CONTENTS / iCINDEKILER

ORIGINAL ARTICLES / OZGUN ARASTIRMALAR

In Vitro Volumetric Evaluation of Oval-Shaped Root Canals Filled with Five Different Obturation

Techniques
Bes Farkli Obturasyon Teknigi ile Doldurulmus Oval Sekilli Kok Kanallarinin in Vitro Hacimsel
Degerlendirilmesi

Gizem COLAKOGLU, Isil KAYA BUYUKBAYRAM, Sana AL-SHAMMARI .........ovvveoroeeeeeeee oo, 1

Evaluation of the Frequency of Artifacts in CBCT Depending on the Different Size of Field of View
KIBT’ta Karsilasilabilen Artefaktlarin Farkli Goriintiileme Alanlarinda  Goriilme  Sikliginin
Degerlendirilmesi

Elif Polat BALKAN, Burak INCEBEYAZ, Hatice Ahsen DENIZ, Hakan EREN ........c.ccooieeieeeieeeeeeeeeeeeenns 8

Cerrahi Olmayan Periodontal Tedavinin Evre I1I Derece C Periodontitisli Hastalarda Diseti Olugu

Sivisindaki Interlokin — 26 ve Interlokin-6 Seviyelerine Etkisi

Effects of Non-Surgical Periodontal Treatment on Gingival Crevicular Fluid Levels of Interleukin 26
and Interleukin 6 at Stage III Grade C Periodontitis Patients

Nadin GEMREKOGLU, H. Selin YILDIRIM .........ccccccoriuiieiiuieeeieeeeeeseeeeesseesaess s ses s aeen 16

Evaluation of Artifacts Produced by Different Dental Crown Materials on Ultrashort Echo Time
Magnetic Resonance Imaging

Farkli Dental Kron Materyalleri Tarafindan Uretilen Artefaktlarin Ultrashort Echo Time Manyetik
Rezonans Goriintiileme Uzerinde Degerlendirilmesi

Mehmet SERINDERE, Gézde SERINDERE, Ceren AKTUNA BELGIN, Hiiseyin Berkay BELGIN ............... 23

Klorheksidinin Insan Dis Eti Fibroblast Hiicre Canlihg1 ve Sitotoksisitesi Uzerindeki Etkilerinin

In Vitro Degerlendirilmesi

In Vitro Evaluation of Effects of Chlorhexidine on Human Gingival Fibroblasts Cell Viability and
Cytotoxicity

Gozdem BAYRAKTAR, Ayse Mine YILMAZ GOLER, Hafize OZTURK OZENER ........ccccccoovivevruerrennn. 27



CASE REPORTS / OLGU SUNUMLARI

Fasiyal Selliilit Tablosuyla Basvuran Hastanin Acil Endodontik Tedavisi : Olgu Sunumu

Emergency Endodontic Treatment of a Patient Presenting with Facial Cellulitis: Case Report
Damla ILKGELEN, Emre IRIBOZ, Hesna SAZAK OVECOGLU......oovuiueueeeeeeeeeeeeeeeeeeeeeeeeeeeeereseeeeeeenenan 33

Travma Sonucu Intriize Olmus Bir Disin Uzun Dénem Takibi: Olgu Sunumu

Long Term Follow-up of an Intrused Tooth as a Result of Trauma: Case Report
Ecem AZGARI, Hesna SAZAK OVECOGLU ......cvueeoieeeeeeeee oo s ese e eesese e eeeses s eneeenenans 37

REVIEW / DERLEME

Hiperlipideminin Periodontal Hastaliklar Uzerine Etkisi

Effect on Hyperlipidemia on Periodontal Diseases
Basak Funda EKEN, Nihal SEHKAR OKTAY ..ottt ettt et 41

Silver Diamine Fluoride in Pediatric Dentistry
Cocuk Dis Hekimliginde Giimiis Diamin Floriir
Ceren CARLI Figen SEYMEN ..ottt ettt ettt e et e e taeessseessbaessbeeessaeensaeensseensseensns 47



European Journal of Research in Dentistry 2023; 7(1): 1-7
DOI: http://dx.doi.org/10.29228/erd.36

ORIGINAL ARTICLE / ARASTIRMA MAKALESI

In Vitro Volumetric Evaluation of Oval-Shaped Root Canals Filled
with Five Different Obturation Techniques

Bes Farkl1 Obturasyon Teknigi Ile Doldurulmus Oval Sekilli Kok Kanallarinin in Vitro Hacimsel

Degerlendirilmesi

Gizem COLAKOGLU “, Isil KAYA BUYUKBAYRAM *“, Sana AL-SHAMMARI

ABSTRACT

Objectives: This in vitro study aimed to compare the volumes
of unfilled areas in oval-shaped root canals filled with five different
obturation techniques after minimally invasive root canal shaping
using cone beam computed tomography (CBCT).

Materials and Methods: 50 extracted mandibular premolars
with oval-shaped root canals were used. Root canals were
instrumented with K3 files (Kerr, USA) to size #30.04. Then, the
samples were randomly distributed into five groups and obturated
with different techniques; single cone technique with AH plus
(Group A), single cone technique with BIO-C® SEALER (Group
B), modified lateral condensation technique with AH Plus using
0.04 GP (Group C), conventional lateral condensation technique
with AH Plus using 0.02 GP (Group D) and continuous warm
compaction with AH plus (Group E). All teeth were scanned using
CBCT before and after obturation. Volume of voids was calculated
in each third of the root canal using 3D Doctors software. Kruskal-
Wallis and post hoc Dunn tests were used for statistics (p<0.05).

Results: Group E showed the least mean volume percentage
of voids, whereas Group A showed the highest mean volume
percentage of voids in the coronal third, the middle third and
overall. However, in the middle and apical thirds, there was no
statistically significant difference between the groups regarding
the mean volume percentage of voids (p>0.05).
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Conclusion: The obturation technique effected the quality of
obturation minimally in the middle and apical thirds of oval-shaped
root canals. The single cone techniques had a higher percentage
volume of voids than the continuous wave compaction technique.
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Amag: Bu in vitro ¢alisma, minimal invaziv kok kanal
sekillendirilmesi sonrast bes farkli obturasyon teknigi ile
doldurulmus oval sekilli kok kanallarindaki doldurulmamig
alanlarin hacimlerini konik 1sinli bilgisayarli tomografi (KIBT)
kullanilarak karsilastirmay1 amaglamistir.

Gere¢c ve Yontemler: Oval sekilli kanala sahip 50 adet
¢ekilmis alt kiigiik az1 digi kullanilmistir. Kok kanallart 30.04°e
kadar K3 egeler (Kerr, USA) ile sekillendirilmistir. Daha
sonra Ornekler rastgele 5 gruba dagitilmis ve bes farkli teknikle
doldurulmusgtur; AH Plus ile tek kon teknigi (Grup A), BIO-C®
SEALER ile tek kon teknigi (Grup B), AH Plus ile modifiye lateral
kondansasyon teknigi 0.04 taper master giita kulanilarak (Grup C),
AH Plus ile lateral kondansasyon teknigi 0.02 taper master giita
kullanilarak (Grup D) ve AH Plus ile devaml1 1s1 ile kompaksiyon
teknigi (Grup E). Obturasyon dncesi ve sonrasi tiim disler KIBT
ile goriintiilenmistir. 3D Doctors yazilimi ile kanalin her bir
ucliistindeki bosluklarin hacmi hesaplanmigtir. Kruskal-Wallis ve
post hoc Dunn testleri istatistik i¢in kullanilmistir (p<0.05).

Bulgular: Koronal tiglii, orta ticlii ve toplam olmak tizere, Grup
E en az ortalama bosluk hacmi yiizdesini gosterirken Grup A ise en
yliksek ortalama bosluk hacmi yilizdesini gostermistir. Ancak, orta
ve apikal ticliide gruplar arasinda ortalama bosluk hacmi yiizdesi
agisindan istatistiksel olarak anlamli bir faklilik yoktur (p>0.05).

Sonug: Obturasyon teknigi, oval sekilli kok kanallarinin orta
ve apikal ticliistindeki obturasyon kalitesini minimum etkilemistir.
Tek kon teknikleri, devamli 1s1 ile kompaksiyon teknigine gore
daha fazla bosluk hacim yiizdesine sahiptir.

Anahtar Kelimeler: Obturasyon teknikleri, Oval sekilli kanal,
Konik 151l bilgisayarli tomografi, Hacimsel degerlendirme
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INTRODUCTION

Three-dimensional (3D) hermetic obturation of the
canal space is a critical stage of root canal therapy that
impacts treatment outcomes (Kojima et al., 2004; Schaefter
et al., 2005). Voids within the root canal system may cause
treatment failures. The proliferation of microorganisms
resistant to chemomechanical preparation or having
secondary access to the root canal system in these unfilled
spaces results in the re-infection of periapical tissues
(Whitworth, 2005; Schilder, 2006). Therefore, the quality
of endodontic obturation directly influences the treatment
success and depends on the level and density of the filling
(Clinton&Van Himel, 2001; Al-Ashou et al., 2021).

A wide variety of obturation techniques with different
filling materials have been proposed to ensure the hermetic
sealing of the root canal system so far (Zan&Demir, 2021).
Due to its simplicity and low cost, the most known and
widely used obturation technique is the lateral condensation,
which is also considered a reference method for evaluating
other techniques (Whitworth, 2005; Kalantar Motamedi et
al., 2021). The conventional lateral condensation technique
is based on the condensation of an ISO-standardized master
guta which fits the size of apical constriction and additional
auxiliary cones applied to the root canal with a spreader
(Kalantar Motamedi et al., 2021). However, voids may
occur between accessory gutta-percha (GP) cones and root
canal walls because these cones cannot be fully adapted
to the irregularities of the root canal walls. Moreover, this
technique is time-consuming (Collins et al., 2006; Kalantar
Motamedi et al., 2021). To overcome these disadvantages,
the lateral condensation technique can be modified by using
a more tapered master gutta (0.04 or 0.06 taper) which
requires fewer auxiliary cones to fit closely into the prepared
root canal space (Kalantar Motamedi et al., 2021).

In a single cone technique, a more tapered master GP
matching the size of the final shaping instrument is inserted
into the root canal with a sealer. Although being a simple
technique with a short working time, the increase of sealer
thickness in oval-shaped canals may result in void formation
due to the dimensional shrinkage of the sealer during the
setting (Whitworth, 2005; Kalantar Motamedi et al., 2021).
Recently bioceramic sealers have been suggested for this
method due to their sealing ability and slight expansion after
setting (Al-Ashou et al., 2021). Besides cold techniques,
several thermo-plasticized GP obturation methods have
been suggested with their superiority in producing well-
dense GP compared to cold techniques (Bhandi et al., 2021).

The recent focus of endodontics is to clean and shape the
root canal space while preserving the strength of the tooth.
Utilizing low-tapered nickel-titanium (Ni-Ti) files for the
conservative preparation of root canals have been suggested
to maintain the structural integrity of peri-cervical dentin as
much as possible (Gluskin et al., 2014). Even in minimally
invasive root canal preparation with minimal taper, current
irrigant activation techniques appear to adequately clean the
middle and coronal thirds of the root (Plotino et al., 2019).

There have been many studies demonstrating that it is
challenging to instrument and fill the root canals entirely
in oval-shaped canals (Ozawa et al., 2009). As far as we
know, no studies have been done to see how different
filling techniques affect the quality of obturation in oval-
shaped canals that were shaped using a minimally invasive
instrumentation approach. Therefore, this in vitro study
aimed to compare the volume of unfilled spaces in oval-
shaped root canals filled with five different obturation
techniques; single cone with AH plus, single cone with
BIO-C® SEALER, modified lateral condensation with
master GP 0.04 taper, conventional lateral condensation
with AH Plus using master GP 0.02 taper, continous warm
compaction (Eighteeth Fast pack, Fast Fill) with AH plus.
The null hypothesis of the study was that there would be
no significant difference regarding the percentage volume
of voids between the canals obturated with five different
techniques.

MATERIALS and METHODS

The protocol of this in vitro study was approved by the
Ethics Committee of Istanbul Aydin University (Protocol
no: B.30.2.AYD.0.00.00-050.06.04/146). Human extracted
mandibular premolar teeth due to periodontal or orthodontic
indications were collected for the study and stored in saline.
Initially, bucco-lingual and mesio-distal views of each tooth
were obtained using digital periapical radiographs. Teeth
with single canal having a ratio of long to short diameter
of more than 2, at the 5 mm level and a root curvature less
than 10°, as determined by the Schneider’s technique were
included in the study (Schneider, 1971). Teeth with immature
apices, endodontically treated teeth or teeth with root caries,
root resorption, root canal obstruction or restorations and
fractured teeth were excluded from the study. Based on
periapical images, a total of 50 mandibular premolar teeth
were deemed suitable for the study.
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Tooth preparation

After preparing access cavity, working length was
determined using the visual method by inserting10-K file
into the root canal until the tip reached the apical foramen.
The distance between the reference point to the tip of the
instrument was measured and the working length was
recorded as 1 mm less than that distance (Olczak et al.,
2022). The specimen was placed in a red wax from the
cemento-enamel junction to apical foramen to stimulate in
vivo conditions. Then, they were embedded into cold-cured
acrylic resin blocks. All canals were instrumented with K3
files (Kerr, USA) to size #30.04 taper and irrigated with
2.5% sodium hypochlorite between each file, finally with
17% EDTA for 1 minute and normal saline (5 mL). After all,
the canals were dried out with paper points.

Volumetric evaluation before obturation

Biomechanically prepared root canals were scanned
with the exposure parameters of 90 kV, 5 mA, 30.8 sec,
250 um voxel size and field of view (FOV) of 40x40 mm
using the 3D Accuitomo 170 system (J. Morita, Kyoto,
Japan). Then, images were transferred into the 3D Doctor
software (Able Software Corp., Lexington, MA, USA) for
3D volumetric analysis. Before obturation, the volume of
the root canal was measured in each third of the root canal
(coronal, middle, apical) (Fig. 1).

GROUPA GROUPB GROUP C GROUPD GROUPE

Figure 1: Axial CBCT sections (a: Coronal third, b: Middle third,
c: Apical third) and 3D reconstruction models (d: Coronal third,
e: Middle third, f: Apical third) of mandibular premolar teeth
after filled with five obturation techniques. In 3D models, filling
materials are in the green color and voids are in the blue color

Obturation of root canals

After instrumentation of the canals, teeth were randomly
distributed into 5 groups (n=10):

1. Group A : A 30.04 GP cone was placed into the
canal in the working length. Then, the apical third

of GP was coated with resin based sealer (AH Plus,
DENTSPLY) and was placed into the canal. An
endodontic plugger was used gently to condensate
the coronal part of the GP.

Group B : A 30.04 GP cone was placed into the
canal in the working length. Then, Bio ceramic
sealer (BIO-C® SEALER angulus) was delivered
into the apical third of the root canal using an
intracanal tip. Also, the apical third of GP was
coated with the sealer and gently inserted into the
canal, and an endodontic plugger was used gently
to condensate the coronal part of the GP.

Group C: A 30.04 GP cone was inserted to the
working length into the canal. Then, the apical
third of GP was coated with resin based sealer (AH
Plus, DENTSPLY) and was placed into the canal.
A #25 spreader (Mani, Tochigi, Japan) was inserted
into the canal adjacent to the master cone at a 2
mm distance from the working length. Accessory
GP points were placed in the space created by the
spreader immediately after its removal.

Group D: A 30.02 GP cone was placed into the
canal in the working length. Then, the apical third
of GP was coated with resin based sealer (AH
Plus, DENTSPLY) and placed into the canal. A
#25 spreader (Mani, Tochigi, Japan) was inserted
into the canal adjacent to the master cone at a 2
mm distance from the working length. Accessory
GP points were placed in the space created by the
spreader immediately after its removal. The canal
was filled until a size 25 finger spreader (VDW,
Antaeos, Munich, Germany) could not go deeper
than 3 mm.

Group E: A 30.04 GP cone was placed into the
canal to the working length. The GP cone was
down-packed using a continuous wave obturation
technique with 04-50 heating condenser attached
to Fast pack (Eighteeth China), leaving 3-4 mm
of the remaining GP mass in the apical section.
The remaining GP mass was vertically condensed
with a size 30 hand plugger. Then, 2-3 mm of
thermoplasticized warm GP was injected into the
canal in 3 stages for backfill process using Fast fill
(Eighteeth China) back fill obturation system with a
23-gauge needle tip.
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Finally, a bonding agent (G-Premio bond, GC Corp.,
Tokyo, Japan) and a composite resin (Beautifil Flow, Shofu
Inc., Kyoto, Japan) were used to seal the access openings of
the teeth and all samples were kept at a relative humidity of
100% and 37°C for 7 days.

Volumetric evaluation after obturation

Obturated root canals were scanned with the same
exposure parameters using the 3D Accuitomo 170 system
(J. Morita, Kyoto, Japan). Then, the volume of filling
material after obturation was measured in each third of the
root canal (coronal, middle, apical) using the 3D Doctor
software (Able Software Corp., Lexington, MA, USA) (Fig.
1). Void volume was calculated by subtracting the volume
of filling material from the volume of root canal. Also, the
percentage volume of voids was recorded.

Statistical analysis

The data were analyzed using the Statistical Package for
the Social Sciences (SPSS, version 22; Armonk, NY: IBM
Corp.). Normal distribution of parameters were determined
using Shapiro Wilks and Kolmogorov-Smirnov tests.
Kruskal-Wallis Test was performed to verify differences
between the groups and Dunn’s test was performed for post
hoc evaluation. The intra-observer reliability in measuring
the volume of root canals was calculated using intra-class
correlation coefficient (ICC). The statistical significance
level was set to p< 0.05.

RESULTS

The ICC’s revealed high intra-observer reliability for
volume measurements before and after obturations (Table

).

Table 1: Intra-observer reliability for volume measurements

ICC %95 CI p
Before obturation 0.999 0.996-1.000 0.001*
After obturation 0.996 0.989-0.999 0.001*

1CC, Intraclass Correlation Coefficient; C/, Confidence interval *p<0.05

Regarding the mean volume percentage of voids, in the
coronal third, the middle third and overall, group E showed
the least mean volume percentage (0.22+0.68, 0.11+0.15,
0.35+0.58; respectively) whereas Group A showed the
highest mean volume percentage (22.67+20.42, 8.83+16.23,

16.66+17.48; respectively). However, in the apical third, the
mean volume percentage of voids was the highest in Grup C
(11.23£17.9) and the lowest in Group D (1.29+2.6) (Table 2).

Table 2: Mean and standart deviations of percentage volume of
voids (%) in the study groups

Coronal . . Apical
third Middle third third Overall
Mean+SD Mean+SD Mean+SD Mean+SD
(median) (median) (median)  (median)
22.67+20.42 . 324526 16.6617.48
Group A 218y 8.83+16.23 (0) (0 (11.6y
12.38+13.14 2.184£6.61 8.714£8.2
Group B ) 2.44+7.73 (0) ) .
PE (4.3 O oy (6.6)
7.09+11.75 11.23+17.9 6.71£9.92
j: a
Group C 0.7 3.71£8.06 (0) (0 (18)*
1.29£2.6  0.76+1.07
+ b + a
Group D 0.55£1.25 (0)° 1.09£2.8 (0) O 0.2)*
+ +
Group E 0.22+0.68 (0)° 0.11£0.15 (0)* Z'OZ 489 0'3C5 0.58
(0) (0)
p 0.001* 0.188 0.644 0.001*

Kruskal Wallis Test *p<0.05
Note: Different superscript letters in each column indicate significant
difference.

Overall, the mean volume percentage of voids in Group
A and Group B were statistically higher than group D
(p=0.002; p=0.009, respectively) and group E (p=0.001).
Also, Group C had significantly higher mean volume
percentage of voids than Group E (p=0.028) (Table 2).

In the coronal third, the mean volume percentage of voids
in Group A and Group B were statistically higher than group
D (p=0.007; p=0.032, respectively) and group E (p=0.002;
p=0.011, respectively) whereas there was no significant
difference between the other groups (p>0.05) (Table 2).

In the middle third and apical third, there was no
statistically significant difference between the groups
regarding the mean volume percentage of voids (p=0.188;
p=0.644, respectively) (Table 2).

DISCUSSION

This in vitro study aimed to compare the volume of
unfilled spaces in oval-shaped root canals instrumented with
minimally invasive approach and filled with five different
obturation techniques. The study’s findings revealed a
significant difference between the obturation techniques
regarding the volume of voids. Thus, the null hypothesis
was rejected.
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Hermetic root canal filling is crucial to prevent reinfection
and is associated with the absence of empty spaces after
endodontic treatment (Hammad et al., 2009). Nevertheless
the filling quality of the root canals can be affected by the
cross-sectional shape of the root canal, which may differ in
round, oval, long oval, flattened or irregular morphologies
(Jou et al., 2004; Deus et al., 2006). It has always been
challenging to obturate the oval-shaped root canals compared
to the root canals with a round cross-section (Ozawa et al.,
2009). In recent years, especially with the understanding of
the importance of irrigation and the effective use of irrigation
activation systems, minimally invasive instrumentation
has been recommended in endodontic treatment with the
philosophy of improving resistance to tooth fracture by
preserving the structural integrity of peri-cervical dentin (Tang
et al., 2010). Therefore, the present study was conducted in
oval-shaped root canals, which were instrumented with low-
tapered Ni-Ti files.

Mandibular premolars were used in this study because they
are usually oval-shaped, providing a better test of a technique’s
ability to fill irregularities (Wu et al., 2001). Mandibular
premolar teeth with single canal having a ratio of long to
short diameter of more than 2, at the 5 mm level and a root
curvature less than 10° were included in the present study,
in order to standardize the anatomic variance and create well
balanced experimental groups. The same operator performed
all procedures and was adequately trained in them. In addition,
only one periapical radiograph was taken to confirm the
adaptation of GP master cone and to avoid operator bias.

In the present study, canals obturated with single cone
technique using Ah Plus sealer (Group A) had a higher
mean volume percentage of voids than in those obturated
with single cone technique using Bioceramic sealers (Group
B), which is smilar to those reported by Zare et al (2021).
However, this result is in contrary to the findings of Viapiana
et al (2016) and De-Deus et al (2022). The differences of
findings between the studies could be explained by variable
factors of the methodology employed in the studies including
sample selection, quality of instrumentation, whether
irrigation activation system is used or not, evaluation
method, skill and experience of operators.

During obturation, the single cone technique eliminates
the need of additional accessory cones without inducing
excessive forces on root canal walls. Additionally, using
a larger tapered master cone results in increased amount
of GP in the canal. This technique is also simple to apply
(Whitworth, 2005). However, the cross-sectional shape of

Ni-Ti rotary files is primarily round, and while preparing
root canals with Ni-Ti files, the file is located in the
widest part of the canal and works in this region (Metzger
et al., 2010). If the root canal has a round shape in cross-
section, the preparation can entirely enclose the original
canal, whereas in oval-shaped root canals, which are quite
common, there may be areas that remain untouched after
preparation, especially in the buccal or lingual part of the
canal (Wu & Wesselink, 2001). Unfortunately, using larger
files in the preparation to include these untouched areas may
result in excessive thinning of the mesial and distal walls of
the root and, subsequently in strip perforation (Rundquist
& Versluis, 2006). Therefore, irregularities in the walls of
oval-shaped canals may occur due to preparation with the
rotary files. Then, these irregularities cannot be filled, and
voids may occur in these regions.

De-Deus et al. (2008) found that the GP filled areas after
obturation of oval-shaped root canals were significantly
higher in thermoplasticized techniques than in the lateral
condensation technique. Similarly, group E which is a
thermoplasticized technique, showed the least mean volume
percentage of voids in the present study. Furthermore,
Ozawa et al. (2009) measured the cross-sectional area of
sealer cement and GP occupied in the canal space of oval-
shaped root canals obturated with three different techniques
(single cone, lateral condensation technique, and Thermafil).
Among these techniques, in the coronal and middle thirds of
the root canal, Thermafil had the lowest percentage of sealer
and the highest percentage of filling material. Although the
sealer-to-GP ratio was not calculated in the present study,
the volume of filling material was greatest in the coronal
and middle thirds of root canals obturated with warm GP
technique (Group E).

