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Effect of Silver Diamine Fluoride and Diode Laser as Desensitizer
on The Microleakage and Discoloration at Class V Restorations
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Article Info ABSTRACT

Aim: The aim of this study was to evaluate the effects of silver diamine fluoride and diode laser applications
used for desensitization on microleakage and colour change in the restorations of class V cavities.
. Materials and Methods: Twenty human molar teeth were used in this study. ClassV cavities (4x3x3 mm)
Received: 31.05.2024 - . S .
.18 11.2024 (n=10) were prepared on the buccal and lingual surfaces. All teeth were divided into 4 groups according to
Accepted: 18.11. the treatment methods for DH. Group 1 (silver diamine fluoride), Group 2 (940 nm diode laser), Group 3

Article History

Published: 28.04.2025 (940 nm diode laser + silver diamine flouride), Group 4 (no treatment). All cavities were restored with

nano-hybrid composite resin. Restorations were polished with discs. Colour changes were measured with
Keywords: a spectrophotometer on 1, 7, 14, 28 days. Colour change was calculated with the CIEDE2000 formula. To
Discoloration, evaluate microleakage scores, samples were stained with 0.2% RhodamineB dye and cut bucco-lingually.

Mi Dye penetration was scored under a stereomicroscope. Data were statistically analyzed using the Shapiro-

icroleakage, . L

. Wilks and Tukey HSD test at a 5% significance level.

DlOde la%ser,. . Results: According to the colour changes, a statistically significant difference was found between Group 1

Silver diamine flouride. and Group 3. In Group 2, there was significantly difference between 1-7 and 1-14 days, 1-7 and 1-28 days.
The highest microleakage scores were obtained with the laser-used groups.
Conclusion: Despite the use of a solution containing potassium, a colour change above the clinically
acceptable threshold was observed in silver diamine used groups. Also, laser used groups have shown
unacceptable colour change values.

Smif V Kompozit Restorasyonlarda Hassasiyet Giderici Olarak Kullanmilan Giimiis
Diyamin Floriir ve Diyot Lazerin Mikrosizinti ve Renk Degismesi Uzerindeki Etkisi

Makale Bilgisi OZET
. Amagc: Bu ¢aligmanin amaci, hassasiyet giderici amaglh kullanilan giimiis diamin floriir ve diyot lazer
Makale Gegmisi uygulamalarinin sinif V kavitelerin restorasyonlarinda, mikrosizintiya ve renk degisimine olan etkilerini

. R degerlendirmektir.
gzgzr;g‘::;lf i '89? '12.(2)(2)‘2‘ ,  Geres ve Yontemler: Bu galismada yirmi adet insan molar disi kullamlds. Her bir disin bukkal ve lingual

o yiizeylerinde standart Sinif V kaviteler (4x3x3mm) hazirlandi. Disler tedavi yontemlerine goére rastgele 4
Yaym Tarihi: 28.04.2025 gruba (n=10) ayrildi. Grup 1(giimiis diamin floriir), Grup 2 (940 nm diyot lazer), Grup 3 (giimiis diamin

floriir + 940 nm diyot lazer), Grup 4’teki 6rneklere higbir tedavi protokolii uygulanmadi. Tiim kaviteler,
Anahtar Kelimeler: nano-hibrid kompozit rezin ile restore edildi. Restorasyonlar diskler ile cilalandi. Orneklerin renk 8lgiimii

Renklenme, spektrometre cihazi ile 1, 7, 14, ve 28. giinlerde yapildi. Renk degisimi, CIEDE 2000 formiiliiyle
Mikrosizinti hesaplandi. Ornekler %0.2 Rhodamine B boyas: ile boyandi ve bukko-lingual yonde kesildi. Boya
Di > penetrasyonu bir stereomikroskop altinda skorlandi. Veriler Shapiro-Wilks ve Tukey HSD testi kullanilarak
Llyot, %5 anlamlilik diizeyinde istatistiksel olarak analiz edildi.

azer,

Bulgular: Renk degisimi agisindan degerlendirildiginde, Grup 1 ve Grup 3 arasinda istatistiksel olarak
Gilimiis diamin florir. anlamli bir fark bulundu. Grup 2’de, 1-7. giin ile 1-14. Giin, 1-7. giin ile 1-28. Giin zaman araliklarinda,
renk degisimi farki istatistiksel olarak anlamli bulundu. En yiiksek mikrosizinti skorlari, lazer kullanilan
gruplarda elde edilmistir.
Sonug: Potasyum igeren soliisyonun kullanilmasina ragmen giimiis diamine floriir uygulanan gruplarda
renk degisimi esik degerin ilizerinde goriildii. Ayrica, lazer kullanilan gruplarda da kabul edilemez renk
degisimleri gzlendi.
To cite this article: Kaynar BZ, Dogruer I & Ulukap1 H. Effect of Silver Diamine Fluoride and Diode Laser as Desensitizer
on The Microleakage and Discoloration at Class V  Restorations. NEU Dent J. 2025;7:1-8.
https://doi.org/10.51122/neudentj.2025.136
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INTRODUCTION

Dentists are still researching for ideal
treatments to overcome dentin hypersensitivity
(DH) problems in the cervical area of the teeth.!
Patients complain of sharp pain, especially as a
result of stimuli such as hot, cold, acidic drinks,
sweeteners, and chemical agents.”? DH
prevalence is reported between 3 and 57 % in
adults.®> Exposure to dentin in the cervical area
can be caused by many factors such as abrasion,
attrition, erosion, brushing, and periodontal
disease.* In 1962, Brannstorm explained the DH
with hydrodynamic theory. According to the
hydrodynamic theory, the movement of
dentinal fluid can cause DH.’

Several treatment options for DH have
been performed in practice. Although the use of
desensitizing gels, solutions, and pastes is more
common for the treatment of DH, the use of
laser for desensitizing purposes has also become
popular.®” The positive effects of laser on DH
were reported in some studies.®® Nd: YAG, Er:
YAG, CO,, and Ga-Al-As (diode) lasers are
preferred due to the reduction of DH.
Researchers and clinicians may prefer lasers in
some cases because of the analgesic and anti-
inflammatory properties of lasers *The
mechanism of laser on dentin tubules for
reducing DH depends on the laser type and
application parameters.!°

The effects of lasers on DH can be
explained by obstruction of dentinal tubules.'
On the other hand, it was mentioned that lasers
affect the movement of dentinal fluid.'” It was
stated that this type of laser decreases the DH
by blocking the depolarization of C-fiber.!? It
was shown that a 940 nm diode laser was
effective on DH after flap surgery.'® Also, in a
study on DH, it was found that the application
of a 795-nm diode laser decreased DH in a 6-
month follow-up period.'

Recently, new agents have been applied
to treat DH as an alternative to conventional
agents. Silver diamine fluoride (SDF) is one of
them.'® Firstly, SDF was introduced in 1969 to
arrest carious lesions.'®!” In the literature, the
use of 38% SDF is the most effective
concentration in preventing caries. '>'7  SDF

has also played role on reducing DH by
plugging of dentinal tubules. It was claimed that
the insoluble silver iodide precipitate, occluding
dentinal  tubules, providing immediate
sensitivity relief.!® Riva Star Aqua (RSA) (SDI,
Bayswater, Victoria, Australia) is the new non-
invasive system to prevent carious lesions and
desensitize.'> RSA can be also used in the same
indications with SDF 38%. RSA is a water-
based solution without ammonia. The
discolouration is the most known side effect of
SDF. 5 1t was reported that potassium iodide
(KI) reduces discolouration.!” Therefore, the
use of KI after SDF can be an option for
reducing discolouration.!> 2 RSA has two
different colour capsules. While the silver blue
capsule is water-based SDF, the green capsule
in the second step is used to prevent
discolouration with KI.Researchers stated that it
is the best option to use of laser and cover of
exposed dentin surface with restorative
materials for the treatment of non-carious
cervical lesions (NCCL). 2"

Microleakage is one of the most
important factors affecting the long-term
success of restorations. Microleakage can cause
marginal discolouration, post-operative
sensitivity, secondary caries, and damage of
pulp.”® Especially, in Class V cavities,
microleakage is a problem because it is located
below to cemento-enamel  junction.?*®
Although SDF and diode laser are known to
reduce DH, there is no study in the literature
comparing the microleakage and effects on the
composite discolouration of SDF-containing
agent and diode laser.

In general, cervical lesions and
hypersensitive dentin are observed together in
clinical situations.?' In such cases, restorative
treatment is needed to overcome DH and cover
cervical lesions after desensitizing
procedures.?!

Therefore, the aim of this study was to
compare the effect of using SDF and laser on
the colour change (AE) and microleakage
values in class V resin restorations. The null
hypotheses of the study are: 1-) There would be
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no significant difference between the AE values
in groups in which SDF is used 2-) There would
be no significant difference between the
microleakage scores in groups between laser
used and SDF used.

METHODS

This study was approved by Ethical
Committee of Okan University.

Tooth Selection

Using the “G*Power statistical program
(ver. 3.1.9.4; Foul and Erdfelder, 1998)”; When
the Type-1 error is 5%, the effect size is 0.2, and
the power is 95%, the sample size is at least 10
cavities per group were found.?® Thus, a total of
20 non-carious, non-erupted, non-functional
human permanent third molars were used in this
study. All teeth were scaled with scaling
instruments to remove residual tissues and
stored in distilled water at room temperature
until used in the experiments.

Tooth Preparation

All procedures were performed by single
experienced researcher. Standard Class V
cavities (4 mm width, 3 mm high, 3 mm depth)
were prepared on both the buccal and lingual
surfaces of each tooth. Thus, 40 cavities were
obtained from 20 teeth. Then each group was
divided into four groups depending on the
desensitization method.

Treatment and Restoration Procedures:
Group 1: RSA (SDI, Bayswater,

Table 1. The materials used in this study

Victoria, Australia) was applied using a micro-
brush 10 s first with the silver blue capsule.
Secondly, the green capsule was applied until
the creamy white precipitate turned clear. The
cavities were rinsed with water and dried then
were etched with 37,5% phosphoric acid for 15
s, rinsed with water and dried. A self-etch
bonding agent (Tokuyama Bond Force II,
Tokuyama Dental, Tokyo, Japan) was applied
and light-cured for 20 s. Supra-nanohybrid
composite (Tokuyama Estelite Sigma Quick,
Tokuyama Dental, Tokyo, Japan) was applied
incrementally and cured 20s.

Group 2: The cavities were irradiated by
the 940-nm diode laser (Biolase, CA, USA)
with a power of 1 W for 60 s. Then, as in Group
1, the same acid-etch, bonding and restoration
procedures were applied.

Group 3: The cavities were irradiated by
the 940-nm diode laser (Biolase, CA, USA)
with a power of 1 W for 60 s. RSA application
procedures were repeated. Then, like the other
groups, the same acid-etch, bonding and
composite application procedures were applied.

Group 4 (control): No treatment was
applied. The same acid etch-bonding and
composite application procedures were applied.

For all groups, soflex discs (3M ESPE,
St. Paul, MN, U.S.A.) were used for finishing

and polishing. The materials used were shown in
Table 1.

Type of Materials Manufacturers

Compositions

Supra  nano-hybrid Tokuyama  Estelite  Sigma

composite resin

Quick, Bis-GMA, UDMA, TEGDMA, Silica-zirconia
Tokuyama Dental Corporation, Tokyo, monodispersing spherical (71% by vol.,82% by

Japan weight)
Silver diamine Riva Star Aqua, SDI, Bayswater, Victoria, Silver, fluoride,ammonium hydroxide, potassium
fluoride Australia iodide and water

Tokuyama bond force Tokuyama Dental Corporation, Tokuyama Phosphoric acid monomer, Bis-GMA, TEGDMA,

1I Dental, Tokyo, Japan

HEMA, Alcohol, Water, Camhorquinone

Colour changes were measured with a
spectrophotometer (Vita Easyshade Advance
4.0, Germany) using the CIEDE2000 formula *’
(Figure 1) at the following four times: Day 1, 7,
14 and 28. AL', AC' and AH' are described the

differences in lightness, chroma and hue
between specimens at different time periods.

Figure 1: CIEDE2000 colour formula

AN [ AC'N\? | [ AH'\? AC\ [ AH'\ |
= Nl ) e ) AR ) [
KiS. KcSc KuSn KcSc) \KnSn

AEy=
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Microleakage Measurement

Microleakage scores were evaluated
using a dye penetration technique. All the
specimens were coated with two layers of
transparent nail varnish, leaving a 1 mm space
around the cavity margins. Samples were dyed
with a 0.2% Rhodamine B (Gunduz Chemistry,
Istanbul, Turkey) for 24 hours. After the
storage, the samples were rinsed, dried and
cutted bucco-lingually with a water-cooled,
slow-speed diamond blade (Mecatome T180,
Presi, France). A stereomicroscope (SMZ1000,
Nikon, Japan) was used to determine
microleakage values under x40 magnification
according to the 4-grade scale (Table 2).?%

Table 2. Dye Penetration scores used in the study

Dye Penetration Scores

Score 0: no leakage

Score 1: dye penetration to the enamel or cementum
aspect of the preparation wall

Score 2: dye penetration to the dentin aspect of the
preparation wall, but not including the pulpal wall
Score 3: dye penetration including the pulpal wall of
the preparation

Statistical analyses

Data were analyzed with IBM SPSS V23.
Generalized linear models method was used to
compare Delta E values according to group and

Table 3. Comparison of AEq values between groups

time.The test of normality was performed using
the Shapiro-Wilks test. Multiple comparisons
were analyzed with the Tukey HSD test.
Analysis results were presented as mean =+
standard deviation. The significance level was
taken as p<0.050. Kruskal Wallis test was used
to analyze microleakage values.

RESULTS

When compared to the groups according
to the AEq values, statistically significant
difference was found between Group land
Group 3 (p=0.020). The highest colour change
was observed in Group 2 at the end of the 28"
day.

According to the effect of time period on
total AEg values, a significant difference was
found between 1-7 and 1-28 days, 1-14 and 1-
28 days (p<0,001).

When comparing the groups according to
the time period, a significant differences were
found in Group 2, between 1-7 and 1-14, 1-7
and 1-28 days. (p<0,001).

Multiple comparisons of AE values were
shown in Table 3.

Time period Group 1 Group 2 Group 3 Group 4 Total
1-7. Day 9.29 +£3.54% 2.8+£1.32€ 6.78 +1.254B 7.18 £2.014B 6.51+3.2°
1-14. Day 6.44 £ 1.69"BC 7.34 £1.2548 5.01 +1.265€ 5.15+1.718€ 5.98 £1.73b
1-28. Day 8.99 £4.264 9.81 £2.034 7.69 £ 1.778 7.69 £4.114B 8.55 +£3.25%
Total 8.24 £3.482 6.65 £ 3.32% 6.49 £1.8° 6.67 £2.94% 7.01 £3.01

A-C: There is no difference between interactions with the same letter. a-b: No difference between with the same letter.

No significant difference was observed in
terms of microleakage values at the gingival
surface beween the groups (Table 4).

For microleakage values at occlusal
surface, SDF and laser combined used group
(Figure 2A) showed significantly higher
microleakage values than Group 4 (Figure 2B)
(control) group (p=0.011) (Table 4).

Figure2A: Representive microscopic image of tooth
of Group II with score 3 both occlusal and gingival
margins. Figure2B: Respresentive microscopic
image of tooth of Group IV with score 0 on the
occlusal marginal and score 1 on the gingival margin
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The highest microleakage values were
observed both of gingival and occlusal surface

in SDF and laser combined used group (Table
4).

Table 4. Pairwise comparison of groups concerning microleakage (p<0.05)

Group 1 Group 2 Group 3 Group 4
Mean £+ SS Mean £+ SS Mean = SS Mean £ SS P
gingival 1.06 £0.93 1.56 £ 0.89 1.62 £1.26 1.06 +0.93 0.224
occlusal 0.81 + 0.66% 1.38 £0.72% 1.62 +1.022 0.75 + 0.86° 0.011

Kruskall Wallis H test, a-b: No difference between with the same letter.

DISCUSSION

The SDF application has been commonly
used and researched in children.?® Besides to
caries-arresting and antibacterial effect of SDF,
it plays a role in the desentisizing of dentin
tubules.>? Castillo et al. concluded that SDF
showed safe and effective performances on DH

30 Due to of desensitization

in their study.
property, it is conceivable that SDF could be
used as a desensitizer prior to the restoration of
non-carious cervical lesions. Also, Sinha et al.
reported that SDF can be used as a
remineralization agent and indirect pulp

capping process. °!

Spectrophotometers are frequently used
to determine and evaluate colour change
objectively.*? CIElab and CIEDE2000 systems
are frequently used in the calculation of colour
differences. In this study, colour measurement
was calculated with the CIEDE2000 system. In
studies, it was reported that the CIEDE2000
system provides better detectability and
acceptability than the CIELab in the evaluation
of translucency and colour change in dental

materials.’3

Colour stability is an important factor for
restorative materials. In the study conducted by
Paravina et al, ¥’ they reported that according to
the CIEDE2000 system, the clinically
acceptable threshold value was determined to be
greater than 1.8. In all of the tested groups, the
AEq values were above the clinically
acceptable value at all time periods.

The one of noted side effects of SDF is
discolouration °. It is also recommended to use

KI solutions for reducing discolouration before
restoration in root surface lesions when SDF is
going to be used for desensitization. Roberts et
al. reported that the use of KI after SDF
application had a reducing effect on
discolouration.*> Nguyen et al. found that the
use of KI after SDF application had a reducing
effect on the discolouration of various
restorative materials used in the restoration of
Class 1 cavities.’® However, it has been also
reported that the use of KI has no effect on
reducing discolouration.'> In all groups using
SDF, the colour change was found to be above
the acceptable values even though KI
containing solution was used. According to
these results, the KI in green capsule was no
effect in reducing discolouration. In the present
study, colour change was observed significantly
difference between Group 1 and Group 3. no So,
null hypothesis 1 was rejected.

In the laser-used group, AEg values were
found significantly different between 1-7 and 1-
14, 1-7 and 1-28 days. Also, the highest AE
values were determined at the end of the 28" day
in the laser-used group.

Tate et. al. mentioned that GaAlAs lasers
might increase the deposition of tertiary dentin
by odontoblast cells.*® Liu et. al. found that the
use of 980 nm diode laser on DH was more
effective than the placebo.”” In a study,
comparing the effectiveness of 940 nm diode
lasers with conventional desensitizer gels
(fluoride stannous and potassium nitrate gel) on
reducing DH, the 940 nm diode laser group
showed the highest reduction.*’ In the present
study, a 940 nm diode laser was also prefered to
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reduce DH. Ranjan et al. used a 940 nm diode
laser in one group and diode laser and SnF
together in another group and found that the
diode laser group was effective in decreasing
DH and SnF can increase the efficiency of the
laser.*! Inspired by this approach, the
combination of SDF and laser was used in this
study.

Although there was no significant
difference in microleakage values on the
gingival surface between the laser group and the
other groups, higher microleakage values were
obtained in the laser-used group compared to
the SDF-used and control group. Liu et al.
reported that wvariation in dentin structure
occurred due to temperature increase after laser
irradiation.* The higher microleakage scores
and AE values may be caused by this variation
in dentin structure at laser-used groups.

The SDF and laser combined group
showed significantly higher microleakage
values than the control group. Besides this, the
highest microleakage values were observed on
both gingival and occlusal surfaces in the SDF
and laser-combined groups. According to these
results, the second hypothesis was partially
accepted.

CONCLUSIONS

The study was performed under in vitro
conditions  without imitating the oral
environment. Within this limitation, the
followings can be concluded;

1. Although it was thought that the KI
would mask the discolouration
association with SDF, the colour
changes were within unacceptable
values in all groups that SDF used.

2. Colour changes in laser-applied
groups were above the clinically
acceptable values. In future studies,
colour change can be evaluated after
laser application with different
parameters.

3. Highest microleakage scores were
obtained at gingival and occlusal
surfaces in the laser-used groups

4. Since both colour change and
microleakage values are high in laser-
used groups, the use of conventional
agents (desensitizing gels, solutions,
and pastes) for desensitization can be
considered.
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Article Info ABSTRACT
. . Aim: This study aimed to evaluate the effect of different solutions and a cleaning tablet on the color stability
Article History and surface roughness of different types of artificial teeth.

Materials and Methods: Conventional polymethylmethacrylate (PMMA), cross-linked isosite (CLI), and
double cross-linked acrylic (DCA) teeth were allocated into 4 groups according to the immersion protocol
to be applied as AS (artificial saliva immersion for 14 days), AS+C (artificial saliva immersion for 14 days

Received: 08.06.2024
Accepted: 21.10.2024

Published: 28.04.2025 and then applying Corega for 1 week, 8 hours a day), Co (immersion in coffee solution for 14 days), Co+C
(immersion in coffee solution for 14 days and then applying Corega for 1 week, 8 hours a day). The
Keywords: specimens' color (L*, a* and b* values) and surface roughness variables were measured at the baseline and

after immersion protocols. The color changes (AE) of the specimens were calculated using the CIEDE2000

Surface roughness, . ; ;
& formula. Data were evaluated by the Kruskall Wallis H and the ANOVA test. The Wilcoxon Sign and

CO].O ! S.tablllty, Bonferroni tests were used for comparisons (0=0.05).

Art.lﬁ_01al teeth, Results: The lowest AEOO value was found in Group PMMA exposed to Corega suspension after
Staining solutions, immersion in artificial saliva [Group PMMA-AS+C: 2.33(1.72)]. According to the AE00 values, there was
Denture cleaners. no statistically significant difference according to the materials of both the solution and the artificial teeth

(p>0.05). None of the test groups showed significant difference in baseline surface roughness values
(p>0.05). However the protocol Co+C increased the surface roughness of CLI teeth (p<0.05). Also, PMMA
teeth showed higher surface roughness for protocols AS and AS+C.

Conclusion: According to the results of this in-vitro study, coloring solutions affected surface roughness
to varying degrees. Clinicians should consider cost-effective aspects for aesthetic expectations when
choosing artificial teeth.

Boyama Soliisyonlarinin ve Temizleme Tabletinin Cesitli Yapay Dis Tiplerinin Yiizey
Piiriizliiliigii ve Renk Stabilitesi Uzerindeki Etkisi: In Vitro Calisma

Makale Bilgisi OZET

. Amagc: Bu calismada farkli soliisyonlarin ve temizleme tabletinin farkli tipteki yapay dislerin renk
Makale Gegmisi stabilitesi ve yiizey piiriizliiliigii {izerindeki etkisi degerlendirildi.
Gelis Tarihi: 08.06.2024 Gerec ve Yontemler: Konvansiyonel polimetilmetakrilat (PMMA), ¢apraz bagli izosit (CLI) ve ¢ift ¢apraz

. bagli akrilik (DCA) disler uygulanacak immersiyon protokoliine gore AS (14 giin boyunca yapay tiikiiriik
Kabul Tar .lh.l: 21.10.2024 immersiyonu), AS+C (14 giin boyunca yapay tiikiiriik immersiyonu ve ardindan 1 hafta boyunca giinde 8
Yayn Tarihi: 28.04.2025 saat Corega uygulamasi), Co (14 giin boyunca kahve soliisyonu immersiyonu), Co+C (14 giin boyunca

kahve soliisyonu immersiyonu ve ardindan 1 hafta boyunca giinde 8 saat Corega uygulamasi) olmak tizere
Anahtar Kelimeler: 4 gruba ayrildi. Numunelerin renk (L*, a* ve b* degerleri) ve yiizey piiriizliligi degiskenleri baslangigta
ve daldirma protokollerinden sonra 6l¢iilmiistiir. Numunelerin renk degisimleri (AE) CIEDE2000 formiilii
kullanilarak hesaplanmistir. Veriler Kruskall Wallis H ve ANOVA testi ile degerlendirilmistir.
Karsilastirmalar i¢in Wilcoxon Isaret testi ve Bonferroni testleri kullanilmistir (0=0.05).

Yiizey purtzliluga,
Renk stabilitesi,

Yapay dl$l€{, Sonuclar: En diisiik AE0OO degeri, yapay tiikiiriige daldirildiktan sonra Corega siispansiyonuna maruz
Boyama so.lusy(.)n.larl., birakilan Grup PMMA'da bulunmustur [Grup PMMA-AS+C: 2,33(1,72)]. AE0O degerlerine gore, hem
Protez temizleyicileri. soliisyon hem de yapay dislerin materyallerine gore istatistiksel olarak anlamli bir fark bulunmamustir

(p>0.05). Baslangi¢ yiizey piiriizliligi degerlerinde, test gruplarimin higbiri anlamli farklilik
gostermemistir (p>0.05). Ancak Co+C protokolii CLI dislerin yiizey purizliiliigiinii arttirmistir (p<0.05).
Ayrica, PMMA disler AS ve AS+C protokolleri i¢in daha yiiksek yiizey piiriizliligii géstermistir.
Sonug: Bu in-vitro ¢alismanin sonuglarma gore, renklendirme soliisyonlari yiizey piiriizliiliigiini farkl
derecelerde etkilemistir. Klinisyenler yapay dis secimi yaparken estetik beklentiler i¢in maliyet-etkinlik
yonlerini géz oniinde bulundurmalidir.
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INTRODUCTION

Removable dentures have been used for a
long time to restore the impaired functions of
edentulous and partially edentulous patients. '
Artificial teeth, essential structural components
of removable prostheses, are frequently used for
both fixed and removable restorations on
implants in today's prosthetic dental treatment.?
Artificial  teeth adequate
mechanical properties to withstand the forces of
chewing during everyday use, such as being
resistant to abrasion, fracture, and pH changes.?
They should also offer optimum aesthetic
properties to fulfill the demands of patients.**

should have

Color stability is one of the most
clinically
artificial teeth. Because color change indicates
ageing or deterioration of the prosthesis.’
Discoloration or staining may occur due to
factors.'

important aesthetic features of

intrinsic or extrinsic Extrinsic
staining is caused by plaque accumulation on
artificial tooth surfaces or stains caused by
coloring substances such as coffee, tea, and
tobacco. The effect of these factors may
increase by poor oral hygiene or inappropriate
and low-frequency application of cleaning
agents. On the other hand, intrinsic factors
the physical
characteristics of the artificial teeth material.

depend on and chemical
They may increase the artificial tooth's reaction
with the coloring agents or the absorption of

coloring solutions.®’

Another factor related to staining is the
surface properties of the material. Micro-cracks,
micro-gaps, and pores on the surface prepare a
suitable environment for the penetration of
solutions that cause staining.® The process of
cleaning easier and prevent accumulation of
plaque and bacterial colonization, artificial
teeth should have a smooth surface.” Denture
cleanser immersion and daily brushing are
examples of artificial cleaning techniques.’!°
Effervescent tablet forms of denture cleaners
are calculus

generally used to remove

effectively and debris from denture surfaces.'!
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However, daily use of such denture cleaners
may affect artificial teeth' physical and surface
properties by increasing surface roughness,
which  may 12,13
Therefore, it is of importance to know the
surface characteristics and color stability of

result in discoloration.

different artificial teeth and their reactions to

different cleaners.">°
The most used materials in the
production of artificial teeth include

methacrylate resin, reinforced methacrylate
resin, and composite resin.! Artificial teeth
materials have also diversified significantly
with the developing dental industry, including
new-generation acrylic teeth with highly cross-
linked isosite material, acrylic resin teeth with
interpenetrating network,
composite resin teeth with different filling
sizes.? Given the wide variety of artificial teeth
on the market, evaluation of surface roughness

polymer and

and color stability will guide clinicians and
laboratory technicians when selecting artificial
teeth.

Previous studies have examined the color
stability of artificial teeth with different
properties in different staining solutions but
failed to obtain a consistent result. 7!
Moreover, the evaluation of new-generation
artificial teeth is scarce in the literature.
Therefore, the aim of this study was to evaluate
the color stability and surface roughness of
artificial teeth with three different compositions
after exposure to coffee and a commonly used
cleansing tablet. The null hypothesis of this
study was that there would be no difference in
color change and surface roughness regardless

of artificial tooth type and immersion protocol.
MATERIALS AND METHODS

This study investigated the effect of
Corega cleanser tablet application on the
surface roughness and color stability of 3
different  artificial  teeth
polymethylmethacrylate, cross-linked isosite,

(conventional

and double cross-linked acrylic) after exposure
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to a coloring beverage. The minimum specimen
size for this study was calculated as n = 8 per
group (N = 128) with 81% power, 0.63 effect
size, and error level o= 0.05. The materials used

Table 1: Content details of denture teeth evaluated

in the study and their contents are shown in
Table 1, and the properties and preparation
procedures of the solutions used are shown in
Table 2.

Artificial teeth material Group . . Trade name Manufacturer
abbreviations

Conventional PMMA Ivostar, Gnathostar Ivoclar Vivodent AG, Italy

polymethylmethacrylate

Cross-linked isosite CLI SR Orthosit PE Ivoclar Vivodent AG, Italy

Double cross-linked acrylic DCA SR Vivodent DCL Ivoclar Vivodent AG, Italy

Table 2: The properties of the materials used and preparation procedures of the solutions

Immersion

. Manufacturer Chemical composition Preparation procedure pH
solution
Artificial Custom made KC1(0.4gL-1) To create 1 L of artificial saliva, 6.5
saliva NaCl (0.4gL-1) all of the ingredients were
CaCl2(H:20) (0.795 g L-1) mixed. The desired pH of the
NaH2PO4(H20) (0.69 g L-1) saliva was then determined by
NazS (0.005 g L-1) adding 15 ml of 0.1 M NaOH.
Urea (1 gL-1)
Coffee Nescafe Classic, Grinded coffee 2 g coffee granules were placed 5
(without sugar)  Nestle, Bursa, Dipotasium phosphate in 200 ml boiled distilled water
Turkey Sodium poliphophate for 7 min and allowed to cool at
Trisodium sitrate, milk protein Diasetil ~ room temperature.
tartaric acid
Silicone dioxide, sucrose
Corega Tablets Corega Tablet Sodium bicarbonate The effervescent denture tablet 8.4
Block Drug Potassium monopersulfate was prepared by adding one
Company, Inc., NJ,  Sodium perborate monohydrate tablet to 200 mL of 40°C warm
USA Sodium laurly sulfoacetate water.

(NaCl: Sodium chloride, KCI: Potassium chloride, CaCl,(H,0): Calcium chloride hydrate, NaH,PO4(H,O):
Sodium dihydrogen phosphate monohydrate, Na,S: Sodium sulfide, NaOH: Sodium hydroxide)

Thirty-two maxillary central artificial
teeth (shade: A2) of each brand (PMMA, CLI,
and DCA) were randomly allocated into four
subgroups (n = 8) and immersed in 4 different
solutions as follows: 1. Protocol AS: Specimens
were kept in artificial saliva for 14 days 2.
Protocol AS+C: Specimens were kept in
artificial saliva for 14 days and then exposed to
a Corega solution for 1 week, 8 hours a day 3.
Protocol Co: Specimens were kept in coffee
solution for 14 days 4. Protocol Co+C:
Specimens were kept in a coffee solution for 14
days and then exposed to a Corega solution for
1 week, 8 hours a day.

Immersion in all solutions was monitored
in an incubator (FN 500, Niive, Turkey) by
refreshing the solutions every 24 hours. After
the soaking period, each specimen was cleaned
with distilled water and dried with tissue paper
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before measurements. Surface roughness and
color measurements were performed on all
specimens at baseline and after immersion in
the solutions.

Color measurements of the specimens
were made from the middle third of the labial
surface using a spectrophotometer (VITA
Easyshade V; Vita Zahnfabrik, Germany)
against a neutral grey background'® in a light-
standard D65

controlled box'® under

illumination."”

The color measurements of the

specimens were calculated using the CIE2000
formula as

AEgo = [ALVKL x Sp2 + ACTke x SC* +

AH kg % Sp2 + R x ACTke % S¢ % AH Tk %
SH]]/Z
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The coefficient-K, also known as the
parametric factor, expresses the effect of
influencing the judgement of color difference.
The S coefficient explains the
homogeneity efficiency. In addition, a
rotational factor (RT) was added to correct the
deficiency in the blue-violet region in which L',
C', and H' are the transformed forms of LCH
and KLSL is lighting weighting function,
KCSC is chroma weighting function, KHSH is
hue weighting function and RT is a rotational
factor. In the present study, the parametric
factors of the AEOO color difference formula

visual

were set to 1.3

The surface roughness of each specimen

was measured from the labial surface using a
contact profilometer (Perthometer; Mahr
Gmbh, Ingolstadt, Germany). The measurement
length was set to 1.75 mm, the cutoff 0.25 mm,
and the instrument was calibrated before each
group. Three distinct
micrometers (um) were taken for every
the average of these
was Statistical
analysis was conducted using the average Ra

measurements  in
specimen, and

measurements computed.

values.
Statistical Analysis

The data obtained in this study were
analyzed using the SPSS 22 package program
(IBM SPSS Inc., Chicago, USA). Compliance
with normal distribution was evaluated by the
Shapiro-Wilk test. ANOVA was utilized to
compare three or more independent groups with
normal distribution, and the Kruskal-Wallis test
was employed when there was no normal
distribution. The Wilcoxon and Bonferroni tests
were used for comparisons (a=0.05).

RESULTS

Descriptive statistics for AE values of the test
groups are given in Table 3. The lowest AEOO
value was found in Group PMMA exposed to
Corega suspension after immersion in artificial
saliva [Group PMMA-AS+C: 2.33(1.72)]. The
highest AEOO value was found in Group DCA
immersed in coffee solution [Group DCA-Co:
9.55(4.46)]. According to the AEO0O values,
there was no statistically significant difference
for comparisons between the groups according
to both the type of immersion solution and the
materials of the artificial teeth (p>0.05).

Table 3: Descriptive statistics and statistical significance evaluation for AE values obtained from the test groups

Test Immersion protocol

Group AS AS+C Co Co+C p
PMMA 3.91(2.45)*6.84+3.28  2.33(1.72)*5.26 £3.8  2.61(1.84)29.24+3.19 2.67(2.03)*7.52+7.44 0.651%
CLI 4.31(3.59)*3.77 £2.33 4.37(2.12)*2.63 £ 1.39 5.52(4.7)* 5.07+4.23 4.88(4.07)23.55+2.29 0.646™
DCA  2.98(10.65)*4.72+£2.41 4.5(5.79)?4.59+2.41  9.55(4.46)*6.12£3.68 7.67(4.03)*6.0 + 3.06 0.2047
p 0.092"* 0.067" 0.080" 0.245%

(PMMA: conventional polymetylmethacrylate, CLI: cross-linked isosite, DCa: double cross-linked acrylic, AS: artificial
saliva, AS+C: artificial saliva + Corega, Co: coffee, Co+C: coffee + Corega)

** ANOVA test. T Kruskal-Wallis test. The data were presented as the median(IQR) and mean = SD. The statistically
significant p value is in bold. There is a statistically significant difference between groups with different superscripts (p<0,05).

Descriptive statistics of Ra values
obtained from the test groups are shown in
Table 4. At baseline, none of the test groups
(p>0.05).

after

showed significant differences

Considering intragroup comparisons
immersion protocols, Group PMMA and DCA
showed no significant difference in Ra values
(p>0.05). However, Group CLI showed a higher
Ra value after being immersed in Corega

following coffee (p<0.05) compared to other
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immersion protocols for which similar results
(p>0.05).
comparisons after immersion protocols showed

were obtained Intergroup
similar results for Co and Co+C protocols
irrespective of the test group (p>0.05). On the
other hand, PMMA teeth showed significantly
lower Ra values than other artificial teeth
groups for immersion protocols AS and AS+C
(p>0.05). The differences between other test

groups were insignificant (p>0.05).



The Effect of Staining Solutions and a Cleanser Tablet

on the Surface Roughness and Color Stability of Various Artificial Tooth Types: An In Vitro Study

Table 4: Surface roughness (Ra) values of artificial teeth at baseline and after immersion protocols

Surface roughness Test
evaluation groups

Median(IQR) Total
PMMA 0.23(0.15) 0.22(0.13) 0.22(0.1) 0.2(0.18) 0,14(0.12)4
Baseline CLI 0.13(0.1) 0.13(0.08) 0.1(0.07) 0.11(0.09) 0,14(0.10)A
DCA 0.20(0.14) 0.12(0.1) 0.12(0.08) 0.17(0.1) 0,22(0.17)A

P 0.050

Immersion protocol
AS AS+C Co Co+C P

After immersion PMMA 0.2(0.19)**  0.3(0.19)*  0.18(0.1D)*  0.21(0.14)**  0.215

CLI 0.15(0.12)"  0.13(0.12)*®  0.11(0.07)*  0.34(0.16)**  0.018

DCA 0.15(0.1)*®  0.16(0.14)*  0.09(0.08)*  0.16(0.12)*A  0.072

P 0.048 0.008 0.344 0.131

(PMMA: conventional polymetylmethacrylate, CLI: cross-linked isosite, DCa: double cross-linked acrylic, AS: artificial saliva,
AS+C: artificial saliva + Corega, Co: coffee, Co+C: coffee + Corega)

The data were presented as the median(IQR). The statistically significant p value is in bold. A statistically significant difference
exists between groups with different superscript lowercase letters within the same line (p<0.05). A statistically significant
difference exists between groups with different superscript uppercase letters within the same column (p<0.05).

Comparisons of before and after surface
roughness values for each group are shown in
Figure 1. There was a significant difference in
surface roughness values between baseline and
after-immersion protocols only for Group CLIL

The surface roughness of Group CLI increased
after being subjected to Corega following
immersion in coffee solution (Co+C) compared
to baseline (p<0.05).

Fig. 1: Comparison of in-group surface roughness values of the test groups

Group PMMA

e

AS AS+C Co

Group CLI

N I

Group DCA

iul

g2 s &

(PMMA: conventional polymetylmethacrylate, CLI: cross-linked isosite, DCa: double cross-linked acrylic, AS: artificial saliva,
AS+C: artificial saliva + Corega, Co: coffee, Co+C: coffee + Corega)
Median and The Interquartile Range of surface roughness values. (*p<0.05 indicate statistical differences between groups.)

DISCUSSION

This study investigated the effect of
immersion in coffee and cleaning tablets on
surface roughness and color stability of artificial
teeth with different compositions. The null
hypothesis of this study was partially rejected as
no significant differences were found in the
colour stability of different types of artificial
teeth according to the immersion protocols,
whereas significant differences were found in
the surface roughness evaluations.

The color change of materials used in
dentistry can be evaluated by visual observation

13

Color
measurements performed by digital devices are

or color measurement devices.'®
much more reliable than visual evaluation since
objective, rapid, and reproducible data can be
1920 Digital

include

obtained. color measurement

devices colorimeters,
spectroradiometers, spectrophotometers, digital
cameras, and image-analyzing systems.?! In the
dental  field, by

spectrophotometer was stated as the most

color  assessment
preferred and reliable method.'®?° Based on
these considerations, color measurements were
performed using a spectrophotometer device in
the present study.
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The de
I'Eclairage - CIE L* a* b* color system is used
the
change.?»? L* a* b* values are known as
this
dimensional color system. Evaluating the L*,

Commission Internationale

for numerical expression of color

“chromaticity coordinates” in three-
a*, b* values individually is challenging and
may be misleading. Therefore, the color change
is evaluated by the mean color difference values
(AE), which can detect even minor color
differences.?* AE is a numerical value indicating
the amount of color difference perceived

between two objects.>2>2

AE can be calculated using CIELAB
(AELab) or CIEDE2000 formulas (AEOQ0).
These be
interchangeably when assessing the color

two formulas can used

differences of dental materials.® Recent studies
shown that the CIEDE2000 color

difference formula can provide more accurate
6,11

have

results in the assessment of color differences.
Since the parameters in this formula include
weighing and scaling factors, color differences
correlate better with the differences perceived
by the human eye and are more clinically
effective.

Previous studies determined that the AE
the CIEDE2000 the
perceptibility threshold (PT) was accepted as
1.72 and the acceptability threshold (AT) as
4.08.>° In our study, the lowest AE0O value was
found in conventional PMMA artificial teeth
subjected to cleaning tablet after immersion in
artificial saliva [2.33(1.72)]. According to the
CIEDE2000 system, there were no test groups

value for system,

that reached the perceptibility colour threshold,
while all solution immersion groups of PMMA
artificial teeth and artificial saliva immersion
groups of double cross-linked acrylic artificial
teeth remained below the acceptability colour
threshold. The other AEOO values found in this
study are above this AT values, meaning that
they show a visible colour change when
exposed to artificial saliva and coffee. These

14

results may be due to the different chemical
compositions of artificial teeth, degrees of
polymerisation, crosslink density, molar mass
distribution and oxidation properties of the
polymer matrix structure.?’ Acrylic resins with
structure without  sufficient

linear or

crosslinking can absorb colourants when
exposed to an aqueous environment. Due to the
loosening of linkages along the polymeric
network, this process causes plasticisation and
subsurface modification of polymeric materials

such as artificial teeth.®

Fraunhofer and Rogers®® evaluated the
erosive effects of different staining solutions on
enamel specimens. They assumed an average of
700 g beverage intake with 20 seconds of
intraoral duration daily, which equals the
intraoral exposure time to these beverages as 25
hours per year. Based on this, they determined
the 14-day
approximately 13 years of beverage intake in a

test period would simulate
lifetime.”® In previous studies, coffee was the
the

determined immersion time.”?° Because of its

standardized coloring solution with
yellow-brown color, tannic acid in coffee has
been identified as the main staining agent.’* In
the present study, coffee and artificial saliva
were used as the staining solutions with a
predetermined immersion time of 14 days.
Although insignificant, immersion in coffee
solution increased AE values higher than other
solutions in all artificial teeth groups. Also,
using Corega cleaner tablets after immersion in
coffee and artificial saliva solutions relatively
reduced the staining caused by the solutions, yet
this result was not statistically significant.
Conversely, according to Peracini et al. 2*
effervescent denture cleansers should be used
with caution because they cause discolouration
when submerged in Corega tablets. Sodium
perborate or sodium bicarbonate are typically
found in cleaning solutions in effervescent
tablets.’!
decomposes

The structure's sodium perborate
to create an alkaline peroxide
solution when these tablets dissolve in water,
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releasing oxygen and micromechanically
removing debris from the surface.’!'? This
effect may cause discoloration, especially in the
polymer structure of resin-based materials. °
Additionally, studies revealed that resin-based
materials are damaged by high peroxide and
oxygenation concentrations found in alkaline
solutions.”* Surface irregularities caused by
these cleaners may enhance the discoloration
effect. Manufacturers recommend leaving the
prostheses in chemical cleaners for 15 minutes
for routine cleaning. However, in extreme
staining, it is recommended to keep the dentures
in the solution overnight to clean them,
corresponding to approximately 8 hours.?® In
this study, we used the maximum recommended
time to evaluate the effect of chemical denture
cleaners. However, the results did not show any
effect of Corega solutions. As the material type
used affects the impact of cleaning effect, these
controversial results may have derived from the

difference in the material used.?®

Kurtulmus-Yilmaz and Deniz* evaluated
the staining susceptibility of various types of
resin artificial teeth and the stain removal
efficiency of denture cleaners. They showed
that cross-linked acrylic and nanocomposite
resin teeth were more sensitive to staining.
Similarly, Ansari et al** evaluated the color
stability of composite resin and acrylic resin
teeth in tea and coffee and found that acrylic
teeth performed better. On the contrary, Kundu
et al*® found that hybrid and nanofilled
composite prosthetic teeth were better than
conventional composite and acrylic resin teeth
in terms of surface smoothness and staining
resistance. Koksal and Dikbas®*® examined the
color change of acrylic and porcelain artificial
teeth in staining solutions and reported superior
results for porcelain teeth. In this study, no
statistically significant difference was found
between the groups compared, regardless of the
type of artificial tooth and the type of solution
immersed (p>0.05). The discrepancy in the
results of all these studies can be explained by

15

differences in prosthetic tooth brands and
different types of media and immersion times.*>
When tooth types are compared, the different
color changes of resin teeth can be attributed to
the manufacturing processes and factors such as
the degree of polymer conversion and the
amount of unreacted monomer remaining and
initiators such as dibenzoyl peroxide.>’

Surface roughness is an essential
property that affects a material's polishing
capacity and wear rate, along with the optical
and microbial
the

pigments and biofilm by increasing surface

properties adhesion, by

facilitating mechanical retention of
area.’™° The critical surface roughness value
for dental materials has been determined as
Ra=0.2 pm in previous studies, above which a
rapid increase in plaque accumulation
occurs.***! In our study, all Ra values except for
conventional PMMA teeth subjected to Corega
after artificial saliva and isosite teeth subjected
to Corega after coffee immersion were below
this threshold value. The increased surface
roughness may be caused by the high peroxide
content of the Corega cleaning solution and the
damaging effect of the oxygenation level caused
by the mechanical effect of free radicals
released during the cleaning process in a strong
alkaline solution.*? Durkan et al.*? and Ayaz et
al.** reported an increase in the surface
roughness of acrylic materials after cleaning
solutions similar to the present results. The
difference in color and surface roughness values
differed according to artificial teeth type may be
due to the different chemical compositions of
artificial teeth and differences in polymer

matrix structure.

This study's limitations include the lack
of evaluation of different cleaning procedures
and the re-polishing effect of colored artificial
teeth. The
techniques on the surface roughness and color
stability of artificial teeth should be an object of
future research.

impact of wvarious polishing
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CONCLUSION

According to the results of this in vitro
study, coloring solutions affected surface
roughness to varying degrees. Patients should
be informed about the long-term effects of
denture cleaning tablets, which may increase
the surface roughness of conventional PMMA
and isosite teeth with prolonged use. Clinicians
should consider cost-effective aspects for
aesthetic expectations when choosing artificial

teeth.
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Article Info ABSTRACT
. . Aim: The success of a fissure sealant (FS) is usually measured with maintained retention, but it is reported
Article History that even if the FS is completely lost, the caries prevention effect may continue. The aim of the study was
Received: 02.04.2024 tfo evaluate ghmcal success of a ﬁ_ssure sealgnF according to the type, locahzat.10n of apphe_d teeth and the
ollow-up time and also determine the clinical success of the FS according to retention and caries
Accepted: 21.10.2024 prevalence.
Published: 28.04.2025 Material and Methods: Children whose permanent premolar and/or molar teeth were treated with a
fluoride-releasing resin-containing FS (Clinpro Sealant™, 3M ESPE, St. Paul, MN, USA) were invited for
Keywords: control. The clinical success of FS was evaluated by modified USPHS criteria and the data were analyzed

by Chi-square test.
R . Results: In total, 1272 FS were examined for 2, 3 or 4 years. There was no significant relationship between
etention, . . ~ f . . . . X

. the follow-up time and retention rates (p=0.150). Marginal discoloration, marginal adaptation and retention
Carl.es, . . scores were significantly more successful in premolars (p<0.05). The rates of caries in premolars and molars
Pediatric Dentistry. were 0.5% and 0% in FS with full-retention, 14.2% and 25.7% in FS with partial-retention, and 6.2% and
11.2% in FS with total loss, respectively.
Conclusion: Full retention ensures the highest caries prevention. However, FS that have been completely
lost are still effective in preventing caries and their success is higher than FS with partial retention. It is
important to apply fissure sealants to permanent molars and premolars in every possible child to ensure
their oral health in the future.

