatible
irrigating solvent for the removal of PCA
formed in the root canal.
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Nursena Unlii Kuzu", Esengiil Sen?

ABSTRACT

Objectives: This study examined the content
characteristics and cognitive-level demands of Oral and
Maxillofacial Surgery (OMFS) questions in the Turkish
Dental Specialty Examination (DUS; Dis Hekimliginde
Uzmanlik Sinavi), with the goal of informing candidate
preparation and curriculum—assessment alignment in
dental education.

Materials and Methods: A retrospective, cross-sectional,
descriptive item analysis was conducted using publicly
available DUS question booklets from Spring 2012 to
Spring 2025. After excluding officially annulled questions
(n=2), 188 OMFS items were analyzed. Items were coded
by topic, item format (knowledge-based vs case-based),
presence of visual material, and Bloom-based cognitive
level (Level 1-3, based on the highest cognitive process
required). Inter-rater reliability was assessed on a random
subset of 50 questions (Cohen’s k=0.8677).

Results: Lower-order cognitive demand predominated
across periods. Level 2 (Apply/Analyze) questions
increased from 9.4% (2012-2022) to 20.0% (2023-2025)
and were consistently case-based; however, this shift did
not reach statistical significance (OR=2.40, p=0.075, 95%
CI: 0.98-5.90). Visual items were rare in 2012-2022
(5/138; 3.62%) and absent in 2023-2025 (0/50). Topic
coverage showed redistribution over time, indicating
changing examination emphasis.

Conclusion: DUS-OMFS assessment remains heavily
weighted toward remembering/understanding, with
limited representation of higher-order clinical reasoning
and minimal use of clinically relevant visuals. These
findings suggest opportunities to strengthen assessment
validity by expanding well-designed case-based and
visual-supported items, which may better promote clinical
reasoning and visual literacy within dental education.

Keywords: Clinical Competence, Curriculum, Education
Dental Graduate, Educational Measurement, Oral
Surgery.

OZET

Amac¢: Bu galisma, Tirkiye’de Dis Hekimliginde
Uzmanlik Sinavi’'nda (DUS) yer alan Agiz, Dis ve Cene
Cerrahisi (ADCC/OMES) sorularmin igerik 6zelliklerini
ve biligsel diizey gereksinimlerini inceleyerek; aday
hazirligint ve dis hekimligi egitiminde miifredat-6lgme/
degerlendirme uyumunu desteklemeyi amaclamistir.

Gere¢ ve Yontemler: Ilkbahar 2012—ilkbahar 2025
donemine ait, kamuya acik DUS soru kitapgiklari
kullanilarak retrospektif, kesitsel ve tanimlayict madde
analizi yuritilmiistiir. Resmi olarak iptal edilen sorular
(n=2) dislandiktan sonra 188 ADCC maddesi analiz
edilmistir. Sorular; konu basligi, madde formati (bilgi
temelli vs olgu/vaka temelli), gorsel materyal varligi
ve Bloom temelli biligsel diizey (en yiiksek biligsel
stire¢ esas alinarak Diizey 1-3) agisindan kodlanmugtir.
Degerlendiriciler arasit uyum, rastgele segilen 50 soru
tizerinde Cohen’s k=0,8677 olarak saptanmuistir.

Bulgular: Donemler boyunca diigiik diizey bilissel
talep baskin bulunmustur. Diizey 2 (Uygulama/Analiz)
sorularinin oran1 2012-2022"de %9,4 iken 2023-2025te
%20,0’ye yiikselmis ve bu sorular tutarlt bigimde vaka
temelli olmustur; ancak bu artis istatistiksel anlamliliga
ulasmamustir (OR=2,40; p=0,075; %95 GA: 0,98-5,90).
Gorsel igeren sorular 2012-2022 doneminde nadir
gorilmis (5/138; %3,62) ve 2023-2025 doneminde
hi¢ yer almamistir (0/50). Konu kapsami zaman iginde
yeniden dagilim géstermis ve simavin vurgu alanlarinda
degisime isaret etmistir.

Sonu¢: DUS-ADCC degerlendirmesi, agirlikli olarak
hatirlama/anlama diizeyinde kalmakta; daha st diizey
klinik akil yiirtitmeyi sinirli 6l¢iide temsil etmekte ve klinik
acidan anlamli gorselleri asgari diizeyde kullanmaktadir.
Bu bulgular, iyi tasarlanmis vaka temelli ve gorsel
destekli maddelerin artirilmasiyla 6lgme gegerliginin
giiclendirilebilecegini; bunun da dis hekimligi egitiminde
klinik akil yiiriitme ve gorsel okuryazarligi daha iyi
destekleyebilecegini diisiindiirmektedir.

Anahtar Kelimeler: Dis hekimligi lisansiistii egitimi,
Egitimsel 6l¢gme ve degerlendirme, Klinik yeterlilik,
Miifredat, Oral cerrahi,
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DUS OMFS Questions Analysis (2012-2025)

Introduction

Societal expectations of the healthcare
system are changing markedly. The public is
increasingly demanding greater transparency
and accountability, stronger participation in
decision-making processes, and more efficient
use of resources. This transformation is also
shaping the future of specialization in dentistry.!
Undergraduate dental education is a lengthy
process in which intensive theoretical knowledge
is delivered alongside clinical training. However,
in a field where the margin for error is minimal,
undergraduate training may not always provide
sufficient experience to manage all complex or
“special” cases. Therefore, specialty training
represents a critical step for the accurate
planning and effective delivery of diagnosis
and treatment for rare clinical conditions and for
improving patient satisfaction.” The advanced
knowledge and clinical experience gained during

specialization facilitate more accurate treatment
planning under atypical circumstances, and
specialists with advanced training in specific
patient groups are increasingly preferred in
contemporary practice.>*

In Tirkiye, dentists who complete the five-year
undergraduate dental curriculum must pass
the Dental Specialty Examination (DUS) to be
eligible for specialty training in a specific field.
With the amendment to Law No. 1219 published
in the Official Gazette dated 26 April 2011 (No.
27916), commonly referred to as the “Omnibus
Law,” specialty training in dentistry was
structured under eight main disciplines: Oral and
Maxillofacial Surgery; Oral and Maxillofacial
Radiology; Paediatric Dentistry; Endodontics;
Orthodontics; Periodontology; Prosthodontics;
and Restorative Dentistry® (Table 1).

Table 1. Distribution of dentistry specialization entrance exam questions by branch.

Clinical sciences n % Basic sciences n %
Restorative dentistry 10 12.5 Anatomy 6 15
Prosthetic dentistry 10 12.5 Physiology 6 15
Oral and maxillofacial surgery 10 12.5 Histology and embryology 4 10
Oral and maxillofacial radiology 10 12.5 Medical biochemistry 6 15
Periodontology 10 12.5 Medical microbiology 6 15
Endodontics 10 12.5 Pathology 4 10
Pediatric dentistry 10 12.5 Pharmacology 4 10
Orthodontics 10 12.5 Medical biology and genetics 4 10
Total 80 100 Total 40 100

The Dental Specialty Examination (DUS) was
first administered in the spring term of 2012.
Between 2012 and 2014, the exam was generally
held twice a year (in April and September); in
the 2015-2022 period, it reverted to an annual
administration. As of 2023, it has again been
conducted twice yearly, in the first and second
terms (Assessment, Selection and Placement
Center). Within the framework of dental
specialty training regulations, the DUS is a
centrally administered examination grounded
in the principles of merit and competition,
consisting of multiple-choice sections that cover
both clinical and core professional knowledge
domains.’
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The increasing number of candidates taking the
DUS, the test-taking strategies required by its
multiple-choice format, and the limited number
of specialty training positions have made
the examination an increasingly competitive
selection tool. This competitive environment
encourages candidates to concentrate on content
areas that are perceived as “high-yield” and has
promoted study practices grounded in systematic
item analysis. However, beyond identifying
which content domains are emphasized, it is
equally important to understand which cognitive
processes the questions demand from candidates,
because this may shape both learning strategies
and the alignment of educational programmes
with the examination.®
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To strengthen the alignment of written
examinations with intended learning outcomes,
educators often design and evaluate assessment
items using a learning taxonomy. One of the
most widely used frameworks for this purpose
is Bloom’s Taxonomy of Learning.” Bloom’s
taxonomy conceptualizes cognitive processes
across six levels that progress from simple to
complex: remembering (recalling information),
understanding (making meaning of information),
applying (using information in new situations),
analyzing (breaking down relationships and
components), creating/synthesizing (generating
a new product or solution from existing
knowledge), and evaluating (making judgments
based on criteria). This approach is frequently
used as a reference for curriculum planning and
the design of assessment tools, and it is based
on the assumption that learners first develop
competence at lower cognitive levels and
gradually advance toward higher-order thinking

skills.'*2

In recent years, several studies have examined
topic headings and distributions of questions from
different disciplines in the DUS, making it easier
to identify which areas candidates prioritize
during preparation and which domains are
emphasized in educational content."*"'® However,
evaluating exam content solely through topic
distributions may be insufficient to capture the
level of thinking and cognitive demand expected
from candidates. In this study, we aimed to
extend the existing framework by analyzing Oral
and Maxillofacial Surgery questions not only
in terms of year-by-year topic distribution, but
also with respect to cognitive level based on the
revised Bloom’s taxonomy, as well as whether
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items included visual material and how these
characteristics changed over time. By doing so,
we sought to provide a more in-depth evaluation
that may inform both candidate preparation and
curriculum—assessment alignment.

Materials and Methods

This study is a retrospective, cross-sectional,
descriptive item analysis conducted to examine
the content characteristics and cognitive-level
demands of Oral and Maxillofacial Surgery
(OMFS) questions included in the Turkish
Dental Specialty Examination (DUS). Questions
from DUS administrations between Spring 2012
and Spring 2025 were compiled from publicly
released OSYM materials (Assessment, Selection
and Placement Center)!” and commercially
available secondary sources used in DUS
preparation materials. A total of 190 OMFS
questions were identified and included in the
analysis. For temporal comparison, the 2012—
2022 period was treated as the historical baseline
because OMFS questions from this interval
had already been examined in the published
literature, whereas the 2023-2025 period was
included to provide an updated analysis of recent
examinations. In addition, 2023 was considered
a meaningful analytical breakpoint because DUS
resumed twice-yearly administration from that
year onward. Topic and subtopic classification
for OMFS was structured under 25 headings
based on the core reference textbooks officially
listed for the examination.'®?! These headings
were analyzed by year, and the topics were
tabulated to show which content areas were
represented in each examination administration
(Table 2).
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DUS OMFS Questions Analysis (2012-2025)

Table 2. Distribution of oral and maxillofacial surgery questions by years.

2012/1
2012/2
2014/1

Topics

2015

2016

2017

—_

Oral Pathology

Trauma
Anesthesia &
Sedation
Systemic
Diseases
T™MJ 1 1 1 1

Infection 1

= N 12013/1
N 1901372
= 120142

—_
—_— N

—
—
—_
—

Surgical
Techniques
Cleft Lip and
Palate
Orthognathic
Surgery

—_
—_
—_
—_—

Complications 1
Neurologic
Pain
Implants 1 1 1 1
Cyst/Tumor 2 1

Salivary Gland

Disorders

Sinus 1

Preprosthetic 1
Surgery

Head and Neck
Syndromes

Head and Neck
Pathology
Oncology
Impacted

Tooth

Endodontic
Surgery

Biopsy

ASA 1
Reconstructive
Surgery

Pharmacology

Total 10 10 10 10 10 10

Inclusion Criteria: (i) Questions included in the
DUS question booklet for the specified period,
and (ii) questions determined to belong to the
Oral and Maxillofacial Surgery (OMFS) domain.
Exclusion criteria: Officially annulled/cancelled

questions (n = 2).

Variables and Coding

For each question, the following variables were
recorded according to a pre-defined coding

scheme:
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—_ N

9

—_—

10

o o=

9

2018
2019
2020
2021
2022

2023/1

™ 120232

2024/1

2024/2

2025/1
Total

36

w
[\
—_—
w
—
—_—
— W
—_—

—_
[\
—
—_
[o)}

1 1 1 2 32 17

1 1 2

1 1
10 10 10 10 10 10 10 10 10 10 188

1. Exam period and year: The year of the exam
and the administration term (e.g., Spring/
Fall) were recorded.

2. Topic: Questions were classified under a

primary topic heading based on the OMFS
topic list developed for this study. Even if a
question related to more than one area, the
primary topic was determined according
to the main learning outcome the item was
intended to assess.

3. Question format:
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o Knowledge-based: Items primarily assessing
factual knowledge/recall.

o Case-based (vignette-based): Items requiring
clinical decision-making or interpretation
based on a clinical scenario/case vignette.

4. Visual content: The presence of visual
material (e.g., radiographs, clinical
photographs, drawings/schematics) was
recorded as present/absent.

5. Cognitive level (Bloom-based, 3-level
classification): Cognitive demand was
coded into three levels based on the revised
Bloom’s taxonomy:

o Level 1: Remembering + Understanding

o Level 2: Applying + Analyzing

o Level 3: Evaluating + Creating

During coding, the highest cognitive process

required by the item was used as the primary

determinant.

Coding Process and Inter-rater Reliability
Before coding, a coding manual was developed,
including operational definitions of variables
supported by examples. After the full dataset
was coded, inter-rater consistency was assessed
by having two independent raters, blinded to
each other’s classifications, re-code a randomly
selected subset of 50 questions. Inter-rater
agreement was evaluated using Cohen’s kappa
coefficient and was calculated as k = 0.8677.
This value indicates a high level of agreement
between raters and supports the reliability of the
classification approach. Any discrepancies were
resolved through a consensus meeting, and final
codes were agreed upon.

Statistical Analysis

Data were summarized using descriptive
statistics. Categorical variables were reported
as counts (n) and percentages (%). Distributions
of topics, question format (knowledge-based
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vs. case-based), visual content (present/absent),
and cognitive level were presented using tables
and appropriate graphs. Period comparisons
(2012-2022 vs. 2023-2025) were performed
using Fisher’s exact test or the chi-square test
when appropriate. Effect sizes were reported as
odds ratios (ORs) with 95% confidence intervals
(Cls). Statistical significance was set at p <0.05.

Results

A comparative analysis of OMFS questions in
the DUS exam between the periods 20122022
and 2023-2025 reveals significant shifts in
topic emphasis. Oral Pathology, which was the
dominant subject in the earlier period with 29
questions, saw a marked reduction to 7 in the
recent years. Similarly, traditional topics such as
Trauma, Orthognathic Surgery, and Cleft Lip and
Palate experienced noticeable declines or were
completely absent in the latest exams. In contrast,
the presence of topics like Reconstructive
Surgery and Pharmacology, which were not
previously covered, suggests an expansion of
the curriculum toward emerging or clinically
evolving areas. Core topics such as Anesthesia
& Sedation, Infection, and TMJ maintained their
relevance, with modest fluctuations, indicating
their continued clinical importance. Interestingly,
some subfields such as Oncology, Biopsy,
and Endodontic Surgery, which appeared in
earlier exams, were completely excluded in the
2023-2025 period, possibly reflecting a shift in
examination priorities or a reframing of subject
boundaries (Fig.1).

Overall, the data highlight a trend toward greater
diversity and redistribution of question topics,
emphasizing the importance of staying aligned
with current exam patterns and evolving clinical
priorities in oral and maxillofacial surgery
education.
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Figure 1. Distribution of OMFS questions by topic 2012-2022 vs. 2023-2025.

When the questions were classified according
to Bloom’s taxonomy, a predominant focus on
Level 1 (Remember/Understand) items was
observed in both periods. Importantly, Level 2
(Apply/Analyze) items were consistently case-
based, indicating that higher cognitive demand
in OMFS was primarily assessed through clinical
vignette formats.

A proportional shift toward Level 2 questions
became apparent in the more recent period. In
2012-2022, Level 2 questions accounted for

9.4% (13 of 138 questions), whereas Level 1
comprised 90.6% (125 questions). In contrast,
during 2023-2025, the share of Level 2 questions
rose to 20.0% (10 of 50), while Level 1 questions
represented 80.0% (40 questions).

Overall, although lower-order cognitive
questions continue to dominate, the more recent
period suggests a trend toward incorporating a
greater proportion of case-based, higher-order
questions that emphasize clinical application and
analytical reasoning in OMFS assessment.

Bloom Level: 1 Remember/Understand, 2 Apply/Analyze

140

Number of Questions
o =] o]
8 8 8 &

¥
=]

M
o

2012-2022

2023-2025

mlevell mievel2

Figure 2. Distribution of questions according to Bloom’s taxonomy levels between the 2012-2022 and

2023-2025 DUS examinations.
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To further explore whether this shift in cognitive
complexity was statistically significant, an odds
ratio analysis was performed. A comparison
of Bloom's taxonomy levels between the two
periods (20122022 and 2023-2025) showed a
higher proportion of Level 2 (Apply/Analyze)
questions in the recent period. Although the
odds of a Level 2 question were 2.40 times

UNLU KUZU, N., SEN, N.

higher in the 2023-2025 period compared to
the previous one, this difference did not reach
statistical significance (p = 0.075, OR = 2.40,
95% CI: 0.98-5.90). This result may reflect a
trend toward increased cognitive complexity in
recent years, warranting further observation in
upcoming exam cycles (Table 3).

Table 3. Comparison of Level 1 and Level 2 Bloom taxonomy questions in DUS exams by period, including

odds ratio and statistical significance.

Comparison

Odds Ratio (OR)

95% Confidence Interval p-value

Level 2 vs Level 1

(2023-2025 vs 2012-2022) 2:40

0.98 -5.90 0.075

Statistical comparison was performed using Fisher s exact test. Effect size is reported as odds ratio (OR) with 95%

confidence interval (CI).

Between 2012 and 2022, only 5 out of 138
OMEFS questions included a visual component
corresponding to 3.62% of all questions in
that period. In contrast, no visual materials
were used in any of the 50 questions
administered between 2023 and 2025.
This finding suggests a decrease in the proportional
use of visual materials, even though clinical visual
interpretation is a critical competency in OMFS.

CT + Clinical Photo

CT Scan

The complete absence of visual questions in the
2023-2025 period might indicate a shift in exam
design or assessment focus. In the previous
period (2012-2022), the visual materials were
limited and included formats such as (Fig.3):

* (T scans/(n=2),

*  OPG (orthopantomogram)/(n=1)
Clinical photographs/(n=1)

* Clinical photographs+CT scan/ (n=1).

Clinical Photo

OPG

Figure 3. Types of Visual Materials Used in OMFS Questions (2012-2022).

Aydin Dent J. - Volume 12 Issue 1 - April 2026 (13-24)

19



DUS OMFS Questions Analysis (2012-2025)

Discussion

It is well established that assessment influences
learning through multiple mechanisms,
including assessment design, the pre-assessment
preparation process, the test-taking experience,
and post-exam reflection. For this reason, the
question profile of high-stakes examinations can
shape not only what is assessed, but also which
topics and skills candidates perceive as “high-
yield,” thereby influencing their study strategies.
In dental education, structuring assessment
systems in a way that supports exam preparation
while also encouraging clinical practice and
analytical reasoning is important for long-term
learning and professional development.>

In this study, we aimed to help DUS candidates
set their study priorities more rationally and
to provide OMFS educators with an objective
overview of the examination’s content emphasis.
Accordingly, Oral and Maxillofacial Surgery
questions from DUS administrations between
Spring 2012 and Spring 2025 were retrospectively
compiled and analyzed. By evaluating topic
distribution, item format (knowledge-based vs.
case-based), the presence of visual materials, and
Bloom-based cognitive level, we characterized
the examination representation profile of the
OMFS domain.

In dental education, assessment is not merely a
tool to measure student achievement; it is also a
fundamental element that shapes perceptions of
the academic environment by influencing whether
students adopt a “performance” orientation
rather than a “learning” orientation.?-?*

An ideal dental education environment
should enable students to acquire not
only theoretical knowledge, but also core
professional competencies—such as clinical
decision-making, patient communication, and
interprofessional collaboration—in a structured
manner. Moreover, the curriculum should go
beyond safeguarding students’ psychological
and physical well-being and contribute to the
development of ethical values, professional
culture, and social/psychosocial well-being.
Because higher education inherently supports
personal development as well as professional
training, it also offers an important opportunity
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to foster values such as solidarity, volunteerism,
and service to the community. Given that dental
practice can sometimes evolve into a relatively
“isolated” mode of work, it is particularly
important for students to strengthen teamwork,
effective communication, and coordination
with other healthcare professionals during their
training.”®

To achieve these goals, the curriculum should
not rely on a single, uniform teaching approach;
rather, it should be delivered through innovative
methods that accommodate diverse learning
needs and provide early clinical exposure. In
addition, helping students “learn how to learn” is
a key outcome that shapes their post-graduation
approach to knowledge acquisition and promotes
lifelong learning and critical thinking.?’

In today’s rapidly evolving landscape of
knowledge production and technological
innovation, dental practice is increasingly
grounded in a broader scientific base and more
complex clinical decision-making processes.
While this dynamism makes it challenging for
predoctoral education alone to provide deep
specialization across all areas, it also renders
postgraduate specialty training a more visible
necessity for attaining advanced competence
in specific fields. In Tiirkiye, candidates who
complete undergraduate dental education are
required to pass the Dental Specialty Examination
(DUS) to be placed into specialty programmes.
Because the examination encompasses both
clinical and basic sciences, it requires candidates
to integrate the knowledge and skills acquired
during undergraduate training.

The most striking finding of our study was the
strong concentration of items at lower cognitive
levels: 87.8% of questions were classified as
Level 1 (remembering/understanding), whereas
the proportion of Level 2 (applying/analyzing)
questions remained at 12.2%, and no Level 3
(evaluating/creating) items were identified.
This distribution suggests that, within the
OMFS domain, the examination primarily
tends to assess factual knowledge and basic
comprehension, while questions representing
higher-order clinical reasoning and decision-
making are relatively limited.
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An important additional finding was that all
Level 2 questions were presented in a case-
based (vignette-based) format. This indicates
that higher cognitive demand in the examination
is operationalized mainly through clinical
scenarios. Therefore, if the goal is to increase the
assessment of clinical reasoning and applying/
analyzing components in OMFS, expanding the
use of well-constructed case-based items may be
akey strategy. However, the relatively low overall
proportion of case-based questions (12.2%)
suggests that candidates encounter fewer items
that reflect clinical decision-making processes.
This may lead “high-yield” preparation to be
shaped predominantly around memorization
and basic knowledge, with clinical reasoning
receiving comparatively less emphasis.

