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Abstract

Purpose: The current in-vitro study aims to compare the effectiveness of various mechanical decontamination modalities in the
elimination of Staphylococcus aureus bioőlm from titanium surfaces using qualitative and quantitative techniques.
Materials andMethods: A total of 78 titanium discs were inoculated with Staphylococcus aureus and randomly allocated into
control and three experimental groups consisting of plastic curettes (PC), ultrasonic-driven plastic tips (UPT), and
ultrasonic-driven stainless-steel tips (UST). Following decontamination procedures, colony-forming units and viable biomass
were analyzed to identify the bioőlm removal efőcacy of the treatments and the viability of bacteria remaining on the surface.
Bioőlm structure was assessed by confocal laser scanning microscopy and scanning electron microscopy. Analysis of variance and
post hoc Tukey tests were applied for comparisons.
Results: Reductions in both colony counts and variable biomass following the decontamination procedure were signiőcant in all
treatment groups (p=0.000). Although the highest reduction in colony count was determined in the UST and the lowest in the PC
group, the difference was not statistically signiőcant between treatment groups (p = 0.246). Nonetheless, the reduction in viable
biomass in the UST group was greater than in the UPT and PC groups (p=0.005, p=0.000, respectively).
Conclusions: Ultrasonic-driven instruments are more effective than plastic curettes in removing the bioőlm that colonizes the
titanium surfaces in the initial stages. Stainless steel tips provide better elimination of microbial bioőlm compared to plastic
instruments, but they alter the surface topography of roughed titanium surfaces more than plastic curettes.

Keywords: Bioőlm; Colony forming units; Confocal Laser ScanningMicroscopy; Decontamination; Peri-Implantitis

Introduction

Peri-implantitis is a site-speciőc lesion characterized by loss of
surrounding bone and clinical inŕammation of the peri-implant
mucosa, potentially leading to implant loss if appropriate treatment
is not provided. 1,2 Early eradication of themicrobial bioőlm formed
by pathogens such as Staphylococcus aureus (S. aureus), which
colonize the peri-implant tissues, is crucial for implant survival.3,4

Although it has been suggested that the bacterial bioőlm on
implant and dental surfaces is similar, recent data show that themi-
crobiota in peri-implantitis is a polymicrobial anaerobic infection
and has amore complex structure than that in periodontitis.5Many
studies have shown that microorganisms such as Staphylococcus
aureus, Enterobacteriaceae, Candida albicans, and Pseudomonas
aeruginosa, which are not commonly found in the oral ŕora, can be
present in the peri-implant ŕora. These microorganisms are rarely
associated with periodontal disease but can successfully adhere to

titanium surfaces.5,6 The strong afőnity of S. aureus for titanium
surfaces and its ability to adhere to extracellular matrix compo-
nents accumulated on biomaterial surfaces play a critical role in
bioőlm formation, leading to implant-associated infections.7 S. au-
reus, one of the microorganisms involved in peri-implant diseases,
can colonize the implant surfaces in the early stages after implant
placement. 3 Additionally, it is known that individuals with failed
titanium dental implants have low titers of antibodies against S.
aureus.6,7 Therefore, the complete removal of early colonizers like
S. aureus from dental implant surfaces could determine long-term
implant success.

Various mechanical techniques for bioőlm removal have been
proposed in the literature.8 Ultrasonic instruments and curettes
made of various materials are frequently utilized for this purpose.9

Among the mechanical methods used in daily practice, ultrasonic
instruments are probably the most commonly used for bioőlm re-
moval on both implant and dental surfaces due to the ease of use
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provided by the micro-movements of the ultrasonic tips. 10,11 How-
ever, the results from studies on the effectiveness of bioőlm re-
moval using ultrasonic tips have been controversial. While some
studies reported that ultrasonic tips outperformed other mechan-
ical techniques, regardless of the tip material (peek or steel) 12,13,
others have shown contradictory results. 14,15 On the other hand,
curettesmade of plasticmaterial have been introduced, considering
the potential hazard that ultrasonic tips can cause to the implant
surface. 16,17 However, questions remain regarding the efőcacy of
plastic curettes in the decontamination of implant surfaces when
compared to other mechanical methods. 18ś21

Different techniques have been used to measure the remaining
bioőlmon titanium implant surfaces after bioőlmremovalmethods
in the literature. The use of other methods based on the principle
of staining live-dead cells and imaging them with microscopes,
along with traditional methods such as enumeration of viable cells
by colony forming units (CFU), where only quantitative informa-
tion about living cells is obtained, offers new perspectives in the
evaluating results. This is because qualitative information, as well
as quantitative information, is obtained from the stained cells.22

Clinicians face different challenges in selecting the best treat-
ment for patients with peri-implant diseases, as there is no consen-
sus onwhichmechanical technique ismost effective in the elimina-
tion of peri-implantitis-causing bioőlm on implant surfaces.8 In
this context, the present study aims to compare the effectiveness
of various mechanical decontaminationmodalities in the removal
of Staphylococcus aureus bioőlm from titanium implant surfaces,
using qualitative and quantitative methods. The null hypothesis
is that the evaluated mechanical techniques will yield comparable
outcomes in terms of the bioőlm elimination potential.

Material andMethods

The study was conducted using 78 titanium discs (Ø 6 mm and a
thickness of 4 mm) produced from dental implant material whose
surface was roughened with biphasic calcium phosphate (Bioinőn-
ity, Istanbul, Türkiye). Gamma irradiation was used by the manu-
facturer to sterilize the titanium disc specimens.

Bioőlm formation

All sterile discswere coveredwith Staphylococcus aureus (S. aureus)
bioőlm.23 Reference strain S. aureus ATCC 29213 was preferred to
establish a bacterial bioőlm layer on disc surfaces. The S. aureus
ATCC 29213 was cultured at 37 °C for 24 h using brain heart infusion
broth (BHI, Merck, Germany). Cells were then diluted in BHI until
an optical density at 600 nm of 0.1 was reached using a spectropho-
tometer (UV-1800 Shimadzu, Japan). The bottom and side surfaces
of the titanium discs were carefully coveredwith paraőlm to ensure
that the bioőlm formation occurred only on the upper surface of the
discs. Then, the paraőlm-covered discs were placed into the wells
of a 24-well ŕat bottom plate, and 1 mL of the bacterial culture was
transferred to each well. The plates were incubated statically (37 °C,
48h) to establish an intact bioőlm layer on the titanium discs.
At the 24th hour of incubation, the culture medium in the wells

was carefully removed with a pipette, and 1 mL of sterile BHI broth
was added to the wells. The discs were taken out of the wells follow-
ing the incubation and were gently cleaned by washing them three
times with 2 mL phosphate-buffered saline (pH 7.4) to eradicate
anyplanktonic or loosely adherent bacteria thatwere not embedded
in the bioőlm.24,25

Experimental design

The total numberofbacteria-coated titaniumdiscsused in all stages
of the study was 78 (n=42 for CFU analysis, n=28 for confocal mi-

croscopy and n=8 for scanning electron microscopy). The study
comprised three experimental groups, each subjected to different
disinfection methods, as follows: 1) Ultrasonic-driven steel tip: An
ultrasonic device with a stainless-steel tip (Air-FlowMaster Piezon
with PS instrument, EMS, Nyon, Switzerland) was used at the 80%
power and maximumwater cooling.26 2) Ultrasonic-driven plastic
tip: The scalingwas performedusing a thermoplastic scaler tip (Air-
FlowMaster Piezon®withPI instrument, EMS,Nyon, Switzerland)
made of polyether ether ketone (PEEK) material with the same set-
tings (power 80%, water 100%) recommended by the manufac-
turer. 3) Plastic curette: The surface of the previously contaminated
discs was decontaminated using a hand-instrument made from
high-grade resin (ImplacareTM II; Hu-Friedy®; Chicago, IL, USA).
Bacteria-coated titaniumdiscs receiving no treatment served as

controls. All titanium discs belonging to the experimental groups
were decontaminated by the same experienced operator. During
decontamination procedures, the angulation and working distance
of the instruments were adjusted by the operator to ensure optimal
access to the disc surface. The working tip of the instruments was
contacted the disc surface without pressure. Instrumentation time
was limited to 2 min for each decontamination procedure and con-
trolled using a stopwatch. Following instrumentation, remnants
were cleaned from the treated surfaces by gentle rinsing with dis-
tilled water for 20 s. 13 During the procedure, sterile instruments
andmaterials were used to prevent contamination of the titanium
surfaces with microorganisms other than S. aureus.

Analysis by Colony Forming Unit (CFU) counting

A total of 42 bacteria-coated discswere used for CFU analyses and 14
bacteria-coated titanium discs were allocated to each experimental
group with 7 designated for treatment and 7 for control.27 Due to
the complexity of the applied procedure (CFU counting process),
separate control groups were created for each experimental group,
and each was compared with its own control.
The quantity of S. aureus on treated surfaces was calculated

in CFU per titanium disc, allowing for a quantitative evaluation
of the remaining bioőlm. Enumeration of S. aureus ATCC 29213
in the control (untreated) and treated samples was performed us-
ing the surface spread technique. For this purpose, titanium discs
were transported to Falcon tubes containing 10 mL of 0.5% (w/v)
Tween20 PBS. Subsequently, the tubes were vortexed for 1 minute
and sonicated (35 kHz, Sonorex, Germany) for 5 minutes at 25°C to
disrupt the bioőlm. After sonication, the tubes were vortexed for
another minute, and decimal serial dilutions were prepared using
sterile saline solution (0.85%, w/v). Then, 100 µl of each dilution
was spread onto Tryptic Soy Agar plates, and incubated (48 h at
37°C).28

The reduction in colony count (CFU/surface) was calculated
using the following equation: R= (CśT)
Where C is the number of colonies in control samples (no treat-

ment), T is the number of colonies after the treatment and R is the
log reduction in colony count (CFU/surface).

Analysis by Confocal Laser ScanningMicroscopy (CLSM)

A total of 28 bacteria-coated titanium discs were immunostained
for confocal microscopy, and randomly divided into a control group
and three experimental groups that received different disinfec-
tion modalities. Titanium discs were placed in wells of ŕat bottom
plates and stained with the LIVE/DEAD BacLight Bacterial Viability
and Counting Kit (Invitrogen, Merelbeke, Belgium), subsequently
left under light protection for 15 min. Confocal laser scanningmi-
croscopy (Leica Lasertechnik, Heidelberg, Germany) was used to
examine three randomly selected őelds on each specimen. Excita-
tion wavelengths were set as 488 and 532 nm, and 10/1.0magniőca-
tion optical lenses were preferred for observing the specimens. The
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Table 1.Mean reduction values in colony counts and viable biomass according to the decontamination procedures

Group

Colony Count

in Control Groups

(CFU/Surface)

Log Reduction

in Colony Count

(CFU/Surface)

p
Viable Biomass

in Control Group

Reduction

in Viable Biomass

Ultrasonic-driven steel tip

(UST)
5,33±0,14 1,39±0,42 0.000a*

18,01±4,62

15,82±0,9A

Ultrasonic-driven plastic tip

(UPT)
6,14±0,24 1,14±0,54 0.000a* 7,57±5,85B

Plastic curette

(PC)
6,36±0,18 1,02±0,12 0.000a* 1,35±4,35C

0.246b 0.000b*

a: Independent samples test, b: Analysis of variance (ANOVA), * p<0,05. A shows the statistically signiőcant differences between the reduction in viable biomass in the

ultrasonic-driven steel tip group and the reductions observed in the ultrasonic-driven plastic tip and plastic curette groups, Tukey’s test (p=0.005 for UST- UPT groups,

p=0.000 for UST-PC groups); B shows the statistically signiőcant differences between the reduction in viable biomass in the ultrasonic-driven plastic tip group and the

reductions observed in the ultrasonic-driven steel tip and plastic curette groups, Tukey’s test (p=0.005 for UPT- UST groups, p=0.035 for UPT-PC groups); C shows the

statistically signiőcant differences between the reduction in viable biomass in the plastic curette group and the reductions observed in the ultrasonic-driven plastic tip and

ultrasonic-driven steel tip groups, Tukey’s test (p=0.035 for PC-UPT groups, p=0.000 for PC-UST groups).

properties of the total and viable biomass (m3/m2) were measured
using the COMSTAT software.

Analysis by Scanning ElectronMicroscopy (SEM)

Two discs from each group were randomly allocated following the
instrumentation for SEM evaluation. Bioőlm on the titanium sur-
face was őxed for one hour with glutaraldehyde (2.5%) and dehy-
drated withmultiple ethanol washes (10%, 25%, 50%, 75%, and
90% for 20m, and 100% for one hour). Following the dehydration
of the bioőlm was accomplished, titanium disc specimens were
kept in the incubator at 37 °C overnight. Gold coating was applied
to the specimens, which were carefully examined using an SEM
(Apreo S, ThermoFisher Scientiőc, Norway) at 10 kVandmagniőca-
tions of 1000, 2500, 5000 and 10.000x. Representativemicrographs
of S. aureus bioőlm remaining attached to titanium surfaces were
taken, and descriptive analysis of these images was conducted.

Statistical analysis

In the power analysis conducted before the study (80% power and
probability of errorα = 0.05), the sample size for each study group
was determined as 12 titanium discs. IBM SPSS Statistics software
(Version 23.0, SPSS Inc., Chicago, IL, USA) was used to analyze data.
Shapiro-Wilk test was performed to determine the distribution of
the data. Normally distributed data was submitted for analysis of
variance and post hoc Tukey tests to assess dissimilarities among
the study groups. The Pearson correlation coefőcient was used ana-
lyze the relationship between colony counts and viable biomass val-
ues. Descriptive statistics were given as mean ± standard deviation.
The level of .05 was accepted as the limit of statistical signiőcance.

Results

Mean reductions in viable log10 counts and viable biomass accord-
ing to the treatment procedures were presented in Table 1.
Reductions in S. aureus colony counts following the decontami-

nationprocedurewere signiőcant in all treatmentgroups (p=0.000).
The highest log reduction in colony count was determined in the
ultrasonic-driven steel tip (1,39 ±0,42 log CFU/surface) and the
lowest was in the plastic curette group (1,02 ±0,12 log CFU/surface,
Table 1). However, no statistically signiőcant difference was noted
among the decontamination modalities (p=0.246).
Viable biomass values conőrmed by COMSTAT quantiőcation

showed a signiőcant decrease on all treated discs (p=0.000). Con-
sistent with the log reduction in the colony counts, the highest de-
crease in the viable biomass was detected in the ultrasonic-driven
steel tip group (15,82 ± 0,9), while the lowest decrease was in the

plastic curette group (1,35 ± 4,35), (Table 1). According to the vari-
ance analysis, there was a signiőcant difference in the reduction
of viable biomass between the groups (p=0.000). The reduction in
viable biomass in the ultrasonic-driven steel tip group was higher
than in the ultrasonic-driven plastic tip and plastic curette groups
(p=0.005, p=0.000, respectively).
Figure 1 revealed the presence of the remaining S. aureus bioőlm

attached to the titanium surface. CLSM images of control discs con-
őrmed the predominance of live bacteria on untreated disc surfaces.
The quantity of live bacteria was lowest in the ultrasonic-driven
steel tip group and highest in the plastic curette group. In all treat-
ment groups, the quantity of live bacteria dominated the dead bac-
teria (Figure 1).
In SEMmicrographs, S. aureus colonies were more pronounced

in untreated control discs and plastic curette-treated discs. How-
ever, although ultrasonic-driven procedures were more efőcient
in microbial bioőlm removal, they altered the surface topography
of the discs. It has been noted that the initial roughened surface
of the discs is damaged in all treatment groups. Moreover, plastic
remnants were detected on the surfaces treated with plastic instru-
ments (Figure 2).

Discussion

Current treatment modalities are focused on surface decontamina-
tion methods to eliminate the bioőlm attached to the titanium sur-
face since themain causative factor ofperi-implantitis is a patholog-
ical bioőlm.26 Hand instruments and ultrasonic devices are widely
used due to their ease of daily practice and lower costs compared to
other mechanical methods.29 This in vitro study provides a com-
parative evaluation of the effect of three frequently preferred decon-
taminationmethods in daily practice on the removal of S. aureus
bioőlm from previously contaminated titanium disc surfaces.
In the present study, signiőcant reductions were observed in

both colony count and viable biomass of S. aureus in all treatment
groups compared to the control. In agreement with our őndings,
Kawashima et al. 10 reported that both the steel tip and the plastic-
coated tip signiőcantly removedmicrobial bioőlm from the implant
surface.
Among the three decontamination modalities investigated,

ultrasonic-driven steel tips were found to be more effective than
ultrasonic-drivenPEEK tips andplastic curettes. Our viable biomass
results revealed that this observed differencewas statistically signif-
icant. These őndings are consistent with studies indicating plastic
curettes as less efőcient in removing the bioőlm layer compared to
other mechanical decontamination modalities.20,30 Besides these
studies, Schmage et al.31 demonstrated that two types of ultrasonic
scalerswith steel and aplastic-coated tiphadbetter bioőlmremoval
scores than plastic curettes. Unlike our results with viable biomass,
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Figure 1. Representative CSLM images of S. aureus bioőlm on the surfaces of control and treatment discs: (A) Control, (B) Ultrasonic-driven steel tip, (C) Ultrasonic-driven

plastic tip, (D) Plastic curette (Viable bacteria = green; dead bacteria = red).

Luengo et al. 14 did not observe any difference in decontamination
effectiveness between ultrasonic-driven steel tips and PEEK tips,
both macroscopically andmicroscopically. They attributed this to
the inability of the ultrasonic tips to reach the valley parts of the
implant threads and perform effective decontamination. The dis-
crepancy in our study resultsmaybe ascribed to using ŕat-surfaced
titanium discs rather than the original threaded implant surface.

On the otherhand, no signiőcantdifferencewasdetected among
the treatment groups according to our colony count results. Simi-
larly, in a study conducted by Renvert et al.32, the effectiveness of
ultrasonic systems compared to manual curettes was investigated
and no signiőcant difference was reported. Another study compar-
ing ultrasonic instruments and plastic curettes also demonstrated
no signiőcant difference in results obtained with either method.33

Furthermore, Kawashima et al. 10 stated no signiőcant difference
in bioőlm removal from titanium implant surfaces between plastic-
coated tipped and steel-tipped ultrasonic devices. All these studies,

including ours, overlook the nature of the oral cavity where the
implant is placed. Considering the pH balance, temperature, and
humidity of the oral environment, the contribution of saliva to bac-
terial bioőlm formation, and the challenges of removing bioőlm
from implant surfaces, statistical differences between these decon-
tamination techniques can be expected in further clinical studies.