Genc Daimi Dislere Uygulanan Fissiir Ortiiciilerin Klinik Basarisimin Degerlendirilmesi

Fissure Sealant,

Makale Bilgisi OZET
. Amag: Fissiir ortiiciilerin (FO) basaris1 genellikle retansiyonuyla dlgiilmektedir ancak FO tamamen
Makale Gegmisi kaybolsa bile ciiriik dnleyici etkisinin devam edebilecegi bildirilmektedir. Bu ¢alismanin amaci fissiir
Gelis Tarihi: 02.04.2024 ortvuculerlr_l klinik basarisini, _uygulanan“ c}1§ler1n tipine, lokgllzasygpqu ve t‘?klp stiresine  gore
degerlendirmek, ayrica retansiyon ve g¢iiriik prevalansina gore fissiir ortiiciinin klinik basarismi

Kabul Tarihi: 21.10.2024 0 -

Yaym Tarihi: 28.04.2025 Gerec ve Yontemler: Daimi kiiciik az1 ve/veya biiyiik az1 dislerine, fluorid salgilayan rezin igerikli FO
(Clinpro Sealant™, 3M ESPE, St. Paul, MN, ABD) uygulanmis olan ¢ocuklar kontrol i¢in klinige davet
Anahtar Kelimeler: edilmistir. FO'niin klinik basaris1, modifiye USPHS kriterleri ile degerlendirilmistir ve veriler Ki-kare testi
ile analiz edilmistir.
R, . Bulgular: Toplamda 1272 FO 2, 3 veya 4 yil siireyle incelenmistir. Takip siiresi ile retansiyon oranlari
etansiyon, R, - . .
- arasinda anlaml bir iliski bulunamamigtir (p=0,150). Kenar renklenmesi, kenar adaptasyonu ve retansiyon
Ciiriik, . L. skorlarinin kiigiik az1 dislerinde anlamli olarak daha basarili oldugu tespit edilmistir (p<0,05). Kiigiik az1
Cocuk dig hekimligi. ve biiyiik az1 dislerinde ¢iiriik oranlari tam retansiyonlu FO'de %0,5 ve %0, kismi retansiyonlu FO'de %14,2
ve %25,7 total kayipli FO'de ise sirastyla %6,2 ve %11,2 olarak belirlenmistir.
Sonu¢: Tam retansiyon en yiiksek ciiriik dnlemeyi saglamaktadir. Ancak, tamamen kaybedilen FO'ler
¢iiriik 6nlemede hala etkilidir ve basarilari kismi retansiyonlu FO'e gére daha yiiksektir. Gelecekte agiz ve
dis sagligini saglayabilmek i¢in, miimkiin olan her ¢ocugun daimi az1 dislerine fissiir ortiicii uygulanmasi
onemlidir.
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INTRODUCTION

In recent years, thanks to fluoride, the
incidence of tooth decay in the child and
adolescent population has decreased compared
to the past. However, the risk of caries
formation on occlusal surfaces is still high in
this age group. Covering the surface with
various materials is one of the most effective
methods known to protect the posterior teeth
from pit and fissure caries where almost half of
all caries occurs.!** Fissure sealants are used to
prevent the development of bacteria that cause
caries in the fissures of posterior teeth. Resin-
based sealants and glass ionomer based sealants
are the two most common types.® Fissure
sealants which were first developed in the
1960s, were produced in many different types
with the changes made in the material content
or the setting mechanism, and finally, materials
releasing fluoride were produced.® It is known
that regardless of its content and setting type,
fissure sealants have achieved significant
success in preventing bacterial retention in deep
pits and fissures and mineral loss of tooth
surfaces against acid attacks.” Therefore, fissure
sealants are known as a valuable strategy to
prevent the development of caries in permanent
molars.’

Failure of fissure sealants is most
common in the first year following the
application, and failure rates increase when the
follow-up period becomes longer.” Fissure
sealants, in which the technique is applied
meticulously, are desired to remain in fissures
for a long time without deterioration or need to
be repeated. There are studies reporting that
there is a significant difference between the
maxilla and mandible in the retention success of
fissure sealants, and that there is a significant
difference between the right and left sides of the
jaws in terms of the success of fissure
sealants.'®!"! To the contrary, a published review
reported that the localization of fissure sealants
had no effect on the success of fissure sealants. '?
According to some authors, a fissure sealant’s
clinical success is achieved by the continuation
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of full retention in fissures.!>!'* On the other
hand, some authors reported that even if the
fissure sealant has been clinically lost, the resin
extensions placed on the roughened enamel
surface, which
microscopically, continue to protect the tooth
tissues from demineralization.'” In addition,

can be observed

Hevinga et al.'® reported that tooth type and
patient restoration profile are determinants of
the long-term success of resin fissure sealants.
These different opinions in the literature suggest
the question of whether the determinant factor
in the clinical success of fissure sealants is
retention or the absence of caries.

The aim of the study was to evaluate the
long-term clinical success of a fluoride-
resin-containing  fissure
according to the type, localization of applied

releasing sealant
teeth and the follow-up time based on their
ability
Secondly this study aimed to determine whether

caries prevention and retention.
the main determinant in the clinical success of

FS is the retention or caries prevention ability.
MATERIAL AND METHODS

This study has been reviewed and
approved by the Ethical
Pamukkale University, Faculty of Medicine and

Committee of

all the procedures performed in the study were
performed in accordance with the ethical
standards given in the Declaration of Helsinki.

Study Design

The records of all healthy children whose
fully erupted permanent premolar and/or molar
teeth were treated non-invasively with a
fluoride-releasing  resin-containing  fissure
sealant (Clinpro Sealant™, 3M ESPE, St. Paul,
MN, USA) by the same physician (H.O.1.) in a
pediatric dentistry clinic between January 2015
2018,
retrospectively. Patients were called by phone

and  December were  reviewed
and invited to the clinic for a follow-up
appointment. All patients who could be reached
at the time of the study (from January 2019 to

December 2020) and who could attend the



Evaluation of the Clinical Success of Fissure Sealants Applied to Young Permanent Teeth

control appointment were included in the study.
At the control visits, the children's demographic
data, tooth brushing habits
examination findings were recorded in the

and clinical

anamnesis forms. As a result of clinical and
radiographical examinations, the number of
teeth affected by dental caries was determined
by using the DMFT/dmft index and the
presence of microbial dental plaque was
determined with the Simplified Oral Hygiene

Index.!”!8

Clinical Assessment

Clinical examination of all fissure
sealants was performed by the same trained and
calibrated dentist (F.S.) under reflector light.
The

experienced examiner. The teeth were dried and

examiner was calibrated with an
examined with a dental mirror and blunt probe
The clinical success of fissure sealants were
evaluated by modified United States Public
Health Service (USPHS)

® Scoring was made according to

clinical rating
system.!
marginal discoloration, marginal adaptation,

retention, surface texture and caries criteria.
Statistical Analysis

The statistical analyses were performed
by using IBM SPSS Software (SPSS v 23.0;
SPSS Inc., Chicago, IL, USA). Descriptive
analyses were used in the statistical analysis of
the data and the Chi-square analysis were used

to examine the differences between categorical
variables at the significance level of p<0.05.

RESULTS

In the study, 1272 fissure sealants in 208
(114 girls, 94 boys) children who could come
for the control examination were evaluated. The
intra-examiner reliability for retention and
caries criteria were high, with kappa values of
0.95 and 0.93, respectively. The mean age of the
children at the control visit was 13.42+2.61. In
the fissure sealant groups followed for 2, 3 and
4 years, the mean ages of the children were
11.28, 12.75 and 13.92, respectively. It was
learned that 80.7% of the children brush their
teeth at least once a day and 94.7% of them use
fluoride paste. The mean plaque index score of
all children participating in the study was
0.69+0.47 and the mean DMFT/dmft index
score was 3.38+3.01.

The mean number of fissure sealants
applied to each patient was 6.40+4.00 and 659
of the examined fissure sealants were applied to
premolar teeth and 613 to molar teeth (Table 1).
Of the examined fissure sealants, 205 were
followed for 2 years, 415 for 3 years, and 652
for 4 years (Table 1). The average follow-up
period was 40.10+8.72 months (Table 1). The
distribution of the FS according to the type and
localization of the applied teeth and the follow-
up time are given in Table 1.

Table 1. Distribution of the FS according to type and localization of applied teeth and the follow-up time

FS applied teeth

Follow-up time

2 years 3 years 4 years Total
n n n n
Upper right premolar 26 65 83
Upper left premolar 27 62 75
Lower left premolar 30 51 85
Lower right premolar 31 51 73
Total number of premolar 114 229 316 659
Upper right molar 21 58 83
Upper left molar 20 53 81
Lower left molar 24 36 88
Lower right molar 26 39 84
Total number of molar 91 186 336 613
Total number of teeth 205 415 652 1272

FS: fissure sealant. n: number of teeth.
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The differences in the clinical success of the
fissure sealants are shown in Tables 2, 3 and 4
according to the follow-up time. Marginal
discoloration (p=0.005; p=0.000; p=0.000),
marginal adaptation (p=0.000; p=0.000;
p=0.000) and retention (p=0.000; p=0.000;
p=0.000) scores were significantly more
successful in premolars than in molars at all
follow-up periods (Table 2, 3, 4). It was
observed that the surface texture score did not
differ significantly (p=0.855; 0.322) between
the fissure sealants applied to the premolar and

molar teeth during 3- and 4-year follow-up
periods  (Table 3, 4). Caries score was
significantly more successful (p=0.031;
p=0.002) in premolars than in molars at 2- and
3-year follow-up periods (Table 2, 3). In
addition, there was no significant relationship
between the follow-up time of the FS and
clinical performance (marginal adaptation
p=0.177; retention p=0150; surface texture
p=0.382; caries p=0.759) either premolars or
molars except marginal discoloration (2/3 year
p=0.006; 2/4 year p=0.05; 3/4 year p=0.560).

Table 2. Differences in the clinical success of FS followed for 2 years according to the type and localization of

the applied tooth
USPHS criteria Comparison criteria Statistical significant difference p value
Marginal discoloration Upper-lower jaw No p=0.252
Right-Left jaw No p=0.340
Premolar-molar FS applied to premolars are more successful p=0.005
Marginal adaptation Upper-lower jaw No p=0.138
Right-Left jaw No p=0.944
Premolar-molar FS applied to premolars are more successful p=0.000
Retention Upper-lower jaw No p=0.124
Right-Left jaw No p=0.763
Premolar-molar FS applied to premolars are more successful p=0.000
Surface texture Upper-lower jaw No p=1.000
Right-Left jaw No p=0.871
Premolar-molar FS applied to premolars are more successful p=0.038
Caries Upper-lower jaw No p=0.328
Right-Left jaw No p=0.621
Premolar-molar FS applied to premolars are more successful p=0.031

FS: fissure sealant. USPHS: United States Public Health Service clinical rating system. Those with p<0.05 show

statistically significant difference.

Table 3. Differences in the clinical success of FS followed for 3 years according to the type and localization of

the applied tooth
USPHS criteria Comparison criteria Statistical significant difference p value
Marginal Upper-lower jaw No p=0.750
discoloration Right-Left jaw No p=0.950
Premolar-molar FS applied to premolars are more successful p=0.000
Marginal adaptation Upper-lower jaw No p=0.861
Right-Left jaw No p=0.466
Premolar-molar FS applied to premolars are more successful p=0.000
Retention Upper-lower jaw No p=0.905
Right-Left jaw No p=0.649
Premolar-molar FS applied to premolars are more successful p=0.000
Surface texture Upper-lower jaw No p=0.920
Right-Left jaw No p=0.062
Premolar-molar No p=0.855
Caries Upper-lower jaw No p=0.601
Right-Left jaw No p=1.000
Premolar-molar No p=0.002

FS: fissure sealant. USPHS: United States Public Health Service clinical rating system. Those with p<0.05 show

statistically significant difference.
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Table 4. Differences in the clinical success of FS followed for 4 years according to the type and localization of

the applied tooth
USPHS criteria Comparison criteria Statistical significant difference p value
Marginal Upper-lower jaw Upper right molars more successful than lower right molars p=0.000
discoloration Right-Left jaw No p=0.358
Premolar-molar FS applied to premolars are more successful p=0.000
Marginal adaptation Upper-lower jaw No p=0.294
Right-Left jaw No p=0.831
Premolar-molar FS applied to premolars are more successful p=0.000
Retention Upper-lower jaw No p=0.437
Right-Left jaw No p=0.685
Premolar-molar FS applied to premolars are more successful p=0.000
Surface texture Upper-lower jaw FS applied to lower jaw are more successful p=0.045
Right-Left jaw No p=0.750
Premolar-molar No p=0.322
Caries Upper-lower jaw No p=0.291
Right-Left jaw No p=0.224
Premolar-molar No p=0.072

FS: fissure sealant. USPHS: United States Public Health Service clinical rating system. Those with p<0.05 show

statistically significant difference.

The full retention rates in premolars and
molars were 91.2% and 62.8% in cases with 2-
year follow-up, 89.2% and 80.1% in cases with
3-year follow-up, and 92.2% and 72.6% in cases
with 4-year follow-up, respectively (Table 5).
The rates of caries in premolars and molars were
0.5% and 0% in FS with full retention, 14.2%

and 25.7% in FS with partial retention, and
6.2% and 11.2% in those with total FS loss,
respectively. (Table 6) The mean DMFT/dmft
value of the cases with complete FS loss and
caries was found to be 4, of the cases with
partial FS loss and caries was 4.55, and of the
cases with complete FS retention and caries was 7.

Table 5. Retention rates of fissure sealants

Premolar Molar
Complete Partial Complete Complete Partial retention Complete loss
Follow retention retention (Bravo/ loss (Delta*) retention (Bravo/Charlie*) (Delta*)
up time (Oscar*) Charlie*) n(%) (Oscar*) n(%) n(%)
n(%) n(%) n(%)

2 years 104 (91.2%) 5 (4.38%) 5 (4.38%) 57 (62.8%) 23 (25.2%) 11 (12%)

3 years 204 (89.2%) 12 (5.2%) 13 (5.6%) 149 (80.1%) 27 (14.5%) 10 (5.4%)

4 years 291 (92.2%) 11 (3.4%) 14 (4.4%) 244 (72.6%) 51 (15.2%) 41 (12.2%)

* Retention scores according to USPHS criteria?! Oscar: Harmonious and continuous with occlusal form and
structure. Bravo: Loss of sealant from one or two pits or accessory grooves (partial loss) but not requiring repair
or replacement of the sealant. Charlie: Loss of sealant from pits or accessory grooves (partial loss), requiring a
replacement or a repair of the sealant. Delta: Loss of sealant from all pits (total loss).

Table 6. The rates of caries based on retention scores of fissure sealants

Complete retention (Oscar*) Partial retention Complete loss

(Bravo/ Charlie*) (Delta*)
Follow Caries Caries Caries
up time
Premolar n(%)  Molar n(%)  Premolar n(%) Molar n(%) Premolar n(%)  Molar n(%)
2 years 0(0%) 0 (0%) 0 (0%) 4(17.3%) 0 (0%) 0 (0%)
3 years 1(0.4%) 0 (0%) 1(8.3%) 11 (40.7%) 1 (7.6%) 1 (10%)
4 years 2(0.6%) 0 (0%) 3 (27.2%) 11(21.5%) 1 (7.1%) 6 (14.6%)

* Retention scores according to USPHS criteria?! Oscar: Harmonious and continuous with occlusal form and
structure. Bravo: Loss of sealant from one or two pits or accessory grooves (partial loss) but not requiring repair
or replacement of the sealant. Charlie: Loss of sealant from pits or accessory grooves (partial loss), requiring a
replacement or a repair of the sealant. Delta: Loss of sealant from all pits (total loss).
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DISCUSSION

Fissure sealants are known as a valuable
strategy to prevent the development of caries in
permanent molars and they have been the
subject of many clinical studies in the field of
pediatric dentistry.® Although fissure sealants
are expected to fulfill their function by
remaining in fissures for a long time without
breaking or falling, losses may occur over
time.!%!! This study aimed to determine whether
the main determinant in the clinical success of
FS is the retention or caries prevention ability
and to evaluate the long-term clinical success of
a fluoride-releasing resin-containing fissure
sealant.

Since the success of fissure sealants may
not be standardized when applied by different
operators, our study was carried out with fissure
sealants performed by a single operator.
Similarly, since differences may be observed
when the clinical controls of fissure sealants are
performed by different operators, in our study
all fissure sealants were controlled by a single
operator. There was no significant relationship
between the follow-up time and retention rates
of the fissure sealants, so it is inconsistent with
the opinion that retention rates will decrease as
the follow-up period increases.'> The fact that,
better retention scores were not obtained in FS
followed for 2 years or worse scores were not
obtained in FS followed for 4 years, supports
the view that a meticulously performed FS can
remain in fissures for many years.'®

There was no significant difference
between the fissure sealants on the right or left
sides of the jaws in any evaluation criteria
during all follow-up periods. Among the fissure
sealants applied in the lower and upper jaws, it
was observed that the marginal discoloration
score showed better results in the upper molars
than the lower molars in cases followed for 4
years. These results are compatible with the data
in the literature.'?

In the present study, in regard to
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marginal discoloration, marginal adaptation and
retention, fissure sealants applied to premolar
teeth were statistically significantly more
successful than those applied to molar teeth in
all follow-up periods. Similarly, it is stated in
the studies conducted on this subject that the
retention of fissure sealants applied to
premolars is more successful.'>? It is stated that
the reason for this result is not the differences in
the anatomical structure of the teeth, but the
doubling of the risk of failure due to the
doubling of the total fissure sealant area and the

amount of applied material in the molar teeth.
2021

In some studies, it is stated that the
protective effect of the fissure sealant is
provided by the continuation of the retention of
the resin to the fissures.>** It has been shown
that even after the total loss of resin fissure
sealants with or without fluoride release,
residues of the resin remaining in the tags can
continue to protect the enamel from decay.!® In
this study, caries rates in FS that were totally
lost were 6.2% and 11.2% in premolars and
molars, respectively. These rates are lower than
the incidence of dental caries reported in
posterior teeth that have never been treated with
fissure sealant before.”*?* It would be more
accurate to compare the prevalence of caries in
teeth with complete FS loss with teeth that have
never had FS before in the same mouth.
However, since it would not be ethical to
consciously not apply FS to some teeth of
children, a comparison was made with the data
of caries prevalence studies conducted in the
same age groups. Therefore, according to the
results of this study, it is thought that even if the
FS is visibly completely removed from the
surface, its protective effect against dental
caries may continue. This finding is parallel to
the results of a similar study conducted
previously.? It is stated that the reason for less
decay formation in premolars, both at the
margins of the FS and following total loss, is not
due to the high protective ability of the material
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in these teeth, but it is because the incidence of
tooth decay in premolars is already lower than
molars, although without FS.?326

Some studies report that teeth with
partially or completely lost fissure sealants do
not have a higher risk of developing caries
compared to unsealed teeth. It is concluded that
fissure sealants are indicated even if regular
follow-up is not possible.?*” On the other hand,
some studies have reported that fissure sealants
should be checked regularly and reapplied if
They that
incompletely sealed fissures are at higher risk

found defective. concluded
for caries development compared to fully sealed
teeth.!>?® Retention rate is considered to be an
accurate determinant of the success of sealants
in caries prevention.?** Rock and Anderson®!
clearly emphasized that the effects of fissure
sealants continue only while they are present on
the teeth. Authors noted that fissure sealant
retention must be completely intact if any
prophylactic benefit is to be achieved.’*3>33
However, Mickenautsch et al.>**’ stated that the
retention rate is not an accurate determinant for
the success of sealants in caries prevention.
They noted that after losing retention, fissures
may still contain microseal residues. This may
be because fissure sealants seal pits and fissures
through micro-retention created via resin tags
after enamel etching. It is reported that complete
retention of fissure sealants has been established
as a beneficial factor in preventing the teeth.
However the retention of fissure sealants is not
a valid predictor for clinical success.***
Another problem with partially or completely
lost fissure sealants is that they can leave sharp
edges that cause food accumulation and
ultimately lead to decay.*® A systematic review
assessed whether the risk of developing caries
in teeth with partial or complete loss of sealant
exceeded the risk in teeth that have never been
sealed. It has been found that teeth that have
partially or completely lost their sealant do not
have a higher risk of developing caries than
teeth that have never been sealed.”>” Ostrc et
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al.’® reported similar findings which are parallel
to present study. They that
incompletely sealed molars did not protect the

indicated

teeth efficiently.

Compared to no sealant use, fissure
sealant is an effective and valuable method
against the caries.”* American Academy of
Pediatric Dentistry concluded that fissure
sealants are effective in preventing and arresting
pit-and-fissure occlusal carious lesions of
primary and permanent molars in children and
adolescents compared with the non-use of
sealants.*” It is reported that preventive effect of
fissure sealants ranges from 87% at 12 months
to 60% at 48-54 months.*® However, the
protective properties of fissure sealants are to

t. #! Regular check of sealed teeth is

some exten
important, and if it is detected to be removed,
reapplication of fissure sealant should be
reapplied.® However, the fact that the child
cannot attend the next appointments should not
be the reason for the dentist not to apply fissure

sealants.?

In the present study, teeth with FS were
included in the study regardless of their
occlusion type. The occlusion type of the teeth
and whether they participate in chewing
function may affect the retention of fissure
sealants. In addition, the presence of a fissure
sealant or restoration on the opposing tooth and
the type of this restoration may also affect the
retention of fissure sealants. This situation can
be considered as a limitation of the study and
new studies can be planned by taking it into
consideration in future studies.

In this study, an answer was sought to the
question of whether ‘fissure sealant retention’
or ‘prevention of caries that cause the need for
restoration’ is the main determinant in the
clinical success of FS. According to the data
obtained, the caries preventive effect of a fissure
sealant, is highest in the case of complete
retention. However, it was observed that the rate
of caries observed in fissure sealants with
partial loss was higher than that in teeth with
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complete FS loss, and the DMFT/dmft scores of
the patients in these two groups were similar.
This result may be attributed to two reasons.
The first is that the FS remaining partially on the
fissures creates a suitable ground for caries by
creating a retention area for bacteria and food
residues, and the second is that the FS that is
completely loss may continue to protect the
tooth surface against demineralization.

CONCLUSION

In this study, it was determined that tooth
type, localization and follow-up period do not
have a significant effect on the clinical success
of fissure sealants. The clinical success of
fissure sealants should be measured by the
continuation of caries prevention efficacy. It has
been found that complete retention provides the
highest success for caries prevention efficacy;
however, fissure sealants with complete loss
also continue to have this effect and are more
successful than fissure sealants with partial
retention. This article clarified the effect of the
retention status of resin fissure sealants on their
preventive efficacy and showed that the anti-
caries effect of resin fissure sealants may
continue even if they are completely lost.

Ethical Committee Approval

The required ethical approval for this study was
received from Pamukkale University Faculty of
Medicine Non-Drug and Medical Device ethics
committee (2020/01).

Financial Support

The authors declare that this study received no
financial support.

Conflict of Interest

The authors deny any conflicts of interest
related to this study.

Author Contributions

CCE, HOL.
applications: HOI. Fissure sealant controls: FS.
Literature review: CCE, HOI. Analysis and
writing: CCE.

Design: Fissure  sealant

26

REFERENCES

Wright JT, Tampi MP, Graham L, Estrich
C, Crall JJ, Fontana M, et al. Sealants for
preventing and arresting pit-and-fissure
occlusal caries in primary and permanent
molars: A systematic review of
randomized controlled trials-a report of
the American Dental Association and the
American  Academy of Pediatric
Dentistry. J Am  Dent  Assoc.
2016;147:631-5.

Simonsen RJ. Pit and fissure sealant:
review of the literature. Pediatr Dent.
2002;24:393-414.

Gooch BF, Griffin SO, Gray SK, Kohn
WG, Rozier RG, Siegal M, et al
Preventing dental caries through school-

based sealant programs: updated
recommendations and reviews of
evidence. J Am Dent Assoc.

2009;140:1356-65.

Norrisgaard PE, Qvist V, Ekstrand K.
Prevalence, risk surfaces and inter-
municipality  variations in  caries
experience in Danish children and
adolescents in 2012. Acta Odontol
Scand. 2016;74:291-7.

Rashed T, Alkhalefa N, Adam A,
AlKheraif A. Pit and fissure sealant
versus fluoride varnish for the prevention
of dental caries in school children: a
systematic review and meta-analysis. Int
J Clin Pract. 2022;8635254.

Carlsson A, Petersson M, Twetman S. 2-
year clinical performance of a fluoride-
containing fissure sealant in young
schoolchildren at caries risk. Am J Dent.
1997;10:115-9.

Schwendicke F, Jager AM, Paris S, Hsu
LY, Tu YK. Treating pit-and-fissure
caries: a systematic review and network
meta-analysis. J Dent Res. 2015;94:522-
33.

Cabalén MB, Molina GF, Bono A,
Burrow MF. Nonrestorative caries
treatment: a systematic review update. Int
Dent J. 2022;72(6):746-64.

Ismail Al, Gagnon P. A longitudinal
evaluation of fissure sealants applied in
dental  practices. J Dent Res.
1995;74:1583-90.



Evaluation of the Clinical Success of Fissure Sealants Applied to Young Permanent Teeth

11.

12.

13.

14.

15.

16.

17.

18.

19.

Baca P, Bravo M, Baca AP, Jiménez A,
Gonzélez-Rodriguez MP. Retention of
three fissure sealants and a dentin
bonding system used as fissure sealant in
caries prevention: 12-month follow-up
results. Med Oral Patol Oral Cir Bucal.
2007;12:E459-63.

Honkala S, ElSalhy M, Shyama M, Al-
Mutawa SA, Boodai H, Honkala E.
Sealant versus fluoride in primary molars

of kindergarten children regularly
receiving fluoride varnish: one-year
randomized clinical trial follow-up.

Caries Res. 2015;49:458-66.

Papageorgiou SN, Dimitraki D, Kotsanos
N, Bekes K, van Waes H. Performance of
pit and fissure sealants according to tooth
characteristics: A systematic review and
meta-analysis. J Dent. 2017;66:8-17.

Oliveira FS, da Silva SM, Machado MA,
Bijella MF, Lima JE, Abdo RC. Resin-
modified glass ionomer cement and a
resin-based material as occlusal sealants:
a longitudinal clinical performance. J
Dent Child. 2008;75:134-43.

Ramesh H, Ashok R, Rajan M, Balaji L,
Ganesh A. Retention of pit and fissure
sealants versus flowable composites in
permanent teeth: A systematic review.
Heliyon. 2020;24;6:¢04964.

Ozalp N, San1 S, Okte Z. The Effect of the
Retention of Fissure Sealants on Caries
Formation. AU Dis Hek Fak Derg.
2004;31:131-6.

Hevinga MA, Opdam NJ, Bronkhorst
EM, Truin GJ, Huysmans MC. Long-
term performance of resin based fissure

sealants placed in a general dental
practice. J Dent. 2010;38:23-8.

Organisation WH. Oral health surveys:
basic methods. 3rd ed. Geneva. 1987.

Greene JG, Vermillion JR. The
simplified oral hygiene index. Am. J.
Dent. 1964;68:7-13.

Erbas Unverdi G, Atac SA, Cehreli ZC.
Effectiveness of pit and fissure sealants
bonded with different adhesive systems:
a prospective randomized controlled
trial. Clin Oral Investig. 2017;21:2235-
43,

27

20.

21.

22.

23.

24.

25.

26.

27.

28.

Handelman SL, Leverett DH, Espeland
M, Curzon J. Retention of sealants over
carious and sound tooth surfaces.
Community Dent Oral Epidemiol.
1987;15:1-5.

Jensen OE, Perez-Diez F, Handelman
SL. Occlusal wear of four pit and fissure
sealants over two years. Pediatr Dent.
1985;7:23-9.

Beauchamp J, Caufield PW, Crall JJ,
Donly K, Feigal R, Gooch B, et al
American Dental Association Council on
scientific affairs. Evidence-based clinical
recommendations for the use of pit-and-
fissure sealants: a report of the American
Dental Association Council on scientific
affairs. ] Am Dent Assoc. 2008;139:257-
68.

Demirci M, Tuncer S, Yuceokur AA.
Prevalence of caries on individual tooth
surfaces and its distribution by age and
gender in university clinic patients. Eur J
Dent. 2010;4:270-9.

Ahovuo-Saloranta A, Forss H, Walsh T,
Nordblad A, Mikeld M, Worthington
HV. Pit and fissure sealants for
preventing dental decay in permanent
teeth. Cochrane Database Syst Rev.
2017;7:CD001830.

Griffin SO, Gray SK, Malvitz DM,
Gooch BF. Caries risk in formerly sealed
teeth. J Am Dent Assoc. 2009;140:415-
23.

Macek MD, Beltran-Aguilar ED,
Lockwood SA, Malvitz DM. Updated
comparison of the caries susceptibility of
various  morphological  types  of
permanent teeth. J Public Health Dent.
2003;63:174-82.

Muller-Bolla M, Courson F, Lupi-
Pégurier L, Tardieu C, Mohit S, Staccini
P et al. Effectiveness of resin-based
sealants with and without fluoride placed
in a high -caries risk population:
multicentric 2-year randomized clinical
trial. Caries Res. 2018;52:312-22.

Veiga NJ, Ferreira PC, Correia 1J, Preira
C. Fissure sealants: A review of their
importance in preventive dentistry. Oral
Health Dent Manag. 2014;13:987-93.



Necmettin Erbakan University Dental Journal (NEUDentJ)

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Muller-Bolla M, Lupi-Pégurier L,
Tardieu C, Velly AM, Antomarchi C.
Retention of resin-based pit and fissure
sealants: A systematic  review.
Community Dent Oral Epidemiol.
2006;4:321-36.

Kithnisch J, Mansmann U, Heinrich-
Weltzien R, Hickel R. Longevity of
materials for pit and fissure sealing-
results from a meta-analysis. Dent Mater.
2012;28:298-303.

Rock WP, Anderson RJ. A review of
published fissure sealant trials using
multiple regression analysis. J Dent.
1982;10:39-43.

Liebenberg WH. The fissure sealant
impasse. Quintessence Int. 1994;25:741-
5.

Sasa I, Donly KJ. Sealants: a review of
the materials and utilization. J Calif Dent
Assoc. 2010;38:730.

Mickenautsch S, Yengopal V. Retention
loss of resin based fissure sealants-a valid
predictor for clinical outcome? Open
Dent J. 2013;7:102-8.

Mickenautsch S, Yengopal V. Validity of
sealant retention as surrogate for caries
prevention-a systematic review. PLoS
One. 2013;8:10:¢77103.

Feigal, R.J. Sealants and preventive
restorations: Review of effectiveness and
clinical changes for improvement.
Pediatr Dent. 1998;20:85-92.

American  Academy of Pediatric
Dentistry. Guideline on restorative
dentistry. Pediatr Dent. 2016;38:250-62.

Likar Ostrc L, Suklan J, Pavli¢ A. The
effectiveness of completely and
incompletely sealed first permanent
molars on caries prevention. Clin Exp
Dent Res. 2020;6:363-72.

American  Academy of Pediatric
Dentistry.  Evidence-based  Clinical
Practice Guideline for the Use of Pit-and-
Fissure = Sealants.  Pediatr  Dent.
2016;38(5):120-36.

Ahovuo-Saloranta A, Hiiri A, Nordblad
A, Makela M, Worthington HV. Pit and
fissure sealants for preventing dental
decay in the permanent teeth of children

28

41.

and adolescents. Cochrane Database Syst
Rev. 2008;4:CD001830

Welbury R, Raadal M, Lygidakis NA.
European Academy of Paediatric
Dentistry. EAPD guidelines for the use of
pit and fissure sealants. Eur J Paediatr
Dent. 2004;5:179-84.



Dis Heki Ml:ié.i B
N Ees DERGS|

Vol: 7 No: 1 Year: 2025 Research Article e-ISSN: 2687-5535
https://doi.org/10.51122/neudentj.2025.139

Evaluation of the Awareness of Patients Applying to the
Periodontology Clinic on Oral Hygiene Habits According to
Periodontal Status

Kevser SOKMEN!*

1 Ass. Prof., Alanya Alaaddin Keykubat University, Faculty of Dentistry, Department of Periodontology, Alanya, Antalya, Tiirkiye,
kevser.sokmen@alanya.edu.tr

Article Info ABSTRACT
. 3 Aim: The aim of this study is to examine the awareness of patients applying to the periodontology clinic
Article History about oral hygiene habits (OHH) according to their periodontal status through a survey.

Material and Methods: 400 volunteer patients who applied to the periodontology clinic and were
diagnosed with periodontitis (n=200) and gingivitis (n=200)) after clinical and radiographic examination
were included in the study. Questionnaires including demographic data and oral hygiene habits were
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Published: 28.04.2025 directed to the patients in the form of mutual question-answer.

Results: In the gingivitis group, the incidence rate in female individuals between the ages of 18-39,
Keywords: university graduates, non-smokers were found to be statistically higher than in the periodontitis group
Gingivitis (p<0.05). In the gingivitis group, the rate of knowing what the bleeding in the gingiva is a symptom of, the
Perio dont{tis rate of brushing teeth twice or more a day, the rate of using electric toothbrushes were found to be
Oral hygiene’ statistically higher than the periodontitis group (p<0.05). The rate of using toothpicks in the periodontitis

group was statistically significantly higher than the gingivitis group (p<0.05). No statistical difference was
Oral health. found between the two groups in terms of other findings (p>0.05).
Conclusion: In line with the results of this study, it has been shown that patients have insufficient
knowledge about the use of auxiliary oral hygiene tools other than toothbrushes. It was determined that oral
hygiene education and motivation of patients should be provided.

Periodontoloji Klinigine Bagvuran Hastalarin Periodontal Duruma Gore Agiz Hijyeni
Ahskanhklar1 Konusundaki Farkindaliklarinin Degerlendirilmesi

Makale Bilgisi OZET
. Amagc: Bu calismanin amaci, periodontoloji klinigine bagvuran hastalarin periodontal durumlarma gére
Makale Gegmisi oral hijyen aliskanliklart (OHH) konusundaki farkindaliklarini bir anket araciligiyla incelemektir.

Gelis Tarihi: 22.02.2024 Ger'eg ve .Y'éntein: Callsmaya, .pfzr.iodoitoloji klin.ig'ine bagvuran, kli{lili ve radyograﬁk muayene sonucu

. periodontitis (n=200) ve gingivitis (n=200) teshisi konulan 400 goniillii hasta dahil edildi. Hastalara

Kabul Tar}h.l: 30.10.2024 demografik veriler ve oral hijyen aligkanliklarini igeren anket sorulart karsilikli soru-cevap seklinde
Yayin Tarihi: 28.04.2025 yonlendirildi.

Bulgular: Gingivitis grubunda kadin olgu orani, 18-39 yas arasi olgu orani, {iniversite mezunu olgu orani

Anahtar Kelimeler: ve sigara kullanmama orani periodontitis grubuna gére istatistiksel olarak yiiksek bulundu (p<0.05).

Gingivitis Gingivitis grubunda dis etindeki kanamanin neyin belirtisi oldugunu bilme oranlari, giinde iki veya daha
B o azla dis firgalama orani, elektrikli firga kullanma orani periodontitis grubuna gore istatistiksel olaral
PerlOdOl’ltl’tIS fazla dis firgal lektrikli firga kull periodontitis grubuna gore istatistiksel olarak
. iiksek bulundu (p<0.05). Periodontitis grubunda kiirdan kullanma orani gingivitis grubuna gore

Oral hijyen ’ yiikksek bulundu (p<0.05). Periodontitis grubunda kiirdan kull gingivitis grub 26

9 I istatistiksel olarak anlaml1 diizeyde yiiksek bulundu (p<0.05). Her iki grup arasinda diger bulgular agisindan
Agiz saghg. istatistiksel olarak anlamli bir farklilik bulunamadi (p>0.05).

Sonu¢: Bu calismanin sonuglari dogrultusunda, hastalarin dis fircast disindaki yardimer agiz hijyeni
araglarinin kullanimi konusunda yeterli bilgiye sahip olmadig1 gésterilmistir. Hastalarin oral hijyen egitimi
ve motivasyonunun saglanmasi gerektigi belirlendi.
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INTRODUCTION

Periodontal disease is a pathological
inflammatory condition that starts with the
bacterial infection of the gingival and
supporting tissues surrounding the teeth and can
progress to the destruction of the tissues. The
major factor effective in the formation of
periodontal diseases is microbial dental plaque.
Microbial dental plaque, which is attached to
the surface of teeth and dentures, is an
organized structure consisting of salivary

glycoproteins and extracellular microbial
products. They are adherent, soft consistency,
yellow-white colored matrix structures that
cannot be removed by rinsing the mouth with
water.! The regular removal of dental plaque
accumulated on the tooth and denture surface is
called plaque control and is of great importance
in terms of maintaining the health of periodontal
tissues. In addition, applications for the removal
of dental plaque appear as one of the most
effective methods for the protection of tooth and
gingival health, as well as the treatment of
disease and the

existing  periodontal

maintenance of the obtained health.?

Plaque control is achieved in two ways
using mechanical and chemical applications.
The toothbrush is the most common mechanical
cleaning tool that individuals use in their daily
routine in order to control plaque. The adequacy
of oral hygiene provided by tooth brushing
varies depending on the design of the brush, the
degree of softness, brushing technique,
brushing frequency and duration. Careful use of
manual or electric toothbrushes, which are
preferred with medium hardness, helps to
remove plaque without causing any trauma to
the mucosa.’ In order to mechanically remove
plaque, other auxiliary oral hygiene tools such
as dental floss, interdental brush, mouthwash,
toothpick, waterjet and tongue brush are also
used. Toothpastes and mouthwashes, on the
other hand, are materials that prevent plaque

formation, remove or neutralize plaque, and
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provide chemical plaque control, aiding

mechanical cleaning.**

In addition to the microbial dental plaque
being the main etiological factor in periodontal
diseases, in epidemiological studies on this
subject; It has been concluded that periodontal
health levels can change according to the OHH,
socio-economic  and

systemic  diseases,

demographic conditions of individuals.”®
Smoking is also an important risk factor for
periodontal health. It has been determined that
smokers give less importance to oral care than
non-smokers, have more plaque accumulation,
and are more prone to periodontal disease due

to these reasons.’

Patient education and motivation are
essential to achieving good plaque control and
OHH. The biggest task in this regard falls on
dentists and especially periodontologists.
Dentists need to choose the appropriate oral
hygiene tools for the patient and explain the way
of use to the patient in an appropriate language.
This situation constitutes the most critical step
to achieve success in the patient's education on
oral hygiene. It is also of great importance to
examine the awareness of the society to use oral
hygiene tools to protect gingival health and the
awareness of gingival disease in order for
dentists to inform their patients about this

issue.!?

In this study, our aim is to examine the
demographic data, OHH and periodontal status
of the patients with the questionnaire questions
directed to the patients who applied to the
periodontology clinic. In the light of these data,
it is to measure the awareness of patients about
oral hygiene and to consider the points that the
dentist should pay attention to in patient
education. The null hypothesis of this study is
that gingivitis patients are more conscious about
the use of oral hygiene tools than periodontitis
patients.
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MATERIAL AND METHODS

This study involved 400 systemically
healthy volunteers who applied to the
Department of Periodontology at Alanya
Alaaddin Keykubat University Faculty of
Dentistry. After undergoing a clinical and
radiographic examination by a skilled
periodontologist (K.S.), 200 of the volunteers
were diagnosed with gingivitis and 200 with
periodontitis. The Alanya Alaaddin Keykubat
University Clinical Research Ethics Committee
approved the research protocol with the number
14-02 on 14.12.2022 and the individuals who
agreed to participate in the study signed an
informed consent form. The study was
performed in accordance with the guidelines of
the 1964  Helsinki  Declaration.  The
questionnaire questions of the study were
prepared similarly to previous studies.!'"!?
Questionnaires were asked to the patients
included in the study in the form of questions
and answers, and the answers were recorded in
the questionnaire form. In the first step of the
questionnaire, the demographic data of the
patient (gender, age, education level and
financial income level) and smoking status of
the patient was recorded, and in the last step,
OHH (last dentist check, gum disease
awareness, frequency of brushing, type of brush
used, degree of softness, brush replacement
frequency), other oral hygiene tools (dental
floss, interdental brush, mouthwash, toothpick,
waterjet and tongue brush) used other than
toothbrushes, and questions to measure the
awareness of the time left between brushing and
mouthwash use were recorded. Only one of the
questions (auxiliary oral hygiene tools other
than toothbrushes) had more than one choice,
while the other questions had only one answer.

Exclusion criteria in the study were
determined as follows;

- Patients under the age of 18 and over the
age of 70

- Edentulous patients

- Patients with a systemic disease
- Patients unable to use oral hygiene tools

- Disabled patients who cannot allow hand
manipulation

- Patients who did not accept the informed
consent form

Statistical Analysis

The IBM SPSS Statistics 22 application
was utilized for statistical analysis in assessing
the study's findings. The Chi-Square test,
Continuity (Yates) Correction and Fisher
Freeman Halton Exact Chi-square test were
utilized to evaluate qualitative data between
groups when analyzing the study data.
Significance was evaluated at the p<0.05 level.

RESULTS
Demographic Data

Table 1 displays the distribution of the
study participants by gender, age, education
level, and monthly income.

There was a statistically significant
variation in the distribution of genders among
the groups (p:0.004; p<0.05). While the rate of
female cases (55%) is higher in the gingivitis
group, the rate of male cases (59.5%) is higher
in the periodontitis group. There was a
statistically significant wvariation in age
distribution among the groups (p:0.001;
p<0.05). While the rate of cases between the
ages of 18-39 were higher in the gingivitis
group (73%), the rate of cases between the ages
of 40-59 were higher in the periodontitis group
(60%) (Table 1).

There was a statistically significant
variation in the distribution of educational
attainment among the groups (p:0.001; p<0.05).
While the rate of university graduates was
higher in the gingivitis group (48%), the rate of
primary school graduates in the periodontitis
group was higher (46.5%). There was no
statistically ~ significant variation in the
distribution of monthly income levels among
the groups (p:0.490; p>0.05) (Table 1).
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Table 1: Comparison of demographic data of patients according to groups

Gingivitis (n=200)

Periodontitis (n=200) Total (n=400)

n (%) n (%) n (%) p-Value
Gender Female 110 (55%) 81 (40.5%) 191 (47.8%) 0.004*
Male 90 (45%) 119 (59.5%) 209 (52.3%)
Age 18-39 146 (73%) 50 (25%) 196 (49%) 0.001*
40-59 46 (23%) 120 (60%) 166 (41.5%)
60 and over 8 (4%) 30 (15%) 38 (9.5%)
Education Level Primary 47 (23.5%) 93 (46.5%) 140 (35%) 0.001*
High school 51 (25.5%) 66 (33%) 117 (29.3%)
University 96 (48%) 37 (18.5%) 133 (33.3%)
Graduate Education 6 (3%) 4 (2%) 10 (2.5%)
Monthly Income  0-10.000TL 152 (76%) 160 (80%) 312 (78%) 0.49
10.000-20.000TL 38 (19%) 34 (17%) 72 (18%)
Over 20.000TL 10 (5%) 6 (3%) 16 (4%)
Smoking Habit Smoker 62 (31%) 85 (42.5%) 147 (36.8%) 0.019*
Non-smoker 123 (61.5%) 95 (47.5%) 218 (54.5%)
Quitter 15 (7.5%) 20 (10%) 35 (8.8%)

Chi-square test | *The significance level was set as p < 0.05.

There was a statistically significant
variation in the distribution of smoking habits
among the groups (p:0.019; p<0.05). While the
rate of non-smokers was higher in the gingivitis
group (61.5%), the rate of smokers was higher
in the periodontitis group (42.5%) (Table 1).

Oral Hygeine Habits and Gum Disease
Awareness

In the questionnaire, the patients included
in the study were asked questions about their
OHH and gum disease awareness. Table 2
displays data on OHH and awareness of gum
disease among the study participants.

There was no statistically significant
variation among the groups on the frequency of
going to the dentist in the last year (p:0.597;
p>0.05) (Table 2).

There was a statistically significant
variation in terms of knowing what the bleeding
in the gums is a symptom of across the groups
(p:0.001; p<0.05). The rate of saying gum
disease in the gingivitis group (70%) was
significantly higher than in the periodontitis
group (52.5%) (Table 2).

There was a statistically significant
variation in tooth brushing frequency among the
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groups (p:0.002; p<0.05). The rate of brushing
twice or more times a day in the gingivitis group
(47.5%) was significantly higher than in the
periodontitis group (33.5%) (Table 2).

There was a statistically significant
variation in the brush types used among the
groups (p:0.003; p<0.05). The rate of using
electric toothbrushes in the gingivitis group
(13%) was significantly higher than in the
periodontitis group (4.5%) (Table 2).

There was no statistically significant
variation in the hardness of the bristles among
the groups (p:0.337; p>0.05) (Table 2).

There was no statistically significant
variation in brush change frequencies among
the groups (p:0.107; p>0.05) (Table 2).

There was no statistically significant
variation in using anything other than a
toothbrush, such as dental floss, interdental
brushes, gargles and mouthwash, water jets, and
tongue brushing, among the groups (p>0.05).
The rate of using toothpicks (33.5%) excluding
toothbrushes in the periodontitis group was
statistically significantly higher than the
gingivitis group (19%) (p:0.001; p<0.05) (Table
2).
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Table 2: Evaluation of questions about oral hygiene habits according to groups

Gingivitis Periodontitis Total
(n=200) (n=200) (n=400)
n (%) n (%) n (%) p-Value
Visited a dentist in the Yes 135 (67.5%) 130 (65%) 265 (66.3%) 0.597
last year No 65 (32.5%) 70 (35%) 135 (33.8%)
Signs of bleeding in gums Tooth decay 13 (6.5%) 10 (5%) 23 (5.8%) 0.001*
Gum disease 140 (70%) 105 (52.5%) 245 (61.3%)
Unknown 47 (23.5%) 85 (42.5%) 132 (33%)
Tooth brushing Does not brush 1 (0.5%) 9 (4.5%) 10 (2.5%) 0.002*
frequency A few times a week 21 (10.5%) 36 (18%) 57 (14.2%)
Once a day 83 (41.5%) 88 (44%) 171 (42.8%)
Twice or more in a day 95 (47.5%) 67 (33.5%) 162 (40.5%)
Brush type Manuel toothbrush 174 (87%) 191 (95.5%) 365(91.3%) 0.003*
Electric toothbrush 26 (13%) 9 (4.5%) 35 (8.8%)
Hardness of  brush Hard 14 (7%) 21 (10.5%) 35 (8.8%) *0.337
bristles Medium 129 (64.5%) 135 (67.5%) 264 (66%)
Soft 55(27.5%)  43(21.5%) 98 (24.5%)
Extra soft 2 (1%) 1 (0.5%) 3 (0.8%)
Brush change frequency 2-3 months 103 (51.5%) 96 (48%) 199 (49.8%) 0.107
6 months 80 (40%) 76 (38%) 156 (39%)
1 year 9 (4.5%) 22 (11%) 31 (7.8%)
More than a year 8 (4%) 6 (3%) 14 (3.5%)
Tools used for oral Floss 47 (23.5%) 39 (19.5%) 86 (21.5%) 0.330
hygiene, excluding "1 erdental brush 6 (3%) 5(2.5%) 11(2.8%)  1.000
toothbrushes -
Toothpick 38 (19%) 67 (33.5%) 105 (26.3%)  0.001*
Gargles and mouthwashes 57 (28.5%) 42 (21%) 99 (24.8%) 0.082
Waterjet 10 (5%) 5(2.5%) 15 (3.8%) 0.292
Tongue brush 15 (7.5%) 7 (3.5%) 22 (5.5%) 0.125
Doesn’t use any 75 (37.5%) 77 (38.5%) 152 (38%) 0.837
Time between tooth Should be brushed right away 118 (59%) 127 (63.5%) 245 (61.3%) 0.356
brushing and "G ou1d be brushed after half an hour 82 (41%) 73(36.5%) 155 (38.8%)
mouthwash

Chi-Square Test | “Fisher Freeman Halton Exact Test | “"Continuity (yates) corrections | *The significance level was set

as p <0.05.

There was no statistically significant
variation in the time between tooth brushing and
mouthwash among the groups (p:0.356; p>0.05)
(Table 2).

DISCUSSION

In order to protect and maintain
periodontal health, patients should consult a
dentist regularly. Dentists have the greatest
responsibility in providing oral hygiene training
to their patients and supervising their correct
and effective use during these control sessions.
Predicting OHH

according to the periodontal status of the

and public awareness

patients during the oral hygiene education of the
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physicians will enable them to focus on the
missing or insufficient points in the education.
Therefore, in this study, it was aimed to
examine the demographic data and OHH of the
patients who applied to Alanya Alaaddin
Keykubat University, Faculty of Dentistry,
Department of Periodontology, according to
their
questionnaire.

periodontal ~ status,  through a

Su et al. !* showed in their study that the
prevalence and severity of periodontal disease
is higher in male individuals, and they reported
that this situation is proportional to the fact that
male individuals visit the dentist less, pay less
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attention to dental and gingival health, and
inability to use auxiliary oral hygiene tools. In
the present study, the statistically high rate of
female individuals in the gingivitis group and
male individuals in the periodontitis group is
similar to this study.