The low proportion of questions containing
visual materials (2.7%) is also noteworthy
given the nature of Oral and Maxillofacial
Surgery (OMFS). In routine OMFS practice,
radiographic assessment, interpretation of
clinical photographs/schematics, and image-
based decision-making (e.g., trauma, infection,
cystic lesions, temporomandibular joint
pathologies, and surgical planning) are central to
daily clinical workflow. In contrast, the limited
use of visuals in the examination may suggest that
the assessment tools do not sufficiently reflect
real-world clinical decision-making contexts.
Nevertheless, an appropriate balance is required:
increasing the proportion of visual items should
not merely involve “adding an image,” but
rather ensuring that the visual is constructed and
integrated in a way that strengthens the item’s
cognitive objective.

In the period comparison, although an upward
trend in Level 2 questions was observed in
2023-2025 (2012-2022: 9.4% vs. 2023-2025:
20.0%), this difference did not reach statistical
significance (p = 0.075). This finding can be
interpreted in two ways: (i) there may have been
a recent shift toward writing more questions
that require clinical reasoning; or (ii) the study
may have lacked sufficient power to detect a
statistically significant difference because the
number of questions in the 2023-2025 subperiod
was smaller. Therefore, it is more appropriate to
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interpret this result as an “emerging trend” rather
than definitive evidence of change.

From the perspective of topic distribution, the
more frequent representation of certain headings
(e.g., oral pathology, anesthesia/sedation, trauma,
TMIJ disorders, and infection) can be considered
an expected pattern within the broad scope of
Oral and Maxillofacial Surgery (OMFS) (see
Table 2). Nevertheless, because a wide field must
inevitably be sampled with a limited number
of questions, some clinically critical subtopics
may be underrepresented in the examination
(Assessment, Selection and Placement Center ¢
7. From an educational planning standpoint, this
finding is valuable at two levels. First, identifying
high-frequency topic clusters can help candidates
rationalize their preparation strategies. Second,
undergraduate and specialty curricula should
be structured in a balanced manner that is not
driven solely by “frequently tested” areas, but
also ensures adequate coverage of domains that
may be less represented on the exam yet carry
high clinical importance and risk.?®

The strengths of this study include its long
observation period, the clarification of the
analytic dataset by excluding annulled questions,
and the use of a standardized coding scheme. In
addition, the high inter-rater agreement observed
in a randomly selected subset of 50 questions
(Cohen’s k = 0.8677) supports the reliability of
the classifications for cognitive level and other
variables. However, several limitations should
be acknowledged. First, Bloom-based cognitive-
level assignment inherently involves subjective
judgment; despite the use of a coding guide and
a high kappa value, the classification process
1s not fully “automatic.” Second, psychometric
indicators of item quality (e.g., discrimination,
difficulty, and item analysis) could not be
evaluated because such metrics require candidate
performance data.

Overall, DUS-OMFS questions were
predominantly concentrated at Level 1 cognitive
demand, while Level 2 questions were limited
in number and appeared almost exclusively in
a case-based format. These findings suggest a
potential area for improvement in increasing the
proportion of items that assess clinical reasoning
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within the OMFS domain. Future studies could
provide a more comprehensive evaluation of
the examination’s measurement validity by
expanding the use of case-based and visually
supported item structures that strengthen
cognitive objectives, conducting comparative
analyses across different specialties, and, where
feasible, incorporating psychometric indicators.

Conclusion

Across 2012-2025, DUS-Oral and Maxillofacial
Surgery questions demonstrated a noticeable
re-weighting of topic coverage, with declines/
disappearance in some traditional subdomains
and the emergence of new headings, suggesting
a shift in examination priorities over time.
In terms of cognitive demand, items were
predominantly concentrated at lower levels
(87.8% Level 1;12.2% Level 2; no Level 3), and
higher-level demand was observed exclusively
in case-based items. Although there was an
upward trend in Level 2 questions in 2023—
2025 (OR=2.40; p=0.075), this did not reach
statistical significance; moreover, the absence of
any visual-material questions in the most recent
period may indicate a potential gap in assessing
clinically relevant visual interpretation skills.
These findings imply that dental curricula and
assessment strategies should not only align with
evolving exam content, but also strengthen case-
based teaching, clinical reasoning, and visual

22

literacy (e.g., interpretation of radiographs and
clinical images) while encouraging item-writing
practices that incorporate cases and high-quality
visuals to better support higher-order learning
outcomes.
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Comparison of Molar Tipping in RME Protocols
with and without Acrylic Block on Posteroanterior
Films

Sinem Dedeoglu Oztiirk", Banu Mert?, Ahmet Nejat Erverdi®

OZET

Amac: Bu retrospektif ¢alismanin amaci, bloklu (akrilik
blok) ve bloksuz hizli iist ¢ene genisletme (HUCG)
uygulamalarinin iist molar dislerin bukkale devrilmesi
tizerindeki etkilerini degerlendirmektir.

Gere¢ ve Yontemler: Bloklu ve bloksuz HUCG
uygulanmis olan vakalar taranarak yaglari 12-15 arasi
degisen 15 erkek 15 kadm olmak iizere toplam 30 birey
calismaya dahil edilmistir. Genigletme Oncesi ve sonrast
rutin olarak alinmis PA filmler, arastirmanin gerecini
olusturmaktadir. Belirlenen dogru, diizlem, noktalar
yardimuiyla tedavi 6ncesi ve sonrast 10’ar adet 6l¢iim PA
filmler tizerinde gergeklestirilmistir.

Bulgular: Bloklu HUCG yapilan bireylerde {ist molar
dislerin uzun akslari1 arasindaki a¢1 ortalama (ort.) 6,4°
artarken, bloksuz HUCG yapilmus bireylerde 10° artmugtir
(p<0,05). Ustsag ve sol 1. molar dislerin uzun akslarinin,
yatay referans diizlemiyle yaptig1 agilarin ortalamasi
bloklu HUCG yapilmis bireylerde ort. 3,2° artarken
bloksuz HUCG yapilnus bireylerde 6,2° artmistir (p<0,05).

Sonug: Hem bloklu hem de bloksuz grupta HUCG sonrast
molar devrilmesi goriilmiistiir. Bloklu grupta molar
devrilmesinin bloksuz gruba gore daha az gerceklesmis
olmas: istatistiksel olarak anlamlidir. Calisma, akrilik
bloklu apareylerin iist molar dislerdeki devrilme miktarini
azaltsa da tamamen ortadan kaldirmadigini géstermektedir.
Vertikal biiylime yo6nii olan bireylerde her iki aparey
kullaniminin da molar devrilmesiyle sonuglanarak dik
yon boyutlarinda artisa neden olabilecegi goz oniinde
bulundurulmalidir.

Anahtar kelimeler: Dis Hareketi, Ortodontik Apareyler,
Ust ¢ene genisletmesi

ABSTRACT

Objectives: This study aimed to evaluate and compare
the effects of rapid maxillary expansion (RME) with and
without blocks (acrylic) on buccal tipping of maxillary
molars using posteroanterior (PA) films.

Materials and Methods: This retrospective study
included 30 individuals (15 males and 15 females; aged
1215 years) who underwent RME with either block or
non-block appliances. PA films obtained before (t0) and
immediately after expansion (t1) were analyzed. Ten
linear and angular measurements were performed using
predefined landmarks, reference lines, and planes. The
U6MZ angle was considered the primary outcome variable.
Statistical analyses were conducted using appropriate
parametric and non-parametric tests, and effect sizes were
calculated, p<0,05 was considered statistically significant.

Results: Molar tipping was observed in both groups
following RME. The increase in the angle between the
long axes of the maxillary molars was greater in the non-
block group (10°) compared to the block group (6,4°)
(p<0,05). Similarly, the increase in molar inclination
relative to the reference plane was higher in the non-block
group (6,2°) than in the block group (3,2°) (p<0,05). A
statistically significant difference was found between the
groups for the primary outcome variable (U6MZ), with a
large effect size (Cohen’s d = 1,53), indicating a clinically
significant difference.

Conclusion: Both block and non-block RME protocols
result in molar tipping; however, block appliances
significantly reduce the magnitude of this effect. Despite
this reduction, molar tipping is not completely eliminated.
These findings suggest that appliance selection should be
carefully considered, particularly in patients with vertical
growth patterns, where increased molar tipping may
contribute to unfavorable vertical changes.

Keywords: Maxillary expansion, Orthodontic appliances,
Tooth movement
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Giris

Maksillanin yatay yondeki genisligi, biiytimesi ilk
sonlanan dentofasiyal boyuttur.' Maksiller darlik,
klinisyenler tarafindan siklikla tespit edilen bir
iskeletsel uyumsuzluktur.? Bu uyumsuzlugun
toplumda goriilme siklig1r ¢ocuklarda %13-23
arasinda degisirken, erigkinlerde %30’a kadar
ulasabilmektedir.* Maksiller darligin en temel
iki klinik belirtisi posterior ¢apraz kapanis ve
caprasikliktir. Diger belirtiler ise, palatinale
egimli iist posterior disler, dar ve derin damak
kubbesi, giilimsemede karanlik bukkal koridorlar
ve fasiyal asimetridir. Farengeal havayollarinda
daralma, dil postiiriinde bozulma ve agizdan
solunum gibi fonksiyonel problemler de maksiller
darlikta goriilebilen klinik belirtilerdir.* HUCG,
maksiller arkin transversal genisligini arttirmak,
capraz kapanislar1 diizeltmek, yer kazanmak
ve daha genis giiliimsemeler olusturmak igin
ortodontide yaygin olarak kullanilmaktadir.>”’
Dis destekli, dis-doku destekli, kemik destekli,
dis-kemik destekli olmak tizere dort sekilde
uygulanmaktadir. Dis destekli HUCG i¢in bloklu
veya bloksuz olmak iizere iki temel aparey
tasarim1 kullanilmaktadir. Bloksuz HUCG
apareyi, arka dislere metal bantlarla tutunan
Hyrax vidasindan olusmaktadir. Bu apareyin,
yeterince rijit olmamasi ve kuvvet kaybi
nedeniyle bazi yan etkiler meydana gelmektedir.
Bu yan etkilerin basinda iist molar dislerin
bukkale devrilmesi gelmektedir.! Bu devrilme
palatinal tiiberkiillerin sarkmasiyla birlikte bir
miktar uzamay1 da yaninda getirerek vertikal yon
boyutlari artmis bireylerde kapanisin azalmasina,
alt dik yon boyutlarinin daha da artmasina ve
profilin koétiilesmesine neden olabilmektedir.
Karigik dislenme donemi de dahil olmak iizere,
dik mandibular diizlem agisina sahip hastalarda
bloklu genisletme apareyi tercih edilmektedir.
Bu aparey, Hyrax vidasi ile disleri kaplayan
blok ve bir tel cger¢eveden olusmaktadir.’
Arastirmacilar, blok ile posterior diglerin okliizal
ylzeylerinin Ortiilmesiyle molar dislerdeki
ekstriizyonun azaldigini, ¢apraz kapanislarin
giderilerek maksillanin simetrik ve biitiinciil
sekilde genisledigini belirtilmektedir.®!%!!

Ortodontik tedavi sonuglarini degerlendirmede
yaygin olarak kullanilan yontemler
posteroanterior filmler (PA), lateral sefalometrik

26

rontgen filmler, okliizal rontgen filmler ve olcii
modellerdir.'>"* Giinimiizde bu yodntemlere
dijital tarama yOntemleri ve kayitlar da dahil
olmustur.'* PA filmler; iskelet, dis, yumusak
doku morfolojisini ve transversal iliskiyi
ayni anda gozlemleme olanagi tanidigi icin,
yiz degerlendirmelerinde onemli bir yer
tutmaktadir.'” Bu filmler, diisik radyasyon
maruziyeti ve diisiilk maliyet avantaji ile 6n plana
cikarken, diger iki boyutlu goriintiilemelerden
elde edemedigimiz tanisal bilgilere ulasmamizi
saglamaktadir.'®!” Maksilla ve mandibulanin
genislik dlgtimleri, bazal kemikle olan agilari,
transversal pozisyonlari, iskeletsel ve dental
yapilarin bilateral vertikal iliskilerinin tayini,
asimetri teshisi, nazal kavite genislik 6l¢timleri PA
filmler ile basariyla gerceklestirilebilmektedir.'’
Calismanin amaci, ortodontik tedavilerin bir
pargast olarak HUCG uygulanmis olgulardan
rutin olarak alinmis PA filmler kullanilarak,
akrilik bloklu ve bloksuz apareylerin molar
dislerin bukkale devrilme miktar1 {izerindeki
etkilerinin karsilastirilmasidir. Calismanin
null hipotezi (Ho), bloklu ve bloksuz HUCG
protokolleri arasinda PA filmler iizerinde dl¢iilen
molar devrilme miktar1 agisindan istatistiksel
olarak anlamli bir fark bulunmadigidir.
Alternatif hipotez (H1) ise iki protokol arasinda
molar devrilme miktar1 bakimindan istatistiksel
olarak anlamli bir fark bulundugudur.
Calismada 0Ozellikle molar devrilmesinin
degerlendirilmesinde U6MZ agi1s1 primer sonug
degiskeni olarak dikkate alinmustir.

Gerec ve Yontemler

Bu ¢alisma, Istanbul Okan Universitesi Saglik
Bilimler Enstitiisii Etik Kurulu tarafindan
9.10.2024 tarihinde etik kurul onay1 almistir.

Istanbul Okan Universitesi Dis Hekimligi
Fakiiltesi Ortodonti Anabilim Dali’nda
02.01.2023-15.09.2024 tarihleri arasinda
bloklu ve bloksuz HUCG uygulanmis olan
vakalar taranarak, yaslari 12-15 aras1 degisen
15 erkek 15 kadin olmak iizere toplam 30
birey bu retrospektif caligmaya dahil edilmistir.
Genisletme Oncesi ve sonrasi rutin olarak
alinmis PA filmler, arastirmanin gerecini
olusturmaktadir. Arastirmada, her bir bireyin
12-15 yas araliginda olmasi, daimi dentisyona
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gecmis olmasi, sistemik ve periodontal olarak
saglikli olmasi, genisletme Oncesi iskeletsel
maksiller darlik tanis1 almis olmasi, bloklu veya
bloksuz HUCG apareyiyle tedavi edilmis olmasi,
daha o6nce herhangi bir ortodontik/ortopedik
tedavi gérmemis olmasi dahil edilme kriterleri
olarak belirlenmistir.

Arastirmaya dahil edilen bireylere uygulanan
bloklu ve bloksuz apareylerde klinik rutinine
uygun olarak Hyrax genisletme vidasi
kullanilmistir (Forestadent 11 mm Snap
Lock Expander, Pforzheim, Almanya). Hyrax
vidasi, palatinal kubbenin en derin bolgesine
ve aktivasyona rahatlikla olanak saglayacak
konumda uygulanmistir. Metilmetakrilat
esasli akrilik bloklar, istirahat araligi siniri
icinde kalmak sartiyla alt dislerle dengeli
ve maksimum temas edecek sekilde agza
uyumlanmis, lizerlerine siman kagis delikleri
hazirlanarak cam iyonomer siman (3M multi

DEDEOGLU OZTURK, S., et. al

cure glass ionomer orthodontic band cement,
St Paul, ABD) ile simante edilmistir. Bloksuz
aparey de cam iyonomer siman (3M multi cure
glass ionomer orthodontic band cement, St Paul,
ABD) ile simante edilmistir. Klinik rutininde
HUCG sirasinda vida cevirme protokolii,
Ya tur sabah aksam olmak iizere giinde iki
defa uygulanmaktadir. Bireyler genisletme
protokolii sonlanana kadar haftada bir kontrol
edilerek, vida, aparey, genisleme miktar1 ve
cevre dokularin muayenesi yapilmaktadir.
Maksiller palatal tiiberkiiller, mandibular bukkal
tiiberkiiller ile temas ettiginde genigletme iglemi
sonlandirilmaktadir. Protokol sonlandirildiginda
vida, ligatiir teli ile baglanarak akiskan
kompozitle sabitlenerek aparey li¢ ay pasif olarak
agizda tutulmak iizere pekistirme protokoliine
gecilmektedir. Bu retrospektif caligmaya dahil
edilen bireyler ayni prosediiriin uygulandigi
bireyler arasindan secilmistir.

Sekil 1. (a) Bloklu HUCG apareyi (b) Bloksuz HUCG apareyi

Calismada kullanilan PA filmler, klinikteki
rutin prosediire uygun olarak elde edilmistir.
Genisletme yapilan her bireyden, genisletme
protokolil baslamadan 6nce ve bittikten hemen
sonra toplam iki adet PA film alinmaktadir.
Tiim filmler, istanbul Okan Universitesi Dis
Hekimligi Fakiiltesi’nde bulunan Planmeca
ProMax 3D Mid cihaz1 (Planmeca, Helsinki,
Finlandiya) ile elde edilmistir. PA filmler, bireyin
midkoronal diizlemi 151 kaynagina dik ve film
diizlemine paralel, film ile arasinda 13 cm olacak

Aydin Dent J. - Volume 12 Issue 1 - April 2026 (25-35)

sekilde, Frankfurt horizontal diizlemi yere paralel,
¢eneler sentrik iliski konumunda olacak sekilde
ayn1 operator tarafindan elde edilmistir. Burun
kopriisiine yerlestirilen burun ¢ubugu, hastanin
bas pozisyonu sabitlenerek yerlestirilmistir.
Isinlama 74 kV (kilovolt) ve 12,5 mA (miliamper)
degeriyle 10 saniye boyunca gerceklestirilmistir.
Istanbul Okan Universitesi Dis Hekimligi Fakiiltesi
Ortodonti Anabilim Dal1 arsivi taranarak, dissel
nokta ve sinirlarin apareylerin metal uzantilar
yardimiyla ayirt edilebildigi, anatomik noktalarin
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net goriintiilenebildigi filmler ¢caligmaya dahil
edilmistir. Genisletme 6ncesi ve sonrasi 30
bireyden elde edilmis olan toplam 60 rontgen
filmi incelenmistir.

PA filmlerin analizi Nemostudio 2024 (Nemotec, A
Biotech Dental Company, 28919 Leganes, Madrid,
Ispanya) programinda bulunan Rocky mountain

frontal analizi yardimiyla gerceklestirilmistir.
Ayn1 zamanda bireylerden rutin olarak alinmis
sefalometrik filmlerden servikal vertebra
maturasyon asamalandirma (SVMA) ile kemik yas1
tayini gergeklestirilmistir. Calismada belirlenen
nokta, dogru ve diizlemler Sekil 2 ve Tablo 1’ de
gosterildigi gibidir;'*"

Sekil 2. (a) Posteroanterior referans noktalari, (b) posteroanterior referans diizlemler, (¢) izdiistim noktalari,

(d) dogrusal ve agisal dlgiimler.

28

Aydin Dent J. - Volume 12 Issue 1 - April 2026 (25-35)



DEDEOGLU OZTURK, S., et. al

Tablo 1. Posteroanterior analizde kullanilan referans 6lglim ve tanimlar

Posteroanterior referans noktalari

ZL,7ZR

JL, JR
noktadir.

URG6b, UL6b
UR6p, UL6p
URG6bt, UL6bt
UR6pt, UL6pt
NCR, NCL

MsR, MsL

Zigomatikofrontal siiturun orbita ile kesisme noktasidir.
(ZR sag, ZL sol)

Jugal proses iizerinde zigomatik arkin tiiber maksillayla kesistigi

(JR sag, JL sol)

Ust 1. molar dislerin bukkal yiizeylerinin en dis noktasidir.
(UR6D sag, UL6b sol)

Ust 1. molar dislerin palatinal yiizeylerinin en i¢ noktasidir.
(UR6p sag, UL6p sol)

Ust 1. molar dislerin bukkal tiiberkiil tepe noktasidir.
(UR6Dt sag, UL6Dt sol)

Ust 1. molar dislerin palatinal tiiberkiil tepe noktasidur.
(UR6pt sag, UL6pt sol)

Nazal kavitenin en genis bolgesindeki en dis noktadir.
(NCR sag, NCL sol)

Mastoid ¢ikintinin en alt noktasidir.
(MsR sag, MsL sol)

Posteroanterior referans diizlemler

77 Diizlemi (ZZ)

Okluzal Diizlem (OD)

diizlemdir.

Bimastoid Diizlem (MsMs)

JJ Diizlemi (JRJL)
Izdiisiim noktalar

URG6P, UL6P
izdiisimiidiir.

URG6B, UL6B
1zdlistimidiir.

UR6M, UL6M
izdiisiimlerinin

Dogrusal él¢iimler

UR6Ma, UL6Ma
aksim ifade eder.

U6B

U6P

Al

NN
genisligi).
MsMs
77

(zigomatikofrontal genislik)

ZR ve ZL noktalarini birlestiren yatay diizlemdir.

Ust 1. molar dislerin okliizyon ¢izgisini belirleyen yatay

MsR ve MsL noktalarini birlestiren yatay diizlemdir.

JL ve JR noktalarimi birlestiren diizlemdir.

URG6p ve UL6p noktalarinin okluzal diizlem tizerindeki

(URG6P sag, UL6P sol)
URG6b ve UL6b noktalarimin okluzal diizlem {izerindeki

(URG6B sag, UL6B sol)

Molar dislerin bukkal, palatinal tiiberkiillerinin tepe noktalarinin

orta noktasidir. (UR6M sag, UL6M sol)

U6M noktasi ve bifurkasyondan gegen tist 1. molar digin uzun

(UR6Ma sag, UL6Ma sol)

UR6B ve UL6B arasindaki mesafenin ol¢limiidiir.

URG6P ve UL6P arasindaki mesafenin ol¢timidiir.

JL JR aras1 mesafenin dl¢tiimiidiir. (efektif maksiller genislik)
NCR NCL arasindaki mesafenin dl¢iimiidiir (nazal kavite

MsR-MsL arasi mesafenin dl¢limiidiir (bimastoid genislik).
ZR ve ZL noktalar1 arasindaki mesafenin dl¢timiidiir.

Aydin Dent J. - Volume 12 Issue 1 - April 2026 (25-35)
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Agisal olgiimler

U6bMaZ

Ust 1. molar dislerin uzun aksinin (U6Ma) ZZ ile yaptig1 agidr.