SEM images of the present study reveal that the ultrasonic-
driven steel tip nearly eliminates the S. aureus bioőlm from the
surface but alters the surface structure severely. Similarly, in a
study that evaluated SEM images, Schmidt et al.34 presented that
treatment groups containing stainless steel instruments caused
more detrimental changes on the implant surface than other treat-
ment groups. Additionally, in their study, which is very similar to
ours and includes SEM images, Beak et al.35 observed that conven-
tional steel tips causedmore damage to titaniumsurfaces compared
to plastic-coated tips. When ultrasonic devices are used, the oscilla-
tion of the steel ultrasonic tip effectively removes the bioőlm on the
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Figure 2. Representative SEM images of the S. aureus bioőlm on the disc surfaces following decontamination procedures at a magniőcation of × 10000: (A) Control, (B)

Ultrasonic-driven steel tip, (C) Ultrasonic-driven plastic tip, (D) Plastic curette. S. aureus bioőlm (yellow arrow), and plastic remnants (blue arrow) remaining on the treated

surfaces are indicated by arrows.

implant surface, yet this effect may come at the expense of damag-
ing surface integrity. 15,26 Alternative tips for ultrasonic-driven de-
vices, such as plastic coating tips, have been demonstrated to leave
remnants of coating material on the implant surface.36,37 Consis-
tently to thementioned studies, we observed that ultrasonic-driven
plastic tips altered the surface integrity and left plastic remnants
on the surface.

A plastic curette could be preferred when the main goal of treat-
ment is to maintain surface integrity; but its capability to effec-
tively eliminate microbial bioőlm from implant surfaces has been
widely questioned.37 SEM images from our study indicate that the
detrimental effect of plastic curettes on surface integrity was in-
signiőcant compared to ultrasonic tips. Consistent with the other
őndings of this study, we observed that the plastic curette was
insufőcient in removing bioőlm compared to other decontami-
nation modalities and left plastic remnants on the surface of the
titanium discs. Similarly, Hakki et al.38 detected plastic residues
on the plastic curette-treated implant surfaces. In another similar
study, plastic remnants were detected on all titanium surfaces fol-
lowing treatments performed with different plastic instruments.
Still, the amount of remnants was highest on plastic curettes.39

The present study has several limitations. One limitation is
that titanium discs were tested instead of screw-shaped implants
to ensure standardization in assessing bacterial elimination. Al-
though roughened titanium discs have the samemicrostructure as
the original implant surfaces, decontamination of the implants is
muchmore complicated cause of the presence of valleys between
the threads. This screw-shaped design of titanium implants may
hinder instruments from accessing the diseased surface and limit

decontamination procedures. Another limitation is that an in vitro
S. aureus bioőlm is preferred over a microbial bioőlm with a com-
plex structure that may be more resistant to instrumentation. The
őndings of this study revealed the incapability of all tested treat-
ment procedures to total removal of S. aureus bioőlm, so it can
also be estimated that it would be ineffective in eliminatingmore
pathological bioőlm.

Within the limitations, mechanical decontamination proce-
dures evaluated in this study presented some beneőcial effects in
the removal of S. aureus bioőlm from titanium surfaces. However,
none of these methods were sufőcient to eliminate the bioőlm.
These őndings indicate that instrumentation of S. aureus-infected
titaniumsurfaceswithmechanical procedures alonemaynot be suf-
őcient to eradicate the intact bioőlm. This is consistentwith studies
reporting that the combined use of mechanical and chemical meth-
ods or other newly developed instruments like lasers can increase
the disinfection effect. 18,33 Additionally, alterations in the surface
topography and surface chemistry of the implant have a signiőcant
efőcacy on bacterial bioőlm formation.40 Therefore, further inves-
tigations on surface properties and bacterial eliminationmethods
are required before a deőnitive treatment recommendation can be
provided.

Conclusion

All investigated procedures resulted in reductions in the quantity
and viable biomass of S. aureus bioőlm on titanium surfaces, but
none of them achieved complete elimination of the bioőlm. To
establish a gold standard method capable of completely eradicating
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S. aureus bioőlm, attention should be directed toward combination
procedures that integrate various techniques designed tominimize
damage to the titanium surface while inducing chemical disruption
of the bioőlm.
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Abstract

Background: Local anesthesia (LA) is often preferred for stabilization of vital signs, depth of anesthesia and pain control in dental
restorations but the efőcacy of LA administration during deep sedation is controversial.
Aim: To retrospectively investigate the effects of LA on heart rate, blood pressure, oxygen saturation, depth of anesthesia and total
dose of anesthetic drugs given in pediatric patients sedated for dental procedures.
Materials andMethods: Records of 50 healthy children were divided into two groups: Patients who received inőltration LA at the
beginning of sedation (Early LA) or who received LA at the end of sedation after completion of restorations (Late LA). Demographic
data, hemodynamic data, Bispectral Index (BIS) scores, Ramsey Sedation Scale scores, total propofol dose administered were
compared. Since the difference between two quantitative dependent variables did not meet the assumptions of normal
distribution, Wilcoxon Signed Rank test was used. Generalized Estimation Models were used to look at the effect of quantitative
variables with repeated measures (BIS and Ramsey) on groups.
Results: There was no statistically signiőcant difference between the groups in terms vital signs, depth of anesthesia (BIS
(p=0.190) and Ramsey score (p=0.887)), and total propofol dose adjusted for BMI (p=0.59).
Conclusions: The presence of LA during deep dental sedation has no signiőcant impact on vital signs, depth of anesthesia and
total amount of propofol used compared to the absence of LA. LA does not contribute to stabilization of dental sedation, but close
monitoring of deep sedation prevents drug overdose.

Keywords: Dental Sedation; Local Anesthesia; Monitoring; Pediatric Anesthesia; Propofol

Introduction

Anxiety and fear are challenging for dentists in the treatment of
pediatric patients. 1 When cooperation with the child cannot be
achieved with behavioral management methods, pharmacological
methods such as oral sedatives, nitrous oxide inhalation, deep se-
dation and general anesthesia are used.2ś4 Intravenous anesthesia
combinedwith local anesthesia is an preferablemethod during gen-
eral anesthesia in terms of safety and effectiveness in controlling
anxiety and pain in patients.5 During dental restorations under
general anesthesia, local anesthesia is often preferred for bleeding
and postoperative pain control.6 In addition, local anesthesia is
effective for stabilization of vital signs and anesthesia depth during
general anesthesia or sedation, control of pain and bleeding after
the procedure, and enhancement of recovery.5ś10 Although some
dentists believe that LA is ineffective for pain, delayswound healing
and causes prolonged numbness, we acknowledge it is an integral

part of procedural sedation for postoperative pain and bleeding
control. 11,12

The optimal timing of local anesthesia administration during
pediatric dental sedation is still a controversial topic. Depending on
personal preference, some dentists administer local anesthesia at
the very beginning of the procedure, while others leave it until after
the completionof restorative procedures, just before the extractions.
We hypothesized that inőltration local anesthetic administration
during the induction period of procedural sedation stabilize vital
signs, enhances the depth of anesthesia, and reduces the need for
sedative medication.

In this retrospective study, we aimed to compare the effects of
the presence or absence of LA on hemodynamic parameters, depth
of anesthesia, and total anesthetic dose used during deep dental
sedation for restorative dental procedures.
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Material andMethods

Study Design and Setting

This retrospective cohort study evaluates the retrospective data of
50 patients who underwent dental treatment using deep sedation
at Ankara University, Faculty of Dentistry, Department of Pediatric
Dentistry between December 2021 and December 2022. All the pa-
tients in this studywere anesthetized in the faculty of dentistry of a
tertiary university hospital. The őndings of this study are based on
pre-recorded data onmonitor readings and administered medica-
tions with patient characteristics during deep sedation procedures.

Ethical Approval and Clinical Trials Registration

After obtaining the institutional ethical committee approval (ap-
proval number: 36290600/55) records of the 50 patients who had
dental treatments under sedation in the department of pediatric
dentistry between 2021-2022 were included in this retrospective
study. This study was performed in line with the principles of
the Declaration of Helsinki and registered to ClinicalTrials.gov
(NCT06218173). The parents of the patients whose records were
used had previously provided written informed consent for deep
sedation anesthesia for restorative dental procedures.

Sample Size Determination and Patient Selection

A power analysis was performed to determine the appropriate sam-
ple size. According to the results of a preliminary study with 12
patients, the sample calculation was made based on the effect size.
When the effect size of the relationship between the study variables
was 0.2 a sample size of 44 was determined at an alpha of 0.05 and a
power of 0.95. In this case, the records of 2 groups of patients were
accessed: 28 patients who received LA at the time of anesthesia
induction (EarlyLA) and 22 patients who received LA after the end
of anesthesia (LateLA).

Pediatric dental patients who were previously sedated and ful-
őlled the following inclusion criteria were included in this investi-
gation. Inclusion criteria were patients with American Society of
Anesthesiologists (ASA) physical status classiőcation I-II and aged
between 2 and 8 years. Exclusion criteria were ASA status III-V, age
older than 8 years, any history of allergy to anesthetic drugs, renal
disease interfering with drugmetabolism.

Anesthesia and Dental Interventions

Patient records were divided into two groups: patients under-
going inőltration anesthesia (4% articaine HCl with 1:100.000
epinephrine) at the beginning of sedation (Early LA Group, n:28)
and administered inőltration anesthesia after the completion of
restorative treatments and just before the extractions (Late LA
Group, n:22). The utilization of local anesthesia in pediatric dental
sedationwas a discretionary decisionmade by individual practition-
ers. Within our clinic, some pediatric dentists choose to administer
LA at the beginning of the sedation, while others choose to admin-
ister at the end, just before the extractions. Since bleeding blocks
the exposure of the surgical site, teeth extractions are routinely per-
formed as the last step of sedation protocol in our clinical practice.
After induction of anesthesia in the early la group and stabiliza-
tion of the sedation level to the target BIS level with maintenance
anesthesia, the patient was prepared for dental restorations. At
this stage, local anesthesia was administered by the dentist just
before starting dental treatments. On the other side, in the Late
LA group, local anesthesia was administered at the end of sedation,
corresponding to the discontinuation of anesthetic drugs and just
before extractions. Since the local anesthetic in the Late LA group

was administered after the propofol infusion was discontinued, it
was considered that it did not affect the total dose of sedative drug
used. Inőltration anesthesia was performed with 4% articaine HCl
with 1:100,000 epinephrine solution. Articaine is an amid type local
anesthetic, which has a rapid onset and potency and widely used in
dentistry. 13 Articaine was the local anesthetic utilized in this study
and dosing never exceeded 7mg/kg in all patients.

Patients weremonitored for oxygen saturation, respiratory rate,
electrocardiography, heart rate, blood pressure (Dräger, Inőnity
Vista XL monitor, Germany), capnography (Microstream EtCO2;
Medtronic Capnostream35, USA), and Bispectral Index (BIS) (As-
pect XP Bispectral IndexMonitor (Medtronic, Minneapolis, Min-
nesota, USA). Anesthesia induction was achieved by inhalation of
50% oxygen + 50% nitrous oxide + 1-8% sevoŕurane gas mixture
via mask ventilation. After intravenous access was established,
sevoŕurane and nitrous oxide were discontinued. A bolus dose of
0.1 mg/kg lidocaine and 1mg/kg propofol were administered. Depth
of anesthesia was monitored by BIS, which is a technique that uses
the electroencephalogram (EEG) to assess patients’ levels of con-
sciousness while under anesthesia. This system allows accurate
adjustment of sedation levels by assigning a numerical value rang-
ing from 0 to 100, with higher scores indicating higher levels of
consciousness. 14,15 After induction of anesthesia, propofol infu-
sion was started in all patients using a TCI system based on the
Schneidermodel. (BBraun Perfusor SpaceTMTCI; BBraun, Melsun-
gen, Germany). The primary plasma target concentration was 2
µg/ml, the expected brain propofol concentration was calculated
and displayed on the TCI pumpmonitor. Propofol was titrated to the
desiredBISvalueby the anesthesiologist. To reach thedeep sedation
level, the goal was to reach a BIS value of 50-60, characterized by
unresponsiveness to painful stimuli and absence of reŕex activity.
The sedation score was also assessed and recorded according to the
Ramsey sedation scale from 1 to 6, with a score of 1 meaning fully
awake and a score of 6 meaning unresponsive to any stimulus. 16

After a stable depth of sedation was reached, patients were placed
in the head and chin lift position and a nasal cannula was inserted
for supplemental oxygen (2-4 L/min). The airway was not instru-
mented. According to BIS levels, deep sedation and spontaneous
ventilation was also conőrmed. Chin lift or chin thrust maneuvers
were performed if any saturation drop occurred. The standard anal-
gesia protocol applied in our clinic was paracetamol administration
at a dose of 10 mg/kg. Once consciousness was restored after the
dental procedure, patients were transferred to the post-anesthesia
care unit (PACU), where theywere closelymonitored until theymet
the AAPD’s established discharge criteria.

All anesthesia interventions, follow-up and recovery were per-
formed in accordance with the guidelines of AAP/AAPD.3 All inter-
ventions during the procedure were performed by an experienced
anesthesiologist. Patients were observed by an independent observ-
ing anesthesiologist for hemodynamic parameters, complications,
and medical record. Restorative procedures (őssure sealants, glass
ionomer restorations, compomer and composite resin restorations,
pulpotomy and pulpectomy, stainless steel crowns, strip crowns
and extractions) were performed by the pediatric dentists in all
patients.

Hemodynamic data including systolic and diastolic blood pres-
sure, heart rate andblood oxygen saturationwere retrieved form the
őles. The total amount of anesthetic drug administered, recovery
time, complications were also recorded.

Patient demographics, blood pressure, heart rate, oxygen satu-
ration, BIS values and sedation depth scores according to Ramsey
Sedation Scale were compared between the two groups. The total
amount of general anesthetic drug (propofol) given was compared
according to bodymass index (BMI).
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Table 1. Identiőers by Groups

Variables
Group

EarlyLA:28 LateLA:22 p value

Age (years)
Mean.±SD 5.11±0.85 4.55±1.10

0.095b
Median (Min.-Max.) 5.00 (4.00-7.00) 5 (2-6)

Sex, n(%)
Male 16 (59.3) 10 (45.5)

0.336c
Female 12 (40.7) 12 (54.5)

BMI
Mean±SD 16.04±1.64 17.87±3.38

0.016a
Median (Min.-Max.) 15.70 (13.61-22.16) 17.57 (12.46-24.41)

Total Propofol (mg)
Mean SD 217.44±72.50 215±75.95

0.597b
Median (Min.-Max.) 201 (140-380) 202.5 (131-392)

SD: Standard Deviation, Min.: Minimum,Max.: Maximum, a: Student-t test, b: Mann-Whitney U test, c: Chi-square test

Statistical Analysis

SPSS 11.5 program was used in the analysis of the data. Mean ±
standard deviation andmedian (minimum-maximum) were used
as descriptors for quantitative variables, and the number of patients
(percentage) for qualitative variables. The difference between the
categories of the qualitative variable, which has two categories in
terms of quantitative variables, was examined using the Mann-
Whitney U test, since the assumptions of normal distribution were
not met. Chi-square test was used to examine the relationship be-
tween two qualitative variables. When the difference between two
quantitative dependent variables was wanted to be examined, the
Wilcoxon Signed Rank test was used because the assumptions of
normal distributionwere notmet. Generalized Estimation Equation
(GEE) Models were used to look at the effect of the LA application
timing of groups on the quantitative variable with repeated mea-
surements. The statistical signiőcance level was taken as 0.05.

Results

The 28 patients included in the study received local anesthesia just
after the induction of anesthesia for restorative procedures (Early
LA group), while 22 patients received local anesthesia only imme-
diately prior to tooth extraction following restorations (Late LA
group). Patients were aged between 2 and 7 years and 52% were
male. There was no signiőcant difference between the two groups
in terms of age and gender. Table 1. shows the relationship between
age, gender, bodymass index (BMI) and the total amount of propo-
fol used between the groups. There were no signiőcant differences
between the two groups in terms of the total amount of propofol
used (p=0.59). The total amount of general anesthetic drug given
was compared adjusting to bodymass index.

Table 2. shows the differences between the BIS values according
to the groups and the times (minutes) when the measurements
were made. Generalized Estimating Equation (GEE) models were
used to examine the effect LA application timing on the BIS vari-
able with repeated measurements, and no statistically signiőcant
differences were found between the two groups in terms of BIS
measurements (p=0.190). The difference between the mean BIS
values of the Early LA group and Late LA group was 1.25.

GEEmodels were used to examine the effect of LA application
timing of groups on the Ramsey scores variable with repeated mea-
surements, and no statistically signiőcant differences were found
between the two groups in terms of Ramsey score measurements
(p=0.887). The difference between the mean Ramsey Scores of
Early LA and Late LA groups was 0.02. The descriptors of the Early
LA and Late LA groups and the differences between these groups
before the procedure, at other times, and between the groups are
given in Table 3. There was no signiőcant difference between the
groups in these measurements. No complications were observed
in the recordings. The lowest oxygen saturation was 99% in the
EarlyLA group and 98.2% in the LateLA group. All non-severe oxy-
gen saturation drops were corrected by chin elevation or airway

repositioning.

Discussion

This studyaimed to examine the effects of timingof local anesthesia
administration for restorative procedures during dental treatments
under sedation on hemodynamic data, depth of anesthesia and total
anesthetic drug dose. Findings of this retrospective study revealed
that there was no difference between the groups that received LA at
thebeginningof the sedation and receivedLAfollowing the sedation
in terms of hemodynamic parameters, depth of sedation and total
propofol requirements.