In a recent micro-computed tomography (micro-CT)
study, single cone and lateral condensation techniques
showed similar volume percentages of voids (Penha da
Silva et al., 2021). Contrary to the aforementioned study, in
the present study, it was found that single-cone techniques
(Groups A and B) had higher mean volume percentage of
voids than conventional lateral condensation technique
(Group D). This difference could be explained by taper
and tip size difference of master cones utilized in the
studies. Although Penha da Silva et al. (2021) used 0.02
taper master cone with apical size 50 in applying single
cone technique , the diameter of master cone at the fifth
millimeter from the tip was 0.60 mm. However, in the
present study 0.04 taper tip size 30 cone was used and at the
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fifth millimeter from the tip diametrer of cone was 0.46 mm.
This means that although the taper size was small, it fills
more places than 0.04 taper. In addition, the use of different
brands of bioceramic sealer (Endosequence BC&BIO-C®
SEALER angulus) and different evaluation methods (micro-
CT&CBCT) may have an impact on the differences between
the findings of the studies. The mean percentage volume of
voids was found to be higher in the coronal third of the root
canal obturated with single cone techniques using either AH
Plus or Bioceramic in the present study. According to our
observation, the taper of the GP was insufficient to disperse
the sealer properly in the cavities.

Despite the various obturation techniques used in the
present study, none of them were able to completely fill the
root canal space, which was consistent with previous reports
(Keles et al., 2014; Kalantar Motamedi et al., 2021; Dhangar
et al., 2022). In group E, the middle third of the root canal
showed the least volume percentage of voids, which means
excellent adaptation of filling material in the middle third.
Besides, among the lateral condensation techniques, in the
apical region, the mean volume percentage of voids was
found to be the highest in Grup C and the lowest in Group
D. This result may be due to the inability of lateral cones to
be appropriately placed in the apical region next to the more
tapered (0.04) master GP cone (Keles et al., 2014).

Micro-CT imaging is considered to be the gold standart
for in vitro stuides of root canals (Celikten et al., 2019).
However, it cannot be used regularly in clinical routines.
Therefore, CBCT has been an alternative to micro-CT due
to its applicability in humans, which was the main reason
of choosing CBCT as imaging method in the present
study. Unfortunately, one of the main limitations in post-
endodontic assessment of root canals using CBCT is the
presence of artefacts depends on the density of materials
such as GP, root canal sealers and/or other hyperdense
materials which results in reduced image quality and
overestimation of root canal filling volume (Celikten et
al., 2019; Rodrigues et al., 2021). Various procedures for
reducing artifacts and improving image quality have been
proposed in some CBCT devices, including the exposure
parameters of higher kVp, higher mA, restricted FOV with
the target object in its center or the use of metal artefact
reduction algorithms (Rodrigues et al., 2021). Therefore,
the exposure parameters were selected with the guidance
of previous reports (Celikten et al., 2019; Rodrigues et al.,
2021). Additionally, the CBCT device used in the present
study was one of the most preferred device, specifically

used for post-endodontic evaluations with higher resolution
and low metal artefact formation (Celikten et al., 2019).
Besides, ICCs of the observer indicated high reliability of
the volumetric evaluations. However, clinicians should keep
in mind that there have been several sealers with different
material compositions, which can result in different artifacts
on CBCT images. Therefore, it should be possible to select
materials that are affected by artifacts as little as possible
(Celikten et al., 2019; Miyashita et al., 2021).

The present study has some limitations. It was difficult
to precisely control the pressure applied during GP
cone placement, which may have influenced the sealer
distribution in empty spaces in the single cone techniques.
The operator’s familiarity and hand manipulation with the
obturation methods might have an impact on the results.

CONCLUSION

Based on our findings, the obturation technique effected
the quality of obturation minimally in the middle and apical
thirds of oval-shaped root canals. The single cone techniques
had a higher percentage volume of voids than the continuous
wave compaction technique, which led to better adaptation of
GP to the canal space in the coronal and middle thirds.

ACKNOWLEDGEMENTS

This study was not supported by a grant or any other
kind of funding.

REFERENCES

1.  Al-Ashou WMO, Al-Shamaa RM, Hassan SS. Sealing Ability
of Various Types of Root Canal Sealers at Different Levels of
Remaining Gutta Percha After Post Space Preparation at Two
Time Intervals. J. Int. Soc. Prev. Community Dent. 2021;
11(6):721-728.

2. Bhandi S, Mashyakhy M, Abumelha AS, Alkahtany MF,
Jamal M, Chohan H, Raj AT, Testarelli L, Reda R, Patil
S. Complete Obturation-Cold Lateral Condensation vs.
Thermoplastic Techniques: A Systematic Review of
Micro-CT Studies. Materials (Basel). 2021;14(14):4013.

3. Celikten B, Jacobs R, De Faria Vasconcelos K, Huang Y,
Shaheen E, Nicolielo LFP, Orhan K. Comparative evaluation
of cone beam CT and micro-CT on blooming artifacts
in human teeth filled with bioceramic sealers. Clin. Oral
Investig. 2019;23(8):3267-3273.

4.  Clinton K, Van Himel T. Comparison of a warm gutta-percha
obturation technique and lateral condensation. J. Endod.
2001;27(11):692-695.



European Journal of Research in Dentistry 2023; 7(1): 1-7

Colakoglu et al. 7
Volumetric Evaluation of Obturation Techniques

10.

11.

12.

13.

14.

15.

16.

17.

18.

Collins J, Walker MP, Kulild J, Lee C. A comparison of
three gutta-percha obturation techniques to replicate canal
irregularities. J. Endod. 2006;32(8):762-765.

De-Deus G, Reis C, Beznos D, de Abranches AM, Coutinho-
Filho T, Paciornik S. Limited ability of three commonly used
thermoplasticized gutta-percha techniques in filling oval-
shaped canals. J. Endod. 2008;34(11):1401-1405.

De-Deus G, Santos GO, Monteiro 1Z, Cavalcante DM,
Simdes-Carvalho M, Belladonna FG, Silva E, Souza EM,
Licha R, Zogheib C, Versiani MA. Micro-CT assessment of
gap-containing areas along the gutta-percha-sealer interface
in oval-shaped canals. Int. Endod. J. 2022;55(7):795-807.
Deus GD, Murad CF, Reis CM, Gurgel-Filho E, Coutinho
Filho T. Analysis of the sealing ability of different obturation
techniques in oval-shaped canals: a study using a bacterial
leakage model. Braz. Oral Res. 2006;20(1):64-69.

Dhangar K, Shetty P, Makandar SD, Bapna PA, Ghani N,
Bakar WZW, Metgud S. Comparative Evaluation of the
Percentage of Gutta-percha Filled Areas in Canals Obturated
with Different Obturation Techniques. J. Contemp. Dent.
Pract. 2022;23(2): 176-180.

Gluskin AH, Peters CI, Peters OA. Minimally invasive
endodontics: challenging prevailing paradigms. Br. Dent. 1.
2014;216(6):347-353.

Hammad M, Qualtrough A, Silikas N. Evaluation of root
canal obturation: a three-dimensional in vitro study. J Endod.
2009;35(4):541-544.

Jou YT, Karabucak B, Levin J, Liu D. Endodontic working
width: current concepts and techniques. Dent Clin North Am.
2004;48(1):323-335.

Kalantar Motamedi MR, Mortaheb A, Zare Jahromi M, Gilbert
BE. Micro-CT Evaluation of Four Root Canal Obturation
Techniques. Scanning. 2021;6632822.

Keles A, Alcin H, Kamalak A, Versiani MA. Micro-CT
evaluation of root filling quality in oval-shaped canals. Int.
Endod. J. 2014;47(12):1177-1184.

Kojima K, Inamoto K, Nagamatsu K, Hara A, Nakata
K, Morita I, Nakagaki H, Nakamura H. Success rate of
endodontic treatment of teeth with vital and nonvital pulps. A
meta-analysis. Oral Surg. Oral Med. Oral Pathol. Oral Radiol.
Endod. 2004;97(1):95-99.

Metzger Z, Teperovich E, Zary R, Cohen R, Hof R. The
self-adjusting file (SAF). Part 1: respecting the root
canal anatomy-a new concept of endodontic files and its
implementation. J Endod. 2010;36(4):679-690.

Miyashita H, Asaumi R, Sakamoto A, Kawai T, Igarashi M.
Root canal sealers affect artifacts on cone-beam computed
tomography images. Odontol. 2021;109(3):679-686.

Olczak K, Pawlicka H, Szymanski W. Root and canal
morphology of the maxillary second premolars as indicated
by cone beam computed tomography. Aust. Endod. J. 2022.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ozawa T, Taha N, Messer HH. A comparison of techniques
for obturating oval-shaped root canals. Dent. Mater. J.
2009;28(3):290-294.

Penha da Silva PJ, Marceliano-Alves MF, Provenzano JC,
Dellazari RLA, Gongalves LS, Alves FRF. Quality of Root
Canal Filling Using a Bioceramic Sealer in Oval Canals: A
Three-Dimensional Analysis. Eur. J. Dent. 2021;15(3):475-480.
Plotino G, Grande NM, Mercade M, Cortese T, Staffoli S,
Gambarini G, Testarelli L. Efficacy of sonic and ultrasonic
irrigation devices in the removal of debris from canal
irregularities in artificial root canals. J. Appl. Oral Sci.
2019;27:¢20180045.

Rodrigues CT, Jacobs R, Vasconcelos KF, Lambrechts P,
Rubira-Bullen IRF, Gaéta-Araujo H, Oliveira-Santos C,
Duarte MAH. Influence of CBCT-based volumetric distortion
and beam hardening artefacts on the assessment of root canal
filling quality in isthmus-containing molars. Dentomaxillofac.
Radiol. 2021;50(5):20200503.

Rundquist BD, Versluis A. How does canal taper affect root
stresses? Int. Endod. J. 2006;39(3):226-237.

Schaeffer MA, White RR, Walton RE. Determining the
optimal obturation length: a meta-analysis of literature. J
Endod. 2005;31(4):271-274.

Schneider SW. A comparison of canal preparations in straight
and curved root canals. Oral Surg Oral Med Oral Pathol.
1971;32(2):271-275.

Schilder H. Filling root canals in three dimensions. 1967. J.
Endod. 2006;32(4):281-290.

Tang W, Wu Y, Smales RJ. Identifying and reducing risks for
potential fractures in endodontically treated teeth. J. Endod.
2010;36(4):609-617.

Viapiana R, Moinzadeh AT, Camilleri L, Wesselink PR,
Tanomaru Filho M, Camilleri J. Porosity and sealing ability of
root fillings with gutta-percha and BioRoot RCS or AH Plus
sealers. Evaluation by three ex vivo methods. Int. Endod. J.
2016;49(8):774-782.

Whitworth J. Methods of filling root canals: principles and
practices. Endodontic Topics. 2005;12(1):2-24.

Wu MK, Kast’akova A, Wesselink PR. Quality of cold and
warm gutta-percha fillings in oval canals in mandibular
premolars. Int. Endod. J. 2001;34(6):485-491.

Wu MK, Wesselink PR. A primary observation on the
preparation and obturation of oval canals. Int. Endod. J.
2001;34(2):137-141.

Zan R, Demir AS. Contemporary Endodontic Obturation
Techniques: A Comprehensive Literature Review. Cumhuriyet
Dental Journal. 2021;24(3):310-317.

Zare S, Shen I, Zhu Q, Ahn C, Primus C, Komabayashi
T. Micro-computed tomographic evaluation of single-
cone obturation with three sealers. Restor. Dent. Endod.
2021;46(2): e25.

How to cite this article: Colakoglu G, Biiyiikbayram IK, Al-Shammari SM.In Vitro Volumetric Evaluation of Oval-Shaped Root
Canals Filled With Five Different Obturation Techniques. European Journal of Research in Dentistry, 2023; 7(1) : 1-7. DOI: http:/

dx.doi.org/10.29228/erd.36



European Journal of Research in Dentistry 2023; 7(1): 8-15
DOI: http://dx.doi.org/10.29228/erd.37

ORIGINAL ARTICLE / ARASTIRMA MAKALESI

Evaluation of the Frequency of Artifacts in CBCT Depending on the

Different Size of Field of View

KIBT’ta Karsilasilabilen Artefaktlarin Farkli Goriintiileme Alanlarinda Goriilme Sikliginin

Degerlendirilmesi

Elif POLAT BALKAN @, Burak INCEBEYAZ ©, Hatice Ahsen DENiZ @, Hakan EREN

ABSTRACT

Objectives: Various artifacts can be encountered when
examining Cone-beam computed tomography(CBCT) images. In
recent years, no descriptive study has been conducted on CBCT
artifacts in the literature. The aim of this study is to identify
artifacts in CBCT images with different imaging fields taken on
the same device, to determine their frequency, and also to reveal
artifacts that are little known in the literature.

Materials and Methods: In the study, CBCT images of
the Faculty of Dentistry between the years 2012-2021 were
scanned retrospectively and a total of 359 Cone Beam Computed
Tomography images with 50x55, 100x55, 100x90, 130x55,
130x90, 230x170, 230x270 field of views (FOV) in the database,
which met the exclusion and inclusion criteria, were analyzed
by three oral and maxillofacial radiology research assistants and
the types of artifacts seen on these images were determined. The
incidence of the identified artifact types in the specified imaging
areas was evaluated.

Results: When looking at all images, the most common errors,
regardless of FOV, were inevitable artifacts. Aliasing and motion
artifacts were seen at higher rates on CBCT images with a larger
FOV. In addition, the ring artifact was encountered in CBCT
images with high imaging fields such as 130x90, 230x170 and
230x270.
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Conclusion: To know the incidence and causes of artifacts
in images; it will prevent the patient, the environment and the
practitioner from receiving x-rays (radiation) unnecessarily,
mixing these errors with different pathological conditions and
repetition of the image.

Keywords: cone-beam computed tomography, artifacts, FOV
(074

Amac: Konik 1s1nl1 bilgisayarli tomografi (KIBT) goriintiileri
incelenirken ¢esitli artefaktlarla karsilagilabilir. Son yillarda
literatiirde KIBT artefaktlar1 ile ilgili tanimlayici bir caligma
yapilmamistir. Bu ¢alismanin amaci, ayni cihaz iizerinde ¢ekilen
farkli goriintiileme alanlarina (FOV) sahip KIBT goriintiilerindeki
artefaktlari tespit etmek, sikliklarini belirlemek ve ayrica literatiirde
az bilinen artefaktlari ortaya ¢ikarmaktir.

Gereg¢ ve Yontem: Calismada 2012-2021 yillar arasinda Dis
Hekimligi Fakiiltesindeki KIBT goriintiileri geriye doniik olarak
taranmis ve 50x55, 100x55, 100x90, 130x55, 130x90, 230x170,
230x270 goriintileme alanlaina sahip toplam 359 Konik Isinli
Bilgisayarli Tomografi gériintiisii alinmistir. Dislama ve dahil etme
kriterlerine uygun veri tabanindaki KIBT goriintiileri ti¢ oral ve
maksillofasiyal radyoloji arastirma gorevlisi tarafindan incelendi
ve bu goriintiilerde goriilen artefakt tiirleri belirlendi. Belirlenen
goriintiileme alanlarinda tanimlanan artefakt tiplerinin goriilme
siklig1 degerlendirildi.

Bulgular: Tiim gortntiilere bakildiginda, FOV)>dan bagimsiz
olarak en yaygin hatalar kaginilmaz artefaktlardi. Daha genis
goriis alanma sahip KIBT goriintiilerinde aliasing ve hareket
artefaktlart daha yiiksek oranlarda goriildii. Ayrica 130x90,
230x170 ve 230x270 gibi yiiksek goriintiileme alanlarina sahip
KIBT goériintiilerinde halka artefakt: ile karsilasildi.

Sonu¢: Goriintiilerdeki artefaktlarin  goriilme sikligini ve
nedenlerini bilmek; hastanin, ¢evrenin ve uygulayicinin gereksiz
yere rontgen (radyasyon) almasini, bu hatalar1 farkli patolojik
durumlarla karigtirmasini ve goriintiiniin tekrarini dnleyecektir.

Anahtar Kelimeler: konik 1smli bilgisayarli tomografi,
artefaktlar, FOV
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INTRODUCTION

Cone beam computed tomography (CBCT), also known
as ortho CT, was developed in 1997 by Arai specifically
for use in dentistry (Terakado et al., 2000). In CBCT, the
area to be examined is scanned with cone-shaped X-rays.
A 2-dimensional (2D) planar detector is used, and the cone
beam irradiates a large volume area instead of a thin section
(Terakado et al., 2000). This operating principle of CBCT
allows 3D reconstructions from 2D images reconstructed in
all planes with a low radiation dose (Arai et al., 1999). CBCT
images include the following components: Acquisition
configuration, image recognition, image reconstruction, and
image display (Scarfe & Farman, 2008; Pauwels, 2018).

The most important factors affecting image quality are
high potential difference (kV), tube current (mA), exposure
time (s), reconstruction algorithms, and field of view (FOV).
Large FOVs produce low-resolution images with high noise,
while low FOVs produce high-resolution images with less
noise. FOV does not affect contrast (Wolbarst et al., 2013;
Geleijins, 2014; Nasseh & Al-Rawi, 2018; Samei & Peck,
2019). In addition to spatial resolution and contrast, which
determine image quality, noise and artifacts must also be
known. All these technical parameters, together with other
deficiencies in the measurement and reconstruction process,
cause artifacts in the images (Sharp et al., 2007; Kalender
& Kyriakou, 2007; Zhang et al., 2007; Schulze el al., 2011).
Some studies (Holberg et al., 2005; Hsieh et al., 2007,
Stuehmer et al., 2008) have found that CBCT has fewer
metallic artifacts compared with classical CT. However,
this is technically controversial because the midplane back
reflection proposed by the Feldkamp algorithm is the same
as the inverse Radon transform used in the classical CT.
The different appearance of these artifacts in CBCT data
can only be attributed to cone beam geometry or low energy
spectra (Schulze et al., 2011).

Artifacts, defined as the inclusion of nonexistent
images in radiographs, are the main factor that degrades the
quality of CBCT images. Source: artifacts, which may be
the device, incorrect clinical practice, the patient, or even
external factors, affect image quality and in some cases even
lead to misdiagnosis by physicians. Although in some cases
it is quite difficult to detect artifacts in a patient image, in
most cases they can be detected (Samei et al., 2019). More
artifacts occur with CBCT than with MDBT for reasons
such as the use of a low energy spectrum, cone beam
geometry, cone beam separation, aliasing artifact caused by

scattering, and high noise level (Scarfe & Farman, 2008;
Pauwels, 2018).

In recent years, there has been no descriptive study of
CBCT artifacts in the literature. The aim of this study is to
examine CBCT images with different FOVs acquired with
the same device and to determine the frequency and type of
artifacts in the images according to FOV. In addition, rare
artifacts will be revealed.

MATERIALS AND METHODS

Study design and ethical considerations

The Declaration of Helsinki was followed for this study,
and the local ethics committee approved this retrospective
study (IRB approval no:14/07).

In the study, firstly, the existing articles were examined.
In this way, the previous classifications were determined.
Then, the CBCT images of dental faculty between 2012 and
2021 were retrospectively scanned. A total of 360 images in
the database with 50x55, 100x55, 100x90, 130x55, 130x90,
230x170, 230x270 FOVs were analyzed. The CBCT images
were examined by three oral and maxillofacial radiology
residents. And the types of artifacts seen in these images
were determined. The frequency of the identified artifact
types in the indicated image areas was evaluated.

The CBCT images were scored according to the
following 12 common artifact types:

1. Scattering: Scattering occurs due to the deviation
of X-ray photons interacting with matter from their
original direction and causes linear artifacts on the
image (Fig.1).

2. Beam-hardening: Beam-hardening occurs when
photons with low energy are absorbed before
photons with high energy when X-rays interact with
the object (Fig.1).

3. Extinction: When radiation hardening occurs
between two dense objects, it results in a cancelation

artifact in the form of dark streaks.

4. Cupping: This is the distortion of metal structures
due to the differential absorption of X-rays by the
object (Fig.1).

5. Scanner artifact: Any inadequacy or error in the
calibration of the scanner, the presence of a detection
error can lead to various artifacts on the image.
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Aliasing: Too many gaps between the base
projections can cause the data not to be captured
correctly. This can lead to the formation of a streaky
hyper-dense and hypo-dense pattern, especially at
the periphery of the image (Fig.2).

Partial Volume Averaging: If the detected voxel size
is much larger than the object size, the displayed
pixel will reflect the average of the brightness
values of the adjacent bones and soft tissues.

Noise: The interaction between the detector signal
and the scattered radiation results in a grainy
appearance of the image (Fig.2).

Motion: Due to the movement of the patient or the
detector, there may be an erroneous or incomplete
recording of the data in the generated image. This
artifact appears as a double contour on the image
(Fig.2).

Exponential edge: This effect is caused because
of the sharp edges of the metallic crown borders
producing high contrast, as it reduces the computed
density value (Fig.2).

11. Operator-related artifacts: Errors such as incorrect
FOV selection by the applicator, incorrect
positioning of the detector, or inability to correctly

determine the ROI can cause the image to repeat.

12. Ring: As a result of repeated measurement at each
angular position of the detector due to lack of
scanner calibration, it appears as a circular artifact
(Fig.2).

13. Cone-beam Effect: The cone-beam effect is the
streaking and noise artifact around the image field
due to the divergence of the x-ray beam (Joseph &
Spital, 1981; White & Pharoah, 2018).

For the CBCT images included in the study, only the
incidence of artifacts occurring during image acquisition
and caused by the operator, or the patient was determined
without considering the effect on the diagnostic value.
Descriptive statistics were applied to the data. The data

obtained were presented as numbers and percentages.

Figure 1. Axial view showing beam hardening (dark bands), scattering (white lines), and cupping artifacts (image distortion) seen
around metal brackets.
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Figure 2. a) Aliasing b) Ring c¢) Noise d) Motion e) Exponential edge gradient effect

RESULTS

A total of 360 images with 5 different FOVs were
included in the study. Different identified artifact types

were evaluated on the images and the obtained data were
summarized in descriptive statistics. The different types
of artifacts identified in the different FOVs, and their
frequencies are listed in Table 1.

Table 1. The different types of artifacts identified in the different FOVs and their frequencies

Scatter

Beam Hardening
Extinction-missing value
Cupping
Scanner-Related artifacts

Moire effects(Aliasing,
undersampling)
Partial-volume averaging

Noise

Motion

Exponential Edge Gradient Effect
Operator-Related artifact

Ring

Total number

50x55 100x55 100x90  130x55  130x90 | 230x170 230270 oo
100 100 100 100 100 100 100 359
100 100 100 100 100 100 100 359
100 100 100 100 100 100 100 359
96 100 95,5 100 100 100 100 355
9% 100 100 77,7 90,1 95,1 100%* 321

3% 63,6 618 71,1 784 93,5 92,1 258
96 94,5 95,5 97,7 94,1 91,9 98,03 342
34 854 69,09 60 56,8 17,7 21,5 164

4 27,2 133 11,1 333 29,03 235 74
2 18,1 34,5 355 49,01 48 21,5 82
0 0 0 2,2 13,7 32 1,9 11
0 0 0 0 352 225 333 49
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. Excluded are unavoidable artifacts and artifacts
that were not found in that FOV;

e The most common artifacts at all of FOVs are beam

hardening and extinction artifacts (100%).

*  Scatter and Partial volume averaging were observed

in all FOVs as inherent artifacts.

e The smallest number of artifact at 55 x 55 mm FOV
is the exponential edge (2%).

*  The lowest number of artifact at 100 x 55 mm FOV
is at the exponential edge (18.1%).

e The minimum visible artifact at 100 x 90 mm FOV
is motion artifact (13.3%).

e The minimum visible artifact at 130 x 55 mm FOV

is operator-related artifact (2.2%).

¢ The minimum visible artifact at 130 x 90 mm FOV
is operator-related artifact (13.7%).

*  The minimum visible artifact at 230 x 170 mm FOV
is operator-related artifact (3.2%).

*  The minimum visible artifact at 230 x 270 mm FOV
is operator-related artifact (1.9%).

Apart from the artifacts of scattering and partial
volume averaging, which are unavoidable when all images
are examined, the phenomenon of beam hardening and
extinction is the most common artifact with a frequency of
100% in all FOVs. Operator-related artifacts are the least

common artifacts with a frequency of 3.06% in all FOVs.

The frequency of aliasing artifacts was found to increase
as the imaging area was increased. Similarly, motion
artifacts occurred more frequently in CBCT images with

larger viewing areas.

Ring artifacts and associated artifacts occurred in CBCT
images with large imaging fields of 130x90, 230x170, and
230x270 mm.

When evaluating the percentages of artifacts per image,
the maximum amount of artifacts was found at 130x90 mm
FOV and the minimum amount of artifacts was found at
50x55 mm FOV (Table 2).