(UR6Ma-Z sag, UL6Ma-Z sol)

ueMZ
UR6UL6

Veriler IBM SPSS Statistics (Statistical
Packages of Social Sciences) for Windows,
29,0 (IBM Corp., Armonk, NY, USA) programi
kullanilarak analiz edilmistir (Bkz. Sekil
3). Verilerin normal dagilima uygunlugu
Shapiro Wilk’s testi ile degerlendirilmistir.
Aciklayict istatistikler siirekli degiskenler i¢in
ortalama, standart sapma, medyan, minimum
ve maksimum seklinde, kategorik degiskenler
icin frekans ve ylizde seklinde gdsterilmistir.
Bagimsiz iki grubun normal dagilima uyan
verilerinin karsilagtirilmasinda iki bagimsiz
orneklem t testi, normal dagilima uymayan
verilerinin karsilastirilmasinda Mann-Whitney
U testi kullanilmistir. Grup i¢i zaman ici
degisimin degerlendirilmesinde normal
dagilima uyan veriler i¢in eslenik 6rneklem
t testi, normal dagilima uymayan veriler i¢in
Wilcoxon Isaret testi kullanilmistir. Kategorik
degiskenler arasindaki farkin analizi igin
Fisher-Freeman-Halton kesin olasilik testi
kullanilmistir. iki degisken arasinda iliski olup
olmadigini belirlemek i¢in Spearman korelasyon
katsayis1 hesaplanmistir, p<0,05 olmasi
durumunda aradaki fark istatistiksel olarak
anlamli kabul edilmistir. Ol¢iim giivenilirligini
degerlendirmek amaciyla tiim Sl¢limler ayni
arastirmaci tarafindan 15 giin arayla tekrar
edilmistir. Olciimler arasi uyum intraclass
korelasyon katsayis1 (ICC) ile degerlendirilmis,
rastgele Ol¢im hatasi ise Dahlberg formiilii
(ME =V (Y.d?/ 2n)) kullanilarak hesaplanmustir.
Calismada molar devrilmesini degerlendirmek
amactyla U6MZ agis1 primer sonu¢ degiskeni
olarak belirlenmistir. Orneklem biiyiikliigiiniin
yeterliligini degerlendirmek amaciyla bu
degisken tizerinden post-hoc gii¢ analizi
yapilmustir. iki bagimsiz grup karsilastirmasi esas
aliarak alfa hata diizeyi 0,05 ve gii¢ 0,80 kabul
edilmistir. Yapilan analizde etki biiyiikliigiiniin
yiiksek oldugu (Cohen’s d = 1,53) ve mevcut
orneklem biiytikliigii ile calismanin istatistiksel
giiciinlin yaklasik %98 oldugu belirlenmistir.
Ayrica %80 gii¢ i¢in gerekli minimum 6rneklem
30

UR6Ma-Z ve UL6Ma-Z acilarinin ortalamasidir.
URMa ve ULMa arasindaki agidir.

bliyiikliigliniin grup basina yaklasik 8 birey
oldugu hesaplanmustir.

Ayrica, elde edilen bulgularin daha kapsamli
degerlendirilmesi amaciyla %95 giliven
araliklar1 (confidence interval) hesaplanmistir.
Bu retrospektif caligmanin 6rneklem biyiikliigii,
belirlenen tarihler arasinda dahil edilme
kriterlerini karsilayan olgular iizerinden
olusturulmustur.

Bulgular

Ol¢iim giivenilirligi denetlemek igin yapilan
analizlerde, intraclass korelasyon katsayilarinin
(ICC) 0,847 ile 0,994 arasinda degistigi ve tim
degiskenler i¢in yliksek diizeyde giivenilirlik
saglandig1 belirlenmistir. Dahlberg formiilii
ile hesaplanan rastgele Ol¢iim hatalarinin
dogrusal dl¢timler i¢in 0,45-0,70 mm, acgisal
Ol¢timler i¢in ise 0,73—0,98° aralifinda oldugu
saptanmistir. Bu bulgular, 6l¢timlerin yiiksek
derecede glivenilir ve tekrarlanabilir oldugunu
gostermektedir. Gruplar arasindaki farklara ait
%95 giiven araliklart hesaplanmis ve sonuglarin
istatistiksel ve klinik anlamliligini destekledigi
gOriilmiistiir.

Calismadaki bireylerin yas ortalamasi
13,29+0,88°dir. Bloksuz grupta 8 erkek 7
kadin, bloklu grupta ise 7 erkek 8 kadin birey
bulunmaktadir. Bloksuz grupta yas ortalamasi
13,28, bloklu grupta ise 13,29’ dur. Bloklu-
bloksuz gruplar arasinda cinsiyet, yas ve SVMA
dagilim1 bakimindan istatistiksel olarak anlamli
bir farklilik bulunmamistir (p>0,05). Bloklu
ve bloksuz gruplar arasinda HUCG oncesi ve
sonrast degisim ortalamalari, standart sapmalar
Tablo 2’ de karsilagtirmali olarak gosterilmistir.
Gruplarin kendi i¢inde genisletme Oncesi
ve sonrasi karsilastirilan 10 O6lgiimden 9’u
istatistiksel olarak anlamliyken, 1 dl¢limde
anlamli degisim bulunmamistir. Bloklu ve
bloksuz gruplar arasinda ise JJ, NN, UL6MaZ,
U6P, U6MZ ve U6B olgiimlerinin t0 ve tl
degisim ortalamalar1 arasindaki fark istatistiksel
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olarak anlamlidir (p<0,05). Istatistiksel olarak
anlamli bulunan 6l¢iimlerin bloklu grup degisim
ortalamasi, bloksuz grup degisim ortalamasina
gore daha azdir. Bloklu HUCG yapilan bireylerde
UR6ULG6 degeri ortalama (ort.) 6,4° artarken,
bloksuz HUCG yapilmus bireylerde 10° artmustir
(p<0,05). HUCG sonrast grup ayrimi olmadan
bakildiginda efektif maksiller genislik (J-J) ort.
4,4 mm artarken, UR6ULG6 degeri 8,2° artmistir
(p<0,05). Bu ¢alismada JJ degeri, bloklu grupta

DEDEOGLU OZTURK, S., et. al

genisletme sonrasi ort. 3,7 mm artarken, bloksuz
grupta 5,1 mm artmistir (p<0,05). JJ artis1 ile
molar devrilme acilarindaki artis arasinda
bloklu grupta korelasyon bulunmus, bloksuz
grupta ise istatistiksel olarak anlamli bir iligki
bulunamamistir. JJ degeri arttik¢a, bloksuz
grupta ZZ degeri artis1 belirgin sekilde azalmais,
bloklu grupta ise belirgin sekilde artmis olmast
istatistiksel olarak anlamlidir (p<0,05).

Tablo 2. Bloklu /bloksuz grup 6l¢iimlerinin t0 ve t1 degisim ortalamalarinin karsilastiriimasi

Bloklu/bloksuz N Ortalama St. Sapma Medyan Minimum Maksimum P degeri
t1-t0 Bloksuz 15  5,1613 1,71472 6,0500 2,59 6,70 0,008°*
JJ(mm) Bloklu 15 3,7353 2,51908 2,7200 2,39 9,82

Toplam 30 4,4483 2,23804 3,0550 2,39 9,82
t1-t0 Bloksuz 15 3,2820 1,24638 3,4900 1,14 5,41 0,001%*
NN(mm) Bloklu 15 1,8773 0,86943 1,9800 0,57 3,36

Toplam 30 2,5797 1,27482 2,3400 0,57 5,41
[1]¢1-t0 Bloksuz 15 6,3200 2,24092 6,3000 2,40 9,20 0,074°

. Bloklu 15 4,3093 3,60620 1,8000 0,80 9,02
UR6MaZ)  roplam 30 53147 312217 60000 0,80 9,20
t1-t0 Bloksuz 15 6,0800 2,06612 6,9000 2,40 8,30 <0,001°*
UL6MaZ(°) Bloklu 15 2,1000 1,82639 2,9000 -1,70 4,80

Toplam 30 4,0900 2,78708 3,6500 -1,70 8,30
t1-t0 Bloksuz 15 10,0533 5,06344 9,8000 1,70 17,50 0,217°
URGUL6() Bloklu 15  6,4533 3,69360 5,4000 1,90 11,00

Toplam 30 8,2533 4,72387 9,5500 1,70 17,50
t1-t0 Bloksuz 15 17,3680 2,52739 7,1700 3,27 11,75 <0,001**
U6P(mm) Bloklu 15 3,6700 2,53894 3,6100 0,52 7,66

Toplam 30 5,5190 3,11968 5,7150 0,52 11,75
t1-t0 Bloksuz 15  8,9773 3,68288 10,9900 2,96 13,55 0,001°*
U6B(mm) Bloklu 15 4,6847 3,12147 5,8500 0,74 8,88

Toplam 30 6,8310 4,00217 6,8700 0,74 13,55
t1-t0 Bloksuz 15  0,3540 0,44175 0,1900 -0,19 1,04 0,389°
ZZ(mm) Bloklu 15 0,9613 1,09327 0,1700 0,00 2,76

Toplam 30 0,6577 0,87556 0,1900 -0,19 2,76
t1-t0 Bloksuz 15 0,0027 0,48013 0,0000 -1,42 0,63 0,389°
MsMs(mm) Bloklu 15  0,1427 0,66081 -0,0600  -0,49 1,68

Toplam 30 0,0727 0,57198 0,0000 -1,42 1,68
t1-10 Bloksuz 15 6,2000 1,76888 6,5500 2,90 8,40 <0,001°*
U6MZ(°) Bloklu 15 3,2047 2,11929 2,3500 0,60 6,40

Toplam 30 4,7023 2,44931 5,6000 0,60 8,40

‘Bagimsiz 6rneklem t testi "Mann-Whitney U testi *p<0,05 istatistiksel olarak anlaml

Tartisma

Calismanin null hipotezi (Ho), bloklu ve bloksuz
HUCG protokolleri arasinda PA filmler iizerinde
Ol¢lilen molar devrilme miktar1 agisindan
istatistiksel olarak anlamli bir fark bulunmadigidir.
Alternatif hipotez (H:1) ise iki protokol arasinda
molar devrilme miktar1 bakimindan istatistiksel
olarak anlaml bir fark oldugudur.
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Calismanin amaci, bloklu ve bloksuz HUCG
apareylerinin list molar dislerde olusturdugu
bukkal devrilme miktarin1 PA filmler iizerinden
karsilastirmali olarak degerlendirmektir. Elde
edilen bulgular dogrultusunda, her iki apareyin
de molar devrilmesine neden oldugu; ancak
bloklu apareylerin bu devrilmeyi istatistiksel
olarak anlaml1 diizeyde azalttig1 gortilmiistiir. Bu
nedenle ¢alismanin null hipotezi reddedilmistir.
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Arastirmacilar, bloklu HUCG apareyinin
dentoalveolar etkiden c¢ok iskeletsel etki
olusturdugunu vurgulamaktadir.”*> Memikoglu
ve ark.,?' bloklu ve bloksuz HUCG apareylerinin
dentofasiyal etkilerini karsilastirdiklar caligmada,
bloksuz grupta molar devrilmesinin ve kapanis
azalmasinin bloklu gruba gore daha fazla oldugunu
belirtmislerdir. Asanza® ise bloklu apareyin rijit
olmasina ragmen molar dislerde belli 6lgiide
devrilme hareketi gozlendigine dikkat cekmektedir.
Giincel ¢alismalara bakildiginda Horn ve ark.?
bloklu apareylerin dik yon boyutu kontrolii
konusunda degisken etkileri olabilecegini,
Viarani ve ark.?’” ise yaptiklari ¢aligmada bloksuz
apareylerle vertikal kontroliin daha iyi saglandigina
dikkat ¢cekmektedir. Algahtani ve ark.?® yaptiklari
giincel calismada bloklu apareylerin vertikal boyut
kontroliinde daha iistiin oldugunu belirtmislerdir.
Bu bulgular, genisletme sirasinda uygulanan
kuvvetlerin tamamen iskeletsel yapilarla sinirlt
kalmayip dentoalveolar komponentleri de
etkiledigini destekler niteliktedir.

Caligmalar, bloklu apareylerin ¢apraz kapanist
gidererek maksillay1 daha paralel ve biitiinciil
sekilde genislettigini belirtmektedir. Farkli vida
sistemlerinin yerlesmesine olanak saglayan
tasarimlari, tercih edilme nedenleri arasindadir.
Bu apareylerin yeterince hijyenik olmamasi, hasta
konforunu azaltmasinin yaninda gingivitis ve
diger periodontal hastaliklar i¢in zemin hazirlayici
faktor olarak kabul edilmektedir.? Literatiirde
HUCG nin dentoalveolar ve iskeletsel etkileri
farkli goriintiileme yontemleri ile genis olcilide
incelenmistir. Bazi ¢alismalar, bloklu HUCG
apareyleri ile daha fazla iskeletsel genisleme ve
daha az molar devrilmesi elde edildigini bildirirken,
diger caligmalar iki aparey arasinda 6nemli bir fark
bulunmadigini1 vurgulamaktadir.®*!<%3! Bununla
birlikte, bloklu ve bloksuz apareylerin molar
devrilme tizerindeki etkilerinin standartlastirilmis
PA analiz ile ve ayn1 klinik protokol altinda
dogrudan karsilastirildigi ¢aligmalar sinirhidir.
Bu agidan degerlendirildiginde, mevcut calisma
ozellikle klinik pratikte yaygin olarak kullanilan
PA filmler lizerinden elde edilen verilerle literatiire
0zgiin ve uygulanabilir katki sunmaktadir.

PA filmlerin kullanimi ¢alismanin giicli
yonlerinden biri olmakla birlikte, bu goriintiileme
yonteminin dogasindan kaynaklanan bazi
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siirhiliklar da goz 6niinde bulundurulmalidir.
Anatomik yapilarin iist iiste binmesi, referans
noktalarinin belirlenmesinde ortaya ¢ikabilen
hatalar ve projeksiyon distorsiyonlar1 dl¢iimlerin
dogrulugunu etkileyebilmektedir.’? Bu
dezavantajlar {i¢ boyutlu goriintiiliime yontemi
olan tomografinin 6niinii agmaktadir.>*** PA
filmler ile karsilastirildiginda daha net bir goriintii
spektrumu saglasa da konik 11l bilgisayarl
tomografi (KIBT), daha fazla radyasyon dozu
gerektiren, ekonomik olmayan bir yontemdir.*
KIBT, Amerika ve Kanada’da ortodonti uzmanlik
programlarinin sadece %18’ inde her hastada
kullanilan bir teshis aracidir* Ingiliz ve Amerikan
Ortodonti Birligi, tomografinin her hastadan
rutin olarak alinmasini onaylamamaktadir.> PA
filmler, ¢alismay1 sinirlandirict etkileri bulunsa
da avantajlar1 nedeniyle klinik rutininde 6nemli
yer tutan efektif bir goriintiileme yontemidir.

Calismanin sinirliliklar1 arasinda bulunan
retrospektif tasarimi hasta seciminde olas1 bias
riskini tamamen ortadan kaldiramamaktadir.
Gruplar arasinda elde edilen genisleme
miktarlarinin farklilik géstermesi, sonuglarin
yorumlanmasini etkileyebilecek bir diger
siirlandirici faktordiir.

Bloklu grupta UR6-UL6 degeri ort. 6,4° artarken,
bloksuz grupta ort. 10° artis gdstermistir. Tiim
bireylerde ise ort. 4,4 mm J-J artis1 icin UR6UL6
degerinin ort. 8,2° arttig1 kaydedilmistir. Ramoglu®’
HUCG sonras1 J-J degeri ort. 2,3 mm artarken,
UR6ULG6 degerinin 9,3° arttigin1 belirtmis,
degerlerin artiginda paralellik bulundugunu
ifade etmistir.

J-J 6lgtimlerinde bloklu grupta genisletme sonrasi
artis ort. 3,7 mm iken, bloksuz grupta ort. 5,1
mm olmustur. Farkli miktarda genislemeler
elde edilmis olmasi ¢alismay1 siirlandirict bir
faktordiir. Bloklu ve bloksuz gruplarda JJ ile
U6MZ, UR6ULG degiskenleri arasindaki iligkiler
Spearman sira farklar1 korelasyon katsayisi ile
analiz edilmistir. Bloksuz grupta J-J artisiyla
U6MZ°, UR6ULG6’artis1 arasinda istatistiksel
olarak anlamli bir iliski bulunmamastir (p>0,05).
Bloklu grupta ise JJ artis1 ile U6MZ ve UR6UL6
artiglart paralellik gostermektedir (p<0,05). Kanomi
ve ark.’', bloklu ve bloksuz HUCG etkilerini
karsilastirdiklar1 ¢calismada, bloklu grupta ort. 4
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mm, bloksuz grupta ort. 4,3 mm genislik artis
elde edildigini belirtmislerdir. Bloklu grupta daha
az iskeletsel genisletme elde edilmis olmasi,
calismayla oOrtiigiir niteliktedir.

U6MZ° degeri bloklu grupta ort. 3,2° artarken
bloksuz grupta 6,2° artmistir. Phatouros,*® KIBT ile
bloklu HUCG etkilerini arastirdig ¢alismada molar
dislerde ort. 3,6° a¢1 artis1 oldugunu belirtmistir.
Ciambotti ve ark.’* ise HUCG sonras1 molar
dislerde 6,08+6,25° a¢1 artis1 kaydetmistir.
Bu bulgular, Ciambotti ve ark.* ile Phatouros ve
Goonewardene’nin™ calismalariyla paralellik
gostermektedir.

J-J degisimi ile hem SVMA hem de kronolojik yas
arasinda bloklu ve bloksuz gruplarda istatistiksel
olarak bir korelasyon bulunmamaistir (p>0,05).
Bu bulgu Griinheid’in*® 2017 yilinda SVMA
ile iskeletsel genislik artis1 arasindaki iliskiyi
arastirdigi caligmanin bulgulartyla 6rtiismektedir.
Sonlu elemanlar analizi temelli gilincel
caligsmalar, genisletme sirasinda tekrarlayan
vida aktivasyonlarinin kafa kaidesine komsu
yapilar tizerinde stres birikimine neden oldugunu
belirtmektedir.*'*> Gautam,*> HUCG sonras1
kraniyofasiyal iskeletin stres ve yer degistirmesini
inceledigi ¢alismada, zigomatikofrontal,
zigomatikotemporal, zigomatikomaksiller
siiturlarda hem basing hem de diferansiyel
gerilme kuvvetlerinin olustugunu, bu kuvvetlerin
diferansiyel kemik yapimina neden olabilecegini
belirtmistir. Caligmada JJ degeri arttik¢a, bloksuz
grupta ZZ degeri artisinin belirgin sekilde azalmas,
bloklu grupta ise belirgin sekilde artmis olmast
istatistiksel olarak anlamlidir (p<0,05). Bu bulgu
zygomatikofrontal genisligin maksiller genislikle
paralel artmayabilecegini, belli bir artistan sonra
siirlanabilecegini diisiindiiriir niteliktedir.

Sonug¢

Calisma, bloklu ve bloksuz HUCG apareylerinin
molar devrilmesi lizerindeki etkilerini dogrudan
karsilastiran ve bu degisimleri PA filmler lizerinde
karsilastiran sinirli sayidaki ¢aligmalardan
biridir. Elde edilen bulgular sonucunda bloklu
HUCG apareylerinin iist molar dislerdeki
devrilme miktarin1 azaltsa da tamamen ortadan
kaldirmadigini gdstermektedir. Dik yon boyutlari
artmis bireylerde her iki aparey kullaniminin
da molar devrilmesiyle sonug¢lanarak bu
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boyutlarda artisa neden olabilecegi gbz oniinde
bulundurulmalidr.

Bloklu ve bloksuz HUCG protokollerinde molar
devrilmesinin karsilastirilmasi konusunda daha
fazla arastirmaya ihtiyac¢ vardir. Gelecekte
yapilacak, daha genis 6rneklemli ve uzun donem
takip igeren prospektif calismalarin bu konudaki
bilgi birikimini artiracag diistiniilmektedir. Klinik
pratikte, HUCG sirasinda molar devrilmesini en
aza indirmek i¢in dikkatli planlama, uygun aparey
secimi ve Ozenli izlem 6nem kazanmaktadir.
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olabilecek bilimsel ve tibbi komite liyeligi veya
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GuttaSolv Kullanilarak Retreatment Yapilan
Dislere Uygulanan Fiber Postlarin Baglanma
Dayamimlarinin Pull-out Testi ile Degerlendirilmesi
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ABSTRACT

Objectives: This study evaluated whether the use of
the gutta-percha solvent Guttasolv during retreatment
procedures influences the retention of two fiber post
systems: D.T. Light-Post used with Duolink dual-cured
luting resin cement and RelyX posts used with RelyX
Unicem self-adhesive resin cement.

Materials and Methods: Forty extracted human
mandibular premolars were included in the study. After
the preparation and obturation of the root canals, the
specimens were randomly assigned to four groups (n=10)
according to the retreatment protocol. In Groups 1 and 3,
the filling material was removed using only the ProTaper
Retreatment system, whereas in Groups 2 and 4 the solvent
GuttaSolv was additionally applied during the removal
procedure. Afterward, the canals were re-obturated. RelyX
fiber posts were placed in Groups 1 and 2 using the RelyX
U200 Automix self-adhesive resin cement system. In
Groups 3 and 4, D.T. Light fiber posts were cemented with
All-Bond Universal and Duo-Link resin cement. The roots
were mounted in a pull-out testing device connected to a
universal testing machine. The maximum force recorded
at the moment the post was dislodged from the root was
defined as the bond failure value.

Results: The pull-out test demonstrated statistically
significant differences among the groups (p=0.001,
p<0.01). Group 1 exhibited significantly greater pull-out
strength compared with Groups 2 and 4 (p<0.001).

Conclusion: The use of solvent during retreatment
procedures adversely affected the bonding performance
of RelyX posts. However, the bond strength of D.T. Light
posts was not significantly influenced by solvent use.

Key words: Endodontics, Retreatment, Solvents.

OZET

Amag: Bu calismada, retreatment sirasinda GuttaSolv
kullaniminin, iki farkl fiber post sisteminin (D.T. Light-
Post/ Duolink dual-cure rezin siman ve RelyX post/ RelyX
Unicem self-adheziv rezin siman) baglanma dayanimlarina
etkisini pull-out testi ile analiz edilmesi amaglanmustir.