The effect of local anesthesia on hemodynamic data in children
undergoing dental treatment under general anesthesia has been
investigated inmany studies.5ś9,17Most of these studies show that
local anesthesia application under general anesthesia reduces the
ŕuctuations in vital signs by blocking pain pathways. However, our
studymay contribute to the literature in terms of both focusing on
pediatric patients under deep sedation and showing that the effect
of local anesthesia does not strengthen sedation contrary to the
information in the literature. For instance, a study by El Batawi et
al.8 and reported that the use of local anesthesia in painful den-
tal treatments under general anesthesia helped stabilize heart and
respiratory rates. In the same study, it was stated that tooth extrac-
tion and pulp treatments had the most impact on hemodynamic
data.8 According to a study by Watts et al.9 during traumatic in-
terventions under general anesthesia such as closure treatment,
pulpotomy, and pulpectomy, the depth of anesthesia decreases due
to pain, and the need for additional sedative drugs or LA emerges.
They concluded that patients who were not given intraoperative
local anesthesia were more likely to have vital sign ŕuctuations re-
quiring anesthetist intervention. However, in this study, unlike our
study, the depth of anesthesia was provided by anesthesia interven-
tions including intermittent bolus propofol administration when
needed.9 The difference in vital signs between patients with and
without LAmay also be due to a ŕuctuating anesthetic coursemain-
tained by bolus drug administration which are likely to alter heart
rate and blood pressure as well. According to the Wilson at al. 10

exclusive administration of anesthetic agents does not sufőciently
restrain physiological responses such as changes in blood pressure,
heart rate, or irregular heartbeats triggered by painful surgical
stimuli. Research has demonstrated that employing bupivacaine
alongside general anesthesia during the perioperative period can
diminish these reactions to surgical stimuli. 10 In our study, hemo-
dynamic parameters such as heart rate, SpO2, systolic and diastolic
blood pressure measurements remained constant and there was no
statistically signiőcant difference between the two groups when
compared Figures:1-4. The reason why there were no difference
in hemodynamic parameters in our studymay be the continuous
monitoring of the depth of anesthesia with BISmonitoring and pre-
vention of ŕuctuations in vital signs with deep and stable sedation
throughout theprocedures. This is because anestheticmaintenance
in this study was adjusted to consistently achieve the targeted BIS



Local Anesthesia Inŕuence on Sedation | 99

Table 2. Identiőers for the EarlyLA and LateLA groups for the BIS

Variables EarlyLA:28 LateLA:22

minute Mean.±SD
Median

(Min.-Max.)
P valuea Mean.±SD

Median

(Min.-Max.)
P valuea P valueb

3. 58.15±6.76
61

(36-65)
ś 56,41±8,08

58
(44-68)

ś 0.449e

5. 57.93±8.20
60

(31-69)
0.664c 55.73±10.11

56
(35-72)

0.832c 0.586e

10. 55.96±8.14
58

(38-66)
0.034c 55.41±8.97

55
(30-68)

0.757c 0.793e

15. 53.03±8.15
52

(35-65)
0.007c 53.64±9.67

55
(25-64)

0.156c 0.672e

20. 52.11±10.59
52

(30-66)
0.008c 54.18±7.93

54
(40-71)

0.389c 0.451 d

30. 50.59±9.80
46

(38-65)
0.006c 47.05±8.90

48
(30-62)

0.001c 0.432e

40. 51.78±10.44
56

(32-65)
0.013c 44.60±7.35

44
(32-59)

<0.001c 0.021e

50. 50.88±11.98
45.50
(36-75)

0.041c 49.71±8.19
52

(40-65)
0.035c 0.747d

60. 51.92±9.16
50

(41-65)
0.130c 54.00±12.09

52
(37-69)

0.255c 0.658d

70. 50±11.21
51

(36-62)
0.026c - - - -

80. 45±4.62
45

(41-49)
0.063c - - - -

a: Comparison between 3 and other times, b: Comparison between EarlyLA and LateLA groups, c: Wilcoxon Signed Rank test, d: Student-t test, e: Mann-Whitney U test

Table 3. EarlyLA and LateLA group descriptors for Ramsey Sedation Score

Variables EarlyLA:28 LateLA:22

(time-minute) Mean.±SD
Median

(Min.-Max.)
P valuea Mean.±SD

Median

(Min.-Max.)
P valuea P valueb/

Preoperative 1±.0
1

(1.0-1.0)
1.0±0.0

1
(1.0-1.0)

1.000d

3. 5.59±0.50
6

(5-6)
<0.001c 5.86±0.35

6
(5-6)

<0.001c 0.039d

5. 5.81±0.40
6

(5-6)
<0.001c 5.64±0.49

6
(5-6)

<0.001c 0.164d

10. 5.78±0.42
6

(5-6)
<0.001c 5.82±0.39

6
(5-6)

<0.001c 0.730d

15. 5.93±0.27
6

(5-6)
<0.001c 5.82±0.39

6
(5-6)

<0.001c 0.257d

20. 5.93±0.27
6

(5-6)
<0.001c 5.64±0,49

6
(5-6)

<0.001c 0.013d

30. 5.78±0.42
6

(5-6)
<0.001c 6±0.00

6
(5-6)

<0.001c 0.019d

40. 5.48±0.66
6

(5-6)
<0.001c 5.80±0.41

6
(5-6)

<0.001c 0.085d

50. 5.50±0.52
6

(5-6)
<0.001c 5.83±0.38

6
(5-6)

<0.001c 0.041d

60. 5.58±0.51
6

(5-6)
<0.001c 5.44±0.53

6
(5-6)

<0.001c 0.538d

70. 6±0.0 6 <0.001c -

80. 6±0,0 (5-6) <0.001c -

a: Comparison between 3 and other times, b: Comparison between EarlyLA and LateLA groups, c: Wilcoxon Signed Rank test, d: Mann-Whitney U test
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value using target-controlled propofol infusion. A stable anesthesia
as in this present study, will not require any additional drug admin-
istration andwill not lead to vital sign ŕuctuations due to anesthetic
agents. This may have also masked the effect of painful procedures
in reducing the depth of anesthesia. In this study, no difference was
found between the groups in BIS values and Ramsey Scores, which
are parameters indicating the depth of sedation. (p=0.190 for BIS;
0.887 for Ramsay). However, what is noteworthy here is that the
total dose of sedative agents used for BIS values providing similar
depth of anesthesia was not different between the two groups.
In a survey study conducted in 2014, 92% of the dentists par-

ticipating in the study reported that they preferred the use of local
anesthesia to stabilize vital signs andmaintain the depth of anes-
thesia while performing treatments under general anesthesia.6

The use, drug choice, application method and time of LAmay be
according to the clinical habits of most dentists. In our clinic, some
pediatric dentists apply LA at the beginning of sedation just be-
fore starting intraoral procedures, while others use it at the end
of sedation, just before the tooth extraction. However, our study
shows that vital signs were similar the other group in the absence
of LA during sedation. In this case, consolidation of anesthesia and
stabilization of vital signs are not related to the presence of local
anesthesia, but rather can be attributed to close BIS monitoring
and target-controlled propofol titration.
There are limited studies in the literature investigating the effect

of LA application on anesthetic requirement during dental seda-
tion. However, the őndings of a study investigating the effect of
inőltrative local anesthesia and abdominal wall nerve blockade on
the need for anesthetic drugs in pediatric patients undergoing in-
guinal hernia repair are remarkable. Inőltration anesthesia did not
reduce the need for intravenous anesthesia at the level of abdom-
inal nerve blockade, but BIS values were similar throughout the
surgery. 18 Likewise, in our study, inőltration anesthesia did not de-
crease theneed for propofol. Althoughdental inőltration anesthesia
is different from the inőltration anesthesia mentioned in abdom-
inal surgery, it is signiőcant that these őndings demonstrate the
difference in analgesic potencybetween direct nerve block and inől-
tration anesthesia. On the other hand, intraligamental LA injection
provides more effective postoperative analgesia than inőltration
anesthesia as shown in the results of a study by Leong et al. 19 This
őndingmay also be much related to the fact that inőltration anes-
thesia did not contribute to the depth of anesthesia or reduced the
need for propofol under sedation in this study. In this respect, these
őndings of above studies may support the őndings of our study.
In general, the goal after procedural sedation is to avoid any

possibility of re-sedation and safely discharge the patient directly
home in the same condition as before the sedation. In this context,
the concern in pediatric anesthesia is to provide effective anesthe-
sia with the minimal dose of medication possible without residual
effects. One of the aims of this study was to investigate the total
doses of propofol required for both groups. In this study LA pres-
ence resulted in no difference in the requirement of propofol in
groups. As Lin et al.20 demonstrated, BIS-guided TCI propofol
sedation technique provides the targeted depth of sedation with
less drug consumption.20 Another conclusion of this study that
is consistent with literature that deep sedation can be achieved ef-
fectively with TCI propofol under BIS monitoring. 14 On the other
hand, it is known that the pharmacodynamics of propofol may be
different in underweight and overweight children; therefore, TCI
mediated propofol anesthesia is recommended to eliminate this
effect.21 Rogerson et al.22 showed that overweight and obese chil-
dren require lower doses of propofol for deep sedation than children
of normal body weight.22 In our study, BMI was found to be higher
in Late LA group. To reveal the effect of BMI, the total amount of
propofol used was calculated by eliminating BMI and there was no
statistically signiőcant difference between the two groups (0.597).
This study also demonstrated that deep sedation can be achieved
with a similar dose of propofol under the BIS monitor and through

target control propofol infusion, regardless of local anesthetic con-
tribution.
Local anesthesia at the beginning of sedation did not contribute

to stabilization of vital signs, depth of anesthesia and total dose of
propofol administered compared to LA at the end of sedation.
Pediatric deep dental sedation via target-controlled propofol in-

fusion usingBISmonitoring resulted in similar amounts of propofol
consumption regardless of the presence of local anesthesia. It is con-
cluded that close Bispectral Index monitoring and target controlled
propofol infusion rather than timing of local anesthetic administra-
tion are the parameters that inŕuence the quality of pediatric deep
dental sedation and total drug consumption.
Readers of this study should not conclude that there is no need

for local anesthesia under sedation. Local anesthesia has been
shown to have many beneőts in terms of pain and bleeding control
in dental restorations. In this context, the type of drug and drug
combinations, dose titration and analgesic potency for postopera-
tive painmanagement of local anesthesia under sedationmay be
the subject of future studies.
This study had a couple of limitations. Contrary to the őndings

in the existing literature, our results showed that the application
of local anesthesia at the beginning of sedation did not provide
any beneőt in terms of stability of vital signs, depth of anesthesia
and drug requirement. This may be due to the limited sample size
of this retrospective study. In addition, the number of restorative
procedures and the total amount of local anesthetic used for each
patient in both groups are not known. The lack of standardization
in this regard is another limitation of this study. Therefore, our
study design aims to provide a randomized controlled trial to fully
conclude that local anesthetic application does not affect the depth
of hypnosis during propofol anesthesia for pediatric dentistry.

Conclusion

Overall, this retrospective study on 50 healthy subjects showed that
local anesthesia during sedation is not effective in strengthening
the depth of sedation and stabilizing vital signs. Furthermore, the
application of local anesthesia at the induction of deep sedation did
not reduce the total dose of propofol needed. In contrast, target-
controlled propofol infusion and bispectral index monitoring allow
titrating the minimal dose of propofol required to achieve effective
depth of sedation rather than supplementing sedation with local
anesthesia.

Clinical Implication

The presence of LA during deep dental sedation does not contribute
to the depth of sedation, hemodynamic stabilization, and the total
dose of propofol required. Pediatric dentists using local anesthe-
sia to enhance sedation may inadvertently increase unnecessary
doses and associated complications. According to the results of this
retrospective study LA has no beneőts to deepen sedation. This
study also emphasizes that TCI-propofol and BISmonitoring are
essential for ensuring sedation depth and stability.
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Abstract

Purpose: To evaluate the usefulness and quality of popular videos about indirect restorations shared by different uploaders on
YouTube and to evaluate the demographic characteristics of the videos.
Materials andMethods: Themost commonly used terms related directly to indirect posterior restorations were determined as
"inlay" and "onlay" in this topic. Of the 400 videos (200 for each topic), 40 videos were selected for analysis. Evaluations were
made for each video in terms of the following: (1) number of views, (2) number of comments, (3) days since up-load, (4) number
of ’likes’, (5) Viewing rate; [(number of views/number of days since upload) * 100%], (6) Viewer interaction, (7) Usefulness Index
score, (8) 5-point global quality scale (GQS) criteria.
Results: No statistically signiőcant difference was found among usefulness scores and video sources. (p=0.754). Based on the
usefulness score, 20%were classiőed as good, 40% as poor, and 40% asmoderate. No statistically signiőcant differencewas found
among primary purpose of videos and video sources. (p=0.754). The greatest number of videos (42.5%) was uploaded by dentists
(n=17). When the primary purpose is evaluated for the videos uploaded by dentists, the highest numerical value was determined as
education for health professionals (52.9%) (n=9).
Conclusions: The contents of YouTube videos regarding the indications and production stages of inlay and onlay restorations need
to be revised according to our evaluation criteria. The number of educational videos providing detailed content and information to
patients should be increased.

Keywords: Indirect restoration; Inlay; Onlay; Video analysis; YouTube

Introduction

Conservative restorative dentistry offers a broad range of tech-
niques and systems for the minimally invasive treatment of poste-
rior teeth. Composite materials placed by direct or indirect meth-
ods are considered one of the best alternatives to restorative treat-
ments, which are tooth-coloured and non-metallic. 1 Light-cured
resin composite material is placed in the prepared cavity for indi-
rect restorations. Being compatible with the modern concept of
minimally invasive conservative restorative dentistry and allowing
maximum preservation of tooth structure are the most important
advantages of this technique. Another advantage they have is be-
ing performed in only one treatment appointment with low costs
compared to other treatment options. Direct restorations also have
disadvantages, such as low wear resistance and being associated
with polymerization shrinkage.2,3

Metal, composite and/or ceramic restorative materials can be
used in indirect restorations. Shape and function can be controlled
better with indirect inlay/onlay restorations, especially in case of

larger defects in posterior teeth.4 The indirect technique allows
the restoration to be produced outside the oral cavity by removing
the caries tissue and taking an impression of the tooth prepared
with the determined parameters. In the indirect technique, some
disadvantages direct composite resin restorations have, for exam-
ple, polymerization shrinkage, can be solved.5 In addition, indi-
rect restorations are post-cured with light or heat to provide better
physical and mechanical properties. Ideal occlusal morphology and
proximal contact are created, and natural compatibility with oppos-
ing tooth structure is provided.6,7 However, this technique takes
more time than the direct technique, requiring extra costs and an
appointment. This may exceed the patient’s wishes and budget.8

According to the shape and size of the cavities that need to be
restored in the posterior region, indirect restorations after caries
removal and cavity preparation are completed are named as follows:
inlay restorations (cavity that does not require any tubercle cover),
onlay restorations (cavities closed with one or more tubercles) and
overlay restorations. (a custom onlay topology with full tubercle
coverage).9 When used effectively, the internet provides a help-
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ful platform for patients who want to learn about health-related
issues. 10 In dentistry, besides getting information from the clin-
ician, the internet is also one of the critical information sources.
Along with Google™ and Facebook™, YouTube™ is greatly pre-
ferred by individuals to őnd information. 11 YouTube, a free video-
sharing site with different content, started in 2005 as an online
platform where non-professional users upload and share videos. 12

Health professionals or laypersons can upload health-related videos
on YouTube. However, as these videos are not moderated, they
may also contain inaccurate information. 13 Numerous studies have
evaluated YouTube videos on dental procedures, including teeth
whitening, wisdom tooth surgery, dental implants, denture care
and orthodontics. 12ś18

Although different topics related to dentistry andmedicine have
been evaluated in YouTube videos 15,19ś24, limited studies evaluate
information on indirect restorations. Hence, this research aims to
evaluate information in YouTube videos related to indirect restora-
tions regarding the quality of information included with a usability
score system and global quality scale (GQS). It also aims to examine
the demographic characteristics of these videos, such as howmany
times they were viewed, howmany likes and comments they re-
ceived, how long ago theywere uploaded, how long the videos took,
the number of subscribers and the audience interaction. According
to video demographic data, our őrst null hypothesis is that there
will be no difference between usefulness scores andGQS scores. The
second null hypothesis is that there will be no difference between
video sources and usefulness scores regarding video demographics
and GQS scores.

Material andMethods

On 12 November 2022 at 11:00 AM, a Google Trends search was per-
formed to specify the keywords. Search criteria are set to the last
őve years and ’Worldwide’. Themost commonly used terms related
directly to indirect posterior restorations were determined as "in-
lay" and "onlay" in this topic. Since this study was conducted on
public internet data, it does not require ethics committee approval.
The "Sort by relevance" őlter was the search őlter used in the

present study following the purpose of the study. After clearing the
computer history and cookies, the search was started. By using
the URLs (universal resource locators) of the videos, playlists were
made of the 200 videos for each keyword and 400 videos in the
prepared playlists were watched. Videos that were not in English,
those which lasted longer than 30 minutes, those which did not
have sound, duplicates, videos that were irrelevant to the study and
advertisements were not included. Two researchers (ID andMKÖ)
independently analyzed the content of all selected videos. In case
of any disagreement, the answers were debated until a consensus
was eventually reached. Videos were grouped into four regarding
their sources: (1) dentist, (2) health institution, (3) commercial
company, and (4) individual users. The purposes of the videos are
grouped under őve headings: training for healthcare profession-
als, information for patients, sharing personal experience, general
information, and product promotion.
Evaluations were made for each video in terms of the follow-

ing: (1) number of views, (2) number of comments, (3) days since
up- load, (4) number of ’likes’, (5) Viewing rate; [(number of
views/number of days since upload) * 100%], (6) Viewer inter-
action, which was found by using the formula of interaction index;
[(number of likes/total number of views) * 100%], (7) Usefulness
Index score, (8) 5-point global quality scale (GQS) criteria. The
video content was evaluated with a usefulness score calculated us-
ing a 7-point scoring system (Table 1). By using the scale above,
the content of videos was evaluated as poor (0 and 1 points), mod-
erate (2 to 4 points), or good (5 to 7 points). Video quality was also
evaluated with a 5-point global quality scale (GQS) criteria (Table
2). In order to assess rating reliability and consistency, 20 videos

Table 1. Usefulness score components and rate of observation in videos

Score Component Point
Deőnation 1

Indications / Contraindications 1
Cavity preparation 1
Material Selection 1

Advantage / Disadvantage 1
Impression 1
Cementation 1
Total score 7

for each keyword were selected and re-rated by the authors one
month after the őrst evaluation. The videos were scored (from 1 to
5) in terms of ŕow, quality, and educational usefulness for patients
seeking information online byusing the -point Global Quality Score
(GQS) index (Table 2) as a second method of evaluation. Interac-
tion index and viewing rate formulas: Interaction of YouTube users
with the videos was calculated using Interaction index=(number of
likes / total number of views)×100% and viewing rate=(number of
views/number of days since upload)×100
The data of the present study was analyzed with IBM SPSS V23

software. The normality distribution of the data was tested us-
ing the Shapiro-Wilk test. While Kruskal Wallis test was used for
comparing non-normally distributed data according to groups of
three or more, Dunn’s test was used for multiple comparisons. The
chi-square test was used to compare categorical data in terms of
groups. The relationship between non-normally distributed data
was examinedwith Spearman’s rho correlation coefőcient. p<0.050
signiőcance level was used in analyses.

Results

As a result of the exclusion criteria, the initial sample of 400 videos
was decreased to 40. Regarding the usefulness score, 40% of these
40 videos were poor, 40%were moderate, and 20%were good. Ex-
cept for the variables of days since upload and interaction index,
video sources were not found to be statistically signiőcantly differ-
ent in terms of GQS score or video demographics.(Table 3)
The primary purpose of videos and video sources was not sta-

tistically signiőcantly different (p=0.754). The greatest number of
videos (42.5%) was uploaded for education for health professionals.
(Table 4)
Usefulness scores and video sources were not found to be sta-

tistically signiőcantly different (p=0,754). Videos which had poor
and moderate content were signiőcantly higher in number than
the videos with good content. It was found that the good content
group had signiőcantly higher GQS scores when compared with
the content groups of poor andmoderate (P<001) (Table 5).
Compared to the Usefulness group, median values of other pa-

rameters were not statistically signiőcantly different (p>0.050)
(Table 6).
No statistically signiőcant difference was found between the

usefulness group regarding the primary purpose (p=0.804) (Table
7).