Table 2. The number of images evaluated and the number of
artifacts seen in certain FOVs.

Total number of artifacts Number of images

50x55 316 50
100x55 395 55
100x90 304 45
13055 313 45
130x90 408 51

230x170 462 62
230x270 379 51
DISCUSSION

Artifacts occurring in radiographs affect image quality.
This situation may cause physicians to miss some findings
during diagnosis and make an incorrect diagnosis. The
effects of artifacts in CBCT images on image quality are
among the issues that are attracting much attention and
further research today. Artifacts can be caused by the patient,
the physical environment, the device, and technical factors.

The aim of this study was to evaluate the occurrence
of artifacts in different imaging areas in CBCT. In CBCT,
a single parameter can make a big difference in terms of
dose, image quality, and artifacts (Jakobs, 2011; Jakobs
& Quirynen, 2014; Bornstein et al., 2014). In addition,
knowing the occurrence of artifacts due to FOV is important
to take precautions against the parameters that can change
and the artifacts depending on the operator, given the high
radiation dose and cost of CBCT (Vercruyssen et al., 2015)

In their study, Donaldson et al. (Donaldson et al.,
2013) investigated the frequency of motion artifacts in
CBCT images and the repetition of images associated
with these artifacts. They reported that no motion artifacts
were observed in 95.5% of initial images and that 99.5%
of all images had diagnostic accuracy that did not require
repetition. They noted that the occurrence of these artifacts
increased in patients younger than 16 years and older than
65 years. Because in this study examined the effect of FOV
on artifacts, patients younger than 18 years were excluded
from the study to eliminate motion artifacts caused by age-
related lack of cooperation. Motion artifacts were observed
in 20.6% of the patients included in the study. However,
there was no correlation between the frequency of motion
artifacts and the FOV variable.

CBCT’s beam projection geometry, reduced trajectory
rotation arcs, and image reconstruction methods produce
causes scatter, Partial volume averaging and Cone-beam
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effect artifacts. In this study, scatter and Partial volume
averaging artifacts were found to be 100% in line with
this literature (Jakobs & Quirynen, 2014). The frequency
of beam hardening artifact in the images included in the
study was 100%, consistent with this information. Although
partial volume averaging artifact is also an unavoidable
artifact (Jakobs & Quirynen, 2014), this rate is not 100% in
any FOV in this study. This may be due to the dense noise
ratio or motion artifacts hiding this artifact. The reason why
cone-beam effect artifacts were not included in the study is
that these artifacts were not observed with the CBCT device
used. This could be due to the anti-artifact programs used.

The presence of dense materials, especially metals,
causes various artifacts in CBCT. The most common
of these artifacts are beam-hardening, extinction, and
exponential edge artifacts (Kuusisto et al., 2015). These
artifacts occur in a variety of ways, from bright lines in the
image area to dark areas near metal objects to complete loss
of the image (Pauwels et al., 2015; Pauwels et al., 2013).
The images included in the study had 100% beam hardening
and resulting extinction artifacts in all FOVs. Exponential
edge artifacts were observed maximally at 130x90 (49.01%)
FOV and minimally at 50x55 (2%) FOV. It is noteworthy
that exponential edge artifacts gradually increased from
50x55 FOV to 130x90 FOV, while they decreased at larger
FOVs. The reason could be that metals do not enter the
field of view at small FOVs, and other artifacts mask this
artifact from 130x90 FOV. In clinical practice, it has been
suggested that the FOV should be reduced to avoid scanning
areas that are susceptible to radiation hardening (e.g.,
metallic restorations, dental implants) and to reduce the
associated artifacts (Bechara et al., 2012). The CBCT device
does not have a HU unit as in CT bone healing, grafting,
and implantation. complicates comparative tracking of
placement (Pauwels et al., 2015). The CBCT device is not
designed to be used in the same way. Therefore, in this study,
attention is taken to selecting the correct FOV to minimize
artifacts caused by metal and foreign bodies.

In CBCT, the aliasing artifact is caused by the divergent
effect of the cone beam and is more apparent as a line pattern
(moire) toward the periphery of the reconstructed image
(Scarfe & Farman, 2008; Schulze et al., 2011; Bhoosreddy
& Sakhavalkar, 2014; Makins, 2014).

In this study, most artifacts were found in the 130x90
FOV. Errors related to the device are particularly noticeable
in the 130x90 FOV. Staff training is very important to

minimize device-related errors that are not related to the
technical features of the CBCT.

A limitation of this study is that we focused only on
the presence or absence of artifacts. This led to insufficient
results in this study, especially regarding the severity of
unavoidable artifacts. Scarfe and Farman (2008) reported
that beam hardening artifacts that may occur in imaged
regions are less visible in smaller image areas and that
images should be acquired in this manner. Aydogmus et
al. (2021) investigated the effects of FOV and voxel size
on artifacts associated with sealing in CBCT images. In
their study, they found that the artifact of beam hardening
decreased with decreasing FOV and voxel size, but the
cupping artifact increased. They attributed this to the
reduction of beam hardening artifacts in the image and that
the cupping artifact became more visible.

In the same study, Scarfe and Farman (2008) found
that there may be degradation of image quality in terms of
noise and contrast resolution, particularly due to the higher
incidence of scattered radiation in larger FOVs. In this
study, it was expected that noise artifacts would increase
with increasing image area, but the results we obtained
did not confirm this. When we questioned this situation, it
turned out that the noise reduction filter (Planmeca AINO)
was applied only after a certain date, and the inconsistency

was attributed to this situation.

de Oliveira Pinto et al. (2021) found that the least amount
of artifacts were found in small areas of the image. Although
the number of artifacts per unit was very close in this study,
in parallel with this study, the least amount of artifacts were
detected in the smallest image area.

Another limitation of this study is that we cannot
evaluate all artifacts seen on the CBCT. This is because
there is limited information about CBCT artifacts and there
is no standard classification. This led us to include only the

artifacts we encountered in the study.

The results of this study also demonstrate the importance
of choosing the right FOV in the right case by explaining
the rate of FOV-related artifacts. The lack of studies in the
literature investigating the occurrence of artifacts in different
FOVs in CBCT limits the comparison of this data with other
studies. Similarly, there are very few studies investigating
the effects of CBCT parameters other than FOV on artifacts.
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CONCLUSION

In this study examining the frequency of artifacts that
occur when the imaging area on the CBCT is changed while
other parameters are held constant, it was found that motion
artifacts, ring artifacts, practice-related artifacts, and aliasing
artifacts occur more frequently at larger FOVs. Scatter and
partial volume averages, which are unavoidable artifacts,
and beam hardening, extinction, and cupping artifacts,
which are acquisition artifacts, were observed in almost all
images analyzed.

CBCT is becoming an increasingly important imaging
technique in dentistry. Therefore, the causes and frequency
of artifacts that occur in CBCT should be well known. It is
recommended that more studies be conducted to investigate
the effects of CBCT parameters on artifacts. This will help
to minimize the problem of misdiagnosis and mistreatment
caused by artifacts.
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ORIGINAL ARTICLE / ARASTIRMA MAKALESI

Cerrahi Olmayan Periodontal Tedavinin Evre III Derece C
Periodontitisli Hastalarda Diseti Olugu Sivisindaki Interlokin — 26 ve

Interlokin-6 Seviyelerine EtKkisi

Effects of Non-Surgical Periodontal Treatment on Gingival Crevicular Fluid Levels of
Interleukin 26 and Interleukin 6 at Stage III Grade C Periodontitis Patients

Nadin GEMREKOGLU @, H. Selin YILDIRIM

oz

Amag¢: Bu caligmanin amaci, evre III (EIIl) derece C
periodontitis (C-P) ve saglikli bireylerde dis eti olugu sivis1 (DOS)
interlokin (IL) 26 ve IL-6 seviyelerini saptamak ve EIII-C-P
hastalarda cerrahi olmayan periodontal tedavinin (COPT) IL-26
ve IL-6 seviyeleri iizerine etkisini degerlendirmektir.

Gere¢ ve Yontemler: Calismaya, periodontal olarak saglikli
12 birey ve EIII-C-P’li 12 hasta olmak {iizere, sistemik olarak
saglikli, sigara igmeyen toplam 24 birey dahil edildi. Baslangigta,
tiim hastalardan DOS 6rnekleri toplandi ve ardindan plak indeks,
gingival indeks, sondalamada kanama, cep derinligi, klinik atasman
seviyesi parametrelerini igeren periodontal klinik parametreler
Olgiildii. EII-C-P’li grupta, COPT’den 3 ay sonra klinik
parametrelerin dl¢iimleri ve DOS &rnegi toplanmasi tekrarlandi.
IL-26 ve IL-6 seviyeleri, enzyme-linked immunosorbent assay
kullanilarak belirlendi.

Bulgular: EIII-C-P grubunda COPT sonrast tiim klinik
parametrelerde diizelme meydana geldi (p<0.05). Baslangic DOS
IL-26 ve IL-6 seviyeleri, EIII-C-P grubunda saglikli gruba gére
daha yiiksek bulundu (p<0.05). EII-C-P grubunda COPT’den
sonra, DOS IL-26 ve IL-6 seviyelerinde anlamli azalma tespit
edildi (p<0.05). Baslangig IL-26 ve IL-6 ile tiim klinik parametreler
arasinda pozitif korelasyon saptandi (p<0.01). IL-26 ve IL-6
arasinda ise hem baslangicta hem de tedavi sonrasi 3. ayda pozitif
korelasyon tespit edildi (p<0.05).

Sonu¢: Calismamiz, DOS IL-26 seviyesinin EIII-C-
P’li hastalarda daha yiiksek oldugunu ve periodontal klinik
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parametrelerle iliskili oldugunu ortaya koydu. Ayrica, DOS IL-26
seviyesinde COPT ile azalma elde edildi.
Anahtar Kelimeler: Dis eti olugu sivisi, interlokin,

periodontitis

ABSTRACT

Objectives: The aim of this study was to determine interleukin
(IL) 26 and IL-6 levels of gingival crevicular fluid (GCF) in stage
III grade C periodontitis (SIII-C-P) and healthy individuals, and to
evaluate the effect of non-surgical periodontal therapy (NSPT) on
IL-26 and IL-6 levels in SIII-C-P patients.

Materials and Methods: A total of 24 systemically healthy
non-smokers, 12 periodontally healthy and 12 with SIII-C-P, were
included in the study. Initially, GCF samples were collected from
all patients, and then periodontal clinical parameters including
plaque index, gingival index, bleeding on probing, pocket depth,
clinical attachment level were measured. In the SIII-C-P group,
clinical parameter measurements and GCF sample collection
were repeated 3 months after NSPT. IL-26 and IL-6 levels were
determined using an enzyme-linked immunosorbent assay.

Results: All clinical parameters improved after NSPT in SIII-
C-P group (p<0.05). At baseline GCF IL-26 and IL-6 levels were
higher in the SIII-C-P group than in the healthy group (p<0.05).
Statistically significant decreases were detected in GCF IL-26 and
IL-6 in the SIII-C-P group after NSPT (p<0.05). There was a positive
correlation between IL-26 and IL-6 and all clinical parameters at
baseline (p<0.01). Furthermore, IL-26 and IL-6 were positively
correlated both at baseline and at 3 months after NSPT (p<0.05).

Conclusions: The present study revealed that GCF IL-26 level
was higher in individuals with SIII-C-P and was associated with
periodontal clinical parameters. Also, the NSPT was decreased the
GCF IL-26 levels.

Keywords:  Gingival crevicular  fluid, interleukins,

periodontitis.


https://orcid.org/0000-0003-1635-1596
https://orcid.org/0000-0001-5650-3107

European Journal of Research in Dentistry 2023; 7(1): 16-22

Gemrekoglu and Yildirim. |4
Cerrahisiz Periodontal Tedavinin IL-26’ya Etkisi

GIRIS

Multifaktoriyel —inflamatuvar bir hastalik  olan
periodontitis, digin ¢evresinde bulunan ve disi destekleyen
dokularda yikim meydana getirmekte ve bu durum dis kaybi
ile sonuglanabilmektedir. Periodontitisin baslangici, siddeti
ve hizi, konagin periodontal enfeksiyonlara karsi immiin-
inflamatuar yanit1 ile iliskilidir (Pan ve ark., 2019; Yildirim
vr ark., 2019). Temel gorevleri hiicre sinyalizasyonu
sitokinler,

ve iletisimi olan hiicre proliferasyonunu

ve farklilasmasini, immiin yanitlar1 kontrol ederek
inflamatuvar siirecte dnemli bir role sahiptir (Graves, 2008).
Sitokinler, pro — ve anti-inflamatuvar sitokinler olmak tizere
ikiye ayrilirlar. Inflamasyonu tetikleyen sitokinler; pro-
inflamatuvar sitokinler olarak bilinir (Dinarello, 2000).
Viicut sivilarindaki sitokinlerin seviyesi, periodontitisin
siddeti, ilerleme hiz1 ve doku yikiminin yayilmasi ile iliskili
olabilmektedir. Bu nedenle viicut sivilarinda sitokinlerin
seviyelerinin  incelenmesi periodontitisin  siddet ve
ilerleme hizini belirlemeye ve periodontal tedaviye yaniti

degerlendirmeye yardimei olabilmektedir.

Interlokin (IL) 26, IL-10 sitokin ailesinin en yeni
iiyelerinden biridir. Makrofajlar, T yardimci hiicreler ve
dogal oldiiriicii (DO) hiicreler dahil olmak {izere epitelyal
ve immiin hiicreler tarafindan salgilanir (Larochette ve ark.,
2019). IL-26’nin biyolojik olarak gorevleri belirsizligini
korumakla beraber son aragtirmalarda, romatoid artrit ve
Crohn hastalig1 dahil olmak {izere inflamatuvar hastaliklar
ile baglantili oldugu gosterilmistir (Corvaisier ve ark.,
2012; Tengvall ve ark., 2016). Ayrica, yapilan ¢aligsmalarda,
IL-26’nmn, DO hiicreler ve monositler tarafindan L-6
salgilanmasini arttirdigr bildirilmistir (Che ve ark., 2014;
Stephen-Victor ve ark., 2016).

IL-6, periodontitiste inflamatuvar konak yanitlarinin
diizenlenmesinde anahtar molekiillerdendir (Garlet ve ark.,
2006). Yapilan c¢aligmalar, periodontitisli bireylerde dis
eti olugu sivis1 (DOS) IL-6 seviyesinin yiiksek oldugunu
ve cerrahi olmayan periodontal tedavi (COPT)’nin DOS
IL-6 seviyesini diisiirmedeki etkinligini ortaya koymustur
(Shimada ve ark., 2010; Prakasam ve Srinivasan, 2014;
Torumtay ve ark., 2016).

Bu calismanin hipotezleri, evre III (EII) derece C
periodontitisli (C-P) hastalarda saglikli bireylere gore
COPT o&ncesi DOS 1L-26 ve IL-6 diizeyleri yiiksektir.
EIII-C-P hastalarda COPT sonras1 IL-26 ve IL-6 diiser. Bu
hipotezlerden yola ¢ikarak, bu ¢alismanin amaci, EIII-C-P
ve saglhikli bireylerde DOS 1L-26 ve IL-6 seviyelerini ve

periodontitisli hastalarda COPT sonras1 DOS L-26 ve IL-6

seviyelerinin degisimini arastirmaktir.

GEREC VE YONTEM

Calisma popiilasyonu ve klinik degerlendirme

Bu c¢alisma, prospektif kontrolli klinik bir aragtirmadir.
Kasim 2018-Nisan 2019 tarihleri arasinda Marmara
Dis Hekimligi Fakiiltesi
Anabilim Dali’ndan sistemik olarak saglikli toplam 24 birey

Universitesi Periodontoloji
calismaya dahil edildi. Marmara Universitesi Tip Fakiiltesi
Klinik Arastirmalar Etik Kurulu tarafindan c¢alisma
13.07.2018 tarihinde 09.2018.514 protokol numarasi ile
onayladi. Caligmanin amaci anlatilarak tiim katilimcilardan,
1975 Helsinki Bildirgesi’nin 2013 revizyonuna uygun

olarak goniillii onam formlar1 alindi.

Bireylerin sistemik ve dental anamnezleri kaydedildi;
20°den az disi olanlar, sistemik hastaligi olanlar, hamilelik
veya emzirme doneminde olanlar, sigara i¢enler veya son 6
ay icinde anti-inflamatuvar ilag, antibiyotik veya periodontal
tedavi gorenler ¢alisma dis1 birakildi. Bireylerin periodontal
durumlari, 2018 Diinya Calistaypnin Periodontal ve Peri-
implant Hastalik ve Durumlarinin Siniflandirilmasi raporuna
gore belirlendi (Tonetti ve ark., 2018). Katilimcilar 2 gruba
ayrildy; iltihap belirtisi gostermeyen, kemik ve atasman
kayb1 olmayan, sondalanabilir cep derinligi (SD) <3 mm,
sondalamada kanama (SK)<%10 olan bireyler saglikl
gruba (n=12), dislerin %30’unda veya daha fazlasinda
interproksimal klinik atagsman kaybi>5 mm, SD>6 mm ve
kokiin orta iicliisiine kadar uzanan kemik kaybi bulunan,
periodontitis nedeniyle kaybedilen dis sayist 4’ten fazla
olmayan ve %kemik kaybi/yas degeri>1 olan bireyler
EIII-C-P grubuna (n=12) dahil edildi. Arastirmacinin
(NG) kalibrasyonu i¢in SD 6l¢iimii ¢aligmaya katilmayan
6 hastadan 2 giin araliklarla yapildi. Olgiim tekrarlana
bilirligi %95 olarak bulundu. Kalibre olmus arastirmaci
(NG) tarafindan plak indeks (PI) (Silness ve Loe, 1964),
gingival indeks (GI) (Loe ve Silness, 1963), SD, SK ve
klinik atagsman seviyesini (KAS) i¢eren klinik parametreler
periodontal sond (University of North Carolina UNC-15,
Hu-Friedy, Chicago, IL, ABD) kullanilarak tiim dislerin 6
bodlgesinden baslangicta ve COPT sonrasi 3. ayda dlgiildii.
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Dis eti olugu sivis1 6rneklerinin toplanmasi

DOS ornekleri, COPT oncesinde baslangigta her iki
gruptan ve 3 ay sonra sadece EIII-C-P grubundan toplandi.
Ornekler, saglikli grupta her bir kadrandan tek ve ¢ok koklii
diglerin interproksimal bdlgelerinden, EII-C-P grubunda
SD>6 mm ve radyografik kemik kaybr olan bolgelerden
ozel filtre kagidi seritler (PerioPaper® GCF Collection
Strips, NY, ABD) kullanilarak elde edildi. Kagit seritler
once bos steril tiiplere konularak hassas terazide tartildi ve
agirliklart kaydedildi. Orneklerin supragingival plak ve/
veya tiikiiriik ile kontaminasyonunu onlemek i¢in segilen
bolgeler pamuk tamponlarla yalitildi ve digler hava spreyi ile
kurutuldu (Griffiths ve ark., 1992). Kagit serit, hafif direng
hissedilene kadar periodontal cebe yerlestirildi ve 30 saniye
bekletildikten sonra ¢ikarildi (Kuru ve ark., 1998). Sonra
tartildiklart tiiplere geri konularak hassas terazide tekrar
tartildi. Ornek toplama sonras ile dncesi arasindaki agirlik
farki DOS yogunlugu 1 olarak kabul edilerek hacim=kiitle
x yogunluk formiilinde hacim degerine doniistiiriildii
(Cimasoni ve Giannopoulou, 1988; Nakashima ve ark.,
1994; Griffiths ve ark., 1998). Toplanan ornekler analiz
giiniine kadar — 80°C’de muhafaza edildi.

Cerrahi olmayan periodontal tedavi

Calismanin  basinda tiim bireylere Modified-Bass
teknigi ile giinde iki kez dislerini fir¢alamalari, dis
ipi veya ara yiiz fircasi ile dis aras1 temizligi islemleri
yapmalar1 anlatildi ve uygulamalar1 kontrol edildi. EIII-
C-P grubundaki hastalara lokal anestezi altinda herhangi
bir anti-mikrobiyal ajan kullanilmadan dis ve kok yiizey
temizligi, kok yiizeyi diizlestirmesi islemi ultrasonik
(Woodpecker UDS-A, Guilin Woodpecker Medical
Instrument Co., LTD., Cin) ve el aletleri (EverEdge®
Gracey, 5/6, 7/8, 11/12, 13/14, Hu-Friedy Ins. Co., ABD)
kullanilarak dort haftada uygulandi.

Interlokin 26 ve interlokin 6’nin biyokimyasal analizi

DOS ornekleri, biyokimyasal analizlerden once oda
sicakligina getirildi ve Orneklerin eliisyonlar1 yapildi.
Eliisyon i¢in daha 6nceden hazirlanmis beckman tiiplerinin
(Kuru ve ark., 1998) igine DOS igeren kagit seritler
yerlestirildi ve tizerine 50 ml distile su eklenerek 11 000
rpm’de 15 dk santrifiij edildi (Griffiths ve ark., 1988). Bu
islem sirastyla 50 ve 100 ml distile su eklenerek tekrarlandi.
Toplam 200 ml eliisyon sivisi elde edildi. Eliisyon sivisi daha
sonra steril tiiplere aktarilarak biyokimyasal analizler i¢in
hazir hale getirildi. Tim numuneler, iireticinin talimatlart

dogrultusunda ELISA deney kitleri (Human IL-6 Elisa Kit,
Invitrogen, Thermo Fisher Scientific Inc., Massachusetts,
ABD; Human IL-26 Elisa Kit, Bioassay Technology
Laboratory, Sangay, Cin) kullanilarak analiz edildi.

istatistiksel analiz

Calismanin 6rneklem sayist G Power 3.1.9.2 program
(Heinrich Heine University, Diisseldorf) ile hesaplandi.
Orneklem sayis1  belirlenmesinde  benzer ¢aligma
dizaynina sahip dnceki ¢alismada (Duzagac ve ark., 2016)
periodontitisli hastalarin baslangic ve 3. ay ortalama
DOS IL-6 seviyesi fark1 4.06 ve standart deviasyonu 3.97
alindiginda, a 0.05, %95 giicte, her bir grupta bulunmasi
gereken hasta sayist 10 olarak belirlendi. Hastalarin
calismadan ayrilma olasiliklar1 goz 6niinde bulundurularak

her gruba 12 birey dahil edildi.

Tiim istatistiksel analizler 23 siirim SPSS yazilim
programi (SPSS version 23, Chicago, ABD) kullanilarak
yapildi. Tiim klinik ve biyokimyasal verilerin dagilimlarim
incelemek i¢in Shapiro-Wilk testi kullanildi. Gruplar
arasindaki cinsiyet oranini degerlendirmek icin Ki-kare testi
uygulandi. Degisken normal dagilim gostermediginden,
parametrelerin gruplar arasi karsilastirmalari i¢in Mann
Whitney-U testi, grup i¢i karsilagtirmalar i¢in Wilcoxon
signed-rank testi kullanildi. Klinik ve biyokimyasal
gostergeler arasindaki potansiyel iliskiler Spearman's
rank korelasyon testi kullanilarak belirlendi. Istatistiksel
anlamlilik p<0.05 alinarak degerlendirildi.

BULGULAR

Demografik ve klinik veriler

Calisma popiilasyonunun demografik verileri Tablo
I>de sunuldu. Gruplar arasinda yas, cinsiyet dagilimi ve dis
sayisi agisindan anlamli farkliliklar saptanmadi (p>0.05).