In a study evaluating the prevalence of
periodontal disease in young, middle-aged and
elderly individuals by Nazir et al. 4, it was
reported that the incidence and severity of
periodontitis increased with age. Curtis et al. 1°
showed that age is the most important factor
affecting attachment loss in cases where
patients' demographic data, oral hygiene and
health are similar. In the present study,
gingivitis in the young patient (18-39 years old)
population the high of
periodontitis in the middle-aged population (40-
59 years old) supports these studies. The low
number of participants in the elderly population
may have caused the rate of periodontitis to be
higher in the middle-aged population.

and incidence

Baskaradoss et al. '® reported in their
study that education level and literacy level are
very important due to factors
understanding the information that physicians
give to their patients, applying them correctly,

such as

and easily accessing information about oral
health. Walther et al. !7 argued that individuals
with low education levels have a three times
higher risk of periodontitis than individuals
with higher education. Bui et al. '® reported that
individuals with low education levels do not pay
enough attention to their oral health, which may
cause exacerbation of periodontitis by risking
their general health status. The high rate of
university graduate cases in the gingivitis group
and the high rate of primary school graduates in
the periodontitis group in the present study
supports these studies.

Celeste et al. " reported in their study that
the socio-economic status of patients affects the
frequency of visiting the dentist, since dentistry
service is paid for in many countries. On the
other hand, Hussein et al. 2° stated that the
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number of physicians is insufficient in regions
with low socio-economic status, and all these
conditions carry a risk for the protection of oral
health due to low socio-economic income. In
contrast, Walther et al. 7 argued that the
monthly income of individuals is not a risk
factor for periodontal disease. The fact that
there was no statistically significant difference
between the groups in terms of monthly income
levels in the present study supports the study of
Walther et al. We think that this is due to the
fact that patients in our country can receive free
service in the state institution.

Smoking is an important risk factor that
increases the tendency to periodontal disease in
proportion to the amount of daily use,
accelerates the course of the disease and
negatively affects the success of the treatment.?!
As a result of their study, Tomar et al. ?? stated
that individuals who smoke and have used
before are more likely to develop periodontitis
than individuals who have never smoked. More
et al. > argued that smokers do not pay enough
attention to their oral hygiene and this situation
increases the susceptibility to periodontal
disease. The statistically high rate of smokers in
the periodontitis group in the present study
supports these literatures.

In their study, Dannewitz et al. > reported
that periodontitis patients should go to the
dentist 1-4 times a year, taking into account the
individual risks. They stated that these control
sessions are important in terms of evaluating the
need for periodontal phase I treatment, the early
treatment of pathological pockets affected by
the disease, and the repetition of oral hygiene
As
Samorodnitzky et al. * reported that tooth loss

motivation. a result of their study,
would be higher in individuals who had
irregular check-ups with the dentist. It was
observed that approximately 65% of the patients
participating in the present study had applied to
the dentist in the last 1 year. We think that this
is due to the fact that individuals living in
Alanya are conscious about going to the dentist

for regular check-ups.
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In their study, Deng et al. ? stated that it
is important for the society to be aware of
gingival bleeding, because periodontal disease
is diagnosed early and its progression is stopped
with treatment. In their survey study, Eren et al.
1" showed that 66.3% of the
participating study did not have

knowledge about gingival disease. In a study by
1‘ 27

individuals
in the
Besiroglu et al. */, while the number of those
who gave the answer ‘gum disease’ to the
question "What is the sign of gingival bleeding
when brushing?" was similar in the gingivitis
and periodontitis groups they found that the
number of those who could not give the correct
answer was statistically high in the periodontitis
group. The higher rate (66.3%) of those who
gave the answer to the question "What is the
symptom of gingival disease?" in the present
study contradicts the study of Eren et al. We
think that this situation is due to the information
given by the departments that referred to the
periodontology clinic. The gingival disease
response rate (70%) in the gingivitis group was
found to be significantly higher than the
Periodontitis group (52.5%), which is similar to
the study of Besiroglu et al.

As aresult of their study, Chapple et al. 8
reported that regardless of the toothbrush bristle
design, daily routine brushing reduces gingivitis
by removing plaque. Joshi et al. * showed that
brushing twice or more times
the
and the risk of periodontal

per day

significantly reduces prevalence of
periodontitis
pathological pocket formation. It has been
shown that the vast majority of individuals
participating in the present study brush their
teeth daily. The fact that the frequency of
brushing twice or more times a day was
statistically higher in the gingivitis group than
in the periodontitis group in the present study
supports this literature.

In their study in which they compared
electric and manual toothbrushes, Petker-Jung
et al.*® reported that both methods did not differ
in terms of oral hygiene if the patients showed
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appropriate time and care. A Ramseier et al. 3!
reported that the use of electric toothbrushes
showed a significant decrease in plaque index
and gingival index levels compared to the use of
manual toothbrushes. Al-Omiri et al. 3 argued
that the reason for these conflicting results is
that the use of electric toothbrushes is not as
common as manual toothbrushes in some
societies or that the difference in toothbrushes
used in the research. The fact that 91.3% of the
individuals participating in the present study
were using a manual toothbrush supports the
study by Al-Omiri et al. The fact that the rate of
using electric toothbrushes in the present study
was significantly higher in the gingivitis group
than in the periodontitis group suggests that the
electric toothbrush may be more effective in
removing plaque than a manual toothbrush.

As a result of their study, Ranzan et al. %3
reported that toothbrushes with a hard bristle
structure, although they are more effective in
removing plaque compared to toothbrushes
with medium and soft hardness, cause gingival
abrasions, traumatic lesions in the gingiva and
gingival recession. Langa et al. 3* showed in
their study that medium-hard toothbrushes
removed plaque more effectively than soft
brushes, resulting in more positive results in
periodontal parameters. Extra soft brushes are
mostly recommended after periodontal soft
tissue surgeries to remove plaque without
trauma to the surgical area.®® In this study, no
difference was found between the gingivitis and
periodontitis groups in terms of the hardness of
the bristles. It was observed that the individuals
who participated in the study preferred the
medium hard (66%) and soft hardness (24.5%)
toothbrushes,
effectively without causing trauma to the gums.

which remove plaque most

This may be due to the fact that the
individuals participating in the study were
conscious and aware of oral hygiene.

As a result of their systematic review,
Silva et al. * reported that no difference was
observed in plaque removal between the new
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toothbrush and the 3-month-old toothbrush,
although the majority of dentists
recommend their patients to change their

vast

toothbrushes at 3-4 monthly intervals. As a
result of their study, Schmickler et al. ¥ reported
that the plaque removal efficiency of the
toothbrush decreased after 6 months of use and
the incidence of gingivitis increased. Romesa et
al. *8

time of the toothbrush with the deterioration of

on the other hand, associated the change

the structure of the bristles rather than the
duration of use. In this study, the majority of the
individuals participating in the study answered
the question of brush change frequency as 2-3
months (49.8%) and 6 months (39%). There is
no statistically significant difference between
the groups in terms of brush change frequencies.
This suggests that patients who applied to the
Department of Periodontology were informed
during their previous dental check-ups.

Insufficient use of the toothbrush alone in
removing the plaque accumulated on the
interproximal tooth surface poses a risk in terms
of periodontal disease. For this reason, the
American dental association recommends the
use of auxiliary oral hygiene tools such as dental
floss, interdental brushes, toothpicks, antiseptic
agents, and waterjet in addition to
toothbrushes.* In a study in which they
compared dental floss, interdental brush and
waterjet, Worthington et al. *° reported that after
1 month of use, interdental brushes and waterjet
had better results in plaque and bleeding scores
compared to dental floss. In this study, it was
determined that 38% of the participants did not
use any oral hygiene tool in addition to the
toothbrush in providing oral hygiene. In
addition, it was found that the use of dental floss
(21.5%) in interproximal surface cleaning was
higher than the use of interdental brushes
(2.8%) and waterjet (3.8%). This situation
suggests that physicians are incomplete in
recommending the use of auxiliary oral hygiene
tools such as interdental brushes and waterjetes,

especially to their patients with periodontitis
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who have open interdental contact. In their
study, Sun et al. *' showed that the use of
toothpicks in interproximal surface cleaning is
quite common and argued that toothpicks cause
periodontal damage due to their pointed ends
and pose a risk for periodontal disease. The fact
that the toothpick (26.3%) was the most
commonly used auxillary hygiene tool, other
than the toothbrush, in the present study
supports this literature. The rate of using
toothpicks (33.5%) excluding toothbrushes in
the group was
significantly higher than the gingivitis group
(19%) (p<0.05). This may be due to the
accumulation of food in the areas of attachment

periodontitis statistically

loss after meals in individuals with periodontitis
and the need to remove it. It also suggests that
the use of toothpicks causes trauma to the
periodontal tissues. In their study, Rickenbacher

et al. #?

recommended the use of a tongue brush
by stating that microorganisms on the tongue
surface cause periodontitis, periimplantitis,
tooth decay and bad breath. On the other hand,
in their study on patients with periodontitis,

Laleman et al.

reported that tongue cleaning
did not cause a decrease in the number of
microorganisms in the saliva and oral cavity.
There is no consensus in the literature on tongue
cleaning. In this study, only 5.5% of the
participants use a tongue brush. The necessity
of informing the patients about the tongue

cleaning practice was shown.

In their study, Rajendiran et al. * showed
the effectiveness of mouthwash and gargles in
antiplaque, antigingivitis and antiperiodontitis.
On the other hand, in their survey study, Gorska
et al. > showed that 33% of the participants do
not use mouthwash, 25% of them use it
regularly every day, and the rest use it weekly.
The fact that only 24.8% of the participants in
the present study used mouthwash and
mouthwash contradicts this literature. This
situation is actually due to the lack of
information about individuals that mouthwash
and gargles reduce plaque formation when used
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in addition to tooth brushing. Mouthwashes and
gargles are recommended in addition to tooth
brushing as they provide plaque control in
places where the toothbrush and other auxiliary
reach. When
mouthwashes and gargles are used immediately
after brushing, they cause the fluoride taken

oral hygiene tools cannot

with toothpaste to be absorbed and removed
from the mouth.*® Additionally, sodium lauryl
sulfate or anionic fluorides contained in
toothpaste inactivate cationic chlorhexidine.
Therefore, it is appropriate to use mouthwash
approximately half an hour after brushing your
teeth.*’ In this study, to the question "How long
do you think you should leave between brushing
and mouthwash?", 245 participants answered
that it should be used immediately after
brushing, and 155 participants answered it half
an hour later. This shows that physicians are
insufficient not only to recommend
mouthwashes, but also to inform their patients

about the use of mouthwashes.

As a result of their study, Fatima et al. *3
reported that most of the physicians did not
perform periodontal examination and they were
insufficient to diagnose periodontal disease. In
addition, they emphasized that many physicians
do not even pay enough attention to their own
oral health and reported that they lacked oral
hygiene education and motivation to their
patients. In this survey study, it was shown that
most of the patients neglected their dental
check-ups, did not know about periodontal
disease, and did not use or misused oral hygiene
tools other than toothbrushes. It is thought that
our physicians are also insufficient in informing
their patients about oral health and care.

This
Firstly,

study has several limitations.

the questionnaire study included
patients from a single institution, potentially
limiting the generalizability of the findings to a
broader population. Secondly, patients can be
informed about oral hygiene in other clinic
departments before visiting the periodontology
These should be

clinic. limitations
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acknowledged and taken into account in future
studies.

CONCLUSION

Based on the limited results of this study,
it was concluded that gingivitis patients are
more conscious about periodontal disease and
pay more attention to tooth brushing. Despite
this, it has been shown that both gingivitis and
periodontitis patients are deficient in the use of
auxiliary oral hygiene tools for interdental
spaces cleaning. It has been revealed that dental
check-ups should become more frequent and
that physicians should provide motivation and
education for their patients in these sessions. In
order for the oral and dental health of the society
to reach the desired level, it is necessary to
increase the frequency of oral screenings and to
provide education on oral hygiene from an early
age. Dentists have the greatest responsibility for
supervising patients' correct use of oral hygiene
products and providing motivation for oral
health. This study is limited to survey questions.
There is a need for more comprehensive studies
that will investigate the contribution of
education to the oral hygiene status of patients
and their reflection on clinical outcomes.
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Article Info ABSTRACT
. . Aim: The aim of this study was to evaluate the effects of different whitening mouthwashes on the color
Article History change of stained four different one-shade composite resins and to compare them with a multi-shade

composite.
Materials and Methods: A multi-shade (Filtek Ultimate) and four one-shade (Omnichroma, Charisma
Diamond One, Essentia Universal, Vittra Unique) composite resins were used. A total of 160 samples, 32

Received: 01.07.2024
Accepted: 03.12.2024

Published: 28.04.2025 of each composite were prepared and the initial color parameters of the composite samples were measured

with a spectrophotometer and the composite samples in each group were divided into four groups (n=8).
Keywords: Then, the samples were kept in coffee and second color measurements were made. After the samples were
Color Change, kept in four whitening mouthwashes (Colgate Optic White, Listerin Advanced White, Pasta del Capitano

Whitening, SPLAT® Professional Bio-Active), third color measurements were made and color changes
were calculated with the CIEDE2000 formula. Statistical analyzes were performed using one-way ANOVA
e and post-hoc Tukey's test.

Whitening. Results: The color changes observed in the stained composite resins after immersion in mouthwash were
statistically significant, varying by mouthwashes and composites (p<0.05). Average color change values
(AE00) were between 0.85 and 4.87. While the highest color change was observed in the Charisma
Diamond One group using Pasta del Capitano Whitening (AE00=4.87), the lowest color change in all
groups was observed in the use of SPLAT® Professional Bio-Active.

Conclusion: One-shade composites showed more color change than the multi-shade composite, with
variations depending on the mouthwash used. Almost all groups, whitening mouthwashes caused a color
change above the perceptibility threshold level.

Beyazlatic1 Etkili Gargaralarin Renklendirilmis Tek Renk Kompozit Rezinlerin Renk
Degisimi Uzerine Etkisi

Mouthwashes,
One-shade Composite,

Makale Bilgisi OZET
. Amagc: Bu ¢aligmanin amaci farkli beyazlatici agiz gargaralarinin renklendirilmis dort farkli tek renk
Makale Gegmisi kompozit rezinin renk degisimi {izerine olan etkilerini degerlendirmek ve ¢oklu renk sistemine sahip bir

. R kompozitle karsilagtirmaktir.

Gelis Tal‘ll}l..OI 07.2024 Gergg: ve Yontemler: Calismada bir ¢oklu renk sistemine sahip estetik kompozit (Filtek Ultimate) ile dort

Kabul Tar .lh.l: 03.12.2024 tek renk kompozit (Omnichroma, Charisma Diamond One, Essentia Universal, Vittra Unique) olmak iizere

Yaym Tarihi: 28.04.2025 bes farkli kompozit rezin kullanildi. Her kompozitten 32 toplamda 160 oérnek hazirlandi. Kompozit
orneklerin ilk renk parametreleri bir spektrofotometre ile 6l¢iildii ve her gruptaki kompozit 6rnekler rastgele

Anahtar Kelimeler: dort gruba ayrildi ve drnekler numaralandirildi (n=8). Daha sonra kahvede bekletilen Srnekler yikandiktan

sonra ikinci renk 6l¢timleri yapildi. Ornekler dort beyazlatici etkili ag1z gargarasinda (Colgate Optic White,

Ag1z Gargarasi, o . . o - ; o
Bevazlatiol Listerin Advanced White, Pasta del Capitano Whitening, SPLAT® Professional Bio-Active) bekletildikten

Y . . sonra {igiincii renk olgtimleri yapildi ve renk degisimleri CIEDE2000 formiiliiyle hesaplandi. Istatistiksel
Renk Degisimi,

. analizler one way ANOVA ve post-hoc Tukey's testi kullanilarak yapildi.

Tek Renk Kompozit, Bulgular: Renklendirilen kompozit rezinlerin gargarada bekletilme sonunda goriilen renk degisimleri
kullanilan gargaraya ve kompozitlere gore istatistiksel olarak farkli bulundu (p<0,05). Ortalama renk
degisim degerlerinin (AE00) 0,85 ile 4,87 araliginda oldugu tespit edildi. Kompozitler i¢inde en ¢ok renk
degisimi Charisma Diamond One grubunda Pasta del Capitano Whitening gargara kullaniminda
gozlemlenirken (AE00=4,87), gruplarin tamaminda en diisiik renk degisimi SPLAT® Professional Bio-
Active kullaniminda gozlendi.

Sonug: Tek renk kompozitler coklu renk sistemine sahip kompozitten daha fazla renk degisimi gostermistir
ve kullanilan gargaralara gore degisim miktari farklilik gostermistir. Gruplarin genelinde beyazlatict agiz
gargaralart algilanabilirlik esik diizeyinin lizerinde bir renk degisimine neden olmustur.
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INTRODUCTION

Since whiter teeth are considered more
aesthetically  acceptable by individuals,
whitening discolored teeth is one of the most
commonly performed procedures in clinical
practice." > The natural color of the crown part
of a human tooth is predominantly white, with
slight yellow tones that reflect the color of the
dentin beneath the translucent enamel, along
with minimal amounts of red tones.* Tooth
discolorations are classified into two main
groups: intrinsic and extrinsic discolorations.
Whitening procedures are typically used for
external discolorations. In external
discoloration, changes in tooth color typically
result from pigments that come into significant
contact with teeth, such as cigarettes, beverages,
and foods, as well as antibiotics, and metals like
iron or copper and environmental factors and
these colored compounds obtained from these
sources can be absorbed into the tooth surface,

causing staining to occur.* 3

Teeth whitening is a process performed
to lighten and whiten the teeth. Whitening can
be achieved through physically removing
discoloration or staining, or by chemically
whitening or lightening the tooth color through
a chemical reaction. The active ingredient in
most whitening products is hydrogen peroxide
or carbamide peroxide, which breaks down to
Additionally,
various chemicals and natural agents are often

release hydrogen peroxide.
added to whitening agents for their whitening
purposes. There are various types of products
used for teeth whitening purposes. There are
many products marketed for teeth whitening
purposes,

mouthwashes

including toothpastes and
with  higher

detergents and abrasive substances to help

amounts  of
remove chromogens from tooth surfaces;
whitening agents that react with chromogens to
lighten color; products that enhance both
cleaning and whitening effects; and whitening
strips designed to whiten teeth gradually.> More
severe or complex discolorations are best
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treated with professional whitening, whereas
for milder cases and daily use, over-the-counter
products that are more easily accessible may be
preferred. One of the most commonly used
materials among these are mouthwashes
(mouthrinses). Some of these moutwashes are
combined with whitening agents to create
whitening mouthwashes, which are marketed

for their whitening effects.

Today, with the rapid developments in
aesthetic composite resins, one shade composite
resins have been introduced to the market,
which are color compatible with all 16 colors in
the VITA scale and providing comprehensive
color matching capabilities thanks to the
advanced chameleon and blending effect, and to
eliminate the treatment complexity arising from
the layering technique.®” Most studies on tooth
color change focus on dental enamel,
highlighting the importance of color stability in
the success of aesthetic dental restorations. As a
result, there is increasing interest in the ability
of restorative materials to resist color changes
over time. Many studies have shown that factors
influencing tooth color can similarly affect
aesthetic restorative materials, especially
composite resins.® ° Composite resins differ
significantly from dental enamel in terms of
composition and chemical as well as physical
properties. Therefore, when exposed to the
same color change factors, they are likely to be
affected to varying degrees. This variability can
lead to color mismatch, treatment failures, and

patient dissatisfaction.!’

The clinical success of composite resin
restorations depends on achieving perfect color
matching with natural teeth. Therefore, it is
crucial to fully understand the effects of
whitening agents on resin composites as well.
The literature currently has limited studies on
the color change (or color recovery) of one
shade composite resins, a popular product
today, especially after staining and the use of
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whitening products. The aim of this study was
to evaluate the effects of different whitening
mouthwashes on the color change (color
recovery) of stained four different one-shade
composite resins and to compare them with a
The
hypothesis of the study was that whitening

multi-shade  composite resin. null
mouthwashes applied to composites colored
with coffee would not significantly change the
color of the composites and that the color
changes would not be affected by the type of

mouthwash and composite.

Tablel: The composite resins used in the study

MATERIALS AND METHODS

In the present study, five different
composite resins were used, including one
aesthetic composite resin with a multi-shade
color system (Filtek Ultimate, A2 Body, 3M
ESPE, USA) as a control group and four one
shade
Tokuyama, Japan), (Charisma Diamond One,

composite  resins  [(Omnichroma,
Kulzer, Germany), (Essentia Universal, GC
Corp., Japan), (Vittra Unique, FGM Dental,
Brazil)]. Detailed the

composite resins used is presented in Table 1.

information about

Composite Resins Filler Type Composition Manufacturer
. . I I I
Filtek Ultimate, A2 Bis-GMA, UDMA, Bis-EMA, PEGDMA, TEGDMA, ~ 3M ESPE,
Body (control) Nanofilled . . ey
. Zirconia, Silica St. Paul, MN, ABD
(multi-shade)
I I I
Omnichroma Spherical UDM.A’ TEGDMA, uniform glzed supra-nano Tokuyama Dental,
spherical filler (260 nm spherical SiO2-ZrOz) and
(one-shade) Nanofilled . Tokyo, Japan
composite fillers
I I I
. . advanced TCD matrix, BPA-free, and BrF B>O3-F-
Charisma Diamond . . - . . Kulzer,
Nanohybrid Al203-SiOg, silica, TiO2, fluorescent pigments,
One (one-shade) . . . L. Hanau, Germany
metallic oxide pigments, organic pigments,
I I I
Essentia Universal Microhvbrid UDMA, Bis-MEPP, Bis-EMA, Bis-GMA, TEGDMA, GC Corp.,
(one-shade) y Prepolymerized fillers, Barium glass, Silica Tokyo, Japan
I I I
. UDMA, TEGDMA, advanced polymerization
Vittra APS UNIQUE Nanohybrid system(APS) composition, co-initiators, silane, boron- FGM Dental,

(one-shade)

aluminum-silicate glass

Joinville, Brazil

Abbreviations: Bis-GMA: Bisphenol A-diglycidyl methacrylate; UDMA: Urethane dimethacrylate; Bis-EMA:
Ethoxylated bisphenol A glycol dimethacrylate; PEGDMA: Polyethylene glycol dimethacrylate; TEGDMA:
Triethylene glycol dimethacrylate; TCD: Tricyclodecane; BPA: Bisphenol A; Bis-MEPP: bisphenol-A ethoxylate

dimethacrylate.

In this study, each group being divided
into four subgroups based on the moutwashes
used with a set at 0.05, B set at 0.10, (1-P) set
at 0.80 and effect size set at 0.278; it was
determined that n=8 samples would be taken
from each subgroup, yielding a total sample size
of N = 160. The power of the test p=0.80424
was found. Samples were prepared by using
plastic molds measuring 8 mm in width and 2
mm in depth, resulting in a total of 160 samples
with 32 samples from each composite resin.
After placing the composite resins into the
plastic molds, polyester strips were placed over
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the
positioned between two microscope slides and

them. Subsequently, samples were
a slight pressure was applied to create a flat
surface. Following this, the samples were light-
cured using an LED light device (Valo Cordless,
Ultradent Products Inc., South Jordan, UT,
USA) with a light intensity of 1000 mw/cm? for
20 seconds on their upper surfaces. After the
polymerization process, the samples were
removed from the molds and subjected to
surface treatments using a disc polishing system

(Sof-Lex, 3M ESPE, USA).

Afterward, the samples were immersed in
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distilled water at 37°C for 24 hours. The initial
color parameters of the composite samples were
measured type
spectrophotometer (Vita Easyshade Compact,
Vita Zahnfabrik, Germany) based on the CIE
L*a*b* Following

measurement, the L;, C;, H;, a; and b, values

using a clinical

color scale. color
were recorded, and the composite samples in
each group were randomly divided into four

groups and numbered (n=8).

Then, the samples were immersed in
filter coffee prepared with 4g coffee / 200 ml
boiling water (Tchibo Gold Selection, Tchibo
GmbH, Hamburg, Germany) at 37°C for 24
hours (equivalent to 1 month of use).!' After
the
absorbent paper, second color measurements

washing and drying samples using
were taken, and L, C,, H, a; and b, values were
recorded. The color change (AEg »2.1) that
occurred after waiting in the coffee was
analyzed with the CIEDE2000 formula shown
in Figure 1. The analysis was performed using
the Excel spreadsheet application of the

CIEDE2000 color difference formula.'?

Table 2: The moutwashes used in the study

Figure 1: CIEDE2000 color difference formula

2 5 2 L/2
AL* AL AH' AC'AH'
AEy, = + + + Ry
k.S, k.S, ky Sy ScSu

Afterwards, the samples were immersed

in four different whitening mouthwashes at
37°C for 24 hours (equivalent to daily use of 2
minutes for 2 years).'* ¥ In the study, the
following 4 mouthwashes were used: Colgate
Optic White (GABA International AG, Therwil,
Switzerland), Listerine Advanced White
(Johnson & Johnson, Skillman, NJ, USA), Pasta
del Capitano Whitening (Farmaceutici Dott.
Ciccarelli S.P.A., Milano, Italy), and Splat
Bio-Active (Splat-Global,
Novgorod, Russia). Detailed information about
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these mouthwashes is presented in Table 2.
After immersing the samples in the four
whitening mouthwashes for 24 hours, third
color measurements were taken. L3, C;, Hs, a3
and b; values were obtained, and the color
changes (AEq 3-2) induced by immersion in the
mouthwashes after staining were analyzed
using the CIEDE2000 formula.

Mouthwash  Composition Manufacturer

I I I 1
Colgate Aqua, Glycerin, Sorbitol, Propylene Glycol, PVM/MA Copolymer, Tetrapotassium GABA
Optic White Pyrophosphate, Polysorbate 20, Sodium Fluoride, Sodium Saccharine, CI 42051 International AG,
(COW) Therwil,

Switzerland

I I I 1
Listerine Water, Alcohol, Sorbitol, Tetra Potassium Pyrophosphate, Penta Sodium
Advanced Triphosphate, Citric Acid, Poloxamer 407, Flavors, Sodium Saccharin, Sucralose, Johnson & Johnson,
White Sodium Fluoride, SodiumBenzoate, Tetra SodiumPyrophosphate, Menthol, Skillman, NJ, USA
(LAW) Eucalyptol, Thymol, Aroma, Propylene Glycol, Disodium Phosphate.

I I I 1
Pasta del Aqua, Glycerin, Alcohol, Potassium Citrate, Polisorbate 20, PVP, PEG-40, Sodium Farmaceutici Dott
Capitano Benzoate, Aroma, Betaine, Lactic Acid, Sodium Lactate, Sodium Bicarbonate, . . ’

e . . . . . . . Ciccarelli S.P.A.,
Whitening Sodium Fluorit, Sodium Monoflorophasphate, SodiumSaccarin, Eugenol, Limonen, Milano. Ttal
(PDC) CI47005, CI42051. > Haly
I I I 1

Water,  Hydrogenated  Starch  Hydrolysine, @ PVP, Polyglyceryl-4
Lourate/Sebacate, Polyglyceryl-6 Caprylate/Caprate, Sodium Coco-Sulphate,

Splat Aroma, Cyclodextrin, Zinc Gluconate, Citrus Lemon Peel Oil, Pineapple Fruit

Professional Extract, Maltodextrin, Thyme Oil, Licorice Root Extract , Stevia Leaf Extract, Splat-Global,

Bio-Active Glycerin, Pentylene Glycol, ida Ferment Lysate, Phthalimido-peroxy-caproic Novgorod, Russia

(SPL) acid, Potassium Thiocyanate, Lacoein, Lactoperoxidase, Glucose Ondase,

Glucose Pentaacetate, Sodium Benzodl, Potassium Sorbate, Benzyl Alcohol,

Limonene, Citral, Linalool

Abbreviations: PVM/MA: Polyvinyl methyl ether/Maleic anhydride; PVP. Poly- Vinyl Pyrrolidone; PEG: Polyethylene glycol.
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Statistical Analysis

Based on the data obtained in the study,
statistical evaluations were performed using
IBM SPSS version 22.0 for Windows (SPSS,
Chicago, IL, USA). Firstly, the normality and
homogeneity of the data were assessed using
the Kolmogorov-Smirnov and Levene tests,
respectively. Subsequently, the data were
analyzed using one-way ANOVA (analysis of
variance). Post hoc pairwise comparisons
were conducted using the Tukey test with a
significance level (a) set at 0.05.

RESULTS

As a result of statistical evaluation of
color change values, the color change (AEq 2-1)
seen in composite resins colored with coffee
were found to be statistically different
compared to the composites used (p<0.05). The
average AEg 2. values observed after
immersion in coffee are presented in Table 3.
After immersion in coffee, the greatest color

change was observed in the Charisma Diamond
Diamond One group, while the least color
change was observed in the Essentia Universal
group. Essentia Universal showed color change
similar to the multi-shade composite resin
Filtek Ultimate as control group.

The color changes (color recovery) (AEqo
32) observed in composite resins stained with
coffee after immersion in mouthwashes were
found to be statistically different based on the
mouthwash used and the composites (p<0.05).
It was determined that the average color change
values (AEo 32) of composite resins stained
with coffee and subsequently immersed in
mouthwashes ranged from 0.85 to 4.87 (Table
4). After immersion in mouthwashes, the
highest color change was observed in the
Charisma Diamond One group when using PDC
mouthwash (AEo=4.87), while the lowest color
change was observed in the Filtek Ultimate
group when using SPL (AE¢=0.85).

Table 3: Average color change (AEgo 2-1) and standard deviation values of composites after immersion in

coffee

AE21
Filtek Ultimate (control) 3.49* (0.39)
Omnichroma 3.89(0.43)
Charisma Diamond One 5.46 (0.64)
Vittra APS Unique 4.72 (0.54)
Essentia Universal 3.24* (0.33)

p value <0.01

* indicates statistically similar groups. p<0.05 indicates statistical differences between groups.

Table 4: Average color change (AEoo 32) and standard deviation values of stained composite resins after

immersion in mouthwashes

COW PDC SPL p values
Filtek Ultimate (control) 1.74 (0.18) A 1.91 (0.22) » 1.87 (0.23)A 0.85(0.13) B 0.03
Omnichroma 2.62(0.32) K 2.44(0.30) ¢ 3.08 (0.29)P 1.91 (0.20) # <0.001
Charisma Diamond One 4.04 (0.53) F 4.41(0.49)F 4.87 (0.54) G 3.43(0.36) ™ <0.001
Vittra APS Unique 3.23(0.29) PH 3410301 4.00 (0.47) F 2.40 (0.28) © <0.001
Essentia Universal 2.35(0.29) 2.80 (0.34) ¥ 3.34(0.33)H 1.71 (0.15) * <0.001

* Same uppercase superscripts indicate groups showing statistically similar color change
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The least color change was observed in
all composite resins when using SPL. The
highest color change values were observed
when using PDC, excluding the Filtek Ultimate
group. After immersion in mouthwashes, the
least color change was observed in the Filtek
Ultimate group as control group across all
mouthwash groups, while the highest color
change was observed in the Charisma Diamond
One group across all mouthwash groups.

When color
separately, after immersion in coffee, a decrease

in L* values was observed (Table 5), whereas

examining parameters

an increase was observed after immersion in
mouthwashes. For a*, and b* wvalues, an
increase was observed after immersion in
coffee, while a decrease was observed after
immersion in mouthwashes (Table 5).

Table 5: Average L* (Lightness), a* and b* values of samples before coloring with coffee (L1, a1, by); after
coloring (L», a2, b>) and after waiting in mouthwash (L3, a3, bs).

L1 L2 L3 a1/ bi a2/ b2 a3/ b3

cow 81.2 cow 1/28.0

Filtek Ultimate 23.9 78.8 LAW 80.9 1.1/28.0 1.5/28.8 LAW 0.5/26.7
(control) PDC 81.0 PDC 0.6/27.0
SPL 80.0 SPL 1.3/28.7
cow 80.9 cow 3.5/11.0
Omnichroma $20 789 —AW 81.5 3.7/98 29/140 LAY 347118
PDC 81.9 PDC 3.6/11.0
SPL 79.1 SPL 34/11.4
cow 78.4 cow -1.8/11.0
D harisma 794 749 AW PO 47,90  07/153 LAW -1.8/108
tfamond £one PDC 79.3 PDC -1.8/10.1
SPL 77 SPL -12/10.6

cow 81.6 cow 22/76

Vitra APS gy 5 g5 LAW 82 23/60  21/118 24 26177
Unique PDC 82.7 PDC 2.3/7.0
SPL 80.4 SPL 2.5/8.6

cow 78.3 cow 1.1/215

Es.se"t‘al 802 762 —LAW L 15/217  20/249 LAW 1.2/21.1
Universa PDC 79.6 PDC 1.0/20.5

SPL 773 SPL 1.4/22

and mouthwash used. Therefore, the null
DISCUSSION ’

There are numerous studies focusing on
the changes that mouthwashes cause in the color
parameters of composite resins; however,
studies specifically related to color change of
stained composite resins (especially one-shade
composites) are limited.!> > In the present
study evaluating the color change (color
recovery) of one-shade composites stained with
coffee  using  whitening
significant color changes were observed in all
groups. It was observed that this change varied
statistically depending on the type of composite

mouthwashes,
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hypothesis was rejected.

Due to dissatisfaction with tooth color
among patients and their desire for whitening,
the use of over-the-counter whitening products
has increased in recent years. Products claiming
to provide whitening effects have also gained
popularity. Among these products,
mouthwashes are prominent due to their ease of
use, low cost, and ready availability. In recent
years, mouthwashes containing whitening
agents have become popular due to their
perceived whitening effects. Therefore, our
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study evaluated the impact of these whitening
mouthwashes on the color change (whitening
effect) of stained composites.

In dentistry, color selection or
determination of restoration color compatibility
can be achieved through visual inspection or
with the assistance of various devices. In the
study, to obtain objective results and eliminate
human errors, * a clinical type of
spectrophotometer ~was used.  Although
different color systems such as CIELAB (AE.)
and CIEDE2000 (AEq) are used in the analysis
of color changes, it has been stated in studies
that the CIEDE2000 color system is superior to
the CIELAB color system in determining
perceptibility and acceptability.?*2! Therefore,
in our study, we used the CIEDE2000 (AEgo)
color system and formula for analyzing color
changes.

When reviewing the literature, there are
various opinions regarding the perceptibility
and acceptability of color changes in
restorations?>. Recently, Paravina et al.!
indicated threshold values where they defined
the perceptibility threshold as AE¢=0.8 and the
acceptability threshold as AEg=1.8. They also
reported in their study that the AEq value
should be greater than 1.8 in order for whitening
to be interpreted as effective.?! When the AEg
values obtained as a result of the present study
were examined, it was found that all of the
obtained values were higher than the
perceptibility threshold value (AE¢>0.8) and
effective whitening was achieved in almost all
of the groups (AEp>1.8), except for a few
groups.

Whitening agent application can cause
changes in the color of existing restorative
materials due to the breakdown of large pigment
molecules.” Changes in the color of restorative
materials are attributed to the oxidation of
surface pigments and amine compounds.'> *
The amount of resin matrix and the degree of
polymerization of the resin matrix can lead to
differences in color changes among different
restorative materials.”> ?® The chemical agents
used during whitening not only affect teeth but
can also impact existing restorations due to their
organic matrix content, potentially causing
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color changes. Variations in the composition of
composites used in this study, including
differences in resin matrix formulations, may
have led to varying degrees of color change in
composite resins.”” One shade composite resins
are composites that do not contain color
pigments and have color matching ability.
Changes made to the composition of one shade
composites 2 and color matching abilities of
them may explain more color variation
compared to multi-shade composite. In this
study, similar to the study of Fidan and Yagci
2. the most coloration and the most color
change after waiting in mouthwash were found
in the Charisma Diamond One group. The
significant color variation observed in Charisma
Diamond One compared to the other materials
may be due to the presence of filler particles,
which can result in inadequate cross-linking
between the polymer matrix and the fillers.*
The tricyclododecane monomer found in
Charisma Diamond One exhibits a considerable
affinity for coffee, a low-polarity beverage. This
characteristic may explain the monomer's
contribution to the material's decreased color
stability.?! The high color change observed in
Charisma Diamond One after soaking in
mouthwash can also be attributed to its higher
translucency.>* However, studies on the color
change of this material as a result of the
application of whitening agents are limited.*

Studies investigating color changes after
whitening procedures have reported that the
results are influenced by the concentrations of
whitening agents, exposure durations, and
particularly the composition of the test
materials.** ¥ Whitening effective
mouthwashes contain various ingredients aimed
at whitening and preventing discoloration, such

as peroxide derivatives, sodium
hexametaphosphate, pyrophosphate, sodium
citrate, plasdone (polyvinylpyrrolidone or

acid,
34-37

PVP),  phthalimido-peroxy-caproic
detergent derivatives, and some enzymes.
Hydrogen peroxide (HP) is a common
bleaching agent used both in professional
clinical settings and in products for at-home
use.’® ¥ HP is a potent oxidizing agent that
breaks down long-chain organic pigment



Necmettin Erbakan University Dental Journal (NEUDentJ)

molecules into shorter-chain compounds,
thereby facilitating bleaching.** However, due
to its short shelf life and safety restrictions, its
use in mouthwashes is problematic, and
typically, = mouthwashes  contain  low
concentrations of HP, around 1%-2%.3>4! The
mouthwashes used in this study do not contain
HP.

Various phosphate derivatives such as
pyrophosphates and hexametaphosphates have
strong binding affinities and can desorb stain
components from the tooth surface.*> The
presence of sodium hexametaphosphate and
pyrophosphate in whitening agents prevents to
being adsorbed onto the tooth surface.’
Plasdone (PVP), is a water-soluble polymer
with high solubility and can form complexes
with catechins and other coloring agents, that
removes them from the surface of teeth and
reduces discoloration.*> Phthalimido-peroxy-
caproic acid is a synthetic organic peroxy acid
derived from caproic acid and phthalimide and
has high oxidation potential with active oxygen
release.’” In this study, when reviewing the
whitening materials in mouthwashes, COW and
LAW contain pyrophosphate derivatives, PDC
contains Plasdone (PVP), and SPL contains
both PVP and phthalimido-peroxy-caproic acid.
Among these mouthwashes, excluding the
Filtek Ultimate group, PDC was found to be the
most effective mouthwash for color recovery of
composite resins. Interestingly, SPL, despite
containing PVP like PDC, resulted in the lowest
color recovery. This could be due to SPL's
composition using organic components instead
of chemical ones found in other mouthwashes,
and its lack of alcohol content, which may not
effectively interact with the resin matrix. When
examining the color change (recovery) values
among groups, although statistically different,
some groups showed similar values between
LAW and COW.

In the study, when examining the L*
values obtained and showed Table 5, after
immersion in coffee, the L, values showed a
decrease compared to the initial values L.
However, after immersion in mouthwash, the Ls
values showed an increase. This indicates that
the mouthwashes shifted the lightness values of
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the composites from darker to lighter shades,
demonstrating a whitening effect. Looking at
the a* and b* values obtained, after immersion
in coffee, the a» and b, values showed an
increase compared to the initial values a; and b;.
On the other hand, after immersion in
mouthwash, the a3 and b; values showed a
decrease. This situation indicates that after
immersion in coffee, the color of composite
resins shifts towards the yellowness and redness
axes (increased a* and b* values), whereas after
using mouthwash, it shifts back towards the
blueness and greenness axes (decreased a* and
b* values). Additionally, Patent Blue V (Color
Index 420151), found in COW and PDC, may
contribute to the increased a* value.** Similar to
this study, Harorli and Barutcugil®, Bilgili Can
and Ozarslan*®® have reported that samples
immersed in mouthwash after staining
recovered their color in their respective studies.

As every in vitro study, this study has
some limitations. The present study has
limitations such as not being able to imitate the
real oral environment exactly, not having a
cleaning effect of saliva, not forming a pellicle
structure, and the absence of brushing.
Furthermore, in vivo studies are needed to better
analyze the effects of whitening mouthwashes.

CONCLUSION

Within the limitations of the study;
stained one-shade composite resins showed
more color change (color recovery) than the
multi shade composite, and the amount of
change varied depending on the mouthwash
used. Almost all groups, whitening
mouthwashes caused a color change above the
perceptibility threshold level.
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Aim: The aim of this study is to investigate the effect of different composite resins and surface treatments
on the repair strength of a resin matrix ceramic.

Material and Methods: Sixty resin matrix ceramic samples were divided into three main groups based on
the surface treatments (Diamond bur roughening, hydrofluoric acid roughening, no surface treatment). Each
main group was further divided into two subgroups depending on the type of composite resin (Nanoceramic
and nanohybrid composite resins) bonded. Shear bond strength testing was performed for all groups at a
0.5 mm/min approach speed after thermal ageing. For all statistical comparisons in the study, p<0.05 was
the level of statistical significance.

Results: The results showed that the highest shear bond strength was obtained in the group that underwent
hydrofluoric acid surface treatment and was bonded with nanoceramic composite (18.17+4.48 MPa). On
the other hand, the lowest shear bond strength was observed in the nanohybrid group (3.64+0.9 MPa),
which did not undergo any surface treatment. The group that underwent hydrofluoric acid roughening
showed significantly higher shear bond strength than those without surface treatment and those roughened
with a diamond bur. Additionally, the nanoceramic-bonded groups had significantly higher shear bond
strength than the nanohybrid-bonded groups.

Conclusions: Based on these findings, it can be concluded that resin matrix ceramics that are treated with
hydrofluoric acid and bonded with nanoceramic provide better repair strength.

Farkhh Kompozit Rezin Tiirlerinin Rezin Matriks Seramiklerin Tamir Dayanimi

Uzerine Etkisinin Degerlendirilmesi
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Anahtar Kelimeler:
Seramikler,
Kompozit rezinler,
Makaslama dayanimi.

Amag: Bu ¢alismanin amaci, farkli kompozit rezinlerin ve yiizey islemlerinin rezin matriks seramigin tamir
dayanimu tizerindeki etkisini arastirmaktadir.

Gereg ve Yontemler: Altmis rezin matriks seramik Ornegi yiizey islemlerine gore {i¢ ana gruba ayrildi
(Elmas frezle piiriizlendirme, hidroflorik asitle piiriizlendirme, yiizey islemi yok). Her ana grup ise
baglanan kompozit rezin tipine (Nanoseramik ve nanohibrit kompozit rezinler) bagh olarak iki alt gruba
ayrilmistir. Termal yaglandirma sonrasinda tiim gruplara i¢in 0,5 mm/dk yaklasim hizinda makaslama
baglanma dayanimu testi gergeklestirilmistir. Caligmadaki tiim istatistiksel karsilagtirmalar igin anlamlilik
diizeyi p<0.05 olarak belirlenmistir.

Bulgular: En yiiksek makaslama baglanma dayaniminin hidroflorik asit yiizey islemi uygulanan ve
nanoseramik kompozit ile baglanan grupta elde edilmistir (18,17+4,48 MPa). Ote yandan, en diisiik
makaslama baglanma dayanimi ise herhangi bir yiizey islemi uygulanmayan nanohibrit grubunda (3,64+0,9
MPa) gozlenmistir. Hidroflorik asitle piiriizlendirme yapilan grup, yiizey islemi yapilmayanlara ve elmas
frezle piiriizlendirilenlere gore istatistiksel olarak anlamli dercede daha yiiksek makaslama baglanma
mukavemeti gostermistir. Ek olarak, nanoseramik bagli gruplar nanohibrit bagh gruplara gére istatistiksel
olarak anlaml 6lgiide daha yiiksek makaslama baglanma dayanimina sahiptir.

Sonugclar: Bu bulgulara dayanarak, hidroflorik asit ile yiizey islemi uygulanan ve nanoseramik kompozit
rezin baglanan rezin matriks seramiklerin daha iyi onarim giicii sagladigi sonucuna varilabilir.
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INTRODUCTION

Dental ceramics are frequently employed
in dentistry for their mechanical and aesthetic
aspects.! According to the current classification,
ceramic restorative materials can be categorized
into glass matrix, polycrystalline, and resin
matrix ceramics, depending on their chemical
structure.??

Combining the advantages of ceramics
and composites, resin matrix ceramics are easier
to machine due to their soft matrix structure and
have better physical and mechanical properties
They
successfully mimic the physical properties of

than direct composites. can also
natural teeth and can be repaired intraorally.
Dental materials experience continuous stress in
the oral environment due to masticatory forces,
temperature changes, and variations in saliva
pH. Ceramic restorative materials are
particularly vulnerable to fatigue and fracture
due to their low tensile strength and high
modulus of elasticity. Although dental materials
with high stiffness exhibit durable mechanical
properties, they are more prone to fracturing
under masticatory forces. Intraoral repairs of
defective restorations with composite resins are
widely used in clinical practice because this
method is more advantageous in terms of time,
cost, and preservation of dental tissue.*¢ Dental
composites have come a long way over the last
five decades with significant developments.
They are classified under several headings, such
as filler size distribution, filler content, or
composition.”® As a result of nanotechnological
developments in  dentistry, nanohybrid
composite resins containing nanoscale fillers
are being produced.”'° The nano-sized clustered
agglomerate fillers of nanohybrid composite
resins give them superior mechanical and
optical characteristics.!! Nanoceramic
composites are another type of composite resin
thanks to
This

methacrylate-modified,

produced
developments.

nanotechnology
resin contains
silicon dioxide—

containing nanofiller, chemically similar to
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glass or ceramics.'>'* While the literature
assessing the repair strength of resin matrix
ceramics often concentrates on surface
preparation and the ceramic material type, there
is limited research on the consequences of
differing composite resin types. This research
analysed the shear bond strength (SBS) of
nanohybrid composite resins compared to resin
matrix ceramics after undergoing different
surface treatments. The null hypotheses were
that the surface treatments could not affect the
SBS between nanohybrid composite resins and
resin matrix ceramics and that the type of

composite resins could not vary the SBS.
MATERIAL and METHODS

All materials used in this study are given
in Table 1, and the schematic diagram of the
study is given in Figure 1.

Preparation of specimens

A total of 60 specimens with a size of
10x10x2 mm were obtained from a resin matrix
block (VITA ENAMIC; VITA
Zahnfabrik) with a size of 12x14x18 mm using
a water-cooled diamond blade (Diamond

ceramic

Cutting Disc; Dimos-M) and a low-speed saw
(Micro Cut 125; Metkon). The specimens'
surfaces were standardized using silicon carbide
papers (Wurth Industry Products) with grids of
80, 180, 600, 800, and 1200. The prepared
samples were kept in an ultrasonic cleaner
(VEVOR) at 25°C for 10 min and dried with air.
The specimens were divided into three groups
group):
hydrofloric acid, Porcelain etch; Ultradent

(n=20 per roughened with 9%
Products), roughened with a diamond bur
(MDT; Micro Diamond Technologies) and no
treatment control group. Each group was then
divided into two subgroups (n=10 per group),
bonded with nanoceramic (Spektra ST HV;
Dentsply Sirona) and bonded with nanohybrid
(Nexcomp;  META-

composite  resins

BIOMED).
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Table 1: Materials used in the study

Material

Chemical Content

Brand-Manufacturer,
Country

RMC Blocks

Feldspar ceramic network: 86 wt% (58-63% SiO2, 20-23% AlLO3,
6-11% Na20O, 4-6% K20, 0.5-2% B203, < 1% CaO, < 1%TiO2)
Polymer network: Methacrylate polymer (14wt%)

VITA ENAMIC- VITA
Zahnfabrik, Germany

Nanoceramic
composite resin

Matrix: Methacrylic modified polysiloxane nanoparticles,
dimethacrylate resin, ethyl-4-(dimethylamino)benzoat
Filler: Spherical, pre-polymerized SphereTEC fillers (particle size =
15 pm), non-agglomerated barium glass, CQ 1, ytterbium fluoride
(78-80 wt%)

SpektraST HV- Dentsply
Sirona, Germany

Nanohybrid
composite resin

Matrix: Bis-GMA (bisphenol A-glycidyl methacrylate),
UDMA (urethane di-methacrylate), Bis-EMA (ethoxylated bisphenol
A glycol dimethacrylate), TEGDMA (Triethyleneglycol
dimethacrylate) borosilicate.