Discussion

YouTube is being increasingly used as a source of information since
it canbeaccessed free andeasily. Itwouldbe safe to say thatYouTube
is the őrst platform that comes to mind when individuals want to
have about general and dental health, as in all subjects, due to the
gradually increasing popularity of the internet and social media.
Although it has various advantages, it has a critical disadvantage
that the information it presents cannot be veriőed in terms of relia-
bility.25 Since the videos published are not subject to any control
mechanism, the accuracy of the transmitted information depends
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Table 2. Global quality scale (GQS) criteria

GQS Description GQS Score
Poor quality; very unlikely to be of any use to patients 1
Poor quality but some information present; of very limited use to patients 2
Suboptimal ŕow, some information covered but important topics missing;
somewhat useful to patients

3

Good quality and ŕow, most important topics covered, useful to patients 4
Excellent quality and ŕow; highly useful to patients 5

Table 3. Comparison of video sources according to video demographics and GQS score (P<.05)

Dentist Health Instution Commercial Company Individual User p*
Number of views 7503 (117 - 109891) 4876,5 (314 - 92844) 11673,5 (3696 - 70998) 4917 (275 - 68629) 0,863

Number of comments 12 (0 - 115) 2 (0 - 123) 1,5 (0 - 7) 1 (0 - 10) 0,188
Days since upload 719 (245 - 3496)a 1568,5 (410 - 4845)ab 4132,5 (1958 - 4998)b 1796 (45 - 4274)ab 0,032
Viewing Rate 20,3 (0,5 - 489,8) 3,8 (0 - 67,9) 0,6 (0,2 - 2) 7,9 (0 - 46,7) 0,065

Usefulness Index Score 3 (1 - 6) 3 (1 - 6) 1 (0 - 3) 3 (3 - 5) 0,099
GQS Score 2 (1 - 4) 2,5 (1 - 4) 1,5 (1 - 2) 3 (1 - 4) 0,336

Number of Likes 134 (4 - 1200) 45,5 (0 - 1000) 15,5 (10 - 100) 21 (1 - 307) 0,304
Interaction Index 1,7 (0,1 - 4,8)a 1,2 (0 - 4,6)ab 0,3 (0,1 - 0,4)b 0,7 (0 - 4,7)ab 0,029

*Kruskall Wallis test, a-b: There is no difference between groups with the same letter (Dunn test), median (minimumśmaximum)

Table 4. Comparison of Video Sources and Primary Purpose

Video Sources

Primary purpose dentist(n=17)
health

instution(n=14)
commercial
company(n=4)

individual
user(n=5)

Total(n=40) P

education for health
professionals

9 (52,9) 4 (28,6) 1 (25) 3 (60) 17 (42,5)

0,754
information for

patients
4 (23,5) 5 (35,7) 1 (25) 1 (20) 11 (27,5)

presentation of
product

0 (0) 1 (7,1) 1 (25) 0 (0) 2 (5)

providing general
information

2 (11,8) 2 (14,3) 0 (0) 0 (0) 4 (10)

sharing personal
experience

2 (11,8) 2 (14,3) 1 (25) 1 (20) 6 (15)

Table 5. Comparison of usefulness scores by video sources

Video Sources

Usefullnes scores dentist(n=17) health instution(n=14) commercial company(n=4) individual user(n=5) Total(n=40) P
Poor 8 (47,1) 5 (35,7) 3 (75) 0 (0) 16 (40)

0,158Moderate 7 (41,2) 4 (28,6) 1 (25) 4 (80) 16 (40)
Good 2 (11,8) 5 (35,7) 0 (0) 1 (20) 8 (20)

Table 6. Comparison of usefulness scores according to video demographics and GQS score

Usefullnes group

pPoor Moderate Good
mean ±
s.deviation

Median
(min-max)

mean ±
s.deviation

Median
(min-max)

mean ±
s.deviation

Median
(min-max)

Number of
views

23421,75 ±
30445,74

10155
(690 - 109891)

19586,31±
27450,8

4844
(224-75437)

23747,75±
35654,49

4733,5
(117-92844)

0,726

Days since
upload

1945,44±
1483,25

1562,5
(245 - 4731)

1876,44±
1600,47

1204
(521 - 4998)

1700,38 ±
1399,61

1327
(45 - 3541)

0,934

Interaction
Index

1,06 ± 0,78 1,1 (0 - 2,67) 1,95 ± 1,76
1,25

(0,02 - 4,76)
2,01 ± 1,48

1,79
(0,36 - 4,6)

0,314

Viewing Rate 53,78 ± 123,83 3,96 (0 - 489,8) 18,28±30,84
5,5

(0,02 - 116,01)
21,2 ± 24,05

14,46
(0,46-67,74)

0,787

Like 326,38±459,9 63 (0 - 1200)
196,94 ±
312,98

78,5 (1-1000) 211,63 ± 221,69 177 (4-593) 0,834

GQS Score 1,5±0,63 1 (1 - 3)b 2,31±0,79 2,5 (1 - 3)b 3,75 ± 0,46 4 (3 - 4)a <0,001
Number of
comments

23,94±42,41 2 (0 - 123) 12,25±20,79 6,5 (0 - 83) 6,25 ± 7,36 2,5 (0 - 15) 0,835

Table 7. Comparison of usefulness scores according to the primary purpose

Primary Purpose
p

education for
health Professional

information for
patients

presentation of
product

providing general
information

sharing personal
experience

Total

Poor 5 (29,4) 5 (45,5) 1 (50) 2 (50) 3 (50) 16 (40)
0,804Moderate 8 (47,1) 4 (36,4) 0 (0) 1 (25) 3 (50) 16 (40)

Good 4 (23,5) 2 (18,2) 1 (50) 1 (25) 0 (0) 8 (20)
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on the uploaders’ responsibility. This can result in both accurate
and useful information as well as false information. The primary
aim of the present study is to evaluate the quality of information
provided by YouTube videos on indirect restorations.
Previous studies evaluated the őrst 60 to 202 videos found in

search results. 12,15,20,22 Therefore, this study evaluated the őrst
200 videos that appeared as a result of the search for each keyword.
A successful functional and esthetic result can be achieved if

certain clinical protocols are followed for posterior adhesive indi-
rect restorations, such as careful consideration of indications and
contraindications, preparation according to the clinical situation,
selection of the correct restorationmaterials, restoration produc-
tion with the correct tooth dimensions, and an appropriate cemen-
tation procedure. It can also make a difference in patient comfort
by increasing clinical success.9 As a result of this situation, a 7-
point scoring system was developed to decide the usefulness score
of each video, which includes all stages from the deőnition to the
cementation of inlay-onlay restorations.
Usefulness scores and video sources were not found to be sta-

tistically signiőcantly different (p=0.754). Poor andmoderate con-
tent videos were signiőcantly higher in number than good content
videos. When the 40 selected videos were evaluated, 20% were
classiőed as good, 40% as poor, and 40% as moderate. When we
look at the upload source from the videos evaluated according to the
exclusion criteria, dentists (n=17) took the őrst place and health in-
stitutions (n=14) took the second place. Considering the speciőcity
of the topic, it can be estimated that dental professionals shared
a great majority of the videos. It could be said that the reason for
this is that the content of most videos in our study did not focus on
indications/contraindications, material selection and impression,
whichmay have led to poor scores.
The usefulness group, according to the primary purpose, was

not found to be statistically signiőcantly different (p=0.804). It was
found that the purpose of most videos was education for health
professionals (42.5%) (n=17). These videos are primarily aimed
at education for dentists or dental students. A signiőcantly higher
number ofmoderate usefulness scores were found in 47.1% of these
videos. This may be because the videos for dentists should have an
explanation above a certain standard.
The primarypurpose of videos and video sourceswere not found

to be statistically signiőcantly different (p=0.754). Most videos
(42.5%) were uploaded by dentists (n=17). When the primary pur-
pose is evaluated for the videos uploadedbydentists, thehighestnu-
merical value was determined as education for health professionals
(52.9%) (n=9). According to the previous literature26ś28, multiple
factors affect the success of inlay-onlay restorations, from indica-
tion to cementation. When dentists’ videos about indirect restora-
tions contain detailed information, they can become instructional
videos for dentists or dental students who do not routinely perform
the procedure rather than providing information to patients. A
previous study found a similar situation, showing that ordinary
people were less interested in high-level instructional videos.29

Previous studies have used subjectively constructed scoringmeth-
ods and GQS to evaluate the informational content of videos on
YouTube. 12,30ś34

The GQS score is a 5-point scale that indicates the ŕow and qual-
ity of the video. It was found that the videos with good content had
signiőcantly higher GQS scores than those with poor andmoder-
ate content (P<001). The median values of other parameters were
not statistically signiőcantly different compared to the Usefulness
scores (p>0.050). The fact that the videos with high GQS scores
among the videos we examined are at a good level compared to the
Usefulness scores can be interpreted as parallel to the increase in
the richness of the content as the video quality increases.
In a previous study, researchers noted that although academic

institutions and journals have recently created their own educa-
tional YouTube channels, health authorities and organizations have
posted fewhighly educational and/or appropriatemedical videos. 16

Amongmedical videos, only 27%were found to be highly educa-
tional.29,35 Hegarty et al.21 stated that to prevent misinformation,
healthcare professionals should provide more information to social
media resources, such as Google and YouTube. Bavbek and Balos
stated that universities and educational institutions that provide in-
formation to the community without expecting anything in return
could overcome the lack of reliable information in this őeld.36 Our
second null hypothesis, that there would be no differences among
video sources in terms of video demographics and GQS scores and
that there would be no difference among usefulness scores in terms
of video sources, was also partially rejected. Except for days since
the up-load and interaction index, video sources were not found
to be statistically signiőcantly different when GQS score or video
demographics were considered.
Last but not least, another crucial issue is that today, sharing

content such as patient education continues to be released with-
out regulation or oversight. Because of this, patients and/or users
should be educated about choosing the correct information and be
guided as to which criteria they should look for. As a result, these
scoring systems have taken their place in the scientiőc literature
for professionals. Understandable and accessible criteria for users
should be determined and disseminated. Providing and controlling
knowledgeÐespecially for health-related contentÐshould be the
duty of governments or educational institutions. Even if these or-
ganizations cannot control data, they should educate and inform
the public on choosing reliable information sources.
There were some limitations in this study. Firstly, this study

evaluated videos only in the English language. Further studies
should be conducted to evaluate the videos in other languages to
comprehend the phenomena country-by-country. Furthermore,
this study investigated a limited timeline on the internet. Because
the internet is a dynamic source, constantly evolving, such studies
regarding the same topics should be conducted in the future.

Conclusion

It has been concluded that the contents of YouTube videos regarding
the indications andproduction stages of inlayandonlay restorations
need to be revised according to our evaluation criteria. The number
of educational videos providing detailed content and information
to patients should be increased.
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Abstract

Purpose: The aim of this study is to evaluate the effect of different polishing systems on the color stability of single-shade resin
composite after coffee immersion, brushing cycles and re-polishing.
Materials andMethods: A total of 40 disc-shaped single-shade resin composite (Omnichroma, Tokuyama, Japan) specimens
were prepared using a standard mold. One-step polisher (OneGloss, Shofu, USA), two-step polisher (Clearől Twist Dia, Kuraray,
Japan), multi-step polisher (OptiDisc, Kerr, USA) polishing systems were applied to each group (n=10) in accordance with the
manufacturer’s instructions. No polishing procedure was applied to the Control group. Representing 6-months and 1-year of
clinical use, specimens were exposure in coffee solution (6-12 days) and subjected to brushing cycles (5000-10000 cycles). The
specimens were then re-polished by applying the same polishing procedures as initially applied. Color measurements were
repeated in all time periods and color change (∆E00) values were calculated with the CIEDE2000 formulation. Kruskal-Wallis
analysis was used for between group comparison, andMann-Whitney U test was used as a post-hoc test (α=0.05).
Results: At simulated 6-months and 1 year periods, the ∆E00 values of the Control group and one-step polisher (OneGloss) group
were statistically similar and signiőcantly higher than the those of the other groups (p<0.05). There was no statistically signiőcant
difference between all groups in ∆E00 values after re-polishing.
Conclusions: Two-step andmulti-step polisher resulted in lower discoloration of single-shade resin composite compared to
one-step polisher. Although re-polishing lowered the ∆E00 values, no polishing systemwas able to cut down the color change of
single-shade resin composite below the acceptable threshold.

Keywords: Brushing; Color; Coffee; Re-polishing; Single-shade Composite

Introduction

Innovative esthetic restorative materials are quickly developing to
suit patients esthetic aspirations and adjust seamlessly with tooth
shade. Within the scope of these developments, a new genera-
tion of smart chromatic single-shade resin composites has been
introduced to the market, simplifying shade selection procedure
without compromising shade matching potential of the compos-
ite restoration. One of these materials, Omnichroma (Tokuyama,
Japan), was introduced to themarket with the claim that it provides
shade matching without added pigment and has become one of the
most preferred single-shade resin composites bydentists. 1 In some
studies, it has been reported that although single-shade resin com-
posites initially exhibit good shade matching performance, they

are subjected to more discoloration than resin composites with
multi-shade systems.2,3

Resin compositesmustpossess color stabilityand the capacity to
resist surface stains to retain their visual appeal. Despite advances
in resin composite manufacture, discoloration remains one of the
major reasons for the replacement of resin composite restorations.4

Discoloration of restorations can be caused by extrinsic staining
agents or intrinsic discoloration. Intrinsic discoloration factors are
mainly related to the composition of the resin composites, such
as matrix, type, and amount of őller; photo-initiator system; and
polymerization degree. Plaque accumulation, surface discoloration,
and minor penetration of staining agents are examples of extrinsic
factors that can cause discoloration in the superőcial layers of resin
composites.5
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According to reports, coffee, tea, and other beverages commonly
consumed as part of dietary habits cause staining and discoloration
of resin composites. Several studies have reported that coffee is the
beverage that has the most severe effect on the coloration of resin
composites.6ś8 The coffee-induced discoloration is a result of both
adsorption and absorption of coloring pigments. Coffee has the
ability to release low-polarity yellow pigments that can penetrate
the organic phase in resin composites and cause discoloration.6

Considering that coffee is themost consumed beverage in theworld
and its consumption is increasing, it is important to understand its
effect on the color stability of single-shade resin composite.
Brushing is recommended in the daily routine to partially or

completely remove superőcial stains caused by beverages and
to maintain the color stability of dental resin composite restora-
tions.9,10 Another method commonly used to remove superőcial
surface discoloration in composite restorations is re-polishing. Re-
polishing is a minimally invasive treatment alternative to improve
the esthetics and longevity of resin composite restorations that
have not been signiőcantly damaged. 11 Polishing procedures are
effective in both preventing and removing the discoloration of resin
composites. Various methods and instruments are commercially
available for őnishing and polishing resin composite restorations.
The effectiveness of aluminum oxide-coated abrasive discs is well
known in the literature and is recommended as the gold standard. 12

However, the use of these discs is multi-step, and in recent years,
one-step or two-step polishing procedures have become quite com-
mon in order to effectively reduce the time dentists spend at the
chairside for polishing.
Spectrophotometers are considered the most reliable and repro-

ducible measurement devices for determining the color changes of
resin composites. 13 Spectrophotometers measure L*, a* and b* in
the CIELAB color system and∆E is calculated using the changes in
the color parameters. The Commission Internationale de l’Eclairage
(CIE) has developed the CIEDE2000 formula, which considers all
variables equally to more accurately determine perceptible and ac-
ceptable color change. According to this formula, the 50:50% per-
ceptibility threshold for color change is ∆E=0.8 and the 50:50%
acceptability threshold is∆E=1.8. 14

Although the shade of resin composite restorations is initially
compatible, color incompatibility may occur in the restorations
under different external factors and oral conditions. To the authors’
knowledge, although there are studies in the literature evaluating
the color stability of single-shade resin composites after coffee im-
mersion, the methods of these studies did not include brushing
procedures. 15,16 The aim of this study was to evaluate the effect of
different polishing procedures and re-polishing on the color sta-
bility of single-shade resin composite after coffee immersion and
brushing cycles.
The null hypotheses to be tested in the present studywere: H01)

Regardless of time, there would be no difference in the effect of dif-
ferent polishing systems on the color stability of single-shade resin
composite after simulated coffee solution immersion and brushing
cycles. H02) Re-polishing procedure would not revert the color
change, regardless of the polishing system used.

Material andMethods

In the present study, 3 different polishing systems, one-step pol-
isher (OneGloss, Shofu Dental, USA), two-step polisher (Clearől
Twist Dia, Kuraray, Japan) and multi-step polisher (OptiDisc, Kerr,
USA), were tested on a single-shade resin composite (Omnichroma,
Tokuyama Dental, Japan) (Table 1). G*power program (G * Power
3.1 Software, Germany) was used to determine the specimen size.
According to the results of the analysis a total number of 40 speci-
menss, at least 10 for each subgroup, was determined at 85% power
and 0.05 signiőcance level. Flow diagram of the study is shown in
Figure 1.

Figure 1. Flow diagram of the experimental design

Preparation of Specimens

A total of 40 disc-shaped single-shade resin composite specimens
were prepared using a standard mold (10 mm diameter x 2 mm
depth). After the resin composite was placed in the mold, a my-
lar strip and a 1-mm-thick glass slide were placed on the upper
surface of the specimens. Light pressure was applied to ensure
that the excess resin composite material overŕows and to obtain
a standard surface. The glass slide andmylar strip were removed,
and the excess resin composite was removed with a metal spatula.
After repositioning the mylar strip and glass slide, the specimens
were photopolymerized with an LED light device (SmartLite Fo-
cus, Dentsply Sirona, USA) in contact with the glass slide for 10 s,
after which the glass slide was removed and polymerized for an
additional 10 s. After polymerization, the specimens were removed
from the mold and stored in distilled water at 37°C in an incubator
for 24 h.

Polishing Procedures

Resin composite specimens were randomly divided into 4 groups:
Control, One-step polisher (OneGloss), two-step polisher (Clearől
Twist Dia), multi-step polisher (OptiDisc). Except for the control
group, the specimens’ top surfaces were roughened for 20 s at
250 rpm using 600-grit silicon carbide (SiC) paper in a polisher
(Metaserv 250 Twin, Buehler, Germany) under a water stream to
standardize the top surface. After each polishing step, the speci-
menswere rinsedwithwater spray and air-dried. The rpmatwhich
polishing materials were used was determined according to manu-
facturer instructions, all procedures were carried out in this study
by the same operator to reduce variability.