Tablo 1. Katilimcilarin demografik 6zellikleri

Demografik Saghkl Grup EIII-C-P Grup

Parametreler (n=12) (n=12) p
Median (Min-Max) | Median (Min-Max)

Yas 43 (32-48) 44 (30-51) 0.428

Cinsiyet (n)

Kadin / Erkek 4/8 4/8 1.000

Dislerin sayisi 28 (22-28) 26 (22-28) 0.228

EIII-C-P, Evre I1I Derece C Periodontitis; min-max, minimum-maksimum,
"Mann-Whitney U testi veya Ki kare testi, p<0.05.
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Tablo 2. Gruplar arasi ve grup i¢i klinik parametreler ve DOS hacminin karsilagtiriimasi

Saghkl Grup EIII-C-P Grup
Klinik Parametreler (n=12) (n=12) P p
Median (Min-Max) Median (Min-Max)
Baslangi¢ 0.10 (0.00-0.27) 2.20 (1.54-3.00) <0.0001
Pi 3. ay 0.22 (0.05-0.68) 0.049
) 0.002
Baslangi¢ 0.04 (0.00-0.11) 1.96 (1.54-2.08) <0.0001
Gi 3. ay 0.11 (0.02-0.40) 0.003
) 0.002
Baslangi¢ 6.74 (1.92-9.26) 94.70 (64.29-100.00) <0.0001
SK (%) 3. ay 13.72 (9.62-40.12) <0.0001
)2 0.002
Baslangi¢ 1.90 (1.51-2.15) 6.32 (5.55-7.81) <0.0001
SD (mm) 3. ay 2.74 (1.85-3.76) 0.001
P 0.002
Baslangic 1.91 (1.52-2.16) 6.15(5.31-7.36) <0.0001
KAS (mm) 3.ay 3.56 (0.02-5.42) 0.001
) 0.002
Baslangi¢ 0.01 (0.01-0.03) 0.07 (0.01-0.19) <0.0001
DOS Hacmi (ml) 3.ay 0.02 (0.01-0.09) 0.698
) 0.001

EIII-C-P, Evre III Derece C Periodontitis; min-max, minimum-maximum; Pi, plak indeks; GI, gingival indeks; SK, sondalamada kanama; SD, sondalanan
cep derinligi; KAS, klinik atagman seviyesi, DOS: Dis eti olugu sivisi, "Mann-Whitney U testi, “Wilcoxon signed-rank testi, p™, saglikli grup baglangi¢ —
Evre Il Derece C Periodontitis grubu 3. ay gruplar arasi karstlagtirilmast, p<0.05.

Tim agiz klinik parametreler ve DOS hacmi Tablo
2°de verildi. PI, GI, SK, SD, KAS’ni iceren tiim klinik
parametreler ve DOS hacmi, baslangigta EIII-C-P grubunda
saglikli gruba kiyasla daha yiiksekti (p<0.0001). EIII-C-
P’de COPT’yi takip eden 3. ayda tim parametrelerde ve
DOS hacminde 6nemli azalmalar tespit edildi (p<0.05). Her
ne kadar EIII-C-P grubunda klinik parametrelerde iyilesme
goriilmiis olsa da saglikli grubun baslangi¢c degerleri ile
karsilagtirildiginda, tiim parametrelerin saglikli gruba gore
hala yiiksek oldugu goriildi (p<0.05).

Biyokimyasal veriler

DOS 1L-26 ve IL-6 baslangic ve COPT sonras1 3. ay
seviyeleri Tablo 3’te gosterildi. Baslangicta, DOS IL-
26 ve IL-6 seviyelerinin EIII-C-P grubunda, periodontal
olarak saglikli gruba kiyasla daha yiiksek oldugu goriildii
(p<0.0001). Tedavi sonrast EIII-C-P grubunda DOS IL-26
ve IL-6 seviyelerinde istatistiksel olarak anlamli azalma
meydana geldi (p=0.002). Tedavi sonras1t DOS IL-26 ve
IL-6 seviyelerinde anlaml1 bir azalma meydana gelmis olsa

da saglik gruba kiyasla daha yiiksek oldugu tespit edildi
(strastyla p=0.002, p=0.001).

Tablo 3. Gruplar aras1 ve grup ici dis eti olugu sivist
biyokimyasal parametrelerinin karsilastiriimasi

Saghkh Grup EI(I;:;C-P
Biyokimyasal (n=12) (n=lll§) . i
parametreler Median (Min- . p p
Max) Median
(Min-Max)
Baslangi¢ | 0.02 (0.01-0.07) 0'13 é(;,)OQ- <0.0001
DOS iL-26 '
0.09 (0.02-
g 3.ay 029) 0.002
) 0.002
Baslangi¢ | 0.01 (0.01-0.02) 0'137 é(;.)04- <0.0001
DOS iL-6 .
0.05 (0.01-
(pg) 3. ay 0.46) 0.001
' 0.002

EIII-C-P, Evre III Derece C Periodontitis; min-max, minimum-maximum;
DOS, dis eti olugu svisi; IL, interldkin; pg, pikogram; ‘Mann-Whitney
U-testi, “Wilcoxon signed-rank testi, p*, saghikli grup baslangig — Evre III
Derece C Periodontitis grubu 3. ay gruplar arasi karsilastirilmasi, p<0.05.
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Korelasyon

Baslangigta, DOS 1L-26 ve iL-6, PI, GI, SK, SD ve
KAS ile pozitif korelasyon gosterdi (p<0.01). Bununla
beraber, COPT sonrasinda ise DOS IL-26 ve IL-6 ile klinik
parametreler arasinda herhangi bir korelasyon saptanmadi
(>0.05). DOS IL-26 ve IL-6 arasinda baslangigta (p<0.01)
ve tedavi sonrasi 3. ayda (p<0.05) pozitif korelasyon oldugu
gozlendi (Tablo 4).

Tablo 4. Baslangic ve 3. ay klinik ve biyokimyasal parametreler
arasindaki iligki

Baslangic parametreler (n=24) | DOS iL-26 (pg) | DOS iL-6 (pg)
Pi 788¢ 764
Gi 684 708
SK (%) 798¢ 841*
SD J750¢ 793¢
KAS 750° 790
DOS iL-26 - 919
DOS iL-6 -
3. ay parametreler (n=12) DOS iL-26 DOS iL-6
Pi 186 =217
Gi 140 137
SK (%) 428 277
SD 182 -175
KAS 035 -.091
DOS iL-26 - .692"
DOS iL-6 -

Spearman rank korelasyon testi, *p<0.05, /p<0.01.

TARTISMA

Bu calisma, EIII-C-P hastalarinda DOS IL-26 ve
IL-6 seviyelerinin yani sira COPT sonrasi bu IL’lerin
seviyelerindeki degisiklikler incelendi.

DOS, konak faktorleri igeren bolgeye 6zgii bir sividir. Bu
sebeple, calismamizda IL seviyelerini degerlendirebilmek
icin  DOS kullanildi. DOS  hacminin
DOS’nin maddelerin  konsantrasyonlarini
hesaplayabilmek i¢in 6nemlidir. DOS hacmi o6l¢iimiinde

Olclilmesi,
igerigindeki

elektronik dl¢iim cihazi kullanilabilecegi gibi, kagit seritlerin
tartilmasiyla da hacim hesaplamasi yapilabilinir (Hatipoglu,
2010). DOS hacminin 6l¢iimiinde, kullaniminin kolay ve
hizli olmasindan dolay1 genellikle elektronik &l¢iim cihazi
tercih edilmektedir (Golub ve Kleinberg, 1976; Griffiths,
2003). Hassas terazi ise, temin edilebilmesi kolaydir ve
diisiik miktarlardaki DOS hacminin hesaplanabilmesine
olanak saglamaktadir (Cimasoni ve Giannopoulou, 1988;
Nakashima ve ark., 1994; Griffiths ve ark., 1998; Ozmeric
ve ark., 1998; Griffiths, 2003). Caligmamizda DOS hacmi

hassas terazi kullanimi ile belirlendi. Ozellikle saghkli
bireylerden elde edilen DOS hacimlerinin diisiik olmasi
nedeniyle biyokimyasal analizler i¢in birden fazla bélgeden
aliman DOS o6rnekleri birlikte incelenebilmektedir (Griffiths
ve ark., 1998; Hatipoglu, 2010).

IL-10 sitokin alt ailesinin bir iiyesi olan IL-26’nin
biyolojik fonksiyonu tam olarak bilinmemesine ragmen,
arttig1
hastalik  olan

inflamatuvar hastaliklarda iiretiminin
goriilmiistiir.  Kronik inflamatuvar bir
romatoid artiritte L-26
stvisinda serumdan daha yiiksek oldugu gozlendi, bu da

lokal olarak daha fazla salgilandigini ortaya koymaktadir

kronik

seviyesindeki artisin eklem

(Corvaisier ve ark., 2012; Larochette ve ark., 2019). Ayrica,
bronkoalveolar lavaj sivisinda, beyin omurilik s1visinda IL-
26 seviyesindeki artigin, hastaligin siddeti ve aktivitesi ile
pozitif korelasyon gosterdigi bildirilmistir (Kaabachi ve
ark., 2017). Bu kronik inflamatuvar hastaliklarin patogenezi
ile periodontitis arasindaki benzerliklere
calismamizda IL-26’min  periodontitisin

stirecindeki roliinii degerlendirmek amaglandi. Bildigimiz
kadartyla bu calisma, EIII-C-P’te DOS IL-26 diizeyini

degerlendiren ilk aragtirmadir.

dayanarak,
inflamatuvar

Calismamizda klinik parametrelerin degerleri EIII-C-P
grubunda saglikli gruba gore daha yiiksek bulundu. Tiim
klinik parametrelerde COPT sonrasinda ise azalma meydana
geldi. Onceki ¢aligmalarda (Duzagac ve ark., 2016; Kalkan
ve ark., 2019; Keles Yucel ve ark., 2020; Dikilitas ve
ark., 2022) elde edilen bulgular ¢alismamizi destekleyen
niteliktedir. Periodontal klinik parametrelerin periodontitisli
bireylerde daha yiiksek olmasi, periodontitisin inflamatuvar
bir hastalik olmasmin ve inflamasyonun ilerlemesi ile
meydana gelen atasman ve kemik kaybmin bir sonucu
olarak disiiniile bilinir. Tedavi sonrasi inflamasyonun
¢oziilmesiyle birlikte klinik parametrelerin iyilesmesi
aciklayabilir.

Bulgularimiza gére EIII-C-P  grubunda DOS IL-
26 diizeyi saglikli bireylere gore daha yiiksekti. Bu
bulgulara ek olarak periodontitis grubunda COPT’yi
takiben DOS’da IL-26 seviyeleri diistiigii goriildii. Ayrica,
DOS iL-26, baslangigta tiim klinik parametrelerle pozitif
korelasyon gosterdi. Buna ek olarak DOS 1L-26, IL-6 ile
de pozitif korelasyona sahipti. Mevcut bulgular, IL-26’nin
inflamatuvar periodontal hastaliklarda pro-inflamatuvar
sitokin olarak rolii olabilecegi ortaya koydu.

Calismamizda, saglikli bireylere kiyasla EIII-C-P
grubunda DOS IL-6 seviyeleri daha yiiksekti. Ayrica,
periodontitis grubunda COPT sonras1 DOS {L-6’da anlamli
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bir azalma saptandi ve DOS IL-6 seviyesi ile tiim periodontal
klinik parametreler arasinda giiclii korelasyon tespit
edildi. Periodontitis hastalarinda artan DOS IL-6 seviyesi,
periodontal yikim ile sonuglanan lokal inflamatuar yanitin
artisina isaret edebilir. Artmis DOS IL-6’nin periodontal
inflamasyondaki 6nemini belirten, bulgularimizla uyumlu
olan birgok ¢alisma bulunmaktadir (Tymkiw ve ark., 2011;
Reis ve ark., 2014; Keles Yucel ve ark., 2020).

Onceki calismalar COPT sonras1 DOS IL-6 seviyesinde
azalma saptadiklarini bildirmislerdir (Reis ve ark., 2014;
Yashima ve ark., 2019; Dikilitas ve ark., 2022). Bu bulgular,
metodolojik farkliliklara ragmen, ¢aligmamizin sonuglarini
desteklemektedir. Elde edilen COPT’den sonrasi degigim,
periodontal tedavinin klinik iyilesme ile birlikte IL-6y1 lokal
olarak azaltmada etkili oldugunu ortaya koyabilir. Buna ek
olarak, énceki ¢aligmalarin DOS IL-6 ile klinik parametreler
arasinda pozitif korelasyon oldugunu bildirmeleri, bizim
bulgularimizi destekler niteliktedir (Zekeridou ve ark., 2017;
Dikilitas ve ark., 2022). Bu sonuglar IL-6’nin periodontitis
patogenizinde pro-inflamatuar olarak dnemli bir yeri oldugu
diisiincesini desteklemektedir.

Periodontitisin diger evrelerinin veya derecelerinin
olmamasi, mevcut arastirmanin sinirlamalar1 olarak kabul
edilebilir. Bireyler sistemik olarak saglikli ve sigara
icmediginden, sonuglarimiz genel periodontitis toplulugunu
temsil etmemektedir. Periodontitisin  diger evre ve
derecelerini de igeren, daha genis popiilasyona sahip ve uzun

donem takipli ¢calismalar ileriki siiregte planlanmaktadir.

SONUC

Bu calismanin siirlart dahilinde, IL-26, EIII-C-P
bireylerde salgilanan yeni bir pro-inflamatuvar sitokin gibi
goriinmektedir. COPT, DOS ‘da bu molekiiliin seviyesini
diisiirmede etkili olmustur. Bu nedenle, EINI-C-P’de IL-
26 salgilanmasiin artisi, lokal inflamasyonun bir sonucu
olabilir. Bu sitokinin periodontitisteki 6nemini daha iyi
anlamak i¢in prospektif ve kapsamli ¢aligmalarin yapilmasi
gerekmektedir.
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Evaluation of Artifacts Produced by Different Dental Crown Materials
on Ultrashort Echo Time Magnetic Resonance Imaging

Farkli Dental Kron Materyalleri Tarafindan Uretilen Artefaktlarin Ultrashort Echo Time
Manyetik Rezonans Gériintiileme Uzerinde Degerlendirilmesi

Mehmet SERINDERE @, Gozde SERINDERE

ABSTRACT

Objectives: Many patients with metallic objects in the head and
neck region may require magnetic resonance imaging (MRI).The
aim of this study was to assess the artifacts produced by different
dental crown materials on ultrashort echo time (UTE) MRI.

Materials and Methods: Cobalt-chromium (Co-Cr) and
zirconia (Zr) crown and fixed bridges were included and embedded
in agar gel. UTE sequence by 1.5T MRI was performed and the
artifact area produced by these materials, were measured within
the region of interest (ROI). Mean artifact areas were recorded.

Results: Mean artifact area produced by Co-Cr and Zr was
140.055 mm?and 102.349 mm? respectively. Zr material produced
less artifacts than metal restoration. It was stated that the amount of
artifact increased as the number of elements increased.

Conclusions: Co-Cr metal restorations have stronger effect
than Zr material on UTE MRI. UTE sequence is useful in evaluating
susceptibility artifacts from different materials. Knowing the
amount of artifact produced by different materials will help to
produce new materials that cause less artifact formation or to
improve the properties of existing materials.

Keywords: Artifacts, Dental materials, Dental restoration,
Magnetic Resonance Imaging, UTE

0oz

Amagc: Bas ve boyun bdlgesinde metalik nesneler bulunan
bir¢ok hastada manyetik rezonans goriintiileme (MRG) gerekebilir.
Bu caligmanin amaci, ultrashort echo time (UTE) MRG’de
farkli dental kron materyalleri tarafindan iiretilen artefaktlari
degerlendirmektir.

Gere¢ ve Yontemler: Kobalt-krom (Co-Cr) ve zirkonyum
(Zr) kron ve sabit kopriiler dahil edildi ve agar jele gomiildii. 1.5T
MRG ile UTE sekansi yapildi ve bu materyallerin iirettigi artefakt
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alani, ilgilenilen bolge i¢inde Olciildii. Ortalama artefakt alanlari
kaydedildi.

Bulgular: Co-Cr ve Zr tarafindan iiretilen ortalama artefakt
alani sirastyla 140.055 mm?ve 102.349 mm?idi. Zr materyali metal
restorasyondan daha az artefakt iiretti. Element sayisi arttikca
artefakt miktarinin da arttig1 belirtildi.

Sonugclar: Co-Cr metal restorasyonlar UTE MRG’de Zr
materyalden daha giiglii etkiye sahiptir. UTE sekansi, farkli
materyallerden duyarlilik artefaktlarinin  degerlendirilmesinde
yararhdir. Farklt materyallerin drettigi artefakt miktarmimn
bilinmesi, daha az artefakt olusumuna neden olan yeni
materyallerin iiretilmesine veya mevcut materyallerin 6zelliklerinin
iyilestirilmesine yardimet olacaktir.

Anahtar Kelimeler: Artefaktlar, Dental materyaller, Dental
restorasyon, Manyetik Rezonans Goriintiileme, UTE

INTRODUCTION

The increase in indication for magnetic resonance
imaging (MRI) of the head and neck area is associated with
a large number of patients who have metallic objects in
the orofacial region such as dental crowns, fixed bridges,
splints and implants, surgical fixtures and clips (Starcukova
et al., 2008). Crowns, bridges and implants are common
fixed prostheses that have been the main treatment choices
in prosthetic dentistry (Saeed et al., 2020).

MRI generates images with using a strong uniform static
magnetic field and radiofrequency pulses. When materials
are placed in a magnetic field, they are magnetized to some
extent depending on their magnetic susceptibility (Gray
et al., 2003;Czervionke et al., 1988). As an undesirable,
changes in magnetic field strength at the interface between
dental materials and neighboring tissue may cause to spatial
distortions and signal loss, producing an image artifact (Fache
et al., 1987).The amount of artifact varies depending on the
shape, orientation, location, and number of objects in or near
the imaged volume with the magnetic field strength of the
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scanner, pulse sequence type, and pulse sequence parameters
(Schenck, 1996; Bui et al., 2000; Hubalkova et al., 2002).

Conventional MRI provides a non-invasive evaluation
of soft tissue protons and avoids the potential harm related
with x-ray imaging modalities. But, cortical bone has a short
transverse relaxation time (T2 star), making it invisible when
studied with conventional clinical MRI sequences with echo
times of a few milliseconds or longer (Robson et al., 2003;
Reichert et al., 2005). The absence of direct signal from
bone makes it impossible to measure MRI relaxation times
(eg, T1 and T2 star), magnetization transfer rate, and volume
concentration of several bone compartments. To address this
insufficiency and to take advantage of both the safety profile
of MRI and the perfect evaluation of soft tissues such as
muscle, a benefit not found in modalities with x-ray, some
advanced MRI modalities have newly been developedfor
assessment bone more effectively (Du & Bydder, 2013;
Chang et al., 2015; Manhard et al., 2017; Wehrli, 2013).
One of them, ultrashort echo time (UTE) MRI on the order
of microseconds allows direct imaging and quantitative
evaluation of cortical bone (Du & Bydder, 2013).

The aim of this study was to measure the amount of
artifacts produced by different dental crown materials on UTE
sequence. The first null hypothesis was that the area of artifact
would be larger in cobalt-chromium (Co-Cr) restorations
than zirconia (Zr) restorations. The second null hypothesis
was that the area of artifact would be larger as the number of
members increased in both Co-Cr and Zr restorations.

MATERIALS AND METHODS

In terms of adaptation of the study results to clinical
practice, crowns and bridges that exactly reflect the patient’s
dental arch and which were removed within the indication
were used. One single dental crown, one three and five-
element fixed bridge made of Co-Cr and Zr were included in
this study. The composition of the metal restorations consisted
predominantly of cobalt (62%) and chromium (27%). This
was followed by molybdenum with a rate of 6%.

A rectangular plastic container was used to prepare the
phantom of this study. First, the first layer of 1% hot agar
in water was poured into the plastic container to fill half
the volume of container. The container was covered with
cling film and left at room temperature for 30 minutes to
gel. Samples were attentively placed on top of the solid first
agar gel layer to provide that all objects could be scanned on
the same slice. In the continuation, a second agar solution

was prepared and poured attentively to fill the container so
as not to disturb the sequencing of the samples.

1.5 T MRI device (Magnetom Siemens Altea, Germany)
was used for the phantom scanning. Imaging parameters
were 230x230FQV, slice thickness of 1 mm, number of slices
256,TE-0.07, bandwidth of 635 Hz/Px, flip angle 10° (Table 1).

Table 1. Imaging parameters used in this study
Sequence | Strength | FOV Slice Slice | Bandwidth | TE | Flip
(mm) | thickness | numbers | (Hz/Px) | (ms) | angle
(mm) ©)
230x230 1 256 635 0.07| 10

UTE 1.5T

Images were acquired at UTE sequence. After the phantom
wasscanned, itwas savedasdigitalimaging and communications
in medicine (DICOM) files. DICOM files were opened with
the RadiAnt DICOM Viewer (64-bit) software (Medixant
Company, Poland) and saved as screenshots. These images
were transferred in Image]® (National Institute of Health,
Bethesda, MD, USA). Based on the study of Gao et al. (2022)
and Cortes et al. (2015), artifact measurement of all specimens,
was performed. Artifacts were defined as signal intensity
and signal loss adjacent to the prosthesis, and measurement
of these areas was made in the same horizontal plane by
plotting the region of interest (ROI) around the restorations.
After the ROI is determined, Image-Adjust-Threshold tabs
were used through the software program. The threshold was
determined considering the signal intensities histogram (8-
bit pixel values). A lower threshold valueof zero and a higher
threshold value of 121 were determinedand applied for all
measurements. Afterwards, measurements were performed
and recorded using the Analyze-Measurement tabs (Figure 1).
All measurements were done by a calibrated observeron the
same laptop to rule out changes in image resolution (Dell Inc.,
Round Rock, TX, USA).Undecided situations were solved
by consensus with the authors. Image manipulation was not
allowed using the development tools of the tracer solution
(magnification, contrast, brightness). The average artifact areas
of each specimen were recorded in an excel file. Descriptive
statistics were used in the analysis of the obtained data.

94x60 pixels; 8-bit, 6K

Figure 1. The artifact measurement of single crown. A. Cobalt —
chromium B. Zirconia



European Journal of Research in Dentistry 2023; 7(1): 23-26

Serindere et al. 25
Artifacts Produced by Different Dental Crowns

RESULTS

The mean artifact area of Co-Cr one single dental
crown, one three and five-element fixed bridge was 31.195,
173.844 and 215.125 mm?, respectively while of Zr one
single dental crown, one three and five-element fixed bridge
was 24.186, 100.516 and 182.344 mm?, respectively (Table
2). Zr material produced less artifacts than Co-Cr restoration.
It was stated that the amount of artifact increased as the
number of elements increased.

Table 2. The mean artifact areas according to the element number
of different materials

The mean artifact areas (mm?)

Cobalt-chromium restorations Zirconia restorations
Three Five
Single | Three element | Five element | Single | element | element
crown | fixed bridge | fixed bridge | crown | fixed fixed
bridge | bridge
31.195 173.844 215.125 | 24.186 | 100.516 | 182.344
DISCUSSION

In this study, the effect of different dental restoration
materials and restoration element numbers on the size of
the artifact area in UTE-MRI sequences was evaluated. The
first null hypothesis was accepted due to increase in artifact
area in Co-Cr restorations. The second null hypothesis was
accepted due to the increase in artifact area as the number of
restoration elements increased.

Decreased image quality and image distortions caused
by various metal restorations and prostheses make image
interpretation and diagnosis difficult. This may limit the use
of CT and MRI imaging (Klinke et al., 2012). In this study,
Co-Cr supported restorations and Zr restorations, which are
one of the most commonly used alloys in prosthetic dentistry,
were used. Due to their frequent use, it was hypothesized
that the amount of artifact they would produce could be
considered in the selection of prosthetic restorations.

Gao et al. (2022) reported that Co-Cr single crown
produced between 31.833 mm? and 44.616 mm? artifacts
around teeth and double Co-Cr crowns increased artifact
areas by 150.10 mm?. The result of this study was found
close to the lower value reported by Gao et al. (2022). The
difference in artifact area between Co-Cr single crown and
three element fixed bridge was 142.649 mm?.

Tymofiyeva et al. (2013) reported that Co-Cr had the
strongest distortion and were stated as non-compatible.

However, Zr was classified as compatible material.
Similarly, this study showed that Co-Cr metal restorations
have stronger artifact effect. Consistent with this study,
Hilgenfend et al.(2016) reported that Zr implant with
monolithic Zr crown produced less artifact on MRI.

As the size of the material increases, the size of the
artifact will also increase. When the material is within a
radius of 10 cm inside the ROI, there will be a maximum
area of signal loss. Artifacts are seen even in paramagnetic
metals and the causative factor is related to the shape of the
material (Taniyama et al., 2010).This explains the increase
in the artifact area as the number of restoration elements
increases, which is revealed in this study.

Advanced MRI techniques such as slice coding for
metal artifact correction (SEMAC) and multi-acquisition
variable resonance image combination (MAVRIC) have
been proposed to decrease metal artifacts around the metal
restorations The SEMAC array is reduction of metal artifact
MRI procedure based on 2D viewing angle tilt (VAT) and
may supply robust coding of slices stimulated against
metal-induced field inhomogeneities within an appropriate
scan time. By combining data analyzed from multiple slices
corrected by SEMAC and using VAT, SEMAC may be used
to correct for spatial distortions (Klinke et al., 2012).