Fillers: Barium aluminum boro silicate (75% wt)

Nexcomp- META-BIOMED,
Germany

HA

9% Hydrofluoric acid

Porcelain Etch- Ultradent
Products, USA

DB

Diamond particles

MDT- Micro Diamond
Technologies, Israel

Silane coupling
agent

Isopropyl alcohol, silane

Porcelain silane- Ultradent
Products, USA

Adhesive agent

Oligomeric methacrylates, HEMA, camphorquinone

C-Bond WP Dental, Germany

RMC: Resin Matrix Ceramic, HA: Hydrofluoric Acid, DB: Diamond Bur

Figure 1: The schematic diagram of the study. RMC: Resin Matrix Ceramic, HA: Hydrofluoric Acid, DB:
Diamond Bur, NT: No Treatment, ST: Nanoceramic composite resin, NX: Nanohybrid composite resin, PMMA:
Polymethylmethacrylate, CT: Chisel Tangent. NT-ST(No treatment applied and nanoceramic composite resin
bonded), NT-NX(No treatment applied and nanohybrid resin bonded), DB-ST(Roughened with diamond bur and
nanoceramic composite resin bonded), DB-NX(Roughened with diamond bur and nanohybrid composite resin
bonded), HA-ST(Roughened with hydrofluoric acid and nanoceramic composite resin bonded), HA-
NX(Roughened with hydrofluoric acid and nanohybrid composite resin bonded)

4

[om]  [mem]

1

PMMA

11

[T 3]
B r r

PLASTIC TUBE

PLASTIC TUBE

PLASTIC TUBE

PLASTIC TUBE

HA-ST (n=10}

HA-NX (n=10)

DB-5T [n=10) DBE-NX [n=10)

PLASTIC TUBE

PLASTIC TUBE

NFST (n=10)

MT-NX (r=10)

\

|

PMMA

PLASTIC TUBE

53



Necmettin Erbakan University Dental Journal (NEUDentJ)

Roughening of surfaces and repairing
with composite resins

Diamond bur roughening was performed
by contacting the entire surface of the blue belt
diamond bur with the specimens for 10 seconds
under cooling. Once the surface
roughening was complete, a silane coupling
agent (porcelain silane; Ultradent Products) was
applied to the surface of the specimens for 60
seconds. An adhesive agent (C-Bond; WP
Dental) was applied to the samples for 10
seconds, followed by light polymerization for
20 seconds. Half of the samples (n=10) were

water

bonded with nanoceramic, and the other half
(n=10) with nanohybrid composite resin using a
4mm diameter x 2mm height mould made of
plastic pipe and polymerised with light for 20
seconds. The hydrofluoric acid roughening
process was carried out by the application of 9%
hydrofluoric acid for 60 seconds, followed by
the air-water spray washing and drying process;
the silane bonding agent, adhesive agent, and
composite resin bonding applications were
carried out using the same protocol as the
diamond bur roughened group. Similar silane,
adhesive, and composite resin applications in
the control group were carried out with other
groups without any surface roughening process.

Surface roughness measurements

For the surface roughness measurement,
the profilometer was calibrated with a reference
calibration block with a Ra value of 6.0 pm and
adjusted to 0.1 mm/s with a diamond tip with a
radius of 10 um. Measurements were then taken
in the exact directions at three different points
on three samples from each group. The three
different measurements of each sample were
averaged, and the Ra values were recorded by
calculating the average of three samples from
each group.

Scanning Electron Microscopy (SEM)
and Energy Dispersive Spectroscopy (EDS)
investigation

SEM and EDS the
microstructures of the hydrofluoric acid and

investigated
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diamond bur etched ceramic surfaces and the
composite resin-ceramic interface with 500 and
3000X magnification.

Thermal ageing and shear bond
strength test
The bonded specimens were then

subjected to thermocycling (5500 cycles,
between 5 and 55°C, 20s dwell time). Samples
were fixed to the autopolymerising acrylic resin
in plastic tubes and placed in the universal tester
(Mod-dental, Ankara). Then, the ceramic and
composite resin interface was loaded in shear
using a knife-edged chisel tangent to the tooth
surface at a cross-head speed of 0.5 mm/min.
The test was stopped automatically when the
separation the
calculated the results in MPa. The failures were
examined with a camera (Canon EOS 1000D)
connected to a stereomicroscope (Stemi 305;
Carl GmbH) at X15
magnification.

occurred, and computer

Zeiss Microscopy

Evaluation of the failures

Failures in which the composite resin
separated from the RMC were considered an
adhesive failure, ruptures of the composite resin
or resin matrix ceramic were considered a
cohesive failure, and these two conditions were
seen together as a mixed failure.

Statistical analyses

Statistical analyses were performed using
SPSS version 22.0 for Windows (IBM Corp).
of the
variables included in the study were presented

Descriptive  statistics continuous
as means and standard deviations. Two-way
ANOVA was used to show the effect of
different surface treatments and composite resin
types. Bonferroni's post hoc test was used for
pairwise comparisons when the ANOVA test
The Kruskal-Wallis
compared SBS between surface treatment
groups type.
Independent samples t-test and Mann-Whitney

was significant. test

within a composite resin
U test were used to compare SBS between

composite resin groups within a surface
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treatment type. For all statistical comparisons in
the study, p<0.05 was the level of statistical
significance.

RESULTS
Shear bond strength results

The mean and standard deviation of SBS
(MPa) for each group and statistical analyses
are shown in Table 2. To evaluate the effect of
the composite resin type on the bond strength in
the groups where the same kind of surface
treatment was applied, the bond strengths of the
specimens belonging to the no-treatment and
diamond bur groups were examined by the
Mann-Whitney U-test. Independent samples t-
test was used to investigate the hydrofluoric
acid roughened groups. The SBS of the
nanoceramic composite resin bonded group
(6.95£2.15 MPa) was significantly higher than
that of the nanohybrid composite resin
(3.64+£0.90 MPa) in the no surface treatment
group (p<0.05). The bond strength of the
nanoceramic composites bonded group in the
diamond bur roughened group (9.43+3.74 Mpa)
was also significantly higher (p<0.05) than that
of nanohybrids (5.40+1.30 Mpa). In contrast, in
the hydrofluoric acid roughened group, the
bond strength of the nanoceramic composite
bonded group (18.17+4.48 Mpa) was higher
than that of nanohybrid composite resins
(815.94+4.78 Mpa). However, the difference
was not statistically significant (p>0.05). The
Kruskall-Wallis test was used to evaluate the
effect of surface treatments on bond strength in

groups bonded with the same type of composite
resin. In both composite resin groups, the SBS
after acid roughening was
than the

diamond bur and no treatment groups (p<0.05).

hydrofluoric
statistically significantly higher
In both composite resin groups, the SBS of the
diamond bur group was higher than that of the
none-treatment group, but the difference was
not statistically significant. (p>0.05).

Two-way = ANOVA  showed no
statistically significant interaction between
surface treatment and resin type (p = 0.683).
However, each surface treatment (p<0.001) and
type (p<0.001) had a

significant effect on SBS. When comparing the

resin statistically
surface treatments, according to the Benforroni
test, the SBS of the hydrofluoric acid roughened
group (17.05+4.65 MPa) was significantly
higher than that of the no treatment (5.29+£2.34
MPa) and the diamond bur roughened group
(7.41£3.42 MPa) (p<0.05). The difference
between the none treatment and the diamond
burr group was not significant (p>0.05). In
addition, the surface preparation parameter had
a large effect size (np2=0.73). When comparing
the composite resin types, the nanoceramic
composite resin bonded group (11.52+5.99
MPa) showed statistically significantly higher
SBS values than the nanohybrid composite
resin (8.32+6.19 MPa) bonded group (p<0.05)
according to the Benforroni test. The composite
resin type parameter had a moderate effect size
(Mp?=0.20) (Table 3).

Table 2: Mean+SD of the SBS (MPa) for each group and statistical analyses

Composite resin

Surface treatment

NT DB HA
ST 6.95+2.1542* 9.43+3.74A2* 18.1744.48Ba**
NX 3.64+0.90A" 5.40£1.3042" 15.9444.7882*

Mean values represented with same superscript lowercase letter (column) are not significantly different according to
independent samples t-test and Mann Whitney U-test(p>0,05). Mean values represented with different superscript
uppercase letter (row) are significantly different according to Kruskal-Wallis test (p<0,05). HA:Hydrofluoric Acid,
DB:Diamond Bur, NT: No Treatment, ST:Nanoceramic composite resin, NX:Nanohybrid composite resin. * Mann

Whitney U-test, ** Independent samples t-test.
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Table 3: Bonferroni's post hoc tests for pairwise comparisons after Two-Way Anova

Mean+SD (MPa) n
Surface Treatment
NT 5.29%+2 .34 20
DB 7.413+£3.42 20
HA 17.05°+4.65 20
Composite resin

ST 11.52°+5.99 30
NX 8.329+6.19 30

Different letters indicate significant differences (p<0,05). HA:Hydrofluoric Acid, DB:Diamond Bur, NT: No Treatment,

ST:Nanoceramic = composite  resin,

Surface roughness results

The Ra values of three samples from each
group were averaged, and the surface roughness
values were found to be 0.74+0.11pm for the no
treatment group, 4.82+0.62um for the diamond
bur roughened group, and 1.22+0.21pm for the
hydrofluoric acid roughened group. According
to the Kruskal-Wallis test,
statistically significant difference between the
NT and DB groups (p=0.02).

there was a

SEM and EDS results

The SEM images of the samples with
different surface treatments are shown in Figure
2. It was found that both hydrofluoric acid and
diamond bur roughening significantly altered
the ceramic surface topography compared to the

NX:Nanohybrid

composite  resin. SD: Standard  Deviation

control group, and it was also observed that
hydrofluoric acid produced more microporosity
on the ceramic surface compared to diamond
bur. The results of an EDS analysis showed that
the distribution of elements was similar in the
samples belonging to diamond bur and none
treatment groups. However, in the sample
belonging to the hydrofluoric acid group, it was
found that the signals related to the elements O,
Al K, Si, and Na decreased compared to the
samples belonging to the other groups. In
addition, element C was not found in the
samples of the diamond bur group and no
treatment but was detected in the sample of the
hydrofluoric acid group at a level of about 38%
by weight (Table 4).

Table 4: Elemental distribution on RMC surfaces after different surface treatments

Surface treatments

Elements NT DB HA
Oxygen 51.16 51.74 40.09
Potassium 4.80 4.97 2.62
Aluminium 10.99 10.71 4.25
Silicon 26.94 26.08 12.09
Sodium 6.11 6.11 2.36
Carbon - - 38.01
Calcium - 0.39 0.58

HA:Hydrofluoric Acid, DB:Diamond Bur, NT: No Treatment
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Figure 2: SEM images and EDS analysis of RMC samples after different surface treatments. HA: Hydrofluoric

Acid, DB: Diamond Bur, NT: No Treatment

i Signal A = SE1
I WD = 20 mm

Mag= 3.00KX
EHT = 2000kY

The scanning electron microscopy images and
energy dispersive spectroscopy analyses of the
ceramic and composite resin interface are
shown in Figures 3 and 4. The interfacial layers
of the samples belonging to all groups were
around 10£2 pm. The scanning electron
microscopy images and energy dispersive
spectroscopy analyses showed that the signals
due to the elements Si, Al, K, and Na decreased
through the ceramic towards the composite
resin side, and the signals due to the element Ti
increased. At the same time, O and Ca remained
at similar intensities on both the composite resin
and resin matrix ceramic sides. While a
decrease in the density of the elements Si, Al,
O, Na, and K was observed in the interface
regions, it was found that the element K reached
its highest density at the interface in the sample
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Si

belonging to the hydrofluoric acid roughened
and nanoceramic composite resin bonded
group. In addition, element F was not found in
the samples belonging to the other groups. In
contrast, the low density of element F was
detected in the sample belonging to the
hydrofluoric acid roughened and nanoceramic
composite resin bonded group throughout the
entire cross-section.

Failure types

When the types of failure were evaluated,
adhesive failure was the most common type of
failure, while cohesive failure was not observed.
The rate of mixed failure was higher in the
hydrofluoric acid roughened specimens (Table
5).
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Figure 3: SEM images of RMC to CR interfaces sectioned at 90° across to the plane of the interface with 3000X
magnification. The direction of the yellow arrow is from the RMC side to the CR side. NT-ST (No treatment
applied and nanoceramic composite resin bonded), NT-NX(No treatment applied and nanohybrid resin bonded),
DB-ST(Roughened with diamond bur and nanoceramic composite resin bonded), DB-NX(Roughened with
diamond bur and nanohybrid composite resin bonded), HA-ST(Roughened with hydrofluoric acid and

nanoceramic composite resin bonded), HA-NX(Roughened with hydrofluoric acid and nanohybrid composite resin
bonded)

LA

13680

13881
MAG: 3000 x HV:20.0kV WD:26.7 mm

MAG: 3000 x HV:20.0 kV WD: 27.3 mm

=
13883

MAG: 3000 x  HV:20.0 KV WD: 268 mm

13882
MAG: 3000 x  HV:20.0 kV__ WD: 26.6 mm

13884
MAG: 3000 x  HV:20.0 kv WD:26.5 mm

13885
MAG: 3000 x  HV:20.0 kV  WD: 26.4 mm

HA-NX

Table 5: Distribution of failure types among groups

Types of failure %

Groups Adhesive Cohesive Mixed
NT-ST 100 - -
NT-NX 100 - -
DB-ST 100 - -
DB-DX 90 - 10
HA-ST 30 - 70
HA-NX 40 - 60

NT-ST(No treatment applied and nanoceramic composite resin bonded),NT-NX(No treatment applied and nanohybrid
composite resin bonded), DB-ST(Roughened with diamond bur and nanoceramic composite resin bonded), DB-NX
(Roughened with diamond bur and nanohybrid composite resin bonded), HA-ST(Roughened with hydrofluoric acid and

nanoceramic composite resin bonded), HA-NX(Roughened with hydrofluoric acid and nanohybrid composite resin
bonded).
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NT-ST

HA-ST

DB-NX

HA-NX

Figure 4: The concentration (wt.%) profiles of major elements of RMC to CR interfaces sectioned at 90° across

the plane of the interface with 3000X magnification. The direction of the green arrow is from the RMC side to the

CR side. NT-ST(No treatment applied and nanoceramic composite resin bonded), NT-NX(No treatment applied

and nanohybrid resin bonded), DB-ST(Roughened with diamond bur and nanoceramic composite resin bonded),
DB-NX(Roughened with diamond bur and nanohybrid composite resin bonded), HA-ST(Roughened with
hydrofluoric acid and nanoceramic composite resin bonded), HA-NX(Roughened with hydrofluoric acid and

nanohybrid composite resin bonded).
DISCUSSION

This study evaluated the SBS of resin
matrix ceramics with different types of
nanohybrid composite resin after different
surface treatments. It was concluded that the
SBS showed significant differences in the
groups with different types
treatments or nanoceramic composite resin.

Therefore, the null hypothesis were rejected.

of surface
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Many reports in the literature show that
resin matrix ceramics can be repaired with
composite after surface

resins various

treatments. As a result of these surface

preparation processes, chemical retention,
micromechanical retention, or a combination of
both can be used to achieve long-term
adhesion.’>!® Micromechanical adhesion is
achieved by roughening the surface with

aluminium oxide particles and etching or
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grinding with hydrofluoric acid or other acidic
compounds. At the same time, silane provides
chemical adhesion by forming a siloxane bond
with the ceramic surface.?’ This study used
diamond bur roughening and hydrofluoric acid
etching with silane coupling and bonding agents
to provide micromechanical and chemical
bonding.

One of the methods used to create
retention on the repaired ceramic surface is
diamond bur roughening, which has the
advantages of simplicity and low cost; another
method is hydrofluoric acid etching.?! Bello et
al. concluded that resin matrix ceramics could
be by
sandblasting or acid roughening followed by

repaired with composite resins
silane application.?> Compos et al. reported that
the bond strength between resin cement and
resin matrix ceramics increased with the
application of hydrofluoric acid.?* Wolf et al.
reported that Al,O3 sandblasting or diamond bur
roughening provides a satisfactory bond
strength between ceramic and composite resins,
but in cases where a higher bond strength is
desired, surface roughening with hydrofluoric
acid is a more effective step in achieving
composite resin-ceramic bonding due to the
deeper penetration of the acid.?* Chen et al.
concluded that air abrasion of the porcelain
surface is not necessary when acid etching is
used as the surface preparation process, as a
result of their study on the bond strength
between composite resin and ceramics.?
Schmage et al. reported that the bond strength
of samples prepared with hydrofluoric acid was
higher than those prepared with a diamond
bur.?® As a result of their study, Neis et al.
concluded that the surface preparation process
of lithium disilicate-reinforced ceramics and
feldspathic ceramics with hydrofluoric acid
provides higher bond strength than surface
treatment with a diamond bur.?’” This study
showed that the hydrofluoric acid-treated
groups had significantly higher bond strength
values than the diamond bur-treated groups. In
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the
specimens had a higher SBS than the none-
treatment group, but this difference was not

addition, diamond  bur-roughened

statistically significant. Hydrofluoric acid
removes some of the glass matrices and
dissolves the polymer, creating micropores and
microchannels.”® The ceramics used in this
study consist of a feldspar ceramic network (86
wt%) fully integrated with a polymeric network
(14 wt%), and hydrofluoric acid interacts with
this polymeric matrix, disrupting the organic
matrix and exposing the carbon chain.?*° The
EDX this
approximately 38% of carbon elements were

found on the resin matrix ceramic surface

results  confirm situation;

roughened with hydrofluoric acid, while no
carbon atoms were found in the samples
belonging to other groups. The high bond
strength between ceramic and composite resin
in the hydrofluoric acid roughened group may
be due to the micropores and microchannels
created by the hydrofluoric acid dissolving the
polymer matrix in the resin matrix ceramic. In
the SEM image of the hydrofluoric acid
roughened group sample, it can be seen that
structures
compared to the samples in the other groups.
This high bond strength may be due to the
carbon chain-containing polymer structure of

more microporous are formed

the resin matrix ceramic. Furthermore, although
the surface roughness of the hydrofluoric acid
roughened group was considerably lower than
that of the diamond bur roughened group, the
high bond strength of the hydrofluoric acid
roughened specimens suggests that a more
potent chemical bond rather than a physical
bond between the composite resin and the
ceramic is responsible for the high bond
strength.

The restorative component is also crucial
in ceramic and metal repair.’! Although many
studies in the literature evaluating bond strength
between ceramics and composite resin focus on
different surface treatments or ceramic types,
studies evaluating the effect of composite resin
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type are limited. This study investigated the
bond strength of two composite resins with
resin matrix ceramics and concluded that
exhibited
significantly higher bond strength. The matrix

nanoceramic  composite  resin
part of the nanohybrid composite resin used in
this study consists of ethoxylated BISGMA,
BISGMA, and UDMA, while the filler part
consists of barium aluminium borosilicate.*? On
the other hand, nanoceramic composite contains
methacrylate-modified,  silicon  dioxide—
containing nanofiller and resin matrix that is
replaced by a matrix full of highly dispersed
methacrylate-modified polysiloxane particles,
which are chemically similar to ceramics.!*!
The high bond strength in the nanoceramic
composite bonded group may be due to the

similar content with dental ceramics.

The nanoceramic composite resin used in
this investigation is a high-viscosity dental
resin  with  SphereTEC filler
consisting  of

composite

technology spherical pre-
polymerized particles of sub-micron glass
particles ranging in size from 0.1 to 3.0 um.'
Due to their specific morphology, SphereTEC
fillers give composite resin unique properties
and reduce internal friction under shear stress.
This is achieved by the blocked interlocking of
the filler particles, and therefore, composite
resin has excellent sculptability with hand tools.
At the

SphereTEC® fillers with irregularly shaped

same time, the combination of
submicron particles gives the composite resin a
slump property left
unagitated.'*Another reason for the high SBS of
the nanoceramic bonded group may be that

resistance when

SphereTEC fillers impart excellent sculptability
to composite resin, resulting in better adaptation
to the resin matrix ceramic surface. Ozdemir
and Yanikoglu investigated the bond strength
between different composite resins and
feldspathic ceramics after different surface
treatments. In contrast to this present study, they
obtained lower bond strength in samples

bonded with nanoceramic composite. This may
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be because the ceramics tested for repair

strength have different chemical content.?

Ageing methods such as thermal cycling
and water immersion often predict the long-
term clinical behaviour of materials bonded
together under in vitro conditions.** The ISO
TR 11450 (1994) standard states that thermal
cycling at 5-55°C for 500 cycles is appropriate.
The shear bond test, frequently used to measure
bond strength, is an in-vitro test method in
which a force is applied to the joint area at a
specific rate until separation occurs between
two bonded materials. SBS is calculated by
dividing the maximum force applied by the
connection area.’>3® In this present study,
bonded specimens were thermocycled (5500,
5-55°C, dwell time: 20s) and SBS test was
applied to them (approach speed of 0.5
mm/min.) to predict long-term clinical
behaviour. The mean SBS for the nanoceramic
composite bonded group was 11.52 MPa, which
was 8.32 MPa for the nanohybrid. Also,
hydrofluoric acid roughened groups were
shown at 17.05 MPa SBS value and 7.41 MPa
for diamond bur roughened groups. As a
minimum value for acceptable clinical bonding,
a limit of 10-13 MPa is suggested.?* The nano
bonded

groups

ceramic and hydrofluoric acid

exhibited
acceptable bond strengths in this context.

roughened clinically

CONCLUSION

This study aimed to investigate the
impact of various composite resins on the
strength of repairing resin matrix ceramics
under two different surface treatments. The
results show that in clinical applications,
nanoceramic-based composites, after surface
treatment with hydrofluoric acid, can produce
acceptable clinical results when used to repair
resin matrix-based ceramics. Further research
can be conducted using different surface
treatments, composite resins, and test methods
to expand upon these findings.
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. . Aim: This study aimed to determine the caries prevalence of the first permanent molars and treatment needs
Article History in children aged 7-13 years living in the Western Mediterranean Region of Turkey.
Received: 06.07.2024 Material and Methods: The study included 1912 patients aged between 7 and 13 years who attended to

the Pedodontics Clinic for dental reasons and required panoramic radiographs. The number of sound,

Accepted: 07.01.2025 decayed (D), missing (M), and filled (F) teeth (T) in the first permanent molars of the patients were

Published: 28.04.2025 evaluated. The relationships of these values with gender, age, age groups, and location were analyzed. First
permanent molars needing treatment were grouped according to the treatments needed.

Keywords: Results: The mean age of 1912 patients (977 females, 935 males) was 9.60+1.93 years. The caries

Child, prevalence in the first permanent molars was 26.8% and the mean DMFT6 value was 1.53+1.54. There was

no difference between mean DMFT6 values and gender (p>0.05), but mean DMFT6 values increased
statistically significantly with increasing age (p<0.001). While the mean D, M, F, and DMF values of the
first permanent molars were higher in the mandibular teeth (p<0.001), there was no statistically significant
difference between the right and left jaws (p>0.05). Of the first permanent molars, 19.6% needed single-
surface restoration, 2.2% needed two-surface restoration, 0.2% needed >three-surface restoration, 4.5%
needed endodontic treatment, and 0.4% needed extraction treatment.

Conclusion: To protect first permanent molars from caries, families and children should be made aware of
oral care, and preventive practices should be carried out by determining the caries risk status of individuals.

Tiirkiye'nin Bati Akdeniz Bolgesi'nde 7-13 Yas Aras1 Cocuklarin Daimi Birinci Az
Dislerinde Ciiriik Prevalansi ve Tedavi Ihtiyaclar:

Makale Bilgisi OZET

Amac: Bu ¢alisma, Tiirkiye’nin Bati Akdeniz Bolgesi'nde yasayan 7-13 yas aras1 ¢ocuklarin daimi birinci

biiyiik az1 dislerinde ¢iiriik prevalansini ve tedavi ihtiyaglarini belirlemeyi amaglamistir.

Gelis Tarihi: 06.07.2024 Geregve Yﬁnten'llgr:' Calismamiza, Pedodonti Klini?i’ne digsel sebeplerdpn df)lqyl bagvuranve par}or'afnilf
. radyograf gereksinimi olan yaslar1 7-13 arasinda degisen 1912 hasta dahil edildi. Hastalarin daimi birinci

Kabul Tar}h.l: 07.01.2025 biiyiik az1 dislerindeki saglikl, ¢iiriik, ¢iiriik nedeniyle ¢ekilmis, dolgulu dis sayilar1 degerlendirmeye

Yaym Tarihi: 28.04.2025 alind1. Bu degerlerin; cinsiyet, yas, yas gruplari, lokasyon ile olan iligkileri incelendi. Tedavi ihtiyaci olan

birinci biiyiik az1 disleri ihtiya¢ duyulan tedavilere gére gruplandirildi.

Dental caries,
First permanent molar,
Prevalence.

Makale Ge¢misi

Anahtar Kelimeler: Bu_lgqla‘r:_ Ca_lhsma grubunp oll}sturan 1912 hastanin (977 kiz, 935 erkek) ortalama yas_larl 9,60+1,93’di.
Cocuk Daimi birinci biiyiik az1 dislerinde ¢iiriik prevalanst %26,8, ortalama DMFT6 degeri 1,53+1,54 olarak
Dis gu;'ugu kaydedildi. Ortalama DMFT6 degerleri ile cinsiyet arasinda herhangi bir farklilik bulunmadi (p>0,05),

ancak artan yasla birlikte ortalama DMFT6 degerlerinin istatistiksel olarak anlamli sekilde arttig1 belirlendi
(p<0,001). Daimi birinci bilyiik az1 diglerinin ortalama D, M, F ve DMF degerleri alt ¢cene dislerinde daha
fazla iken (p<0,001), cenelerin sag ve sol bolgesine gore istatistiksel olarak anlamli farklilik olusmadi
(p>0,05). Daimi birinci biiyiik azi dislerinin %19,6'smin tek yiizlii restorasyona, %2,2'sinin iki ve
%0,2'sinin >ii¢ yiizlii restorasyona, %4,5'inin endodontik tedaviye ve %0,4'liniin ¢ekim tedavisine ihtiyaci
vardi.

Sonu¢: Daimi birinci bilyiik azi dislerini ¢iiriiklerden korumak igin aileler ve ¢ocuklar agiz bakimm
konusunda bilinglendirilmeli, bireylerin ¢iiriik risk durumlar1 belirlenerek koruyucu uygulamalar
yapilmalidir.
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INTRODUCTION

Although dental caries, which affects 60-
90% of school-age children, can be prevented,
it is a chronic disease with a high prevalence in
countries where preventive programs are not
widely implemented.'

First permanent molars (FPMs) are the
first permanent teeth to erupt in the oral cavity,
reflecting the beginning of the mixed dentition
period at the end of early childhood. They are
also the teeth most affected by caries.? The
susceptibility of FPMs to carious attacks is due
to the occlusal surface anatomy (deep and
narrow pit-fissure structure), parents’ lack of
knowledge of the eruption time (mistaking
these teeth with deciduous teeth), and children's
inability to brush their teeth effectively.’* The
period between FPM eruption and the
completion of occlusion is the most critical in
maintaining dental health.>

Although FPMs are the key to occlusion
and their early loss due to caries has significant
effects on a child’s dental health, the importance
of these teeth has not been sufficiently
emphasized. However, FPMs have important
roles in chewing, maintaining vertical facial
height, and ensuring the function and balance of
occlusion. Early loss due to caries can cause
premature contact of teeth and occlusal and
functional disorders due to tooth displacement.’

Thus, it is important to determine the
prevalence of caries in FPMs to establish
preventive programs. Previous epidemiological
studies on the prevalence of caries in the FPMs
of children in different geographical regions of
Turkey revealed that the prevalence was quite
high.®1°

The Western Mediterranean Region of
Turkey is one of the regions with the highest
population growth rate which constitutes 4% of
the
literature, there is a lack of information

Turkey's population.!! In reviewing
regarding the prevalence of caries in the FPMs

and treatment needs among the pediatric
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population in this region. Knowing sufficient
data is useful for planning preventive measures
earlier and emphasizing the importance of
caries prevention. The data obtained will assist
in future program and policy planning for
community oral health as well as current public
health initiatives in the Western Mediterranean
region of Turkey.

This study aimed to determine the
prevalence of caries in the FPMs and treatment
needs among 7-13-year-old children in the
Western Mediterranean Region of Turkey and
to evaluate their relationship with various
factors.

MATERIAL AND METHODS
Ethical aspects

Ethical approval was obtained from the

Research FEthics Committee at Suleyman
Demirel University, Faculty of Medicine
(13.12.2018/233). The written informed

consent was obtained from the parents. The
study was conducted by the Helsinki

Declaration.
Sample size

The required sample size was estimated
G*Power V. 3.1.9.6 (Franz Faul
Universitat, Kiel, Germany). Based on the

using

"DMFT" values in a previous study,'? the total
number of people who should be included was
determined as 1794, including 598 people in
each age group, with 95% confidence (1-a),
95% test power (1-B), and f=0.093 effect size.

Study samples

For this cross-sectional epidemiological
study, the intraoral examination of 2050
children, aged between 7 and 13 years who
visited the Department of Pediatric Dentistry for
dental treatments from January 2019 to January
2021 was performed. Among these patients,
1912 systemically healthy patients who had to
take a panoramic film for any reason and had
good quality radiographs, all FPMs fully
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erupted, no developmental enamel defects, and
no history of orthodontic treatment or dental
trauma were included in the study.

Panoramic radiographs were taken with
the Planmeca ProMax® panoramic radiography
device (Planmeca, Helsinki, Finland), and the
exposure time was 14 s. No other panoramic
radiograph was obtained from any patient.

The participants were classified into three
groups (7-8 years, 9-10 years, and 11-13 years).
Sociodemographic  details including
gender, toothbrushing frequency, and parental

age,

education, were recorded on each participant's
form.

Clinical examinations

The clinical oral examinations were
carried out by a pediatric dentist (E.O) under
reflector light using a dental explorer and a
mouth mirror. The caries status was recorded
using the decayed, missing, and filled teeth
(DMFT) and decayed, missing, and filled
surface (DMFS) index based on the World
Health Organisation (WHO) criteria.!* In the
evaluation, teeth with pit and fissure lesions,
temporary fillings, restored teeth with seconder
caries, and broken teeth were recorded as
having caries. The number of sound, decayed,
and filled
(included root canal treated) FPMs were
assessed. Mean D, M, F, DF, DMFT values, and
percentages of FPMs were calculated according
to gender, age, age groups, and localization (jaw
and side). The dental status of FPMs was
recorded as decayed [occlusal, mesial-occlusal/
distal-occlusal (MO/DO) and mesial-occlusal-
distal (MOD)], filled (occlusal, OM/OD,
MOD), root canal treated, missing and sound.

missing (according to caries),

An individual with no decayed, missing or filled
first permanent molars (DMFT6 index score of
0) was recognized as Caries Free (CF). If
“decayed’’, “missing’’, and “filled’’ features
were observed in any of the first four permanent
molars, they were assigned a score of 1. FPMs
in need of treatment were grouped according to
the treatments needed.
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The calibration was evaluated in a pilot
study involving randomly selected 30 children
who had not participated in the main study.
Intra-examiner reliability was assessed by the
same examiner using Cohen’s kappa statistic
(). After 2 weeks, the same patients were re-
examined to calculate dental caries (= 0.93).

Statistical analysis

The collected data were entered into
SPSS 23 (Chicago, IL, USA)
Descriptive were calculated for
categorical variables. The normality assumption

software.
statistics

was verified using the Shapiro-Wilk test. As the
variables were not normally distributed, the
Mann—Whitney U and Kruskal-Wallis tests
were used to compare groups. The chi-square
test was applied to assess the difference
between the categorical variables. Intraobserver
agreement was evaluated with Cohen’s kappa
statistic. The significance level was considered
as p <0.05.

RESULTS

A total of 1912 patients, 977 females
(51.1%) and 935 males (48.9%), with a mean
age of 9.60 + 1.93 years between the ages of 7
and 13, were included in the study. After
clinical and radiographic examinations, the
distributions of mean D, M, F, DFT, DMFT,
and DMFS values of patients according to
gender, age, and age groups were shown in
Table 1.

In the study, of 1912 patients evaluated,
906 patients (47.4%) were determined to have
decayed, 34 (1.8%) have missing, and 411
(21.5%) have filled FPMs. The overall mean
DMFT6 index was 1.53 £+ 1.54. There was no
significant difference between females and
males in the mean of DMFT6 (p>0.05). The
lowest and highest mean values of DMFT6
were 0.83 = 1.23 in the 7-8 age group and 2.19
+ 1.51 in the 11-13 age group (p<0.001). The
DMFT6
statistically significantly with increasing age
(»p<0.001) (Table 2).

mean values were increased
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Table 1. Distrubition of mean D, M, F, DFT, DMFT, and DMFS values of patients as per age, age groups, and

gender

o Decayed Missing Filled DFT DMFT DMFS
Gender N (%) Mean (SD)  Mean (SD)  Mean (SD)  Mean (SD)  Mean (SD)  Mean (SD)
Female 977 (51.1) 1.37 (0.85) 0.03 (0.20) 052 (121) 1.88 (2.14) 1.90 (2.17) 2.44 (3.14)
Male 935 (48.9) 121 (1.72) 0.04 (0.30) 0.46 (1.06) 1.66 (2.02) 1.69 (2.06) 222 (3.18)
p 0213 0533 0.721 0.044* 0.058 0.086
Ages
7 344 (18.0) 0.66 (1.17) 0 0.08 (0.39) 0.73 (1.21) 0.72 (1.20) 0.80 (1.40)
8 316 (16.5) 0.78 (1.17) 0 0.18 (0.63) 0.95 (1.30) 0.95 (1.30) 1.05 (1.54)
9 324 (17.0) 1.09 (1.42) 0.02 (0.18) 0.28 (0.75) 1.37 (1.50) 139 (1.52) 1.66 (2.07)
10 284 (14.9) 1.52 (1.91) 0.04 (0.30) 0.49 (1.03) 2.00 (2.02) 2.03 (2.02) 2.58 (3.00)
1 259 (13.6) 1.61 (1.83) 0.04 (0.22) 0.75 (1.36) 237 (2.06) 239 (2.07) 3.19 (3.13)
12 198 (10.4) 1.84 (2.28) 0.10 (0.57) 0.99 (1.61) 2.83 (2.73) 2.90 (2.83) 4.06 (4.35)
13 187 (9.8) 232 (2.45) 0.06 (0.24) 121 (1.74) 3.53 (2.63) 3.57 (2.66) 5.10 (4.52)
p <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
Age groups
7-8 660 (34.5) 0.71 (1.17) 0 0.13 (0.52) 0.84 (1.25) 0.83 (1.25) 0.92 (1.47)
9-10 608 (31.8) 1.29 (1.68) 0.03 (0.24) 0.38 (0.89) 1.67 (1.79) 1.69 (1.80) 2.09 (2.59)
11-13 644 (33.7) 1.89 (2.18) 0.06 (0.37) 0.96 (1.56) 2.85 (2.49) 2.89 (2.54) 4.01 (4.03)
p <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
Total 1912 (100) 1.29 (1.79) 0.03 (0.25) 0.49 (1.14) 178 (2.09) 1.80 2.11) 233 (3.16)

N: number of patients examined, DFT: Decayed Filled Teeth, DMFT: Decayed, Missing or Filled Teeth,
DMEFS: Decayed, Missing or Filled Surface, SD: Standard Deviation, Kruskal-Wallis test, Mann Whitney U tests

p"<0.05 statistically significant

Table 2. Distrubition of the number of patients of mean D, M, F, DMFT values and percentages of first permanent

molars as per age, age groups, and gender

Age N (%) Decayed Decayed Missing Missing Filled Filled DMFT6
groups N (%) Mean (SD) N (%) Mean (SD) N (%) Mean (SD) Mean (SD)
7-8 660 (34.5) 225(34.1)  0.70 (1.15) - 0(0) 48 (7.3) 0.12 (0.52) 0.83(1.23)
9-10 608 (31.8) 306 (50.3) 1.21(1.43) 9 (1.5) 0.02 (0.16) 121 (19.9) 0.38 (0.90) 1.61 (1.55)
11-13 644 (33.7) 375 (58.2) 1.32(1.39) 25@3.9) 0.05 (0.24) 242 (37.6) 0.83 (1.26) 2.19 (1.51)
p <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
Ages
7 344 (18.0) 107 31.1)  0.65(1.13) - 0(0) 15 (4.4) 0.08 (0.39) 0.72 (1.18)
8 316 (16.5) 118 (37.3)  0.76 (1.16) - 0(0) 33 (10.4) 0.18 (0.62) 0.94 (1.28)
9 324 (17.0) 150 (46.3) 1.07 (1.37) 2 (0.6) 0.01 (0.12) 53 (16.4) 0.29 (0.75) 1.37 (1.47)
10 284 (14.9) 156 (54.9) 1.36 (1.48) 7(2.5) 0.03 (0.19) 68 (23.9) 0.49 (1.03) 1.88 (1.49)
11 259 (13.6) 151 (58.3) 1.29 (1.35) 6(2.3) 0.03 (0.21) 83 (32.1) 0.67 (1.16) 2.00 (1.49)
12 198 (10.4) 117 (59.1) 1.31 (1.40) 10 (5.1) 0.06 (0.28) 75 (37.9) 0.84 (1.26) 2.21(1.58)
13 187 (9.8) 107 (57.2) 1.36 (1.43) 9 (4.8) 0.05 (0.22) 84 (44.9) 1.02 (1.36) 243 (1.41)
p <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
Gender
Female 977 (51.1) 460 (47.1) 1.11 (1.40) 17 (1.7) 0.02 (0.15) 208 (21.3) 0.46 (1.02) 1.59 (1.56)
Male 935 (48.9) 446 (47.7) 1.03 (1.29) 17 (1.8) 0.02 (0.18) 203(21.7) 0.43 (0.94) 1.48 (1.51)
P 0.787 0.504 0.897 0.892 0.823 0.992 0.128
Total 1912 (100.0) 906 (47.4) 1.07 (1.35) 34 (1.8) 0.02 (0.98) 411 (21.5) 0.44 (0.98) 1.53 (1.54)

N: number of patients examined, DMFT: Decayed, Missing or Filled Teeth SD: Standart Deviation
p*<0.05 statistically significant

Chi-square test, Kruskal-Wallis test, Mann Whitney U tests

Totally 7648 FPMs were examined. The
prevalence of DT in FPMs was 26.8%, MT was
0.5%, and FT was 11.1%. No statistically
significant differences were observed between
the right and the left FPMs regarding D, M, and
F prevalences by age group, age, and gender
(»>0.05) (Table 3, 4). Mean DMFT6 for
maxillary FPMs were 1.12 + 0.84 as compared
to 1.54 + 0.66 for mandibular FPMs. The
differences according to mean D, M, F ve DMF
values in FPMs were statistically significant
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according to the jaw (p<0.001) but not
statistically significant
(»>0.05) (Table 5).

according to side

The total rate of CF6 of the participants
was 41%. The highest and lowest prevalences
of CF6 were observed respectively in 7 and 13
years old for females and males. Children in the
7-8 age group were more caries-free than the
other age groups (p<0.001). For all ages except
9,10 and 12, males demonstrated a higher
percentage of CF6 than females. The education
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level of most participants’ parents was at a increased (p<0.05). The CF6 percentage of
children who brushed their teeth twice a day or
more was significantly higher than those who
brushed their teeth once a day or less (p<0.05)

(Table 6).

primary school level for mothers (39.1%) and at
a high school level for fathers (33.3%).
Furthermore, as the parent’s education level
increased, the number of children being CF6

Table 3. Distrubition of D, M, and F percentages of first permanent teeth in relation to ages, age groups, and

gender

Maxillary First Permanent Molars

Age groups : : N (%) -

N (%) Right Left Right Left Right Left

D D M M F F

7-8 2640 (34.5) 88(13.3) 91(13.8) - - 16(2.4) 11(1.7)
9-10 2432 (31.8) 164(27.0) 157(25.8) 1(0.2) - 39(6.4) 35(5.8)
11-13 2576 (33.7) 189(29.3) 207(32.1) 2(0.3) 3(0.5) 116(18.0) 102(15.8)
P 0.669 0.273 0.825
Ages
7 1376 (18.0) 35(10.2) 42(12.2) - - 7(2.0) 1(0.3)
8 1264 (16.5) 53 (16.8) 49(15.5) - - 9(2.8) 10(3.2)
9 1296 (19.5) 74 (22.8) 68(21.0) - - 16(4.9) 14(4.3)
10 1136 (14.8) 90 (31.7) 89 (31.3) 1(0.4) - 23(8.1) 21(7.4)
11 1036 (13.5) 73 (28.2) 79 (30.5) - 1(0.4) 35(13.5) 32(12.4)
12 792 (10.3) 56 (28.3) 67 (33.8) 1(0.5) - 40(20.2) 29(14.6)
13 748 (9.8) 60 (32.1) 61 (32.6) 1(0.5) 2(1.1) 41(21.9) 41(21.9)
r 0.914 0.343 0.540
Gender
Female 3908 (51.1) 222(22.7) 241(24.7) 2(0.2) 2(0.2) 91(9.3) 82(8.4)
Male 3740 (48.9) 219(23.4) 214(22.9) 1(0.1) 1(0.1) 80(8.6) 66(7.1)
)/ 0.431 1.000 0.696
Total 7648 (100) 441(23.1) 455(23.8) 3(0.2) 3(0.2) 171(8.9) 148(7.7)

N: number of teeth examined, D: Decayed, M: Missing, F: Filled chi-square, p*<0.05 statistically significant

Table 4. Distrubition of D, M, and F percentages of first permanent teeth in relation to ages, age groups, and

gender
Mandibular First Permanent Molars Total
Age N (%) N (%)
groups N (%) Right Left Right Left Right Left D M F
D D M M F F
2640 (34.5) 146(22.1)  139(21.1) - - 28(4.2) 27(4.1) 464 (17.6) 0(0) 82(9.7)

7-8

9-10 2432 (31.8)  205(33.7) 207(34.0)  5(0.8) 5(0.8) 77(12.7) 81(13.3) 733 (30.1) 11(27.5) 232(27.4)
11-13 2576 (33.7) 224(34.8) 229(35.6) 10(1.6)  14(2.2) 156(24.2) 158(24.5) 849(33.0) 29(72.5) 532(62.9)
P 0.888 0.656 0.959

Ages

7 1376 (18.0)  71(20.6) 75(21.8) - - 9(2.6) 9(2.6) 223 (10.9) - 26 (3.1)
8 1264 (16.5)  75(23.7) 64(20.3) - - 19(6.0) 18(5.7) 241 (11.8) - 56 (6.6)
9 1296 (19.5) 101(31.2) 103(31.8)  1(0.3) 2(0.6) 32(9.9) 3209.9) 346 (16.9)  3(7.5) 94 (11.1)
10 1136 (14.8) 104(36.6) 104(36.6)  4(1.4) 3(1.1) 45(15.8) 49(17.3) 387 (18.9) 8(20) 138(16.3)
11 1036 (13.5)  88(34.0) 95(36.7) 3(1.2) 4(1.5) 49(18.9) 58(22.4) 335(16.4) 8(20) 174 (20.6)
12 792 (10.3) 70(35.4) 66(33.3) 5(2.5) 6(3.0) 53(26.8) 45(22.7)  259(12.7)  12(30) 167 (19.7)
13 748 (9.8) 66(35.3) 68(36.4) 2(1.1) 4(2.1) 54(28.9) 55(29.4)  255(12.5) 9(22.5) 191(22.6)
P 0.965 0.922 0.955

Gender

Female 3908 (51.1)  314(32.1) 308(31.5)  7(0.7) 8(0.8) 135(13.8) 141(14.4) 1085 (53.0) 19 (47.5) 449 (53.1)
Male 3740 (48.9) 261(27.9) 267(28.6)  8(0.9) 11(1.2)  126(13.5) 125(13.4) 961 (47.0) 21(52.5) 397 (46.9)
p 0.723 0.790 0.768

Total 7648 (100)  575(30.1) 575(30.1) 15(0.8) 19(1.0) 261(13.7) 266(13.9) 2046 (26.8) 40(0.5) 846(11.1)

N: number of teeth examined, D: Decayed, M: Missing, F: Filled chi-square, p*<0.05 statistically significant
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Table 5. Distrubition of mean D, M, F, DMFT values and percentages of first permanent molars as location (jaw

and side)
Jaw N (%) Decayed Decayed Missing Missing Filled Filled DMFT6
N (%) Mean (SD) N (%) Mean (SD) N (%) Mean (SD) Mean (SD)
Maxillar 3824 (50.0) 896 (23.4) 1.03 (0.82) 6(0.2) 0.00 (0.06) 319 (8.3) 0.08 (0.31)  1.12(0.84)
Mandibular 3824 (50.0) 1150(30.1)  1.34(0.73) 34(0.9) 0.02 (0.15) 527 (13.8)  0.18(0.48)  1.54(0.66)
P <0.001* <0.001* <0.001* 0.010* <0.001* <0.001* <0.001*
Side
Right 3824 (50.0) 1016 (26.6)  1.18(0.68) 18 (0.5) 0.01 (0.10) 432 (11.3)  0.14(0.40)  1.34(0.66)
Left 3824 (50.0) 1030(26.9)  1.19(0.69) 22 (0.6) 0.01 (0.11) 414 (10.8)  0.12(0.37)  1.33(0.68)
p 0.718 0.737 0.526 0.636 0.512 0.237 0.760
Total 7648 (100.0) 2046 (26.8)  1.07 (1.35) 40 (0.5) 0.02 (0.98) 846 (11.1) 0.44(0.98) 1.53(1.54)

DMFT: Decayed, Missing or Filled Teeth, SD: Standart Deviation, p*<0.05 statistically significant

Table 6. Distrubition of percentage of the caries-free criterion in the first permanent molars of patients by ages,
age groups, parental education and tooth brushing frequency

Variables Caries Free Index
N (%)
Age Female Male Total )4
groups N (%) N (%) N (%) N (%)
7-8 660 (34.5) 195 (29.6) 211 (32.0) 406 (61.5)
9-10 608 (31.8) 125 (20.6) 107 (17.6) 232 (38.2) <0.001*
11-13 644 (33.7) 70 (10.9) 75 (11.7) 145 (22.5)
p 0.335
Ages
7 344 (18.0) 109 (31.7) 117 (34.0) 226 (65.7)
8 316 (16.5) 86 (27.2) 94 (29.7) 180 (57.0)
9 324 (17.0) 73 (22.5) 68 (21.0) 141 (43.5) <0.001*
10 284 (14.8) 52(18.3) 39 (13.7) 91 (32.0)
11 259 (13.5) 30 (11.6) 34 (13.1) 61 (23.6)
12 198 (10.4) 28 (14.1) 23 (11.6) 51 (25.8)
13 187 (9.8) 12 (6.4) 18 (9.62) 30 (16.0)
p 0.596
Mother education
Primary 748 (39.1) 115 (15.4) 131 (17.5) 246 (32.9)
Secondary 322 (16.8) 62(19.2) 63 (19.6) 125 (38.8)
High 532 (27.8) 124 (23.3) 115 21.6) 239 (45.0) <0.001*
University 310 (16.2) 89 (28.7) 84 (27.1) 173 (55.8)
p 0.678
Father education
Primary 521 (27.2) 81 (15.5) 93 (17.8) 174 (33.4)
Secondary 278 (14.5) 55 (19.8) 54 (19.4) 109 (39.2)
High 637 (33.3) 123 (19.3) 130 (20.4) 253 (39.7) <0.001*
University 476 (24.9) 131 (27.5) 116 (24.4) 247 (51.9)
p 0.587
Tooth brushing frequency
None 184 (9.6) 21 (11.4) 39 (21.2) 60 (32.6)
Sometimes 1360 (71.1) 269 (19.8) 289 (21.3) 558 (41.0) 0.039%
Once a day 335 (17.5) 89 (26.6) 59 (17.6) 148 (44.2) .
>2 daily 33(1.7) 11(33.3) 6(18.2) 17 (51.5)
p 0.003*
Total 1912 (100.0) 390 (20.4) 393 (20.6) 783 (41.0)
N: number of patients examined, Chi-square, p*<0.05 statistically significant
The surface most affected by caries was surfaces followed, respectively, which was

the occlusal surface in both the upper and lower
FPMs. Teeth with caries on two and >three
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valid for all FPMs. Statistically significant
differences were found between FPMs 16, 26,
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36, and 46 regarding the number of decayed and
filled FPMs (p<0.05). Of the teeth evaluated,
1% had been treated with root canals, and
61.3% of these teeth were in the lower jaw
(Table 7).