• Control: No polishing procedure was applied.
• One-step polisher (OneGloss): Disc-shaped polishing rubber
(IC REF 0183) was applied to the or 20 s at 10,000 rpm under
water spray cooling.

• Two-step polisher (Clearől Twist Dia): Pre-polishing spiral
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(dark blue) and high gloss polishing (light blue) were applied
for 20 s each at 8,000 rpm under water spray cooling.

• Multi-step polisher (OptiDisc): Polishing discs of 12.6 mm di-
ameter, coarse, medium, őne and super őne, respectively, were
applied at 10,000 rpm for 20 s each.

Staining and Brushing Procedures

The specimens were kept in the coffee solution in 1,5 ml Eppendorf
tubes prepared for 6 and 12 days, exposure simulating 6 months
and 1 year of clinical use. To prepare the coffee solution, soluble
granulated coffee (Nescafe Gold, Nestle, France) was chosen. It was
prepared using 1 g of coffee for every 100 ml. When the solution
reached 37°C, each specimen was placed in separate Eppendorf
tubes containing coffee solution and kept in an incubator at 37°C to
mimic oral conditions, and the solution was renewed every day.
After staining procedures, 5,000 cycles simulating 6 months

brushing, and 10,000 cycles simulating 1 year brushing 17? were
applied to the specimens in a circular motion, under a load of 250
g, with a movement diameter of 16 mm and amovement speed of
40 mm /s. During the brushing simulation, Sensodyne Promine
Repair+ (GlaxoSmithKline, USA) toothpaste diluted 1/3 by volume
was used with a Colgate Extra Clean toothbrush (Colgate-Palmolive
Co., USA).

Re-polishing Procedures

Resin composite specimengroupswere re-polishedusing the initial
polishing systems and the same procedures after 6 and 12 days
coffee exposure and 5,000 and 10,000 brushing cycles.

Color Measurements

The color values of the resin composite specimens were measured
with a contact spectrophotometer (VITA Easyshade V, VITA Zahn-
fabrik, Germany) using the white calibration plate of the instru-
ment before each measurement. To ensure precise measurements,
the probe tip was positioned perpendicular and in direct contact
with the surfaces of the specimens. The measurements were re-
peated three times at the center of the resin composite discs, and
themean L*a*b values were obtained. The color values of the speci-
mens were measured at baseline (T0), after 6 days of coffee immer-
sion followed by 5,000 brushing cycles (T1), after 12 days of coffee
immersion followed by 10,000 brushing cycles (T2), and after re-
polishing (T3). Using the CIEDE2000 formula, the color change
value (∆E) was calculated based on the mean L*a*b* values of the
measurements (KL=KC=KH=1).

Statistical Analysis

Statistical analyses were performed with IBM SPSS Statistics (Ver-
sion 26.0, IBM Corp., USA). The normality of the distribution of
the data was analyzed by Kolmogorov Smirnov and Shapiro-Wilk
tests. Kruskal-Wallis analysis was used for between-group com-
parison, andMann-Whitney U test was used as a post-hoc test for
signiőcant differences. Wilcoxon Signed Rank test was applied for
comparison of time periods. (α=0.05).

Results

Within the scope of the study, the color change values of resin com-
posite polished with 3 different polishing systems were compared
at simulated 6-months and 1 year coffee exposure, and after re-
polishing. Comparisons between groups,mean color change values,
and standard deviations are shown in the Table 2 and Table 3.

Figure 2. Bar chart of the mean color change value (∆E00) of the groups at different
time points and after re-polishing.

A statistically signiőcant difference was found between the
groups in the color change values after simulated 6-month cof-
fee exposure and brushing (p<0.05). As a result of the post hoc test,
the color change values of the Control and one-step polisher (One-
Gloss) groups were statistically similar (p>0.05), and signiőcantly
higher than the other polishing system groups. There was also no
signiőcant difference between two-step polisher (Clearől Twist
Dia) and multi-step polisher (OptiDisc) groups (p>0.05). The high-
est color change value was measured in the Control group and the
lowest color change value was measured in the multi-step polisher
(OptiDisc) group.

Similar to the 6-month exposure simulation results, a statisti-
cally signiőcant difference was found between the groups in the
color change values after aging, which exposure simulates the 1
year (p<0.05). 1 year time period color change values are statisti-
cally similar in theControl and one-step polisher (OneGloss) groups
(p>0.05), and signiőcantly higher than in other polishing system
groups (p<0.05). No signiőcant difference was found between the
two-step polisher (Clearől Twist Dia) and multi-step polisher (Op-
tiDisc) groups (p>0.05). The highest color change value was mea-
sured in the Control group, and the lowest color change value was
measured in the multi-step polisher (OptiDisc) group. Although
there was a decrease in the color change values of the re-polished
resin composites, there was no statistically signiőcant difference
between the polisher groups (p>0.05).

There was no statistically signiőcant difference between the
color change values in the comparison between the time periods
in the Control, two-step polisher (Clearől Twist Dia) and multi-
step polisher (OptiDisc) groups (p>0.05). In the one-step polisher
(OneGloss) group, there is no statistically signiőcant difference
between 6-months and 1-year exposure simulation color change
values (p>0.05), but there is a statistically signiőcant difference
between 6 months exposure simulation and re-polishing and 1
year exposure simulation and re-polishing color change values
(p<0.05). Resin composite specimens in the one-step polisher (One-
Gloss) group had signiőcantly reduced color change values after
re-polishing. The bar graph of the mean color change value of the
groups is shown in Figure 2.

Discussion

Resin composite restorations should be able to estheticallymimic
natural teeth regarding their optical properties such as color, gloss,
and translucency and should retain these properties in the long
term. However, even if the color matching of the restorations is
initially acceptable with the teeth, theymay change color over time
due to exposure to different intrinsic and extrinsic staining agents.
In the present study, the effect of different polishing systems on the
color stability of single-shade resin composites was evaluated after
immersion in coffee solution, brushing cycles, and re-polishing.
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Table 1.Materials used in study

Materials Composition Type Manufacturer Lot Number

Omnichroma

UDMA,
TEGDMA,
Uniform-sized supra-nano-spherical őller
(260 nm spherical SiO2-ZrO2),
Composite őller
(260 nm spherical SiO2-ZrO2),
Filler loading 79% bywt (68% by vol)

Single-shade
composite resin

Tokuyama Dental,
Japan

567483

OneGloss
Highly concentrated aluminum oxide with
silicone as binder

One-step polisher
Shofu Dental,
USA

0719318

Clearől Twist Dia Diamond impregnated spiral Two-step polisher
Kuraray Noritake
Dental İnc., Japan

455213

OptiDisc
Polyethylene synthetic polymers
aluminum oxide

Multi-step polisher
Kerr Corporation,
USA

7120288

TEGDMA: Triethylene glycol dimethacrylate, UDMA: Urethane dimethacrylate

Table 2.Multiple comparisons of mean color difference (∆E00) between different polishing systems after simulated coffee immersion and brushing,
at different time points and after re-polishing.

n Median (Min-Max)a Mean Rank p

6Month (T0-T1)

Control 10 10.9 (3.85-13.34)a 28.6

0.001
One-step polisher(OneGloss) 10 12.02 (2.67-13.65)a 29.4
Two-step polisher(Clearől Twist Dia) 10 2.33 (1.14-8.66)b 14.25
Multi-step polisher(OptiDisc) 10 1.26 (0.22-8.64)b 9.75

1 Year (T0-T2)

Control 10 11.59 (5.60-13.05)a 29.3

0.001
One-step polisher(OneGloss) 10 11.33 (1.41-13.57)a 28.8
Two-step polisher(Clearől Twist Dia) 10 1.94 (1.18-4.21)b 12.3
Multi-step polisher(OptiDisc) 10 1.70 (0.52-9.62)b 11.6

After Re-polishing
(T0-T3)

Control 0 -

0.405
One-step polisher(OneGloss) 10 1.50 (0.95-4.31) 13.5
Two-step polisher(Clearől Twist Dia) 10 2.37 (0.64-2.96) 14.5
Multi-step polisher(OptiDisc) 10 2.61 (0.98-4.28) 18.5

a,b exponential letters are used for comparison of groups at the samemean color change values. There is no difference between the groups with the same letter.

Table 3.Multiple comparisons of mean color difference (∆E00) between different polishing systems after simulated coffee immersion and brushing,
according to the different time points.

6Month (T0-T1)
Median (Min-Max)

1 Year (T0-T2)
Median (Min-Max)

After Re-polishing(T0-T3)
Median (Min-Max)

p

Control 10.9 (3.85-13.34) a 11.59 (5.60-13.05) a - -
One-step polisher
(OneGloss)

12.02 (2.67-13.65) a 11.33 (1.41-13.57) a 1.50 (0.95-4.31) b 0.013

Two-step polisher
(Clearől Twist Dia)

2.33 (1.14-8.66) a 1.94 (1.18-4.21) a 2.37(0.64-2.96) a -

Multi-step polisher
(OptiDisc)

1.26 (0.22-8.64) a 1.70 (0.52-9.62) a 2.61 (0.98-4.28) a -

a,b exponential letters are used for comparison of groups at the samemean color change values. There is no difference between the vertical columns with the same letter.
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The effect of different polishing systems on the color change of
single-shade resin composite was found to be different after expo-
sure simulations at 6 months and 1 year periods, so hypothesis H01
was rejected. Although re-polishing had no signiőcant effect on
color change in two-step polisher (Clearől Twist Dia) and multi-
steppolisher (OptiDisc) groups, a signiőcant change in color change
was observed after re-polishing with one-step polisher (OneGloss).
Therefore, hypothesis H02 was rejected.
Coffee consumption is widespread and increasingly becoming

a part of dietary habits around the world. In the study of Guler et
al. 18, it was stated that a cup of coffee is consumed in approximately
15 min, and the average daily coffee consumption per person is 3.2
cups. Based on these data, the present study immersed resin com-
posite specimens in coffee solution for 6 days, simulating 6months
of clinical use, and for 12 days, simulating 1 year of clinical use. Also,
it has been reported that tooth brushing, as part of oral hygiene,
reduces staining by removing extrinsic pigments that stain restora-
tive materials.9,10 A study by Sexson et al. 19 found that a person
performs an average of 15 cycles of brushing per brushing session.
This őnding means that a total of 10,000 cycles are completed over
the course of a year while maintaining oral hygiene by brushing
twice a day. Therefore, in addition to staining the resin composite
samples, 5,000 cycles simulating 6months of tooth brushing and
10,000 cycles simulating 1 year of tooth brushing were performed
on the brushing simulation device. In the present study, no signiő-
cant difference was found between the 6-months and 1-year coffee
and brushing exposure simulation in all groups tested (p>0.05).
The formation of a resin-rich layer on the top surface of the

resin composite as a result of polymerization under a mylar strip
has an impact on the color stability of the resin composite. More
discoloration has been reported in composite resins őnished with
mylar strips only as a result of the resin-rich layer compared to
surfaces polished with a polishing system.20,21 Although polishing
results in a rougher surface compared to resin composites őnished
with mylar strips, it reduces the hydrophilicity of the restoration
by reducing the amount of organic matrix on the surface.22 This
means that the coloring pigments are less absorbed. In the present
study, the resin composite specimens in the control group did not
receive any polishing procedures and were cured against a mylar
strip. The Control group showed the highest color change at 6-
months and 1-year of coffee and brushing exposure simulation.
In addition, resin composite specimens polished with one-step
polisher (OneGloss), exhibited a similar color change to the Control
group (p>0.05).
It has been reported that the surface quality of resin composite

is affected by őnishing and polishing procedures, which may be
associated with the early discoloration of resin composites.23ś25

In the present study, resin composite specimens polished with dia-
mondabrasive two-steppolisher (ClearőlTwistDia) and aluminum
oxide-coated abrasive discmulti-step polisher (OptiDisc) exhibited
signiőcantly less discoloration than one-step polisher (OneGloss).
The one-step polisher (OneGloss) had the highest abrasive parti-
cle size (80 µm) among thematerials compared in the study. The
abrasive type, hardness, and distribution of the tested polishing
systems varied signiőcantly andmayhave had an effect on the color
stability of the resin composite. In a similar previous study com-
paring the color change of Omnichroma polished with three-step
(Enamel Plus Shiny), two-step (Super-SnapX-treme) andone-step
(OneGloss) polishers and stained with coffee, it was reported that
there was a difference between the polishing materials and that
the group with the least color change was the three-step (Enamel
Plus Shiny), and the group with the most color change was the
one-step (OneGloss) polisher. However, unlike the present study,
no brushing procedure was included in this study. 15

Re-polishing can partially or completely remove discoloration
or absorbed stains on the top surface of colored resin composite
restorations.8,26 In few studies examining the depth of discol-
oration, it was reported that restoration discoloration occurs in a

superőcial layer of less than 20 µm and that it is possible to remove
this layer by re-polishing.27,28 In a study examining the effect of
re-polishing Omnichroma resin composite after immersion in cof-
fee on color change, researchers reported that re-polishing with
different polishing systems affected the results and that polishing
systems containing diamond particles were more effective in stain
removal than aluminum oxide particles and silicon-carbide abra-
sive particles.29 In this study, the re-polishing procedure applied to
remove stains after the coffee immersion and brushing cycles was
signiőcantly effective in reducing the color change values for speci-
mens polished with the one-step polisher (OneGloss) group only.
In addition, the color change values of the single-shade resin com-
posite were above the acceptable∆E=1.8 in all periods and groups.
The results of our research align with previous studies that have
shown the efőcacy of re-polishing resin composites after stain-
ing with different solutions in decreasing the∆E values to some
extent.8,30ś32

In addition, the polishability and surface quality of resin com-
posites are affected by various variables depending on the type of
resin composite , such as őller particle size, őller load and type,
resin amount, and particle shape.33 The inorganic őller compo-
sition of the single-shade resin composite Omnichroma, utilized
in this investigation, contains őllers consisting of silicon dioxide
(SiO2) and zirconium dioxide (ZrO2) with a uniform supra-nano
spherical particle size of 260 nm, and contains TEGDMAand UDMA
monomers in the resin matrix composition. It has been reported
that the TEGDMAmonomer in the matrix structure of resins com-
posites showsmore color change than other monomers.34,35 Sev-
eral studies comparing the color changes of resin composites have
concluded that Omnichroma, a single-shade resin composite, un-
dergoes a more pronounced color change than other resin com-
posites.2,3,36 The color change values measured in the present
study were higher than the acceptable∆E=1.8 at all time periods.
Therefore, the monomer structure and inorganic components of
Omnichroma may have affected color stability regardless of the
polishing systems tested.
One of the limitations of the present study is that the color stabil-

ity evaluation was performed under in vitro conditions. Although
beverage consumption and brushing are simulated, variables such
as chewingmovements in the oral cavity, the temperature of food
and beverages, and saliva will also be important for color stability.
Furthermore, although all procedures were performed by a single
operator, the absence of a pressure stabilization systemmay have
affected the results. In addition, the polishing systems tested in the
present studywere tested on a single type of resin composite. In the
future, the color stability of resin composite types and commercial
brands with different monomer and resin matrix structures should
be compared in long-term clinical studies.

Conclusion

Within the limitations of this current in vitro study, it was con-
cluded that: The color change value of the single-shade resin com-
posite was signiőcantly higher in the group polished with a one-
step polisher as a result of coffee exposure and brushing simula-
tions. Although the two-step polisher and the multi-step polisher
performed better than the one-step polisher, the measured color
change was above the acceptable threshold. Although the color
change values decreased quantitatively after re-polishing, this de-
crease was signiőcant only in the group re-polished with one-step
polisher.
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Abstract

Purpose: After the loss of teeth, the alveolar bone begins to resorb due to the disappearance of the stimulus being applied by the
teeth to the alveolar bone. This situation is termed residual ridge resorption. This study aims to determine the amount of alveolar
bone resorption that occurred in the maxilla andmandible of patients having Kennedy Class II edentulousness and the distribution
of it according to age groups.
Materials andMethods: The study was carried out on the panoramic radiographs of 122 individuals (60mandibles, 62 maxilla).
Vertical measurements were made at 10 sites (central incisors, őrst premolars, and molars at the left and right of both jaws). The
difference in the measurements according to the group and demographic variables was analyzed with the independent groups
independent-t and one-way ANOVA tests. Also, dentate and edentulous measurements according to the group and demographic
characteristics in the group interaction were analyzed with the repeated ANOVA test.
Results:When the edentulous regions were considered, the vertical height values of the mandible were lower than the maxilla.
Also, a statistically signiőcant difference was detected in the maxillary premolar region of the edentulous regions. According to
gender, women’s vertical height results were found to be lower thanmen and the vertical heights of the 6-12 months group were
higher than the 12-24months group.
Conclusions: According to these results, we think that the patient should be directed to implant rehabilitation to prevent bone loss,
especially in edentulous patients in the maxillary premolar region.

Keywords: Alveolar Bone Loss; Alveolar Resorption; Anatomy; Panoramic Radiography

Introduction

There is a relationship between tooth eruption and the development
of alveolar structures. The subsequent development and eruption
of deciduous and permanent dentition have a stimulating effect on
the growth and development of alveolar structures. The part of the
alveolar bone that supports the teeth is called the łalveolar ridge,ž
and apart fromvarious pathological conditions such as periodontitis
and osteoporosis, the alveolar crest continues to exist as long as
teeth are present. After the loss of teeth, the alveolar bone begins to
resorb due to the disappearance of the stimulus applied by the teeth
to the alveolar bone. This resorption is very rapid in the őrst year,
with the fastest phase occurring in the őrst 3 months. This chronic,
progressive, irreversible, and cumulative phenomenon is termed
łresidual ridge resorption (RRR)ž and continues for life. 1ś5

RRR is a multifactorial process. These factors include anatom-
ical (amount and quality of the bone), metabolic (physiological
capacity of the bone), functional (forces on the bone), prosthetic
(duration of prosthesis use, number of prostheses used, quality
of prostheses), and systemic factors (advanced age, gender, dis-
eases such as hyperparathyroidism, thyroid dysfunction, asthma,
osteoporosis, diabetes).6ś9 According to various studies, the av-
erage annual rate of vertical resorption in the anterior maxilla has
been determined to be approximately 0.1mm (ranging from0 to 0.7
mm), varying both among individuals and within the same indi-
vidual at different times. 1,10,11 This rate of resorption is inŕuenced
by anatomical, biological, psychosocial, metabolic, functional, and
prosthetic factors. 10,12 Cawood and Howell 13 propose that alveo-
lar ridge resorption follows a predictable pattern, beginning with
horizontal bone loss and subsequently progressing to vertical re-
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sorption. They further suggest that bone resorption occurs in the
alveolar process of the jaw rather than in the palatine process. 10

Panoramic radiographs, which are frequently used, especially
for initial imaging, allowmanymorphometric measurements that
assess the quality and quantity of bone. 14ś18 This imaging tech-
nique is available for the evaluation of RRR and has been used by
several investigators. Wical and Swoope 19 developed a method for
the evaluation of RRR using panoramic radiography. According to
this method, the reference point was the mental foramen, and it
naturally included only the mandible. Packota et al. 15 introduced a
technique that also evaluates the maxilla. In this technique, Wical
and Swoope’s method was used for the mandible. Later, Xie et al. 18

developed a technique, which we also used in our study, to make
RRR assessment more accurate and sensitive in both the maxilla
andmandible. Additionally, in most studies, age group classiőca-
tion was not evaluated, and this situation was stated as a limitation.
Therefore, clear information about the effect of age on resorption
was not reported in the literature.8,20,21We hypothesized that by
dividing the age groups speciőed as limitations in other studies,
and by determining which regions have more resorption in which
age range, the time intervals important for patient orientation in
prosthesis or implant rehabilitation for edentulous areas can be
determined. For this reason, we investigated the amount of alveolar
bone resorption seen in the maxilla andmandible and its distribu-
tion according to age groups in patients who were determined to be
Kennedy Class II on panoramic radiographs.