In this study, a special sequence UTE was preferred.
Reichert et al.(2005) reported that UTE is the most indicated
sequence to observe solid structures, and two studies
(Bracher et al., 2013; Hovener et al., 2012) have reported
UTE as useful sequence to distinguish the oral tissues and
make diagnosis.Relatively small fields of artifacts in both 1.5
and 3.0 T, very short echo times that maintain satisfactory
contrast resolution, and the use of high bandwidth values are
cited as reasons why UTE has these advantages (Cortes et al.,
2015). In the study of Cortes et al.(2015), the mean artifact
area was reported as 6.74 cm?® for UTE images. The smallest
artefact area was obtained using UTE sequence at 1.5 T.
Abdala Junior et al.(2021) evaluated the artifact caused by
orthodontic appliances composed of different alloys and also
reported that UTE sequences produced smallest artifact areas.

CONCLUSION

Co-Cr metal restorations produced larger artifact areas
than Zr material on UTE MRI. UTE sequence is useful in
evaluating susceptibility artifacts from different materials.
In 2015, Cortes et al. (2015) reported that their study was
the first to investigate the effectiveness of the UTE sequence
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in generating images with small-size MRI metal-ceramic
artifacts. Therefore, it can be said that the UTE related to this
subject is novel sequence in the literature. Along with this
study, future studies will contribute to the literature.
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ORIGINAL ARTICLE / ARASTIRMA MAKALESI

Klorheksidinin Insan Dis Eti Fibroblast Hiicre Canlihig ve
Sitotoksisitesi Uzerindeki Etkilerinin In Vitro Degerlendirilmesi

In Vitro Evaluation of Effects of Chlorhexidine on Human Gingival Fibroblasts Cell Viability

and Cytotoxicity

Gozdem BAYRAKTAR @, Ayse Mine YILMAZ GOLER ®, Hafize OZTURK OZENER

oz

Amag: Bu in vitro ¢galismada, % 0,2’lik klorheksidin (CHX)
soliisyonunun, insan digeti fibroblast (HGF) hiicre canliligt
ve sitotoksisitesi lizerindeki etkilerinin  degerlendirilmesi
amaglanmistir.

Gere¢ ve Yontemler: Bu calisma 30 saniye ve 2 dakikalik
zaman araliklarinda, ntr pH degerindeki % 0,2’lik CHX soliisyonu
ve hiicre olarak ATCC’den ticari olarak temin edilen HGF-1 (CRL-
2014) hiicre hatlar1 kullanilarak gerceklestirildi. CHX’in HGF
iizerindeki hiicre canlilig: etkileri 3-(4,5-dimetiltiazol-2-il)-2,5-
difeniltetrazolyum bromiir (MTT) testi ile ve sitotoksik etkileri
laktat dehidrogenaz (LDH) testi ile degerlendirildi. Sonuglar
ortalama ve standart sapma degerleri kullanilarak two way ANOVA
testiyle istatistiksel olarak analiz edildi (p<0,05).

Bulgular: MTTtestisonuclarinagore, % 0,2 CHX soliisyonunun
zamanla hiicre canliligini azalttig1 goriildii (»<0,0001). LDH testi
sonuglarina gore ise % 0,2 CHX’in sitotoksik etkinliginin kontrol
grubuna kiyasla arttig1 (p<0,0001) ancak zaman iginde istatistiksel
olarak anlamli bir fark géstermedigi (p>0,05) gozlendi.

Sonug: Bu in vitro ¢alismanin sinirlari dahilinde, % 0,2 CHX
soliisyonu, 30 sn ve 2 dk’lik kisa maruz kalma siirelerinde, HGF
hiicre canliligini azaltti ve HGF iizerinde sitotoksik etki gosterdi.

Anahtar Kelimeler: klorheksidin, fibroblast, in vitro,
sitotoksisite, hiicre canlilik testleri
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ABSTRACT

Objectives: The aim of this study was to evaluate the effects
of a 0.2 % chlorhexidine (CHX) solution on human gingival
fibroblasts’ (HGF) cell viability and cytotoxicity in vitro.

Materials and Methods: This study was performed at
30-second and 2-minute time intervals using a 0.2 % CHX solution
at neutral pH and HGF-1 (CRL-2014) cell lines commercially
available from ATCC. Cell viability effects of CHX on HGF
were determined using the 3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) test, and cytotoxic effects
were determined using the lactate dehydrogenase (LDH) test.
Results were statistically analyzed by calculating means and
standard deviations using the two-way ANOVA test (p<0.05).

Results: According to the MTT test results, it was observed
that the 0.2 % CHX solution decreased cell viability over time
(»<0.0001). According to the LDH test results, the cytotoxic
efficacy of 0.2 % CHX was higher compared to the control group
(»<0.0001), but did not show a statistically significant difference
over time (p>0.05).

Conclusions: Within the limits of this in vitro study, 0.2 %
CHX solution reduced HGF cell viability and showed cytotoxic
activity on HGF during short exposure times of 30 sec and 2 min.

Keywords: chlorhexidine, fibroblasts, in vitro, cytotoxicity,
cell viability assays

GIRIS

Antimikrobiyaller, mikroorganizmalarin neden oldugu
enfeksiyonlar1 tedavi etmek i¢in kullanilan ajanlardir.
Cesitli aktif maddeler iceren antimikrobiyal ajanlar dis
hekimliginde, ozellikle periodontolojide, supragingival
plak ve diseti iltihabini kontrol etmek amaciyla siklikla
onerilmektedir (Muller ve ark., 2017; Coelho ve ark., 2020).
Dis ¢ekimi ve implant yerlestirme dahil olmak iizere oral
ve periodontal cerrahilerin dncesi ve sonrasinda, protezlere
bagl gelisen agiz kurulugu veya kandida enfeksiyonu
varliginda, hiperplazi, mukozit varliginda, bakteriyemi veya
oral enfeksiyon riski olan hastalarda koruyucu ve tedavi
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edici ajan olarak kullanilmaktadir (Drisko, 2001; Petersilka
ve ark., 2002; Quirynen ve ark., 2002; Muller ve ark., 2017;
Coelho ve ark., 2020).

Klorheksidin  (CHX), oral
olusumunun engellenmesinde, gingivitis ve periodontitiste

kavitede dental plak

mekanik periodontal tedaviye yardimer olarak, ¢iiriigiin
onlenmesinde, cerrahi operasyonlar sonrasi gelisebilecek
enfeksiyonlarin 6nlenmesi ve tedavisinde ve de agiz i¢indeki
diger enfeksiyonlarin giderilmesinde kullanilan etkili bir
lokal kullanima uygun antimikrobiyal ajandir (Karpinski
ve Szkaradkiewicz, 2015; Figuero ve ark., 2017). Gram
pozitiflerde daha etkili olmak iizere gram negatif aerop
ve anaerop bakterilere, mantarlara, dermofitlere ve bazi
lipofilik viriislere karsi genis bir antimikrobiyal etkinlige
sahiptir (Hennessey, 1973; Russell, 1990). Dental plak
iizerindeki 6nemli etkisinden dolay1 dis hekimliginde altin
standart olarak kabul edilmektedir (Neely, 2012). CHX’in
antiseptik bir ajan olarak etkinligi iyi bilinmesine ragmen,
uzun siireli kullanimda yan etki olarak dislerde, dilde ve
agiz i¢i restorasyonlarda sari-kahverengi renklenmelere
neden oldugu, dis tas1 olusumunu arttirdigy, tat bozukluguna
yol agtigi ve oral mukozada yanma hissi olusturdugu igin
kullanim1 zordur (Batra ve ark., 2022). Ozellikle iyilesme
stirecinde dokular tizerindeki olumsuz etkisi nedeniyle
CHX kullaniminin  doku
reaksiyonlar ve

kullanim1  sorgulanmaktadir.

nekrozu, enflamatuvar rejenerasyon
inhibisyonu ile iligkili oldugu bildirilmistir (Coelho ve
ark., 2020). CHX’in, etkin bir tedavi amaciyla antiseptik
ve antimikrobiyal ajan olarak giivenle kullanilabilmesi
icin agiz mukozasi iizerindeki etkilerinin ayrmtili olarak

incelendigi caligmalara olan ihtiya¢ devam etmektedir.

Tim bilgiler 151ginda bu in vitro ¢aligmanin amaci,
% 0,2’lik CHX soliisyonuna, 30 sn ve 2 dk’lik siire
boyunca maruz birakilan insan diseti fibroblastlarinda
(HGF), CHX’in hiicre canlilig1 ve sitotoksik etkilerini
degerlendirmektir.

GEREC ve YONTEMLER

Deneyler, HGF hiicreleri igin ATCC’den ticari olarak
temin edilen HGF-1 (CRL-2014, ATCC, Manassas, VA,
ABD) hiicre hatlar1 kullanilarak gerceklestirildi. HGF
hiicreleri, 37 °C’de % 1 penisilin/streptomisin , % 1
L-glutamin (CAS No: 56-85-9), % 0,1 amfoterisin B (CAS
No: 1397-89-3) ve % 10 fetal sigir serumu (FBS) (CAS
No: 9014-81-7, GibcoTM, Thermo Fisher Scientific, ABD)
ile takviye edilmis Dulbecco’s Modified Eagle Medium

(DMEM) (Biochrom AG, Berlin, Almanya) i¢inde kiiltiir
edilerek tretici talimatlari dogrultusunda ¢ogaltildi. HGF
hticreleri % 70-80 yogunluga ulastiktan sonra (Sekil 1), 2
mL besiyeri/kuyu igeren, 1,5x10° hiicre yogunlugu/kuyu
olacak sekilde 6 kuyucuklu plakalara ekildi ve 24 sa boyunca
37 °C’de kuyulara tutunmalari i¢in inkiibasyona birakildi.
Inkiibasyonu takiben ortamdaki besiyeri uzaklastirildi.
Hiicrelerin bulundugu kuyulara % 0,2°1ik CHX (test grubu)
(Chlorhexydin Gluconate, CAS No: 18472-51-0, Doga
Ilag, Istanbul, Tiirkiye) veya 2 mL besiyeri (kontrol grubu)
eklenerek 30 sn ve 2 dk beklendi. Daha sonra soliisyonlar
uzaklastirildi.

Sekil 1. Insan diseti fibroblast (HGF) hiicrelerinin mikroskobik
goriintiisii, (A) baslangig, (B) %80 yogunluga ulastiktan sonra

HGF hiicrelerinde hiicre canliligi 3-(4,5-dimetiltiazol-
2-il)-2,5-difeniltetrazolyum bromir (MTT) (Glentham
Life Sciences, Ingiltere) testi kullanilarak degerlendirildi.
Kuyucuklar fosfat tampon ¢dozeltisi (PBS) (Wisent,
Kanada) ile yikandi, her birine 132 uL MTT boyama
solisyonu ilave edilerek 37 °C’de 3 saat inkiibasyona
birakildi. MTT formazonu aciga ¢ikarmak ic¢in her bir
kuyucuga mevcut hiicre ortami uzaklagtirilarak 200
pL dimetil siilfoksit (DMSO) (CAS No: 67-68-5) ilave
edildi. 10 dk sonra, her bir kuyucuktan 200 pL ortam, 96
kuyucuklu plakalara aktarildi ve optik dansite (OD) bir
plaka okuyucu (Perkin Elmer Enspire multimode, Boston,
ABD) kullanilarak 570 nm’de kaydedildi. Elde edilen
absorbans degerleri asagidaki formiil kullanilarak canlilik
(%) degerlerine ¢evrildi:

[(OD. —OD

Ornek

OD . )]x 100

hﬁcrcsiz)/(OD kontrol hiicresiz

HGF hiicrelerinde sitotoksisiteyi saptamak i¢in nekrozun
bir gostergesi olarak hiicre dis1 laktat dehidrogenaz (LDH)
salinimlar1 incelendi. Sitotoksisite testi, ticari bir Kitin
(CytoScan™, G-Biosciences, MO, ABD) talimatlarina
gore gerceklestirildi. % 0.1 Triton X-100 ile muamele
edilen hiicreler maksimum LDH salinim aktivitesi olarak
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kullanilirken, 10 pLsteril, ultra-safsuiginde, islem gérmemis
hiicreler spontan LDH salmim aktivitesinin kontrolii
olarak kullanildi. Numune ile tedavi edilen hiicrelerden
LDH’nin yiizde salinimi LDH’nin maksimum salinimi ile
karsilagtirilarak hesaplandi. Absorbans degerleri, bir plaka
okuyucu (Perkin Elmer Enspire multimode, Boston, ABD)
kullanilarak 490 nm’de 6l¢iildii. Sitotoksisite (%) asagidaki
formiille hesaplandi:

[(LDH Saliim Aktivitesi , , — LDH Salinim Aktivitesi
onio)/(LDH - Salimim - Aktivitesi | .~ — LDH Salinim
Aktivitesi komml)] x 100

istatistiksel Analizler

Analizler GraphPad Prism 8.0.2 (GraphPad Software
Inc., San Diego, ABD) programi kullanilarak yapildi.
Sonuglar, ortalama + standart sapma olarak ifade edildi.
Veriler two-way ANOVA ve post-hoc Sidak testleri
kullanilarak istatistiksel olarak analiz edildi. Anlamlilik
diizeyi p<0,05 olarak ayarlandi.

BULGULAR

MTT testi sonuglarina gore (Tablo 1, Sekil 2), %
0,2 CHX soliisyonunun, kontrol grubuna kiyasla her iki
zaman diliminde de hiicre canliligii azalttigi gorildi
(p<0,0001). Ayrica, hiicre canliligi zaman iginde istatistiksel
olarak daha fazla azalma gosterdi (p<0,0001).

Tablo 1. Soliisyonlarin MTT ile degerlendirilen hiicre canlilig1 ve
LDH ile 6lgiilen sitotoksisite degerleri

Hiicre Canlihg (MTT)
Soliisyon Zaman Ort+S.S. Standart hata P
Kontrol 100 ,00
CHX (%0,2) 30sn 16,72+3,26 1,152 <0,0001"
2dk  9,14+0,85 0,300 <0,0001"
Sitotoksisite (LDH)
Soliisyon Zaman Ort+S.S. Standart hata P
Kontrol 0 ,00
CHX (%0,2) 30sn S51,17+11,3 3,982 <0,0001"
2dk  53,30+16,9 5,977 <0,0001"

Two-way ANOVA ve post hoc Sidak testi, p<0,05, "kontrol grubuna
kiyasla, #30 sn’ye kiyasla p<0,0001, S.S.: standart sapma

#
100+ B i
80+
E?; 60_
s )
& 40~
[ 1
204
0 I I

; 30sn | 2dk

Kontrol CHX

Sekil 2. % 0,2 CHX soliisyonunun HGF hiicre canlilig1 iizerine
etkisi (MTT). p-degerleri two way ANOVA ve post hoc Sidak
testleri ile belirlendi.* p<0,0001 gruplar arast, “p<0,0001 grup i¢i.

LDH testine gore (Tablo 1, Sekil 3), % 0,2 CHX’in
sitotoksisite degerleri her iki zaman diliminde de istatistiksel
olarak kontrol grubuna gore daha yiiksekti (p<0,0001). %
0,2 CHX’in sitotoksisitesi, 30 sn ve 2 dk arasinda artig
egiliminde olup anlamli bir fark gostermedi (p=0,5791).

1
100
. 80+
F |
2 604
S |
e |
—
S 404
S )
[y
204
0 : 30sn’ 2dk
Kontrol CHX

Sekil 3. % 0,2 CHX soliisyonunun HGF iizerine sitotoksik etkisi
(LDH). p-degerleri two way ANOVA ve post hoc Sidak testleri ile
belirlendi. *p<0,0001
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CHX, agiz boslugunda en sik kullanilan kemoterapotik
antimikrobiyal ajandir (Dadpe ve ark., 2018). Gigli
antimikrobiyal etkinligine ragmen, doza ve zamana bagh
olarak hiicreler tizerinde olumsuz etkileri oldugunu gosteren
caligsmalar vardir (Coelho ve ark., 2020; Batra ve ark., 2022).
Bu ¢alismada % 0,2 CHX’in, 30 sn ve 2 dk maruz kalma
stirelerinde, HGF tizerindeki etkileri incelenmistir. Bilgimiz
dahlinde c¢alismamiz, % 0,2 CHX konsantrasyonunun
HGF {izerindeki erken dénem hiicre canliligr ve sitotoksik
etkilerinin ayni anda incelenerek degerlendirildigi ilk
caligmadir.

Dis hekimliginde kullanilan CHX konsantrasyonlari
% 0,12 ile % 2 arasinda degismektedir; oral antisepsi i¢in
% 0,2 oran1 kullanilir ve bu konsatrasyon dis eti iltihabi,
kandidiyazis ve dis plagina kars1 oldukea etkilidir (Sogut,
2013). Bu veriler goz 6niinde bulundurularak bu ¢aligmada
% 0,2’lik CHX konsantrasyonu kullanilmasi tercih
edilmistir.

Literatiire bakildiginda, CHX ile yapilan in vitro
calismalarda degerlendirme siirelerinin 15 sn ile 48 sa
araliginda (Mima ve ark., 2011; Tirali ve ark., 2013; Voos
ve ark., 2014; Castillo ve ark., 2015; Decker ve ark., 2017;
Vahabi ve ark., 2019; Etemadi ve ark., 2020; Von Maltzahn
ve ark., 2020) ve hatta 72 sa (Koychev ve ark., 2017) ve 96 sa
(Bidar ve ark., 2012) siirelerinde oldugu, klinik ¢caligmalarda
ise uygulama stirelerinin 1 dk agiz calkalama (Becerik ve
ark., 2011; Sritrairat ve ark., 2011) veya 5-10 dk subgingival
irrigasyon (Kshitish ve Laxman, 2010; Jalaluddin ve ark.,
2019; Vitt ve ark., 2020) seklinde uygulandig1 goriilmiistiir.
% 0,2 CHX’in lokal kullanimi amaciyla iretilen agiz
gargaralart dreticilerinin kullanim talimatlart da CHX’in
agiz igerisinde yaklasitk 1 dk siiresince calkalanmasi
dogrultusundadir. Klinik uygulamada, agiz boslugundaki
dokular ve mevcut mikrobiyal patojenlerle temas siiresi
cogunlukla kisadir ve hastalar giinliik rutinlerinde gargaralari
30 snile 1 dk arasinda kullanir. Bu nedenle, klinik kullanimi
yeterince taklit edebilmek i¢in bu ¢alismada 30 sn ve 2 dk
kisa maruz kalma stireleri aragtirilmigtir.

CHX’in, antimikrobiyal o6zelliklerine ve agiz ici
yaralarin tedavisinde yaygin olarak kullanimina ragmen,
birgok yazar tarafindan in vitro olarak diseti fibroblastlari
iizerinde giicli bir toksik etkiye sahip oldugu, diisiik
CHX konsantrasyonlarinin bile diseti fibroblastlarinda ve
epitel hiicrelerinde protein ve DNA sentezini inhibe ettigi
calismalarda belirtmistir (Babich ve ark., 1995; Giannelli
ve ark., 2008; Faria ve ark., 2009; Schmidt ve ark., 2016;

Schmidt ve ark., 2018; Sukumaran ve ark., 2020; Babgi ve
ark., 2021; Nawrot-Hadzik ve ark., 2021; Utami ve ark.,
2022). Arastirmacilar, fibroblastlarin > % 0,01 CHX’e maruz
kalmasinin, zamana bagli olarak hiicre canliligini 6nemli
olgiide azalttigini bildirmislerdir (Schmidt ve ark., 2016;
Sukumaran ve ark., 2020; Nawrot-Hadzik ve ark., 2021).
Bu ¢alismaya benzer sekilde, Babgi ve ark. (Babgi ve ark.,
2021) yaptiklari in vitro caligmada, % 0,2 CHX’e 2 dk maruz
kaldiktan sonra HGF canliliginda giiclii bir inhibisyon tespit
etmigtir. Calismamizin bulgularia bakildiginda, literatiirle
uyumlu olarak, % 0,2 CHX’in 30 sn ve 2 dk siirelerinde,
HGF hiicre canliligini azalttig1 goriilmiistiir.

CHX’intoksisitesini saptamak i¢in ise, HGF hiicrelerinde
nekroz indiikksiyonu (LDH salimimi) arastirilmis, ancak
literatirde CHX ile ilgili yeterli
rastlanmamistir (Giannelli ve ark., 2008; Faria ve ark.,
2009; Schmidt ve ark., 2018). Gianelli ve ark. (Giannelli
ve ark., 2008) yaptiklart ¢alismada, CHX’in % 0,12’1ik
konsantrasyonda, 1 dk tedaviden sonra fibroblastlarin

sayida calismaya

nekrozunu % 50°den daha yiiksek oranlarla etkiledigini,
ayni sekilde Faria ve ark. (Faria ve ark., 2009) da, daha
diisiik konsantrasyonlarda CHX’in 24 sa uygulama sonrasi
HGF iizerinde % 80 nekroz gosterdigini belirtmislerdir. Bu
gozlemler, % 0,2 CHX ile 30 sn ve 2 dk tedavi sonrast
HGF’nin sitotoksisitesinde anlamli bir artis gdsteren bizim
¢alismamizin bulgulari ile uyumludur.

Calismamizin asil limitasyonu, hiicre canliligi ve
sitotoksisitesinin incelenmesi i¢in kullanilan MTT ve
LDH testlerinin sonuglarmin dogrulugunun bir taramali
mikroskobu
Ayrica, bu ¢aligsma sadece in vitro kosullarda yapildigindan,

elektron tarafindan  desteklenmemesidir.
klinik ortamdaki pek c¢ok degisken faktoriin etkisi
degerlendirilemedigi i¢in sonuglar smirlt bir anlam
tastyabilir. Caligmanin kisitli zaman dilimlerini icermesi de

bir diger limitasyon olarak sayilabilir.

SONUC

Bu caligmanin smurlart dahilinde elde edilen verilerle,
% 0,2 CHX soliisyonunun, kisa maruz kalma siirelerinde,
zamana bagli olarak HGF hiicre canliligini yiiksek oranda
azalttig1 ve sitotoksik etki gosterdigi tespit edilmistir. Bahsi
gecen butoksik etkiler, CHX in kullanilacag1 durumlarda ideal
konsantrasyon ve ideal uygulama siiresinin belirlenmesinde,

g6z ontinde bulundurulmalidir.
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OLGU SUNUMU/ CASE REPORT

Fasiyal Selliilit Tablosuyla Basvuran Hastanin Acil Endodontik

Tedavisi : Olgu Sunumu

Emergency Endodontic Treatment of a Patient Presenting with Facial Cellulitis: Case Report

Damla ILKGELEN @, Emre IRIBOZ ©, Hesna SAZAK OVECOGLU

oz

Odontojenik fasiyal selliilit; disler ve yardimci periodontal
yapilardan kaynaklanan, akut, agrili, diffiiz ve biiyiik alana yayilmis
sislikle karakterize tablodur. Etkeni aerop ve anaerop bakterilerin
birlesiminden olusan mikst bakteri kolonisidir; gram pozitif
bakterilerden Streptococcus’lar, gram negatif bakterilerden de
Porfiromonas, Prevotella, Fusobacterium’lar en sik rastlanan etken
bakterilerdir. Hizla yayilarak ciddi tablolara yol agabilir. Tedavi
zamanlamasinda herhangi bir hata veya yontemindeki herhangi bir
yanlislik; santral sinir sistemi enfeksiyonu ve sepsis gibi sistemik
ve hayati tehdit eden komplikasyonlarla sonuglanabilir. Bu olgu
sunumunun amact; acil klinigimize bagvurmus, yiiziin sol iist ve
alt kadranini igine alan bir fasiyal selliilit tablosu bulunan hastanin
acil endodontik tedavisi ve iyilesme siirecinin sunulmasidir.

Anahtar Kelimeler: fasiyal selliilit, acil endodontik tedavi,
drenaj, antibiyotikler

ABSTRACT

Odontogenic facial cellulitis is characterized by acute, painful,
diffuse and large-area swelling caused by teeth and supportive
periodontal tissues. The most common etiological bacteries
are Streptococci from gram-positive bacteria; Porphyromonas,
Prevotella, Fusobacterium from gram-negative bacteria. It can
spread rapidly and lead to serious situations. Any mistake in the
timing of treatment or any inaccuracy in its’ method may result in
systemic and life-threatening complications such as infection of
the central nervous system and sepsis. The aim of this case report
is to present the emergency endodontic treatment and recovery
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process of a patient in our emergency clinic with a facial cellulitis
table covering the upper left and lower quadrant of the face.