Gerec ve Yontemler: Calismaya 40 adet ¢ekilmis insan
alt ¢ene kiiciik az1 disi dahil edildi. K&k kanallarinin
sekillendirilmesi ve doldurulmasinin ardindan, drnekler
retreatment protokoliine gore rastgele dort gruba (n=10)
ayrildr. 1. ve 3. gruplarda dolgu materyali sadece ProTaper
Retreatment sistemi kullanilarak ¢ikarilirken, 2. ve 4.
gruplarda ¢ikarma islemi sirasinda ek olarak GuttaSolv
¢Oziiclisii uygulandi. Daha sonra kanallar yeniden
dolduruldu. 1. ve 2. gruplarda RelyX U200 Automix self-
adeziv rezin siman sistemi kullanilarak RelyX fiber postlar
yerlestirildi. 3. ve 4. gruplarda ise D.T. Light fiber postlar
All-Bond Universal ve Duo-Link rezin siman ile simante
edildi. Kokler, tiniversal test makinesine bagli bir gekme
test cihazina monte edildi. Postun kokten ayrildigi anda
kaydedilen maksimum kuvvet, bag kopma degeri olarak
tanimlandi.

Bulgular: Cekme testi, gruplar arasinda istatistiksel
olarak anlamli farkliliklar oldugunu gosterdi (p=0.001,
p<0.01). Grup 1, Grup 2 ve 4'e kiyasla anlamli derecede
daha yiiksek ¢cekme kuvveti sergiledi (p<0.001).

Sonug: Retreatment islemlerinde ¢oziicti kullanimi, RelyX
postlarmin yapisma performansini olumsuz etkilemistir.
Bununla birlikte, D.T. Light postlarinin yapigsma giicii
¢oziicii kullanimindan 6nemli 6l¢iide etkilenmemistir.
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Introduction

Successful outcomes in endodontic therapy
depend on adequate chemomechanical
disinfection of the root canal system in
combination with proper biomechanical
preparation and hermetic obturation. Following
these procedures, timely placement of a
permanent coronal restoration is essential to
maintain the integrity of the tooth and protect
the remaining structure.

Despite advances in endodontic treatment,
failures may still occur, requiring further
intervention. In such situations, nonsurgical
retreatment is commonly performed with the
objective of eliminating infection by removing
previously placed obturation materials, debris,
and microorganisms from the root canal system.
Compared with surgical approaches, retreatment
is generally considered the preferred option
because it is less traumatic and allows removal
of the intracanal infection source.?? Gutta-percha
used together with an endodontic sealer is the
most frequently employed root canal filling
material.* Consequently, effective elimination of
these materials is a critical step in retreatment
procedures.” Numerous mechanical techniques
have been described for this purpose, including
stainless steel hand instrumentation, nickel—
titanium rotary systems, ultrasonic instruments,
reciprocating devices, and laser-assisted
methods.®!? In addition to these approaches,
organic solvents have been used to facilitate
the softening and removal of gutta-percha and
associated sealers.”*”'S One such material is
Guttasolv, a solvent based on eucalyptol that has
been recommended for softening gutta-percha
core material.'®!”

Teeth that have undergone endodontic
retreatment often present with significant loss
of coronal tooth structure, which may necessitate
restoration with a post-and-core system.'®!” The
aesthetic characteristics of these restorative
materials have gained considerable importance
due to the increasing use of all-ceramic crowns,
particularly in anterior teeth. For this reason,
translucent and tooth-colored post materials are
widely preferred.”® Nonmetallic prefabricated
post systems include carbon fiber-reinforced
epoxy resin posts, glass fiber-reinforced epoxy
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resin posts, polyethylene fiber-reinforced posts,
and zircon posts?' Fiber-reinforced posts are
reported to decrease the likelihood of root
fracture because their elastic modulus closely
resembles that of dentin.?? In addition, these
posts provide several advantages, including
good biocompatibility, favorable aesthetics, and
reliable bonding to dentin walls.?*? Long-term
clinical investigations have also reported high
success rates associated with the use of fiber post
systems.?*?’

To secure fiber posts within the root canal,
adhesive resin cements are commonly used as
luting agents. Their bonding mechanism involves
a chemical interaction between phosphate
methacrylate monomers and hydroxyapatite in
dental tissues.?®*® The integrity of the interface
formed between the fiber post and the adhesive
resin cement is crucial for maintaining restoration
retention. However, the most frequently reported
cause of failure in these restorations is debonding
occurring at the adhesive resin—dentin interface.*
This study aimed to assess the influence of a
eucalyptol-based solvent on the pull-out bond
strength of two different fiber post systems.

Materials and Methods

Forty extracted human mandibular premolar
teeth with single roots, single canal and
comparable root length and diameter were
selected for this study. Ethical approval was
obtained from the institutional review board of
the Kocaeli University Ethics Committee No.
GOKAEK-2018/1.19 2018/11 in accordance
with the World Medical Association Declaration
of Helsinki. Until the experimental procedures
were performed, the teeth were stored in a
0.12% chloramine solution. The crowns were
removed to standardize the root length to 15
mm. Root canal instrumentation was carried
out using ProTaper Next rotary files (Dentsply
Maillefer, Ballaigues, Switzerland) up to size
X3. During the preparation process, irrigation
was performed with 2 mL of 2.5% sodium
hypochlorite after each instrument change.
After completion of instrumentation, the canals
were dried using paper points. Obturation of
the root canals was performed using gutta-
percha (Diadent, ChoongchongBuk Do,
Korea) together with AH Plus root canal sealer
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(Dentsply-DeTrey, Konstanz, Germany) by
applying the cold lateral compaction technique.
The specimens were then randomly distributed
into four experimental groups (n=10) based on
the retreatment procedure. Randomization was
performed using a coin-toss method.

In Groups 1 and 3, removal of the root canal filling
material was performed using only the ProTaper
Retreatment system (Dentsply Maillefer,
Ballaigues, Switzerland). In Groups 2 and 4,
the same system was used in combination with
the gutta-percha solvent GuttaSolv (Septodont,
Cedex, France). Following the manufacturer's
instructions, few drops of Guttasolv solution
were instilled into the pulp chamber and waited
a few seconds to soften the gutta-percha. Fresh
solvent was added periodically, and the canals
were irrigated with sodium hypochlorite.
Final canal preparation was completed with
ProTaper Next X4, after which the canals were
obturated again as described previously. For the
preparation of post spaces, gutta-percha was first
removed using #2 and #3 Gates Glidden drills
(Dentsply Maillefer, Ballaigues, Switzerland).
AD.T. Preshaping Drill (Bisco Dental Products,
Schaumburg, IL, USA) was subsequently used,
followed by a size #1 Drill (Bisco Dental
Products, Schaumburg, IL, USA). Post spaces
were prepared to a depth of 9 mm from the
coronal direction.

In Groups 1 and 2, RelyX fiber posts (St. Paul,
MN, USA) were luted using the RelyX U200
Automix self-adhesive cement system (St. Paul,
MN, USA). In Groups 3 and 4, the required
overall post length was determined using a quartz
fiber D.T. Light-Post (Bisco Dental Products,
Schaumburg, IL, USA). The root canals were
etched with 37% phosphoric acid for 15 seconds
and then rinsed with water. Residual moisture
was removed using a paper point. One-Step
Plus (Bisco Dental Products, Schaumburg, IL,
USA) was applied twice and light cured for
at least 10 seconds. Duo-Link (Bisco Dental
Products, Schaumburg, IL, USA) dual-cured
resin composite luting cement was mixed and
delivered into the root canal. Excess cement was
removed and light curing was performed for 40
seconds.
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To perform the pull-out test, the roots were
embedded in acrylic resin blocks in order to
stabilize and properly position the specimens
in the pull-out testing device connected to
a universal testing machine (Instron, model
4411; Universal Testing System; Instron Corp).
A constant loading rate of 0.5 mm/min was
applied until failure of the cement occurred
(Figure 1). The maximum force value recorded
at the moment the post was extracted from the
tooth was defined as the bond failure value. The
obtained data were statistically analyzed using
Kruskal-Wallis and Mann—Whitney U tests, and
statistical significance was accepted at p<0.05.

Figure 1. A specimen in the pull-out testing device
connected to a universal testing machine

Results

Pull-out retentive strength values (N) of groups
are shown in Table 1. Statistical analysis
indicated significant differences among the
groups (p<0.01). The highest bond strength
values were recorded in the Rely X post group.
When Guttasolv was not applied, the bond
strength values of the Rely X and D.T. Light
groups were not significantly different (p>0.05).
In comparison, the use of Guttasolv resulted in
a significantly lower pull-out retentive strength
in the Rely X with Guttasolv group than in the
Rely X group (p<0.01).
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Table 1. Pull-out retentive strength values (N) of groups

Pull-out strength (N)

Groups Min-Max (Median) (Mean%SD)

Rely X 181.70-316.60 (239.50) 239.08+43.59

Rely X with Guttasolv 96.51-171.40 (126.45) 139.03+£27.69

D.T.Light 109.73-270,30 (167.85) 176.46+42 81

D.T.Light with Guttasolv 115.40-283.10 (167.75) 170.31+52.93
P 0.001"

Rely X- Rely X with Guttasolv °p 0.001™

Rely X- D.T.Light °p 0.106

Rely X- D.T.Light with Guttasolv °p 0.048"

Rely X with Guttasolv- D.T.Light °p 0.202

Rely X with Guttasolv- D.T.Light with Guttasolv ~ °p 0.365

D.T.Light- D.T.Light with Guttasolv °p 1.000

9Kruskall Wallis Test

Discussion

Prefabricated fiber post systems used in
restorative dentistry include carbon fiber, quartz
fiber, and glass fiber posts.?’ D.T. Light posts
belong to the quartz fiber category and are
composed of crystallized pure silica. In the
present study, these posts were cemented using
Duo-Link dual-cured resin in accordance with
the manufacturer’s instructions. In contrast, the
RelyX fiber post used in this study consists of
glass fibers incorporated into a composite resin
matrix. During the manufacturing process, resin
wets the prestretched fibers and subsequently
polymerizes. This mechanism enables the glass
fibers to absorb tensile stresses when they are
subjected to bending forces.’' The use of glass
fiber-reinforced composite posts has increased
considerably in recent years.*

For successful restoration of endodontically
treated tecth, a stable connection between the
fiber post, adhesive cement, and intracanal dentin
is required in order to simulate the structure of a
natural tooth.*} To achieve this, various adhesive
systems and luting materials have been proposed
for bonding fiber-reinforced composite posts to
dentin. These materials are generally categorized
as etch-and-rinse adhesive systems and self-
etch adhesives.* More recently, self-adhesive
dual-polymerizing resin cements have been
introduced.®> According to the manufacturer,
these cements can bond directly to both dentin
and posts without requiring the application
of primer or bonding agents.*7 Bitter et al.*
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bMann Whitney U Test

" p<0.05 ™ p<0.01

reported that RelyX Unicem self-adhesive dual-
cured resin cement demonstrated greater bond
strength than chemically cured resin cements
when used with fiber-reinforced composite
posts. This result was attributed to the presence
of phosphoric acid methacrylate, simple fillers,
and hydroxyapatite in RelyX Unicem cement.
The interaction of these components allows
moisture tolerance due to water formation
during the neutralization reaction. Furthermore,
the manufacturer recommends the use of RelyX
fiber posts together with RelyX Unicem self-
adhesive resin cement.

The present study investigated the pull-out bond
strength between fiber posts and root canal dentin
using self-adhesive and separate etch adhesive
resin cements, both with and without the use of
Guttasolv. Several testing methods have been
proposed to evaluate the retention and bond
strength of intracanal posts to dentin, including
microtensile, shear, push-out, and pull-out bond
strength tests. 343638

Erdemir et al.’® evaluated the influence of
chloroform and halothane as gutta-percha
solvents on the microtensile bond strength to
root canal dentin. Their findings suggested that
the use of gutta-percha solvents may negatively
affect the bond strength between adhesive resin
cements and root canal dentin.

Similarly, Guedes et al.* examined the effects
of xylene, eucalyptol, and orange oil on bond
strength. The results showed that the use of xylene
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and orange oil as solvents during root canal
retreatment did not significantly affect the bond
strength of fiberglass posts bonded to radicular
dentin. However, eucalyptol significantly
decreased the bond strength of fiberglass posts
in the cervical and middle thirds of the root.
In addition, higher bond strength values were
observed in the cervical third compared with the
apical third.

The present study is subject to limitations typical
of in vitro research. In the oral environment,
teeth and restorative materials are continuously
influenced by multiple factors and subjected
to various forces. Consequently, these findings
should be interpreted with careful consideration
of clinical conditions.

Conclusion

Within the limitations of this in vitro study, the
findings indicate that the use of Guttasolv during
root canal retreatment may negatively influence
the retention of fiber posts in the Rely X post
system. However, no significant effect was
observed for the D.T. Light post system.
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ABSTRACT

Pediatric dentistry involves a wide range of restorative,
endodontic, surgical, and preventive treatments aimed
at maintaining the oral health of individuals aged 0-15
years. The long-term success of these procedures is
strongly associated with maintaining a dry, clean, and
uncontaminated working field during dental interventions.
For this reason, the choice of isolation technique plays a
critical role in achieving optimal clinical outcomes. The
effectiveness and patient compatibility of the selected
isolation method directly influence the success of the
treatment, especially in pediatric patients who often present
unique challenges in terms of both anatomy and behavior.
This narrative review focuses on evaluating commonly
used traditional methods such as cotton rolls, saliva
ejectors, and rubber dams, as well as modern isolation
systems like Isolite and DryShield. These newer systems
combine suction, lighting, and bite block functions, offering
a more integrated and efficient approach. They have been
shown to significantly improve clinical workflow and
enhance the comfort and cooperation of pediatric patients
during treatment. Furthermore, behavioral traits like short
attention span, increased salivation, and limited mouth
opening must be considered when selecting an isolation
strategy. A personalized and patient-centered approach
should be prioritized. Incorporating advanced systems
can contribute to more effective, time-efficient, and stress-
free pediatric dental procedures, ultimately leading to
improved patient compliance and satisfaction.

Keywords: Pediatric dentistry, Rubber dam, Saliva

OZET

Pedodonti, 0—15 yas arasi bireylerin agiz ve dis sagligint
korumaya yonelik restoratif, endodontik, cerrahi ve
koruyucu bir¢cok tedaviyi kapsamaktadir. Bu tedavi
islemlerinin uzun vadeli basarisi, islem sirasinda kuru,
temiz ve kontaminasyondan uzak bir ¢alisma alaninin
saglanmastyla dogrudan iliskilidir. Bu nedenle, kullanilan
izolasyon tekniginin se¢imi klinik basart agisindan kritik bir
rol oynamaktadir. Ozellikle pediatrik hastalarda secilecek
yontemin etkinligi ve hastaya uygunlugu, tedavi siirecini
dogrudan etkilemektedir. Bu anlati derlemesi, pamuk
rulolar, tiikiiriik emiciler ve rubber dam gibi geleneksel
izolasyon yontemlerinin yani sira Isolite ve DryShield
gibi modern sistemlerin etkinligini degerlendirmektedir.
Bu yeni nesil sistemler, entegre emme, aydinlatma ve
1sirma destegi gibi fonksiyonlari bir araya getirerek daha
verimli ve entegre bir yaklasim sunmaktadir. Klinik
siireci hizlandirmakta, hasta konforunu artirmakta ve
cocuk hastalarin tedaviye uyumunu kolaylastirmaktadir.
Ayrica, kisa dikkat siiresi, artmig salivasyon ve sinirlt
ag1z agiklig gibi cocuklara 6zgii davranigsal ve anatomik
ozellikler izolasyon teknigi se¢iminde mutlaka dikkate
alinmalidir. Bireysellestirilmis ve hasta merkezli bir
yaklagim 6n planda tutulmalidir. Modern sistemlerin
klinik uygulamalara entegrasyonu, pedodontik tedavilerin
etkinligini ve hasta memnuniyetini artirmada onemli
katkilar saglayabilir.

Anahtar Kelimeler: Cocuk dis hekimligi, Rubber dam,
Tiikiiriik
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Isolation Techniques in Pedodontics

1. Introduction

For restorative procedures to be successful, it
is crucial to effectively manage moisture and
microbial contamination in the treatment area.’
Isolation techniques are employed to prevent
the operative field from being exposed to
saliva, bacteria, or blood. These methods help
control challenges such as excessive salivation
and frequent tongue movement, thereby
reducing treatment time and minimizing the
risk of foreign body aspiration. Additionally,
isolation improves visibility for the clinician
and enhances the performance of restorative
materials by maintaining optimal working
conditions.! The American Academy of Pediatric
Dentistry highlights the importance of providing
safe pediatric dental treatment and emphasizes
that patient airway protection should be ensured
through appropriate isolation techniques.?

2. Isolation Tecniques in Pediatric Dentistry

2.1. What is Isolation and Why is it Necessary?
In dentistry, isolation refers to the practice of
maintaining the operative field clean and dry
by protecting it from saliva, blood, and other
oral fluids during treatment. Effective isolation
significantly influences the success of dental
procedures. Moisture control is especially critical
for composite resin restorations, as proper bonding
to dentin and enamel requires a dry surface. The
presence of moisture can compromise bond
strength and negatively affect the long-term
durability of the restoration. Furthermore, in
endodontic treatments, successful outcomes
depend on keeping the root canal system dry
and free from moisture, which is made possible
through proper isolation techniques. Effective
isolation also plays a crucial role in infection
control. By preventing microbial contamination
during dental procedures, it ensures a safer
treatment environment for both the patient
and the clinician. In summary, the proper and
efficient application of isolation techniques in
dentistry not only enhances the overall quality
of treatment but also significantly reduces the
risk of infection.??

2.2. Isolation Techniques

2.2.1. Cotton Rolls

Cotton rolls are among the fundamental isolation
tools used to maintain a clean and dry operative
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field by protecting the working area from
saliva, blood, and other oral fluids during dental
procedures. These simple yet effective devices
play a direct role in the success of restorative
treatments.’ By slightly retracting soft tissues,
cotton rolls help enhance the clinician’s
visibility and improve patient comfort. When
placed correctly, they contribute positively to
the progression and outcome of the treatment.
Selecting the appropriate size and quantity of
cotton rolls not only increases patient comfort
but also enables the dentist to perform with
greater precision and control.?

Despite their usefulness, cotton rolls have certain
limitations, particularly in achieving complete
isolation and consistent moisture control. Unlike
rubber dam systems, they are not capable of fully
isolating the operative field from contaminants
such as saliva and blood. Therefore, relying
solely on cotton rolls in adhesive restorative
procedures—which require strict isolation—may
increase the risk of clinical failure. Additionally,
since cotton rolls absorb intraoral fluids, they
need to be replaced frequently throughout the
procedure to maintain effectiveness.?

2.2.2. Saliva Ejectors

The primary function of saliva ejectors is to
maintain a consistently dry working field by
preventing the accumulation of oral fluids,
thereby enhancing treatment efficiency and
patient comfort. They are especially useful
during restorative procedures, endodontic
treatments, and surgical interventions, as
they assist in removing saliva and blood from
the oral cavity. Typically made of plastic and
designed for single use, saliva ejectors operate
at low suction pressure. Positioned on the floor
of the mouth, they effectively remove fluids
before accumulation occurs. By continuously
evacuating moisture from the oral environment,
saliva ejectors improve visibility for the clinician
and support a more controlled and precise
treatment process.°

Since saliva ejectors are connected to automated
suction systems, they function without
requiring active intervention from the clinician.
However, in cases where saliva ejectors alone
are insufficient, they may need to be combined
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with high-volume evacuators or other isolation
techniques. Proper positioning of the suction
tip is crucial for both effectiveness and
patient safety. Incorrect placement can cause
discomfort by adhering to the mucosa or lead
to fluid accumulation in the operative field due
to inadequate suction. While saliva ejectors
provide a convenient solution for short dental
procedures, longer or more complex treatments
often require supplementary isolation methods.
Saliva ejectors designed to match the patient’s
oral anatomy enhance treatment outcomes and
improve overall patient experience. Additionally,
the tips attached to the ejectors should be made
of non-irritating materials and shaped to prevent
obstruction by soft tissues or intraoral debris.’

In surgical procedures, high-speed surgical
suction systems are utilized. This is typically
achieved using Fraser suction tips, which are
available in various sizes and are essential
components of surgical instrument sets. The hole
located on the handle of the Fraser tip allows
the operator to control the suction power. For
maximum suction, the operator covers this hole
with the thumb, enabling full vacuum strength.
Conversely, when aspirating delicate soft
tissues, the hole is left open to reduce the suction
intensity. Additionally, it is recommended to
have a Yankauer or tonsil suction tip available
in the clinical setting. These tips are suitable
for removing large volumes of tissue and
debris. Their blunt-ended design allows for safe
advancement toward the posterior oral cavity and
pharynx, even without direct visual guidance.®

2.2.3 Retraction Cords

Retraction cords are commonly used in restorative
and prosthodontic procedures to temporarily
displace the gingival tissues, allowing better
access and visibility of the cervical margins of
the tooth. By gently pushing the gingiva away
from the tooth surface, retraction cords help
to create a dry, clear working area and prevent
bleeding or fluid seepage during impression-
taking or adhesive procedures. These cords
are typically made from cotton or synthetic
fibers and may be impregnated with hemostatic
agents to control bleeding. Proper placement of
retraction cords is crucial, as excessive pressure
or incorrect technique may lead to tissue trauma
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or postoperative discomfort.® The size of the
retraction cord selected should be appropriate
to avoid causing trauma to the gingival tissues.
Additionally, care must be taken to avoid
applying excessive force during placement, as
undue pressure can lead to gingival injury or
postoperative discomfort.?