Material andMethods

Participants

This clinical study was retrospectively conducted on 122 patients
agedbetween40and74yearswhowere admitted to theDepartment
of Oral and Maxillofacial Radiology. The study was approved by the
Local Ethics Committee (2020/243). The study protocol was carried
out in accordance with the principles of the Declaration of Helsinki.
Inclusion criteria for panoramic radiographs;

• Anatomic landmarks such as the inferior points of the orbit
and zygomatic process, the posterior and inferior border of the
mandible, and the alveolar crest must be evident,

• No distortion in the maxilla andmandible images,
• Maxillary andmandibular crests should not be in contact,
• Images must be diagnostically sufőcient, with no artifacts ob-
served.

Individuals with systemic disorders affecting bone metabolism,
such as hyperparathyroidism, osteoporosis, hypo- or hyperthy-
roidism, diabetes, chronic renal failure, malignancy, and those
using drugs that affect bone metabolism, were excluded from the
study. Since the prolongation of the edentulous period would cause
changes in the bone structure and reduce the reliability of the mea-
surements, the edentulous period was examined in two groups to
standardize the measurements. One group consisted of patients
with panoramic őlms taken between 6 and 12 months after be-
coming edentulous. The other group consisted of patients with a
period of edentulism between 12 and 24 months. Each patient’s
dentate side was measured as a control group. Patients with bone
destruction due to periodontal disease or any pathology in the con-
trol region were excluded from the study.
According to the power analysis performed while determining

the groups, with alpha and power set at 0.05 and 0.90, respectively,
there should be a minimum of 20 individuals in each group. Indi-
viduals withmore than onemissing tooth on the dentate sides were
excluded from the groups. The absence of a third molar tooth was
not considered missing.
Based on the limitations of previous studies in the literature, we

formed a total of 6 groups in our study: mandible andmaxilla over
3 age groups. Since our study involved Kennedy Class II patients,
each patient’s dentate side was measured as a control group. These
groups are;

• Group 1: Mandible KennedyClass II (ages 40-49): 20 individuals
(8 men and 12 women) with a mean age of 42.3.

• Group 2: Maxilla Kennedy Class II (ages 40-49): 22 individuals
(7 men and 15 women) with a mean age of 42.9.

• Group 3: Mandible KennedyClass II (ages 50-59): 20 individuals
(8 men and 12 women) with a mean age of 51.9.

• Group 4: Maxilla Kennedy Class II (ages 50-59): 20 individuals
(10 men and 10 women) with a mean age of 51.7.

• Group5: MandibleKennedyClass II (ages60-74): 20 individuals
(9 men and 11 women) with a mean age of 65.6.

• Group 6: Maxilla Kennedy Class II (ages 60-74): 20 individuals
(14 men and 6 women) with a mean age of 65.7.

Procedures

The radiographs used in the study were taken on the same
panoramic machine, the Instrumentarium OP 200D (Instrumen-
tarium Dental, Tuusula, Finland). The images were saved in
Tagged Image File Format (TIFF), and reference drawings and
measurements were made using ImageJ software version 1.52v
(https://imagej.nih.gov/ij/). Measurements were made by one ob-
server, and 20% of the measurements, randomly chosen from
all groups, were repeated and recorded by the same observer one
month later.
First, a line passing through the inferior borders of the two

orbits (HO) in themaxilla and a second line joining the inferior bor-
ders of the zygomatic processes (HZ) were drawn. Next, a third line
was drawn tangent to the body of the mandible and the mandibular
angle (D1). A fourth line, parallel to D1, was drawn 10 mm above
it (D2) in the mandible. The measurements were performed and
recorded separately for the points determined based on these lines
as dentate (control side) and edentulous areas. To determine the
possible locations of the premolars and molars in the edentulous
region, the distance from the midline to the outermost border of
the ramus of the mandible was őrst measured on the D2 line in the
mandible in the dentate regions. Then, on this line, the distance
from themidline to the distal of the 1st premolar and the distance
to the distal of the 1st molar was determined. (For this, the line
that determines the horizontal length of the mandible (D2) was
extended perpendicularly from the distal surfaces of the 1st premo-
lar and 1st molar, and the points where they intersected the line
were determined as the locations of the 1st premolar and 1st molar).
Calculations from the dentate region showed that the 1st premo-
lars are located at a point corresponding to approximately 35% of
the horizontal length of the mandible from the midline, and the
1st molars at 53%. This ratio is consistent with the 34% and 53%
ratios found by Xie et al. 18 Therefore, in the measurements to be
performed in edentulous areas, the positions of the 1st premolar
and 1st molar teeth were determined as percentages according to
the above ratios.
The measurement points were determined as follows: the max-

illary andmandibular midlines (in the maxilla, A1; in the mandible,
C1); the distal surfaces of the őrst premolars (FP) on the left and
right (in the maxilla, A2; in the mandible, C2); the distal surfaces
of the őrst molars on the left and right (in the maxilla, A3; in the
mandible, C3); and the distance between the zygoma and the orbit
at the midlines (B) (Fig.1-Fig.2).

Statistical analysis

The data analysis was conducted using the SPSS 25 software, with
a 95% conődence level. The kurtosis and skewness values ob-
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Table 1. Demographic Properties of the study

Mandible Maxilla

N (%) N (%)

Age groups

40-50 20 (33.3) 22 (36.6)
50-60 20 (33.3) 20 (33.2)
60> 20 (33.3) 20 (32.2)

Gender
Men 25 (41.7) 31 (51.7)
Women 35 (58.3) 29 (48.3)

Duration of

Edentuloussness

6-12 months 11 (18.3) 9 (14.5)
12-24months 49 (81.6) 53 (75.5)

Table 2. Vertical Height Values According to Regions of Measurement

Mandible Maxilla p

Edentulous premolar region 37.56±4.96 46.59±5.23 0.000*

Edentulous molar region 28.91±4.83 42.06±5.66 0.000*

Dentate anterior region 39.29±5.39 48.63±5.69 0.000*

Dentate premolar region 39.03±4.65 49.21±5.03 0.000*

Dentate molar region 32.8±4.77 46.55±4.99 0.000*

* p < 0.001

tained from the measurements in both groups were between 3
and -3.22ś25 Accordingly, the measurements were considered to
meet the assumption of normality, and parametric methods were
used in the analysis. Frequency (n) and percentage (%) were pro-
vided for categorical (qualitative) variables, while the mean (x̄),
standard deviation (SD), minimum (min), and maximum (max)
were provided for numeric (quantitative) variables. The differences
in measurements according to the group and demographic vari-
ableswere analyzed using independent t-tests and one-wayANOVA
tests. The differences between the control and edentulous mea-
surements according to the group and demographic characteristics
in group interaction were analyzed using the repeated measures
ANOVA test. The intra-class correlation coefőcient (ICC) was used
to assess intra-observer agreement.

Results

Measurements were performed on 122 radiographs (62 maxilla, 60
mandible). The results of the demographic data are shown in Table
1.

The results according to the regions are presented in Table 2.
When the edentulous regions were considered, a statistically signif-
icant difference was detected between the mandible and maxilla in
both regions (p < 0.05). The vertical height values of the mandible
were lower than those of themaxilla. Additionally, a statistically sig-
niőcant difference was found in the measurements of the regions
used as control (p < 0.05), and as with the edentulous regions, the
results for the mandible were lower than those for the maxilla. The
results were obtained based on vertical measurement coefőcients
of variation in dentate regions as shown in Table 3. The coefőcients
of variation in dentate regions were calculated using the formula
łCoefőcient of Variation = (Standard Deviation X 100) / Mean.ž The
results ranged from 9% to 13%.

The results by age group are presented in Table 4. A statistically
signiőcantdifferencewas detected in themaxillarypremolar region
of the edentulous regions (p < 0.05), with this result being driven
by the higher vertical values in the 40-49 age group. In the dentate
group, a similar result was obtained in the molar region. In the
mandible, no statistically signiőcant differences were detected in
either the edentulous or dentate groups (p > 0.05).

The comparison of the maxilla andmandible according to gen-
der is presented in Table 5. There was a statistically signiőcant
difference only in the mandible between the edentulous and den-
tate regions (p < 0.05). This difference was driven by the women’s
values, as their vertical height results were found to be lower than

those ofmen. In contrast, no statistically signiőcant difference was
detected in the maxilla (p > 0.05).
The results according to the duration of edentulism are pre-

sented in Table 6. In the mandible, a statistically signiőcant dif-
ference was found between the 6-12 months group and the 12-24
months group (p < 0.05). The vertical heights of the 6-12 months
group were higher than those of the 12-24 months group. In the
maxillary anterior region, no statistically signiőcant difference was
present (p > 0.05).
The intra-observer agreement results of themeasurements per-

formed at one-month intervals were calculated using the intra-
class correlation coefőcient. According to the results of this evalua-
tion, the correlation coefőcient was determined to be 0.916.

Discussion

When reviewing the bone structure of the jaws, it is observed that
while most of the bone structure of the mandible consists of cor-
tical bone in the basal part, the cortical and trabecular portions
of the mandible seem to behave differently with age. The cortical
bone mass diminishes considerably over the years, but the trabec-
ular portion shows marked individual variation in all age groups.
Additionally, trabecular bone constitutes the majority of the bone
structure in the maxilla.26 As mentioned in the introduction, al-
though residual ridge resorption (RRR) has been reported to be very
rapid during the őrst year after extraction and continues gradually
throughout the patient’s life, some inter-individual variabilities
affect the resorption rate. Factors such as nutrition, physiological
factors, the period of edentulism, prosthesis usage and duration,
gender, and systemic diseases have been suggested as reasons for
these variabilities.8,9,20,21,27 Furthermore, Pietrokovski et al.28

stated that the mylohyoid muscle attached to the mylohyoid ridges,
the buccinator muscles attached to the buccal bone, and the ad-
ditional muscles surrounding the mandible limit chronic bone re-
sorption in the edentulous jaws. Other studies have similarly stated
that these muscles provide physiological stimulation of the edentu-
lous region, thereby preventing bone resorption.29ś31 Muscles like
the genioglossus, attached to the genial tubercles in the anterior
mandible, serve as examples of this phenomenon. The process of
alveolar resorption occurs more slowly with the stimulation pro-
vided bymuscle attachment.32 In line with this information, Kurt
et al.32 reported bone apposition in the mandibular angle region
where muscle attachment occurs in their study.
On the other hand, it is evident that the use of prostheses also

transmits functional forces to the bone structure. Supporting this,
some studies have revealed that bone resorption increases with
the use of prostheses. This situation highlights the importance of
tooth-supported őxed prostheses.8,21 RRR removes the supporting
bone tissue that allows total dentures to function, occurringmore in
the mandible than in the maxilla, sometimes within a short period,
such as 3 months. 18,33 Tallgren 11 stated that in the őrst year after
extraction, a decrease of 4-6mm occurs in the anterior mandible
and 2-4mm in themaxilla. Atwood and Coy34 reported that annual
bone loss was 0.4 mm in themandible and 0.1 mm in themaxilla
in a follow-up study on edentulous patients over 2.5 years. They
proposed that RRR is a biomechanical problem, suggesting that
by eliminating direct occlusal contact, the functional forces acting
on the edentulous ridge are reduced, subsequently inducing RRR.
Although this "disuse atrophy theory" has been blamed for RRR,
the mechanistic aspect of this theory has never been conőrmed.34

Indeed, the mechanism of disuse atrophy in RRR remains ques-
tionable, and whether the local alveolar crest becomes functionally
unloaded needs to be seriously investigated in detail. After tooth
extraction, it has been reported that the buccolingual width of the
residual alveolar bone undergoes a more pronounced reduction
compared to its height.4 The height reduction rate, expressed as
the percentage decrease in vertical linear distance between the base
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Table 3. Vertical Measurement Coefőcients of Variation According to Gender in Dentate Regions

Mandible Maxilla

Men VC*(%) Women VC*(%) Men VC*(%) Women VC*(%)

Dentate anterior region 42.23±5.19 12 37.19±4.52 11 49.37±5.12 10 47.84±6.25 13

Dentate premolar region 41.89±4.9 11 36.98±3.2 9 49.33±4.23 8 49.09±5.85 11

Dentate molar region 36.47±4.41 12 30.18±2.97 9 46.21±4.34 9 46.91±5.65 12

VC*: Coefőcient Of Variation

Table 4. Vertical Height Values According to Regions of Measurement and Age Groups

Mandible Maxilla

40-50 50-60 60> p 40-50 50-60 60> p

Edentulous premolar region 38.32±5.08 37.41±5.31 36.96±4.63 0.684 49.27±5.72 45.08±3.76 45.43±5.18 0.017*

Edentulous molar region 30.32±4.79 27.98±4.78 28.44±4.85 0.272 43.52±6.76 41.05±4.32 41.61±5.63 0.358

Dentate anterior region 40.69±4.94 39.11±5.79 38.07±5.35 0.308 50.81±5.79 48.24±4.35 46.85±6.3 0.081

Dentate premolar region 39.7±4.62 38.47±5.07 38.91±4.4 0.704 51.19±5.7 48.79±3.65 47.65±5.1 0.075

Dentate molar region 33.42±4.68 31.54±4.51 33.43±5.11 0.359 48.87±5.35 45.39±3.92 45.38±4.96 0.036*

* p < 0.05

Table 5. The Comparison of Maxilla andMandible According to the Gender

Mandible Maxilla

Men Women p Men Women p

Edentulous premolar region 40.03±5.27 35.8±3.93 0.001* 46.79±4.81 46.38±5.74 0.769

Edentulous molar region 31.04±4.88 27.39±4.25 0.003* 42.29±4.62 41.81±6.67 0.746

Dentate anterior region 42.23±5.19 37.19±4.52 0.000** 49.37±5.12 47.84±6.25 0.301

Dentate premolar region 41.89±4.9 36.98±3.2 0.000** 49.33±4.23 49.09±5.85 0.856

Dentate molar region 36.47±4.41 30.18±2.97 0.000** 46.21±4.34 46.91±5.65 0.587

** p < 0.001 * p < 0.05

Table 6. The Comparison of Maxilla andMandible According to Edentuloussnes Duration

Mandible Maxilla

6-12 months 12-24months p 6-12 months 12-24months p

Edentulous premolar region 42.06±5.29 36.22±4.48 0.001* 43.8±6.18 46.29±4.07 0.004*

Edentulous molar region 33.19±4.31 27.65±4.33 0.002* 38.68±6.9 41.84±4.52 0.004*

Dentate anterior region 43.88±4.65 38.02±5.26 0.004* 47.04±5.51 48.35±5.52 0.139

Dentate premolar region 42.21±5 38.06±4.49 0.027* 46.49±4.53 48.95±4.59 0.005*

Dentate molar region 36.54±5.29 31.9±4.34 0.013* 44.35±2.71 46.09±4.71 0.002*

* p < 0.05
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Figure 1. Reference lines andmeasured heights and sites in the maxilla. In the maxilla the A1 measurement was made in the midline, A2 and A3measurement was made in
the infraorbital and zygomatic vertical lines on both sides.