Keywords: facial cellulitis, emergency endodontic treatment,
drainage, antibiotics

GIRIS

Fasiyal selliilit, enfeksiyon kaynagina gore odontojenik
veya nonodontojenik olarak siniflandirilir. Odontojenik
olmayan selliilit genellikle travma, siniis ya da cilt
enfeksiyonlart veya idiyopatik nedenlerden kaynaklanir
(Isracle&Nelson, 1988). Bu vaka raporunda bir olgusunu
sundugumuz odontojenik fasiyal selliilit ise; bir veya
birden fazla disin enfeksiyonundan ya da yardimci
periodontal dokularla iliskili patolojilerden kaynaklanip
doku hiicreleri arasindaki bosluklardan ¢esitli anatomik
bolgelere, viicut bogluklarma ve apondrotik diizlem
boyunca deri alti bag dokusuna yayilan akut, derin ve
diffiiz bir enflamasyondur (Ramirez&Cuchia, 2012). Bu
tablonun etyopatogenezini iki sey belirler: etken maddenin
biiyiikk miktardaki viriilanst ve hastanin bagisikliginin
baskilanmig durumu. Tedavide temel amag, etken olan ajani
kontrol altma almak ve ortadan kaldirmaktir (Zambrano
ve ark., 2016). Odontojenik enfeksiyonlarda en sik
goriilen bakteriyel ajanlar Streptococcus mutans(%24.5),
Porphyromonas gingivalis(%23.6) ve Porphyromonas
endodontalis’tir(%18.2) (Acosta ve ark., 2017).

Atlanta’da yapilan bir ¢alismaya gore bir hastanenin 10
yillik bir siire¢ i¢inde incelenen toplam yiiz enfeksiyonu
%350’sini
olusturdugu bulunmustur (Biederman&Dodson,

selliilitin
1994).
2004°te yapilan bir calismaya gore Tiirkiye’deki niifus icin

vakalarinin  yaklagik odontojenik

dis ¢iirimesinin 6nemli bir halk sagligi sorunu oldugu;
30 geng eriskin erkekten sadece 1’inin dis ¢iiriimesinden
etkilenmedigi tespit edilmistir (Ceylan ve ark., 2004).
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Bu durum da tlkemizde odontojenik enfeksiyonlar ve
bunlardan kaynaklanabilecek ileri tablolarin risk ve tedavi
yonetimlerinin hekimler tarafindan iyi bilinmesi gerektigi
sonucunu dogurmaktadir. Bu olgu sunumunda fasiyal
selliilit tablosuyla klinigimize basvuran bir hastanin acil
endodontik tedavi yaklagimi ve uzun dénem takip siireci
sunulmaktadir.

OLGU SUNUMU

Fakiiltesi
Endodonti Klinigi’ne bagvuran 47 yasinda kadin hastanin

Marmara  Universitesi Dis Hekimligi
yliziiniin sol alt ve iist kadraninda yaygin sislik, siddetli
agr1 ve agiz acikliginda ileri derece kisitlilik(orta dereceli
trismus) sikayetleri mevcuttu. Yapilan klinik ve radyografik
muayene sonucu hastanin sol alt ikinci premolar disine
irreversibl pulpitis tanis1 koyuldu (Resim 1A,B) ve tedavi
siireci planlandi. Hastaya bilgilendirilmis onam formu

imzalatilip tedavi stirecine baslandi.

Resim 1. A) Hastanin panoramik radyografi goriintiisii. B) Teshis
radyografisi.

Ilk bagvuru giiniinde agiz acikhigindaki kisitlilik
sebebiyle kanal tedavisine baslanamadi (Resim 2A), cerrahi
kesi ile intraoral drenaj saglandi (Resim 2B) ve ilgili bolgeye
dren yerlestirildi (Resim 2C). Hastaya antibiyotik (Klindan
600 mg/4ml flakon IM, 4 adet) ve antienflamatuvar (Brufen
600 mg film tablet) regete edildi.

Resim 2. A) Teshis giinii hastanin ekstraoral goriinimii, agiz
acikliginda kisitlilik. B) Intraoral drenaj. C) Dren yerlestirilmesi.

Ug giin sonra hastanmn akut belirtileri ortadan kalkt:
ve yiiziindeki sislik azaldi, agiz acikligi normal sinirlara
ulasti (Resim 3A), dren c¢ikartildi, etken olan sol alt 2.
premolar digin kanal tedavisine baslandi. Girig kavitesi
acilan diste kok kanalinin bukkal ve lingualde konumlanan
2 ayri kanal seklinde baslayip kokiin apikal G¢liisiinde tek
kanalda birlestigi tespit edildi. Kok kanallar1 %5.25°1ik
NaOCl irrigasyonu altinda Protaper Next NiTi egeler ile

30.04 boyutuna kadar genisletildi ve kalsiyum hidroksit ile
pansuman yapildi. 12 giin sonra kok kanallar1 son yikama
islemi icin sirasiyla %5.25’lik NaOCI, serum fizyolojik,
%17’lik EDTA, serum fizyolojik ve tekrar NaOCl ile yikanip
steril kurutma kagitlart ile kurulandi. Giita-perka ve rezin
esasli kanal pati kullanilarak soguk lateral kondensasyon
teknigi ile dolduruldu (Resim 3B).

Resim 3. A) 4. giin hastanin ekstraoral goriiniimii. B) Bitim
radyografisi.

6 aylik takip sonucunda ilgili bolgede klinik ve radyografik
olarak basarili bir iyilesme gozlendi. Etken disin sorunsuz ve
semptomsuz olarak fonksiyonda oldugu goriildii (Resim 4A, B).

Resim 4. A) 6 aylik takip radyografisi. B) 6 ay sonra ilgili
bdlgenin intraoral goriiniimii.
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TARTISMA

Selliilit asamasinda enfekte bolgede insizyonla drenaj
saglanmasi hakkinda; bazi arastiricilar bu uygulamanin
enfeksiyonun derin dokulara ilerlemesine sebep oldugu,
tedavinin daha konservatif olmasi gerektigi goriisinde
olmakla birlikte (Kara ve ark., 2014 ; Oliva ve ark., 2021)
bir baska goriis ise; drenajin, enfeksiyonun yayilmasini
engelledigi ve gerekli oldugu yoniindedir. Crescente
ve arkadaslari, piy
saglanmasinin, tedavi i¢in ve enfeksiyonun tekrarlamamasi
amaciyla sart oldugunu diisiinmistiir (Crescente ve ark.,

iceriginin akismin ve drenajin

2014). Bizim de uyguladigimiz tedavide ilgili bolgeden
intraoral drenaj saglanmasi, bu ¢alismada Onerilen tedavi
sonucuna benzer sekilde basarilt sonug vermistir.

Fasiyal selliilitle bagvuran bir hastanin akut odontojenik
enfeksiyon durumunu ¢dziimledikten sonra kesin tedaviye
karar verilmelidir; ya bir kanal tedavisi ardindan kalici
restorasyonla dis agizda tutulmali ya da ¢ekilmelidir.
Karar klinik ve radyografik bulgulara bagli olarak alinir
(Nishimura ve ark, 2008). Bizim vakamizda da disin
restore edilebilirligi ve periodontal dokularmin durumu iyi;
radyografik bulgular da elverigli oldugu i¢in ilk dnce akut
enfeksiyon tablosunu giderip ardindan kanal tedavisi ile
etken olan disi agizda tutmaya karar verdik.

Bir diger karar verilmesi gereken unsur ise tedavide

antibiyotik  kullaniminin  gerekliligi ve  gerekliyse
hangi ajanin kullanilacagidir. Fasiyal selliilit olgular
genellikle sistemik tutulumlu ileri vakalardir, bu yilizden
tedavide bir medikasyon esligi gerekmektedir. Tercih
edilen antimikrobiyal ajanin gram-pozitif ve anaerop
bakterilere etkili olmasi gerekir. Bunun icin de beta-
laktamaz inhibitorii kombinasyonlu penisilinler(Ampisilin-
sulbaktam, Amoksisilin-klavulanik asit) dis kaynakh
seliilitlerde iyi bir secenektir. Fakat penisilin alerjisi riski
olan hastalarda kullanilmak iizere beta-laktam disindaki
antibiyotikler onerilir. Ozellikle ayaktan izlenen hastalarda
bu durumda klindamisin iyi bir segenektir (Dodson ve ark.,
1989 ; Holmes&Pellecchia, 2016). Rush ve arkadaslarinin
2007 yilinda yaptiklart bir c¢alismada komplike dental
enfeksiyonlarin ampisilin art1 beta-laktamaz inhibitori
veya klindamisin ile cerrahi drenaj seklindeki kombine
tedavisinin ¢ok etkili oldugu sonucuna varilmistir (Rush ve
ark., 2007). Biz de bu literatiirlere uygun olarak vakamizda
antibiyotik olarak intravendz klindamisin kullandik.
Intravendz kullamim, oral yolla alima gore daha hizh
etki ettigi ve hastanin sistemik tutulumlu tablosunu daha

cabuk iyilestirdigi ic¢in tercih edilmistir. Ayrica yaninda

agrt ve 6dem kontroliine yardimci olacak bir non-steroid
antienflamatuvar ilag da tedaviye eklenmistir.

SONUC

Endodontide acil durumlarin teshis ve tedavileri,
hastalar i¢in hayati olabilecek derecede 6nem tagimaktadir.
Her klinisyen dis hekimi acil durumlarda hastaya nasil
teshis koyacagi ve hangi tedaviyi uygulayacagi konusunda
dikkatli ve bilgi sahibi olmalidir. Bu olgu sunumunda acil
klinigimize odontojenik enfeksiyon kaynakli fasiyal selliilit
tablosuyla bagvuran hastamizin ilk miidahalesi yapilmis
ve etken olan sol alt ikinci premolar dis tedavi edilmistir.
Hastanin uzun donem takibi sonucunda ilgili bolgede
basarili bir iyilesme gozlenmis olup etken disin sorunsuz ve
semptomsuz olarak fonksiyonda oldugu goriilmiistiir.

Cikar Catismas iliskisi

Bu makalede herhangi bir yazar tarafindan olast bir
¢ikar ¢atigmasi belirtilmemistir.
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OLGU SUNUMU/ CASE REPORT

Travma Sonucu Intriize Olmus Bir Disin Uzun Dénem Takibi: Olgu

Sunumu

Long Term Follow-up of an Intrused Tooth as a Result of Trauma: Case Report

Ecem AZGARI ), Hesna SAZAK OVECOGLU

(074

Dental travmatik yaralanmalar ¢ocukluk yasindan itibaren
ergenlik ve genglik déneminde siklikla goriilmekte ve genellikle
diisme, spor yaralanmasi, kavgalar, trafik kazalari sonucunda
olusmaktadir. Intriiziv liksasyon olarak da adlandirilan intriizyon;
disin apikale dogru deplase oldugu ve alveol soketine gomiildiigi
bir dental travmatik yaralanmadir. Periodontal ligament, kemik
dokusu ve ndrovaskiiler segmentte hasara yol agabildiginden, tedavi
sonrasinda yapilan takiplerde komplikasyonlar goriilebilmektedir.
Pulpal nekroz ve enflamasyon en sik karsilagilan komplikasyondur.
Ankiloz, marjinal gingiva ve kemik desteginin kaybu, eksternal kok
rezorpsiyonlart da meydana gelebilen diger komplikasyonlardir.
Bu olgu sunumunun amaci, travma sonucu intriize olan bir digin
uzun donem takibinin incelenmesi ve intriizyon sonucu olusan
eksternal servikal rezorpsiyonun degerlendirilmesidir.

Anahtar Kelimeler: Dental travma, lilksasyon, intriizyon,
repozisyon, eksternal kok rezorpsiyonu

ABSTRACT

Dental traumatic injuries are frequently seen in adolescence and
youth, usually occur as a result of falls, sports injuries, fights and
traffic accidents. Intrusion, also called intrusive luxation, is a dental
traumatic injury that the tooth is displaced apically and embedded
in the alveolar socket. Since it can cause damage to the periodontal
ligament, bone tissue and neurovascular segment; complications
can be seen in the follow-ups after the treatment. Pulpal necrosis
and inflammation are the most common complications. Ankylosis,
loss of marginal gingiva and bone support, external root resorption
may also occur. The aim of this case report is to examine the long
term follow-up of a tooth intruded as a result of trauma and to
evaluate external cervical resorption as a result of intrusion.

Keywords: Dental trauma, luxation, intrusion, reposition,
external root resorption
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GIRIS

Travmatik dental yaralanmalar siklikla ¢ocuklar ve geng
yetiskinlerde goriilmektedir (Bourguignon ve ark., 2020).
Diisme, spor yaralanmalari, trafik kazalari, epilepsi gibi
hastaliklar travmatik dental yaralanmalara sebep olabilirken
(Andersson, 2013; Glendor, 2009); artmis overjet, yetersiz
dudak destegi gibi travma ile iligkili predispozan faktorler de
dental travmalarin etiyolojisini olusturmaktadir. Travmatik
dental yaralanmalara ¢ogunlukla st ¢ene 6n bolgedeki
dislerde rastlanilmaktadir (Zaleckiene ve ark., 2014).

Tedavinin basarilt olabilmesi i¢in dogru teshis, uygun
tedavi plan1 ve diizenli takiplerin yapilmasi gerekmektedir
(Bourguignon ve ark., 2020 ). Travmanin meydana geldigi
yer, zaman ve meydana gelme sekli hastadan veya hasta
yakinindan detayli bir sekilde ogrenilmeli, klinik ve
radyografik degerlendirme yapilmali, tedavi Oncesinde
fotograflar alinmalidir (Brown, 2002).

Intriizyon vakalarinda; dis, alveol kemigi igerisinde
aksiyel yonde deplase olmustur (Chan&Cheung, 2001;
Bourguignon ve ark., 2020). Periodontal ligamentte
ezilme, kemik ve sement dokusunda lezyon olusumu,
norovaskiiler destekte bozulmalar meydana gelebildiginden
tamir  silirecinde travma sonrasi  komplikasyonlar
goriilebilmektedir (de Souza, 2020). Pulpa nekrozu en sik
goriilen komplikasyondur (Chan&Cheung, 2001; Rovira-
Wilde, 2021). Ankiloz, marjinal gingiva ve kemik desteginin
kayb1 ve eksternal kok rezorpsiyonlari diger meydana

gelebilen komplikasyonlardir (Bourguignon ve ark., 2020).

Eksternal servikal rezorpsiyon ise sik goriilmeyen,
siklikla agresif seyreden, ¢ogunlukla (%72) Ust dislerde
tespit edilen rezorpsiyon tiriidir (Lin ve ark., 2022;
Abbot&Lin, 2022). Bu olgu sunumunda travma sonucu
intriize olmus bir disin uzun dénem takibi sonucunda

rastlanan eksternal servikal rezorpsiyon sunulmaktadir.
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OLGU SUNUMU

9 yasinda erkek ¢cocuk hastaya 19.07.2017 tarihinde parkta
oynarken diislip travma aldiktan hemen sonra basvurdugu
hastanede herhangi bir miidahalede bulunulmamus, hasta 24
saat sonra Marmara Universitesi Dis Hekimligi Fakiiltesi
Pedodonti Anabilim Dali’na bagvurmustur. Yapilan klinik ve
radyografik muayene sonucunda 11ve 21 numaral dislerinin
travma aldig1; 21 numarali disinin intriize, 62 numarali diginin
aviilse oldugu tespit edilmistir (Resim 1A, B).

Resim 1. A) Hastanin panoramik radyografisi B) Teshis
radyografisi

Intriize olan 21 numaral dis eleve edilmis ve cerrahi
olarak ekstriize edilmistir. 16-26 numarali disler arasina
travma  splinti

uygulanmig, hastaya antibiyotik ve

antienflamatuar regete edilmistir (Resim 2).

Resim 2. Hastaya travma splinti uygulandiktan sonra alinan
periapikal radyografi

2 hafta sonra yapilan klinik muayenede 11 numarali disin
vitalite testine ge¢ yanit verdigi, 21 numarali disin vitalite
testine yanit vermedigi saptanmistir. 21 numarali disin
endodontik tedavisine baglanmis, 2 hafta siireyle kalsiyum
hidroksit medikament olarak kdk kanalina uygulanmigtir.
2 hafta siire sonrasinda hastaya uygulanan travma splinti
sOkiilmiis, 21 numarali disin apikali MTA Angelus ile
tikaglanarak cam iyonomer simanla gecici olarak restore

edilmistir.

21 numarali disin endodontik tedavisi, Endomethasone-N
ve gutta percha kullanilarak soguk lateral kondenzasyon
teknigi ile tamamlandiktan sonra 11 ve 21 numarali diglerin
daimi dolgular1 pedodonti anabilim dalinda yapilmistir
(Resim 3).

Resim 3. 21 numarali disin endodontik tedavisi ve daimi dolgusu

yapildiktan sonra alinan periapikal radyografi

Endodontik tedavisi tamamlandiktan 3 ay sonra yapilan
muayenede disin klinik ve radyolojik olarak asemptomatik

oldugu goriilmistiir (Resim 4).

Resim 4. 21 numarali disin kontrol amagli alinan periapikal

radyografi
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Daha sonra hekimin kurumdan ayrilmasi nedeniyle
hastanin takibine ara verilmistir. Hasta 3 y1l sonra pedodonti
bolimiine kontrol amach cagirildiginda alinan takip

radyografisinde rezorpsiyon tespit edilmis fakat bu durumla

ilgili hicbir islem yapilmamistir (Resim 5A, B).

Resim 5. A) Kontrol amagli alinan panoramik radyografi B)
Periapikal radyografi

5 yil sonra 14 yas grubunda olmasi nedeniyle Marmara
Universitesi Dis Hekimligi Fakiiltesi Endodonti Anabilim
Dali’na bagvuran hastanin yapilan klinik muayenesinde
21 numarali diste perkiisyon hassasiyeti ve mobilite;
radyografik incelemesinde ise eksternal servikal kok
rezorpsiyonu tespit edilmistir (Resim 6A, B). Hastanin
mobilite disinda sikayetinin olmadig1 saptanmistir. Hastanin
agiz dis ¢ene gelisimini tamamlamasina kadar 21 numarali
digin agizda kalmasi saglandiktan sonra 21 numaral disin

yerine implant yerlestirilmesi uygun bulunmustur.

Resim 6. A) Kontrol amagli alinan panoramik radyografi B)
Periapikal radyografi

TARTISMA

Kok gelisimini tamamlamis, apeksi kapanmis intriize
olmus dislerde intriizyon miktart 3 mm’den az ise
reeriipsiyon beklenmeli, 8 hafta igerisinde reeriipsiyon
meydana gelmez ise cerrahi olarak repose edilmeli ve 2
hafta splintlenmelidir. Intriizyon miktar1 3-7 mm arasinda
ise dis cerrahi ya da ortodontik olarak ekstriize edilmelidir.
Intriizyon miktar1 7 mm’den fazla ise cerrahi olarak ekstriize
edilmelidir (Bourguignon ve ark., 2020; Rovira-Wilde,
2021). Erken donemde endodontik tedavi uygulanmasi
onerilmektedir. Kanal i¢i medikament olarak kalsiyum
hidroksit veya kortikosteroid-antibiyotik uygulanmasi,
sonrasinda kok kanal dolumunun yapilmasi 6nerilmektedir
(Bourguignon ve ark., 2020).

Kok gelisimini tamamlamamis, apeksi agik intriize
olmus dislerde pulpada spontan revaskiilerizasyon, iyilesme
goriilebilmektedir. Hastanin takibinde pulpa nekrozu
veya periapikal enfeksiyon olduguna dair klinik veya
radyografik bir bulgu bulunmuyorsa kok kanal tedavisinden
kaginilmalidir. Hastalarin takipleri mutlaka yapilmalidir,
boylece hizla ilerleyen enflamatuar kdk rezorpsiyonu
meydana gelirse hemen tespit edilip kok kanal tedavisine

baslanabilmelidir (Bourguignon ve ark., 2020).

Intriize olan dislerin ilk miidahalesinde uygulanan pasif
ve esnek splintlerin kisa siireli kullanimi Onerilmektedir.
Travmaya maruz kalmamis saglam disten, diger
tarafta bulunan travma alan dise kadar semi-rijid splint

uygulanmalidir (Rovira-Wilde, 2021).

ortodontik
kiyaslandiginda; koopere olan hastada minimum lokal

Cerrahi  ekstriizyon ekstriizyon ile
anestezi ile, non-koopere hastada genel anestezi ile yapilan
invaziv bir islemdir. Ortodontik ekstriizyon, alveol kemigi

konturlarini cerrahi ekstriizyona kiyasla daha iyi koruyan,
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non-invaziv bir prosediirdiir; fakat daha fazla seans
gerektirmektedir (Nazzal ve ark., 2014).

Intriizyon vakalarinda 2.hafta, 4.hafta, 8 hafta, 12.hafta,
6.ay, l.yil ve en az 5 yil boyunca yilda bir kez takip
onerilmektedir. Takip silirecinde hasta ve hasta yakini
beklenmeyen bir sonu¢ meydana gelirse hekime haber
vermesi konusunda bilgilendirilmelidir. Yapilan takipte disin
semptomatik olmasi, perkiisyonda ankilotik ses duyulmasi,
pulpada nekroz ve enfeksiyon goriilmesi, apikal periodontitis
varlig1, pulpanin obliterasyonu, kdk rezorpsiyonlari, ankiloz,
marjinal gingiva ve kemik desteginin kaybi tedavinin
istenmeyen sonuglarindandir (Bourguignon ve ark., 2020).

Eksternal servikal rezorpsiyon; subepitelyal sementin
hasar1 sonucunda, ¢ogunlukla mine-sement birlesiminden
baslar (Avetisyan ve ark., 2022). Hastanin ilgili disi genellikle
asemptomatiktir, radyografide rastlantisal olarak rezorpsiyon
varligi saptanmaktadir. Klinik bulgularin varligi rezorpsiyonun
lokalizasyonuna ve eslik eden patozlara baghdur. ileri olmayan
durumlarda ilgili bolgenin kiiretaji, bolgeye trikloroasetik asit
uygulanmasi ve cam iyonomer siman ile restore edilmesi
onerilmektedir. Ileri vakalarda ise periodontal cerrahi, kron
boyu uzatma, ortodontik ekstriizyon uygulanmaktadir. Bu
durumdaki vakalarda bir problem gelisene kadar takibe
devam edilmesi, problem meydana geldiginde ise disin ¢ekimi
onerilmektedir (Abbot&Lin, 2022).

SONUC

Dental travmatik yaralanmalarda dogru teshis ve
tedavi planlamasi, uzun donem takiplerin aksatilmamasi
onem tasimaktadir. Bu olgu sunumunda ilk bagvurusunu
fakiiltemizin pedodonti klinigine yapan ve travma sonrasi
ilk midahalesi bu klinikte gergeklestirilen hastamizin
uzun donem takibi incelenmis olup 3.yil sonrasinda
diizenli takibin birakildigi, 5.yilin sonunda endodonti
klinigine devroldugu ve eksternal servikal rezorpsiyonun
goriildiigii tespit edilmistir. Hastanin agiz dis ¢ene gelisimini
tamamlamasina kadar ilgili disin takibi, sonrasinda bolgeye
implant yerlestirilmesi ongoriilmektedir.

KAYNAKLAR

1. Abbott PV, Lin S. Tooth resorption—Part 2: A clinical
classification. Dental Traumatology. 2022 Aug;38(4):267-
85. Andersson, L. (2013). Epidemiology of traumatic dental
injuries. Journal of endodontics, 39(3), S2-S5.

2. Bourguignon C, Cohenca N, Lauridsen E, Flores MT,
O’Connell AC, Day PF, Tsilingaridis G, Abbott PV, Fouad
AF, Hicks L, Andreasen JO. International Association of
Dental Traumatology guidelines for the management of
traumatic dental injuries: 1. Fractures and luxations. Dental
Traumatology. 2020 Aug;36(4):314-30.

3. Brown CJ. The management of traumatically intruded
permanent incisors in children. Dental update. 2002 Jan
2;29(1):38-44.

4. Chan AW, Cheung GS, Ho MW. Different treatment outcomes
of two intruded permanent incisors—a case report. Dental
Traumatology: Case report. 2001 Dec;17(6):275-80.