2.2.4 Rubber Dam

Rubber dam, made from either latex or latex-
free materials, not only provide clinicians with
a cleaner and more controlled operating field,
but also protect patients from exposure to toxic
substances and prevent inhalation of potentially
harmful agents. By effectively isolating the
treatment area, rubber dams reduce the spread
of saliva, blood, and dental aerosols, thereby
minimizing the risk of cross-contamination
and infection for both the patient and the dental
professional. Additionally, they help prevent the
ingestion or aspiration of small instruments and
restorative materials during treatment.”!°

Invented in 1864 by Dr. Sanford Barnum, the
rubber dam initially consisted of a rubber sheet
and a simple frame, and was used to isolate
one or more teeth from contaminants such as
saliva, blood, and harmful microorganisms
within the oral cavity. By the late 19th century,
its use had become widespread in endodontic
and restorative dentistry. During the mid-
20th century, advancements were made in the
design of clamps and frames, leading to the
development of more modern and efficient
rubber dam systems.'' By the mid-20th century,
the development of composite resins and the
need to perform procedures in dry, moisture-
free environments made the use of rubber dams
increasingly important. Today, organizations
such as the American Association of Endodontists
consider rubber dam application an essential
component of endodontic treatment protocols.'?
In pediatric patients, elevated salivary flow
increases the risk of failure in adhesive
restorations. The use of a rubber dam is therefore
essential, as it helps maintain optimal bonding
conditions by preventing contamination from
saliva, blood, and other oral fluids, thereby
enhancing the effectiveness of adhesive
materials. In pediatric patients, the use of a rubber
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dam aids in maintaining mouth opening during
longer procedures and significantly reduces the
risk of accidental ingestion of foreign materials.
Since children often present challenges in
terms of salivary and moisture control, rubber
dam isolation becomes essential for achieving
successful outcomes in both endodontic and
restorative treatments."’

2.2.4.1.Components of the Rubber Dam
System

2.2.4.1.1. Rubber Dam Sheet

They can be produced from either latex or
latex-free materials and are available in various
thicknesses.” Rubber dams are typically available
in pre-cut, pre-shaped sheets measuring 150
mm square. Although less common, they are
also sold in roll form. For pediatric patients,
scented versions are available to minimize
discomfort caused by unpleasant odors. In
terms of thickness, rubber dams come in thin,
medium, heavy, and extra heavy options.
Medium thickness is generally recommended
for endodontic procedures, as it provides a
suitable balance between flexibility and tear
resistance. Dark-colored sheets—such as green,
black, or purple—enhance visual contrast,
improve operator comfort, and help reduce eye
strain. Most rubber dam sheets are designed
with one glossy and one matte side; the matte
side is typically positioned facing the clinician.
To preserve their elasticity and durability,
rubber dams should be stored in a cool and dry
environment.'

2.2.4.1.2 Rubber Dam Punch and Forceps

The rubber dam punch is used to create holes
in the dam sheet that correspond to the teeth
in the operative field, allowing isolation of
the targeted area. There are two main types of
punches: single-hole punches and rotary disc
punches. Single-hole punches typically produce
holes with a standard diameter of 1.63 mm or
1.93 mm. Rotary models, such as the Ainsworth
and Ivory punches, feature adjustable rotating
plates that can produce holes ranging from
0.5 mm to 2.5 mm in diameter. Larger holes
are often preferred for molar teeth or when
using winged clamps. Rubber dam forceps are
instruments designed to transport, place, and
remove clamps onto the tooth. While various
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designs exist, some are specific to certain clamp
systems. Commonly used models include the
University of Washington/Stoke, Brewer (Ash),
and Ivory (Heraeus Kulzer). In certain forceps
models, overly retentive jaws may hinder clamp
release; in such cases, the tips of the forceps can
be modified to reduce grip strength and improve
usability.'

2.2.4.1.3 Frames

The rubber dam frame functions to stretch the
edges of the dam sheet, ensuring stability and
enhancing visibility of the operative field. Frames
are available in both metal and plastic versions.
Plastic frames—such as the Starlight Visi-Frame
and Nygaard-Ostby are often preferred due to
their lighter weight and, in some cases, their
radiolucent properties. This allows them to be
used during radiographic procedures without
the need for removal. Additionally, hinged or
foldable frame designs, such as the Ash model,
offer added convenience when radiographs are
required during treatment.'*

2.2.4.1.4 Clamps

The need to stabilize the rubber dam sheet
securely on the tooth led to the inevitable use
of clamps. First introduced by Samuel Stockton
White in 1882, rubber dam clamps have since
undergone significant advancements and have
been adapted for safe and effective use in
pediatric patients.'*

Clamps are specifically designed for different
groups of teeth, and proper clamp selection
depends on both the type of tooth being treated
and its anatomical characteristics. It is essential
to choose a clamp that fits the tooth morphology
accurately while minimizing trauma to the
surrounding soft tissues. Once placed, the clamp
must be fully stabilized and should not exhibit
any mobility. An appropriate clamp should
provide four-point contact around the cervical
region of the tooth to ensure secure retention.'
Over time, clinicians often develop personal
preferences for specific rubber dam clamps based
on the region of the mouth requiring isolation.
However, if the clamp is not properly secured
to the tooth, the tension from the stretched
dam sheet may easily dislodge it. Therefore,
it is recommended to trial-fit the clamp on the
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tooth before rubber dam application to ensure
its stability. As an additional safety precaution,
approximately 45 cm of dental floss should be
tightly tied to the clamp; this allows for easy
retrieval in case the clamp becomes dislodged
and poses a risk of aspiration into the pharynx.
In clinical practice, the clamp is typically placed
over the dam and delivered to the tooth using
rubber dam forceps. Any excess dam material
protruding from the clamp can be gently tucked
away with a plastic instrument or explorer to
achieve full marginal adaptation. If necessary,
light finger pressure can be applied to seat the
clamp more securely in the cervical direction.?®
It is recommended to limit the number of
isolated teeth to only those necessary for the
operative field. For instance, if the first or
second molar has a carious lesion limited to the
occlusal surface, isolating only that tooth with a
single hole punched in the rubber dam may be
sufficient. This approach can be applied within
seconds and contributes to a more time-efficient
procedure overall.®

There are more than 50 different clamp designs
available. These clamps may be identified by
numerical, alphabetical, or color-coded systems,
such as the Hygenic Fiesta system. Each clamp
consists of two jaws connected by a bow. In some
models, the jaws are asymmetrical and serrated,
enhancing their grip on the tooth surface. Most
clamps are made of stainless steel; however,
variants manufactured from coated steel or
plastic (e.g., SoftClamp) are also available.
Coated steel clamps may be more susceptible to
corrosion, particularly when exposed to agents
like sodium hypochlorite. Plastic clamps, on the
other hand, are radiolucent and are preferred in
certain clinical situations where radiographic
imaging is required.'
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2.2.5 InstiDam

InstiDam (Zirc Dental Products, Minnesota,
USA) is a single-use rubber dam system made
from semi-transparent natural latex, designed to
provide fast and easy isolation. It comes with an
integrated, flexible, radiolucent nylon frame and
features a pre-punched hole, which minimizes
the risk of tearing. The hole is positioned half
an inch off-center to facilitate easier placement.
Thanks to its bendable structure, radiographs can
be taken without removing the dam. As it does
not require sterilization, InstiDam offers time
and procedural efficiency in clinical settings."

2.2.6 HandiDam

HandiDam (Aseptico Inc., Washington, USA)
offers a more practical alternative to traditional
rubber dam systems. It is pre-assembled with
an integrated frame, eliminating the need for
a separate external frame. This design allows
for a quicker and simpler placement process.
HandiDam provides effective access during
endodontic procedures, saving time for the
clinician while also enhancing patient comfort.'

2.2.7 OptraDam

Developed by Ivoclar Vivadent in 2005,
OptraDam (Ivoclar AG, Schaan, Liechtenstein)
is a modern isolation system that does not require
the use of a frame or clamp (Figure 1).!” Thanks
to its anatomical shape, flexible inner ring, and
soft material, OptraDam functions both as a lip
and cheek retractor and as a full isolation system.
It adapts to the patient's jaw movements, offering
a comfortable experience during treatment. By
providing a broader working field, it allows for
simultaneous isolation of both the maxillary
and mandibular arches. Additionally, due to
its structural properties, it can be used during
radiographic procedures without needing to be
removed.'®
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Figure 1. OptraDam

2.2.8 Liquid Dam

Liquid dam materials such as HySolate
Liquid Dam (Colténe/Whaledent, Altstétten,
Switzerland) are resin-based barrier material
primarily used in procedures requiring intraoral
protection, such as tooth whitening. Applied
directly to the gingiva, this liquid material
retains its flexibility after curing, providing
effective protection. It does not generate heat
during application and poses no risk to sensitive
tissues in the treated area. As a localized
protective solution, it serves as an alternative to
conventional rubber dam systems.!”

2.2.9 MiniDam

MiniDam (VOCO GmbH, Cuxhaven, Germany)
is a latex-free isolation system designed for use
primarily in procedures involving proximal
surfaces, offering a comfortable experience for
the patient. Its design forms a protective barrier
that prevents acidic chemicals from coming
into contact with the gingiva. MiniDam does
not require a clamp; the pre-punched silicone
material can be easily stretched over the teeth.
However, its use is limited to proximal and
resin-based procedures. Studies have shown
that pediatric patients report less discomfort

Figure 2. MiniDam

2.2.10 OptiDam

OptiDam (Kerr Corporation, Orange, CA,
USA) is an isolation system distinguished by its
three-dimensional (3D) anatomical shape and
contoured design (Figure 3)."” This structure
conforms to the intraoral anatomy, improving
access and visibility within the operative field.
The system is available in models specifically
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designed for anterior and posterior regions. It
allows patients to breathe comfortably without
applying pressure to the nasal area. Clamp
tension is minimized, making placement easier
and reducing preparation time. Additionally,
OptiDam is latex-free, powder-free, and
autoclavable at 134 °C for 3 minutes."> During
application, the nipple-like projections on the
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rubber dam are first trimmed according to the
position of the target tooth. The clamp is then
placed on the corresponding tooth in a single
step. Following this, the rubber dam material is

MISIR, M., et. al

positioned behind the wings of the clamp. In the
final step, the dam is carefully stretched over the
intended posterior teeth and secured in place."’

Figure 3. OptiDam

2.2.11. Framed Flexi Dam

Framed Flexi Dam (Colténe/Whaledent,
Altstétten, Switzerland), is a latex-free isolation
system with an integrated frame (Figure 4)." It
provides a working area of 100 mm x 105 mm
and features a soft frame that enhances patient

comfort, along with a tear-resistant material for
improved durability. The system is odor-free and
extremely easy to place. Due to its non-irritating
nature when in contact with the skin, it is also
suitable for use in pediatric patients.!”

Figure 4. Framed Flexi Dam
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2.2.12 Dry Dam

The Dry Dam system (Directa AB, Stockholm
County, Sweden) is an innovative solution
designed to provide isolation without the need
for a frame. It features a central rubber section
surrounded by absorbent paper and is secured in
place using elastic bands that wrap around the
ears. Resembling a face mask in structure, it is
particularly suitable for isolating anterior teeth.
Its absorbent properties help control intraoral
moisture; however, due to this characteristic, it
is not recommended for use during whitening
procedures (Figure 5).'¢

Figure 5: Dry Dam

2.2.13 Isolite and DryShield Systems

The Isolite (ISI) (Zyris Inc., Marietta, GA,
USA) and DryShield Systems (DryShield
LLC, Auburn, WA, USA) are multifunctional
isolation solutions commonly used in modern
dentistry. These integrated intraoral devices
combine high-volume suction, a bite block,
protective barriers for the tongue and cheeks,
illumination, and soft tissue retraction into a
single unit. They offer significant advantages
in pediatric patients, particularly in cases where
partially erupted teeth make traditional rubber
dam clamp placement difficult. The Isolite
system includes intraoral components made of
soft, flexible polymer material that conforms to
the oral anatomy, helping to prevent soft tissue
injury. Additionally, it enables simultaneous
treatment of both maxillary and mandibular
quadrants (Figure 6).'> ' DryShield is a system
with features similar to Isolite, but it differs in
that some of its components are autoclavable
and reusable, whereas the Isolite system is
primarily single-use. Both systems are notable
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for their ability to reduce treatment time, enhance
patient comfort, and optimize clinical efficiency.
Integration into the dental unit requires specific
adapters tailored to each system.'> "’

o Tt T o

Figure 6. The Isolite system

4. Recent Studies Related to The Topic

In a systematic review and meta-analysis
conducted by Shukla et al”in 2024, the
effectiveness of cotton rolls and rubber dam
isolation techniques in fissure sealant application
was compared. Following a comprehensive
search in accordance with PRISMA guidelines,
a total of 1,361 articles were screened. Of
these, seven were randomized controlled trials
(RCTs) and one was a non-randomized study,
resulting in the inclusion of eight studies in
total. The findings revealed that there was no
statistically significant difference in the retention
rates of fissure sealants between rubber dam and
cotton roll isolation techniques during the first 6
months. However, by the 12-month follow-up, a
statistically significant difference was observed,
favoring rubber dam use. Sealants placed under
rubber dam isolation demonstrated higher
retention rates compared to those placed using
cotton rolls. In terms of marginal integrity, no
significant differences were found between the
two isolation methods at either 6 or 12 months.
In another study published in 2024 by Sharma et
al’ fissure sealants were applied to the mandibular
permanent molars of 30 patients aged between 7
and 10 years. The study followed a split-mouth
design, with a total of 60 sites divided into two
groups for comparison. In the control group,
fissure sealants were applied to the lower right
first permanent molars using cotton rolls and
saliva ejectors for isolation. In contrast, in the
experimental group, the same procedure was
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performed on the contralateral left molars under
rubber dam isolation. Additionally, physiological
stress indicators such as pulse rate, systolic
and diastolic blood pressure, and respiratory
rate were evaluated. The results indicated that
the use of a rubber dam was associated with
a reduction in these stress-related parameters,
suggesting that rubber dam isolation may
contribute to decreased patient anxiety during
dental procedures. In a study conducted by
Saha et al.” in 2016, a survey was administered
to 360 patients aged between 2 and 16 years
who had no prior dental treatment experience.
The participants were divided into three groups
based on age: Group 1 (2-7 years), Group 2
(8-11 years), and Group 3 (12 years and older).
Each participant watched three instructional
videos demonstrating cotton roll, saliva ejector,
and rubber dam isolation techniques, after which
they completed a questionnaire evaluating their
preferences. The results showed that across all
age groups, the most preferred method was the
saliva ejector, followed by the cotton roll, and
lastly the rubber dam. Interestingly, while the
youngest group (2—7 years) showed a preference
for the rubber dam, the older groups favored the
saliva ejector. The authors suggested that this
outcome could be attributed to the development
of logical thinking skills, which typically begin
to emerge after the age of seven, influencing
perception and preference.

In a clinical study, 52 children aged between 9
and 12 years were randomly divided into two
groups to compare rubber dam and MiniDam
isolation techniques during the application
of pit and fissure sealants. The participants’
anxiety levels were evaluated using the modified
Venham scale and heart rate, while pain intensity
was assessed via the Memojis Pain Scale. Data
were analyzed using SPSS software. Statistically
significant differences were observed between
the two groups in terms of heart rate, pain, and
anxiety levels both before and after the procedure
(p< 0.05). It was concluded that the MiniDam
technique offers an effective alternative for pit
and fissure sealant procedures due to its ease of
application, shorter clinical time, and positive
impact on behavior management in pediatric
patients.?
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In a 2023 study conducted by Bagher and Sabbagh,2 *
the clinical effectiveness, patient satisfaction, and
future preference rates of the Isolite and DryShield
systems were evaluated. According to findings
from five clinical studies included in the review,
both systems demonstrated shorter procedure times
and higher patient satisfaction compared to
traditional isolation methods such as the rubber
dam and cotton roll. Notably, the Isolite system
was reported to cause.

In a study conducted by Lyman et al.> in 2013, the
retention of fissure sealants was evaluated using
two different isolation techniques: cotton rolls
and the Isolite System (ISI). The study included
29 patients with a mean age of 9.8 years. Fissure
sealants were applied to the opposing first and
second permanent molars within the same arch—
one side using cotton rolls and the other side
using ISI—in a split-mouth design. The results
indicated no statistically significant difference in
sealant retention between the ISI and cotton roll
isolation methods. Additionally, it was observed
that the maxillary arch exhibited lower retention
rates compared to the mandibular arch.* In a
study conducted by Collette et al.?® in 2010, the
time required to apply the Isolite System (ISI)
was reported to be 5.7 minutes. In contrast, a
previous study by Alhareky et al.?” in 2014 found
the application time to be approximately 10
minutes. More recent studies by Bagher et al.?®
(2021) and Mattar et al.”? (2021) reported shorter
durations of 3.6 and 4.1 minutes, respectively.
These variations in reported application times are
attributed to differences in the timing criteria and
measurement methods used across the studies.

In a systematic review and randomized
controlled trial conducted in 2025 to evaluate
the effectiveness of the Isolite System (ISI) and
its impact on patient comfort, five randomized
controlled trials were identified through searches
in Scopus, Embase, Medline, and Web of Science
databases. Data from a total of 170 patients
were analyzed. The majority of included studies
reported that the Isolite System was as effective as
cotton rolls and rubber dam in terms of moisture
control and isolation, while also contributing
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to a reduction in overall clinical procedure
time. Furthermore, patient-reported outcomes
indicated that the Isolite System was associated
with less gag reflex and a reduced perception of
taste, suggesting improved comfort compared
to traditional isolation methods. However, due
to the high risk of bias in the included studies
and the relatively small sample sizes, the overall
level of evidence was considered low.*

In a study conducted by Mahima et al’' in 2023,
the effects of Optradam and rubber dam isolation
techniques on dental anxiety in children were
investigated. A total of 27 patients aged between
6 and 12 years were divided into two groups.
In the first group, the rubber dam procedure
was explained to the children using audiovisual
materials (via video), after which the rubber
dam was applied to a lower molar. In the second
group, the Optradam system was similarly
introduced through video explanation, followed
by clinical application. After a 7-day washout
period, the groups switched isolation techniques
and the same procedures were repeated. Anxiety
levels were assessed using the Venham Anxiety
Scale. The results showed that anxiety scores
associated with the Optradam technique were
significantly lower than those recorded for the
rubber dam, indicating a statistically significant
difference in favor of Optradam in terms of
reducing dental anxiety.

5. Conclusion

One of the most critical determinants of
treatment success in pediatric dentistry is the
proper selection and effective implementation
of isolation techniques. Pediatric-specific factors
such as increased salivary flow, limited oral
opening, developing tooth morphology, and
variability in patient cooperation necessitate
the use of isolation systems that not only
provide mechanical protection but also adapt
to the individual’s anatomical and behavioral
characteristics.

Studies in the literature have shown that
traditional methods such as cotton rolls and
saliva ejectors offer advantages in terms of ease
of use and speed. However, they may fall short
in controlling contamination and ensuring the
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long-term success of restorative materials. While
rubber dam provides superior isolation, it may
negatively affect patient comfort in certain age
groups. Interestingly, children under the age of
seven have shown greater acceptance of rubber
dam, possibly due to their underdeveloped
logical reasoning skills. Modern systems like
Isolite and DryShield, with their integrated
illumination and suction capabilities, reduce
treatment time, improve patient comfort, and
minimize gag reflex, particularly in pediatric
patients. Studies have demonstrated that these
systems offer significant advantages in terms
of stress reduction, anxiety control, treatment
efficiency, and clinical success. However, given
the limited sample sizes and high risk of bias
reported in current systematic reviews, these
findings should be interpreted with caution. In
conclusion, the selection of isolation technique
should be individualized, taking into account
patient age, cooperation level, procedure
duration, and comfort. Next-generation isolation
systems represent a promising alternative in
pediatric dental practice, offering both clinical
effectiveness and improved patient satisfaction.
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Osteotomy Sites Heat Generation in Dental Implant
Surgery, Causes and Effects on Bone. Narrative
Review
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OZET

Dental implantlar, kaybedilen dislerin rehabilitasyonunda,
fonksiyon ve estetigi ideal karsilayabildikleri i¢in ilk tercih
olarak karsimiza cikar. Implant osteotomisi sirasinda
olusan 1s1, osseointegrasyon siirecini etkileyebilen
kritik biyomekanik faktorlerden biridir. Meydana gelen
sicaklik artis1 kemigin tolere edebilecegi seviyeden
fazla olursa termal nekroza neden olur ve dokuda geri
doniisiimsiiz hiicresel hasara yol acar. Bu durum, post
operatif iyilesmeyi bozacagi i¢in implantta primer stabilite
kaybina ve sonug olarak implant kaybina neden olabilir.
Bu anlatisal derlemenin amaci, implant osteotomisi
sirasinda kemikte olusan 1siy1 etkileyen faktorleri ve
bu faktorlerin biyolojik sonuglarint mevcut literatiir
dogrultusunda elestirel bi¢imde degerlendirmektir. Bu
amacla PubMed, ScienceDirect ve Google Scholar veri
tabanlarinda 2000-2025 yillar1 arasinda yayimlanan
calismalar incelenmis ve osteotomi sirasinda 1s1 olusumu
ile iliskili biyolojik, mekanik ve teknik faktorler kavramsal
olarak siniflandirilmistir. incelenen calismalar, kemik
yapisi, dril tasarimi, osteotomi teknikleri ve sogutma
yontemlerinin, termal degisimleri 6nemli o&lgiide
etkileyebilecegini gostermektedir. Bununla birlikte
literatlirde ¢calisma tasarimlarindaki heterojenlik nedeniyle
kesin bir klinik protokol dnerisi olusturmanin gii¢ oldugu
goriilmektedir. Sonug olarak osteotomi sirasinda termal
hasarm 6nlenmesi i¢in cerrahi tekniklerin biyomekanik
prensipler dogrultusunda optimize edilmesi gerekir.
Ayrica bu alanda standardize klinik ¢alismalara ihtiyag
oldugu goriilmektedir.

Anahtar Kelimeler: Dis implanti, Is1 tiretimi, Osteotomi.

ABSTRACT

Dental implants are the preferred choice for the
rehabilitation of missing teeth because they ideally
meet both function and aesthetic requirements. The heat
generated during implant osteotomy is one of the critical
biomechanical factors that can affect the osseointegration
process. If the temperature increase exceeds the level that
the bone can tolerate, it causes thermal necrosis and leads
to irreversible cellular damage in the tissue. This situation
can impair postoperative healing, leading to primary loss
of implant stability and ultimately implant failure. The aim
of this narrative review is to critically evaluate the factors
affecting the heat generated in the bone during implant
osteotomy and the biological consequences of these
factors considering the current literature. For this purpose,
studies published between 2000 and 2025 in PubMed,
ScienceDirect, and Google Scholar databases were
examined, and the biological, mechanical, and technical
factors associated with heat generation during osteotomy
were conceptually classified. The studies examined show
that bone structure, drill design, osteotomy techniques
and cooling methods can significantly affect the thermal
changes occurring during osteotomy. However, due to the
heterogeneity in study designs in literature, it is difficult
to establish a definitive clinical protocol recommendation.
Consequently, it is necessary to optimize surgical
techniques in accordance with biomechanical principles to
prevent thermal damage during osteotomy. Furthermore,
there appears to be a need for standardized clinical trials
in this field.