Figure 2. In themandible a dotted line showsmandibular length; C2 and C3 distances were measured at 34% and 53% of the length; the tangent, the dotted line, and C2 and C3
measurements were made on both sides. The C1 measurement was recorded in the midline.

of the socket and the crest of the alveolar bone prior to extraction,
was observed to be 15% at 3 months and between 11% and 22% at 6
months. Conversely, the reduction inbuccolingualwidth, expressed
as the percentage decrease in horizontal linear distance between
the buccal and lingual borders of the alveolar bone before extraction,
was reported to be 32% at 3months and between 29% and 63% at 6
months. 35 Notably, the extent of height reduction varied depending
on the speciőc region.4,35 These clinical observations suggest that
structural changes in the edentulous jawbone are predominantly
unidirectional, primarily resulting from osteoclast-mediated re-
sorption of the residual alveolar bone. Residual ridge reduction
following tooth extraction has been studied extensively through
the use of standardized lateral cephalographs4,11 and panoramic
radiographs8,16, whichhave been employed to assess the structural
changes occurring in the underlying jawbone.4

The őrst method for measuring residual ridge resorption on
panoramic radiographs was developed byWical and Swoope 19, and
this method has been used in most studies. However, the mandibu-
lar ratio in this method can only indicate changes in bone height
in the mental foramen region. A limitation of this method is that
it cannot provide information on radiographs where the mental
foramen cannot be clearly visualized, nor does it account for re-
sorption occurring in other parts of the mandible or the maxilla.8

Xie et al. 18, took the distance between the zygoma and orbit as the
reference line in their study and improved the method we used
in our study by altering only the measurement points and the ra-
tio. They found a value varying between 9% and 10% in terms of
maxillary ratio between toothed males and females, stating that
this value is suitable for investigating vertical height changes. The
values between 9% and 13% found in our study were close to these
results. The differences are thought to be due to the selected groups
or the magniőcation of the panoramic device. Using this method,
we found that the edentulous maxilla and mandible had lower ver-

tical heights than the toothed maxilla and mandible, consistent
with the literature.8,18,21,31 In our study, ridge resorption in the
mandible was found to be higher than in the maxilla, with lower
vertical heights measured in the mandible. The presence of trabec-
ular bone and more bone marrow in the maxilla may delay bone
loss, whereas the compact nature of the mandibular bone structure
might contribute to rapid resorption when subjected to incoming
forces. 18,31

Although the results of our study align with similar studies in
the literature.8,18,21,26,31, it also had some particularities. For in-
stance, the lack of division into age groups in the study by Ozan
et al.21, was noted as a limitation. Similarly, most studies did not
classify age groups as restricted (under 65 and over 76).8,20,21 In
our study, patients were evaluated in three different age groups,
which may provide clinically clearer information regarding which
stages of these age groups experiencemore alveolar vertical loss and
help guide patients toward dental or implant-supported prosthe-
ses. Indeed, in our results, a signiőcantly lower vertical height was
found with age progression in the maxillary premolar region of the
edentulous regions when comparing age groups. No signiőcant dif-
ferencewas found in othermeasurement regions in themaxilla and
mandible. It has been reported in the literature that ridge resorption
increases with age in edentulous areas. However, as a limitation,
age ranges in the study by Ozan et al.21 were not mentioned. Most
existing studies in the literature used a wide age range to evaluate
selected patients without dividing them into speciőc age ranges
or groups. In contrast, in our study, individuals were grouped as
40-49, 50-59, and 60 and over. The age of 40 was selected as the
initiation of investigation because it is accepted as the start of tooth
loss. Therefore, we believe that by dividing the age groups speci-
őed as limitations in other studies and determining which regions
havemore resorption in which age ranges, we can identify the time
intervals important for guiding patients in prosthesis or implant re-
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habilitation for edentulous areas. Narhi et al.20 using the technique
developed byWical and Swoope 19, conducted a study on 96 indi-
viduals using total prostheses and found a signiőcant relationship
between the duration of toothlessness in women and RRR, but not
in men, and stated that there was no relationship between patient
age and resorption in both genders. Although we did not use the
technique ofWical and Swoope 19, our study revealed that RRRgrad-
ually increased in the maxillary premolar edentulous region with
each decade after the age of 40. Supporting this, RRR was shown
to increase after menopause.20 It has therefore been reported that
RRR is higher in women than inmen. 16,36 In our study, the vertical
height in women was found to be signiőcantly lower than in men
in all regions of themandible. Thismay be due tomore common re-
sorption inwomen than inmenduring the post-menopausal period
due to bone destruction, as stated in the literature. Therewas no sig-
niőcant difference between both sexes in the maxilla. The width of
the maxillary alveolar crest decreases more rapidly than its height.
Prospective studies by Schroop et al.37 evaluating changes in the
extraction cavity over a 10-year period after single tooth extraction
revealed that major changes occur within 12 months following ex-
traction. Bone formation in the alveoli and a decrease in the vertical
height of the alveolar bone crest occur simultaneously in the őrst
three months, and bone formation continues in the second three
months. The remodeling process continues for 6-12 months. Al-
though the new level formed after the extraction cavity is őlledwith
bone never rises to the level of the teeth located in the mesial and
distal regions of the cavity, it was revealed through linear measure-
ments that the bone level after 12 months coincides with the bone
level after extraction.38 For this reason, in our study, patients who
had been edentulous for between 6-12 months and those who had
been edentulous for between 12-24monthswere classiőed. In these
processes, the vertical height was found to be signiőcantly lower
in individuals who had been edentulous for between 6-12 months
in all regions except the maxilla anterior toothed region compared
to those who had been edentulous for between 12-24months. We
believe that the reason for this high value is the remodeling in the
second six-month period in individuals who had been edentulous
for 6-12 months, and the increase in osteoclastic activity due to
the loss of stimulation in the edentulous area as time progresses.
The lack of signiőcant change in the maxillary anterior tooth re-
gion is due to the presence of teeth in the mouth, highlighting the
importance of teeth in preventing the resorption of the alveolar
bone structure. In our study, the changes in the Kennedy Class II
classiőcation with alveolar ridge resorption and prosthesis usage
time in age and gender groups were revealed. The fact that there is
no dramatic loss of alveolar bone due to the presence of teeth in this
region once again underscores the importance of tooth-supported
prostheses in patients.

As a limitation of the study, the edentulous periodwas restricted
to two years, and the condition in other Kennedy classes and modi-
őcations was not evaluated. Further research that addresses these
aspects could enhance the predictability of alveolar ridge resorption.

Conclusion

Firstly, teeth play a crucial role in preventing bone resorption, so
prosthesis planning should take into account the resorption that
will occur after tooth extraction. The literature reports that patients
using removable and total prostheses experience more residual
ridge resorption than those who do not use prostheses. This under-
scores the growing importance of implant-supported prostheses.
The primary advantages of implants are that they function like
natural teeth to prevent bone resorption and provide support to
the superstructure prosthesis. Our study reveals that signiőcant
bone resorption occurs across the current age ranges, highlighting
the need to minimize the duration of edentulism. Additionally, our
őndings show signiőcant vertical bone loss in each decade in the

maxillary premolar edentulous region, while no signiőcant bone
loss was observed in other edentulous regions over the decades.
Based on these results, we recommend directing patients, particu-
larly those who are edentulous in the maxillary premolar region,
towards implant rehabilitation to prevent bone loss. Implant pros-
theses can be presented as an optimal solution in modern dentistry
to meet the functional, phonetic, and aesthetic expectations of pa-
tients as they age.
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Abstract

Purpose: To compare the adaptation andmicroleakage of CAD/CAM inlay restorations using conventional or ultrasonic őnishing
equipment and their combinations.
Materials andMethods: Inlay cavities were prepared on 66 extracted human lower őrst molar teeth using one of the following
őnishingmethods: Group I: straight őssure diamond bur; Group II: őssure diamond bur and ultrasonic tip; Group III: 6º tapered
conical diamond bur; Group IV: 6º tapered conical diamond bur and ultrasonic tip. Inlay restorations milled from feldspathic
ceramic blocks were cemented with resin cement. Adaptation andmicroleakage of the restorations were evaluated bymicro-CT.
The adaptation of the restorations was evaluated in four areas and at őve determined points. The differences between the őnishing
methods were statistically evaluated at eachmeasurement point.
Results: The adaptation of the restorations range from 1.07 and 330.71 µm. Statistical differences were observed in the marginal
and internal adaptation of ceramic inlay restorations due to the őnishingmethod used at some points of the ceramic and cavity
interface. Group IV exhibited superior adaptation with signiőcantly lower marginal gaps at points A, C, and E compared to Groups
I, II, and III ((p<0.05). However, the microleakage values between the őnishingmethods did not show a statistical difference (p
>0.05).
Conclusions: According to the study őndings, microleakage of inlay restorations was not affected by the őnishingmethod.
However, both marginal and internal adaptation were inŕuenced by the őnishing method, with Group IV (conical diamond burs +
ultrasonic tip) demonstrating superior results.

Keywords: Ceramic Inlays; Inlay Preparation; Micro-CT; Microleakage; Ultrasonic Instruments

Introduction

Developments in dental bonding technology paved the way for
the widespread use of indirect adhesive restorations for posterior
teeth. 1 Themost common indirect adhesive restorations used in
the posterior area are inlays, onlays, and overlays. 1,2

Inlay restorations are indirect restorations that involve occlusal
and proximal tooth surfaces.3 They are known as beingmore of a
conservative restorations compared to complete coverage crowns.4

The currentmaterials used to fabricate CAD/CAM inlay restorations

are glass ceramic and composite resin blocks. 1,4 Ceramic restora-
tions providehigh clinical success, good esthetics, andnatural tooth
morphology.5 A higher success rate is reported for ceramic inlays
than composite resin inlays.4,6 They show better physical proper-
ties and lower polymerization shrinkage than composite resins.7

Ceramic inlays are also known to demonstrate higher wear resis-
tance and compressive force. 1,8,9

Manyvariables affect the longevity of ceramic inlay restorations,
such as the quality of the remaining tooth structure to which the
restoration is bonded, oral hygiene, and applied load.7 The clinician
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can control the tooth preparation design, choice of the restoration
material, and bondingmethod used.7 The factors associated with
preparation design that could affect the longevity of the inlay/tooth
complex are; cavity depth, preparation taper, cavity/isthmus width,
and the morphology of internal line angles. 10

Poor marginal adaptation of the restoration can result in mi-
croleakage, luting cement dissolution, the formation of secondary
caries, and gingival inŕammation.4,11,12 Poor internal adaptation
can reduce retention, increase cement thickness, alter occlusion,
and lead to exchanged marginal adaptation.4 With the develop-
ments in CAD/CAM systems, the internal and marginal adaptation
of the milled restorations is improving.7

The preparation design of inlay restorationsmust be compatible
with the speciőc properties of the ceramicmaterial used. 10 The brit-
tle structure of ceramics is a limiting factor; however, this limitation
could be minimized through proper preparation design.7 Avoiding
internal stress concentration, providing adequate restoration thick-
ness, and creating a passive insertion axis are essential for ceramic
inlay tooth preparation.3 The retention form is not needed for ce-
ramic inlays as long as the restoration is bonded. The formation of
bevels should be avoided since it reduces ceramic thickness.3,7

Additionally, the equipment used for the preparation process
can affect the cavity geometry and the marginal and internal adap-
tation between the cavity and ceramic restoration. In inlay restora-
tions where the preparation surface is very important, the choice
of preparation instruments should also be made carefully. As an
alternative to conventional preparation, different hand, rotary, and
oscillating (ultrasonic) instruments have been developed to im-
prove the preparation surface. 13 Rotary instruments work with
rotational movements. Rotary instruments have a short working
time, thus increasing patient comfort and efőciency for dentists.
However, they cause the preparation surface to be rougher. On the
other hand, ultrasonic instruments work with oscillatory move-
ments and providing a smooth őnishing line. 14

Ultrasonic instruments are widely used in dentistry due to their
operative ease, better efőciency, precise cutting ability, visualiza-
tion, and success in accessing difőcult areas at themargin of prepa-
ration. 15 There are studies indicating that preparation with ultra-
sonic instruments provides less surface roughness than rotary in-
struments. 16 Although there was a difference in surface roughness
between rotary and ultrasonic preparation, some studies have also
shown that this did not result in differences inmicroleakage or gaps
between the restoration and tooth. 17

The clinical signiőcance of this research is that restoration őt
is one of the most vital determinants of survival in the oral envi-
ronment. Different cavity preparation techniques could inŕuence
the adaptation andmicroleakage of inlay restorations. This study
aims to compare the effects of four different preparation őnish-
ingmethods (straight diamond bur, straight őssure diamond bur,
ultrasonic and ultrasonic tip, 6º tapered conical diamond bur, 6º
tapered conical diamond bur, and ultrasonic tip) on themarginal
and internal adaptation andmicroleakage of ceramic inlay restora-
tions. The null hypotheses are: (H1) the use of a straight őssure
diamond bur or a 6º tapered conical diamond bur would not bring
about anydifference in the restoration adaptation andmicroleakage
of ceramic inlays, and (H2) őnishing the proximal margins with an
ultrasonic tip would not improve the adaptation andmicroleakage
of the ceramic inlays.

Material andMethods

Preparation of the Specimens

A total of 66 extracted caries-free human lower őrst molar teeth
were collected for this study. Based on calculations using a type I
error rate (α) of 0.05, effect size (f) of 0.4, and test power (1-β) of
0.80, the sample size necessary to achieve a test power of 0.80 was

determined to be 66. Teeth collection was approved by the Ethical
Committee of Ankara University Faculty of Dentistry (22.07.2020
Date, 08/6 Issue). The utilization of extracted teeth in this study
aimed to assess adhesive bonding under conditions that closely
simulate real-world clinical scenarios. The teeth were randomly
divided into four groups (n=14) and embedded in plaster up to the
level of the collar for easy and precise inlay preparation.
The inlay cavities were prepared according to speciőc criteria

for standardization. The following geometrical parameters for the
inlay cavity were kept: 1.5 mm axial depth, 2 mm occlusal depth,
1 mm rounded shoulder margin in the axio-gingival angle, and a
12-degree tapered angle. To ensure standardization of the prepara-
tions, all inlay cavities were prepared by the same operator using
different instruments for each group. The groups are as follows:
The specimens in Group I underwent cavity preparation using a
straight őssure diamond bur (Intensiv 8526). The specimens in
Group II were prepared using a combination of őssure diamond
bur (Intensiv 8526) and ultrasonic tip (SONICŕex CAD-CAMmesial
Nr. 34 Ref: 1.002.1984, Katenbach & Voigt GmbH (KaVo), Biberach,
Germany). Group III specimens were prepared using 6º tapered
conical diamond burs (Intensiv 3026SLC, Intensiv 3029SEC). Lastly,
the specimens in Group IV were prepared using both 6º tapered
conical diamond burs (Intensiv 3026SLC, Intensiv 3029SEC) and
ultrasonic tips (SONICŕex CAD-CAMmesial Nr. 34 Ref: 1.002.1984,
Katenbach & Voigt GmbH (KaVo), Biberach, Germany).
The digital impressions of the inlay cavities were obtained with

an intraoral scanner (Cerec Omnicam system, Sirona Dental Sys-
tems GmbH, Bensheim, Germany). Inlay restorations for each
preparation were designed using the CAD program (Cerec CAD Sys-
tem Sirona Dental Systems GmbH, Bensheim, Germany). Both the
scanning and designing procedures were performed by the same
clinician. Sixty-six ceramic inlay restorations were milled from
feldspathic ceramic blocks using the CEREC InLabMC XL (Sirona
Dental Systems) and CEREC Blocs (Sirona Dental Systems GmbH,
Bensheim, Germany). The őt of the inlay restorations before ce-
mentation was visually checked; reproduction was performed for
incompatible restorations.
The ceramic inlay restorationswere cemented onto the prepared

teeth using resin cement (Panavia SA Cement Plus A2 Automix,
Kuraray Noritake Dental Inc., Okayama, Japan, Lot: 1N0298). The
cavity surfaces were etched with 37% phosphoric acid (i-GEL, i-
dental, Šiauliai, Lithuania, Lot: 050154), while the cementation
surfaces of the ceramic inlay restorations were treated with 4%
buffered hydroŕuoric acid gel (Porcelain Etchant Gel, Bisco Inc.,
USA). The restorations were then adapted using SONICŕex CEM
(KaVo, Biberach, Germany).

Micro-CT Analyses

For micro-CT analyses, a high-resolution scanning device, the
Skyscan 1275 (Skycan, Kontich, Belgium), was used. The scanning
parameters were set to a 0.2 rotation step, 125 kVp, 80mA, and a 24
µmpixel size. To prevent radiological artifacts during scanning, a
1-mm thick aluminumőlter was used. Each scanned specimenwas
reconstructed separately using NRecon software (version 1.6.4.8
Skycan, Kontich, Belgium). The software was also used to correct
other radiological artifacts that may have occurred during the scan-
ning. The two-dimensional axial projections of the reconstructed
samples were obtained and then transferred to CTan software (ver-
sion 1.14.4.1 Skycan, Kontich, Belgium) for quantitative analysis.

Linear Measurements

The Dataviewer software (version 1.5.6.2, Skycan, Kontich, Bel-
gium) was used for two-dimensional measurements. Axially re-
constructed images were examined in coronal planes using this
software, and mid-coronal section images were obtained for the
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Figure 1. Measurement points. Black: Gingival circumferential tie margin and
proximal ŕare margin, Blue: Isthmus, Green: Middle area of the occlusal box cavity,
and Red: Occlusal box margin őnish area. A: Buccal, B: Bucco-occlusal, C: Occlusal,
D: Linguo-occlusal, E: Lingual.

samples. These images were then imported into the CTan software,
where two-dimensional linear measurements were performed to
evaluate both the marginal and internal őt of the restorations. For
the all-ceramic inlay preparations, őve reference measurement
points were used to determine the gap in micrometers for each
localization (Fig. 1). These reference points were determined by
modifying the measurement points used in the study by Ekici et
al. 18 Eachmeasurement point is described as follows:

• A: Buccal cavitymargin
• B: Buccal intersection between cavity wall and ŕoor
• C: Midpoint of the cavity preparation ŕoor
• D: Lingual intersection between cavity wall and ŕoor
• E: Lingual cavitymargin

Volumetric Measurements

After the aging procedures, the inlay restorations were coated with
two layers of nail varnish, except for a 1 mm thick area around the
restoration margin and allowed to dry for 10 minutes. Next, all the
restorations were immersed in a freshly prepared aqueous solu-
tion of 50 wt% ammoniacal silver nitrate (pH value = 9.5) for 24
hours (50% AgNO3, Sinopharm, Beijing, China). They were then
rinsed with running water for 2 minutes, immersed in a photo-
developing solution (RPXOMAT, Kodak China, Shanghai, China),
and exposed to light for 8 hours. Afterward, each specimen was
ultrasonically cleaned for 1 minute with a toothbrush to eliminate
any silver deposits on the surface. Each restoration was then indi-
vidually scanned usingmicro-CT after being placed and őxed into
the specimen holder.

Statistical analysis

The obtained data were analyzed using the IBM SPSS Statistics V25
software package (SPSS Inc, Chicago, IL, USA). Hypothesis tests
were conducted at a signiőcance level ofα=0.05. One-way analysis
of variance (ANOVA) was used to statistically compare the data, and
the least signiőcant difference (LSD) comparison test was used for
inhomogeneous values andmultiple comparisons of the averages.

Figure 2. The two-dimensional image(Micro-CT Scans)

Figure 3. The three-dimensional image(Micro-CT Scans)

Results

The two-dimensional and three-dimensional micro CT images are
shown in Fig. 2 and Fig. 3. Statistical comparisons of marginal or
internal adaptation for each group are presented in Table 1,2,3 and 4.
The statistical evaluation ofmarginal gap values at the circumferen-
tial gingival margin and proximal ŕare margin is as follows (Table
1). In the tables, groups sharing the same superscript letters do not
exhibit statistically signiőcantdifferences,whereas groupswithdif-
ferent superscript letters show statistically signiőcant differences.
The marginal gap exhibited similar results across all groups at B,
D, and E points (p>0.05); Group IV (205.52±23 µm) demonstrated
a lower marginal gap compared to Group I (224.64±19 µm) and II
(223.64±15 µm) at point A; and Group IV (1.64±3.97 µm) exhibited a
lower marginal gap compared to Group I (6.36±7.01 µm) at point C
(p<0.05).

The table 2 shows the őt of the isthmus (in µm) across őve
different regions (A, B, C, D, E) for four groups (Group I, II, III, IV)
(Table 2). Each region presents mean (Mean), standard deviation
(SD), and median (Median) values. In the tables, groups sharing
the same superscript letters do not exhibit statistically signiőcant
differences, whereas groups with different superscript letters show
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Table 1. Fit of gingival circumferential tie margin and proximal ŕare margin (µm)

Group I Group II Group III Group IV
Mean±SDX Median Mean±SDX Median Mean±SDX Median Mean±SDX Median

A 224.64±19.47a 230.50 223.64±15.43a 226.50 209.86±23.66a,b 210.50 205.57±23.98b 199.00
B 192.57±17.34a 193.00 190.57±16.27a 191.50 190.36±19.10a 195.50 184.50±17.73a 184.00
C 6.36±7.01a 4.50 4.86±5.61a,b 4.00 4.64±4.27a,b 4.00 1.64±3.97b 0.00
D 156.50±12.09a 154.50 154.50±17.72a 154.50 149.86±10.26a 148.50 148.93±14.20a 148.00
E 123.57±17.26a 123.00 123.43±20.68a 118.50 117.57±17.13a 117.00 115.71±20.66a 114.00

Groups with the same superscript letters did not exhibit a statistical signiőcance. Different superscript letters exhibit a statistical signiőcance. The signiőcance level is set at
p=0.05. A: Buccal cavitymargin B: Buccal intersection between cavity wall and ŕoor C: Midpoint of the cavity preparation ŕoor D: Lingual intersection between cavity wall and
ŕoor E: Lingual cavitymargin * Each line was statistically compared within itself.