5. de Souza BD, Dutra KL, Reyes-Carmona J, Bortoluzzi EA,
Kuntze MM, Teixeira CS, Porporatti AL, De Luca Canto G.
Incidence of root resorption after concussion, subluxation,
lateral luxation, intrusion, and extrusion: a systematic review.
Clinical oral investigations. 2020 Mar;24(3):1101-11.

6.  Glendor UL. Aetiology and risk factors related to traumatic
dental injuries—a review of the literature. Dental traumatology.
2009 Feb;25(1):19-31.

7. Heboyan A, Avetisyan A, Karobari MI, Marya A,
Khurshid Z, Rokaya D, Zafar MS, Fernandes GV.
Tooth root resorption: A review. Science Progress. 2022
Jul;105(3):003.685.04221109217.

8. Levin L, Day PF, Hicks L, O’Connell A, Fouad AF,
Bourguignon C, Abbott PV. International Association of
Dental Traumatology guidelines for the management of
traumatic dental injuries: General introduction. Dental
Traumatology. 2020 Aug;36(4):309-13.

9.  LinS,Moreinos D, Kaufman AY, Abbott PV. Tooth Resorption—
Part 1: The evolvement, rationales and controversies of tooth
resorption. Dental Traumatology. 2022 Aug;38(4):253-66.

10. Nazzal H, Dhaliwal HK, Littlewood SJ, Spencer RJ, Day PF.
Interdisciplinary management of severe intrusion injuries in
permanent incisors: a case series. British Dental Journal. 2014
Nov;217(9):517-23.

11. Rovira-Wilde A, Longridge N, McKernon S. Management of
severe traumatic intrusion in the permanent dentition. BMJ
Case Reports CP. 2021 Mar 1;14(3):e235676.

12. Zaleckiene V, Peciuliene V, Brukiene V, Drukteinis S.
Traumatic dental injuries: etiology, prevalence and possible
outcomes. Stomatologija. 2014 Mar 21;16(1):7-14.

How to cite this article: Azgari E, Sazak Ovegoglu H. Travma Sonucu Intriize Olmus Bir Disin Uzun Dénem Takibi: Olgu Sunumu.
European Journal of Research in Dentistry, 2023; 7(1): 37-40. DOL http://dx.doi.org/10.29228/erd.42



European Journal of Research in Dentistry 2023; 7(1): 41-46
DOI: http://dx.doi.org/10.29228/erd.43

REVIEW/DERLEME

Hiperlipideminin Periodontal Hastaliklar Uzerine Etkisi

Effect on Hyperlipidemia on Periodontal Diseases

Basak Funda EKEN @2, Nihal SEHKAR OKTAY

oz

Son yillarda teknolojik gelismelerin ilerlemesiyle birlikte
fiziksel aktivitenin azalmasi ve hayvansal iiriin tiikketiminin artmasi
sonucu giliniimiizde hiperlipidemi 6nemli bir tehdit olmaktadir.
Hiperlipidemi, kanda lipid seviyesinin artmastyla ortaya ¢ikan
metabolik bir durumdur ve periodontal hastalik patogenezi ile de
baglantili oldugu diistiniilmektedir. Periodontal hastaligi bulunan
bireylerde kan lipid seviyelerinin yiikseldigi, tedavi sonrasi ise
hiperlipidemi tablosunun diizeldigi ve ayn sekilde hiperlipidemik
bir hastanin klinik periodontal parametrelerinin de (gingival
indeks, plak indeksi, klinik atagman kaybi, sondalanabilir cep
derinligi, sondalamada kanama vb.) normale dondigii yoniinde
calismalar yer almaktadir. Bu derlemede hiperlipidemi ile
periodontal hastalik arasindaki iliski ve tedavisi, bugiine kadar
yapilan ¢alismalar esliginde tartisiimistir.

Anahtar Kelimeler: hiperlipidemi,
periodontitis, periodontal hastalik

kolesterol, lipid,

ABSTRACT

In recent years, as a result of the decrease in physical activity
and the increase in consumption of animal products with the
advancement of technological developments, hyperlipidemia is an
important threat today. Hyperlipidemia is a metabolic condition
that occurs with increased lipid levels in the blood and it is thought
to be an associated with the pathogenesis of periodontal disease.
There are studies showing that blood lipid levels increase in
individuals with periodontal disease, the severity of hyperlipidemia
decreases after treatment, and similarly, the clinical periodontal
parameters of a hyperlipidemic patient (gingival index, plaque
index, clinical attachment loss, probable pocket depth, bleeding
on probing, etc.) has normalized. In this review, the relationship
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between hyperlipidemia and periodontal disease and its treatment
have been discussed in the light of previous studies.

Keywords: hyperlipidemia, cholesterol, lipid, periodontitis,
periodontal disease

GIRIS

Hiperlipidemi, lipid metabolizmas: bozukluguna bagl
olarak gelisen, plazmada lipid diizeylerinin yiikselmesi
ile karakterize olan metabolik bir durumdur. Lipidler
aldiklar
ve hiicre membranlarmin yapitast olduklart i¢in lipid

organizmada oOnemli fonksiyonlarda gorev
metabolizmasinin dogru isleyisi olduk¢a 6nemlidir (Baskal
ve ark., 2005).

Hiperlipidemi, primer ve sekonder olarak iki bdliime
ayrilmaktadir. Primer hiperlipidemi genetik faktorlerle
baglantili iken, sekonder hiperlipidemi ise diyabet gibi
predispozan faktorler sonucunda gelismektedir. Lipid
ve lipoprotein anomalileri toplumda yaygindir, ayrica
kardiyovaskiiler hastaliklar ve bununla iliskili ateroskleroz
icin risk faktorii olusturmaktadir. Disik yogunluklu
(LDL-K), B100,
lipoprotein(a) ve trigliserid diizeylerinin yiiksekligi, ya

lipoprotein  kolesterol apoprotein
da yiiksek yogunluklu lipoprotein kolesterol (HDL-K) ve
apoprotein Al diizeylerinin disiikliigii de hiperlipidemi
gelisiminde onemli rol oynamaktadir (Ragbetli, 2009).
Ayrica plazma lipid seviyelerindeki artisin da iltihabi ve
immiin mekanizmalarda bozukluga ve periodontitis gibi
enfeksiyonlara karsi duyarliligin artmasina sebep olabilecegi

belirtilmektedir (Iacopino 1995; Noackve ark., 2000).

hastaliklar, destek
dokular1 etkileyen kronik enfeksiyonlardir (Socransky ve

Periodontal disin ¢evresindeki
Haffajee, 1996). Periodontal hastaligin ortaya ¢ikmastyla,
bu hastalikla iligkili mikroorganizmalara ve onlarin toksik
iriinlerine karst cevap olarak interlokin-18 (IL-18) ve
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timor nekroz faktor-a (TNF-0) gibi proenflamatuvar
sitokinler hem lokal hem de sistemik olarak {iretilirler
(Page, 1991;Socransky ve Haffajee 1992). Kan dolagiminda
sitokin ve hormon seviyelerinin yiikselmesi sonucunda
lipid metabolizmasi etkilenir ve trigliserid (TG) seviyesinde
yiikselme, HDL seviyesinde azalma ve LDL partikiil
boyutunda kii¢iilme gibi kardiyovaskiiler hastalik riskini
arttiran degisiklikler meydana gelmektedir (Skoog ve ark.,
2002). Budurum, kronik olarak diisiik dozda mikroorganizma
ve Urlinlerine maruz kalinan periodontitis gibi lokalize bir
oral enfeksiyonun, asemptomatik bakteriyemiye ve bu yolla
lipid metabolizmasinda degisikliklere neden olabilecegini
gostermektedir (Esteve ve ark.,2004).

Literatiirde periodontal hastaliklar ve hiperlipidemi
arasinda pozitif korelasyon oldugu goriisiinii destekleyen
calismalar yer almaktadir. Periodontal hastaligi bulunan
bireylerde kan lipid seviyesinin arttigi, periodontal tedavi
sonucunda ise hiperlipidemi tablosunun geriledigi; aym
sekilde hiperlipidemik bir hastanin klinik periodontal
parametrelerinin (gingival indeks (Gi), plak indeksi (PI),
klinik atasman seviyesi (KAS), sondalama cep derinligi
(SCD), sondalamada kanama (SK) hastalik yoniinde
degistigi bildirilmektedir. Hiperlipidemi tedavisi sonucunda
periodontitiste de iyilesme oldugu goriilmektedir.
Hiperlipidemik hastalara uygulanan implantlarda da kemik
formasyonunun negatif yonde degistigini ve basarisizlik
oraninin daha fazla oldugunu gosteren calismalar da

mevcuttur (Civan, 2020).

Hiperlipideminin Periodontal Dokulara Etkisi

Hiperlidemi kan plazmasinda lipid seviyesinin artmasina
sebep olmaktadir. Bunedenle artan lipid, damar ¢eperlerinde
birikerek damar genisligini azaltir. Bu daralma sonucu
damardan akan kan miktar1 azaldigindan, besin ve oksijen
dokulara yeterli diizeyde ulasamamaktadir. Dokular yeterli
diizeyde beslenemediginden ve enerji tiretemediginden,
herhangi bir enfeksiyon veya inflamasyon sirasinda gerekli
immun cevabi gostermeyebilir.

Hiperlideminin  kemige etkisinde osteoproteger,
osteoklasta baglanir ve onun aktif duruma ge¢mesine
yardimct olan RANKL (NF-kB’nin reseptdr aktivitdr
ligand1) molekiiliine baglanarak onu inhibe eder. Alveoler
kemik yikimi, hiperlipidemili hastalarda, hiperlipidemili
olmayan periodontitisli hastalara oranla daha fazla

goriilmektedir (Magan-Fernandez ve ark., 2014).

Periodontal hastaliklarda, hiperkolesterolemi &zellikle
gingivitiste patognomiktir. Kolesterolce zengin diyet
subendotelyal hasara neden olarak bazal membranin

gecisini arttirmaktadir (Fentoglu ve ark., 2011).

Hiperlipidemide Periodontal Hastalik Gelisimi

Diyabet gibi metabolik bozukluklardan kaynaklanan
hiperlipidemi veya diyette yag orani yiiksek yiyeceklerin
tercih edilmesi, immiin sistem hiicrelerini ve yara iyilesme
mekanizmalarin1  etkileyerek periodontal hastaliklara
ve diger enfeksiyonlara karst hassasiyeti arttirmaktadir.
Dolagimdaki lipid seviyesi belirli bir esigin iizerinde
oldugunda bu durum meydana gelmektedir. Plazma lipid
seviyelerindeki yilikselme sonucu immiin hiicre fenotipinde
degisiklikler olmasi ve kronik gram negatif bir enfeksiyon
olan periodontal hastalik nedeniyle TNF-o ve IL-18
gibi proenflamatuvar sitokinlerin seviyelerindeki artis,
hiperlipidemi ile periodontal hastaliklar arasindaki iki yonli
etkilesime 1iliskin diisiinceleri dogrulamaktadir (Iacopino
ve ark., 2000). Yiiksek miktarda yag tiikketiminin polimorf
niivelilokosit (PMNL) fonksiyonlarinda da anormalliklere
neden oldugu bildirilmektedir. Periodontal hastaliklara kars1
erken cevapta koruyucu role sahip olan PMNL’lerin sayisi
veya fonksiyonunda bozukluk olan bireylerde, daha akut ve
siddetli periodontitise rastlanmaktadir (Van Dyke ve ark.,

1980).

Kanda ozellikle kolesterol degerlerinin yiikselmesi,
gingivitise yatkinlig1 arttirir. Kolesterolce zengin diyet
subendotelyal hasara sebep olabilir ve bazal membranin
gecisini artirabilir. Periodontal dokularda bulunan patojen
bakterilerin dolagima girmesi kolaylasir (Fentoglu ve ark.,
2011). Deney hayvanlari iizerinde yapilan bir ¢alismada,
yag orani yiiksek diyetle beslenen farelerde periodontitisin
gelistigi sonucuna varilmigtir. 4 hafta boyunca yag orant
yiksek diyetle beslenen farelerde beslenmeyenlere oranla
F nucletatum, P. intermedia gibi patojen bakterilerin
prevalansinin daha yiiksek oldugu belirlenmistir. Ayrica
deneklerde,
gozlenmistir (Amar ve ark., 2007; Blasco ve ark., 2012).

gingivitis ve alveoler kemik kayb1 da

Cavagni ve ark., 2016 yilinda yaptiklart caligmada obezite
ve hiperlipideminin alveol kemik kaybi {izerindeki etkisini
deney hayvanlar {izerinde arastirmislardir. 67 laboratuvar
kontrol,  periodontitis,  obezite/hiperlipidemik,
obezite/hiperlipidemik  ve periodontitis

faresi
olmak {izere
dort grupta incelenmistir. 12. haftada periodontitis ve

hiperlipidemi+periodontitis gruplari, iistikincimolar hizasinda
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periodontal hastalik gelistirilmesi igin indiiklenmistir. Yapilan
caliyma sonucunda hiperlipidemi grubunda periodontitis
ve hiperlipidemi+periodontitis grubuna kiyasla daha fazla
alveoler kemik kayb1 gozlenmigstir. Obezite ve hiperlipidemi
varligmin hiperlipidemi+periodontitis grubunda periodontitis
grubuna gore ¢ok daha fazla miktarda alveoler kemik kayb1
gOriildiigii sonucuna varlmustir.

Machado ve ark. 2005 yilinda yaptiklari bir ¢alismada,
yas ve cinsiyet acisindan eslestirilmis 27-64 yaslart
arasinda, 30 orta ve siddetli periodontitisli ve 30 saglikli
bireyin plazma TG, total kolesterol (TK), LDL-K ve HDL-K
seviyeleri ve viicut kitle indeksi (VKI) ile periodontal
klinik parametreler arasindaki baglantiy1 degerlendirmisler.
Plazma TG, TK ve LDL-K seviyeleri ile dis kayb1 arasinda
pozitif, HDL-K seviyesi ile dis kayb1 arasinda ise negatif
korelasyon oldugu sonucuna varmislardir.

Periodontal hastaliklarin  hiperlipidemi ile olan
iliskisinin ~ arastirilldigi  bir ¢alismada hiperlipidemili
bireylerin sistemik olarak saglikli bireylere gore daha
kot periodontal durum gosterdigi ve periodontal yikim
derecesinin plazma kolesterol seviyeleri ile pozitif
korelasyon oldugu bildirilmistir (Fentoglu ve ark., 2009).
Duan ve ark.,, 2009°da yaptiklar1 bir c¢alismada ise,
hiperlipidemi ve periodontal hastalik arasindaki iligkide
menopozu, tiikiiriikteki oksidatif stres belirteclerine bakarak
degerlendirmisler. Calismada 67 kadin sistemik olarak
saglikli ve premenopoz, hiperlipidemik ve premenopoz,
sistemik olarak saglikli ve postmenopoz, hiperlipidemik
ve postmenopoz olmak iizere dort grupta incelenmis
ve sosyodemografik durum, periodontal ve metabolik
tikdiriikteki

degerlendirilmistir.

parametreler, oksidatif stres belirtecleri

Sonu¢ olarak menopoz ve/veya
hiperlipidemi, periodontal hastalik parametrelerinin artigtyla
iligkili bulunmus. Tikiiriik 8-hidroksi deoksiguanozin (8-
OhdG) ve miyeloperoksidaz (MPO) degerleri menopozal
grupta daha yiiksek oranda gortilmustiir. Yapilan analizlerde
hiperlipideminin periodontal hastalik parametreleriyle de

iliskili oldugu sonucuna varilmistir.

Diger bir c¢alismada ise periodontal hastalikli ve
hiperlipidemili bireylerde tiikiirik malondialdehit (MDA),
siiperoksit dismutaz (SOD), glutatyon (GSH) ve glutatyon
peroksidaz (GPx) seviyeleri degerlendirilmistir. Caligmada
hiperlipidemik grup diyet dnerilen ve statin dnerilen gruplar
olmak iizere iki gruba ayrilmistir. Ayrica ¢alisma gruplar
da periodontal saglikli, gingivitisli ve periodontitili olmak
iizere {i¢ gruba ayrilmis, bireylerin plak indeksi (Pi),
gingival indeks (GI), cep derinligi (CD), klinik atagman

seviyesi (KAS) ve sondalamada kanama varlig1 yiizdesini
(SK-%) igeren Olglimlerden olusan klinik periodontal
parametreleri, serum lipidleri ve tiikiiriik MDA, SOD, GSH
ve GP-x seviyeleri de degerlendirilmistir. Sonu¢ olarak
hiperlipidemili gruplarda tiikiirik MDA ile GI, SK% ve
total kolesterol/yiiksek densiteli lipoprotein orani arasinda
pozitif korelasyon bulunmustur. Tiikiirik SOD seviyesinin
HSs (statin onerilen hiperlipidemili
saglikll) grubunda, HSp (statin onerilen hiperlipidemili ve
periodontitisli) gruba kiyasla artis gosterdigi belirlenmistir.
(Fentoglu ve ark., 2010a).

ve periodontal

60 normolipidemik ve 60 hiperlipidemik hastada
biyokimyasal olarak TG, TK, HDL ve LDL seviyeleri,
periodontal olarak da Pi, SCD, KAS ve SK incelendigi bir
diger ¢aligmada hiperlipidemik hastalarda dort periodontal
parametrede daha yiiksek sonuclar goriilmiis. SCD, SK ve
KAS; TG, TK ve LDL ile pozitif korelasyon gosterirken,
HDL ile negatif korelasyon gdstermistir. Calisma sonucunda
kontrol edilmeyen hiperlipideminin periodontal dokularda
yikici etkisi oldugu, serum lipidleri, periodontitis ve sistemik
saglik arasinda bir dongii oldugu ve hiperlipideminin ve
periodontal hastaligin birbiriyle iliskili ve ¢ift yonlii oldugu
belirtilmistir (Shivakumar ve ark., 2013).

Yildirirmveark. 2017 yilinda hiperlipidemi ve periodontal
hastalik arasinda herhangi bir iliski olup olmadigini
hiperlipidemik grup ve normolipidemik grup {izerinde
degerlendirmigler. Caligma sirasinda plak ve gingival
indeksi, SK, SD, KAS ve CPITN skorlar1 6lglilmiistiir.
Ayrica TG, TK, LDL-K ve HDL-K diizeyleri rutin yapilan
sistemik incelemelerle belirlenmistir. Hiperlipidemik grubun
ortalama SK, SD, KAS, CPITN skorlari normolipidemik
gruba gore daha yiiksek oranda bulunmustur (p<0,05).
Hiperlipidemik grup ve nonlipidemik gruplarda TG, TK,
LDL diizeyleri ile KAS skorlar1 arasinda, pozitif korelasyon
oldugu belirlenmistir. Ayrica her iki grupta da HDL’nin
CPITN skorlart ile negatif iliski oldugu sonuca varilmistir
(p<0,05).
normolipidemik hastalara kiyasla daha yiiksek periodontal
parametre degerlerine sahip oldugu ve periodontal hastaliga

Sonu¢ olarak hiperlipidemili  hastalarin,

daha yatkin olduklari belirlenmistir.

Hiperlipidemik Hastalarda Periodontal Tedavi

Periodontitis sadece periodontal dokularda meydana
gelen enfeksiyona karsi lokal immunoenflamatuar bir cevap
olmayip, bu cevabin sonucu olarak sistemik enflamatuar
mediatorlerin salinmasma bagli dzellikle lipid ve glikoz
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metabolizmalarinda degisikliklere yol agan kronik disiik
seviyeli enflamatuar bir hastaliktir. Periodontitis varliginda
sistemik olarak saglikli bireylerin lipid metabolizmasinda
bozulmalar oldugu ve saglikli bireylere uygulanan periodontal
tedavi ile 2—6 aylik donemlerde lipid metabolizmasi ile ilgili
degerlerdeki diizelmeler klinik caligmalarla gosterilmistir
(Altay,2010).

Sangwan ve ark., 2016°da hiperlipidemik hastalarin
cerrahi olmayan periodontal tedaviye olan yanitini statin
kullanan ve kullanmayan 107 hasta iizerinde incelemislerdir.
PI, GI, SCD, KAS degerleri 6l¢iilmiis, biyokimyasal olarak
da TG, TK, LDL, HDL incelenmistir. Tedaviden 3 ay sonra
normolipidemik ve statin kullanan grupta, hiperlipidemik
gruba gore GI'te iyilesme goriilmiistiir. SCD’deki ortalama
degisiklik, TK ve LDL ile negatif korelasyon gosterirken,
GI’deki ortalama degisiklik ise HDL ile pozitif korelasyon
gostermigtir. Calisma sonucunda lipidlerin inflamasyonun
¢oziilmesinde etkisi olabilecegi diisiiniilmektedir.

109 kronik periodontitisli ve hiperlipidemik hasta
tizerinde yapilan randomize kontrollii ¢aligmada hastalar
iki gruba ayrilmus, ilk gruba standart supragingival mekanik
kiiretaj ve polisaj, ikinci gruba subgingival temizlik ve kok
ylizeyi diizlestirme islemi uygulanmistir. Tedaviden 6nce ve
tedaviden 2 ve 6 ay sonra periodontal parametreler, TK, TG,
HDL, LDL, TNF-a. IL-18 ve IL-6 degerleri 6l¢tilmiistiir. 2 ve
6 aylik kontrolde ikinci grupta TG degeri ve TNF-a, IL-16 ve
IL-6 degerleri birinci gruba gore daha diisiik, HDL seviyesi
daha yiiksek oranda bulunmustur. Calisma sonucunda
hiperlipidemili ve kronik periodontitisli hastalarda yogun
periodontal tedavinin serum lipid seviyesini iyilestirdigi ve
proinflamatuar sitokinleri azalttig1 sonucuna varilmistir (Fu
ve ark.2016).

Diger bir ¢aligmada ise obezitesi olan veya olmayan
inflamatuar
degisiklikler
aragtirtlmistir. Periodontal parametreler, TG, TK, HDL,
LDL, lipoprotein-a, C — reaktif protein (CRP), aglik kan
sekeri, instilin, IL-6, TNF-a ve leptin degerleri 6l¢iilmiistiir.

hastalarda  periodontal tedavi  sonrasi

ve metabolik parametrelerde  goriilen

Cerrahi olmayan periodontal tedaviden 6nce ve 3 ay sonra
insiilin direncini belirlemek i¢in Homeostatic Model
Assesment for Insulin Resistance (HOMA-IR) hesaplanmis
ve iki grupta da periodontal parametrelerde gelisme
gbzlenmistir. Tedavi sonucunda obezite hastalarinda TNF-a,
IL-6 ve HOMA-IR diizeylerinde azalma goriiliirken, obezite
olmayan hastalarda da IL-6 seviyesinde azalma gozlenmistir.
Cerrahi olmayan periodontal tedavinin obezite hastalarinda

proinflamatuar sitokin diizeyinde azalmaya neden oldugu
sonucuna varilmistir (Altay ve ark.,2013).

Periodontal tedavi gormekte olan obezite hastalar1 ve
saglikli bireylerde CRP ve serum lipid degerleri incelenerek
periodontal tedavinin dislipidemi tizerindeki etkisinin
arastirildigr bir diger arastirmanin sonucunda, obeziteli
hastalarda TG, TK, HDL ve CRP degerleri, saglikli gruba
gore daha yliksek oranda goriilmiistiir. Obeziteli hastalarda
TG, TK, LDL ve CRP degerlerinde periodontal tedavi
sonrasinda belirgin miktarda azalma goriilmiistiir (Zuza ve
ark., 2016).

Tawfig’in 2017 yilinda yaptig1 bir ¢alismada, cerrahi
olmayan periodontal tedavinin kronik periodontitise sahip
hiperlipidemik hastalarin serum lipid seviyeleri {izerine
etkisi arastirilmistir. Arastirma sonucunda lokal cerrahi
olmayan periodontal tedavinin, standart bakim ile birlikte
hiperlipideminin

kontrolii i¢in  degerlendirilebilecegi

belirtilmistir.

Yapilan diger bir dncii ¢alismada periodontal tedavinin
serum lipid seviyeleri lizerine etkisi hem hiperlipidemili hem
de kronik periodontitisli 20 hasta iizerinde incelenmistir.
Tedavinin baglangicindan ve {i¢ ay sonra periodontal
parametreler (PI, GI, SK, SCD, KAS) ve biyokimyasal testler
(TG, TK, LDL, HDL seviyeleri) ol¢iilmiistiir. Periodontal
tedaviden {i¢ ay sonra biitiin periodontal parametrelerde ve
inflamasyonda azalma goriiliirken, atagman seviyesinde
de artis gozlemlenmis. Ek olarak hastalarda TK ve TG
seviyesinin baglangica gore azaldigi, HDL seviyesinin arttig1
belirlenmistir. Periodontal hastaliga sahip hiperlipidemik
bireylerde periodontal tedavinin kardiyovaskiiler hastalik
riskini azaltabilecegi sonucuna varilmistir (Duan ve ark.,
2009).