Regarding the types of treatment needed,
19.6% of the FPMs needed one surface
restoration, 2.2% needed two and 0.2% needed

>three restorations, 4.5% needed endodontic
therapy, and 0.4% required
treatment. Lower FPMs needed more one- and

extraction

two-surface restorations, endodontic therapy,
and extraction treatment than upper FPMs
(p<0.05).
significantly by age and age groups (p<0.05)
(Table 8).

The need for treatment varied

Table 7. Distribution of dental status (decayed, missing, filled, root canal treated, sound) of first permanent molars

Status 16 26 36 46 Total )4
N (%) N (%) N (%) N (%) N (%)
Decayed Occlusal 361 (18.9) 371 (19.4) 438 (22.9) 435 (22.8) 1605 (21.0) 0.015*
OM/OD 68 (3.6) 73 (3.8) 106 (5.5) 107 (5.6) 354 (4.6)
MOD 12 (0.6) 11 (0.6) 31(1.6) 33(1.7) 87 (1.1)
Total 441 (23.1) 455 (23.8) 575 (30.1) 575 (30.1) 2046 (26.8)
Filled Occlusal 140 (7.3) 127 (6.6) 236 (12.3) 226 (11.8) 729 (9.5) 0.007*
OM/OD 28 (1.5) 21 (1.1) 20 (1.1) 29 (1.5) 98 (1.3)
MOD 3(0.2) - 10 (0.5) 6(0.3) 19 (0.3)
Total 171 (8.9) 148 (7.7) 266 (13.9) 261 (13.7) 846 (11.1)
Root canal treated 17 (0.9) 12 (0.6) 24 (1.3) 22 (1.15) 75 (1.0)
Missing 3(0.2) 3(0.2) 19 (1.0) 15(0.8) 40 (0.5)
Sound 1297 (67.8) 1306 (68.3) 1052 (55.0) 1061 (55.5) 4716 (61.7)

OM: Occlusal-Mesial, OD: Occlusal-Distal, MOD: Mesial Occlusal Distal, N: Number of patients examined, Chi-square

p*<0.05 statistically significant

Table 8. Distribution of first permanent molars requiring treatments according to gender, age, age groups, jaw and side

One Two >Three Endodontic  Extraction Total
Gender surface surface surface therapy N (%) N (%)
N (%) filling filling filling N (%) P
N (%) N (%) N (%)
Female 3908 (51.1) 798 (53.3) 78 (47.3) 6 (50.0) 191 (56.2) 12 (36.4) 1085 (53.0)
Male 3740 (48.9) 698 (46.7) 87 (52.7) 6 (50.0) 149 (43.8) 21 (63.6) 961 (47.0) 0.119
P 0.053 0.321 0.939 0.055 0.092 0.041*
Age groups
7-8 2640 (34.5) 384 (25.7) 24 (14.5) 2 (16.7) 54 (15.9) 0 464 (22.7) <0.001*
9-10 2432 (31.8) 547 (36.6) 55(33.3) 7(58.3) 118 (34.7) 6(18.2) 733 (35.8)
11-13 2576 (33.7) 565 (37.8) 86 (52.1) 3(25.0) 168 (49.4) 27 (81.8) 849 (41.5)
Ages
7 1376 (18.0) 187 (12.5) 9(5.5) 1(8.3) 26 (7.7) 0 223 (10.9) <0.001*
8 1264 (16.5) 197 (13.2) 15(9.1) 1(8.3) 28 (8.2) 0 241 (11.8)
9 1296 (19.5) 263 (17.6) 29 (17.6) 4(33.3) 50 (14.7) 0 346 (16.9)
10 1136 (11.36) 284 (19.0) 26 (15.8) 3(25.0) 68 (20.0) 6(18.2) 387 (18.9)
11 1036 (13.5) 217 (14.5 36 (21.8) 2 (16.7) 71 (20.9) 9(27.3) 335 (16.4)
12 792 (10.3) 172 (11.5) 26 (15.8) 0 57 (16.8) 4(12.1) 259 (12.7)
13 748 (9.8) 176 (11.8) 24 (14.5) 1(8.3) 40 (11.8) 14 (42.4) 255 (12.5)
Jaw
Maxilla 3824 (50.0) 698 (46.7) 63 (38.2) 5(41.7) 117 (34.4) 13 (39.4) 896 (43.8) <0.001*
Mandibula 3824 (50.0) 798 (53.3) 102 (61.8) 7 (58.3) 223 (65.6) 20 (60.6) 1150 (56.2)
)4 0.004* 0.002* 0.563 <0.001* 0.222* <0.001*
Side 0.922
Right 3824 (50.0) 743 (49.7) 87 (52.7) 6 (50.0) 164 (48.2) 16 (48.5) 1016 (49.7)
Left 3824 (50.0) 753 (50.3) 78 (47.3) 6 (50.0) 176 (51.8) 17 (51.5) 1030 (50.3)

71



Necmettin Erbakan University Dental Journal (NEUDentJ)

P 0.773
Total 7648 (100.0) 1496 (19.6)

0.479
165 (2.2)

1.000
12(0.2)

0.506
340 (4.5)

0.862
33 (0.4)

0.718
2046 (26.8)

N: Number of patients examined, Chi-square, p*<0.05 statistically significant

DISCUSSION

The active population of a country
consists of children aged 6-7 years, the age at
which FPMs begin to erupt, and children aged
7-12 ages, in the mixed dentition period. The
fact that preventive programs are not applied to
children in these age groups and that the
problem-oriented treatment approach is
dominant in children results in a high risk of

caries.

Although there are differences in cultural
habits, socioeconomic status, diet, and oral care
habits in populations, the most affected teeth by
caries are FPMs. The caries prevalence of FPMs
in children of different age ranges in different
populations has been recorded as 21.7% in
North America,'* 24.6%-66.4% in Asia,>!>?!,
and 14.0%-68% %% in Turkey. In this study, the
caries prevalence of FPMs in children aged 9-
10 and 11-13 was more than 50%. Today, the
high caries prevalence among FPMs in children
the
implementation of dental health promotion

may be related to inadequate
activities and preventive measures, inadequate
oral hygiene habits, and increased cariogenic
food consumption. In addition, the fact that our
study group consisted of patients who visited
the clinic due to problems in their teeth may be

another reason for the high caries prevalence

children in the 7-9 age group; 51.2%,® in the 7-
12 age group; 41%,° in the 8-12 age group;
58.6%% were reported. These data showed that
FPMs are at risk of caries at an early age and
that the rate of caries increases at later ages
primarily because preventive treatments are not
applied promptly and on time.

Failure to perform timely preventive
treatments for FPMs may result in tooth
extraction due to the increased risk of caries.
While there was no extraction of FPMs in
children aged 7-8 years in the study group,
similar findings were reported in previous
studies.?*?® In the present study, patients who
had their FPM/s extracted by the age of 9 were
observed, and the highest number of tooth
extractions occurred in children aged 11-13.
Bulucu et al.® reported that tooth extraction or
extraction indication begins after the age of 9
and reaches 7% at the age of 12, whereas the age
of 11-12 represents the period when the teeth
are most exposed to extraction. In previous
studies, the percentage of FPM loss for children
at 12 ages, 1.5%,'® at 6-12 age groups, 0.6%*’
and 1%?* were reported, and tooth loss was
stated to increase with increasing age. In this
study, statistically significant relationships were
found between age, age group, and the number
of extracted teeth (p<0.05), but not with gender
as in other studies (p>0.05).>* However, Kilinc

observed. ]
et al.” reported that there was more tooth loss in
Caries activity continues throughout life, males.
and the incidence of caries increases with ) )
The DMF index and each of its

age.815:162225 Iny the present study, the caries
prevalence of FPMs was 34.1% in children aged
7-8 years, while this rate was observed to be
more than 50% after 9 years of age. Bulucu et
al.% reported the caries prevalence of FPMs as
9% in 6-year-olds, 51% in 9-year-olds, and 61%
in 12-year-olds, respectively. In the studies
conducted in our country within the last five
years, the caries prevalence of FPMs for

72

components are well established as the key
measures of caries and the most common
epidemiological scale used in studies.” In this
study, the mean DMF6 index was 1.53 (1.54).
The results of this study showed that the mean
DMFT6 index in children aged 7-13 years was
high compared to WHO standards in 2010
(>1).%° The caries experience of FPMs in our
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study was lower than other similar studies,*!'**?

but  higher than those reported in
others 10192031 The different results may be
related to the children’s age and the designs of
the studies. Mean DMFT6 index values may
increase with increasing age.?® This finding was
consistent with our study due to the increased
number of decayed and restored teeth with age.
In the study, the mean DMFT6 index was 1.48
(1.51) for males and 1.59 (1.56) for females;
gender does not have an effect on mean DMF6
While
observed by other authors,

similar results have been

10,12,18,32

values.
gender has
also been reported to be an important
factor.®!82431 This can be explained through
long-term exposure to caries risk factors due to
premature teeth eruption in girls, anatomical
differences in teeth, differences in dietary and
oral hygiene habits, early puberty in girls, and
possible quantitative and qualitative changes in
the saliva.

When the relationship between the dental
status of the FPMs and the jaws is examined, the
number of DMFTs was determined to be higher
in the lower jaw

jaw 5,7,9,15,17,22,25,33,34

than in the upper
The results obtained from
the present study also support these findings.
Certain factors cause lower FPMs to be more
affected by caries and subsequently extracted;
food

accumulation, are more common in these teeth,

pit-fissure caries, which facilitate
cleaning is more difficult in the lower region,
and the palatal salivary gland duct opening to
the buccal surface of the upper FPMs has a
cleansing effect.”? On the contrary, Mimoza et
al.?* reported that the upper left FPMs were the
most affected by caries in children with mixed
dentition, followed by the upper right, lower

left, and right FPMs, respectively.

When the caries and missing status of the
FPMs are evaluated according to the right and
left regions of the jaws, no difference was
found,””?"** while Khodadadi et al.** reported
that the number of DT was higher on the right
side. In the present study, significant results of
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evaluating DMFT6 according to side were not
found. This may be caused by the mechanical
cleaning effects of foods when chewing and the
handedness, which affects the

ability.?’

brushing

The surface most affected by caries in
FPMs is the occlusal surface,”%!734 followed by
the proximal surfaces.>!” Since the increased
incidence of caries on the occlusal and proximal
surfaces is related to the morphology of these
regions, this result of the present study is
expected. In addition, while the number of teeth
with occlusal fillings was determined to be
higher among FPMs than in other treatments, a
study by Kilinc et al.’” presented similar
findings.

In children, endodontic therapy for
severely decayed teeth may be required. In the
study, 1% of the FPMs evaluated were root
canal treated and 82.7% of them were in
children aged 11-13 years. In previous studies
conducted in Turkey, the percentage of FPMs
with endodontic treatment for children in the 6-
12 age groups was 0.47%?” and 1%, in the 7-
12 age group; 0.6%,’ in the 10-12 age group;
1%** were reported. As in a previous study, no
differences were observed in the present study
regarding the presence of root canal-treated
teeth in the right and left jaws, while root canal
treatment was applied mostly to the mandibular
FPMs.”” This result is expected due to the
differences in the anatomical structures and
eruption times.

Determining the treatments needed by
FPMs is important to shed light on the severity
of caries and intervene early to prevent tooth
loss. In the present study, 19.6% of the
evaluated teeth needed one surface filling, 4.5%
needed endodontic treatment and 0.4% needed
extraction. Studies conducted on children aged
6-12 years in Turkey reported that 21% of FPMs
needed one surface filling, 3-4% needed
endodontic treatment, and 0.2-0.47% needed
extraction.”»?” The results of the present study
were similar to those of the previous studies.
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Demirbuga et al.”’ reported that the number of
teeth that need root canal treatment is higher
than those with root canal treatment in children
aged 6-12 years. The observation of this
situation in the present study may be because
the patients neglected routine dental checkups
and went to the dentist only when they
experienced tooth pain.

In the present study, the total rate of CF6
of the participants was 41% and the percentage
of the CF criteria decreased with increased age.
In the previous studies, the percentage of CF6
values in the 7-9 age group; 48.8%,% in the 7-10
age group; 33.7%,” in the 6-12 age group;
72%,? in the 7-12 age group; 34.7%,'? in the 12
ages; 33.9%% and 51.5%"! were reported. The
reason for CF6 as age increases can be
attributed to the fact that caries, being a
continuous process, has increased.’

Parental education level and children's
tooth brushing frequency positively affect
children's mean DMF6 values.**! Children who
brush their teeth twice or more a day have lower
caries incidence than children who brush once
or not.? In the present study, the percentages of
CF6 were increased with increasing parental
education and

the participants’ brushing

frequency but decreased with increasing

participants’ age (p<0.05). However, Sadat-

Sajadi et al.®

reported that the parents’
education level may not have any effect on the
mean DMF6 values of the children. To prevent
caries in FPMs, it is important to provide
children with good oral hygiene habits and
regular dental controls before the FPMs erupt to
the of

preventive programs inform parents

ensure effective  implementation
and

accordingly.

The limitations of the study were that the
psychosocial, behavioral, and clinical factors,
such as dietary habits and socioeconomic status
of the subjects, could not be taken into
consideration. Inferences made without
considering these factors need to be confirmed.

Future studies are recommended to collect data
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on the relationships between dental caries and
these factors such as dietary practices and
socioeconomic status. Also, this study relied on
records of 7-13-year-olds from a single
pediatric dental clinic of a university, so the
results can not be generalized to the Turkish
population. Future research should consider
large multicenter studies encompassing many

age groups and FPM caries-related variables.

Despite the limitations of this study, its
strengths of performing both radiographic and
clinical evaluations when determining the
dental status and treatment needs of FPMs, as
well as being the first large-scale study on this
subject in children living in the Western
Mediterranean Region of Turkey, are worth
noting.

CONCLUSION

The present study showed that the
prevalence of dental caries in FPMs and the
mean DMFT6 of children aged 7-13 years in a
Turkish pediatric population were relatively
high. The tooth brushing frequency of children
and the level of parental education have
important effects on caries prevalence. To
protect FPMs from caries, families and children
should be aware of oral care at early ages, and
protective practices should be applied by
determining the caries risk status of individuals.
For clinical implications, oral and dental health
policies can be developed to encourage regular
dental check-ups and tooth brushing, so that the
implementation of preventive programs can
effectively support the management of caries
risk.
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Aim: Dentists are among the occupational workers at ergonomic risk. Musculoskeletal system diseases
constitute the largest class of occupational injuries that occur when ergonomic rules are not followed and
the prevalence is high in dentists. Appropriate working posture is the starting point in the prevention of
damages. If dentists are aware of this issue, the profession can be continued in a healthy way for many
years.

Materials and Methods: The aim of this structured questionnaire study was to determine the awareness
of ergonomics in 103 dentists working in the centre of Sivas province and to determine their level of
knowledge about occupational diseases that may occur when ergonomic conditions are not complied with
and to raise awareness. The questionnaire consists of demographic information, awareness, risk factors and
Nordic musculoskeletal questionnaire (NMQ). IBM SPSS 23® programme was used for statistical
analysis.

Results: 96.1% of dentists stated that they knew occupational ergonomics and 94.2% knew the correct
working position. However, 68.9% reported that they worked in the same position for a long time and
52.4% reported that they did not do stretching or breathing exercises. NMQ results were found to be
statistically significantly different according to gender and place of work (p<0.05).A statistically significant
positive correlation was found between NMQ and awareness section (p<0.05). Age and body mass index
values were found to have no statistically significant effect on NMQ (p>0.05).

Conclusion: Our study revealed that dentists working in Sivas province have insufficient awareness of
ergonomic working conditions and occupational musculoskeletal disorders.

Sivas Ilinde Gorev Yapan Dis Hekimlerinin Ergonomi Hakkinda Bilgi Diizeylerinin ve

Farkindaliklarimin Degerlendirilmesi

Makale Bilgisi

OZET

Makale Ge¢misi

Gelis Tarihi: 09.07.2024
Kabul Tarihi: 02.12.2024
Yayin Tarihi: 28.04.2025

Anahtar Kelimeler:
Dis hekimligi,
Ergonomik,

Mesleki hastaliklar,
Iskandinav kas-iskelet
sistemi anketi.

Amac: Dis hekimleri ergonomik olarak risk altindaki meslek ¢alisanlar1 arasindadir. Ergonomik kurallara
uygun olmayan ¢aligmalar sonucunda olusan mesleki hasarlarin en biiyiik sinifin1 kas ve iskelet sistemi
hastaliklar1 olusturmaktadir ve bu hastaliklarin dis hekimlerinde prevalansi oldukg¢a yiiksektir. Uygun
caligma durusu, hasarlarin Onlenmesinde baslangi¢ noktasidir. Bu konuda dig hekimlerinin kigisel
farkindalig1 olustugu takdirde meslek uzun yillar saglikl bir sekilde siirdiiriilebilmektedir.

Gerec ve Yontemler: Bu yapilandirilmis anket ¢caligmasinin amaci; Sivas ili merkezinde ¢alisan 103 dis
hekiminde ergonomi bilincini ve ergonomik kosullara uyulmadiginda olusabilecek mesleki hastaliklara
iliskin bilgi diizeylerini belirlemek ve farkindalik olusturmaktir. Anket formu demografik bilgiler,
farkindalik boliimi, risk faktorleri boliimii ve Iskandinav kas-iskelet sistemi anketi (IKISA) boliimiinden
olusmaktadir. Verilerin istatistiksel analizinde IBM SPSS 23® programi kullanilmustir.

Bulgular: Dis hekimlerinin %96,1°i mesleki ergonomi hakkinda bilgisi oldugunu, % 94,2’si dogru ¢alisma
pozisyonunu bildigini belirtmistir. Ancak %68,9’u uzun siire ayni pozisyonda calistigini ve %524’
hastalar arasindaki zamanlarinda esneme veya nefes egzersizi yapmadiklarim bildirmistir. TKISA sonuglari,
cinsiyete ve gdrev yapilan yere gore istatistiksel olarak anlamh farkli bulunmustur (p<0,05). IKIiSA ile
farkindalik bolimii arasinda istatistiksel olarak anlamli pozitif korelasyon belirlenmistir (r=0,201,
p=0,042). Yas ve viicut kitle indeksi degerlerinin IKISA iizerine istatistiksel olarak anlamli bir etkisi
olmadig1 bulunmustur (p>0,05).

Sonug¢: Calismamiz Sivas ilinde gorev yapan dis hekimlerinin ergonomik ¢alisma kosullart ve mesleki kas
ve iskelet sistemi hastaliklarina karsi farkindaliklarinin yetersiz oldugunu ortaya koymustur.
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INTRODUCTION

With the realisation of the link between
safety at work and productivity, the search
began for a discipline to study the relationship
between man and his working environment.
This is how the science of ergonomics, which
studies the relationship between man, work
and the environment, came into being.
Ergonomics is the discipline of designing the
working and living environment in
accordance with human characteristics, or
"the scientific study of the relationship
and

between man and his workplace

environment". The science of ergonomics,
which is at the heart of occupational health
and safety, is related to various branches of
a wide

science and covers range of

applications.

Rehabilitation specialists state that the
profession of dentistry necessarily requires
frequent and prolonged mechanical stress.?
Dentists have many risks that may cause
occupational diseases because they perform
repetitive and forceful movements in a
narrow and localised working area, use high-
precision technical instruments that cause
mechanical stress in the musculoskeletal
system, and stand in a certain position
continuously.? Furthermore, the profession of
dentistry is inherently stressful, requiring the
practitioner to pay close attention to detail
and maintain concentration throughout the
course of their duties. This can result in
dentists neglecting their own health and well-
being, leading to a tendency to prioritise the
maintenance of their patients' dental health.

The provision of ergonomic working
conditions serves to establish a harmonious
relationship between the employee and their
work, protects the physical and psychological
health of the employee, reduces work-related
stress, and reduces the risk of occupational
accidents and occupational diseases. The
implementation  of

ergonomic working
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conditions enhances the quality of work,
ensures the safety and health of employees,
and creates a comfortable and productive
work environment. These factors collectively
contribute to enhanced work efficiency and

4 .

performance. In the field of dentistry,
ergonomics is the science of designing
devices, machines, and

environments in a way that optimises the

equipment

efficiency and safety of the physician. The
key principle is to ensure that the physician
can adopt the correct working posture. In
addition, ergonomic measures are employed
to enhance the effectiveness of the physician
in their use of devices, machines, equipment
and environments, thereby improving the
standard of treatment and protecting the
health of both the physician and the patient.

The musculoskeletal system constitutes
the largest class of occupational injuries
resulting from the disregard of ergonomic

. 5
rules and non-ergonomic work. Dental
practices may result in muscular imbalances,
limitations, and

neuromuscular pain

dysfunction due to cumulative microtrauma

and non-ergonomic work.6 Even in the most
optimal work positions, dentists are required
to maintain a posture in which over 50% of
their muscles are engaged to resist gravity,
which may result in prolonged, repetitive

.7
muscle contractions. The prevalence of
musculoskeletal disorders (MSDs) in oral
health workers is estimated to range from

62% to 93%.8 Although there is a wide variety
of CMDs defined in the literature, the most
commonly observed in dentists are carpal
tunnel syndrome, shoulder and low back

pain.9 The most common symptoms of MSDs
include painful joints, pain in the wrists,
shoulders, elbows and knees, pain, tingling
and numbness in the hands or feet, neck and
back pain, swelling or inflammation, and
weakness in the hands.
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These occupational illnesses
regarded as a significant public health
concern in numerous developed nations,

accounting for one-third of the reasons for

. 10
issues.

arc

leaving work due to health
Musculoskeletal system disorders represent
the primary cause of both temporary and
permanent work incapacity, resulting in
human resource shortages and financial
expenditures. They are also a significant
factor contributing to the early retirement of

When the general
occupational health of dentists is analysed,
musculoskeletal system diseases are an
important health problem, with a significant
number of cases leading to medical reports

L 1L12
dentists. and

and retirement from the profession.13 A study
conducted in our country revealed that health
problems arising over time were the most
unfavourable aspect of the profession, with a

rate of 43%.14 The economic impact of
musculoskeletal system diseases caused by
ergonomic risks is significant, with high
treatment costs and loss of work resulting in
considerable financial strain.

In light of the aforementioned
information, a study was conducted among
103 dentists working in the centre of Sivas
province. This was due to the fact that their
knowledge and awareness levels regarding
ergonomics and occupational diseases that
may occur in the event of non-compliance
with ergonomic conditions were deemed to

be insufficiently developed.
MATERIALS AND METHODS

The sample size was calculated with a
95% confidence level in accordance with the
methodology summarised in 2001. It was
determined that data should be collected from

at least 101 individuals. This structured
questionnaire study was conducted in 103
dentists working in the centre of Sivas
province to ascertain their awareness of
ergonomics and the extent of their knowledge
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about occupational diseases that may result
non-compliance with ergonomic
conditions. Furthermore, the study aimed to
raise awareness about the importance of
ergonomics in dentistry. The study was

from

conducted in accordance with the ethical
principles set forth in the Declaration of
Helsinki and was approved by the Sivas
Cumbhuriyet University Clinical Research
Ethics Committee (21.12.2023; 2023-12/48).
All  physicians provided  with
comprehensive information regarding the

WCEre

objectives and methodology of the study.
Prior to the commencement of the study, each
participant was provided with an informed
consent form, which was accepted by the
ethics committee.

The study included all dentists aged 24
to 64 years who were actively engaged in
their had
undergone musculoskeletal surgery, were
pregnant or lactating, had rheumatic,
neuromuscular or genetic muscle and bone
diseases, or who did not wish to participate in
the study were excluded from the study.

profession. Individuals who

A structured questionnaire  was
administered to the participants by a dentist,
who has five years of dental expertise,
interview. The

through a face-to-face

questionnaire comprised four sections:
demographic information, awareness section,
risk factors section, and a section on the
Nordic musculoskeletal system (Figure 1, 2
and 3). The first three sections were derived
from a comprehensive literature review. In
the demographic information section, data on
age, gender, place of work, years of active
work, daily working hours, educational
status, height, weight, chronic disease status,
smoking and alcohol wuse status were
recorded. In the awareness section, data on
ergonomics, occupational diseases, correct
working position and environment were
recorded. In the risk factors section, data
pertaining to physical working conditions,
psychosocial

factors and exercise were
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recorded.

Figure 1: The structured questionnaire form for the awareness section

1- Do you have information on ergonomics in Yes D No D
the dental profession?
2- Do you know the working position according Yes D No D
to the watch dial?
3- Are you aware of the occupational diseases Yes D No D
specific to the dental profession?
4- Do you have information on the most Yes D No D
common musculoskeletal disorders in dentistry?
5- Are you familiar with four-handed dentistry? | Yes (| No (|
6- Do you know the correct physician working Yes No
posture? D D
Never Rarely Mostly Always
7- Does ergonomic work affect fatigue and work
stress?
8- Does ergonomic work affect accidents at work
and occupational diseases?
9- Does ergonomics affect work efficiency and
performance?
10- Are ergonomic conditions influenced by the
anthropometric characteristics of the individual?
Figure 2: The structured questionnaire from for the risk factors section
Never Rarely Mostly Always

1- I treat patients while standing.

2- I work under intense stress

3- I work in the same position for a long time
4- I exercise regularly.

5- My rest time between patients is sufficient.
6- I do stretches/breathing exercises between
patients.

7- Noise and vibration of the equipment used
affect my comfort at work.

8- Psychosocial factors affect my working
conditions.

9- The time allocated to a patient is appropriate
for my treatment.

10-I work with auxiliary staff.

80
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Figure 3: Nordic Musculoskeletal Questionnaire (NMQ)*

Have you at any time during the last 12 months | Have you at any time during the | Have you had trouble at any
had trouble (ache, pain, discomfort, numbness) last 12 months been prevented | time during the last 7 days?
in: from doing your normal work
(at home or away from home)
because of the trouble?

Neck
0 No [ Yes [0 No 0 Yes 0 No 0 Yes
Shoulders
[ No [0 Yes, right shoulder

O Yes, left shoulder 0 No 0 Yes 0 No 0 Yes

[ Yes, both shoulders
Elbows
[0 No [J Yes, right elbow

O Yes, left elbow 00 No 0 Yes [ No 0 Yes

] Yes, both elbows
Wrists/Hands
[ No O Yes, right wrist/hand

O Yes, left wrist/hand [0 No O Yes [ No [ Yes

] Yes, both wrists/hands
Upper Back
0 No [0 Yes [0 No O Yes [ No [ Yes
Lower Back (small of back)
0 No [ Yes [0 No 0 Yes 0 No 0 Yes
One or Both Hips/Thighs
0 No [0 Yes [0 No O Yes [ No [ Yes
One or Both Knees
[J No [1Yes [1 No [0 Yes [0 No [ Yes
One or Both Ankles/Feet
0 No [ Yes [0 No 0 Yes 0 No 0 Yes

In the Nordic musculoskeletal section, deviation values. The normality of

data were collected on musculoskeletal
complaints in the previous seven days and the
previous 12 months. This section constitutes
a component of the Standardised Nordic

Musculoskeletal — Questionnaire  (NMQ),
which was first introduced to the literature in
1987.16 The NMQ assesses general

musculoskeletal complaints over the past 12
months and seven days in nine specific
symptom areas using standardised questions.
The NMQ is completed by self-
administration or personal interview, which
provides reliable information.

Statistical Analysis

The IBM SPSS 23® (IBM Corp., 2012)
computer programme was employed for the
purposes of this study. Descriptive statistical
methods were used to calculate mean,
and  standard

percentage  distribution
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distribution was tested by means of the
Kolmogorov-Smirnov test. Given that the
data did not exhibit a normal distribution,
Mann-Whitney U and Kruskal-Wallis tests
were employed to ascertain the significance
of the values obtained, with a p-value of less
than 0.05 considered to be statistically
significant. Logistic regression analyses were
conducted to identify potential NMQ risk
factors.

RESULTS

In the general reliability analysis of the
study, the Cronbach alpha coefficient was
determined to be 0.775, thereby establishing
the reliability of the study's results. In our
study, 65 (63.1%) of 103 participants were
female, 38 (36.9%) were male, and the mean
age was 31.3 = 5.16 years. The mean BMI of
the participants was 24 + 3.88. The majority
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of dentists who participated in our study
(85.4%) were employed in the public sector,
while 30% were specialists. The majority of
dentists (65%) work between six and eight
hours per day, while 93.2% do not suffer from
The data on the
of  the
participants are presented in Table 1. The data

any chronic diseases.

demographic characteristics

on the daily working hours and years of active
work are presented in Table 2.

Table 1: Demographic information of participants

Demographic Information
Average Age 313
BMI Mean 24
Percentage of Female Participants % 63.1
Participant Working In The Public Sector % 85.4
Participants Who Do Not Smoke And/Or % 78.6
Drink Alcohol
Specialist dentist % 30

Table 2: Participants' active working years and
daily working hours

Active Working Year
1-3 Years %29,1
3-6 Years % 22,3
6-9 Years % 13,6
9 Years And Over % 35
Daily Working Hours
2-4 Hours % 1
4-6 Hours % 5.8
6-8 Hours % 65
8 Hours And Over % 28.2

A total of 96.1% of dentists indicated

that they possessed knowledge about
occupational ergonomics, while 94.2% stated
that they were aware of the correct working
position (Table 3). Despite these data, 21.4%
of the participants indicated that they mostly
saw patients standing, and 68.9% of them
reported working in the same position for
52.4% of

extended periods. Similarly,
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dentists reported that they did not perform
stretching movements or breathing exercises
during the time between patients. A total of
86.4% of the participants reported that they
were aware of occupational diseases, 87.4%
were aware of working according to the clock
dial, 82.5% were aware of the most common
musculoskeletal diseases in dentistry, and
85.4% were aware of four-handed dentistry.
Furthermore, 43.7% of the participants
indicated that ergonomic working conditions
are always associated with fatigue and stress,
while 30.1% asserted that ergonomics is
always linked to occupational accidents and
occupational diseases. A total of 35% of the
participants indicated that ergonomics is
always associated with enhanced work
efficiency and performance, while 24.3%
reported that anthropometry is
affected by ergonomics.

always

The Nordic
questionnaire was found to be statistically
significantly different according to the place

musculoskeletal

of employment and gender. Those employed
in the public sector (p=0.030) and women
reported a  higher of
musculoskeletal system-related complaints

prevalence

(p=0.031). It was observed that there was no
significant correlation between the active
working years of dentists and their awareness
of ergonomic work, risk factors and Nordic

musculoskeletal questionnaire results
(p>0.05).

When  compared according to
educational status, specialised dentists

reported that psychosocial factors among the
risk factors affected their working status more
(p=0.009).

As physicians aged, they reported
greater familiarity with occupational health
and specific diseases associated with
particular work schedules (p=0.046, 0.016,
0.019). Furthermore, as the age of the
physicians increased, they employed a greater
number of auxiliary personnel (p=0.000).
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Table 3: Participants' answers to the awareness section

Yes

No

1- Do you have information on ergonomics in the
dental profession?

96.1% (n=99)

3.9% (n=4)

2- Do you know the working position according to
the watch dial?

87.4% (n=90)

12.6% (n=13)

3- Are you aware of the occupational diseases
specific to the dental profession?

86.4% (n=89)

13.6% (n=14)

4- Do you have information on the most common
musculoskeletal disorders in dentistry?

82.5% (n=85)

17.5% (n=18)

5- Are you familiar with four-handed dentistry?

85.4% (n=88)

14.6% (n=15)

6- Do you know the correct physician working 94.2% (n=97) 5.8% (n=6)
posture?

Never Rarely Mostly Always
7- Does ergonomic work affect fatigue and work 0% (n=0) 6.8% (n=7) 49.5% (n=51) 43.7% (n=45)
stress?
8- Does ergonomic work affect accidents at work and 0% (n=0) 9.7% (n=10) 60.2% (n=62) 30.1% (n=31)
occupational diseases?
9- Does ergonomics affect work efficiency and 1% (n=1) 4.9% (n=5) 59.2% (n=61) 35.0% (n=36)
performance?
10- Are ergonomic conditions influenced by the 0% (n=0)  12.6% (n=13) 63.1% (n=65) 24.3% (n=25)

anthropometric characteristics of the individual?

As the duration of active work
increased, physicians indicated that they
possessed greater knowledge of occupation-
specific diseases and collaborated more
frequently with auxiliary personnel (p=0.010,
p=0.001).

Individuals with a BMI below 18.5
indicated that psychosocial factors had a
greater impact on their working status.
Physicians who reported an increase in their
daily working hours indicated that the noise
with  the
instruments they used had a negative impact

and vibrations associated

on their working comfort (p=0.045).

The results of the NMQ indicated that
the majority of physicians reported
experiencing neck  (85.4%), shoulder
(74.8%), back (87.4%), wrist (59.2%) and
low back pain (80.6%) in the previous 12
months. Similarly, in the previous seven days,
59.2% of physicians reported experiencing
pain in the neck, 50.5% in the shoulder,
57.3% in the back, and 50.5% in the lower
back. Nevertheless, the

respondents who reported negative effects on

proportion  of

&3

their ability to perform ordinary work was
lower.

A statistically significant positive
correlation was observed between age and
BMI, as well as between the NMQ and the

awareness section (p < 0.05).

The results of the linear regression
analysis indicated that age and BMI values
did not have a statistically significant effect
on the NMQ.

DISCUSSION

Ergonomics is a discipline that aims to
create a suitable work environment for

employees. In the context of dentistry,
ergonomics seeks to ensure that dentists adopt
the correct working posture and that the
equipment and environment are designed in a
way that allows dentists to use them most
effectively. In the field of dentistry, the
successful implementation of ergonomic
principles ensures that physicians and their
employees perform their duties in a manner that

does not compromise their health and physical

3
well-being. Moreover, by enhancing treatment
standards, productivity and efficiency can be
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optimised. The human body is not designed to
maintain the same body position for an
extended period of time. However, in instances
where the working order is not aligned with
ergonomic principles, dentists are compelled to
adapt to a role that exceeds their physical
capabilities. This usually occurs as a result of
performing their profession with high
concentration, long-term repetitive movements,

and uncomfortable posture, and this causes

. L.
occupational injuries.

The NMQ was first introduced to the
literature in 1987 and has since been employed
in numerous national and international studies.
The NMQ assesses musculoskeletal complaints
in the back, neck, shoulders, and general areas
with standardised questions. The NMQ is a self-
administered or self-interviewed questionnaire
that reliable information about
discomforts in the last 12 months and seven

provides

days in nine specific symptom areas (feet-
ankles, knees, thighs-hip, wrists-hands, waist,

elbows, back, shoulders, neck).16 It has been

demonstrated to be a reproducible, sensitive,
8

valid and reliable screening test in s‘rudies.l

The results of the NMQ in our study
indicate that the majority of physicians reported
experiencing neck, shoulder, back and low back
pain in the short and long term. These results are
consistent with those of previous studies
that
mechanical stresses in their professional lives

indicating dentists are exposed to
and are affected by musculoskeletal system

problems due to a lack of application of

ergonomic principles.zg5 Furthermore, in our
study, the complaints of dentists working in the
public sector and women were found to be more
pronounced according to the NMQ. These
results can be explained by the fact that public
sector employees have more intensive patient
intake than private sector employees, they do
not have enough time between patients, the
psychosocial risk factors scores of public sector
employees are 97% and there are physiological
differences between men and women in terms
of muscle strength, cardiovascular function,
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aerobic work capacity.w’20

The results of our study indicate that
dentists possess sufficient knowledge about
occupational ergonomics and the correct
working position. However, approximately
one-quarter of them treated patients while
standing, 68.9% of them remained in the same
position for extended periods, and 52.4% of
them did not perform stretching movements or
breathing exercises between patients. These
results demonstrate that dentists possess
knowledge regarding the subject matter.
However, difficulties in implementing this
knowledge may be attributed to a number of
factors, including insufficient time allocated to
dental treatments due to patient density,
inadequate intervals between patients to
facilitate stretching or breathing exercises for
physicians, and clinical infrastructures that are
not optimally designed from an ergonomic

perspective.

Musculoskeletal disorders represent the
primary cause of both short-term and permanent
work disabilities,

resulting in significant

financial expenses due to human shortages and

high treatment costs.11 Although there are a
number of recommendations for the treatment
of  musculoskeletal disorders, including
exercise, heat application, drug treatments,
massage and weight loss, the most important

point is that the most ideal treatment is to take

. . 21
precautions before the disease occurs.

The prevention of these damages begins
with
appropriate working posture. During normal

the adoption of an ergonomically

conditions, damaged tissues are repaired during
rest. However, due to insufficient rest periods,
the repairable stage is often passed. It is
therefore evident that the personal awareness of
dentists is of great importance in this regard. If
a balance between work and rest can be
established through awareness, ergonomic
arrangements can be made in the clinics, regular
exercise programmes can be implemented,

correct posture and position strategies can be
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applied, and appropriate working strategies can
be developed. This will result in the prevention
of damage, a reduction in cognitive and physical
stress, an increase in productivity, quality and
comfort, and the continuation of the dentist's

profession successfully and healthily for many
3

years.

In our study, dentists stated that they
occupation-specific
diseases and worked with more auxiliary
personnel as age and active working time
increased. These results can be interpreted as
the awareness of dentists about occupation-
specific diseases increases with increasing
age and active working time and they pay
more attention to continue their professional
life in this direction.

knew more about

In our results specialised dentists
reported that psychosocial factors affected
their working status more. These results are
consistent with the fact that a high percentage
of specialised dentists are women and with
the study which found that women have a

higher score of psychosocial risk factors in

. . . 19
their working environment than men.

In our study, a statistically significant
positive correlation was found between the
NMQ and the awareness section (p<0.05).
These results can be explained as the presence
of a musculoskeletal disorder in dentists
increases their awareness.

According to the results of regression
analysis, it was found that age and BMI
values had no statistically significant effect
on the NMQ questionnaire. These results can
be explained by the fact that the average age
and BMI of the dentists participating in the
study were not high.

Consequently, dentists must be

cognizant of the ergonomic risk factors
present in their work areas and implement
ergonomic

principles accordingly. This

entails providing a suitable working

environment, equipping the workplace with
appropriate equipment, and formulating a
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rational work plan and time adjustment. In
light of the aforementioned information, the
present study sought to ascertain the
knowledge and awareness levels of dentists
working in the Sivas province regarding
ergonomics and occupational
diseases that may result from work that is not
aligned with ergonomic standards. The
findings of this study indicate that dentists
residing in Sivas province exhibit a lack of
regarding ergonomic  work
conditions and occupational musculoskeletal
diseases. Furthermore, they demonstrate a

awareness

awarcness

limited ability to translate this knowledge into
practice.

CONCLUSION

It has been established that there is a
lack of awareness among dentists with regard
to ergonomic working conditions and
occupational musculoskeletal disorders. The

enhancement of knowledge in this field will

facilitate the formulation of
recommendations that can be readily
implemented in professional practice.

Furthermore, it will provide a foundation for
future studies on the design and production of
and

ergonomically appropriate materials

equipment.
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Aim: Orthognathic surgery (OGS) may cause or exacerbate temporomandibular joint (TMJ) disorders and
affect mandibular stability. The aim of this retrospective study is to evaluate the changes in the mandibular
condyle and ramal angles as a result of mandibular and/or maxiller advancement/set back surgeries in
patients with Class 1l and Class 11l malocclusions after OGS.

Material and Methods: Cone Beam Computed Tomography (CBCT) records which obtained 25 skeletal
Class 11 (6 males and 19 females mean ages=26.28 + 5.89 y) and 25 skeletal Class 11l (10 males and 15
females mean ages=23.32 + 3.89 y) who had undergone OGS was selected. CBCT images were evaluated
before surgery (T0) and 6 months after surgery (T1) using ITK Snap software to evaluate the measurement
of the ramus. Changes of the condylar head were measured in axial, sagittal, and coronal sections.
Results: After OGS the axial ramal angle decreased significantly in both Class 1l (4.24°+4.68) and Class
III (1.52°43.1) groups (p<.05). Condylar length in the sagittal dimension decreased significantly (p<.05)
also in both groups (Cl II= 0.68 mm, C1 III= 0.13 mm). As a result of our study, it was found that resorption
occurred in the condylar length and mandibular the proximal segment rotated laterally after OGS.
Conclusion: It would be appropriate to evaluate Class II and Class III patients who are planned to undergo
OGS in terms of TMJ dysfunction before and after surgery.

Sinif II ve Simif III Hastalarda Ortognatik Cerrahi Sonrasi Kondil Degisiklikleri:

Retrospektif U¢ Boyutlu Calisma

Makale Bilgisi

OZET
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Anahtar Kelimeler:
Ortognatik cerrahi,
Temporomandibular eklem,
Cone-beam bilgisayarli
tomografi

Amag: Ortognatik cerrahi (OGC) temporomandibular eklem (TME) bozukluklarina neden olabilir veya
siddetlendirebilir ve mandibular stabiliteyi etkileyebilir. Bu retrospektif ¢alismanin amaci, Sinif Il ve Sinif
III malokliizyonlu hastalarda OGC sonrasi mandibular ve/veya maksiller ilerletme/geri alma ameliyatlar
sonucu mandibular kondil ve ramal agilarda meydana gelen degisiklikleri degerlendirmektir.

Gerec ve Yontemler: OGC gegirmis olan 25 iskeletsel Sinif II (6 erkek ve 19 kadin ortalama yag=26,28 +
5,89 y) ve 25 iskeletsel Stmif IIT (10 erkek ve 15 kadin ortalama yas=23,32 + 3,89 y) hastaya ait Konik Isinli
Bilgisayarli Tomografi (KIBT) kayitlari se¢ildi. Ramus yiiksekligi, uzunlugu, genisligi ve agisin1 6lgmek
icin KIBT gorintilleri ameliyattan 6nce (T0) ve ameliyattan 6 ay sonra (T1) ITK Snap yazilimi kullanilarak
degerlendirildi. Kondil basindaki degisiklikler aksiyal, sagittal ve koronal kesitlerde dlgiildi. Gruplar
arasindaki verilerin kargilagtirilmasinda bagimsiz t testi, grup i¢i korelasyonun degerlendirilmesinde
Pearson korelasyon testi kullanildu.

Bulgular: OGC sonrasi aksiyel ramal ag1 hem Sinif I1 (4,24°+4,68) hem de Simif 11 (1,52°+3,1) gruplarinda
anlamli derecede azaldi (p<,05). Sagital diizlemdeki kondiler uzunluk her iki grupta da anlamli derecede
azaldt (p<,05) (Cl II= 0,68 mm, Cl III= 0,13 mm). Bu ¢alisma sonucunda OGC sonrasinda kondil
uzunlugunda rezorpsiyon meydana geldigi ve mandibular proksimal segmentin laterale rotasyon yaptig1
tespit edildi.

Sonuglar: OGC yapilmasi planlanan Sinif II ve Sif III hastalarin cerrahi 6ncesi ve sonrasinda TME
disfonksiyon acisindan degerlendirilmesi uygun olacaktir.
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INTRODUCTION

Over /Under-developed jaw growth may
cause dentofacial deformities. It is necessary to
undergo combined surgical and orthodontic
treatment when the disagreement is beyond the
range of orthodontic camouflage due to
patient’s requests for aesthetics and achieving
an ideal occlusion with superordinate treatment
outcomes and stability. ! Orthognathic surgery
(OGS) is a method of maxillomandibular
deformity correction related to dental occlusion
by osteotomy or replacing of the mandible and
maxilla, in order to achieve optimal dental
occlusion and facial aesthetic. These surgical
procedures have an impact on the condylar
region, which includes the temporomandibular

joints (TMJ) and mandibular condyles.
Evaluating craniofacial structures is a crucial
part of orthognathic diagnosis. OGS is

commonly used to treat individuals with Class
II (CI 1) or Class III (CI III) malocclusion and
skeletal abnormalities.”

3D images have progressively utilized in
clinical settings for the demonstration of hard
and soft tissues.’ Measuring 3D models of pre-
operative and post-operative in Cone beam
computed tomography (CBCT) has been used
for 30 years to evaluate post-operative stability
and morphological changes of TMIJ.!
Particularly, CBCT monitors both soft and hard
tissues; for this reason, it is becoming more
frequently used in the evaluation of operative
consequences and the facial aesthetic changes
generated by OGS.*° By controlling the condyle
position, the surgical procedure can be planned
more accurately with Computer-aided design
and computer-aided
(CAD/CAM)
various 3D imaging programs facilitate clinical

manufacturing
technologies.® In additional,
experts in predicting post-surgical skeletal,
dental and condylar outcomes. 3D based
volumetric methods have been latterly used to
measure post-operative outcomes to cope with
the limitations of linear evaluation.’
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Changed jaw position can cause or
aggravate TMJ disorders and mandibular
stability can affected have been found by many
scientist.”” The condylar repositioning during
fixation is one of the challenges of OGS.! The
post-surgical changes in the condyle
morphologically and also stability of operation
are thought to result from the post-operative
condylar position.! Despite the fact that the
reason for post-operative resorption of condyle
remains unknown, most effective way for
reducing post-operative TMJ symptoms is
the head

physiologically and minimizing intra-operative

retaining condylar position
movement of condyle.'®!! One of the effective
factors to relapse is the used fixation method for
bone fragments, and the positioning of the
proximal segment, including the mandibular
condyle, is the most substantial factor affecting
skeletal stability and relapse after OGS.'
However, dissimilar recording algorithms and
segmentation methods have been adopted by
previous studies; therefore, a consensus on this
matter is hard to achieve regarding post-
operative changes in position of TMJ and
morphology of condyle.*!31® Furthermore, the
nature of the tendency to resorption of condyle
after OGS can be varied between skeletal CI II
and Cl III patients markedly, and these
differences have been mentioned by very few

studies. %1113

The aim of this retrospective study is
assessment of the changes in the mandibular
condyle region as a result of mandibular
movement differences in patients with different
malocclusions after OGS.

MATERIALS AND METHODS

This retrospective study was conducted
and received approval from the Research Ethics
Committee of Nevsehir Haci Bektas Veli
Universitesi University with decision number
2023.07.05.  Written
documents were obtained from the all patients.

informed  consent
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G Power 3.192
Universidad Diisseldorf, Diisseldorf, Germany)

(Heinrich-Heine-

with an alpha significance level of 95% to detect
a minimum between-group difference of 0.94
mm with a standard deviation of 1.40 was used
to figure out the effective sample size was
determined through a power analysis conducted
for linear regression and sample size. The
analysis showed that minimum 50 samples
would be necessary for an a of 0.05 and a power
of 0.95. However, in order to ensure that the
results of the study are more reliable, it is
planned to include data from at 50 patients in
total.

Patient selection criteria

This study was based on CBCT records
of 50 adult patients (34 females, 16 males) with
skeletal CIII (6 males and 19 females; mean age
during the surgery: 26.28 + 5.89 years) and Cl
III (10 males and 15 females; mean age during
the surgery: 23.32 + 3.89 years) malocclusions
selected from the archives of Istanbul Medipol
Univercity, Faculty of Dentistry and who had
undergone OGS from 2018 to 2023. The patient
age ranged from 17-44 years, with a mean age
of 24.8 £ 5.16 years at the time of operation.