Keywords: Dental implant, Heat production, Osteotomy
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Kemikte Ist Olusumunun Etkileri

Giris

Dental implantlar 1965 yilinda Dr. Brénemark’in
canlt bir hastaya ilk basarili titanyum implanti
yerlestirmesiyle hayatimiza girmis oldu. Bu
kesiften sonra implantin kemikle baglantisini
ifade eden “osseointegrasyon” kavrami dogdu.
Osseointegrasyon; implant yiizeyi ve konak
kemik doku arasinda herhangi bir fibr6z doku
olmaksizin olusan direkt baglanti olarak
tanimlanir.! Osseointegrasyon siirecinin basarisi
bir¢ok faktore baglhdir. Ancak bu faktorlerin
en Onemlisi, implant bolgesindeki kemigin
farklilasmis ve farklilagsmamis hiicrelerinin
canliligin1 korumasidir.>* Implant soketindeki
termal hasar, kemik rejenerasyonunu inhibe
ederek hiperemiye, fibrozise, osteosit
dejenerasyonuna, artmis osteoklastik aktiviteye
ve sonug olarak nekroza yol agar.’* Bu durum
erken donem implant kayiplarinin énemli bir
nedenidir.

Implant cerrahilerinde implantin yerlesecegi
soketin hazirliginda kullanilan doner cihaz
uclarma “dril”, yapilan isleme de “osteotomi”
denir. Osteotomi islemi sirasinda kemikte bir
miktar 1s1 olusur. Bunun ana nedeni kemik
dokunun diisiik termal iletkenligidir.” Yapilan bir
arastirmaya gore 44 °C’nin lizerindeki sicakliklar,
kemikte geri doniisii olmayan hasara neden
olmaktadir.'” Ayrica Eriksson,' 40 °C sicakligin
7 dakika boyunca veya 47 °C sicakligin 1 dakika
boyunca uygulanmasi durumunda kemik hiicresi
oliimiiniin meydana geldigini bildirmistir.
Implant bolgelerinde osteotomi sirasinda 1s1
olusumunu azaltmak icin dril materyalleri ve
tasarimlari, osteotomi teknikleri ve sogutma
yontemlerindeki farkliliklar da dahil olmak tlizere
cesitli stratejiler bildirilmistir. Bununla birlikte
1s1 olusumunu etkileyen faktorler konusunda
fikir birligi bulunamamus ve literatiirde sonuglari
birbiriyle celisen caligmalara rastlanmistir.
Calisma tasarimindaki standardizasyon ve
tekdiizelik eksikligi, calisma metodolojisindeki
potansiyel yanlilikla birlikte sonuglarin
heterojenliginin nedeni olabilir.

Bu calisma anlatisal derleme (narrative review)
olarak tasarlanmistir ve implant osteotomisi
sirasinda kemikte olusan sicaklik artigini
etkileyen faktorleri, biyomekanik ve biyolojik
acidan elestirel bicimde degerlendirmeyi ve
58

mevcut literatiir dogrultusunda klinik ¢ikarimlar
ortaya koymay1 amaglamaktadir. Derleme, daha
anlasilir olmasi igin;

1-Osteotomi yapilan kemigin 6zellikleri
2-Osteotomi teknikleri (hiz, kuvvet ve derinlik)
3-Drillerin mekanik 6zellikleri

4-Sogutma yontemleri

seklinde 4 baslik olarak sunulacaktir.

Calisma icin PubMed, ScienceDirect ve Google
Scholar’da Ocak 2000 ila Aralik 2025 tarihleri
arasinda yayimlanan makaleler arasindan
kapsamli bir literatiir taramasi1 yapildi. Taramada
“implant site preparation”, “implant osteotomy”’,
“bone drilling”, “implant drill material”, “heat
”, “intrabony

generation”, “thermal osteonecrosis”,

temperature” anahtar kelimeleri kullanildi.

Taranan makaleler 3 asamali bir se¢im siirecinden
gecirilmistir:
1. Baslik ve 6zet taramasi

2. Uygun c¢alismalarin tam metin

degerlendirilmesi

3. Dabhil edilen ¢aligsmalarinin kaynakgalarinin
degerlendirilmesi

Dahil etme kriterleri:

» Implant bolgesi kemik yapisi; kompakt
kemik, stingerimsi kemik

*  Dril 6zellikleri; dril tasarimi, dril malzemesi/
kaplamasi, dril asinmasi

* Osteotomi yontemleri; tek dril/siralt dril
protokolii, siirekli/aralikli osteotomi, ytliksek
hizda/diisiik hizda osteotomi, dril ilerleme
hiz, drile uygulanan eksenel kuvvet

*  Sogutma yOntemi; sogutma sivisi akis hizi,
i¢/d1s sogutma konularini igeren kontrolli
deneysel in vitro ve in vivo galigsmalar,
rastgele kontrollii calismalar ve derleme
calismalar1 olarak belirlenmistir.

Hari¢ tutma kriterleri;

» Eksik ve/veya celiskili veri igeren ¢aligsmalar

» Vaka raporu ¢aligsmalari/vaka serileri

* Dahil edilme kriterlerinden higbirini
karsilamayan ¢aligmalar olarak belirlenmistir.
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Karsimiza ¢ikan makalelerin basliklar1 taranarak
birbirine benzer calismalardan en kapsamli
ve metodolojik olarak en giiclii olanlar dahil
edilerek digerleri elendi. Kalan makalelerin
de Ozetleri incelenerek makaleler tam metin
okuma i¢in secildi. Tam metin makaleler ve
bunlarin kaynakc¢alarindan ¢alismamiza toplam
56 makale dahil edilmis oldu. Bu anlatisal
derlemede c¢alismalar metodolojik kalite
acisindan sistematik olarak puanlanmamais olup,
bulgular kavramsal ¢er¢evede siniflandirilarak
yorumlanmustir.

Tartisma

Osseointegrasyon, dental implant yiizeyi ile
canli kemik doku arasinda dogrudan olusan
fonksiyonel ve yapisal bir baglantidir.'> Implant
yatagini hazirlamak ic¢in yapilan osteotomi
sirasinda olusan 1s1, osseointegrasyonun basarisi
tizerinde Oonemli bir etkiye sahiptir.!* Kemik
dokusu 1s1 iletkenligindeki diisiik kapasitesi
nedeniyle 1s1y1 dagitamaz. Buna bagli olusan
kemik hasari, implantin primer stabilitesini
azaltarak implant basarisizligina yol agabilir.”'*
Kemikteki sicakligin termal esik seviyesinin
iizerine ¢ikmasinin nekroza neden olabilecegi
uzun zamandir bilinmektedir. Kemik nekrozu,
kemik mimarisinin ¢dkmesine yol acan geri
doniistimsiiz bir hiicre oliimiidiir. Histolojik
goriintiilerde, implanti ¢evreleyen kemigin
osteojenik potansiyelini ciddi derecede
etkileyebilen bir dizi bos osteositik lakuna ile
kendini gosterir.” Kemik dokunun 1stya maruz
kalma siiresine bagh olarak, bildirilen sicaklik
degerlerinin 47 °C ila 70 °C araliginda kemikte
geri donilisiimsiiz termal hasara neden oldugu
bildirilmistir.>'>!® Bununla birlikte literatiirde
belirtilen termal esik degerler arasinda 6nemli
farkliliklar bulunmasi, osteotomi sirasinda
olusan termal hasarin tek bir kritik sicaklik
degeri ile agiklanamayacagini gostermektedir.
Implant osteotomisi sirasinda olusan sty etkileyen
faktorler lizerine yapilan ¢aligmalarin sonuglari
arasinda belirgin tutarsizliklar bulunmaktadir.
Bu durum c¢alisma tasarimlarindaki farkliliklar,
kullanilan deneysel modeller, kemik yogunlugu
varyasyonlart ve Ol¢iim tekniklerindeki
heterojenlik ile aciklanabilir. Ozellikle in vitro
ve in vivo ¢alismalarin sonu¢larinin dogrudan
karsilastirilabilir olmamasi, klinik ¢ikarimlarin
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genellenebilirligini sinirlandirmaktadir.®'%!7
Bu nedenle implant cerrahisinde termal
hasarin onlenmesi, tek bir ideal parametrenin
belirlenmesinden ziyade cerrahi tekniklerin ¢ok
faktorlii optimizasyonunu gerektirmektedir. Bu
baglamda mevcut literatiir, osteotomi sirasinda
termal hasarin tamamen onlenmesine yonelik
kesin bir protokol sunmaktan ziyade klinisyenlere
risk azaltici stratejiler 6nermektedir.

Implant osteotomilerinde kemikteki sicaklik
artisini etkileyen faktorleri soyle siralayabiliriz;

Kemik Ozellikleri

Insan kemigi, kortikal kemik ve trabekiiler
kemik seklinde iki tabakadan olusan ve homojen
olmayan bir dokudur. Makro olarak gozenekli
bir trabekiiler i¢ kismi ¢evreleyen yogun bir
kortikal tabakadan olusur. Kortikal kemik
osteonlardan olusur ve her osteon, konsantrik
katmanlar seklinde sarilmis lameller olusturan
silindirik kollajen liflerden olusur. Ote yandan
trabekiiler kemik ise trabekiil olarak bilinen
rastgele sekillendirilmis ¢ubuklar ve plakalar
sistemidir. Trabekiiler kemik genellikle i¢i
kemik iligiyle dolu biiyiik bosluklar igerir
ve bu da gozeneklilige neden olur. Genel
olarak insan kemiginin homojen olmamasi
ve bahsedilen yapisindan Otiirii implant
cerrahisinde osteotomi islemini oldukca
karmasik hale getirir.!” Trabekiiler kemik, kan
damarlariyla daha iyi beslendigi icin 1s1y1 hizli
dagitabilir ve bu nedenle kanlanmasi zay1f olan
kortikal kemige gore daha iyi bir rejenerasyon
kapasitesine sahiptir. Ayrica kortikal kemik
i¢in osteotomi siiresi trabekiiler kemige gore
daha uzun oldugundan sicakligin fazla olmasini
anlaml kilar. Bu durum implant cerrahisinden
sonra implantin boyun bodlgesindeki kemik
rezorbsiyonunun nedenlerinden biri olarak
gosterilebilir.’® Erikson ve ark.!” insan femur
kemiginde yapilan osteotominin tavsan ve kopek
kemiklerinde yapilan osteotomilere kiyasla
daha yiiksek sicakliklara (89 °C) ulastigini
gozlemlemistir. Ayni sekilde Toews ve ark.? at
metakarpal kemiklerinde osteotomi sirasinda
kortikal kalinligin artmasinin kemikte olusan
sicakligr 6nemli Ol¢iide artirdigini bildirmistir.
Bunun nedeni olarak da kortikal kalinligin
artmasinin osteotomi siiresini uzatmasi ve
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boylece slirtiinme 1s1sinin birikmesi oldugunu
belirtmistir. Yacker ve Klein?' sogutmasiz sekilde
yapilan osteotomi sirasinda drilin yogun kortikal
kemikle temas halindeyken dril sicakliginin
saniyeler iginde 100 °C’yi astigini, buna karsin
yumusak trabekiiler kemige girdiginde sicakligin
39 °C’ye kadar diistiigiinii bildirmistir. Cesitli
calismalarda ayni canh tiirii iizerinde, ayni
calisma kosullarinda osteotomi yapilmasina
ragmen osteotomi sirasinda termal gecislerde
onemli farkliliklar gézlemlenmistir.?>* Mevcut
farkliliklarin beslenme, yas ve fiziksel aktivite
gibi ¢ok sayida parametreye bagl olarak ayni
tirdeki canlilar arasinda doku 6zelliklerindeki
dogal farkliliklardan kaynaklandigi
diistiniilmektedir. Bu durum implant osteotomisi
sirasinda elde edilen deneysel verilerin klinik
ortama genellenmesini gii¢lestiren énemli bir
metodolojik sinirlilik olarak degerlendirilebilir.

Osteotomi Teknikleri

Osteotomi sirasinda dril hizina iligkin incelemeler
tutarli bir egilim gostermemektedir. Bazi
caligmalar hizdaki artisla kemikteki sicakligin
arttigini ileri siiriip diistik osteotomi hizi 6nerirken
digerleri hizdaki artisla sicakligin azaldigini
one siirmektedir. Thompson?®, in vivo olarak
iskelet pimi yerlestirdigi bir ¢calismasinda dril
hizinin 125 rpm’den 2000 rpm’e ¢ikarilmasiyla
osteotomi giris noktasindan 2,5 mm ve 5 mm
uzakliktaki sicakligin arttigini bulmustur. Buna
karsilik Mathews ve Hirsch?’, insan kadavra
femurlarinda osteotomide donme hizinin 345
rpm’den 2900 rpm’e yiikseltilmesinin kemik
sicakliginda 6nemli bir degisiklige neden
olmadigimi bildirmistir. Hillary ve Shuaib®, 3,2
mm’lik dril ile osteotomi sirasinda 400 rpm’den
2000 rpm’e kadar hizin artmasiyla kemikte
olusan sicaklikta 6nemli bir azalma oldugunu
bildirmislerdir. Boyne?’, Mos*® ve Sportz?!
tarafindan ortopedik cerrahi islemler sirasinda
yliksek hizli doner aletlerin kemik iizerindeki
etkisi histolojik olarak incelenmis ve yiiksek
hizl1 osteotominin diisiik hiza gore kemik iizerine
daha az zararl oldugu ileri siiriilmiistiir. [yer ve
ark.’? tavsan tibiasinda in vivo yaptiklart implant
osteotomisinde diisiik (2000 rpm), orta (30.000
rpm) ve yiiksek (400.000 rpm) hizlarda tiretilen
1s1y1 6lgmiis ve dril hizi ile iiretilen 1s1 arasinda
ters bir iliski oldugunu gézlemlemislerdir. Ayni
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calismada yaptiklar histolojik incelemeye gore
ilk 6 hafta igerisinde implant bolgesinde yiiksek
hizdaki osteotomide iyilesme oraninin ve olusan
yeni kemik kalitesinin diisiik veya orta hiza
kiyasla daha yiiksek oldugunu gostermislerdir.
Reingewirtz®, sigir femur kortikal kemiginde
yaptig1 in vitro ¢aligma sonucunda sicakligin;
400 rpm-700 rpm arasinda hizla pozitif, 700
rpm-24.000 rpm arasindaki hizlarda negatif
korelasyon gosterdigini ve daha sonra 40.000
rpm’e kadar sabit kaldigini 6ne stirmiistiir.

Dril hizlar1 izerine yapilan ¢calismalara ek olarak
Augustin ve ark'¢. ve Brisman*, yaptiklar1 benzer
calismalarda ayni dril hizinda kemige dogru itme
kuvvetinin artmasinin hem maksimum sicaklikta
hem de siirelerde azalmaya neden oldugunu ve
kemik hasarini en aza indirdigini bildirmislerdir.
Abouzgia ve James®, 1,5 Newton (N) ila 9
N arasinda degisen kuvvetler ve 49.000 rpm dril
hiziyla sogutucu olmadan sigir femur kemikleri
lizerinde osteotomi deneyleri yapmislardir.
Sicakligin, 4 N'ye kadar kuvvetle arttigini
ve daha sonra 4 N'den biiylik kuvvetlerde
azaldigim1 bulmuslardir. Kuvvet artisiyla 1s1
tiretim hizinin artti1 ancak osteotomi siiresinin
azaldig1, dolayisiyla daha az 1s1 iiretildigi
sonucuna varmislar ve bu nedenle osteotomi
sirasinda daha yiiksek kuvvetlerin 6nerildigini
belirtmislerdir. Ancak uygulanan eksenel kuvvet
asir1 yiksek olursa kemikte mikro c¢atlaklara
neden olabilir. Bu nedenle osteotomi kuvvetinin
kemik hasarina neden olacak kadar asir1 olmamasti
ve siirenin miimkiin oldugunca kisa tutulmasi
icin en uygun ilerleme hizinin bulunmasi
gereklidir. Yukarida bahsedilen c¢alisma
sonuclarindan da anlagilacagi gibi optimum dril
hiz1 ve eksenel itme kuvveti hakkinda net bir
gosterge bulunmamaktadir. Bu ¢eligkili bulgular,
osteotomi sirasinda olusan 1sinin tek bir cerrahi
parametre ile agiklanamayacagini ve ¢ok faktorlii
bir biyomekanik siire¢ olarak degerlendirilmesi
gerektigini gostermektedir. Ancak deneysel
caligmalarin ¢cogu, kemik osteotomisi sirasinda
minimum sicaklik olusumu i¢in daha yiiksek dril
hiz1, daha yiiksek itme kuvveti ve daha yiiksek
ilerleme hiz1 6nermektedir.

Osteotomilerde derinlik agisindan yapilan
karsilagtirmalarda etkinin dogrusal olup
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olmadig1 yoniinde literatiirde ¢eligkili ifadeler
mevcuttur. Bazi ¢alismalar osteotomi derinligi
ile kemikteki sicakligin pozitif korelasyon
gosterdigini bildirmistir.?®3%4* Cardioli ve
Majzoub®, sigir femur kemiklerinde 2 mm ve 3
mm ¢apinda, 1500 rpm hizda osteotomide 4 mm
derinlige kiyasla 8 mm’lik derinlikte kemikte
daha ytiksek 1s1 olustugunu gozlemlemislerdir.
Kalindindi*’, kemikteki sicakligin derinlikle
artan davranigini, kemikle dril arasindaki temas
sliresinin artmasina, bunun da genel siirtiinmeyi
artirmasina baglamistir. Bu ¢alismalara karsilik
Moshiri ve ark.” tarafindan yapilan ¢aligsma
sonucunda diger parametreler standardize
edildiginde kemik osteotomisinde 6 mm
derinlikte kemikteki sicakligin 3 mm ve 9
mm’ye kiyasla daha yiiksek oldugu s6ylenmistir.
Yazarlar bu sonucu, osteotomi bolgesinin
ylzeysel kisminin hazirlanmasi sirasinda 3
mm’de sogutma etkisi olmasina ragmen 6
mm’de kortikal kemikteki siirtlinme 1sinmasina
harici sogutmanin yeterince etki edememesine
baglamislardir. Ancak 6 mm’deki sicakligin
9 mm’dekine nazaran daha yiiksek ¢ikmasi,
osteotominin daha derin kisimlarinda daha
yliksek sicaklik olustugunu bildiren ¢caligmalarla
celismektedir.

Drillerin Mekanik Ozellikleri

Implant cerrahisinde kullanilan drillerin
cogunlugu; paslanmaz ¢elik, tungsten karbiir
karbon, titanyum nitriir gibi kaplamali metalik
malzemelerden veya seramik malzemeden
iretilmektedir. Literatliirde metal ve seramik
driller arasinda yapilan karsilastirmalarda
kemikte olusturduklart 1s1 acisindan celiskili
sonugclar bildirilmistir. Bazi calismalar paslanmaz
celik drillerin, seramik drillerden daha fazla 1s1
tirettigini bulmustur.**° Buna karsin iki materyal
arasinda fark olmadigini sdyleyen calismalar
da mevcuttur.***® Bir ¢alismada ise seramik
drillerin, metal drillere nazaran daha fazla 1s1
urettigi bildirilmistir.*’

Uretildikleri malzeme ne olursa olsun drillerde
belli bir siire kullanimdan sonra asinma
kaginilmazdir. Asinmis dril kullanimi daha
fazla siirtiinme temasina, kesme verimliliginin
azalmasina ve 1s1 liretiminin artmasina neden
olur.”” Ancak bu durumun drilin ka¢ kez
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kullanildiktan sonra olabilecegini kestirmek
olanaksizdir. Ciinkii; dril materyali, kullanilan
hastalarin kemik yapisi, sogutma teknigi,
osteotomi teknigi ve derinligi gibi parametrelerin
hepsini birden standardize etmek miimkiin
degildir. Oliveira ve ark.*> hem paslanmaz ¢elik
hem de zirkonyum drillerin 50 kez kullanimindan
sonraki asinmalarin1 taramali elektron
mikroskobu (SEM) ile degerlendirmistir. Buna
gore drillerin higbirinde ciddi deformasyon
goriilmemesine ragmen zirkonyum drillerin
paslanmaz c¢elik drillerden daha az asinma
gosterdigini bildirmistir. Bagka bir ¢aligmada
Scarano ve ark.* zirkonyum drillerin 120
osteotomiden sonra bile implant yatagini iyi
seviyede hazirlayabildigini belirtmistir. Koo
ve ark.? tarafindan yapilan c¢alismada ise
sadece ilk (pilot) drillerin 50 kez kullanimindan
sonra daha fazla 1s1 tirettigini bildirmesi ilging
bir sonug olarak karsimiza ¢ikmaktadir. Dril
kullanim sayisinin termal hasar agisindan
kritik esik degerinin belirlenememesi, klinik
uygulamalarda standardizasyonu giiclestiren
onemli bir faktordiir.

Implant piyasasinda ¢ok c¢esitli sistemler
olmasina bagli olarak dril geometrisinde de
c¢esitlilik s6z konusudur. Ancak bunlar igerisinde
en belirgin olarak karsimiza ¢ikan iki geometri,
burgulu driller ve ti¢ kanalli drillerdir. Cardioli ve
Majzoub®, yaptiklari bir galigmada 2 mm ve 3 mm
capinda burgulu drillerle 3,3 mm ve 4 mm ¢apinda
ti¢ kanall1 drilleri 4 mm ve 8 mm derinliklerdeki
osteotomilerde kemikte olusturduklari 1s1
acisindan karsilastirmislardir. Arastirma
sonuclarina gore, kalan tiim parametreler
esitlendiginde 2 mm capindaki burgulu drilin
hem 4 mm hem de 8 mm derinlikte en fazla 1s1y1
olusturdugunu bildirmislerdir. Her iki osteotomi
derinliginde de ii¢ kanalli drillerle daha diisiik
sicaklik artis1 oldugunu soylemislerdir. Ayrica
ti¢ kanall1 drillerin siirtlinme 1s1s1n1 azaltmadaki
etkinliginin osteotomi derinligiyle azalmadigini
belirtmislerdir. Literatiire gore drillerin
geometrik oOzelliklerinin belli standartlari
karsilamas1 gerekir. Bu standartlar; dril ucu
kendiliginden merkezlenmeli ve sapmadan
dogru bir sekilde osteotomiye baslamalidir,
olusan kavite dogru cap ve derinlige sahip
olacak sekilde hazirlanabilmelidir, kemikte
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sitkismamal1 ve asir1 tork liretmemelidir, dril
ucu kemik talaslarinin uzaklagsmasina miisaade
etmelidir, kolay sogutulabilen malzemeden
tiretilmis olmalidir.>*->?