Fentoglu ve ark.’m 2012 yilinda yaptiklart ¢aligmada,
periodontitis ve hiperlipidemiye sahip hastalar ve sistemik
olarak saglikli ancak periodontitise sahip hastalar tizerinde
periodontal tedavi sonrasi goriilen proinflamatuar sitokin
seviyesi
hastalar sadece diyet uygulanan ve statin kullanan olmak
iizere iki gruba ayrilmistir ve bu kisilerde klinik periodontal

degisiklikleri incelenmistir.  Hiperlipidemik

parametreler Ol¢iilmiistiir. Ayrica aglik vendz kani ve dis
eti olugu sivist (DOS) ornekleri, serum TNF-a, IL-18, IL-6
seviyeleri baslangicta incelenirken, kiiretaj ve kok yiizeyi
diizlestirme islemleri ise cerrahi olmayan periodontal
Statin
kullanan grupta, diyetle kontrol altina alinan ve sistemik
olarak saglikli olan gruba goére sondalamada kanama
ylizdesi belirgin miktarda yiiksek bulunmustur. Sistemik

tedaviden sonraki {giinci ayda incelenmistir.
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olarak saglikli grupla kiyaslandiginda, baslangictan ii¢ aylik
kontrole kadar olan siirede, hiperlipidemik grubun DOS
IL-6 ve TNF-a degerlerinde ve statin kullanan grubun DOS
IL-6 seviyesinde azalma gorilmistiir. Calisma sonucunda
periodontal tedavi ve antilipemik tedavi kombinasyonunun
hiperlipideminin metabolik ve antiinflamatuar kontroliinde
yararli olacagi sonucuna varilmistir.

Garde ve ark. tarafindan tip 2 diabetes mellitusa sahip
hastalarda periodontal tedavinin serum lipid seviyeleri
iizerindeki etkisi arastirillmis ve bu bireylerin TK, TG
ve HDL diizeylerinde baslangic ve {ii¢ aylik kontrol
arasinda azalma goriilmiistiir Alt1 aylik kontrolde lipid
diizeyinde herhangi bir degisiklik gdzlenmemistir. Caligma
sonucunda, periodontal tedavinin tip 2 diabetes mellitusa
sahip hastalarda serum lipid diizeyleri {izerinde faydali
bir etkisinin olabilecegi sonucuna ulagilmigtir. (Garde ve
ark.,2019).

Fentoglu ve ark.’in 2010 (b)’da yaptiklar1 ¢aligmada,
anti-lipemik tedavi goren hastalara ek olarak periodontal
tedavi uygulanmasinin metabolik lipid kontrolii tizerindeki
etkisini arastirmislardir. Calismada yaglar1 34 ve 62 arasinda
degismekte olan, tiimii hiperlipidemi ve kronik periodontitis
tanist almis, yiikselmig LDL seviyesinin tedavisi i¢in statin
kullanan 20 hasta incelenmistir. Hastalardan alinan kan
orneklerinde serum lipidleri, aglik kan sekeri, CRP degeri
ve periodontal parametreler (PI, GI, SCD, KAS, SK)
Ol¢iilmiistlir. Biitiin parametreler baslangicta, baslangigtan
3 ay sonra kiiretaj ve kok yiizeyi diizlestirme islemini
kapsayan cerrahi olmayan periodontal tedavinin yapildigt
zaman ve tedaviden 3 ay sonra da Olglilmistiir. Calisma
sonucunda biitiin lipid parametrelerinin periodontal tedavi
sonrasi azaldig1, ancak dnemli miktardaki azalmanin sadece
LDL ve TK degerlerinde oldugu belirlenmistir.

SONUC

Hiperlipidemi, kan lipid seviyelerinin artmasi sonucu
ortaya ¢ikan metabolik bir durum oldugundan, yapilan
periodontal  hastalik
patogenezi ile de iliskili oldugu sonucuna varilmistir.

literatlir ~ taramalar1  sonucunda
Hiperlipidemi ve periodontal hastaligin seyri arasinda yas
ve cinsiyet agisindan herhangi bir farklilik goriilmemektedir.
Ayrica viicut kitle indeksinin daha yiiksek olmasi, diyabet
ve sigara kullanimi gibi faktorlerin de periodontal hastalik
gelisiminde artmaya neden oldugu oOne siiriilmektedir.
Yapilan c¢alismalarda hiperlipidemisi olan hastalarda

periodontal hastaliklara yatkinlik ve periodontitis gelisimi,

metabolik olarak saglikli olan bireylere oranla daha fazla
goriilmiistiir; ek olarak periodontal hastalig1 olan kisilerde
kan lipid seviyelerinde artis gozlenmistir. Bu iki hastalik
arasindaki iliskinin ¢ift yonli olabilecegi diisiiniilmektedir.
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Silver Diamine Fluoride in Pediatric Dentistry

Cocuk Dis Hekimliginde Glimiis Diamin Floriir

Ceren CARLI®, Figen SEYMEN

ABSTRACT

Although a decrease in the prevalence of dental caries, which is
a chronic disease, has been reported in many developed countries,
early childhood caries (ECC) as an early childhood disease is
common, especially in developing countries. ‘Silver diamine
fluoride’ (SDF) stops dental caries, prevents the formation of
dental caries and reduces tooth sensitivity. The biggest feature that
distinguishes SDF from other fluoride agents that prevent caries
formation is that it effectively stops the caries process. This effect
is provided by the synergistic effect of silver ions and fluoride.
As a result of clinical studies, the use of SDF at the rate of 38%
is recommended for the most effective result. SDF is becoming
more popular as a practical and affordable treatment option to stop
caries. SDF, especially during the pandemic period when minimal
aerosol production is important; can be routinely experienced
in a pediatric dental office in a variety of clinical scenarios for
both primary and permanent teeth. It can be used effectively
and efficiently in different behavior patterns of children and in
different age groups. In this review, the effect mechanism, usage
areas, clinical uses and results of SDF will be evaluated in the light
of current literatures.

Keywords: silver diamine fluoride, caries, remineralization,
dentistry, pediatric
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Gelismis iilkelerin birgogunda kronik bir hastalik olan dis
¢lirligii prevelansinda azalma rapor edilmesine ragmen, 6zellikle
gelismekte olan iilkelerde bir erken ¢ocukluk donemi hastalig
olarak erken ¢ocukluk c¢ag1 ciiriikleri (ECC) yaygin olarak
goriilmektedir. Gimiis diamin floriir (GDF) dis ¢iiriiklerini
durdurma, dis ¢iiriiklerinin olusmasini dnleme ve dis hassasiyetinin
azalmasini saglama gibi 6zellikleri nedeni ile son yillarda oldukg¢a
ilgi gérmektedir. Ciiriik olusumunu 6nleme etkisi olan diger floriir
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ajanlarindan GDF’yi ayiran en biiyiik 6zellik ¢iiriik siirecini etkin
bir sekilde durdurmasidir. Bu etki igerigindeki glimiis iyonlariyla
flor iyonlarinin sinerjist etkisiyle saglanmaktadir. Klinik caligmalar
sonucu en etkin sonug¢ i¢in %38 oranindaki GDF kullanimi
onerilmektedir. Ciiriik lezyonlarint durdurmak igin pratik ve
uygun fiyath bir tedavi segenegidir. GDF, 6zellikle minimum
aerosol iretiminin 6nemli oldugu pandemi déneminde; hem siit
hem de siirekli disler i¢in ¢esitli rutin kullanima girmis olup farkli
yas gruplarinda etkili ve verimli bir sekilde kullanilabilmektedir.
Bu derlemede, GDF’nin etki mekanizmasi, kullanim alanlari,
klinik uygulama ve sonuglart mevcut literatiirler 1s18inda
degerlendirilecektir.

Anahtar Kelimeler: giimiis diamin floriir, dis ¢liriikleri, dis
remineralizasyonu, dis hekimligi, ¢ocuk

INTRODUCTION

‘Early childhood caries’ (ECC) is recognized as one of
the most common chronic diseases in early childhood. Many
studies show that ECC is neglected and often untreated
(Seow, 2018). Untreated caries; can cause pain, sepsis and
spread of infection, difficulty in eating and malnutrition, and
deterioration of general health (Seow, 2018). Dental caries
management in pediatric population, especially in children
under 3 years of age, requires pharmacological approaches,
often consisting of sedation and/or general anesthesia. These
methods are costly and bring potential danger (Andropoulos
& Greene, 2017).

Although a decrease in the prevalence of dental caries
in children has been reported in many developed countries
in recent years; today, dental caries continues to amount to
a considerable public problem, particularly in developing
countries. It has been stated that dental caries is a preventable
chronic disease, therefore, many preventive and therapeutic
methods are being developed today (Featherstone, 2000).

The use of silver diamine fluoride (SDF) to avoid
or delay invasive treatment after 3 years of age makes it
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an attractive adjunctive therapy that can control caries in
the pediatric population. (Gao et al., 2016). Scientifically,
patients can derive maximum benefit from non-invasive
SDF application, which is less complex than restorative
treatment (Clemens et al., 2018). In comparison to
conventional restorative treatment, dental caries arrest with
fluoride agents is easy to use, noninvasive and advantageous
cost (Yilmaz et al., 2020).

SDF has been recognized as a therapeutic agent since
the 1970s. It is also supported by the Brazilian Assistance
Program for children up to 3 years of age with moderate and
high caries activity (Peng et al., 2012). However, in 2014 it
was accepted by ‘Food and Drug Administration’ (FDA) in
United States and became available for sale in 2015 (Horst
etal. 2018).

SDF, that has become progressively popular, is a
practicable and low-cost treatment for stopping caries
(Clemens et al., 2018). SDF is a semitransparent solution
and most frequently used concentration is 38%SDF and has
in it 44,800ppm fluoride and 255,000ppm silver ions (Gao
et al., 2016).

1. EFFECT MECHANISM

Recent studies have reported three main mechanisms
of SDF solutions in preventing and treating dental caries.
These three effects are as follows; (Zhao et al., 2018)

1. Bactericidal effect on S.mutans and other cariogenic
bacteria,

2.  Remineralization, inhibition of enamel and dentin
demineralization,

3. Reduction of dentin collagen matrix degradation
through collagenase inhibition.

In addition, some of the efficacy of SDF is due to the
fluoride activity released during application (Chibinski
et al.,, 2017). When apply SDF to tooth, it respond with
hydroxyapatite to create silver phosphate and calcium
fluoride. Affairs as a reservoir for fluoride and phosphate
ions to provide remineralization. And under microbial acid
attack, fluoride interacts with hydroxyapatite crystals over
tooth surface to prevent demineralization (Lou et al., 2011).
Between SDF and hydroxyapatite reaction additionally
causes the formation of silver nanoparticles dependent
hydroxyapatite crystals (Tjaderhane et al., 2013).

It is uncertain whether any activity is the result of SDF’s
silver or fluoride component. Since the clinical efficacy of
SDF is greater than only topical fluoride, thought that the
antimicrobial effect of silver ion is contribute significantly

to anti-cariogenic activity of SDF (Lansdown, 2006).

Fluoride andsilveractsynergistically to form fluorapatite.
The first stage is the formation of calcium fluoride and silver
phosphate. The next stage is the decomposition of calcium
and fluoride. The final stage is the formation of fluorapatite.
In vitro studies have shown that silver diamine fluoride
penetrates the enamel up to 25 pum; it has almost 2-3 times
further fluoride retention than sodium fluoride-phosphate,
sodium fluoride, and stannous fluoride. Based on this, it
was stated that SDF would be more effective than sodium

fluoride and stannous fluoride (Rosenblatt et al., 2009).
SDF;
¢ Occludes dentin tubules,
*  Enhancement mineral concentration and rigidity,

e Creates fluorohydroxyapatite, silver phosphate,

silver-protein conjugates,

e Antimicrobial effect: Prevents biofilm adhesion,
inhibits DNA replication with break down cell

walls, denatures proteins,

e e« Penetrates the tooth construction (Enamel: ~ 25
microns, Dentin: 200-300 micron) (Cohen et al.,
2020).

Most of the clinical studies in the literature used 38% SDF
solution and it is the recommended SDF strength to obtain
better results (Cohen et al., 2020). The clinical efficacy of a
38% SDF solution in stopping caries and preventing dental
caries of primary teeth in stopping root caries in adults
has been consistently supported by all systematic reviews
(MacLean, 2018). A 38% SDF solution has in it 44,800ppm
fluoride and 255,000ppm silver ions (Cohen et al., 2020).

e 25% Silver — antimicrobial
¢ 8% Ammonia. — solvent

¢ 5% Fluoride. — remineralization
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1.1. Main Effects
1. Stop cavities
2. Prevent tooth decay
3. Reducing tooth sensitivity

SDF helps reduce emergency visits for children with
ECC while on treatment waiting lists. That confirming the
effect for stopping caries in primary teeth of SDF (Thomas
et al., 2020). SDF has been reported to be a practical and
efficient treatment for caries in primary molars in children
of indigenous communities (Roberts-Thomson et al., 2019).

It has been reported that using SDF solution is 89%
further effective
according as other treatments either placebos. The status of
evidence was rated as high (Chibinski et al., 2017).

in managing/stopping dental caries

2. SDFs USED AROUND THE WORLD
*  Fagamin %38
* ¢-SDF %38
»  Cariestop %12, %30
»  Saforide %38
*  Advantage Arrest %38
*  Topamine %38
*  Riva Star (SDF+KI)

3. SDF CLINICAL USE
Cases requiring clinical use of SDF:
»  Patient before cooperation

*  Avoiding or delaying deep sedation either general
anesthesia (GA)

* [Initial caries, which includes interproximal areas
*  Saving time

*  Root decays

»  Furcations

*  Molar incisor hypomineralization (MIH)

* Indirect pulp treatment, an application under the
crown

° Recurrent caries

e Crown and restoration margins
e Particular needs
*  Without access to treatment (Trieu et al., 2019)

SDF with accurate diagnosis and suitable treatment
planning be able to an unavoidable tool for each ‘minimally
invasive pediatric dentistry’ (MIPD) and ‘aerosol free
dentistry’ (AFD), particularly during pandemic (Soni et al.,
2021). The current COVID-19 pandemic calls for a shift
from traditional dentistry to a minimal invasive and aerosol
free but at the same time maximally effectual clinical
pratice. SDF be able to used effectually and efficiently
in several behavioral types and age categories of kids in
different clinical scenarios for both primary and permanent
teeth, which is commen practice in a pediatric dental office,
particularly in the time of this pandemic period (Soni et al.,
2021).

3.1. Case Selection
1. Patients in the high risk group for dental caries

2. Patients who can not allow common treatment for
mental or medical causes: Pre-cooperative kids,
mentally or physically disabled patients, dental
phobias, immunocompromised patients

3. Patients who have more dental caries that can’t be
treated in a single call: Multiple quadrants

4. Lesions that are hard to treat like root cavities

5. Patients with no attainment to dental treatment
(Seifo et al., 2020).

3.2. Materials that should be included in the SDF
application Kkit:

— Silver Diamine Fluoride

— Disposable godets

— Micro brushes

— Vaseline

— Cotton swabs

— Cotton cylinder

— Dry Angles

— Gauze (2x2)

— Dental floss

— Patient gown/ tray cover
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— Safety glasses
— Fluoride varnish

— Bite block (Jeremy & Horst, 2016)

3.3. Clinical Practice Procedure

1. Patient/Clinical conservation; safety glasses, patient
gown, table cover

2. Applying vaseline to the perioral region

3. Brushing the teeth

4. Ensuring the isolation of the tooth

5. Drying

6. Application of SDF by a micro brush for 1 to 3
minutes

* Adisposable godet should be used

»  Care should be taken to apply just to the wanted
tooth(s)

e The lesion surface is saturated and allowed to be
absorbed through capillary act

7. Coating with fluoride varnish (optional) (Jeremy &
Horst, 2016)

FV is not required for the proven efficacy of SDF
alone. No clinical studies (yet) have compared SDF with or
without FV. FV masks the bad taste and improves the patient
experience. It keeps the SDF where we applied it, helping to
prevent unwanted stains on other surfaces (Jeremy & Horst,
2016).

3.4. Frequency of Application

Clinical evidence; until the tooth is restored or falls
out, and perhaps indefinitely; supports the ongoing SDF
application 1-2 times a year (Horst et al., 2016).

» It should not be applied more than once a week.

*  Twice-yearly application is most effective for
unrestored caries lesions.

e It can be applied as needed for hypersensitivity.

o It is reassessed and reapplied attacted to the
magnitude and place of the caries and the patient’s
level of risk. (2-4 weeks for cavitated dental caries,

6 months for initial caries 1)

¢ Once the restoration is made, once the lesion is
bright, firm, hard and also asymptomatic, continue
applying SDF is not necessity (Pradeepika Liyana
Arachchige et al., 2021).

4. PARENTAL ACCEPTANCE OF SDF

The most frequently reported barrier to SDF use was
parental acceptance (91.8%) (Nelson et al., 2016).

It is thought that parents will refuse it because of weak
aesthetics, but many parents prefer the SDF applications
(Horst, 2018). Although parents found SDF staining on
the anterior teeth to be aesthetically unacceptable, 70-
76% reported that they preferred this treatment option
to advanced behavioral techniques (Crystal et al., 2017).
Parents’ acceptance of treatment varies according to their

socioeconomic status (Crystal et al., 2017).

5. POSSIBLE PROBLEMS
*  Silver allergy

e Mouth sores — soft tissue should be covered with

Vaseline and contact should be avoided.

e Patient/parent should be informed about the
possibility of accidental staining of soft tissue.
It should be informed that the disappearance of a
henna-like stain may take between 2 days and 2

weeks.

*  Provided that SDF comes into touch with gingivitis,
inflamed tissue or tongue, can cause feeling like

burning because of ammonia.

e Metallic taste — can disappear quickly with help

fluoride varnish or xylitol lollipops.

e It will permanently stain active caries. Healthy
tooth structure does not change color. Discolored

tooth can be restored with dental fillings or crowns.

e Restorations may also discolored when SDF is
contact to them. Normally this discoloration is
nonpermanent and be able to polished (Lavanya et
al., 2020).
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6. TOXICITY

SDF has a large margin of safety when the appropriate
dosage of 1 drop per 10 kg per visit is followed (Featherstone,
2000). Attached to the size and position of the caries, 1 drop
SDF solution can treat 6 teeth. 1 drop solution per 10kg
weight of body, at maximum weekly intervals, is considered
a safe dose. Possible Toxic Dose for fluoride = 5 mg/kg
(Crystal & Niederman, 2016).

In one visit, SDF and fluoride varnish be able to applied
safely (Crystal & Niederman, 2016).

* 1 drop solution of SDF has only 2.24 mg fluoride
content (11.3 mg in 5% fluoride varnish)

* 1 drop of SDF + 5% varnish = 13.54 mg fluoride

7. EXTENDED CLINICAL USE OF SDF

7.1. SDF + Deep Caries

The use of SDF in deep lesions is not contraindicated.
Irreversible pulpitis is a contraindication (Griffith, 2021).

In the study of Griffith, in which 227 permanent deep
caries teeth were treated with SDF, silver fluoride showed the
pulp protection capacity in this series of 277 teeth with very
deep caries, only 13 teeth required endodontic treatment.
It has been successful in managing peri pulpal caries with
minimal admission to endodontics and asymptomatic clinical
outcomes. SDF conferred both a primary preventative and
secondary protection in controlling decay that was already
underway (Griffith, 2021).

7.2. SDF + MIH

‘Molar incisor hypomineralization’ (MIH) is a clinically
challenging case that occurs in 20% to 40% of children’s
newly erupted first molars. Revolutionizing the clinical
approach to efficiently and effectively treating MIH molars
is SDF and high viscosity glass ionomer cement (HVGIC)
(MacLean, 2018).

SDF application tips in MIH cases
*  Being aware of hypersensitivity
*  Being careful while cleaning and rinsing

* To isolate and dry with 2x2 gauze or cotton rolls

instead of compressed air.

* Knowing that there may be sensitivity when
applying SDF

*  Knowing that a second application may be required
to desensitize (MacLean, 2018)

Grossi et al., assessed the continuty rates of ‘glass hybrid
restorations’ placed with ‘atraumatic restorative treatment’
(ART) method where MIH affected 1% permanent molars;
The MIH affected teeth’ restorations success rate was
evaluated using glass hybrid cement and protocol of ART.
‘Fuji EQUIA Forte’ used for restoration of teeth by using
‘GC cavity conditioner’ and ‘Fuji Coat’. The success of the
restorations was found to be 98% after 12 month follow up
(Grossi et al., 2018).

7.3. Potassium lodide (KI)

Treatment of SDF+KI stops the evolution of secondary
caries in Glass Ionomer Cement (GIC) restorations,
however alone SDF treatment is more effective. In addition,
treatment of SDF+KI causes a perceivable staining but less
than SDF alone (Irene et al., 2017).

Teeth placed with KI are approximately twice as likely
to be pulpally affected. The use of KI reduces spotting, but
also reduces the chances of stopping caries (Turton et al.,
2021).

8. BONDING OF RESTORATION
TREATED TEETH

IN SDF

e There is not any difference treated dentin with
SDF both primary and permanent teeth in the the
composite’s bond strength (Quock et al., 2012; Wu
et al., 2016).

* SDF does not negatively act between GIC and
decayed primary teeth dentin’s bond strength
(Puwanawiroi et al., 2018; Ng et al., 2020). The
strongest bond strength was found when GIC was
placed on demineralized dentine treated with SDF
1 week ago and applied cavity preparation (Ng et
al., 2020).

*  Improvements in bonding properties were observed
in fissure sealants applied after SDF application
(Pérez-Hernandez et al., 2018).
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9. SMART = ‘SILVER MODIFIED ATRAUMATIC
RESTORATIVE TREATMENT”

Technique of SMART combines 2 materials. First,
carious dentin treates with SDF. After that, restores with a
GIC. SDF is used to stop and remineralize caries, GIC used
for restoration and remineralization (Natarajan, 2022).

SDF can remineralize progressive dentin caries lesions
which restored GIC after treated 1-2 applications of SDF
solution, in synthetic saliva. This procedure is a potentially
effective treatment on lesions that traditional restorations
requires removal of significant dental tissue with traumatic
procedures (Panahpour Eslami, 2021).

9.1. Benefits of SMART

» SDF as initial therapy in a non-cooperative or anxious
patient; being fast, simple, painless, starting treatment in
the examination, creating comfort and confidence in dental
environments, saving time, eliminating the need for local
anesthetics and/or hand tools, delaying or preventing the
need for sedation, reducing sensitivity in teeth with MIH,
indirect pulp treatment, comforting the tooth and the patient

»  Creating an atraumatic, positive dental experience
and appearance

*  Reducing stress for patient, parent and dentist

*  Prolonged fluoride release to help reduce recurrent
caries

* Restoring SDF-arrested lesions in fissures and

biofilm
eliminates the need to keep reapplying SDF

»  Patient-centered care (Alvear et al., 2016).

cavitations improves clearance and

CONCLUSION

*  SDF is protected and effective.

» SDF solution is more efficient than varnish
containing fluoride.

* SDF is more efficient than ‘Interim Therapeutic
Restoration’ (ITR).

* The most effective treatment is apply SDF two
times in a year.

*  SDF treatment stops 80% of the caries.

»  Escalates accessibility, improves health, lowers cost.

Public awareness, popularity, and demand for minimally
invasive treatment options such as SDF are increasing.
Although blackish discoloration of treated lesions is an
aesthetic concern, it is accepted by many compared to the
advantages and ease of use of SDF.

Unlike other fluoride products, which are mainly
effective on preventing the structure of new dental caries,
38% SDF has the ability to effectively stopping the caries.
The reason is the synergistic effect of silver ions and fluorine
ions. Multiple randomized controlled studies and systematic
reviews confirm the effectiveness of SDF when used at a
concentration of 38%.

The versatility of SDF, the minimal equipment required
for the dentist, its ease of application and the fact that it is an
aerosol-free, painless treatment option for the child make it
an important tool for pediatric dentists, especially during the
COVID-19 pandemic. It is observed that the global research
interest in SDF has increased rapidly in the last five years.
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