The inclusion criteria were as follows:

e  Group 1: Adult Skeletal Cl III patients
(SNB > 80°, Wits < -1 mm),

e  Group 2: Adult Skeletal Cl II patients
(SNA>84°, Wits > 2 mm),

e Normal vertical growth pattern (total
angle: 396 + 3°(gonial, saddle, and
articular angle)),

e  For group 1, bilateral sagittal split ramus
osteotomy mandibular setback and/or Le
Fort I maxillary advancement surgery,

e  For group 2, bilateral sagittal split ramus
osteotomy mandibular advancement
and/or Le Fort I maxillary impaction
setback surgery,

e  The availability of pre (TO: just before
surgery) and post (T1: approximately 6
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months after surgery) operative CBCT
images.

The exclusion criteria were; pregnancy,
severe mandibular congenital
syndrome, severe
and TMJ

asymmetry,
anomalies or genetic
maxillofacial trauma

dysfunction.

history

The surgical plans encompassed both
single jaw and bimaxillary surgeries. Within
both the CI III and Cl II groups, 23 patients
underwent bimaxillary surgery, while 2 patients
in each group underwent mandibular sagittal
split osteotomy exclusively (Table 1).

Table 1 Age, sex, type of malocclusion, and surgical
method for all included patients.

ClII (C2) ClHIII (C3)

group, n=25 group, n=25
Average age 2628+589y 2332+38%9y
Male 6 10
Female 19 15
One-jaw approach 2 2
Two-jaw approach 23 23
Surgery with 14 9
genioplasty

Image Acquisition and Measurements

All CBCT images were assessed at two
time points: before surgery (T0) and 6 months
after surgery (T1). The CBCT images were
acquired using the MSCT, Philips Brilliance
ICT 256 (Philips Medical Systems, Eindhoven,
the Netherlands), with scan settings of 120 kV
and 150 mAs. Subsequently, the images were
transferred to ITK-SNAP software (version
4.0.1;
http://www.itksnap.org/pmwiki/pmwiki.php)

open-source software available at

for analysis.

To ensure consistency in image
orientation, the Frankfort horizontal plane was
positioned parallel to the floor on sagittal
images, while the midline was arranged to pass
between the anterior nasal spine and posterior
nasal spine on axial images (Figure 1). Initially,
a head mask with a threshold value for bone
structures (minimum 226, maximum 3071
Hounsfield units) was generated. Subsequently,
the mandibular condylar region was delineated

from the cranial base in three sections (axial,
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sagittal, and coronal) using a manual editing
tool.

Fig 1: Head position orientation during

measurements of CBCT images

The 3D reconstruction of the condyle was
assessed as the area between the line (C plane)
passing parallel to the Frankfort horizontal
the the
perpendicular passing through the lowest

plane from sigmoid line and
endpoint of the tuberculum articulare. To
minimize the influence of potential position
changes post-operative, linear measurements

were conducted by measuring direct distances.

Measurements, including height, length,
width (Figure 2), ramal angular changes (Figure
3), and volume of the condylar head (Figure 4),
were obtained in axial, sagittal, and coronal
sections. Individual evaluations were performed
separately for the right and left condyle in the
images captured at TO and T1 for each patient.
the of  these

was The
discrepancies between the obtained values at TO

Subsequently, average

measurements calculated.
and T1 were then compared for analysis.
Additionally, the
mandibular setback/advancement amounts were

maxillary advancement,

evaluated as the horizontal displacement of
point A and B relative to the true vertical line
passing through the Sella point.

Statistical Analysis

The average rates of movement for soft
and hard tissues were measured across the 10
facial regions of each patient. For reliability
testing, all measurements were repeated twice
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with an interval of 15 days for 10 randomly
selected patients. An
conducted to explore the relationship between

investigation was

changes in soft tissue and movements in the
underlying hard tissue using Scatter plots. For
corresponding  pair, the
correlation parameter was calculated.

each Pearson

Fig 2: Measurement of condylar linear changes

A, width and length on the axial section; The width
between the medial pole and the lateral pole at the axial
section at the level of its greatest geometric dimension, the
length between the anterior pole and the posterior pole at
the axial section at the level of its greatest geometric
dimension.

B, width and height on the coronal section; The width
between the medial pole and the lateral pole at the coronal
section at the level of its greatest geometric dimension, the
distance between the highest point of the condylar head to
the C plane at the coronal section at the level of its greatest
geometric dimension.

C, length and height on the sagittal section; The length
between the most forward and backward points of the
condylar head at the sagittal section at the level of its
greatest geometric dimension, the distance from the
highest point of the condylar head to the C plane at the
sagittal section at the level of its greatest geometric
dimension.
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Fig 3: Measurements of angular changes from CBCT.

A, axial ramal angle; Angular changes from the ascending ramus to the midsagittal plane at the axial section at the level of its

greatest M-D dimension

B, sagittal condylar angle; Angular changes from the condylar axis (the line connecting the center of the condylar head and the
center of the condylar neck) to the Frankfort horizontal plane at the sagittal section at the level of its greatest length
C, coronal ramal angle; Angular changes from the ascending ramus to the Frankfort horizontal plane at the coronal section at

the level of its greatest vertical ramus height.

Fig 4: Volumetric evaluation of the condylar head

The data were analyzed using IBM SPSS
V23. The Shapiro-Wilk Test was used to
evaluate the

normality of distribution.
Independent Sample t-test was used to compare
normally distributed parameters between
groups, whereas the Mann-Whitney U Test was
utilized for those not conforming to normal
The

parameters that showed normal distribution was

distribution. relationship  between

examined using Pearson's  Correlation
Coefficient, while Spearman's rho Correlation
Coefficient was used for parameters that did not
distribute normally. The significance level was

determined as p<0.05.
RESULTS

Angular and volumetric changes in Cl II
and Cl III groups are shown in Table 2. While
the axial ramal angle decreased in both groups,
the coronal ramal and sagittal condylar angles
increased. The amount of axial ramal angle
decrease and coronal ramal increase were found
to be statistically significant in the CI III group
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(p: 0.020, p: 0.020 sequentially). The changes in
both groups for axial width and coronal width
increased, while decreases were observed in
other morphological measurements. Coronal
width increase amount was significant in the CI
IT group (p: 0.034). In both groups, condylar
volume decreased after OGS, however, the
difference between the groups was not found
significantly.

Table 2 Comparison of angular and volumetric
changes between Cl I and C1 II group from TO to T'1

ClII Cl 1L

Mean (SD)  Mean (SD) p
Axial Ramal B
Angle 4.24 (4.68) 1.52 (3.1) 0.020
Coronal Ramal "
Angle -0.26 (3.53) -0.35(2.98) 0.020
Sagittal
Condylar Angle -0.3 (4.83) -0.29 (4.48) 0.996
Axial Width -0.18 (0.81) -0.26 (0.46) 0.654
Axial Length 0.21 (0.63) 0.14 (0.43) 0.628
Coronal Width  -0.53 (1.16) -0.1 (0.87) 0.034**
Coronal Height  0.16 (1.52) 0.57 (1.15) 0.116
Sagittal Length 0.68 (1.23) 0.14 (0.41) 0.103
Sagittal Height 0(1.8) 0.71 (1.44) 0.107
Condylar
Volume 90.65 (176.02) 97.92 (176.24)  0.594

SD standard deviation, Statistically significant at
p <0.05, *Independent t test, **Mann Whitney U test

Table 3
statistically insignificant correlation between

shows that there was a
condylar volume and angular changes in Cl 11
and Cl III groups. There is a moderate positive
significant correlation between the change in
sagittal condylar angle and the displacement of
point A in both CI II and Cl1 I1I groups. There is
a strong positive significant correlation between
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the change in sagittal condylar angle and the
displacement of point B in the CI III group.
Additionally, there is a moderate positive
significant correlation between sagittal height
and the displacement of points A and B in the
CLII group (Table 4).

Table 3 Comparison of angular changes between Cl
[T and CL II group from TO to T1 in Condylar volume

Condylar Volume

Class 11 Class III
Axial Ramal Angle  -0.149%* 0476  0.110**  0.601
Coronal Ramal 0.040% 0851 -0.180** 0.388
Angle
Sagittal Condylar —, h04 661 .0.136**  0.517
Angle

Statistically significant at p < 0.05, *Spearman’s rho
correlation coefficient; **Pearson correlation coefficient

DISCUSSION

The common effects of OGS on the
mandibular condyles are remodeling and
displacement. Due to a physiological adaptation
period of the TMJ, it can cause significant major
results related to occlusion.® The resorption
process, which causes volumetric change in the
condyle, begins with the exceeding of TMJ
adaptation capacity.®'” OGS may be one of the
triggering factors for condylar resorption®,
particularly in Cl II patients, if rigid fixation is

applied.'®

The application of different recording
protocols in CBCT studies may affect the
observed morphological changes.! Registration,
segmentation, and analysis were identified as
essential steps in the analysis of condyle by a
recent literature review." In order to designate
volume of condyle in CBCT evaluations,
different

antecedently.® Bayram et al. used a planimetry

methods have been suggested

method in CBCT examinations to test the

accuracy of volume analysis of the mandibular

19 software

condyle.” Dolphin 3D Imaging
(Dolphin Imaging and Management Solutions)
was used by Goulart et al.** and V-Works 4.0
imaging software (Cybermed Inc., Seoul,

Korea) was used by Schlueter et al.*! using
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various Hounsfield unit window widths. All

these methods have been shown to be
dependable for assessing condylar volume?®, and
could have been used in this study with some
minor revisions. ITK-SNAP software was used
to evaluate tomography images. The images
were oriented so that the Frankfort horizontal
plane was parallel to the ground in sagittal
sections. DICOM datasets were investigated in
and 3D

reconstruction. Right and left condyle CBCT

sagittal, coronal, axial slices,
images of each patient taken at TO and T1
measurements were made separately and then
the average of these measurements was used for
evaluation. The right and left condyle TMJs are
structures connected by a single bone that work
simultaneously. Nevertheless, there may be
differences in a particular bone resorption or
remodeling period for each condyle because of
In this

bilateral difference, chewing habits may be a

the wvariational amounts of stress.

key point, because the used side of the condyle
is subjected to lower loads than the opposite

side condyle.®??

Consistent with previous
studies, it was determined that 19 of the patients
had resorption in one of the condyles and
apposition in the other according to volumetric
evaluation. No correlation has been found
between the right and left sides in terms of
volume changes previously. % Associated with
these results, right and left condyle were
measured separately but were not evaluated in

relation to each other’s.

Da Silva et al.® employed a combination
of Dolphin 3D Imaging and ITK-SNAP to
integrate functionalities from two software
applications. The segmentation tool in Dolphin
3D heavily relies on the thresholding of bone
voxel values and the suppression of surrounding

tissues.”>  The  ITK-SNAP  software
segmentation tool was better than Dolphin 3D
to enhance the precision of volume

measurements.? ITK SNAP software made it
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possible to segment condyles using the “zone
competition” approach, which achieves a more
precise measurement by demarcating the
volume within the condyle and minimizing the
effect of the threshold and surrounding tissues.®
Due to the evaluation and standardization
advantages, in this study measurements were
completed with The ITK-SNAP
instead of Dolphin 3D.

software

Previous examinations have shown the
reduction of the mandibular condyles in mean
volume was statistically significant.® Similar
volumetric reductions were found in our study,
this
insignificant (p=0.59). Even though it has been

however, finding was statistically
found that the resorption period is more
remarkable in Cl 1I

bimaxillary surgery previously,®*** the amount

group performed

of resorption is higher in Cl III patients
(97.92+176.24mm?) in the present study. While
25 of the patients had a volume decrease in both
condyles, 6 patients had a volume increase in
both though the
expectation in adult subjects is to result in

condyles. Even basic
endochondral growth, these findings may
indicate that the condyle can form new bone
after repositioning through an adaptive
biomechanical process.?® Further investigations
with extended follow-up periods following
OGS this

hypothesis.

are necessary to substantiate

The axial and coronal width for both CI
II and CI III groups increased in our study and
was supported by Me 'ndez-Manjo n et al.*® who
showed the supreme changes in the lateral and
posterior side of the condyle in the right after
OSG. While the coronal width increase was
statistically significant, the axial width increase
was not statistically significant in this study.
Kim et al. *’ also found similar findings that the
condyles are directed more posteriorly in the
post-surgical period, but in the following
periods return to position originally. However,
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Li-Fang Hsu et al.' found axial condylar length
and width both reduction were statistically
significant, which was similar to our study in
axial length evaluation. But also this result was
statistically insignificant for each group. Post-
operative localized resorption or bone
remodeling at the condyle was indicated by
previous researchers. In the condylar height Li-
Fang Hsu et al.! observed similar non-
significant reduction. It has been shown that in
most cases there may be little or no change, or
even an increase in volume.® In accordance with
previous studies®, no significant correlation
was found between the distance of jaw

movement and condylar changes.

Despite the comprehensive analysis
conducted in this study, several limitations
should be acknowledged. The relatively small
sample size in this retrospective study might
limit the generalizability of the findings. Further
studies with larger cohorts could provide more
robust conclusions. The follow-up period of
approximately 6 months after surgery might not
capture long-term changes in condylar
morphology and volume. Longer follow-up
durations are essential to assess the stability of
surgical outcomes over time. The fact that this
study was performed in a single institution may
limit the diversity of patient characteristics and
surgical techniques. Polycentric  studies
involving diverse patient populations could
enhance the external validity of the results.
Although cone beam computed tomography

(CBCT) imaging was utilized for analysis,

variations in  imaging protocols and
segmentation techniques could introduce
variability in the measurements.

Standardization of imaging protocols and

analysis methods could mitigate these
limitations. The lack of a control group, such as
patients treatment
without OGS, limits the ability to directly

compare the effects of surgery versus non-

undergoing orthodontic

surgical interventions on condylar morphology.
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While
employed, other advanced techniques, such as

various statistical analyses were
finite element analysis or machine learning
algorithms, could provide deeper insights into
the complex relationships between surgical
interventions and condylar changes. This study
relied on retrospective analysis of patient data,
and ethical considerations regarding patient
privacy and consent were addressed. However,
carry
limitations in data availability and quality
Further

research that takes these limitations into account

retrospective  studies  inherently

compared to prospective studies.
will contribute to a more detailed determination
of the impact of OGS on condyle morphology
and patient outcomes.

CONCLUSION

In conclusion, although in this study an
insignificant reduction in mean condyle volume
was found after OGS in both Cl II and CI III
groups, the changes in the dimensional
measurement of condyle may be different from
each other. Further research seems necessary to
compare patients with surgery first and after
orthodontic treatment surgery to evaluate
whether due to

condylar resorption is

orthodontics or surgery.
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Article Info ABSTRACT
. 3 Aim: The aim of the present study was to evaluate the efficacy of mouthrinses on the color recovery of
Article History stained one-shade (Charisma Topaz One [CTO]) and multi-shade (Estelite Sigma Quick [ESQ]) composite

resins.
Methodology: Sixty disc-shaped specimens (8-mm diameterx2-mm thickness) were prepared (n=30 for
each composit resin). After polishing (Sof-Lex), the specimens were stored in 37°C for 24h. The specimens

Received: 01.07.2024
Accepted: 27.11.2024

Published: 28.04.2025 were stained by coffee immersion for 168h at 37°C, and then randomized into three subgroups based on
the type of mouthrinse (n=10): LAW: Listerine Advanced White; CPWC: Colgate Plax White+Charcoal
Keywords: Capitano Whitening; LTC: Listerine Total Care. Colorimetric measurements were performed at baseline

Composite resins, (TO), after staining (T1) and after mouthrinse immersion for 12h at 37°C (T2) with a spectrophotometer
Mouthwashes (VITA Easy shade). CIELab parameters were used for the analysis. Color change expressed by AE and AL,
> Aa, Ab were calculated. The data were subjected to two-way ANOVA, post hoc Tukey, Student t tests
Colour. (p<0.05).
Results: All samples demonstrated clinically unacceptable color change after coffee-discoloration
(AE>3.3). CTO showed significantly higher AE (12.16+1.37) than ESQ (7.48+0.95) (p=0.001). The
mouthrinses led to a distinct increase in the L and decrease in the a and b after staining. LAW and CPWC
resulted in significant differences in AL (p=0.001), Ab (p=0.031) and AE (p=0.002) of ESQ, while causing
significant difference in Ab of CTO (p=0.037) at T2-TO0.
Conclusion: Whitening mouthrinse may reduce the discoloration of coffee-stained composite resins, but
not match the initial colour. It provides a better whitening effect in multi-shade composite resin than one-
shade composite resins.

Agartma Etkili Agiz Gargaralarimin Renklendirilmis Tek-renk ve Coklu-renk Sistemli
Kompozit Rezinlerin Renk Geri Kazanimi Uzerine Etkileri

Makale Bilgisi OZET
. Amac: Bu calismanin amaci, agartma etkili agiz gargaralarimin renklendirilmis tek-renk (Charisma Topaz
Makale Gegmisi One [CTO]) ve ¢oklu-renk sistemli (Estelite Sigma Quick [ESQ]) kompozit rezinlerin renk geri kazanim

. R tizerine etkilerini degerlendirmektir.
Gelis Tarll}l',01'07'2024 Gere¢ ve Yontemler: 60 adet disk seklinde (8 mm ¢ap x 2 mm kalinlik) 6rnekler hazirlandi (her bir
Kabul Tar .lh.l: 27.11.2024 kompozit regine i¢in n=30). Ornekler, cilalandiktan (Sof-Lex) sonra 24 saat 37°C'de saklandi. Sonrasinda
Yayn Tarihi: 28.04.2025 37°C'de 168 saat kahve soliisyonunda renklendirildi ve ardindan agiz gargaralarina gore rastgele iig alt
gruba ayrildi (n=10): LAW: Listerine Advanced White; CPWC: Colgate Plax White+Charcoal Capitano
Anahtar Kelimeler: Whitening; LTC: Listerine Total Care. Renk dl¢iimleri baglangigta (T0), kahvede reklendirme sonrasi (T1)
ve 37°C’de 12 saat ag1z gargarasinda bekletildikten sonra (T2) spektrofotometre cihazi (VITA Easy shade)
ile gergeklestirildi. Analizler i¢in CIELab parametreleri kullanildi. Renk degisimlerini belirlemek i¢in AE
ve AL, Aa, Ab hesaplandi. Veriler two-way ANOVA, post hoc Tukey, Student t testleri ile analiz edildi
Renk. (p<0,05).
Bulgular: Kahve ile renklendirme sonrasi tim orneklerde klinik olarak kabul edilemez (AE>3,3) renk
degisiklikleri saptanmis olup CTO kompozit rezinin AE degeri (12,16+1,37) ESQ’ den (7,48+0,95) anlamli
diizeyde yiiksektir (p=0,001). Renklendirme sonrasinda agiz gargaralari, L’de belirgin bir artiga, a ve b
parametrelerinde azalmaya neden olmustur. LAW ve CPWC, ESQ kompozit rezinin AL (p=0,001),
Ab(p=0,031) ve AE (p=0,002) degerlerinde anlamli farkliliga neden olurken CTO kompozit rezinin Ab
(p=0,037) degerinde anlamli farklilik gdstermistir.
Sonug¢: Agartma etkili agiz gargaralari, kompozit rezinlerin kahve renklenmelerini azaltsa da baslangig
renk degerlerine ulastiramamaktadir. Coklu-renk kompozitlerin rengini geri kazandirmada tek-renk
kompozitlere gore daha iyi bir beyazlatma saglamaktadir
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INTRODUCTION

The structural and optical matching of the
restorative material with the tooth structure and
adjacent teeth plays a critical role in achieving
an esthetically result. Multi-shade layering
techniques using composite resins (CRs) of
various opacities as well as colors have been
demonstrated to imitate the natural tooth
appearance. Restorative dentistry requires a
high level of technical skill and accurate shade
matching, frequently increasing the time spent
in the chair and the cost of treatment.!> A new
concept of 'monochromatic' or 'one-shade' CRs
has recently been developed to describe resin-
based composites formulated to esthetically
simulate all shades with a single nominal shade
by a color adjustment potential or blending
effect (BE).>** The BE is believed to be caused
by the change in shade due to the reflection
the surrounding dentition
influenced by the translucency parameter and

from and is
the size of the cavity.’ One-shade CRs based on
this principle aim to simplify shade selection,
minimize technical sensitivity, and reduce
treatment time.® Despite these advantages,
studies have addressed concerns about color
stability and vulnerability to staining from

beverages.” !

Discoloration of CRs is an undesirable,
effect
environment. Several factors can affect the

although unavoidable, in the oral
color match, including the composition and size
of the filler and the matrix structure, the size of
the restoration, the placement of the CR, and the
color and brand of the CR." Additionally,
discoloration can be attributed by external
factors, such as plaque accumulation, tobacco,
diet, oral care and internal factors related to the
characteristics of the teeth, and resin.'*

Tooth whitening is a cosmetic, safe and
effective dental treatment. Non-professional
bleaching products such as over-the-counter
strips, pens, mouthrinses and toothpastes are
available for use.'> Mouthrinses have gained
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popularity for both plaque removal and teeth
whitening due to their price, accessibility and
simplicity. They contain a whitening agent that
creates an optical illusion of whiter teeth.!®
the
mouthrinses is often debated due to insufficient

However, efficacy of  whitening
evidence on the effect of CRs. Therefore, this in
vitro study aims to evaluate the effects of
whitening mouthrinses on the color recovery of
stained one-shade and multi-shade CRs. The
hypotheses tested were that: (1) There would be
no significant difference in the discoloration of
between the CRs after immersion in the coffee
solution. (2) There would be an efficacy of
whitening mouthrinses in terms of color
recovery of CRs.

MATERIAL AND METHODS:

One-shade (Charisma Topaz One [CTO],
Heraus Kulzer) and multi-shade (Estelite Sigma
Quick [ESQ], Tokuyama) CRs were used in this
in vitro study (Table 1). Thirty disc-shaped
specimens from each CR were prepared using
teflon molds of 8-mm diameter x 2-mm
thickness (N = 30 for each composite type).
Moulds were placed on a microscopic slide,
filled with CR, covered with a mylar strip and
compressed with a second slide. After light-
curing (Elipar S10; 3M ESPE), top surfaces of
the samples were polished with Sof-Lex disc
(3M ESPE), rinsed with distilled water for 30 s,
blot-dried with paper towels and stored in
distilled water at 37°C for 24 h. Color
measurement of the all specimens was then
performed at baseline (TO).

The samples were stained with coffee
solution by 3.6 g of powder (Nescafe Classic,
Nestl'e) in 300 ml of boiling distilled water.
After being filtered, the specimens were
incubated in coffee solution, which was
refreshed daily, for 168 h at 37°C, equivalent to
six months of clinical ageing in vivo. Then,
gently rinsed and air-dried before a second color
measurement (T1). After, randomized into three
subgroups based on the type of mouthrinse used



Effects of Whitening Mouthrinses on the Color Recovery
of One-shade and Multi-shade Stained Composite Resins

(n=10): Two of them have a whitening effect-
Listerine Advanced White (LAW) and Colgate
Plax White+Charcoal (CPWC)- and the other
has most complete effect- Listerine Total Care
(LTC) (Table 2). The samples were immersed
in 20 mL of the relevant mouthrinses for 12
hours in an incubator set at 37°C, and then
rinsed with distilled water for 10 sec. and dried

with towel paper. Then a third color
measurement was done (T2). A
spectrophotometer (VITA Easy shade, Vita
Zahnfabrik, Germany) was used to record the
CIE L*a*b* parameters on a gray ceramic
background. The colorimetry procedures were
carried out at baseline (T0), after staining (T1),

and after using the mouthrinse (T2).

Table 1. The composition and manufacturer of the composite resins

Material Type Content Filler load Batch number
Charisma Topaz Nanohybrid Matrix: TCD-DI-HEA Wt.74% E8743
One- [CTO] UDMA, TEGDMA Vol 59%
Heraeus Kulzer, Filler: Silica -Barium
Hanau, Germany. aluminium fluoride_glass
filler (5 nm-5 pm) -
Titanium dioksit
Estelite ¥ Sigma Supra-nanohybrid Matrix: BIS-GMA, Wt. 82% K010201
Quick [ESQ] TEGDMA, photoinitiators Vol 71%
Tokuyama Dental, Filler: Silica-zirconia,
Tokyo, Japan silica-titania
Table 2. Details of Tested Whitening Mouthrinses
Mouthrinse Composition
Listerine Advanced White Aqua, Sorbitol, Propylene Glycol, Tetrapotassium Pyrophosphate,

[LAW]
Johnson&Johnson SPA
Pomezia, Italy

Pentasodium Triphosphate, Citric Acid, Poloxamer 407, Aroma, Sodium
Methyl Cocoyl Taurate, Caprylyl Glycol, Eucalyptol, Thymol, Sodium
Saccharin, Menthol, Sodium Fluoride, Sucralose.

Colgate Plax White+ Charcoal
[CPWC]

Colgate Palmolive,

Istanbul, Tiirkiye

Aqua, Glycerin, Propylene Glycol, Sorbitol, Tetrapotassium Pyrophosphate,
Polysorbate 20, Tetrasodium Pyrophosphate, Zinc Citrate, PVM/MA
Copolymer, Aroma, Benzyl Alcohol, Sodium Fluoride, Sodium Saccharin,
Bambusa Vulgaris Shoot Extract, Charcoal Powder

Listerine Total Care
[LTC]
Johnson&Johnson SPA

Water (Aqua), Sorbitol, Propylene glycol, Poloxamer 407, Sodium sulfate,
Phosphoric acid, Eucalyptol, Methyl salicylate, Thymol, Sodium benzoate,
Sodium saccharin, Menthol, Sucralose, Disodium phosphate, Hydrogen

Pomezia, Italy peroxide

The CIELab system is composed of three
axes: L* is the lightness from 0 (black) to 100
(white), a* is the red (+a) and green (—a), and b*
is the blue (-b) and yellow (+b). The color
change (AE*) was calculated using the
equation:

AE*,, =[(AL*)? + (Aa*)? + (Ab*)?] "2
AL* =L (after) — L (before);

Aa* = a (after) — a (before);

Ab* =D (after) — b (before)

Statistical Analysis: IBM  SPSS
Statistics 22 was used for statistical analysis of
the results obtained in the study. After the
determination that the parameters had a normal
distribution, the Student t test was used between
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the parameters of the composite groups. Two-
way ANOVA test and post hoc Tukey test were
used for composites and mouthrinses.

Significance was assessed at p<0.05 level.
RESULTS:

The mean color changes in AE and
standart deviation (SD) of the color parameters
AL*, Aa* and Ab* at all time periods are shown
in Tables 3, 4, 5.

In the current research, the immersion in
coffee solution resulted in a decrease of L and
an increase of a and b values. Statistical analysis
showed significant differences between the
composite resins. The statistically highest color
changes AEO1, AL, Aa, Ab were obtained in the
CTO group (p<0.05). (Table 3).
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Table 3. Means and standard deviations of color changes after immersion in the coffee solution

ESQ CTO

Baseline-Staining Mean + SD Mean + SD P
T1-TO

- - *
AL 6.45+0.75 9.61+1.21 0.001
Aa 1.74+0.28 2.96+0.37 0.001*
Ab 3.29+0.92 6.78+1.03 0.001*
AE 7.48+0.95 12.16£1.37 0.001*

Student t test *p<0.05

In the T2-T1 period; there was a
statistically significant difference between
composites and among mouthrinses in terms of
mean AL (p:0.012; p:0.048); Aa (p:0.001;
p:0.024); Ab (p:0.003; p:0.003) at T2-T1 period.
There was a statistically significant difference
between composites in terms of mean AE in T2-
T1 period (p:0.001) (Table 4). The interaction
effect of CR and mouthrinses on the average
AL, Aa, Ab was not statistically significant

(p:0.206; p>0.05).

For the T2-TO period; Two-way ANOVA
tests, revealed significant differences between
the composite resins for AL, Aa, Ab parameters
(p=0.001), and among the mouthrinses for AL
and Ab parameters (p:0.038 and p:0.002). Based
on the AE; no differences were found among the
mouthrinses (p=0.110) and no significant
composite-mouthrinses interactions (p=0.114).
However, statistically difference was found
between the composite resins (p =0.001) (Table
5).

Table 4. Means and standard deviations of color changes at T2-T1

Mouthrinse-Staining ESQ CTO

(T2-T1) Mean=SD Mean=SD P

AL LAW 3.73+0.64 3.99+3.22 0.840
CPWC 3.11£0.75 4.36+1.76 0.111
LTC 1.21£0.60 3.69+0.90 0.001*
p 0.001* 0.848

Aa LAW -1.13+0.24 -1.56+0.28 0.010*
CPWC -0.90+0.28 -1.69+0.42 0.001*
LTC -0.77+0.26 -1.29+0.34 0.008*
p 0.058 0.126

Ab LAW -2.51+0.67 -3.04+0.41 0.100
CPWC -1.54+0.61 -2.19+1.12 0.205
LTC -2.29+0.91 -3.47+0.93 0.033*
p 0.060 0.038*

AE LAW 4.65+0.87 5.71+2.17 0.253
CPWC 3.61£0.91 5.22+1.95 0.072
LTC 2.72+1.06 5.30+0.95 0.001*
p 0.005* 0.854

Two-way ANOVA Test *p<0.05
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Table 5. Means and standard deviations of color changes at T2-T0

Mouthrinse-Baseline ESQ CTO

(T2-T0) Mean=SD Mean=SD P

AL LAW -3.06+0.32 -5.16+2.53 0.045*
CPWC -3.19+0.23 -5.80+1.03 0.001*
LTC -5.06+1.26 -5.86+1.47 0.296
p 0.001* 0.723

Aa LAW 0.73+0.15 1.26+0.24 0.001*
CPWC 0.80+0.13 1.46+£0.41 0.005*
LTC 0.89+0.50 1.64+0.33 0.006*
p 0.646 0.121

Ab LAW 1.29+0.64 3.67+0.92 0.001*
CPWC 1.60+0.39 4.63+0.37 0.001*
LTC 0.63+0.81 3.34+1.17 0.001*
P 0.031* 0.037*

AE LAW 3.43+0.54 6.63+2.15 0.002*
CPWC 3.67+0.31 7.58£1.06 0.001*
LTC 5.22+1.39 7.01£1.59 0.045*
p 0.002* 0.573

Two-way ANOVA Test *p<0.05

DISCUSSION

The present study evaluated the efficacy
of whitening mouthrinses on the color recovery
of stained one-shade CRs. The first null
hypothesis stating that there would be no
significant difference in the discoloration
between the CRs after immersion in the coffee

solution was rejected.

Nanohybrid composite resins have
gained popularity because of their superior
mechanical, physical, and esthetic qualities.
However, the accuracy of the color match to the
surrounding dental tissues is a challenge due to
various factors influencing tooth color.!” In
recent years, composite resins labeled as
"universal-shade or one-shade" have been
developed to address this issue.* However, the
role of one-shade CR on color stability has been
the subject of research in the literature. A
clinical study conducted by Anwar et al. ’
revealed a statistically significant change in
one-shade CR color match scores over time.
Furthermore, Abreu et al. ® demonstrated that
CR surpassed one-shade CR
regarding color matching. In addition, in vitro
studies have noted that one-shade CRs are prone

to staining from typical intakes.’!?

multishade

In the present study, the samples exposed
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to coffee exhibited a decrease in the L parameter
and an increase in the a and b parameters. It was
shown that the lightness of the samples
decreased and the color saturation increased.
One-shade CR (AE=12,16+1,37) showed
significantly more color change than multi-
color CR (AE=7,48+0,95) in this study. The
research by Fidan et al.!! revealed that coffee
immersion causes the most significant color
change in one-shade CR, which supports our
results. Moreover, this finding is aligned with
the studies by Khayat et al.’, and Aydin et al.'”,
considered that one shade CRs exhibited more
color changes than multi-color CRs. The color
stability varies depending on the properties of
the CRs; inorganic content, resin matrix volume
and the monomer they contain.®'* In the current
research, this difference may be due to CTO
containing different resin monomers (bis-
acryloyloxymethyl-tricyclododecane; TCD-DI-
HEA) and a lower filler load. A previous study
by Korkut et al. '? reported that, due to its
significant affinity for the low-polarity
colorants in coffee, the TCD-DI-HEA monomer
might be responsible for the lower color
stability.

In the current study, a spectrophotometer
and CIELAB color system were utilized. The
color change value represents with E, only
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demonstrates changes in the esthetic properties,
but does not specify the type of changes.'®
Therefore, to calculate whether the material is
lighter or darker, yellowed or green, AE*ab was
used in this study. AE > 3.3 was considered
clinically unacceptable. "

Extrinsic staining can be caused by
adsorption and absorption of colorants. Surface
quality is dependent on the finishing and
polishing of the CR, which has an effect on its
optical properties and durability. It was reported
that untreated composite surfaces are more
susceptible to staining.*** A multi-stage Sof-
Lex disc (3M ESPE) was therefore used in this
study after composite discs were prepared.

According to the results of the study, a
clinically unacceptable discoloration of the CRs
was observed after immersion in coffee (AE >
3.3). This result is consistent with previous
studies reporting that coffee causes significant
discoloration of CRs.?!* Surface or subsurface
color change may occur due to staining agents,
pigments through absorption and/or adsorption
mechanism.

Immersion period was a significant factor

for color recovery. Mouthrinsing is
recommended twice a day for 2 minutes. In
view of this situation, the samples were kept in
the solutions for 12 hours to obtain an effect that
was equivalent to daily use of mouthrinse for

one year.*

Whitening mouthrinses contain various
bleaching agents such as peroxides, sodium
citrate, sodium hexametaphosphate,
pyrophosphates and activated charcoal.”® These
agents have either a bleaching or a stain removal
effect. The effectiveness of hydrogen peroxide
as a bleaching agent is supported in the
literature. However, there are some risks
associated with its uncontrolled use at home.?
Thus, none of the mouthrinses tested in this
study contain hydrogen peroxide.

In the present study, the mouthrinses led
to increase in the L parameter and decrease in

the a and b parameters for stained CR (T2-T1).

1' 27

Lima et a stated that increasing lightness
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(positive AL) and decreasing yellowness
(negative Ab) are the main factors in tooth
whitening, while decreasing redness (negative
Aa) plays a minor role. This may explain the
results of our study on the efficacy parameters
of whitening. Whitening mouthrinses caused a
significant difference in the AL (p=0.001), Ab
(p=0.031) and AE (p=0.002) values for ESQ,
while the Ab (p=0.037) value for CTO showed
a significant difference. In this respect, the
whitening mouthrinses reduced the
discoloration of the CRs, but it was not a clinical
acceptance level. Thus, the second null
hypothesis was rejected. For the ESQ, LAW
(AE=3,434+0,54) and CPWC (AE=3,67+0,31)
improved the color compared more than the
others. Similar to our findings, studies
investigating the color changes of CRs did not
find any significant difference between CRs and

mouthrinses.?-3°

The brand of mouthrinse and
ingredients may affect the color recovery of the
CR. In the present study, LAW contains
Tetrasodium pyrophosphates, and CPCW has
pyrophosphates and charcoal whereas LTC has
total effect without bleaching.*! However, LTC
had similar results in color recovery of CTO
when compared LAV and CPCW, but no such
effect was seen with ESQ. Differences are
thought to be caused by material properties
In addition,

its

exposed to mouthrinses.
mouthrinses are marketed in two forms of
alcohol content which functions as solvent. Low
pH and alcohol have been reported to affect the
surface integrity and make it susceptible to
coloration. Several studies have reported no
clinically detectable discoloration of composite
resins with alcohol-containing mouthrinses,
while other studies have reported similar effects
to alcohol-free mouthrinses.?' Similarly, when
reviewing studies on charcoal, the component
of CPCW, one in vitro study ** found no effect
on discoloration, while one clinical study **

reported dissatisfaction and minor effect.

The main limitations of this study were
the in vitro setting and the use of only one type
of one-shade CR. Further, in vivo studies are
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required to assess the whitening effects of
mouthrinses on different restorative materials.

CONCLUSION
All  samples  showed  clinically
unacceptable color change values after

immersion in coffee solution but significantly
higher in one-shade CR. None of the whitening
mouthrinses was able to reduce coffee staining
to a clinically acceptable level. However, the
whitening mouthinses improved the color of
multi-shade CR compared to one-shade.
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INTRODUCTION

the
importance of keeping deciduous teeth healthy

Pediatric  dentistry emphasizes
and functional in the mouth until they fall out
physiologically.! In this way, chewing and
speech disorders are prevented, the midline is
habits

development

abnormal
the
processes of the jaw can continue while

preserved, tongue are

prevented and normal

maintaining the length of the dental arch.’*

In the “Managing Dental Occlusion in
Pediatric Dentistry” guideline of the American
Association of Pdiatric Dentists, it is accepted
that it is an important task of the pedodontic
specialty to guide the eruption and thus to
ensure the correct formation of the development
of deciduous and permanent dentition, and it has
been reported that thanks to this guidance, it
should have the knowledge and skills to
identify, distinguish, and intervene at the right
time with a functionally and aesthetically
acceptable  occlusion development and
abnormal conditions and problems that may

occur with it.!?

Although the number of patients visiting
pediatric clinics has increased due to modern
advances in preventing tooth decay and growing
dental care, the premature loss of deciduous
teeth to decay remains a very common
problem.®” As a result, it is very likely to cause
loss of space in the dental arches and cause
malocclusions in the future.®® Advances in
mechanical treatments and changes in treatment
the

necessity for extractions in severe dental

concepts have significantly reduced
discrepancies. Nowadays, various techniques
are employed to treat numerous malocclusions
without resorting to extraction. Additionally,
molar distalization has emerged as an
alternative method of gaining space in the

arch.'® Distalization is the process of gaining
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space by moving the terminal molar distally in
arch."

LOSS OF SPACE

The most common causes of space loss
during deciduous and permanent dentition;

1. Untreated interfacial caries
Early loss of deciduous teeth

woN

Loss of deciduous or permanent incisiors
as a result of trauma

Congenital deficiency of teeth

Ectopic eruptions of permanent teeth
Ankylosis of deciduous molars

Delayed eruption of permanent teeth
Dental
macrodontia or microdontia.

e S

such as
12-16

size  anomalies

As a result of deciduous tooth decay,
material loss may occur in the mesio-distal
direction. As much as this amount is lost, the
teeth physiologically move in this direction and
narrow the space for permanent teeth to replace

the deciduous teeth.!>1®

Problems as a result of dental caries occur
as a result of these physiological tooth
movements. The movement of the teeth in the
mesial direction is greater than in the distal
direction.'> ' In neighboring teeth and further
teeth, these movements take place towards the
These
physiological movements are usually caused by

gaps to a decreasing extent.'’
tipping and tilting (tipping).'>'*> The physiologic
movements of the teeth are greater in the upper
jaw than in the lower jaw. This is because the
upper jaw bone is more spongy while the lower

jaw bone is more compact.'>!”

Factors that cause early loss of deciduous
teeth:

Caries with excessive loss of material
Trauma

3. Untreatable pulpal and dento-alveolar
abscesses
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4. Internal or external resorptions

5. Extraction of some deciduous teeth for
interceptive orthodontic treatment to
prevent ectopic eruption of permanent
tooth germs

6. Orthodontic causes such as arch size
mismatch and crowding

7. Infraocclusion.”?!%14

In a study conducted by Alsheneifi and
Hughes in 2001, the reasons for the extraction
of deciduous teeth in children aged 3-13 years
the
investigated. According to the results, it was

and frequency of extraction were
found that extractions were most frequently
performed in the 6-9 age range 56%, the reason
for these extractions was caries 53% and the
second most common reason was orthodontic
reasons. In addition, the question of which teeth
were extracted the most was also asked. In the
age range of 3-5 years, anterior incisors were
extracted mostly due to early childhood caries,
while in the 6-9 age range, first deciduous
molars were extracted, and in the 10-13 age
range, deciduous molars were extracted mostly

due to the replacement of anterior incisor.'®

In another study conducted in 2009, the
age range of 3-13 years was taken into
consideration and the most commonly extracted
deciduous teeth and the reasons for extraction
of these teeth were investigated. According to
the results, the most common reason for
extraction in the 3-5 age group was caries with
86.3% and in the 6-9 age group with 52.8%,
while the most common reason for extraction in
the 10-13 age group was the physiologic falling
age of these teeth with 86.6%. When asked
about the most frequently extracted tooth types,
the respondents cited deciduous first molars,
followed by deciduous second molars and
deciduous incisors, respectively.”

When deciduous teeth are lost early, the
consequences that may occur if a placeholder is

not made on time are as follows:
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1. A reduction in arch size is available for
permanent dentition

2. Impacted permanent tooth germs due to

loss of space

Crowding in permanent dentition

Deviation to the midline

Ectopic eruption

Closing problems

NS » kAW

Degeneration and inflammation of tooth
support tissues as a result of teeth falling

into extraction cavities.>!*!”

MOLAR DISTALIZATION

Malocclusions can often develop as a
result of the loss of deciduous teeth the
physiologic age of falling. Two concepts early
orthodontic and interceptive orthodontics, are
prominent. While interventions are made at the
very beginning of the early orthodontic
dentition period, treatment starts as a result of
eny suspicious situation seen after start of the
dentition period in interceptive orthodontics.?®
2! In 1998, Hoffding and Kisling noted that
premature separation of deciduous teeth from
their position in the dental arch results in a
subsequent loss of space for permanent teeth
within arch.?? As a consequence of space loss,
the permanent tooth may become impacted or
may erupt buccally or lingually.”> When second
deciduous molars are lost early, the rate of space
closure is notably higher compared to the early
loss of first molars. Consequently, a space
regainer system in often necessary when space
is lost. Various appliances are utilized during
the eruption of the permanent tooth to both to
regain the lost space and to preserve the lost
space. At the first appointment and at follow-up
appointments, the appliances are activated to
distalize the terminal teeth in the arch. After
gaining space for the teeth that cannot erupt,
these appliances remain in the mouth as a

placeholder until the teeth erupt.®
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Diagnosis

Molars shifting mesially, crowding and
space loss in both the upper and lower jaws
often result often the mismatch between tooth
and jaw size. When devising a treatment,
clinicians should account for growth patterns,
spacing, and factors such as facial profile and

the size of the apical base.>*2¢

Radiographs and working models are
utilized to assess the space required and the
alignment within the arch. The forces necessary
to straighten an overturned tooth are greater
than the forces required to restore a body-
moved tooth to its proper position. Therefore, it
is crucial to determine whether the teeth that
causing the loss of space moved to the
edentulous area bodily or axially. Another
aspect to consider in the diagnosis is the
position of the permanent second molar. Since
these teeth will be distalized during the
distalization process, the condition of the tooth

should be evaluated with periapical
radiographs.?%!
The  space  regaining  procedure

necessitates careful consideration of tooth
alignment factors, including tooth rotation,
improper contacts and transverse relationship of
the tooth. Working models serve as the most
reliable source of data for assessing these
aspects. They enable visualization of vertical,
transverse and sagittal tooth relationships,
which are crucial for ensuring the stability of
Moyer's mixed dentition analysis. Furthermore,
working models are invaluable in determining
the extent of space loss and estimating of the
space required by the unerupted permanent
tooth.?’

Space recovery procedures present

various challenges. Generally, recovering

When
considering the distalization process, it is

minimal space loss is preferable.

crucial to recognize that it is may be suitable for
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every patient. Factors that positively affect this
procedure include: Class 1 occlusion, sufficient
anchorage, absence of the second permanent
molar and, if present, a positive relationship
with the first molar.?’

Extraoral Molar Distalization

Methods
Headgear

This appliance offers both orthodontic
and orthopedic effects. The headgear can be
used to direct or brake the growth of the upper
jaw in the forward and downward directions. It
is also commonly used to give distal movement
to the teeth or to provide anchorage in fixed

orthodontic treatments.?’*8

The headgear is designed in three
different configurations depending on the
direction of force application: high pull
(occipital), straight pull (occipital) or low pull
(cervical). Occipital and cervical headgear
define the point and direction of force
application in relation to the center of resistance
of the molar teeth or maxilla.?®*?° Among these
configurations, cervical headgear is the most
commonly utilized. It is effective in restraining
maxillary growth and in distalizalizing
maxillary molars. However, molar extrusion
and distal crown tipping are recognized as
potential side effects of this appliance.?®3° On
the other hand, occipital headgear is effective in

controlling vertical dimension of occlusion.!3

Although the headgear can fulfill its
purpose to a great extent, since the target patient
group is adolescents, cooperation problems may
arise due to aesthetic concerns. Additionally,
because of the disadvantages of this appliance,
such difficulty in use and prolonged duration of
wear, patient compliance issues  are
experienced, leading to a decrease in the

likelihood of success.??
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Intraoral Molar Distalization Methods
Repulsor Magnets

In 1978,
conducted animal experiments, which led to its

Blechman and Smiley
application in humans in 1985.34 The samarium-
cobalt alloy is utilized to render it biologically
compatible. Since it is activated and managed
by physicians, there is no need for patient
compliance. Bondemark and Kurol achieved
simultaneous distalization of the upper first and
second molars using magnetic forces and
employed a modified Nance appliance for
anchorage. However, the limited understanding
of the effects of magnetic fields generated by
magnets on human oral cavity and dental tissues
hinders the widespread adoption of these
systems.*

Molar distalization with magnetic forces
has reduced the risk of tooth decalcification,
caries and gingival problems due to minimized
patient compliance, easy activation,
physiological forces, and short treatment time.*®
Disadvantages include their potential toxicity
when isolation is not ensured, fragility,
occupying significant space in mouth, lack of
hygiene, and causing irritation of the cheek

mucosa.®
Open Coil Springs

Open coil springs are very commonly
used in clinics and are compression-activated
systems that apply force from the center in two

directions.®

Pieringer et al. achieved 5-10 mm molar
distalization using open coiled springs placed
on segmental archwires in 8 individuals who
were anchored using the Nance appliance over
a period ranging from 3 months to 18 months.?’

Erverdi et al. compared magnets and
open coil springs and found that molar
distalization was achieved in both groups, but

open coil springs were more effective.*®
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Superelastic Nitinol Wires

Nickel titanium was first introduced into
orthodontic clinics by Andreasen and Johnson
in 1971.% Miura et al. were the first to use them
for alignment in dental arches.** Superelastic
nickel-titanium braces are widely used in
clinical orthodontic treatment.***! These wires
have many special properties such as shape
memory effect and super elasticity.*?