Sogutma Yontemleri

Implant cerrahisinde drillerde ve dolayisiyla
kemikte sogutma yapilmasi termal nekrozu
engelleyen onemli bir faktor olacagindan
sogutma yontemleri birgok arastirici tarafindan
incelenmistir.!%33355 Osteotomilerde sogutucu
olarak genellikle icten ve distan olarak iki sistem
kullanilir. Igten sogutma, sogutma sivisinin
anguldurva saftindaki borular araciligiyla
drile yonlendirilmesidir. Distan sogutma ise
anguldurva ucundaki ek aparat ile sogutma
stvisinin dril ucuna piskiirtiilmesi seklindedir.'s
Matthews ve Hirsch?’, yaptiklari bir ¢alismada
oda sicakligindaki izotonik siv1 ile dakikada 300
ml, 500 ml, 1000 ml akis hizlarinda sogutmayla
osteotomi gergeklestirmistir. Buna gore sogutma
stvisinin akis hizi ne kadar yiiksekse osteotomi
sirasinda kemikte olusan sicakligin o kadar
diisiik oldugunu ve 500 ml/dakika veya iizeri
akis hizlarinda, kemikteki sicakligin asla 50
°C’nin tlzerine ¢ikmadigini bildirmislerdir.
Kirschmer ve Mayer®, i¢ ve dis sogutmayi
karsilagtirdiklar1 ¢alismalarinin sonucunda igten
sogutma sisteminin kemik sicakligini diistirmede
daha etkili oldugunu tespit etmislerdir. Lavelle
ve Wedgwod®, 19 N kuvvet ve 350 rpm sabit
doniis hizinda in vitro olarak kemik osteotomisi
yapmislar ve diger ¢aligmalarla paralel olarak
icten sogutma sisteminin daha etkili oldugunu
sOylemislerdir. Horider ve ark.** koyunlar
tizerinde yaptiklar1 histografik ¢alismada dis
sogutmanin ylizeyde, i¢ sogutmanin ise derinde
daha etkili oldugunu gostermislerdir. Ancak
tiim bu caligmalarla ¢eliskili olarak Benington
ve ark.”® yaptiklari deneysel ¢aligmalarinda
i¢ ve dis sogutma teknikleri arasinda implant
bolgesindeki termal degisimlerde kayda deger
bir fark bulamamuislardir. Sener ve ark.® ise bu
caligsmalara ek olarak farkli sicakliktaki sogutma
stvilarint karsilastirmiglardir. Buna gore 25 °C
ve 10 °C izotonik siv1 kullanarak yapilan digtan
sogutmada diisiik sicakliktaki sogutma sivisinin
kemikteki sicakligi daha fazla diisiirebildigini
tespit etmislerdir.
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Genel olarak degerlendirildiginde implant
osteotomisi sirasinda olusan termal degisimlerin
biyomekanik, biyolojik ve cerrahi parametrelerin
kompleks etkilesimi sonucu ortaya ciktigi
anlasilmaktadir. Literatiirdeki metodolojik
heterojenlik, bu alanda evrensel bir klinik
protokol olusturulmasini giiclestirmektedir.
Bu nedenle implant cerrahisinde termal
hasarin onlenmesi, tek bir ideal parametrenin
belirlenmesinden ziyade cerrahi tekniklerin ¢ok
faktorlii optimizasyonunu gerektirmektedir.

Bu anlatisal derlemenin sinirlar1 dahilinde su
klinik ¢ikarimlar yapilabilir:

1. Kemik doku 1s1 iletkenligi diisiik bir yap1
oldugundan 47 °C’nin tlizerindeki sicakliklar,
kemikte termal nekroza sebep olabilir.
Bu nedenle implant osteotomilerinde en
az 1s1 olusturacak atravmatik teknikler
kullanilmalidir.

2. Ozellikle yogun kortikal kemik varliginda
aralikli osteotomi ve etkin sogutma
stratejilerinin tercih edilmesi faydali olabilir.

3. Asinmis veya deformasyona ugramis
drillerin 1s1 artigina katkida bulunabilecegi
g6z oniinde bulundurulmalidir.

4. Dril hiz1 ve uygulanan kuvvetin kemik
sicaklig1 tizerindeki etkisi literatiirde ¢eligkili
oldugundan, bu parametreler klinik kosullara
gore dikkatle optimize edilmelidir.

5. Osteotomi derinligi ile sicaklik iligkisi net
olmamakla birlikte, derin osteotomilerde
sogutma etkinliginin azabilecegi hatirda
tutulmalidir.

6. Optimum akis hizinda kesin bir goriis
birligi olmamasina ragmen implant
osteotomilerinde 500 ml/dakika veya daha
yiksek akis hizinda, oda sicakliginda
veya daha diisiik sicaklikta sogutma sivisi
kullanmanin termal kontrol agisindan yararl
olabilecegi diisiiniilebilir.

Bu calismanin bazi sinirliliklar1 bulunmaktadir.
Oncelikle, derleme anlatisal nitelikte olup
sistematik bir metodoloji veya meta-analiz
icermemektedir. Dahil edilen calismalarin
Onemli bir kisminin in vitro olmasi, elde
edilen bulgularin dogrudan klinik ortama
genellenmesini  sinirlamaktadir. Ayrica
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literatiirde kullanilan deneysel modeller, 6l¢iim
teknikleri ve parametreler arasinda belirgin
heterojenlik bulunmaktadir. Bu durum, farkl
calismalarin sonuglarinin karsilagtirilmasini
ve standart bir klinik protokol olusturulmasini
gliclestirmektedir. Yayin yanlilift ve veri
secimine bagli olas1 yanhliklar da gbz ardi
edilmemelidir.

Sonuc¢

Bu anlatisal derlemenin bulgulari, dental
implant osteotomisi sirasinda olusan sicaklik
artisinin multifaktoriyel bir biyomekanik siire¢
oldugunu gdstermektedir. Implant cerrahisinde
termal hasarin 6nlenmesine yonelik yaklagimlar,
tek bir cerrahi parametrenin optimizasyonundan
ziyade cerrahi silirecin biitiinciil olarak
degerlendirilmesini gerektirmektedir. Bu
nedenle implant osteotomisi sirasinda olusan
termal degisimlerin klinik etkilerini daha net
ortaya koyabilmek i¢in standardize metodolojiye
sahip iler1 deneysel ve klinik ¢aligmalara ihtiyag
duyulmaktadir.
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Etik Kurul Onay1
Makalemiz derleme tiiriinde oldugundan etik
kurul onay1 gerekmemistir.

Cikar Catismasi
Yazarin makalede bahsi gec¢en konu
ve malzemelerle ilgili c¢ikar ¢atismasi

olusturabilecek bir iliskisi veya parasal ¢ikar
olusturabilecek bir baglantis1 bulunmamaktadir.

Finansal Kaynak

Bu calisma sirasinda; yapilan arastirma
konusu ile dogrudan baglantili olan herhangi
bir ilag¢ sirketinden, tibbi cihaz ve malzeme
lireten ve/veya saglayan bir firma ya da ticari
kurulustan, ¢alismanin degerlendirme siirecini
etkileyebilecek maddi veya manevi herhangi bir
destek alinmamustir.
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Ortodontik Mini Vida Tedavisi Sebebiyle Gelisen
Periapikal Lezyon: Vaka Sunumu
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ABSTRACT

Introduction: Orthodontic mini-screws are commonly
used materials in orthodontic treatment because they can
provide stable anchorage. Nevertheless, if placed close
to the root apex, they can cause complications including
pulpal injury, perforation, root resorption, and periapical
irritation.

Case Report: This case study presents the non-
surgical endodontic treatment of a periapical lesion that
developed as a result of mini-screw placement near the
root apex of a mandibular right canine during orthodontic
therapy. Thorough anamnesis, clinical, and radiological
examinations revealed a sinus tract and a radiolucent area
in the periapical region. A routine root canal treatment was
planned after all treatment modalities were explained to
the patient. The sinus tract healed during follow-up, and
complete radiographic healing of the lesion was apparent
at 48 months.

Conclusion: This case report demonstrates that mini-
screws placed near the root apex during orthodontic
treatment can cause complications, but these issues can
be resolved effectively with conservative endodontic
techniques.

Keywords: Root canal therapy, Orthodontic anchorage
procedure, Orthodontic tooth movement, Periapical
disease,

OZET

Giris: Ortodontik mini vidalar, stabil ankraj
saglayabilmeleri nedeniyle ortodontik tedavilerde
yaygin olarak kullanilan materyallerdir. Bununla birlikte,
kok apeksine yakin yerlestirildiklerinde pulpal hasar,
perforasyon, kdk rezorpsiyonu ve periapikal irritasyon
gibi komplikasyonlara neden olabilirler.

Olgu Sunumu: Bu olgu sunumu, ortodontik tedavi
sirasinda mandibular sag kanin digin kok apeksine yakin
yerlestirilen mini vida sonucu gelisen periapikal lezyonun
cerrahi olmayan endodontik tedavisini sunmaktadir.
Ayrintili anamnez, klinik ve radyolojik muayenede
periapikal bolgede bir siniis trakti ve radyolusent bir alan
saptanmistir. Tiim tedavi segenekleri hastaya agiklandiktan
sonra rutin bir kok kanal tedavisi planlanmistir. Takip
stirecinde siniis trakti iyilesmis ve lezyonun radyografik
iyilesmesi 48. ayda tamamen belirgin hale gelmistir.

Sonug¢: Bu olgu sunumu, ortodontik tedavi sirasinda
kok apeksine yakin yerlestirilen mini vidalarin
komplikasyonlara yol acabilecegini, ancak bu
problemlerin konservatif endodontik tekniklerle etkili bir
sekilde ¢oziilebilecegini gostermektedir.

Anahtar Kelimeler: Kok Kanal Tedavisi,Ortodontik
ankraj teknikleri, Ortodontik dis hareketi, Periapikal
hastalik,
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Orthodontic Mini-Screw Induced Apical Pathology

Introduction

Selecting optimal anchorage techniques is crucial
for the success of orthodontic treatments. Due
to the limitations of conventional methods, such
as fixed appliances, orthodontic mini-screws—
which are widely recognized for their ability
to provide stable anchorage—have become
increasingly common in modern orthodontics.!
Because these screws are relatively simple to
insert, do not require invasive surgery, and can
be removed when required, they are especially
preferred in interradicular cortical bone regions.
However, anatomical and clinical factors, such
as screw length, patient age, oral hygiene status,
insertion angle, and—most importantly—the
distance from the dental roots, all affect their
success rate.'?

The root surfaces may sustain mechanical trauma
when mini-screws are positioned excessively
close to the root structure. Inflammatory reactions
triggered by this trauma may ultimately lead to
complications such as pulp necrosis, external
root resorption, root perforation, and periapical
inflammation.** Younger patients are particularly
susceptible to faster progression of root
resorption due to their active bone remodeling
processes. The literature reports that after an
observation period of approximately three to
six months, iatrogenic root damage caused by
orthodontic mini-screws has occasionally been
observed to heal spontaneously without the need
for any intervention.®” However, endodontic or
surgical intervention may be required for the
affected tooth if symptoms persist during the
follow-up period or if no signs of radiographic
healing are observed.*®® One of the more
technically advanced imaging methods, cone-
beam computed tomography (CBCT), offers
useful diagnostic data for the early identification
of such issues,® however, these complications
typically only become noticeable after the
emergence of clinical symptoms like sinus tract
formation, pain, or radiolucency.®

Non-surgical root canal treatment protocols
remain the primary option for managing
periapical lesions from an endodontic approach.
In this situation, calcium hydroxide's [Ca(OH):]
high pH (~12.5) effectively eradicates anaerobic
bacteria and encourages the formation of
68

hard tissue in apical tissues, which prevents
the resorption process from progressing.'!!?
Furthermore, it has been proven to suppress
any remaining microorganisms within the root
canal system and stimulate the healing of the
surrounding periapical tissues when used as an
interappointment medicament.'*'*

This case report presents the non-surgical
endodontic management of a chronic periapical
lesion associated with the placement of an
orthodontic mini-screw in close proximity to the
root apex of a mandibular right canine during
orthodontic treatment. Clinically, a sinus tract
and a well-defined periapical radiolucency were
noted. Differential diagnoses such as periodontal
lesions and vertical root fractures were ruled out
based on clinical examinations and radiographic
findings, leading to a final diagnosis of chronic
apical periodontitis. Given the lesion's size, the
severity of clinical symptoms, and the extent of
infection; a conservative approach involving
non-surgical root canal treatment was deemed
the most appropriate course of action.

Case Report

An 18-year-old systemically healthy male
patient presented to Department of Endodontics,
Faculty of Dentistry, Baskent University, in
2021. His complaint was a sinus tract in the right
mandibular canine's buccal mucosa (Figure 1).
Patient’s dental history revealed that his fixed
orthodontic treatment was completed in 2020,
which performed with orthodontic mini-screws
in the area of the mandibular canines (Figure 2).

Figure 1. Intraoral sinus tract
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During clinical examination, a sinus tract was
observed on the vestibular mucosa in the right
mandibular canine area. The tooth exhibited no
coronal restoration. The tooth revealed no signs
of pain to percussion or palpation. Pulp vitality
assessments, including both cold (Endo-Frost,
Roeko, Langenau, Germany) and electric pulp
tests (Parkell Inc, Edgewood, NY), showed
negative responses. Periodontal examination of
the affected canine and adjacent teeth revealed

IKIZ, D., et. al

normal findings, including physiological probing
depths, with no signs of mobility or attachment
loss.

A panoramic radiograph obtained during
orthodontic treatment and the initial periapical
radiograph at presentation showed that the
orthodontic mini-screws had been placed in
close proximity to the root apex of the right
mandibular canine (Figure 2).

Figure 2. Panoramic Radiographs A. Initial (02/2016) B. During orthodontic treatment (06/2018) C. After

orthodontic treatment (12/2020)
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Orthodontic Mini-Screw Induced Apical Pathology

On the initial periapical radiograph, a well-
defined periapical radiolucency surrounding
the apex was detected (Figure 3). The lesion
was assigned a Periapical Index (PAI) score of
4, indicating a well-defined radiolucent area.
Additionally, radiopaque lines were observed
(Figure 3). The structural integrity of the
lamina dura was obviously affected. Clinical
and radiographic assessments of the adjacent
teeth, supported by pulp sensibility testing and
periodontal examination, confirmed that they
were vital and not involved in the pathological
process. Written informed consent was obtained
from the patient for the endodontic treatment
and the publication of this case report with an
assurance of anonymity.

= 4

Figure 3. Post-orthodontic periapical radiograph
(03/2021)

A routine root canal treatment was planned for
the tooth with necrotic pulp. Following a local
anesthetic (articaine HCI with epinephrine
1:100,000), an access cavity was prepared under
rubber dam isolation. The working length was
determined with an electronic apex locator and
then confirmed with periapical radiography
(Figure 4). The canal was prepared using the
ProTaper Next rotary file system (X1-X3;
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Dentsply Maillefer, Switzerland) and nickel-
titanium hand files (#70).

T ——

Yy

Figure 4. Working length determination (03/2021)

A syringe was used to irrigate the canal with
2 mL of a 2.5% sodium hypochlorite (NaOCI)
solution (Microvem, Istanbul, Turkey) between
each file. For the final irrigation, 5 mL of 17%
EDTA (Microvem, Istanbul, Turkey) was used
for one minute, followed by distilled water.
Manual dynamic activation was performed
using a well-fitting master gutta-percha cone to
enhance the efficacy of the irrigants. Ca(OH)2
(Calsin, Merkez Kimya, Turkey) was placed
into the canal as an intracanal medicament to
suppress residual microorganisms and prevent
the progression of root resorption. Then, the
access cavity was sealed with a temporary
restorative material (Cavit, Meta Biomed,
Cheongju, Korea).

At the two-week follow-up visit, the sinus tract
on the vestibular mucosa was reported to have
successfully healed; no edema or pain was
observed in the affected area. The intracanal
medication was removed by irrigating with 5
mL of 2.5% NaOC]I and 5 mL of 17% EDTA,
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accompanied by manual dynamic activation. The
root canal was dried with sterile paper points and
was obturated with gutta-percha (70.02) (Sure
Dent Corporation, Gyeonggi-do, Korea) and AH
Plus sealer (Dentsply Maillefer, Switzerland) via
the cold lateral compaction technique (Figure 5).

<
-

Figure 5. Root canal obturation (03/2021)

Finally, the tooth was restored with composite resin
(Filtek 2250, 3M ESPE, St Paul, MN) (Figure 6).
During the patient's regular follow-up
appointments, no symptoms were mentioned.
At the 48-month follow-up examination of the
patient, the tooth was healthy and the periapical
radiograph showed healing of the periapical
lesion (Figure 7).
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Figure 6. A post-operative radiograph (03/2021)

Figure 7. 48 months follow up (03/2025)

A notable radiographic finding in this case was the
presence of two thin, ring-like radiopacities adjacent
to the root apex. These findings persisted with the
same morphology after obturation and throughout the
48-month follow-up period. Neither the radiographic
healing process nor the clinical course was impacted
by these findings.
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Orthodontic Mini-Screw Induced Apical Pathology

Conclusion

The use of mini-screws during orthodontic
treatment provides control over tooth movement
by providing stable anchorage; nevertheless,
proximity to or contact with tooth roots during
placement may lead to complications.

Incorrect angulation or placement of mini-
screws too close to the root surface could damage
the cementum and dentin, leading to various
types of root resorption. Brudvik and Rygh’
state that when cementum surfaces exposed to
such damage experience osteoclastic activity,
inflammatory root resorption occurs. According
to the literature, inflammation damages the pulp
tissue and causes internal root resorption which is
a progressive process. However, after cementum
damage, external inflammatory root resorption
appears in the periodontal ligament and typically
takes place in the apical or lateral regions of the
root.'>¢ This mechanism is frequently observed
in cases involving external damage, particularly
those caused by orthodontic mini-screws.'’

Additionally, external surface resorption caused
by damage to the cementum and periodontal
ligament is typically a temporary, superficial
form that resolves spontaneously following
trauma." If the inflammation process persists,
a progressive variant known as replacement
resorption may develop, in which bone tissue
gradually replaces the cementum. This reparative
process causes ankylosis, since the root structure
is replaced by bone.!"!®

The growth of periapical inflammation,
particularly after pulp vitality has been lost,
might result in the development of sinus tracts
and apical lesions** In this case, the patient's
asymptomatic clinical condition at referral
supported the diagnosis of chronic apical
periodontitis. One of the report's limitations
was the absence of CBCT imaging. Despite
this limitation, the proximity of the mini-screw
to the root apex was apparent on periapical
radiographs. According to standard radiography
findings, external inflammatory root resorption
was considered as the most likely diagnosis.?

The removal of pulp tissue, elimination
of bacterial contamination, and complete
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disinfection of the root canal system provide
the primary therapeutic approach for periapical
lesions associated with root resorption.>! For
this purpose, it has been shown that an irrigation
protocol combining 2.5% sodium hypochlorite
(NaOCl) with 17% ethylenediaminetetraacetic
acid (EDTA) is exceptionally efficient in getting
eliminating both organic and inorganic debris.?
The use of EDTA as a final irrigant has been
shown to improve the sealer's adaptation to the
dentinal walls by effectively clearing the smear
layer.?!

As an intracanal medication, Ca(OH)2 is
regarded for its antibacterial characteristics as
well as its ability to promote periapical healing
and slow down the resorption process.? In this
case, the application of Ca(OH)2 at the first
visit contributed to the complete closure of the
sinus tract and a quick clinical improvement.
Similar clinical findings have been reported in
other cases, where symptoms such as sinus tract,
pain, and tenderness resolved within as little as
1 to 4 weeks. For instance, a 2022 systematic
review by Alghamdi and Alkhatib demonstrated
a significant reduction in these symptoms
following the use of Ca(OH)2 in periapical
lesions.?* Furthermore, another review that was
published in 2024 confirmed that intracanal
calcium hydroxide is useful for accelerating
symptomatic healing, particularly when there
are large periapical lesions.?

Epoxy resin-based root canal sealers are
commonly preferred by endodontists due to their
ability to establish an optimal interface with
dentin, exhibit low solubility, and effectively
prevent apical microleakage.?** Especially, AH
Plus Sealer is considered a reliable material for
root canal obturation, and is commonly used by
many endodontists in clinical practice. Due to
its effective apical sealing ability, limiting the
penetration of irritants into the periapical area, it
is deemed as the gold standard for epoxy resin-
based root canal sealers.?

AH Plus root canal sealer and gutta-percha
cones were used to complete the root canal
obturation, and long-term follow-up revealed
complete healing of the periapical lesion.
Based on its high dimensional stability, strong
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dentin adhesion, and low solubility, AH Plus,
an epoxy resin-based sealer, is accepted as a
consistent material in endodontics. Because
of these qualities, it has been regarded as the
"gold standard" in many research studies.?’
Additionally, AH Plus promotes the formation of
a three-dimensional, hermetic seal by decreasing
microleakage, which significantly improves the
long-term success of the treatment.”

According to all the available data, AH Plus
remains an effective root canal sealer in clinical
practice due to its long-term dependability and
physical durability. However, bioceramic sealers
have shown significant advantages, particularly
in moist environments, due to their increased
biocompatibility and ability to promote the
formation of hard tissue.?*°

In recent years, bioceramic-based root canal
sealers have received a lot of attention due to
their remarkable hydrophilic nature, ability to
stimulate hard tissue growth, and exceptional
biocompatibility.’! For instance, in retrospective
clinical studies, bioceramic (calcium silicate-
based) sealers demonstrated a 100% success rate
after 11.9 months of follow-up, whereas epoxy
resin-based sealers reported a 93.8% success
rate under the same conditions.*? Furthermore,
in vitro studies demonstrate no statistically
significant differences between AH Plus and
bioceramic sealers in terms of their apical sealing
performance.”