Gianelly compared nitinol open coil
springs and superelastic wires, and reported that
1 mm distalization was achieved within a month
with both methods, albeits with some loss of
anchorage.The study found that the optimal
time for molar distalization is during the mixed
dentition period, as 1st molars can be distalized
more rapidly and easily before the 2nd molars,
and continuous forces result in faster movement

compared to intermittent forces.*
Jones Jig Appliance

In the system developed by Jones and
White, which includes a thick segmental arch
and a nitinol open-coiled spring attached to it, a
class 2 molar relationship was converted into a
class 1 molar relationship by applying 70-75
grams of force with 1-5 mm activation of the
spring. The open coiled spring was activated

every 4-5 weeks.*

Haydar and Uner conducted a
comparison study the Jones-Jig appliance and
that

distalization averaged 2.5 mm per month with

cervical headgear, finding molar
Jones-Jig and 10.7 mm per month with cervical
headgear. The main disadvantage during molar
distalization with the Jones-Jig appliance is the
risk of anchorage loss; however, advantages
include shorter treatment times and similar

treatment effects as cervical headgears.*’
Distal Jet Appliances

Carano and Testa stated that they
achieved significant molar distalization with the
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distal jet appliance they developed, which
offered a considerable advantage when used in
conjunction with fixed treatments.*® In this
appliance, 2 tubular bands are positioned on the
right and left sides, intended for connected to
the nance button on the palate. Open-coiled
springs are connected to the tubes of these bands
with a screw system extending from the nance
appliance. One end of this open coiled spring is
on the 1st premolars and the other end is on the

1st molars.'*7

In their study comparing the effects of
orthodontic treatment and distal jet appliance,
Ngantung et al. observed that distalization with
distal jet resulted in 2.1 mm and 3.3 degrees of
distal tilting in the upper 1st molars, 2.6 mm
mesial movement and 4.3 degrees of distal
tilting in the 2nd premolars used as anchorage.
After orthodontic treatment, 3.9 mm mesial
movement and 6.1 degrees mesial tipping of the
upper 1st molar, 0.9 mm distal movement and
2.1 degrees mesial tipping of the 2nd premolar

were measured.*®

Bolla et al. compared the distal jet
appliance with other distalization systems and
found 71% distalization and 29%

anchorage in molars, less loss of anchorage in

loss of

patients with partially or fully erupted 2nd
molars, and less distal deviation of the 1st

molar.®
First-Class Appliance

Fortini et al. developed this appliance to
reduce the anchorage loss of the distal jet and
used it for distalization of maxillary molars. In
their study, they obtained an average molar
distalization of 4.8 mm in 42 days in 62
individuals with class 2 malocclusion with an

average age of 8.7-14.5 years.>

This appliance can be utilized in both

permanent and mixed dentition, and
distalization can be achieved even in the

presence of 2nd molars. Fortini stated that this
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appliance is suitable for dental and skeletal class
2 cases with maxillary protrusion near the end
of growth, deep bites, cases where patient
compliance, such as with bionators and twin-
blocks cannot be achieved, individuals with
maxillary arch insufficiency, and extreme

crowding requiring space gain.*’

IBMD (Intraoral Bodily Molar
Distalizer) Appliance
Keles and Saymnsu introduced an

intraoral molar distalizer featuring a stem,
which successfully completed the distalization
of upper molars within an average period of 7.5
months.”' For molar distalization, 0.032x0.032
inch TMA springs are manipulated and directed
through acrylic. The springs consist of 2
components: the distalizing segment applies a
tilting force to the crowns of the Ist molars,
while the uprighting segment exert a force to
align the roots. The IBMD appliance is
cemented to the first premolars, with left
unattached to the each other. Post-cementation,
the hinge covers on the molar bands are opened.
The springs are activated by pulling them
distally to mesially using Weingart pliers, and
then inserted into the sockets of the palatal
hinge cap attachments. It has been reported that,
due to the combined force application, an
average distalization of 5.23 was achieved
without distal tipping or extrusion of the upper
molars. Furthermore, the upper first molars did
not exhibit distopalatal rotation, and there was

no increase inter-molar distance.’!

The primary in molar

distalization is the risk of distal tipping of the

challenge

molars. The only method to counteract this is by
ensuring that the applied force passes close to
the center of resistance of the tooth. Forces
applied at the level of the trifurcation zone level
move the crown and roots of the tooth distally
or mesially without inducing any tipping.
Therefore, molar tubes should be positioned as
gingivally as possible.*?
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Bimetric Molar Distalization System

In the 3D bimetric distalization system
introduced by Wilson, which necessitates
patient compliance despite being an intraoral
method, the arch can be utilized either alone in
the mouth or with a bracketing system.’>** In
this system, support is provided with a class 2
elastic extending from the lower 1st molar to the
upper canine. In the study, it was observed that
there was parallel distal movement in the upper
Ist molars but there was no change in the lower
incisors.>*

In a study by Kiigilikkeles and Doganay,
1 boy and 3 girls with an average age of 13.5
years were treated in accordance with Wilson's
principles and 3 mm distalization was achieved
at the end of 3 months.” As a result of
distalization, it was determined that the upper
molars were crossbite, slightly intruded and
tipped distally, while the lower molars were
extruded and tipped mesially with the effect of

intermaxillary class 2 elastics.?

In their study, Muse et al. found 2.16 mm
distal movement of the upper 1st molars at an
average of 14.9 weeks. No correlation was
found between the presence of the upper 2nd
molars and the amount of movement of the
upper lst molars or the resulting distal tilting

movement.>°
K-Springs

Kalra, with the assistance of the Nance
appliance, fabricated a double-armed segmental
arch in the shape of the letter "K" from the TMA
wire, opened the arms of this letter “K”, and
positioned the activated arch between the upper
Ist molar and upper 1st premolar teeth. By
activating the arch twice, each time by 2 mm, a
total of 4 mm of upper molar distalization was
achieved, while preventing distal and mesial
tipping by anglulating the arms of arch at a 20
degrees.”’
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Pendulum Appliance

In this appliance developed by Hilgers, a
modified Nance appliance was utilized, and
TMA springs were incorpotaed into the acrylic
component, transmiting a gentle and continuous
force in the distal direction to the upper Ist
molars. Activation was conducted every 3
weeks, and 5 mm of distalization was achieved
within 3-4 months.’

The Pendulum appliance, one of the most
commonly employed intraoral distalization
methods, has been modified and employed by
numerous researchers to eliminate the loss of
anchorage induce by mesialization in the upper
Ist and 2nd premolars, which serve anchoring
teeth, and to prevent distal tipping in the upper
1st molars.*®>?

Distalization Screw Removable

Appliance

This orthodontic appliance, constucted
on a working model, consists of Hawley ring
(vestibular arch), three or four retaining clasps,
a distalization screw located adjacent to the
space loss, and an acrylic lingual plate. Patients
and their families receive instructions on proper
usage, insertion and removal of the appliance,
as well as guidance on maintaining oral
hygiene.®* To optimize its -effectiveness,
patients are advised to wear the appliance full
time, except during meals, brushing, and oral
cleaning routines. The appliance should remain
passive in the oral cavity for one week to allow
children to acclimate to it. Subsequently,
patients and their parents are instructed to
activate the distalization screw by a quarter turn
(0.25mm) twice a week. Monthly follow-up
scheduled to

progress, during which the retaining clasps are

appointments are monitor
adjusted until the necessary space for the

eruption of the second premolar is achived.®'
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Lip Bumper Appliance

The equivalent of the lip bumper
appliance used to gain space in the mandibular
arch or to distalize the molars is the Denholtz
appliance in the maxillary arch.®?> Molar bands
are fabricated for the permanent first molars and
welded to the buccal side of each molar band.
Subsequently, the labial arch wire is attached to
the buccal tube, and an acrylic button is
prepared for the labial vestibule. To distalize the
molar, the forces exerted by the lips are directly
transferred to the buccal aspect of the first
molar. This appliance is employed for minimal
molar distalization in early deciduous dentition
and is also beneficial for uprighting mesially
tipped teeth to preserve arch space.?!

Space Regainer and Space-Holder
Appliance

The construction of the appliance is as
follows: First, a band is custom-made fort he
tooth to be supported, or a band of suitable
dimensions is selected from ready-made sets.
The band is then adapted to the mouth, and an
impressions is taken using alginate impression
material. To prevent overheating during the
soldering process, the wire component to be
placed in the edentulous area gap is positioned
slightly away from the band on both sides of the
tooth, with attention to the direction of tooth
eruption. This "U" ring or the canine retractor is
activated during the follow-up sessions to gain
space. This appliance is indicated in cases
where there is minimal space loss due to early
loss of deciduous teeth. If there is loss of more
than one deciduous tooth, the use of this

appliance is not recommended.®

Orthodontic Implants and Mini Screws

Orthodontic  implants  utilized for
anchorage are positioned in the palatal region
for maxillary molar distalization. These

implants can be utilized individually or in

conjuction with other intraoral distalization
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appliances.®+%°

Mini screws employed for distalization
of the maxillary posterior segment are inserted
between the 1st and 2nd molars in the palatinal
region or between the 2nd premolar and 1st
molar in the buccal alveolar bone. These screws
facilitate distalization by exerting force on the
Ist premolar or canine.’”*® Mini screws are
more commonly utilized due to their ease of
insertion and removal, immediate loading
capability, and affordable cost compared to
mini-plates and palatal implants.®>”° Mini
screws can serve as anchors for maxillary molar
distalization, either directly or indirectly. In
direct anchorage, the forces involved in
distalizing the upper molars act directly on the
mini compromising

screw,  potentially

anchorage. Conversely, indirect anchorage
involves the mini screw supporting the teeth
that receive the reactive forces, rather than
traditional devices like the Nance button.
However, this method may result to mesial
tilting of the anchorage teeth and proclination of
the anterior teeth, heightening the risk of

anchorage loss.”!7?

CONCLUSION

Early loss of deciduous teeth in children
due to various reasons can lead to several
significant issues in the future. If not identified
and addressed early, this can result in mild to

Severe space loss.

There are various distalization systems
that can be wused for molar distalization,
depending on the location, degree, and patient
cooperation. However, it is important that each
case be evaluated individually, providers make
accurate indications, and that they regularly
perform follow-up.

Ethical Approval

Since sources obtained from humans or animals
were not used in this study, ethics committee
approval was not obtained.



Conditions that May Require Molar Distalization in Children and Treatment Approaches

Financial Support

The authors declare that this study received no
financial support.

Conflict of Interest

The authors deny any conflicts of interest
related to this study.

Author Contributions

Design: MK, MM, Data collection and
processing: MM, MK  Analysis and
interpretation: MM, MK Literatiire review:
MM. Writng: MM, MK

REFERENCES
1. Hacinlioglu N, Cildir SK, Sandalli N.
Cocuklarda  kapamis  iligkileri  ve

oklizyon. =~ Cumhuriyet  Dent .
2011;12:91-7.

2. Davies S, Gray R, Mackie I. Good
occlusal practice in children's dentistry.
British Dental Journal. 2001;191:655-9.

3. Smith NL, Seale NS, Nunn ME. Ferric
sulfate pulpotomy in primary molars: a
retrospective study. Pediatric Dentistry.
2000;22:192-9.

4. Tziafas D, Smith A, Lesot H. Designing
new treatment strategies in vital pulp
therapy. Journal of dentistry. 2000;28:77-
92.

5. Academy A, orthodontics  Aj,
Subcommittee PDCAC-DD, Affairs
AAPDCC. Guideline on management of
the developing dentition and occlusion in
pediatric  dentistry.  Pediatr  Dent.
2008;30:184-95.

6. Fuks AB. Pulp therapy for the primary
and young permanent dentitions. Dent
Clin N Am. 2000;44:571-96.

7. Kirzioglu Z, Cift¢i ZZ, Yetig CC. Clinical
Success of Fiber-reinforced Composite
Resin as a Space Maintainer. J Contemp
Dent Pract. 2017;18:188-93.

8. Arya BS, Savara BS, Thomas DR.
Prediction of first molar occlusion. Am J
Othod. 1973;63:610-21.

113

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Terlaje RD, Donly KJ. Treatment
planning for space maintenance in the
primary and mixed dentition. ASDC J
Dent Child. 2001;68:109-14.

Jeckel N, Rakosi T. Molar distalization
by intra-oral force application. Eur J
Orthod. 1991;13:43-6.

Ghosh J, Nanda RS. Evaluation of an
intraoral maxillary molar distalization
technique. Am J Orthod Dentofacial
Orthop. 1996;110:639-46.

Braham RL, Morris ME. Textbook of
pediatric dentistry. (No Title). 1980.

Martinez NP, Elsbach HG. Functional
maintenance of arch-length. ASDC
Journal of Dentistry for Children.
1984;51:190-3.

Ghafari J. Early treatment of dental arch
problems. I. Space maintenance, space
gaining. Quintessence Int. 1986;17:423-
32.

Ortodonti-Anomaliler UM, Sefalometri
E. Biiyiime ve Gelisim, Tani. Istanbul:
Yeditepe Universitesi Yayinlari.
2000:203-5.

Christensen J, Fields H. Ortodontik
problemlerin  tedavi planlamast ve
tedavisi. Pinkham JR, Casamassimo PS,
McTigue DJ, Fields HW, Nowak AlJ, 4th
ed Ankara: Atlas Kitapgilik. 2009:616-8.

Laing E, Ashley P, Naini FB, Gill DS.
Space maintenance. Int J Paediatr Dent.
2009;19:155-62.

Hughes C, Alsheneifi T. Reasons for
dental extractions in children. Pediatr
Dent. 2001;23:109-12.

Tung E, Ozen B, Ozer L, Ozalp N,
Cetiner S. Siit disi cekim nedenleri. Dicle
Dishekimligi Derg. 2009;10:50-4.

Proffit W, Fields H. Contemporary
orthodontics. 2nd. St Louis, Mosby-Year
Book. 1993.

Gawrishankar. Textbook of
Orthodontics. Brothers J, editor. 470-500

p.



Necmettin Erbakan University Dental Journal (NEUDentJ)

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Hoffding J, Kisling E. Premature loss of
primary teeth: part I, its overall effect on
occlusion and space in the permanent
dentition. ASDC Journal of Dentistry for
Children. 1978;45:279-83.

Muthu. Paediatric dentistry: principles
and practice. Elsevier, editor2011. 360-4
p-

Kinzinger GS, Fritz UB, Sander F-G,
Diedrich PR. Efficiency of a pendulum
appliance for molar distalization related
to second and third molar eruption stage.
Am J Orthod Dentofacial Orthop.
2004;125:8-23.

Cangialosi TJ, Melstrell Jr ME, Leung
MA, Ko JY. A cephalometric appraisal of

edgewise Class II  nonextraction
treatment with extraoral force. Am J
Orthod Dentofacial Orthop.

1988;93:315-24.

Hubbard GW, Nanda RS, Currier GF. A
cephalometric evaluation of
nonextraction cervical headgear
treatment in Class II malocclusions.
Angle Orthod. 1994;64:359-70.

Bishara S. Textbook of Orthodontics:
2nd Edition, Elsevier: p.410-412.

Armstrong MM. Controlling the
magnitude, direction, and duration of
extraoral force. Am J  Othod.
1971;59:217-43.

Contasti G, Legan H. Biomechanical
guidelines for headgear application. J
Clin Othod. 1982;16:308-12.

Hubbard G. An
nonextraction cervical

evaluation  of
headgear
treatment in Class II malocclusions
[master’s  thesis].  University  of
Oklahoma Department of Orthodontics.
1992.

Ucem TT, Yiikselb S. Effects of different
vectors of forces applied by combined
headgear. Am J Orthod Dentofacial
Orthop. 1998;113:316-23.

114

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Poulton DR. The influence of extraoral
traction. American  journal of
orthodontics. 1967;53:8-18.

Acar AG. Smif II malokliizyonlarin
tedavisinde  molar  distalizasyonu.
2006:97-105.

Blechman AM, Smiley H. Magnetic
force in orthodontics. Am J Othod.
1978;74:435-43.

Blechman AM. Magnetic force systems
in orthodontics: clinical results of a pilot
study. Am J Othod. 1985;87:201-10.

Bondemark L, Kurol J. Distalization of
maxillary first and second molars
simultaneously with repelling magnets.
Eur J Orthod. 1992;14:264-72.

Pieringer M, Droschl H, Permann R.
Distalization with a Nance appliance and
coil springs. J Clin Othod. 1997;31:321-
6.

Erverdi N, Koyutiirk O, Kiigiikkeles N.
Nickel-titanium  coil  springs and
repelling magnets: a comparison of two
different intra-oral molar distalization
techniques. Brit J Orthodont.
1997;24:47-53.

Andreasen G, Johnson P. Experimental
findings on tooth movements under two
conditions of applied force. Angle
Orthod. 1967;37:9-12.

Miura F, Mogi M, Ohura Y, Hamanaka
H. The super-elastic property of the
Japanese NiTi alloy wire for use in
orthodontics. American Journal of
Orthodontics and Dentofacial
Orthopedics. 1986;90:1-10.

Burstone CJ, Qin B, Morton JY. Chinese
NiTi wire—a new orthodontic alloy. Am
J Othod. 1985;87:445-52.

Otsubo K. Development of the super-
elastic Ti-Ni alloy wire appropriate to the
oral environment. J Jpn Orthod Soc.
1994;53:641-50.

Gianelly A. Die klinische Bedeutung von
Magneten in der Kieferorthopédie.



Conditions that May Require Molar Distalization in Children and Treatment Approaches

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Praktische Kieferorthopadie. 1990;4:69-
73.

Jones R, White J. Rapid Class II molar
correction with an open-coil jig. J Clin
Othod. 1992;26:661-4.

Haydar S, Uner O. Comparison of Jones
jig molar distalization appliance with
extraoral traction. Am J Orthod
Dentofacial Orthop. 2000;117:49-53.

Carano A, Testa M. The distal jet for
upper molar distalization. Journal of
Child. 1996;30:374-80.

Hilgers JJ. The pendulum appliance for
Class II non-compliance therapy. J Clin
orthod. 1992;26:706-14.

Ngantung V, Nanda RS, Bowman SJ.
Posttreatment evaluation of the distal jet
appliance. Am J Orthod Dentofacial
Orthop. 2001;120:178-85.

Bolla E, Muratore F, Carano A, Bowman
SJ. Evaluation of maxillary molar
distalization with the distal jet: a
comparison with other contemporary
methods. Angle Orthod. 2002;72:481-94.

Fortini A, Lupoli M, Parri M. The First
Class Appliance for rapid molar
distalization. Journal of  Child.
1999;33:322-8.

Keles A, Sayinsu K. A new approach in
maxillary molar distalization: intraoral
bodily molar distalizer. Am J Orthod
Dentofacial Orthop. 2000;117:39-48.

Wilson W. Modular orthodontic systems.
Part 1. J Clin Othod. 1978;12:259-67, 70.

Wilson W. Modular orthodontic systems.
Part 2. J Clin Othod. 1978;12:358-75.

Wilson W, Wilson R. Multi-directional
3D functional Class II treatment. J Clin
Othod. 1987;21:186-9.

Kiciikkeles N, Doganay A. Molar
distalization  with  bimetric  molar
distalization arches. J Marmara Univ
Dent Fac. 1994;2:399-403.

115

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Muse DS, Fillman MJ, Mitchell RD.
Molar and incisor changes with Wilson
rapid molar distalization. Am J Orthod
Dentofacial Orthop. 1993;104:556-65.

Kalra V. The K-loop molar distalizing

appliance. Journal of Child.
1995;29:298-301.

Bussick TJ, McNamara Jr JA.
Dentoalveolar and skeletal changes

associated with the pendulum appliance.
Am J Orthod Dentofacial Orthop.
2000;117:333-43.

Wong A, Rabie A, Higg U. The use of
pendulum appliance in the treatment of
Class II malocclusion. Br Dent J.
1999;187:367-70.

Littlewood S, Tait A, Mandall N, Lewis
D. The role of removable appliances in
contemporary orthodontics. Br Dent J.
2001;191:304-10.

Van der Linden FP. The removable
orthodontic appliance. Am J Othod.
1971;59:376-85.

Shukoor K. Lip bumper treatment to
distalize mandibular molars incase of
submerged mandibular second
premolars. Azeezia College of Dental
Sciences & Research. 2013.

Kirtaniya BC, Singla A, Gupta KK,
Khanna A, Kaur G. Space Regainer Cum
Space Maintainer-A New Appliance For
Paediatric Dentistry. Indian J Dent.
2014;6.

Karaman Al, Basgiftci F, Polat O.
Unilateral distal molar movement with an
implant-supported distal jet appliance.
Angle Orthod. 2002;72:167-74.

Kércher H, Byloff F, Clar E. The Graz
implant supported pendulum, a technical
note. J  Craniomaxillofac  Surg.
2002;30:87-90.

Keles A, Erverdi N, Sezen S. Bodily
distalization of molars with absolute
anchorage. Angle Orthod. 2003;73:471-
82.



Necmettin Erbakan University Dental Journal (NEUDentJ)

67.

68.

69.

70.

71.

72.

Park H-S, Kwon T-G, Sung J-H.
Nonextraction treatment with
microscrew implants. Angle Orthod.
2004;74:539-49.

Park H-S, Lee S-K, Kwon O-W. Group
distal movement of teeth using
microscrew implant anchorage. Angle
Orthod. 2005;75:602-9.

Kinzinger GS, Giilden N, Yildizhan F,
Diedrich PR. Efficiency of a skeletonized
distal jet appliance supported by
miniscrew anchorage for noncompliance
maxillary molar distalization. American
journal of orthodontics and dentofacial
orthopedics. 2009;136:578-86.

Giilden N, Yildizhan F, Hermanns-
Sachweh B, Diedrich P. Anchorage
efficacy of palatally-inserted miniscrews
in molar distalization with a
periodontally/miniscrew-anchored distal
jet. J Orofac Orthop. 2008;69.

Cozzani M, Fontana M, Maino G, Maino
G,  Palpacelli L, Caprioglio A.
Comparison between direct vs indirect
anchorage in two miniscrew-supported
distalizing devices. Angle Orthod.
2016;86:399-406.

Sar C, Kaya B, Ozsoy O, Ozcirpici AA.
Comparison of two implant-supported
molar distalization systems. Angle
Orthod. 2013;83:460-7.

116



Dis HEKiMI:iG.i B
N Ees DERGSi

Vol: 7 No: 1 Year: 2025 Review Article e-ISSN: 2687-5535

https://doi.org/10.51122/neudentj.2025.147

Single Tooth Implant-Supported Crowns in The Maxillary
Anterior Region: Treatment Planning and Prosthetic Options

Ozge Mine YUCEER' ) Bilge TURHAN BAL?
Secil KARAKOCA NEMLIi? Y Merve BANKOGLU GUNGOR*

! PhD Student, Gazi University, Faculty of Dentistry, Department of Prosthodontics, Ankara, Tiirkiye, mineyuceer@gmail.com
2 Prof., Gazi University, Faculty of Dentistry, Department of Prosthodontics, Ankara, Tiirkiye, bilgeturhan@gmail.com
3 Prof., Gazi University, Faculty of Dentistry, Department of Prosthodontics, Ankara, Tiirkiye, secilkarakoca@yahoo.com
4 Prof., Gazi University, Faculty of Dentistry, Department of Prosthodontics, Ankara, Tiirkiye, mervebankoglu@yahoo.com;
mervegungor@gazi.edu.tr

Article Info ABSTRACT

. 3 With the advancement of technology and prosthetic materials, treating one or more missing teeth with
Article History implant-supported crowns and fixed partial dentures has become preferable. This choice is driven by factors
Received: 04.06.2024 such as the preservation of neighboring teeth, which do not require preparation, and the ease of maintaining

gingival health. Success in treating single missing teeth in the anterior region must consider esthetics and

Accepted: 21.10.2024 function. Thus, all details should be carefully considered for ideal treatment from the surgical process of

Published: 28.04.2025 implant placement to the prosthetic process, including the material selection and the type of retention for
the prosthesis on the implant. This review discusses implant planning based on the clinical and radiologic
Keywords: evaluation of tooth loss in the maxillary anterior region, emphasizing its impact on the prosthesis. It also
Esthetics covers factors to consider implant prosthetic options, such as the osseointegration of the implant.
2
Maxilla,

Single-tooth dental implant.
Maksiller On Bélgede Tek Dis Implant Destekli Kronlar: Tedavi Planlamasi ve Protetik

Secenekler
Makale Bilgisi OZET
. Tek veya daha fazla dis eksikliginin tedavisinde dis destekli yapilan kron ve kopriiler, giiniimiizde
Makale Gegmisi teknolojinin ve materyallerin gelismesi ile birlikte yerini implant destekli sabit restorasyonlara
Gelis Tarihi: 04.06.2024 birakmaktadir. Implant destekli yapilan tedaviler ile komsu dislerde madde kaybi olmamasi ve diseti

sagligimin korunmasi gibi avantajlar saglanmaktadir. Anterior tek dis eksikliginde siklikla tercih edilen
implant destekli kronlarin basarisinin degerlendirilmesinde fonksiyon ile birlikte estetik de etkilidir. Klinik

Kabul Tarihi: 21.10.2024

Yayn Tarihi: 28.04.2025 basariy1 saglayabilmek igin implant yerlestirmenin cerrahi siirecinden, implant {izerindeki protezin
materyal se¢imi ve tutuculuk sekline kadar tim detaylarin dikkatle diistiniilmesi gerekir. Bu literatiir

Anahtar Kelimeler: derlemesinde maksiller anterior bolgedeki dis kaybinin klinik ve radyolojik degerlendirmesine dayali

Estetik, olarak implant planlamasi ele alinmakta ve protetik segenekler hakkinda bilgi verilmektedir.

Maksilla,

Tek dis dental implant.

To cite this article: Yiiceer OM, Turhan Bal B, Karakoca Nemli S & Bankoglu Giingér M. Single Tooth Implant-Supported
Crowns in The Maxillary Anterior Region: Treatment Planning and Prosthetic Options. NEU Dent J. 2025;7:117-34.
https://doi.org/10.51122/neudentj.2025.147

*Corresponding Author: Merve BANKOGLU GUNGOR, mervegungor@gazi.edu.tr

This article is licensed under a Creative Commons Attribution-NonCommercial 4.0
BY NG International License (CC BY-NC 4.0)


https://orcid.org/0009-0005-2039-1218
https://orcid.org/0000-0001-7825-712X
https://orcid.org/0000-0001-8836-0673
https://orcid.org/0000-0002-4002-6390

Necmettin Erbakan University Dental Journal (NEUDentJ)

INTRODUCTION

Implant-supported fixed prostheses have
become effective alternatives for the treatment
of missing teeth. With the recent technological
improvements, these prostheses not only
provide function but also give satisfactory
esthetic appearance.! For this reason, implant
placements and implant-supported prostheses
must be planned together and conducted with
precision, particularly in the maxillary anterior
region.’

Clinical and radiographic evaluation
of the maxillary anterior region

Tooth loss in the maxillary anterior
region is observed due to trauma in
approximately 6 to 38% of young patients,
while it is observed in adults due to caries,
periodontal disease, oral habits, and familial
reasons such as hypodontia.*> The choice of
treatment for a patient with a single missing
tooth in the maxillary anterior region depends
on several factors, including clinical and
radiological  assessments, the patient’s
conditions, access to technology, the
experiences of clinicians and dental technicians,
and economic factors. Treatment options for
single-tooth loss in this region include fixed
prostheses, removable partial dentures,
orthodontic closure, and dental implants.®” The

final decision, reached by considering the
advantages and disadvantages of each method,
depends on the case.® In addition, orthodontic
treatment requires multidisciplinary planning
and can be used in limited clinical situations and
conjunction with implant placement.” Fixed
prosthetic options can be listed as three-unit
tooth-supported or cantilever-fixed prostheses.
However, these options have some
disadvantages. Tooth preparation is necessary
for the application of these treatments. Dental
caries formation depending on the patient’s oral
hygiene habits, or chronic gingivitis and
periodontal diseases especially on the
subgingival margins of the abutment may be
observed.*® According to a systematic literature
review conducted at the 3rd European Society
for Osseointegration Consensus Conference in
2012, the 5-year estimated survival rate for a
single implant is approximately 98%; the 10-
year estimated survival rate is approximately
95%; the 5-year estimated survival rate for
implant-supported
approximately 96%; and the 10-year estimated

single crowns is

survival rate is approximately 90%.° Survival
rates of tooth-supported fixed partial dentures
were significantly lower than implant-
supported prostheses.'® In case of tooth loss in
the maxillary anterior region, clinical
evaluation is critical in implant planning. The
main factors are summarized in the Table 1.3

Table 1: Factors to be considered in implant planning!'-!3

Adjacent teeth e  Caries
e  Endodontic treatment
e  Periodontal health
e Trauma
e Amount of tooth structure available for retention
Occlusion e Intermaxillary distance and occlusal relationship
e Bruxism or parafunctional activity
Width and volume of the e  Mesio-distal and labio-lingual width
edentulous area e Amount of available bone and soft tissues
Patient condition o  Complete skeletal growth
e  Patient age and systemic condition
e  Patient’s habits (use of medicine, alcohol, cigarette)
Restoration design and e  Metal or ceramic
material e  Cemented or screw-retained implant prostheses

e Cantilever or resin bonding systems
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Clinical examination should be made
together with a radiographic examination in
implant planning. Periapical, panoramic,
cephalometric, and occlusal radiographs are
used for radiographic examination. Panoramic
radiography, one of the most widely used
imaging techniques, has the advantage of
comprehensive visualization of facial bones and
teeth, but the disadvantages, such as two-
and

dimensional distortion,

magnification cause this technique to be

imaging,

inadequate during planning. Thus, Cone Beam
Computed Tomography (CBCT) is preferred by
developing technology. CBCT offers high-
resolution and three-dimensional imaging.'*

Implant planning in the maxillary
anterior region

The position of the dental implants
should ideally be planned according to the final
prosthetic outcome to achieve the desired
esthetic and physiological loading position. The
maxillary anterior region has great importance
the
positioning the implants according to the

for esthetic appearance; therefore,
prosthesis becomes even more essential in this
region.'? Considering the history of implant
applications, in addition to bone augmentation
methods, soft tissue regenerative surgery has
gained importance due to esthetic concerns. As
a result, recently successful treatment includes
not only the osseointegration of the implant but
also the optimization of the soft and hard tissues
around the implant.!® From this point of view,
pre-implant augmentation procedures, precision
in implant placement, optimal implant position
and angulation, management of peri-implant
soft tissue, and the quality of the prosthetic
restoration should be considered for successful
implant-supported prostheses.'® Furthermore,
the quantity and quality of bone in the
edentulous area after tooth extraction, the
surgical planning including three-dimensional
analysis, the management of soft tissue, the
relationship of the implant site with adjacent
teeth, the implant placement protocols, the

119

hard soft
augmentation, smile line, patient expectation,

requirement  for and tissue
the factors such as pre-existing pathology, and
the position of the implant and the neck design

of the implant should be evaluated.!*!7-2

The quantity and quality of the bone in
the edentulous area or after tooth extraction:

When evaluating the quantity and quality
of bone in the maxilla, its anatomical
relationship with the nasal cavity, maxillary
sinus floor, and incisive canal should also be
evaluated. The vertical height and sagittal width
of the alveolar bone are vital factors for implant
planning. Since the bone on the labial surface of
the roots is usually thin, fracture during
extraction or collapse after extraction may
occur.” The bone structure in the anterior and
premolar regions of the maxilla, characterized
by fine porous bone on the labial side, very fine
porous-dense compact bone on the nasal side,
and thick cortical bone on the palatal side, is
classified as Type III bone.?! There are three
different types of sockets after tooth extraction
(Figure 1):

Figure 1: Different types of sockets after tooth
extraction'?

a) Type 1 socket: The most favorable clinical situation for
implant treatment is the presence of adequate amounts of
bone and healthy soft tissues.

b) Type 2 socket: There is inadequate labial bone
thickness, and implant placement can result in gingival
recession.

¢) Type 3 socket: There is a loss in both hard and soft
tissues.

Type 2 sockets can be clinically misleading because they
appear similar to Type 1 sockets before extraction.
However, in Type 2 sockets, this soft tissue is supported
by the underlying tooth root, not the labial bone. If the
labial bone is partially missing in Type 2 sockets, gum
recession is likely to happen. 13
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Surgical planning, including three-

dimensional analysis of hard and soft tissues:

When placing implants in the esthetic
zone (such as the anterior region of the maxilla),
CBCT is important to determine the quantity of
existing buccal bone, need for bone grafting,
estimation for width and length of the implant
to be placed, and the sagittal position of the root
in the presence of teeth. Determination of the
buccal bone thickness influences the decision of
immediate loading.'®

Management the tissue

of soft

according to biotype:

Tooth morphology is associated with the
characteristics of the gingiva. It should be
considered that generally, square-shaped teeth
are associated with thick, and triangular-shaped
teeth are associated with a thin gingival form.
Gingival form influences implant planning by
affecting bone thickness. In a patient with a thin
gingival phenotype, the labial bone thickness is
approximately 0.6 mm, while in a patient with a
thick phenotype, the labial bone is 1.2 mm
thick, which also affects the positioning of the
implant.?? Soft tissue phenotype is one of the
factors that
restoration. If the existing soft tissue is thin and

influence the contour of the

less keratinized, it is more prone to recession.
Therefore, in the presence of a gingiva with a
thin phenotype, a flatter or concave contour
should be created to prevent gingival recession
related to the restoration contour.'>!* The height
of the papilla is crucial for creating a natural-
looking smile, particularly in the esthetic zone.
An adequate amount of attached gingiva is also
important for the health and stability of the
gingival tissues around the implant."”

The relationship of the implant site with
adjacent teeth:

Maintaining a horizontal distance of 1.0
to 1.5 mm between a natural tooth and an
implant is generally recommended. This
recommendation is based on the typical vertical

and horizontal bone loss around implants,
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which is approximately 1.5 to 2.0 mm vertically
and 1.0 to 1.5 mm horizontally. By maintaining
this distance, the risk of bone resorption and
potential damage to the adjacent tooth or
implant is minimized.”> Limitations in bone
quantity in the mesiodistal dimension may be
caused by the root position of adjacent teeth.
The roots of the adjacent teeth may encroach
into the space where an implant is to be placed
and reduce the width of the bone available.?*
Clinical studies indicate that 60 to 70% of cases
with a horizontal distance of less than 2.5 to 3
mm between the implant and the adjacent tooth
do not have an interproximal papilla. However,
cases with a horizontal distance of 2.5 to 4 mm
between the implant and the adjacent tooth tend

to have an interproximal papilla.?’-2

Implant placement protocols:

Implant treatment can be performed with
the healing of the alveolar bone after tooth
extraction, or today, especially for esthetic
reasons, it can be performed immediately after
extraction following various protocols.!
Immediate implant placement reduces the
number of surgical operations and treatment
time; however, it is essential to evaluate the
hard tissue required for the ideal positioning of
the implant and keratinized gingival tissue,

which is important for prosthetic treatment.?’-?

A classification for the timing of implant
placement after tooth extraction has been
established based on the evaluation of hard and
soft tissues:!

a) Implant placement after extraction,

immediate placement (Type 1):

It has been suggested that immediate
placement of implants reduces alveolar bone
resorption, a key factor in enhancing treatment
outcomes in the anterior maxillary esthetic
region. This reduction in bone resorption can

decrease the need for additional bone
augmentation  procedures, making the
immediate placement protocol preferable.

However, questions have been raised regarding
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the advantages of immediate placement, as
factors such as inadequate primary stability and
improper implant positioning may impair the
outcome of subsequent prosthetic restoration. '’
The amount of available bone, the presence of
acute infection, and the need for atraumatic
extraction affect the preference for immediate

implant t.12

placemen Implants  placed
immediately after extraction can be restored
immediately. Correctly shaped morphology of
the abutment allows repositioning of the peri-
implant soft tissue. Esthetic results depend
mainly on the stability or remodeling of the soft

and hard peri-implant tissues.?

b) Early placement with soft tissue healing
(Type 2) and partial bone healing (Type
3):

In the late 1990s, early implant placement
with partial soft/hard tissue healing was
developed. This method involves a healing
period of 4 to 8 weeks after extraction before
placing the implants. During this time, soft
tissue healing occurs, utilizing the keratinized
mucosa covering the socket. This helps implant
by
complications. Nonetheless, delaying implant

placement reducing  postoperative
placement by 3 to 4 weeks after extraction may
lead to loss of the papilla. Therefore, supporting

the papilla after extraction is critical.'?
c) Late placement (Type 4):

Late implant placement is influenced by
site- and patient-related factors. Site-related
factors include the presence of an infected tooth
requiring healing, extraction of a hopeless tooth
in a growing patient, and trauma-related tooth
loss which need time for healing. Patient-related
factors include comorbidities influencing
implant success. If a late implant placement
protocol is decided, the possibility of bone
resorption during the healing process should be
considered. Graft materials can be placed into
the socket after extraction to prevent resorption
and deformity later. However, the choice of

graft materials for this procedure remains
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controversial.!”

Hard and soft tissue status and the need
for augmentation:

The thickness, height, and contour of the
labial alveolar bone can significantly affect a
patient’s facial expression and smile line and
the transmission of functional forces.?* The
amount of vertical and horizontal bone loss and
the presence of the buccal bone determine the
quantity and the type of graft material needed
(Figure 2).!2 To place a standard implant in 3.75
to 4 mm diameter, the required bone thickness
is 6 mm in the bucco-lingual direction and 5 to
6 mm in the mesio-distal direction.*

Figure 2: Vertical and horizontal alveolar bone
loss?*

Peri-implant mucosa height follows the

alveolar bone; however, providing an
interproximal papilla around an implant is
complex and may not be fully controlled by the
design of implant components or surgical
interventions. While bone height and thickness
play crucial roles in determining soft tissue
level around implants, other factors, including
the

interdental contact point, and the arrangement

tooth morphology, position of the
and quality of soft tissue fibers, also influence
soft tissue. The absence of various types of
fibers around implants poses a significant
challenge in managing the soft tissue around
implants. The lack of papilla causing a black
triangle between the implants is a major
problem in the esthetics of implant-supported
fixed prostheses. The type of temporary
prosthesis used during the healing period plays
a critical role in achieving the desired healing of
the
introduced a classification system in 2001 to aid

soft tissue.”* Palacci and Ericsson®!
clinicians in visualizing the outcomes and

limitations of implant treatment. This system
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categorizes implant sites into four classes based
on the extent of vertical and horizontal tissue
loss (Figure 3).2*3? The clinician should not
expect to go directly from class IV to class Il or
from class III to class I with a single surgical
procedure. However, class IV cases can be
converted into Class II cases through a series of
procedures. A total gain of 4 to 5 mm in soft
tissue height can be achieved with surgical
interventions. Bone augmentation procedures
can provide a height gain of 2 to 3 mm. Soft
tissue augmentation can provide an additional 2
mm, while surgical crown lengthening can add
1 to 2 mm more, potentially gaining a total of 3
to 4 mm. A staged surgical approach can further
increase soft tissue height by 5 to 6 mm. These
combined attempts can significantly enhance
the success of implant treatment. Therefore,
hard and soft tissue augmentation affects
implant placement and subsequent prosthetic
restoration.?*

Figure 3: Palacci-Ericson classification®*

- .-
Vertical loss: Class I, intact or slightly reduced papilla;
class II, limited papilla loss (less than 50%); class III,

severe papilla loss; class absence of papilla
(edentulous ridge).

Horizontal loss: Class A, intact or slightly reduced buccal
tissues; Class B, limited loss of buccal tissue; Class C,
severe loss of buccal tissue; Class D, excessive loss of
buccal tissue, often with a limited amount of adherent

mucosa.

Iv,
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Smile line:

In an ideal smile line, the lip displays 75
to 100% of the maxillary central incisors and the
interproximal gingiva. A high smile line
exposes the full length of the maxillary anterior
teeth and the surrounding gingiva. A low smile
line shows less than 75% of the anterior teeth."”
Since the mean lip lines of females are 1.5 mm
higher that of males, 1 to 2 mm of gingival
exposure during a maximum smile can be
considered normal in women. It has been
reported that an average of 0.7 mm of gingiva is
visible during the smile in women, while in
men, an average of 0.8 mm of the clinical crown
is covered by the upper lip.** The support and
visibility of the vermillion line during a smile
are greatly affected by the anatomy of the upper
alveolar bone, the placement of implants, the
surrounding tissue around the implants, and the
shape of the teeth.?*** Low smile provides
advantages for esthetical results of implant
treatment.

Patient expectation:

Implant prostheses are intended to
provide function and esthetics to patients, but it
is difficult to meet these expectations in some
cases. The patient should be informed about the
final results of the prosthesis to avoid the

disappointment.?*

Position of the implant:

The optimal implant position is achieved
by the
approximately 1 mm palatal from the origin of

positioning implant  shoulder
the adjacent teeth. Placing the implant too
labially, also called entering the dangerous
zone, can cause buccal bone resorption and
subsequent gingival recession.? In such cases,
if the implant is deeply embedded in the bone to
correct this malposition, the gingival level of
prosthetic restoration would be higher than the
other teeth. Furthermore, in some of these cases,
of the hard

augmentation, and a new implant placement are

removal implant, tissue

required.” A risk with implant placement is
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inserting the implant too palatally, which may
require an over-contoured implant-supported
crown.”? In natural teeth, the presence of
periodontal ligaments with adequate blood
supply allows the tooth to remain stable even if
the width of the labial alveolar bone supporting
the tooth is less than 1 mm.** However, bone
support around the implant is important for an
implant without periodontal tissue support.
According to the study by Miyamoto et al.,?®
vertical bone resorption and the resulting
gingival recession could be prevented if 2 mm
or higher labial bone thickness was maintained.

The optimal depth for implant placement
is typically around 1 mm below the enamel-
cement junction of the neighboring teeth.?
Deep implant placement may result in deep
periodontal pockets around the implants.
However, bone resorption of coronally placed
implants is similar to that of apically placed
implants.>> The depth of implant placement is
vital for the contour of the restoration and long-

term prognosis of the implant.'?
Implant neck design:

The implant neck design affects the
relationship between the implant, the prosthesis,
and the
affecting marginal bone, the level of the

surrounding soft tissue, thereby
implant, and the long-term health of these
tissues.?**¢ Hartog et al.® compared the effect
of three different implant neck designs on the
preservation of marginal bone. They found no
significant difference in rough or smooth necks,
but the neck design with micro-grooves resulted
in higher bone loss and deeper pockets. On the
contrary, Nickenig et al.*’ reported that
marginal bone loss was higher in smooth-neck
implants compared with rough-neck implants
and that the micro-grooved design might reduce
the marginal bone loss.

Prosthetic Options

Function and esthetics play an important
role in implant-supported treatments for the
rehabilitation of tooth loss in the maxillary
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anterior region. The prosthetic options are
summarized in Figure 4. The factors affecting
these prosthetic outcomes are abutment
type, soft

repositioning with temporary crowns, and

selection, prosthesis tissue

occlusion.
Figure 4: Prosthetic options for maxillary anterior

single-tooth implants

Prosthetic Options for Maxillary Anterior
Single-Tooth Implants

Prosthesis type

Tempeorary crown Permanent crown

1

Soft tissue contouring
Immediate loading

Abutment selection ‘

Temporary
abutments

Abutment

Prefabricated

Permanent
abutments

type

—

Hybrid abutment
crown

|

Retention
system

Cement-retained

Abutment selection:

Abutment selection includes factors such

as screw- or cement-retention, abutment
material, implant-abutment connection type,
selection time,

abutment and production

method of the abutment.

The
fixation of an implant-supported prosthesis on

Screw/cement-retained abutments:

the implant is achieved by screws or by types of

luting cement to the abutment, which is screwed

t.38

onto the implant.”® Cement-retained prostheses
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are preferred in single-unit restorations,
although favorable long-term clinical results
have been reported for cemented and screwed
38,39 both

cement and screw-retained prostheses have

prosthetic  restorations. However,
advantages and disadvantages.*®** In cement-
retained  prostheses,  prefabricated  or
customized abutments are needed, and the
restoration is cemented onto the abutment.
Residual cement around the peri-implant tissue
after cementation can cause peri-implantitis.*!?
Furthermore, in case of a complication,
removing a cement-retained prosthesis can be
challenging without damaging the

prosthesis.*® This system is preferred because it

more

is easy to provide passive fit and tolerate
improper implant angle.**** The most crucial
benefit of screw-retained restoration is the ease
of removal of the prosthesis for different
purposes such as hygiene protocols, repair, and
surgical intervention requirements.* In
addition, when the interocclusal distance is
limited to 4 mm, good retention can be achieved
with screw-retained restorations.** The ideal
screw hole should be placed in the palatal or
oral surface of the restoration, which is not
visible. However, the horizontal and angular
position of the implant may cause the position
of the screw hole at the labial site, which may
affect the of the

4344 For these reasons, implant

adversely esthetics
prosthesis.
positioning is critical in screw-retained
restorations. Also, the production technique is
more complex, and complications such as screw
loosening and porcelain fracture may be
observed during intra-oral use.* Screw-retained
restorations are preferred in the anterior regions
because it is difficult to remove the cement
when the implant is placed deeply in the
posterior regions.* Freitas et al.*’ reported that
there is more stress concentration in screw-
retained restorations than in cement-retained
restorations, resulting in more screw/implant
fractures. Edmondson et al.*® reported that the
need for an angled abutment is common in the

anterior region, and screw-retained abutments
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can tolerate angles up to 15 degrees. According
to Chee et al.*, screw-retained restorations can
be preferred for the anterior implants since
screw hole access has no role in occlusion.

Abutment material: Titanium, stainless
steel, gold, zirconia, alumina ceramic, and
Polyetheretherketone (PEEK) can be used as
abutment materials.*>° Good long-term results
have been documented for single crowns using
titanium and gold abutments. However, these
materials have esthetic drawbacks in the
anterior region in thin soft tissues or peri-
implant mucosal recession.***!* Prestipino et
al.?® reported that densely sintered alumina
had high

biocompatibility, and low thermal conductivity;

ceramics low  corrosion,
however, their mechanical durability was less
than metal abutments.** Glauser et al.>> first
described densely sintered yttrium-stabilized
zirconia as an alternative ceramic abutment. As
zirconia abutments have good mechanical
properties and peri-implant tissue response
similar to titanium abutments, they have
emerged as an alternative material. The grayish-
bluish appearance caused by
abutments can be overcome with zirconia

titanium

material.’*>” In addition to esthetic advantages,
high
resistance, biocompatibility, and less bacterial

ceramic abutments have corrosion
adhesion.’® Foong et al.® compared the fracture
resistance of titanium and zirconia abutments in
their study. As a result, fracture localization was
observed at the abutment in zirconia abutments,
while screw fracture was observed in titanium
abutments. Bidra et al.®® reported that fractures
were reported in 1.15% of the abutments
examined used in the anterior region. All
fractured abutments were made of alumina or
zirconia while no fractures were observed in
titanium abutments. In a systematic review and
meta-analysis, Laleman et al.®' investigated the
biological, technical, and esthetic outcomes of
zirconia, alumina, and titanium abutments on
peri-implant tissues after a minimum of one

year of use. The study found that all three



Single Tooth Implant-Supported Crowns in The Maxillary Anterior Region:

Treatment Planning and Prosthetic Options

materials—zirconia, alumina, and titanium—
performed similarly in terms of biological
effects on peri-implant tissues,
significant differences in marginal bone loss,

with no

probing depth, or abutment survival. However,
ceramic abutments, such as zirconia and
alumina, were more prone to fractures, whereas
titanium abutments presented minor esthetic
limitations. Despite these differences, both
materials delivered satisfactory esthetic results.
In a systematic review, Davoudi et al.%
investigated the effects of CAD-CAM zirconia
abutments on peri-implant health and compared
the esthetic outcomes to other abutment types,
such as stock abutments and titanium
abutments. While pink esthetic and white
esthetic scores were similar between CAD-
CAM zirconia and other abutments, zirconia
showed better soft tissue color, contour, and
gingival recession outcomes, especially in thin
soft tissue areas. Zirconia abutments also had
lower bacterial colonization and improved soft
tissue stability compared to titanium, reducing
inflammation and  peri-implantitis  risk.
Customizable CAD-CAM zirconia abutments
offered better adaptation to patient anatomy,
enhancing soft tissue stability and aesthetic
outcomes. Long-term studies suggested stable
soft tissue and bone levels over time, with
minimal gingival recession. Despite promising
results, the review calls for more high-quality,
long-term studies to confirm these findings.®
There is difficulty in soft tissue attachment to
the surface of zirconia abutments, which are
prominent for esthetic purposes. To solve this
problem, micro and macro processes affecting
soft tissue integration on the zirconia abutment
surface have been developed. These processes
include polishing, sandblasting, acid etching,
plasma treatment, biomimetic coating, and UV
treatment.%® It was stated that soft tissue cells
attach better to smooth polished surfaces.*
al.® that
periodontal cells showed better results around
than
conventionally polished zirconia abutments.

Valantijiene et also reported

ultra-polished  zirconia  abutments
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Abutment-implant connection type: The
type of abutment-implant connection imposes
mechanical and functional limitations. Different
types of interface designs have been developed,
inherent and
disadvantages.®® The hexagonal

connection type facilitates prosthesis placement

each  having advantages

external

and provides an anti-rotation mechanism.
However, it can cause complications under high
occlusal loads because a micro-gap has arisen
with this connection.’”®® In contrast, internal
load
distribution and provide an antibacterial sealing
the implant-abutment
interface area is increased, and the micro-gap

hexagonal  connections  facilitate

because connection
with the morse taper is reduced. It has been
reported that internal connections provide a
more stable abutment-implant connection and
reduce bone loss.®”® According to Misch,"
implant and abutment designs with internal
hexagonal connections remain the most widely
used method. The study by Vetromilla et al.®’
that the morse-taper
reduced bone loss and revealed successful

showed connection

results.