A significant feature of this case is the
successful non-surgical endodontic treatment
of a pathology caused by an orthodontic mini-
screw, with demonstrated long-term healing
over a 48-month follow-up period. Research
studies analyzing the prevalence of mini-screw
complications have revealed that when the screw
is placed less than 1 mm from the root, the risk
of root resorption increases significantly.?*
Therefore, before placement, orthodontists
must carry out detailed radiographic planning
and carefully determine the distance between the
mini-screw and nearby tooth roots.**

A notable radiographic finding in this case was
the presence of two thin, ring-like radiopacities
adjacent to the root apex. Orthodontic mini-
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screws placed close to tooth roots have been
associated with tooth-related complications,
including iatrogenic root injury and subsequent
periradicular pathology.”** These radiopacities
may represent metallic micro-fragments related
to mini-screw insertion/removal, as mechanical
complications (including screw fracture) are
reported more frequently in situations of high
bone density and root proximity.>> However,
because periapical radiographs depict three-
dimensional structures in two dimensions,
they may be insufficient to determine the exact
nature of radiopaque findings or the full extent
of iatrogenic root damage.*® In the present case,
the stability of these radiopacities on serial
radiographs, the absence of symptoms, and
the favorable radiographic healing suggested
that they were clinically inert; therefore, no
additional invasive confirmation was pursued.

In conclusion, the overall result of orthodontic
therapy 1is significantly affected by the
contact between orthodontic mini-screws and
surrounding structures. This case demonstrates
how non-surgical endodontic treatment can
effectively manage a periapical lesion brought
on by the placement of a mini-screw near the
root apex. Long-term follow-up increases this
approach's effectiveness and endurance. In this
case, the thin apical radiopacities remained with
consistent morphology throughout the follow-up
period; they were asymptomatic and did not affect
the healing process, thus no further intervention
was necessary. In particular circumstances,
a conservative treatment approach combined
with an early diagnosis may produce desirable
outcomes without surgical intervention.
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Direkt Kompozit Restorasyonlarla Anterior
Diastema Kapatimi Sonrasi interdental Papilla
Adaptasyonu: Olgu Sunumu

Salman Baris'", Baseren Nurdan Meserret’

ABSTRACT

Objectives: Anterior diastemas are common esthetic
problems that may negatively affect smile appearance
and patient self-perception. Although various treatment
options exist, direct composite restorations are increasingly
preferred for diastema closure due to their conservative and
minimally invasive nature. This case report presents the
clinical relevance of biologically guided restorative design
in preventing black triangle formation and supporting
interdental papilla adaptation following anterior diastema
closure.

Case report: A 35-year-old systemically healthy woman
presented with esthetic concerns related to a midline
diastema between the maxillary central incisors. Clinical
examination revealed an approximately 4.0 mm diastema,
while radiographic evaluation showed physiologic alveolar
bone levels without periodontal or periapical pathology.
Based on the patient’s esthetic expectations and preference
for a conservative, single-visit approach, diastema closure
was performed using direct resin composite restorations.
Particular attention was paid to contact point positioning,
proximal surface contouring, and emergence profile
design, aided by a transparent Mylar strip for controlled
formation of the proximal contact area. At the one-month
follow-up, complete interdental papilla fill was observed
with healthy gingival tissues and satisfactory marginal
adaptation. At six months, the restorations maintained
esthetic and functional integrity, with stable gingival
tissues and no evidence of discoloration, proximal contact
loss, black triangle formation, or complications.

Conclusion: With appropriate case selection and
biologically guided restorative design, direct resin
composite restorations represent an effective and
conservative option for anterior diastema closure.
Proper contact point positioning and anatomically driven
proximal contouring play a critical role in preventing
black triangle formation and promoting stable interdental
papilla adaptation.

Keywords: Composite resins, Dental esthetics, Dental
papilla, Diastema

OZET

Amac: Anterior diastemalar, giiliig estetigini ve hastalarin
0z algisin1 olumsuz etkileyebilen yaygin estetik
problemlerdir. Farkli tedavi segenekleri tanimlanmis
olmakla birlikte, direkt kompozit restorasyonlarla diastema
kapatilmasi konservatif yaklasimi nedeniyle giderek daha
fazla tercih edilmektedir. Bu olgu raporu, anterior diastema
kapatim1 sonrasi siyah tiggen olusumunun dnlenmesi ve
interdental papillanin adaptasyonunun desteklenmesinde
biyolojik temelli restoratif tasarimin roliinii klinik olarak
degerlendirmektedir.

Olgu sunumu: Sistemik olarak saglikli 35 yasinda kadin
hasta, maksiller santral kesici disler arasindaki orta hat
diastemasina bagli estetik sikayet ile bagvurmustur.
Klinik muayenede yaklasik 4,0 mm genisliginde diastema
saptanmis, radyografik degerlendirmede periodontal veya
periapikal patoloji olmaksizin fizyolojik alveolar kemik
seviyeleri izlenmistir. Hastanin estetik beklentileri ve
konservatif, tek seanslik tedavi tercihi dogrultusunda
direkt rezin kompozit restorasyonlarla diastema kapatimi
planlanmistir. Restorasyon sirasinda kontak noktasi
konumlandirmasina, proksimal ylizey konturlarina ve
¢ikis profilinin biyolojik prensiplere uygun tasarlanmasina
6zel 6nem verilmis; proksimal kontak alaninin kontrolli
olusturulabilmesi i¢in seffaf Mylar strip kullanilmistir.
Bir aylik kontrolde diastema bolgesinin interdental
papilla ile doldugu, gingival dokularin saglikli oldugu
ve marjinal adaptasyonun yeterli oldugu gézlenmistir.
Alt1 aylik takipte restorasyonlarin estetik ve fonksiyonel
biitiinliigiini korudugu, gingival dokularin stabil oldugu
ve kontak kaybi, renklenme, siyah iiggen olugumu veya
baska bir komplikasyon izlenmedigi belirlenmistir.

Sonuc¢: Uygun olgu se¢cimi ve biyolojik olarak
yonlendirilmis restoratif tasarim ile direkt rezin
kompozit restorasyonlar, anterior diastema kapatiminda
etkili ve konservatif bir tedavi secenegi sunmaktadir.
Dogru kontak noktasi konumlandirmas: ve anatomik
olarak yonlendirilmis proksimal konturlama, siyah
iicgen olusumunun 6nlenmesi ve interdental papillanin
adaptasyonunun stabil sekilde saglanmasinda kritik rol
oynamaktadir.

Anahtar Kelimeler: Dental estetik, Dental papilla,
Diastema, Kompozit rezinler
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Papilla Adaptation After Diastema Closure

Introduction

Anterior diastemas, particularly the spaces
between the maxillary incisors, represent a
significant esthetic concern that directly affects
smile esthetics and patients’ self-perception.!
Diastemas may lead to disturbances in facial
symmetry, resulting in a smile appearance that
may be perceived as less attractive by both
patients and clinicians.> Consequently, the
demand for diastema closure treatments has
increased in recent years, with patients frequently
favoring conservative approaches such as direct
restorative procedures.

In the management of diastemas, direct
composite resins offer a minimally invasive
and cost-effective treatment alternative.® Direct
composite restorations can be performed in a
single clinical session, thereby preserving tooth
structure to a great extent while reducing both
treatment time and cost.* Moreover, with the use
of contemporary composite materials exhibiting
high esthetic properties, it is possible to closely
mimic the natural tooth form and color during
diastema closure.’ From this perspective, direct
composite restorations allow the achievement of
a natural smile esthetics within a short treatment
time and stand out as a less invasive treatment
option compared with orthodontic therapy or
porcelain restorations.*

During diastema closure using resin composites,
one of the most common clinical challenges is
the occurrence of gingival level black triangles
or open embrasure spaces.” These black
triangles not only compromise smile esthetics
but may also predispose to periodontal problems
by facilitating food impaction.®

The vertical distance from the contact point to
the alveolar bone crest is considered the key
determinant of interdental papilla presence.’
In a previous study, it was reported that when
the distance between the contact point and the
alveolar crest was 5.0 mm or less, the interdental
papilla was preserved in 98% of cases; however,
this rate decreased to 56% at a distance of 6.0 mm
and to 27% at 7.0 mm.® Increased interproximal
spacing and root divergence compromise
papillary support, making complete papilla
fill difficult in excessively wide interproximal

78

spaces.” When these factors are considered
collectively, it becomes evident that effective
diastema closure and favorables interdental
papilla adaptation require careful consideration
of contact point positioning, tooth morphology,
and periodontal health.'” This case report
presents a restorative approach demonstrating
that satisfactory interdental papilla adaptation
can be achieved following diastema closure.

Case Report

A 35-year-old systemically healthy woman
presented with esthetic concerns associated with
a diastema between the maxillary anterior teeth.
On clinical examination, an approximately 4.0
mm midline diastema was identified between the
maxillary central incisors (Figure 1). Clinical
evaluation revealed no pathological labial
frenulum attachment, and the maxillary central
incisors exhibited favorable axial inclinations
without signs of root divergence. The diastema
was therefore considered primarily esthetic rather
than related to frenal or orthodontic factors.
Interdental papilla fill was clinically assessed
using the Papilla Presence Index (PPI) proposed
by Cardaropoli, Re, and Corrente (2004), which
evaluates the presence of the interdental papilla
based on embrasure fill."" At baseline, prior to
restorative intervention, the interdental papilla
between the maxillary central incisors was
absent, corresponding to a PPI score of 3.

Figure 1. Preoperative intraoral view showing the
midline diastema between the maxillary central
incisors.

Radiographs showed physiologic alveolar bone
levels in the affected region, with no signs of
periapical or periodontal pathology. Periodontal
examination revealed healthy gingival tissues,
with probing depths <2 mm, absence of bleeding
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on probing, and no clinical signs of periodontal
disease. Plaque control was assessed as adequate.
Horizontal measurement of the diastema width
was performed using a periodontal probe (UNC-
15, Hu-Friedy, USA). According to the patient’s
history, a direct resin composite restoration had
previously been placed in the same region;
however, this restoration subsequently fractured
(Figure 2).

Figure 2. Intraoral view demonstrating the fractured
direct resin composite restoration previously placed
in the diastema region.

Considering the patient’s esthetic expectations,
desire for a short treatment duration, and
preference for a conservative approach, diastema
closure with a direct resin composite restoration
was planned. Written informed consent was
obtained from the patient, and permission was
granted for the use of clinical and photographic
data for scientific purposes. To ensure adequate
moisture control throughout the restorative
procedures, the treatment area was isolated
using a rubber dam (Sanctuary® Dental Dam,
Sanctuary Health, Malaysia) (Figure 3a). The
fractured existing composite restoration was
carefully removed using low-speed diamond
burs without causing damage to the surrounding
tissues (Figure 3b).

Figure 3. a. Isolation of the operative field using a
rubber dam prior to restorative procedures b. Careful
removal of the fractured composite restoration using
low-speed diamond burs without damaging the
surrounding tooth structure
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Prior to the restoration, a 37% orthophosphoric
acid etching gel (Etch-Rite, Pulpdent
Corporation, USA) was applied to the relevant
tooth surfaces for 30 seconds (Figure 4a).

Following the acid-etching procedure, the
surfaces were rinsed with water for 20 seconds and
gently air-dried. Subsequently, the Prime&Bond
Universal adhesive system (Dentsply Sirona,
USA) was applied to the enamel surfaces using
a micro-applicator (Figure 4b) and was light-
cured for 20 seconds using an LED curing unit
(Bluephase G2, Ivoclar Vivadent, Liechtenstein).
Polymerization was performed using a light
intensity of 1200 mW/cm?.

Figure 4. a. Application of 37% orthophosphoric acid
etching gel to the enamel surfaces of the maxillary
central incisors b. Application of the universal
adhesive system to the etched enamel surfaces prior
to light polymerization.

Following completion of the adhesion protocol,
the restorative phase was initiated. For diastema
closure, a nanohybrid resin composite material
(Estelite Asteria, Tokuyama Dental, Japan) in
shade A1B was selected. To enhance surface
adaptation of the composite material and
allow controlled formation of the anatomical
contours, a sable brush lightly moistened with
GC Modeling Liquid (GC Corp., Tokyo, Japan)
was used.

To allow proper shaping of the proximal contact
area and the interdental papilla region, a proximal
wall was established using a transparent Mylar
strip (Hawe Transparent Matrix Strip, Hawe
Neos Dental, Switzerland). The composite
material was applied using an incremental
technique, and each layer was light-cured with
an LED curing unit. Initially, the proximal
contact area was established in the gingival
region, followed by shaping of the labial surface
morphology and tooth contours in accordance
with natural tooth anatomy. The same restorative
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protocol was applied to the contralateral
maxillary central incisor to achieve symmetry.
After completion of the restorations, the rubber
dam was removed and occlusal contacts were
checked using articulating paper. Following the
necessary occlusal adjustments, finishing and
polishing procedures were performed. Finishing
procedures were carried out using fine-grit Sof-
Lex™ discs (3M ESPE, St. Paul, MN, USA).
Final polishing was completed with Diacomp
Plus Twist polishing rubbers (EVE Ernst Vetter
GmbH, Germany) to reduce surface roughness
and achieve a high surface gloss.

At the end of the treatment, the diastema
between the maxillary central incisors was
successfully closed, achieving satisfactory
esthetic and functional emergence profile
(Figure 5). Immediate postoperative evaluation
of the restorations according to modified USPHS
criteria revealed Alpha ratings for color match,
marginal adaptation, and anatomic form. The
clinical evaluation was performed using selected
core criteria of the modified United States Public
Health Service (USPHS) system, including color
match, marginal adaptation, anatomic form,
and secondary caries. The original USPHS
framework described by Cvar and Ryge has
been widely adopted and selectively modified in
clinical restorative research.12,13 The selective
use of these core criteria reflects the short-term
follow-up period and the clinical nature of the
present case report.

Figure 5. Immediate postoperative intraoral view
demonstrating successful closure of the anterior
diastema with satisfactory esthetic and functional
outcome.
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The proximal contact areas and labial contours
of the restorations were found to be harmonious
with natural tooth morphology. At the one-month
clinical follow-up, the diastema region was
observed to be filled by the interdental papilla,
with healthy gingival tissues and maintained
marginal adaptation of the restorations (Figure
6). This finding corresponded to a Papilla
Presence Index (PPI) score of 1, indicating
complete papilla presence with full embrasure
fill and favorable soft tissue adaptation. At the
one-month follow-up, the restorations were
reassessed using modified USPHS criteria, and
all evaluated parameters were rated as Alpha.

Figure 6. One-month follow-up intraoral view
showing favorable interdental papilla fill and healthy
gingival tissues in the diastema region.

At the six-month follow-up examination,
the restorations maintained their esthetic
and functional integrity, the gingival tissues
remained stable, and no proximal contact loss
or other complications were observed (Figures
7, 8). According to modified USPHS criteria, all
assessed parameters remained at Alpha scores at
the six-month follow-up. No secondary caries
was observed during the 6-month follow-up
period; however, this finding represents early
clinical outcomes and should be interpreted
accordingly. USPHS evaluation results at
different follow-up periods are presented in
Table 1.
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Table 1. Clinical evaluation of the restorations at different follow-up periods according to modified USPHS
criteria.

USPHS criterion Immediate 1 month 6 months
Color match Alpha Alpha Alpha
Marginal adaptation Alpha Alpha Alpha
Anatomic form Alpha Alpha Alpha
Secondary caries Alpha Alpha Alpha

USPHS: United States Public Health Service criteria. Alpha indicates ideal clinical performance

At this time point, the interdental papilla remained stable with complete embrasure fill, corresponding
to a Papilla Presence Index (PPI) score of 1 according to Cardaropoli et al.'’, demonstrating
maintained favorable papilla adaptation over time. The Papilla Presence Index scores at baseline
and follow-up time points are summarized in Table 2.

Table 2. Interdental papilla evaluation using the Papilla Presence Index (PPI) proposed by Cardaropoli et al."

Time point PPI score
Baseline 3
Immediate 3
1 month 1
6 months 1

PPI: Papilla Presence Index according to Cardaropoli et al.!!

Figure 7. Six-month follow-up intraoral view
illustrating stable proximal contact areas and
maintained gingival health without black triangle
formation

Throughout the follow-up period, no
discoloration, marginal discrepancy, or signs
of gingival inflammation were observed. The
patient reported satisfaction with the esthetic
and functional outcome.

Discussion

Various treatment approaches have been
described for the esthetic rehabilitation of
anterior diastemas. Although orthodontic
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Figure 8. Six-month follow-up close up view
demonstrating preserved marginal adaptation, surface
integrity, and harmonious soft tissue contours.

treatments and indirect ceramic restorations
can provide predictable esthetic and functional
outcomes, factors such as prolonged treatment
duration, higher cost, and increased invasiveness
may limit their acceptance by all patients in
clinical practice.* In the present case, orthodontic
treatment was not preferred due to the absence
of underlying orthodontic indications, such as
unfavorable axial inclinations or pathological
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frenulum attachment, as well as the patient’s
desire for a shorter treatment duration. Indirect
ceramic restorations were also not selected
because of their more invasive nature and the
requirement for irreversible tooth preparation.
Considering the patient’s esthetic expectations
and preference for a conservative, single-visit
approach, direct resin composite restorations
were chosen as the most appropriate treatment
option. Therefore, in recent years, direct resin
composite restorations have gained prominence
due to their minimally invasive nature and ability
to provide esthetic results within a short treatment
time. In the present case, direct resin composite
restorations were preferred for anterior diastema
closure based on similar clinical considerations.

The literature reports that in cases where
composite restorations fail or do not meet patient
expectations, minimally thick ceramic veneers
may be considered as a subsequent treatment
option.'*'®  This supports the concept that
direct composite restorations can be positioned
as a conservative first step within a stepwise
treatment planning approach for esthetic
rehabilitation. One of the most frequently
reported complications in diastema closure is
the formation of open embrasure spaces at the
gingival level."” These spaces, referred to as
‘black triangles,’ not only compromise esthetics
but also pose a risk to periodontal tissues by
increasing plaque retention.® It has long been
recognized that the presence of the interdental
papilla is closely related to the vertical distance
between the contact point and the alveolar bone
crest.® Tarnow et al.®reported that when this
distance is 5 mm or less, the interdental papilla
is largely preserved, whereas papilla presence
decreases significantly as the distance increases.
Repositioning of the proximal contact area
during restorative treatment played a key role
in supporting interdental papilla adaptation and
stability, rather than inducing active soft tissue
adaptation. In the present case, interdental papilla
adaptation was evaluated using the Papilla
Presence Index (PPI) proposed by Cardaropoli
etal."!, allowing standardized assessment of soft
tissue changes following restorative treatment.
However, interdental papilla formation is not
determined solely by the vertical distance.
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Horizontal interproximal spacing, root
positioning, and proximal surface morphology
also play a decisive role in papilla stability.'
Wide interproximal spaces and excessively
convex proximal contours may restrict the
biological space required for the interdental
papilla, leading to unfavorable gingival
outcomes." According to these approaches, the
contact point, cementoenamel junction, alveolar
bone level, and proximal surface contours
should be evaluated collectively.?® Although
attempting to mechanically eliminate black
triangles by means of overcontoured restorations
may provide short-term esthetic improvement,
it can adversely affect periodontal health in
the long term.?’ Therefore, during diastema
closure, the gingival-occlusal contouring of
the proximal surfaces is of critical importance,
in addition to the positioning of the contact
area. In this case, careful attention was given
to shaping the emergence profile in accordance
with anatomical principles, taking into account
the biological requirements of the interdental
papilla and surrounding soft tissues.

In direct composite restorations, controlled
formation of the proximal contact area using
transparent matrix systems contributes to
preservation of an appropriate space for the
interdental papilla.® In restorations performed
using a freehand technique, deliberate limitation
of the restorative material in the gingival region
and design of the proximal surfaces with a slightly
flat or concave morphology, in combination with
the use of a transparent Mylar strip, provide a
clinically controllable and practical approach
that supports physiological interdental papilla
adaptation by preserving the biological space
required for soft tissue fill. Accordingly, this
method was preferred in the present case to
allow controlled and predictable placement
of the restoration in the gingival region. The
esthetic properties of composite resins, enabled
by a wide range of opacity and translucency
options, allow for successful replication of
natural tooth structure.?” Nevertheless, it
has been reported that long-term use of these
materials may be associated with a reduction
in surface gloss and changes in color stability.'®
However, these disadvantages can be readily
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managed through regular clinical follow-ups
and repolishing procedures when necessary. In
the present case, sequential clinical evaluations
performed immediately after treatment and at
1- and 6-month follow-up visits demonstrated
consistent Alpha ratings according to modified
USPHS criteria, indicating stable short-term
esthetic and functional performance of the
restorations. Nevertheless, the evaluation of
secondary caries at 6 months reflects short-term
clinical findings, and longer follow-up periods
are required to draw definitive conclusions
regarding caries development. Overall, when
applied with appropriate case selection and
biologically driven morphological design,
direct resin composite restorations represent an
effective and conservative treatment option for
the esthetic rehabilitation of anterior diastemas.
One of the limitations of this case report is the
relatively short follow-up period of 6 months.
Therefore, the findings should be interpreted as
early clinical outcomes. Long-term prospective
clinical studies are needed to evaluate secondary
caries development, marginal stability, and soft
tissue behavior over time.

Conclusion

Direct composite restorations are considered
a conservative treatment option for anterior
diastema closure, allowing preservation of tooth
structure. Within this approach, appropriate
positioning of the contact area and anatomically
driven shaping of the proximal surfaces are
among the key factors that may contribute to
preventing the formation of black triangle spaces.
Planning the restorative design in harmony with
the interdental papilla is essential to support
optimal soft tissue adaptation. In the present
case, favorable interdental papilla adaptation was
achieved following anterior diastema closure
without surgical or periodontal intervention,
emphasizing the role of restorative design in soft
tissue stability. Within the limitations of this case
report and the short-term follow-up period, direct
composite restorations with biologically guided
restorative design appear to be a conservative
and clinically acceptable option for anterior
diastema closure.
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