Abutment selection time: In the standard

prosthetic protocol applied after implant
application, the separation and reconnection of
prosthetic components are involved. The
replacement of these prosthetic components can
disrupt the mucosal barrier due to the mobility
of the peri-implant tissue they contact,
potentially leading to bone loss.””? In today’s
practice, where the goal is to minimize soft and
hard tissue loss, the “one abutment at one time”
concept has been developed. This concept aims
to place the permanent abutment during the
implant application instead of attaching a
healing abutment.” To evaluate this concept,
Canullo et al.” conducted an implant treatment
with immediate loading in place of extracted
premolar teeth in 32 patients. Half of the
patients received temporary abutments, while
the other half were treated with the “one
abutment at time” where

one concept,
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permanent abutments were placed during the
implant procedure. Follow-up results indicated
that patients with permanent
experienced a bone gain of approximately 0.2

abutments

mm. In the study conducted by Grandi et al.”, it
was observed that 0.5 mm of bone was
preserved when abutments placed during
surgery were not removed, compared to the use
of and
replacement. this

considered clinically insignificant.

temporary abutments abutment

However, amount 18

Abutment production method:
Abutments are categorized as either
prefabricated or custom-designed.

Prefabricated abutments offer advantages such
as low cost, availability, and reduced chairside
time for patients. However, they have
disadvantages including inadequate gingival
emergence profile and lack of retention-
contributing surfaces due to their cylindrical
structure. Creating additional grooves on the
abutment surface may be necessary to prevent
rotation. Prefabricated abutments can be made
of titanium or ceramic materials. Customized
abutments are usually designed like a prepared
tooth. This provides the desired result in terms
of both retention and esthetics. They also
the

However, relatively higher cost and dependence

facilitate correcting implant angle.
on the experience of the technician limit their
use.*7 Lops et al.”® compared the sealing of
prefabricated or custom-made abutments after
screw tightening. It was found that the
prefabricated ones had a higher sealing volume.
In another study by Lops et al.”’, the effect of
the type of abutment used on the gingiva was
examined, and it was reported that prefabricated
abutments positively affected the papillary
gingival level. It is thought that custom-made
abutments are more effective in obtaining the
of the

appropriate profile

restoration.’”®

emergence

Types of Prostheses:

Today, a variety of prosthetic materials

are available for implant-retained fixed
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prostheses. These materials include metal-
supported ceramics, zirconia-based ceramics,
lithitum disilicate ceramics, hybrid ceramics,
and high-performance polymers.’”* The choice
of prosthetic material is crucial and involves
considering several factors to ensure the long-
term success, stability, functionality, and
esthetics of the restoration.?! These factors
include the individual design of the implant-
supported prosthesis, number of implants,
implant location, type of implant-abutment
connection, esthetic requirements, masticatory
forces, and occlusion.”  Metal-ceramic
restorations have been commonly used for their
strength, durability, and satisfactory esthetics.®!
With
zirconia ceramics have become more popular

advancements in materials science,

due to their enhanced mechanical properties,

high biocompatibility, and esthetics.’>%

However, high fracture rates of veneer
porcelain have also been observed in the
veneered  zirconia-supported  prostheses.
Monolithic zirconia without veneer porcelain
has been reported to be more fracture-resistant,
which is expected to reduce fracture
incidence.®* According to Rammelsberg et al.®
with of

chromium cobalt alloys showed lower failure

restorations substructures made
rates than noble metal alloys such as gold. For
zirconia and lithium disilicate ceramics,
monolithic restorations are found to have
significantly lower fracture risks than veneered
restorations. Zembic et al.’® evaluated 54 all-
ceramic crowns cemented to zirconia abutments
the

demonstrating a 90.7% success rate after 11

in anterior and premolar regions,
years with minor fractures and screw loosening
as complications. Despite being made of
leucite-reinforced ceramic, which has lower
strength than zirconia and lithium disilicate, no

ceramic fractures were observed.

Metal-free restorations are becoming
increasingly important in dental practice,
primarily due to the growing emphasis on
esthetics. PEEK, a high-performance polymer,



Single Tooth Implant-Supported Crowns in The Maxillary Anterior Region:

Treatment Planning and Prosthetic Options

has shown excellent mechanical properties for
various dental applications. PEEK frameworks
can be coated with composite resin, a suitable
option for implant-supported fixed prostheses
for patients with metal allergies. Additionally,
PEEK material can be seen as an alternative to
titanium or zirconia due to its high-quality
mechanical properties. However, PEEK is used
for both long-term temporary and permanent
prosthetic treatments.®* In addition to these
types of prostheses, with the development of
CAD-CAM
produced hybrid abutments by combining the

systems, manufacturers have
durability of titanium with the esthetics of
ceramics.’® Customized CAD-CAM abutments
and titanium base abutments have gained
significant popularity because they integrate
seamlessly into digital workflows, which
enhances cost-efficiency.’” Prostheses with
hybrid abutments are produced in two ways:
hybrid abutment crown and hybrid abutment
and separated crown.®® Instead of one-piece
zirconia abutments, zirconia abutments or
abutment-crowns cemented on a titanium
spacer increase success. In addition to zirconia
hybrid,
zirconia-reinforced lithium silicate ceramics

ceramics, lithium disilicate, and
can be used to produce abutment crowns on
titanium inserts.’®® Strasding et al.%” stated that
titanium base abutments are favored for their
mechanical strength and compatibility with
ceramic superstructures, making them ideal for
both single and multiple-unit restorations.
Zirconia and lithium disilicate ceramics are
suggested for final restorations, with zirconia
suited for posterior regions and lithium
disilicate for the anterior, depending on esthetic
considerations. While titanium abutments excel
in durability, zirconia offers better esthetics but
They

selecting

carries a greater risk of fracture.
highlighted the
abutments and materials carefully, considering

importance of

mechanical properties, aesthetic needs, and
factors such as implant location and patient
preferences.
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Temporary crowns and soft tissue
contouring:

Esthetically pleasing implant prostheses
require a temporary restoration to contouring
peri-implant soft tissue. The advantage of
provisional prostheses is the ability to transfer
the final prosthesis emergence profile to
permanent restorations. The choice between
temporary prostheses depends on timing,
interocclusal space, longevity, ease of
fabrication and modification, ease of removal,
esthetic demands, and economic
considerations.”® Before implant placement, the
provisional restoration is often a removable
body placed

immediately in the post-extraction site or an

prosthesis with an oval
adhesive fixed restoration, such as in Maryland,
to preserve the natural appearance.’! Following
implant placement, the most straightforward
approach is
provisional restoration. Healing caps
inadequate to establish the contours and

emergence profile of a crown because they are

to utilize a screw-retained

arc

narrower than the tooth’s emergence profile.
Screw-retained provisional restorations enable
easy placement and removal; thereby, the
restoration and shape of the peri-implant
mucosa can be modified. However, the torquing
value of the provisional abutment is essential.
Nedir et al.” recommended 30 Ncm for an
instantaneously loaded single implant insertion
torque.  However, in  cement-retained
provisional restorations, it is more difficult to
manage bleeding and ensure ideal tissue health
due to the cement.*” According to Castellon et
al.” provisional restorations had advantages
such as preservation of the interdental space,
gingival remodeling, and improvement of
patient comfort. Chee et al.”! reported that
removable or fixed provisional restorations
made in the provisional stage could improve
soft tissue esthetics. According to a review by
Lewis et al.”* there was no evidence that any
provisional restoration showed superior clinical
results; however, provisional restoration
construction was effective in conditioning the

gingiva and providing patient satisfaction.
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Emergence profile management can be
accomplished through either a customized
anatomical screw-retained provisional
restoration or a customizable PEEK support
with a straight or slightly contoured customized
anatomical screw retainer. These approaches
help to contour the soft tissues around the
implant and provide a natural and healthy
appearance. The recommendation for a screw-
retained restoration is partly based on the risk of
excess cement causing complications in nearby
tissues. Using a
reduces the likelihood of leaving residual
cement, which can lead to issues such as
inflammation, tissue damage, and implant
A screw-retained provisional
restoration offers the advantage of applying

pressure to the soft tissue, which can help to

screw-retained approach

failure.

improve the transition zone during tissue
healing. When applied correctly, this pressure
can positively influence soft tissue thickness,
which is crucial for achieving long-term esthetic
outcomes around implants. However, excessive
or inappropriate pressure from the provisional
can lead to mucosal thinning and potential
gingival recession. To avoid these issues, the
provisional restoration should be adjusted
gradually over time (usually about 5 minutes) to
reach the correct height of the proposed
mucosal border. It is important to note that
excessive pressure during adjustment can cause
whitening of the tissue, indicating that the
pressure is too high. Initially, the provisional
restoration may have a poor contour, but
through tissue maturation and several
adjustments, the contouring can be corrected to

achieve the desired esthetic outcome.'®

In immediate implant treatment
following tooth extraction, standard temporary
crown applications often struggle to provide the
desired aesthetics due to the materials used.
Instead, to quickly create a temporary crown,
facilitate the shaping of soft tissue, and achieve
better aesthetics, a temporary crown can be
made using the crown of the extracted tooth.*
In the clinical report published by Deliberador

1%

et al.””, they placed implants in place of

128

extracted maxillary anterior teeth. For the
temporary crown, they separated the crown
from the root of the extracted tooth, prepared
the crown to fit the abutment, and cemented it
with resin cement. After a 12-month follow-up,
they found the clinical results to be good in
terms of preserving the natural shape and
function of the tissues. In the case conducted by
Giacomo et al.’, they separated the buccal
surface of the extracted tooth and fixed it to the
abutment with resin cement, shaping and
polishing it appropriately. As a result, they

achieved a simple, quick, low-cost, and
aesthetic outcome. In the clinical study
conducted by Passos et al.”’, they used a

polyvinyl siloxane index, referencing the
patient’s tooth before extraction, for the
temporary crown in a patient who had
undergone extraction and implant planning for
central incisor tooth due to trauma. This allowed
them to create a temporary crown that closely
resembled the extracted tooth and facilitated the
formation of papillae, enabling immediate
loading. When the patient returned six months
later, they removed the temporary crown,
placed a scan body, and took an intraoral scan
to design and mill the permanent restoration

using a CAD-CAM system.
Occlusion:

The direction, intensity, and duration of
chewing forces on implants influence the
surrounding bone density and thickness. Forces
that are not aligned with the implant’s long axis
can stress the bone and lead to bone loss.
Angular forces on implants correlate with
reduced alveolar bone thickness and height.
Occlusal adjustment is crucial to align chewing
forces with the implant’s long axis for a better
prognosis. Prosthetic treatment planning and
follow-ups are necessary to ensure implant
restorations meet requirements for proper

occlusion and phonetics.***

CONCLUSION

The main purpose of implant-supported
prostheses is to fabricate restorations with long-
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term success. However, restoring a single tooth
loss with an implant-supported prosthesis can
be challenging, especially in the maxillary
anterior region. This region has functional and
esthetic importance. Therefore, to meet the
expectations of both the clinician and the
patient, detailed planning for the implant and
the
appropriate abutment and prosthetic materials,
soft should be
performed.

prosthetic  treatment, selection of

and tissue recontouring

Ethical Approval

Since sources obtained from humans or animals
were not used in this study, ethics committee
approval was not obtained.

Financial Support

The authors declare that this study received no
financial support.

Conflict of Interest

The authors deny any conflicts of interest
related to this study.

Author Contributions

Design: OMY, MBG, AlLiterature review:
OMY, BTB, SKN, MBG, Writing: OMY, BTB,
SKN, MBG.

REFERENCES

1. Chen ST, Buser D. Esthetic outcomes
following immediate and early implant
placement in the anterior maxilla - a
systematic review. Int J Oral Maxillofac
Implants. 2014;29:186-215.

2. Passos L, de Vasconcellos AB,
Kanashiro L, Kina S. The natural
CAD/CAM anterior implant single tooth
restoration: a novel digital workflow. J
Esthet Restor Dent. 2023;35:1194-204.

3. Afrashtehfar KI, Assery MK, Bryant SR.
Aesthetic  parameters and patient-
perspective  assessment  tools  for
maxillary anterior single implants. Int J
Dent. 2021;2021:1-9.

4, Isola G, Polizzi A, Alibrandi A, Williams
RC, Leonardi R. Independent impact of
periodontitis and cardiovascular disease
on elevated soluble urokinase-type
plasminogen activator receptor (suPAR)

129

10.

11.

12.

13.

14.

15.

16.

levels. J Periodontol. 2021;92:896-906.

Isola G, Polizzi A, Iorio-Siciliano V,
Alibrandi A, Ramaglia L, Leonardi R.
Effectiveness of a nutraceutical agent in
the non-surgical periodontal therapy: a
randomized, controlled clinical trial. Clin
Oral Investig. 2021;25:1035-45.

Al-Quran FA, Al-Ghalayini RF, Al-Zu'bi
BN. Single-tooth replacement: factors
affecting different prosthetic treatment
modalities. =~ BMC  Oral  Health.
2011;11:1-7.

Edelmayer M, Woletz K, Ulm C, Zechner
W, Tepper G. Patient information on
treatment alternatives for missing single
teeth—systematic review. Eur J Oral
Implantol. 2016;9:45-57.

Goodacre CJ, Naylor WP. Single implant
and crown versus fixed partial denture: a
cost-benefit, patient-centered analysis.
Eur J Oral Implantol. 2016;9:59-68.

Albrektsson T, Donos N. Implant
survival and complications. The third
EAO consensus conference 2012. Clin
Oral Implants Res. 2012;23:63-5.

Scurria MS, Bader JD, Shugars DA.
Meta-analysis of fixed partial denture
survival: prostheses and abutments. J
Prosthet Dent. 1998;79:459-64.

Karl M. Outcome of bonded vs all-
ceramic and metal-ceramic  fixed
prostheses for single tooth replacement.
Eur J Oral Implantol. 2016;9:25-44.

Tischler M. Dental implants in the
esthetic zone. Considerations for form
and function. N Y State Dent J.
2004;70:22-6.

Tarnow DP, Chu SJ. The single-tooth
implant a minimally invasive approach
for anterior and posterior extraction
sockets. 1st ed. Huffman, Leah:
Quintessence Publishing Co Inc; 2020.

Hamis AO, Ozan O, Ramoglu S. Protetik
dis hekimliginde 3-boyutlu implant
planlama ve cerrahi kilavuzlar. Acta
Odontol Turc. 2016;33:55-62.

Misch CE. Dental implant prosthetics. 2.
edition. Elsevier Mosby; 2014.

Palacci P. Aesthetic treatment of the



Necmettin Erbakan University Dental Journal (NEUDentJ)

17.

18.

19.

20.

21.

22.

23.

24.

25.

anterior maxilla: soft and hard tissue
considerations. Oral Maxillofac Surg
Clin North Am. 2004;16:127-37.

Singh V, Bhagol A, Ashwin V.
Controversies in the dental implant
treatment planning for anterior maxillary
aesthetic zone-a review. Natl J
Maxillofac Surg. 2023;14:3-8.

Levine RA, Ganeles J, Gonzaga L, Kan
JK, Randel H, Evans CD, et al. 10 keys
for successful esthetic-zone single
immediate implants. Compend Contin
Educ Dent. 2017;38:248-60.

Leblebicioglu B, Rawal S, Mariotti A. A
review of the functional and esthetic
requirements for dental implants. ] Am
Dent Assoc. 2007;138:321-9.

den Hartog L, Meijer HJ, Stegenga B,
Tymstra N, Vissink A, Raghoebar GM.
Single implants with different neck
designs in the aesthetic zone: a
randomized clinical trial. Clin Oral
Implants Res. 2011;22:1289-97.

Ulm C, Kneissel M, Schedle A, Solar P,
Matejka M, Schneider B, et al
Characteristic features of trabecular bone

in edentulous maxillae. Clin Oral
Implants Res. 1999;10:459-67.

Cook DR, Mealey BL, Verrett RG, Mills
MP, Noujeim ME, Lasho DJ, et al.
Relationship between clinical
periodontal biotype and labial plate
thickness: an in vivo study. Int J
Periodontics Restorative Dent.
2011;31:344-54,

Buser D, Martin W, Belser UC.
Optimizing  esthetics for implant
restorations in the anterior maxilla:
anatomic and surgical considerations. Int
J Oral Maxillofac Implants. 2004;19:43-
61.

Palacci P, Nowzari H. Soft tissue
enhancement around dental implants.
Periodontol 2000. 2008;47:113-32.

Lops D, Mosca D, Miiller A, Rossi A,
Rozza R, Romeo E. Management of peri-
implant soft tissues between tooth and
adjacent immediate implant placed into
fresh extraction single socket: a one-year
prospective study on two different types
of implant-abutment connection design.

130

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Minerva Stomatol. 2011;60:403-15.

Miyamoto Y, Obama T. Dental cone
beam computed tomography analyses of
postoperative labial bone thickness in
maxillary anterior implants: comparing
immediate and delayed implant
placement. Int J Periodontics Restorative
Dent. 2011;31:215-25.

Crespi R, Capparé P, Crespi G, Gastaldi
G, Romanos GE, Gherlone E. Tissue
remodeling in immediate versus delayed
prosthetic restoration in fresh socket
implants in the esthetic zone: four-year
follow-up. Int J Periodontics Restorative
Dent. 2018;38:97-103.

Chen ST, Wilson TG, Himmerle CHF.
Immediate or early placement of implants
following tooth extraction: review of
biologic basis, clinical procedures, and
outcomes. Int J Oral Maxillofac
Implants. 2004;19:12-25.

Weigl P, Strangio A. The impact of
immediately placed and restored single-
tooth implants on hard and soft tissues in
the anterior maxilla.  Eur J Oral
Implantol. 2016; 9:89-106.

Foundation for Oral Rehabilitation
(FOR) consensus text on “The
rehabilitation of missing single teeth”.
Eur J Oral Implantol. 2016;9:173-8.

Palacci P, Ericsson I. Esthetic implant
dentistry: soft and hard tissue
management.1*® ed. Quintessence Pub;
2001.

Misch C. Vertical alveolar ridge
augmentation in implant dentistry. 1 ed.
Tolstunov, Len:Wiley Blackwell; 2017.

Giirel G. The science and art of porcelain
laminate veneers. 1% ed. Quintessence;
2003.

Nobuto T, Yanagihara K, Teranishi Y,
Minamibayashi S, Imai H, Yamaoka A.
Periosteal microvasculature in the dog
alveolar  process. J  Periodontol.
1989;60:709-15.

Jemt T. Cemented CeraOne and
porcelain fused to TiAdapt abutment
single-implant crown restorations: a 10-
year comparative follow-up study. Clin
Implant Dent Relat Res. 2009;11:303-10.



Single Tooth Implant-Supported Crowns in The Maxillary Anterior Region:

Treatment Planning and Prosthetic Options

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Bengazi F, Wennstrém JL, Lekholm U.
Recession of the soft tissue margin at oral
implants- a  2-year  longitudinal
prospective study. Clin Oral Implants
Res. 1996;7:303-10.

Nickenig H-J, Wichmann M, Schlegel
KA, Nkenke E, Eitner S. Radiographic
evaluation of marginal bone levels
adjacent to parallel-screw cylinder
machined-neck implants and rough-
surfaced microthreaded implants using
digitized panoramic radiographs. Clin
Oral Implants Res. 2009;20:550-4.

Sailer I, Miihlemann S, Zwahlen M,
Hammerle CHF, Schneider D. Cemented
and screw-retained implant
reconstructions: a systematic review of
the survival and complication rates. Clin
Oral Implants Res. 2012;23:163-201.

Adell R, Lekholm U, Rockler B,
Branemark PI. A  15-year of
osseointegrated implants in the treatment
of edentulous jaw. Int J Oral Surg.
1981;10:387-416.

Chee W, Jivraj S. Screw versus cemented
implant supported restorations. Br Dent
J.2006;201:501-7.

Linkevicius T, Vindasiute E, Puisys A,
Peciuliene V. The influence of margin
location on the amount of undetected
cement excess after delivery of cement-
retained implant restorations. Clin Oral
Implants Res. 2011;22:1379-84.

Wilson Jr. TG. The positive relationship
between excess cement and peri-implant
disease: a prospective clinical endoscopic
study. J Periodontol. 2009;80:1388-92.

Celik E, Boran HC. Tek dis
eksikliklerinde implant destekli protetik
restorasyonlar. Oztas DD, editdr. Implant
istli protezlerin yapim teknikleri. 1.
Baski. Ankara: Tiirkiye Klinikleri; 2021.
p.1-5.

Sailer I, Philipp A, Zembic A, Pjetursson
BE, Hammerle CHF, Zwahlen M. A
systematic review of the performance of
ceramic and metal implant abutments
supporting fixed implant reconstructions.
Clin Oral Implants Res. 2009;20:4-31.

Torrado E, Ercoli C, Al Mardini M,
Graser GN, Tallents RH, Cordaro L. A

131

46.

47.

48.

49.

50.

51.

52.

53.

54.

comparison of the porcelain fracture
resistance of screw-retained and cement-
retained  implant-supported  metal-
ceramic crowns. J Prosthet Dent.
2004;91:532-7.

Wittneben JG, Joda T, Weber HP,
Briagger U. Screw retained vs. cement
retained implant-supported fixed dental
prosthesis. Periodontol 2000.
2017;73:141-51.

Freitas Jr AC, Bonfante EA, Rocha EP,
Silva NRFA, Marotta L, Coelho PG.
Effect of implant connection and
restoration  design  (screwed  vs.
cemented) in reliability and failure modes
of anterior crowns. Eur J Oral Sci.
2011;119:323-30.

Edmondson EK, Trejo PM, Soldatos N,
Weltman RL. The ability to screw-retain
single implant-supported restorations in
the anterior maxilla: a CBCT analysis. J
Prosthet Dent. 2022;128:443-9.

Shafie HR, White BA. Clinical and
laboratory manual of dental implant
abutments.1st ed. Wiley Blackwell;
2014.

Giinal B, Ulusoy M, Durmayiiksel T,
Kurtulmus  Yilmaz  S. Seramik
abutmentlarin mekanik, biyolojik ve
estetik acidan degerlendirilmesi. Atatiirk
Univ. Dis Hek. Fak. Derg. 2015;25:148-
56.

Barwacz CA, Stanford CM, Diehl UA,
Cooper LF, Feine J, McGuire M, et al.
Pink esthetic score outcomes around
three implant-abutment configurations:
3-year results. Int J Oral Maxillofac
Implants. 2018;33:1126-35.

Dini C, Borges GA, Costa RC, Magno
MB, Maia LC, Bardo VAR. Peri-implant
and esthetic outcomes of cemented and
screw-retained crowns using zirconia
abutments in single implant-supported
restorations-a systematic review and
meta-analysis. Clin Oral Implants Res.
2021;32:1143-58.

Prestipino V, Ingber A. Esthetic high-
strength implant abutments. Part 1. J
Esthet Dent. 1993;5:29-36.

Andersson B, Taylor A, Lang BR,
Scheller H, Schérer P, Sorensen JA, et al.



Necmettin Erbakan University Dental Journal (NEUDentJ)

55.

56.

57.

58.

59.

60.

61.

62.

63.

Alumina ceramic implant abutments used
for  single-tooth  replacement: a
prospective 1- to 3-year multicenter
study. Int J Prosthodont. 2001;14:432-8.

Glauser R, Sailer I, Wohlwend A, Studer
S, Schibli M, Schéirer P. Experimental
zirconia abutments for implant-supported
single-tooth restorations in esthetically
demanding regions: 4-year results of a
prospective  clinical study. Int J
Prosthodont. 2004;17:285-90.

Passos SP, Linke B, Larjava H, French D.
Performance of zirconia abutments for
implant-supported single-tooth crowns in
esthetic areas: a retrospective study up to
12-year follow-up. Clin Oral Implants
Res. 2016;27:47-54.

Linkevic¢ius T, Vaitelis J. The effect of
zirconia or titanium as abutment material
on soft peri-implant tissues: a systematic
review and meta-analysis. Clin Oral
Implants Res. 2015;26:139-47.

Karaoglu O, Karakoca Nemli 8,
Bankoglu Glingor M. Hibrit
dayanaklar/hibrit ~ dayanak  kronlar.

Selcuk Dent J. 2022;9:641-51.

Foong JKW, Judge RB, Palamara JE,
Swain MYV. Fracture resistance of
titanium and zirconia abutments: an in
vitro  study. J  Prosthet Dent.
2013;109:304-12.

Bidra AS, Rungruanganunt P. Clinical
outcomes of implant abutments in the
anterior region: a systematic review. J
Esthet Restor Dent. 2013;25:159-76.

Laleman I, Lambert F, Gahlert M,
Bacevic M, Woelfler H, Roehling S. The
effect of different abutment materials on
peri-implant tissues:a systematic review
and meta-analysis. Clin Oral Implants
Res. 2023;34 :125-42.

Davoudi A, Salimian K, Tabesh M, Attar
BM, Golrokhian M, Bigdelou M.
Relation of CAD/CAM zirconia dental
implant abutments with periodontal
health and final aesthetic aspects:a
systematic review. J Clin Exp Dent.
2023;15:64-70.

Tang K, Luo M-L, Zhou W, Niu L-N,
Chen J-H, Wang F. The integration of
peri-implant soft tissues around zirconia

132

64.

65.

66.

67.

68.

69.

70.

71.

abutments: Challenges and strategies.
Bioactive Materials. 2023;27:348-361.

Grossner-Schreiber B, Herzog M,
Hedderich J, Diick A, Hannig M,
Griepentrog M. Focal adhesion contact
formation by fibroblasts cultured on
surface-modified dental implants: an in
vitro study. Clin Oral Implants Res.
2006;17(6):736-745.

Valantijiene V, Mazeikiene A,
Alkimavicius J, Linkeviciene L,
Alkimaviciene E, Linkevicius T. Clinical
and immunological evaluation of peri-
implant tissues around ultra-polished and

conventionally-polished zirconia
abutments. A  l-year  follow-up
randomized clinical trial. Journal of

Prosthodontics. 2023;32(5):392-400.

Filho APR, Fernandes FSF, Straioto FG,
Silva WJ, Cury AA. Preload loss and
bacterial penetration on  different
implant-abutment connection systems.
Braz Dent J. 2010;21:123-9.

Vetromilla BM, Brondani LP, Pereira-
Cenci T, Bergoli CD. Influence of
different implant-abutment connection
designs on the mechanical and biological
behavior of single-tooth implants in the
maxillary esthetic zone: a systematic
review. ] Prosthet Dent. 2019;121:398-
403.

Pessoa RS, Muraru L, Junior EM, Vaz
LG, Sloten JV, Duyck J, et al. Influence
of implant connection type on the
biomechanical environment of
immediately placed implants-CT-based
nonlinear,  three-dimensional finite
element analysis. Clin Implant Dent
Relat Res. 2010;12:219-34.

Ribeiro CG, Maia MLC, Scherrer SS,
Cardoso AC, Wiskott HWA. Resistance
of three implant-abutment interfaces to
fatigue testing. J Appl Oral Sci.
2011;19:413-20.

Atiech MA, Tawse-Smith A, Alsabecha
NHM, Ma S, Duncan WJ. The one
abutment—-one  time  protocol: a

systematic review and meta-analysis. J
Periodontol. 2017;88:1173-85.

Degidi M, Nardi D, Piattelli A. One
abutment at one time: non-removal of an



Single Tooth Implant-Supported Crowns in The Maxillary Anterior Region:

Treatment Planning and Prosthetic Options

72.

73.

74.

75.

76.

77.

78.

79.

immediate abutment and its effect on
bone healing around subcrestal tapered

implants. Clin Oral Implants
Res.2011;22:1303-07.
Lazzara RJ, Porter SS. Platform

switching: a new concept in implant
dentistry for controlling postrestorative
crestal bone levels. Int J Periodont Restor
Dent. 2006;26:9-17.

Canullo L, Bignozzi I, Cocchetto R,
Cristalli MP, Iannello G. Immediate
positioning of a definitive abutment
versus repeated abutment replacements
in post-extractive implants: 3-year
follow-up of a randomised multicentre
clinical trial. Eur J Oral Implantol.
2010;3:285-96.

Grandi T, Guazzi P, Samarani R,
Maghaireh H, Grandi G. One abutment-
one time versus a provisional abutment in
immediately loaded post-extractive
single implants: a 1-year follow-up of a
multicentre randomised controlled trial.
Eur J Oral Implantol. 2014;7:141-9.

Priest G. Virtual-designed and computer-
milled implant abutments. J Oral
Maxillofac Surg. 2005;63:22-32.

Lops D, Meneghello R, Sbricoli L, Savio
G, Bressan E, Stellini E. Precision of the
connection between implant and standard
or computer-aided design/computer-
aided manufacturing abutments: a novel
evaluation method. Int J Oral Maxillofac
Implants. 2018;33:23-30.

Lops D, Parpaiola A, Paniz G, Sbricoli L,
Magaz VR, Venezze AC, et al
Interproximal papilla stability around
CAD/CAM and stock abutments in
anterior regions: a 2-year prospective
multicenter cohort study. Int J
Periodontics Restorative Dent.
2017;37:657-65.

Boudabous E, Othmen IB, Khadhraoui B,
Kalghoum I, Hadyaoui D, Nouira Z, et al.
Abutment selection for anterior implant-

supported restorations. Int J Innov Sci
Res Technol. 2023;8:2122-6.

Ionescu RN, Totan AR, Imre MM, Tancu
AMC, Pantea M, Butucescu M, et al.
Prosthetic materials used for implant-
supported  restorations and their

133

80.

81.

82.

83.

84.

85.

86.

87.

biochemical oral interactions: a narrative
review. Materials. 2022;15:1016.

Att W, Kurun S, Gerds T, Strub JR.
Fracture resistance of single-tooth
implant-supported all-ceramic
restorations after exposure to the artificial
mouth. J Oral Rehabil. 2006;33:380-6.

Juneja S, Miranda G, Eram A, Shetty N,
Chethan KN, Keni LG. Investigating the
influence of all-ceramic prosthetic
materials on implants and their effect on
the surrounding bone: a finite element
analysis. Prosthesis. 2024;6:74-88.

Awan MRU, Asghar H, Raza H, Rasul F,
Baig MS. Porcelain metal ceramic crown
versus porcelain veneer: a clinical trial
investigating the success between the two
in the maxillary anterior teeth.
Professional Med J. 2018;25:709-13.

Sailer I, Makarov NA, Thoma DS,
Zwahlen M, Pjetursson BE. All-ceramic
or metal-ceramic tooth-supported fixed
dental prostheses (FDPs)- a systematic
review of the survival and complication
rates. Part I: Single crowns (SCs). Dent
Mater. 2015;31:603-23.

Shen XT, LiJY, Luo X, Feng Y, Gai LT,
He FM. Peri-implant marginal bone
changes with implant-supported metal-
ceramic or monolithic zirconia single
crowns: a retrospective clinical study of
1 to 5 years. J Prosthet Dent.
2022;128:368-74.

Rammelsberg P, Lorenzo Bermejo J,
Kappel S, Meyer A, Zenthofer A. Long-
term performance of implant-supported
metal-ceramic and all-ceramic single
crowns. J Prosthodont Res. 2020;64:332-
9.

Zembic A, Philipp AOH, Himmerle
CHF, Wohlwend A, Sailer . Eleven-year
follow-up of a prospective study of
zirconia implant abutments supporting
single all-ceramic crowns in anterior and
premolar regions. Clin Implant Dent
Relat Res. 2015;17:417-26.

Strasding M, Marchand L, Merino E,
Zarauz C, Pitta J. Material and abutment
selection for CAD/CAM implant-
supported fixed dental prostheses in
partially edentulous patients - a narrative



Necmettin Erbakan University Dental Journal (NEUDentJ)

88.

&89.

90.

91.

92.

93.

94.

95.

96.

97.

review. Clin Oral Res.

2024;35:984-99.

Nouh I, Kern M, Sabet AE, Aboelfadl
AK, Hamdy AM, Chaar MS. Mechanical
behavior of posterior all-ceramic hybrid-
abutment-crowns versus hybrid-
abutments with separate crowns-a
laboratory study. Clin Oral Implants Res.
2019;30:90-8.

Yazigi C, Kern M, Chaar MS, Libecki W,
Elsayed A. The influence of the
restorative material on the mechanical
behavior of screw-retained hybrid-
abutment-crowns. ] Mech Behav Biomed
Mater. 2020;111:103988.

Siadat H, Alikhasi M, Beyabanaki E.
Interim prosthesis options for dental
implants. J Prosthodont. 2017;26:331-8.

Implants

Chee WW. Provisional restorations in
soft tissue management around dental
implants. Periodontol 2000.
2001;27:139-47.

Nedir R, Bischof M, Briaux JM, Beyer S,
Szmukler-Moncler S, Bernard JP. A 7-
year life table analysis from a prospective
study on ITI implants with special
emphasis on the use of short implants.
Clin Oral Implants Res. 2004;15:150-7.

Castellon P, Casadaban M, Block MS.
Techniques to facilitate
provisionalization of implant
restorations. J Oral Maxillofac Surg.
2005;63:72-9.

Lewis M, Klineberg I. Prosthodontic
considerations designed to optimize
outcomes for single-tooth implants- a
review of the literature. Aust Dent J.
2011;56:181-92.

Deliberador TM, Begnini GJ, Tomazinho
F, Rezende CEE, Florez FLE, Leonardi
DP. Immediate implant placement and
provisionalization using the patient’s
extracted crown: 12-month follow-up.
Compend Contin Educ
Dent. 2018;39:¢18-¢21.

Di Giacomo GdAP, Magalhaes A, Ajzen
S. Immediate esthetic crown with a facet
of the extracted element. Eur J Dent.
2014;8:412-5.

Passos L, de Vasconcellos AB,

134

98.

Kanashiro L, Kina S. The natural
CAD/CAM anterior implant single tooth
restoration: a novel digital workflow. J
Esthet Restor Dent. 2023;35:1194-204.

Hsu ML, Chen FC, Kao HC, Cheng K.
Influence of off-axis loading of an
anterior maxillary implant: a 3-
dimensional finite element analysis. Int J
Oral Maxillofac Implants. 2007;22:301-
9.



Dis HEKiMI:iG.i B
N Ees DERGSi

Vol: 7 No: 1 Year: 2025 Case Report e-ISSN: 2687-5535
https://doi.org/10.51122/neudentj.2025.148

Supernumerary Mandibular Premolar Developing In Late
Stages During Orthodontic Treatment: A Case Report

Zeynep BASTABAN" ) fbrahim Erhan GELGOR?

I Res. Ass., Usak University, Faculty of Dentistry, Department Of Orthodontics, Usak, Tiirkiye, zeynep.bastaban@usak.edu.tr
2 Prof., Usak University, Faculty of Dentistry, Department Of Orthodontics, Usak, Tiirkiye, ibrahim.gelgor@usak.edu.tr

Article Info ABSTRACT

. . Supernumerary teeth represent one of the developmental anomalies observed in the jaws. While the precise
Article History etiology of supernumerary teeth remains incompletely understood, it is believed to arise from a combination
Received: 22.03.2024 of genetic and environmental factors. These additional teeth, which may appear singly or in multiples within

both the maxilla and mandible, typically manifest without symptoms. Notably, supernumerary premolar
teeth exhibit a greater prevalence in the mandible compared to other supernumerary types. Supernumerary

Accepted: 14.11.2024

Published: 28.04.2025 premolar teeth, which are similar to premolar teeth in terms of morphology, tend to form at a later stage

than the normal development period. Supernumerary teeth emerging during or subsequent to orthodontic
Keywords: treatment may occasionally be encountered. It is crucial to diagnose these teeth, typically detected
Premolar, incidentally during radiographic examinations, owing to the potential complications they may entail. In

instances where these supernumerary teeth remain undiagnosed, complications such as cyst formation, root
resorption, and dental crowding may arise, potentially compromising the stability of orthodontic treatment.
Therefore, the decision regarding whether to extract or monitor the supernumerary tooth should be
approached with caution, considering the balance between potential benefits and risks, in addition to a
thorough evaluation through detailed radiographic examination. This case report presents an instance of a
supernumerary tooth developing belatedly during orthodontic treatment in the mandibular right premolar
region of a 15-year and 11-month-old female patient.

Ortodontik Tedavi Sirasinda Ge¢ Donemde Gelisen Siipernumere Mandibular
Premolar: Vaka Raporu

Supernumerary tooth,
Orthodontic treatment.

Makale Bilgisi OZET

. Stipernumere disler genelerde goriilen gelisimsel anomalilerden biridir. Stipernumere dislerin etyolojisi tam
Makale Gegmisi olarak bilinmemekle beraber genetik ve gevresel faktdrlerin birlesiminden kaynaklandigi diisiiniilmektedir.
Gelis Tarihi: 22.03.2024 Hem maksilla hem de mandibulada tekli veya ¢oklu olarak goriilebilen siipernumere disler genellikle

asemptomatiktir. Stipernumere premolar dislere ise diger siipernumere diglerden farkli olarak daha gok

Kabul Tarihi: 14.11.2024 mandibulada rastlanmaktadir. Morfoloji bakimindan premolar dislere benzerlik gosteren siipernumere

Yaym Tarihi: 28.04.2025 premolar disler normal gelisim déneminden daha geg bir dénemde olugmaya egilim gdstermektedirler.

Ortodontik tedavi esnasinda veya sonrasinda da ge¢ donemde gelisim gosteren siipernumere dislere
Anahtar Kelimeler: rastlanilabilmektedir. Genellikle radyografik muayene sirasinda tesadiifen tespit edilen bu dislerin neden
Premolar, olabilecegi komplikasyonlar sebebiyle teshisi onemlidir. Teshis edilemedigi durumlarda kist olugumu, kok

rezorpsiyonu, c¢aprasiklik gibi komplikasyonlar goriilebilirken ayni zamanda ortodontik tedavinin
stabilitesini de tehlikeye atabilir. Detayli radyografik inceleme ile birlikte fayda/zarar iligkisi géz oniine
alinarak stipernumere disin ¢ekim veya takip karar1 dikkatle verilmelidir. Bu vaka raporunda, 15 yil 11
aylik kadin hastanin mandibular sag premolar bolgesinde ortodontik tedavi sirasinda ge¢ donemde geligim
gosteren siipernumere dis olgusu sunulmaktadir.

Siipernumere dis,
Ortodontik tedavi.
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INTRODUCTION

Supernumerary teeth, also known as
hyperdontia or extra teeth, are additional teeth
that develop in the jaws. The etiology of
teeth,
developmental anomaly, remains incompletely

supernumerary considered a
understood. While various theories have been
proposed to elucidate this condition, it is
generally assumed that both genetic and
contribute to its

environmental factors

manifestation.'™

Ethnicity is an important factor in the
prevalence of supernumerary teeth. Various
studies in the literature have reported that the
prevalence of supernumerary teeth varies
between 0.05% and 3.5%
populations.’ According to the results of a study

in different

conducted by Esenlik et al. ® on 2599 patients
with a mean age of 8.6 + 0.23 years, the
prevalence of supernumerary teeth in the
Turkish population is 2.7%. In a study
conducted by Celikoglu et al. ” on 3491 patients

aged between 12 and 25 years, the prevalence

of supernumerary teeth in the Turkish
population was found to be 1.2%.
The most prevalent type  of

supernumerary teeth is mesiodens, which is
localized between the upper central incisors. In
second place are distomolar teeth located
the teeth. Less
commonly, 'paramolar' and 'supernumerary

distally to third molar

premolars' located between two molar teeth can

be seen.>®®

Supernumerary premolar teeth constitute
8% to 9.1% of all supernumerary teeth.*10-13
Found in higher rates in the mandible compared
to the maxilla, these teeth bear resemblance to
permanent premolars in terms of shape and

1,10

morphology.

teeth, typically
asymptomatic, are usually detected incidentally

Supernumerary
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The
treatment of diagnosed supernumerary teeth

during radiographic  examinations.
may vary depending on their position, number,
and the risk of complications that may arise
from surgical extraction.'* In the presence of
supernumerary teeth, complications such as the
formation of dentigerous cysts, anomalies in the
eruption of permanent teeth, crowding, and

resorption of adjacent tooth roots may arise.'”

410121516 Fyrthermore, if not considered,
supernumerary  teeth could hinder the
application of dental implants in dental

treatments or the placement of mini implants
during orthodontic treatment. They can also
with orthodontic
mechanics or

closure
1,3,10

interfere space

root movements.
Additionally, ensuring stability in the outcomes
is a crucial objective of orthodontic treatment,
and a supernumerary tooth can significantly
impede this stability.® Considering all these
teeth should be

part of a comprehensive

factors, supernumerary
approached as
treatment plan. The ideal treatment option may
the the

supernumerary tooth. In cases where an

not always be extraction of
asymptomatic and unerupted supernumerary
tooth has no adverse impact on dentition,
monitoring rather than extraction may be
preferred. In a study conducted by Ezirganli et
al. °> it was determined that 39.32% of
supernumerary teeth were extracted, while

60.68% were kept under observation.

In the literature, supernumerary premolar
teeth that develop after the permanent dentition
are termed 'late-developing supernumerary
premolar teeth'. They typically emerge in the
premolar region of both the upper and lower
jaws. The decision regarding extraction or
follow-up of late-developing supernumerary
premolar teeth depends on numerous factors
and should be carefully planned due to potential
risks. Extraction of the tooth may be necessary

due to potential complications it may cause,



Supernumerary Mandibular Premolar Developing

In Late Stages During Orthodontic Treatment: A Case Report

while regular radiographic monitoring could be
considered in cases where surgical intervention
might jeopardize surrounding anatomical
structures. Radiographic examination holds
significant importance in both diagnosing and
treating supernumerary teeth. Upon diagnosis, it
is advisable to utilize advanced imaging
techniques such as cone beam computed
tomography (CBCT) or three-dimensional

computed tomography (3D CT).!:310:17.18

CASE REPORT

A 15-year-11-month-old female patient,
without any systemic disease, sought treatment
at the Orthodontics Department of Usak
the
cephalometric radiograph taken from the

University Faculty of Dentistry. In

patient, the cervical vertebral maturation was
the growth
development stage was determined to be CS5.

examined, and patient's
The cephalometric measurements indicated that
the patient had a skeletal Class I relationship
(SNA: 80.5, SNB: 78, ANB: +2.5), with vertical
dimension measurements within normal limits
(GoGn-SN: 33.4). The inclinations of the upper
and lower incisors were also found to be in a
normal position relative to the cranial base (U1-
NA: 223, LI-NB: 24.3). Following the
radiographic  assessment and intraoral
examination, the patient was diagnosed with
skeletal and dental Class I malocclusion (Figure
1). Both radiographic and clinical assessments
revealed no missing or supernumerary teeth in
the patient. The panoramic radiograph showed
that all teeth, except the third molars, had
erupted and no caries were present. It was
observed that the third molars were developing
in all four quadrants but had not yet erupted
(Figure 2). A non-extraction treatment plan was
devised for the patient, who exhibited dental
crowding in both the upper and lower jaws.

Orthodontic treatment using fixed appliances
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commenced, aiming to alleviate the crowding.
During the treatment, a 0.22 inch slot MBT
bracket system was used. The fixed orthodontic
treatment, which began with levelling using a
0.014 inch NiTi wire, was completed with the
use of a 0.019 x 0.025 inch SS wire, achieving
the ideal torque and angulation values for the
teeth. After 18 months of treatment, the
crowding was successfully resolved, and the
patient achieved an ideal occlusion with normal
overbite and overjet (Figure 3). Subsequently,
the fixed appliances were removed, and a
retention protocol was initiated. Fixed retainers
were applied to the canine-to-canine regions in
both the upper and lower jaws. Additionally, the
patient was provided with a removable retention
appliance, specifically Essix retainers, and
advised to use them full-time for the first 6
months and then only at night for the subsequent
6 months. However, in the panoramic
radiograph taken at the treatment's conclusion,
the presence of a supernumerary premolar
between the lower right first and second
premolars was noted (Figure 4). Since the
orthodontic treatment had been completed, and
all teeth were appropriately aligned, it was
decided to this
supernumerary tooth. Then, the patient and her

surgically  remove
family were informed and informed consent
the
supernumerary premolar was determined in

was  obtained.  Localization  of
three dimensions using cone beam computed
tomography (CBCT) before the
The surgical procedure was

carried out under local anaesthesia. Due to its

surgical
intervention.

position, the approach was made through a flap
raised from the vestibule to access the impacted
tooth. The supernumerary tooth germ was
extracted without damaging the adjacent tooth
roots, and the flap was then closed. (Figures 5,
6, and 7).
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Figurel: Intraoral initial photographs.

Figure 4: Panoramic radiograph taken after 18 months of treatment. Supernumerary tooth formation is observed
in the lower right mandibular premolar region.
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Figure 5: 3D view of the supernumerary premolar tooth with CBCT.
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DISCUSSION

Supernumerary teeth can be seen singly
or in multiples. While the likelihood of multiple
supernumerary teeth being associated with
various syndromes such as Gardner syndrome,
Cleidocranial dysplasia, and Crouzon disease is
they
syndromically.""#%113.16 Tt has been reported

higher, can also occur non-
that supernumerary premolar teeth, unlike other
supernumerary teeth, predominantly occur in
the mandible and exhibit premolar tooth
Additionally,

supernumerary teeth tend to develop later than

morphology. these
the normal teeth in the area. It has been reported
that premolar teeth typically begin to calcify
around the age of 1,5 to 2,5 years but may not
be detectable on radiographs until the age of 3
or 4. Late-developing supernumerary premolar
teeth are reported to form around the age of 10
to 15.1,3,10,13

coincides with the young adult period, during

Since this age range generally

which orthodontic treatments are frequently
performed, it is important for orthodontists to
conduct regular radiographic follow-ups.

Other of
supernumerary premolar teeth have also been

instances late-developing
documented in the literature.»>!% 131519 n the
study by Suga et al. ', the presence of multiple
supernumerary premolar teeth, including those
in the lower and upper jaw, has been detected at
the age of 16 in a patient who underwent early
orthodontic
orthognathic surgical planning after permanent

treatment and received
dentition. Subsequently, the teeth have been
removed. When the patient reached the age of
20, a panoramic radiograph taken before
orthognathic surgery has revealed the presence
of another late-developing supernumerary
premolar in the mandibular premolar region.
The authors have been emphasized that periodic
radiographic follow-up is crucial for patients
with a history of supernumerary teeth. In the

another study of Paduano et al. * , late-
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developed supernumerary premolar teeth have
been found in 4 cases over the age of 14, and
extraction or periodic follow-up has been
performed, taking into account the benefit/harm
relationship along with detailed radiographic
examination. In the study by Oztiirk et al. ! , a
panoramic radiograph taken from an 11-year-8-
month-old female patient prior to orthodontic
treatment revealed no supernumerary tooth.
However, a radiograph taken 10 months after
the commencement of treatment incidentally
showed the formation of a new tooth. As the
patient was in the final stages of orthodontic
treatment, and the supernumerary tooth was
deemed to offer no aesthetic or functional
benefit, the decision was made to extract the
supernumerary tooth.

In our case, since orthodontic treatment
was completed, the supernumerary tooth that
appeared later had a recurrence effect on the
treatment results. In addition, it was thought
that if the extraction was postponed, its
proximity to the mental nerve, as seen from the
three-dimensional images, could cause greater
The three-
images obtained allowed the

complications in the future.
dimensional
removal of this tooth without damaging both the
teeth and the mental nerve.

CONCLUSION

Orthodontists  should consider the
possibility of late-developing supernumerary
teeth after the completion of permanent
dentition. If there is a delay or failure in the
expected tooth movement during orthodontic
treatment, or if placed mini implants fail, the
presence of late-developing supernumerary
teeth should be considered. In addition to
optimum occlusion criteria,
orthopantomographic examinations will be
routine controls after

useful in annual

orthodontic treatment.
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