Table 2. Fit of Isthmus (µm)

Group I Group II Group III Group IV
Mean±SDX Median Mean±SDX Median Mean±SDX Median Mean±SDX Median

A 330.71±30.38a 324.50 325.79±25.88a 328.50 317.86±28.72a 324.00 315.14±17.88a 318.50
B 177.14±16.34a 178.00 170.71±15.25a 168.50 169.79±16.55a 173.50 168.00±16.40a 163.00
C 5.00±5.50a 4.50 2.50±3.61a,a 0.00 2.86±3.57a,a 1.00 1.07±2.56a 0.00
D 163.50±22.51a 166.00 150.29±22.07a,a 151.50 147.50±18.63a,a 157.50 139.57±24.60a 145.00
E 120.36±8.45a 122.50 117.57±9.87a 120.00 117.36±11.72a 118.50 115.14±9.77a 115.00

Groups with the same superscript letters did not exhibit a statistical signiőcance. Different superscript letters exhibit a statistical signiőcance. The signiőcance level is set at
p=0.05. A: Buccal cavitymargin B: Buccal intersection between cavity wall and ŕoor C: Midpoint of the cavity preparation ŕoor D: Lingual intersection between cavity wall and
ŕoor E: Lingual cavitymargin * Each line was statistically compared within itself.

statistically signiőcant differences. Group IV demonstrated a lower
marginal gap compared to Group I at C (Group IV (1.07±2.56 µm;
Group I (5.00±5.50 µm), and D (Group I: 163.50±22.51 µm, Group
IV: 139.57±24.60 µm) points C (p<0.05). Other regions (A, B, E) did
not exhibit statistically signiőcant differences among the groups
(p>0.05).

Table 3 presents the őt of themiddle area of the occlusal box cav-
ity (in µm) across four different groups (Group I, Group II, Group III,
Group IV).Mean and standard deviation (SD) values, alongwithme-
dians, are provided for each group. Comparisons between groups
are indicated by the same superscript letters, indicating no statis-
tical signiőcance, while different superscript letters denote statis-
tically signiőcant differences (Table 3). Marginal gap displayed
similar results across all groups at B, C, D, and E points (p>0.05);
Group IV (186.93±14.54 µm) demonstrated a lower marginal gap
compared to Group I (200.50±14.05 µm) at point A (p<0.05).

Table 4 presents the őt of the occlusal box margin őnish area
(in µm) among four distinct groups (Group I, Group II, Group III,
Group IV). For each group, mean values with standard deviations
(SD) andmedians are provided. Comparisons between groups are
indicated by the same superscript letters; identical letters denote no
statistical signiőcance, whereas different letters indicate statisti-
cally signiőcant differences (Table 4). The marginal gap displayed
similar results across all groups at A, C, and D points (p>0.05);
Group IV (229.71±17.07 µm) demonstrated a lower marginal gap
compared to Group I (245.93±15.59 µm) and III (244.36±20.76 µm)
at point B; Group IV (103.79±7.95 µm) exhibited a lower marginal
gap compared to Group I (109.93±7.20 µm) at point E (p<0.05).

Table 5 presents the volumetric microleakage of ceramic inlay
restorations (in mm3) for four different groups (Group I, Group II,
Group III, Group IV).Mean valueswith standard deviations (SD) and
medians are provided for each group (Table 5). Statistical compar-
isons of the meanmicroleakage values among the groups revealed
similar results (p>0.05).

Discussion

The null hypotheses of the study were partially conőrmed. Micro-
CT evaluation indicated that there was a statistical difference in
the marginal and internal adaptation of ceramic inlay restorations
due to the őnishing method used at some points of the ceramic

and cavity interface. However, this difference did not affect the mi-
croleakage of the restorations. Inlay/onlay restorations have amore
complex geometry than crown restorations, which could explain
variations in the adaptation of the restoration in some areas.4

The conventional method for determining microleakage is to
evaluate the penetration of a speciőc tracer, such as organic dyes
or silver nitrate (AgNO3), microscopically on sectioned specimens.
AgNO3 is an electron-dense and radiopaque material that can be
used with correlated microscopy techniques, such as scanning or
transmission electronmicroscopy. Additionally, AgNO3 can be used
with X-raymicrocomputed tomography (micro-CT). However, a
disadvantage of conventional microleakage tests is that the three-
dimensional microleakage factor is assessed in only two dimen-
sions. Furthermore, these tests are invasive, and the results are
semiquantitative. 19

In recent years, micro-CT has increasingly been used to evalu-
ate the adaptation of restorations. Although it is more expensive
than conventional methods, micro-CT is a non-destructive and
reproducible technique.20 It can achieve potential resolutions in
the submicron range, depending on the computer’s hardware ca-
pabilities and X-ray source characteristics. 19 Its superior feature
compared to other methods is that it provides quantitative analysis
and examination of the internal space of the restoration.20,21 Fur-
thermore, it is possible to performmultiple point measurements
using the micro-CTmethod.4,22

Themarginal seal is a crucial factor for the longevity of a restora-
tion.23,24 Several factors, such as restoration type, preparation de-
sign, restorationmaterial, and cementation procedure, can affect
the adaptation of the restoration. Poor marginal adaptation can re-
sult in luting cementdegradation,microleakage, caries, periodontal
disease, and marginal discoloration.22 For ceramic inlay restora-
tions, uniform internal adaptation is desired, and poor adaptation
of the restoration can result in the cement being supported by the
primer instead of the tooth structure.21 Poor internal adaptation
can increase cement thickness, reduce retention and restoration
resistance, affect occlusion, and lead to poor marginal adaptation.4

There is no consensus on the marginal and internal gap for
őxed restorations.4,24 Some studies report an acceptable marginal
range for adaptation as lower than 120 µm4,11,25,26, while others
report it as lower than 100 µm.4,21,27,28 The acceptable marginal
gap for CAD/CAM restorations is reportedly 58ś200 µm.21 Cement
thickness below 200 µm is more resistant to wear at restoration
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Table 3. The őt of the middle area of the occlusal box cavity (µm)

Group I Group II Group III Group IV
Mean±SDX Median Mean±SDX Median Mean±SDX Median Mean±SDX Median

A 200.50±14.05a 200.00 197.50±19.10a,b 200.50 194.93±16.41a,a 199.00 186.93±14.54b 187.00
B 247.43±18.39a 242.50 245.64±17.53a 246.00 239.07±19.64a 237.50 234.57±12.52a 237.00
C 54.29±7.75a 56.00 53.14±5.48a 54.00 53.50±5.88a 54.50 52.57±5.15a 54.00
D 194.93±8.86a 195.50 192.57±12.83a 192.00 190.14±10.86a 190.00 188.79±10.71a 188.00
E 163.07±8.82a 163.00 162.21±11.83a 163.00 157.86±9.03a 157.00 157.50±10.68a 160.50

Groups with the same superscript letters did not exhibit a statistical signiőcance. Different superscript letters exhibit a statistical signiőcance. The signiőcance level is set at
p=0.05. A: Buccal cavitymargin B: Buccal intersection between cavity wall and ŕoor C: Midpoint of the cavity preparation ŕoor D: Lingual intersection between cavity wall and
ŕoor E: Lingual cavitymargin * Each line was statistically compared within itself.

Table 4. Fit of the occlusal box margin őnish area (µm)

Group I Group II Group III Group IV
Mean±SDX Median Mean±SDX Median Mean±SDX Median Mean±SDX Median

A 296.00±29.36a 289.50 292.71±19.39a 294.50 290.43±24.71a 295.50 283.86±28.36a 290.50
B 245.93±15.59a 244.00 235.43±15.67a,b 237.50 244.36±20.76a 238.00 229.71±17.07b 229.00
C 164.50±9.35a 161.50 163.43±9.70a 165.00 163.64±13.18a 161.00 161.79±12.88a 163.00
D 247.29±23.79a 249.00 245.64±24.25a 242.50 240.21±26.19a 243.00 230.79±14.99a 235.00
E 109.93±7.20a 109.00 105.50±8.87a,b 105.50 105.07±4.76a,b 104.00 103.79±7.95b 105.50

Groups with the same superscript letters did not exhibit a statistical signiőcance. Different superscript letters exhibit a statistical signiőcance. The signiőcance level is set at
p=0.05. A: Buccal cavitymargin B: Buccal intersection between cavity wall and ŕoor C: Midpoint of the cavity preparation ŕoor D: Lingual intersection between cavity wall and
ŕoor E: Lingual cavitymargin * Each line was statistically compared within itself.

Table 5. Volumetric microleakage of the ceramic inlay restorations
(mm3)

Mean±SDa Median
Group I 2.44±1.24a 2.90
Group II 2.38±0.91a 2.18
Group III 2.21±1.05a 2.22
Group IV 2.11±0.75a 2.27

*Themean difference is signiőcant at the 0.05 level.

margins.24

In this study, marginal and internal gap values exceeded the ac-
ceptable values at some points. This could be due to several factors,
such as the restoration material used, the sensitivity of the milling
device, restoration adjustments after fabrication, and the cementa-
tion procedure used, among others. Increased internal space of the
restoration can result in higher polymerization shrinkage of the
luting cement and poor support of the restoration.22

The longevity of dental restorations is inŕuenced by key factors
such as restoration geometry, preparation methods, and loading
conditions. Various instrumental methods for cavity preparation
are available, including conventional rotating, sonic, ultrasonic,
or laser methods. However, rotating instruments seem to cause
more damage to the teeth.29 Ultrasonic instruments have a vibrat-
ing motion, which makes them more effective and easier to use
than conventional rotating instruments. 17 They are especially use-
ful for beveling the enamel and dentin margins in difőcult areas
and can provide extremely precise őnishing lines, which allows
for better impressions and more adapted restorations with less mi-
croleakage. 30 Sonic and ultrasonic instruments have grainless tips,
reducing the risk of damaging neighboring teeth and causing min-
imal trauma to the gingival attachment and pulp. 17,29 However,
they can lead to more surface irregularities and border defects and
can also cause iatrogenic damage to neighboring teeth. 17 Özcan et
al. 31 reported acceptable marginal quality using ultrasonic tips and
ceramic inserts.

CAD/CAMinlay restorations are vulnerable to imperfect prepara-
tion geometry.30 Kim et al.22 reported that the preparation design
affects the adaptation of indirect partial ceramic crowns. It has been
reported that a non-retentive cavity preparation exhibits higher
adaptation than a retentive cavity preparation.4 However, another
study found similar marginal adaptation betweenminimally inva-

sive cavity preparations with proximal undercuts and conventional
divergent preparations.32 Additionally, a study found that higher
margin positioning results in less interfacial gap volume.30

Naumova et al. 17 evaluated the effect of different preparation
methods (rotating, sonic, and ultrasonic) on the marginal qual-
ity of ceramic inlays using scanning electron microscopy (SEM).
They reported that ultrasonic instruments led to increased surface
roughness compared to rotating instruments. They also found no
statistically signiőcant differences between the groups’ proximal
microleakage, proximalmarginal gap, and proximalmargin quality.
In this study, themicroleakage values between the groupswere sim-
ilar; however, marginal gap values showed statistical differences
at some points. This difference could be explained by the use of
micro-CT analysis in this study instead of SEM.

Ellis et al.29 compared two ultrasonic őnishing protocols on the
quality of the preparation margins and reported that the ultrasonic
őnishing protocol affected the results. However, in this study, only
one type of ultrasonic őnishing protocol was used, which is one of
the study’s limitations.

It has been reported that the marginal and internal adaptation
of CAD/CAM restorations is affected by the type of restorativemate-
rial used.4,23 Restorative materials with a low elastic modulus and
hardness can result in the removal of a greater amount of material
during grinding.4,33 However, less brittle materials are reported
to show lower edge chipping, better machinability, and adapta-
tion.4,23,34 This study used only one type of restorative material,
which can be considered a limitation. Studies including several
types of materials are needed for more accurate results.

Conclusion

Within the limitations of this study, it can be concluded that using
a special tapered bur and ultrasonic tip together for preparation
provides better adaptation for inlay restorations. Furthermore, the
tapered bur ismore efőcient than the straight bur and ultrasonic tip
regarding preparation őt. However, recent literature on this topic is
limited, and further studies are needed to validate these őndings.
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Abstract

Purpose: Premature primary tooth loss in primary and mixed dentition can cause malocclusions in permanent dentition. Children
with primary andmixed dentitions require space maintainers to prevent malocclusions. The purpose of this study was to evaluate
the level of parental awareness regarding the use of space maintainers, oral hygiene practices, and the signiőcance of primary
teeth.
Materials andMethods: In this descriptive cross-sectional study, a survey comprising 20 questions and four primary categories,
which were 1) sociodemographic data, 2) parental awareness regarding oral hygiene habits, 3) recognition of the signiőcance of
primary teeth and the children’s previous tooth extraction experience, and 4) knowledge about the use of space maintainers, was
utilized. The survey was administered to 240 parents who had children aged between 2 and 15 years. Descriptive statistical
analyses were employed to interpret the results.
Results:While 45% of children lost primary teeth due to decay, trauma, or other reasons, 40.9% of parents declared that they had
no idea that the early loss of primary teeth could damage permanent teeth. Additionally, only 35.8% of parents stated that they had
knowledge of what a space maintainer is, and it was found that the parents who were familiar with space maintainers also had a
high amount of knowledge about their use.
Conclusions: It is concluded that there is a need to raise parental awareness concerning the utilization of space maintainers as a
preventive measure following the premature loss of primary teeth.

Keywords: Awareness; Interceptive Orthodontics; Malocclusion; Parents; Space Maintenance

Introduction

Primary dentition is a signiőcant period in a child’s growth and de-
velopment process. Primary teeth are essential for speech, chewing,
appearance, and preventing bad habits. Moreover, they play a cru-
cial role in guiding and facilitating the eruption of permanent teeth.
Notably, primary teeth serve as optimal space maintainers for per-
manent dentition. Understanding their role is vital for promoting
dental health in children. 1,2

Although the exfoliation of primary teeth is a natural physio-
logical process, the disruption of the normal process of teeth erup-
tion, whether due to the premature loss of primary teeth, proximal
carious lesions, or other factors, can lead to mesial migration of
teeth. 3,4 This migrationmay result in the loss of arch length and
manifest as a malocclusion in permanent dentition. The rising
prevalence of malocclusions among children resulting from the
premature extraction of primary teeth has become a signiőcant
concern within the őeld of pediatric dentistry. This issue is one of

the most common dental problems, alongside dental caries, gingi-
val disease, and dental ŕuorosis. The impact of this trend on the
oral health and overall well-being of young individuals should not
be overstated.5,6

Preventive and interceptive orthodontic treatments aim to ad-
dress issues observed in children’s dental and skeletal development
at an early stage, thus preventing them from progressing into se-
veremalocclusions thatmay require lengthy and complex interven-
tions later. Therefore, it is imperative for oral health professionals
to be vigilant in recognizing these cases early on and referring
them to orthodontic specialists for timely intervention. Preven-
tive methods include "space maintenance," which involves the use
of speciőc equipment known as "space maintainers." These appli-
ances can be őxed ormovable, and their purpose is tomaintain arch
length after the premature loss of a primary tooth.7 Malocclusion
may present as crowding, the impaction of permanent teeth, or the
supraeruption of opposing teeth.4 Space closure occurs six months
after extraction, or in some cases, within days. The best method to
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prevent this is to insert a space maintainer right after extraction.8

The loss of arch length can have signiőcant consequences for dental
health. When arch length is compromised, issues such as crowding,
ectopic eruption, dental impaction, crossbite formation, and dental
centerline discrepanciesmay arise. For this reason, the use of space
maintainers plays a crucial role in shaping the future of orthodontic
treatment.9

Parents have a substantial inŕuence in their children’s health-
care decisions. Research shows that there is a strong correlation
between the opinions and awareness of parents regarding their chil-
dren’s oral health and the actual condition and their perceived need
for treatment. 10,11 Therefore, it is expected that the knowledge
and awareness of parents regarding the protection of oral health
would affect their children’s potential to beneőt from preventive
oral health practices. Several studies on this subject have been con-
ducted in different populations. 12ś15 Ali et al. reported the knowl-
edge rate of parents regarding space maintainers as 49.8%, which
was considered inadequate. 13 In line with the őndings of many
studies, it is clear that parents do not have enough information
regarding practices involving space maintainers. According to the
results of the literature review, there is a lack of studies on the
subject in a Turkish population. Therefore, the aim of this study
was to evaluate the awareness levels of parents regarding space
maintainers as a protective measure for their children’s oral health.
The hypothesis of this study was the level of parental awareness
regarding space maintainers is low.

Material andMethods

Population

This was a cross-sectional survey study conducted with a sample of
240parents. Thedatawere collected over a two-monthperiod, from
January to March 2024. The survey was administered to parents of
patients aged between 2 and 15 years who sought routine exami-
nations and dental treatments at the Pediatric Dentistry Clinics of
Ankara Yıldırım Beyazıt University, Faculty of Dentistry Hospital.
The study includedparentswhowere physically andpsychologically
healthy, literate in Turkish, and capable of completing a survey. The
sample size needed to conduct the study was calculated by power
analysis based on a previous study, 12 wherein the percentage of
awareness about space maintainers was 18%, with 95% power and
a 5% error margin. The results of the power analysis revealed that
at least 227 participants needed to be included. This number was
rounded up to 240 participants.
Ethics committee approval was obtained from Ankara Yıldırım

Bezayıt University Health Sciences Ethics Committee (no: 09/396,
date: 23.11.2023). The principles of the Declaration of Helsinki and
good clinical practices were followed during the study. All partici-
pants signed an informed consent form after they were informed
about the study.

Survey

To evaluate the awareness of the participants regarding spacemain-
tainers, the researchers administered a survey in a face-to-face
manner. The survey, designed based on a thorough review of the
literature, consisted of 20 questions and 4 parts:

• (1) the sociodemographic characteristics of the parents,
• (2) their levels of knowledge about oral hygiene habits,
• (3) their awareness of the importance of primary teeth and their
children’s previous tooth extraction experiences,

• (4) their levels of knowledge about the use of space maintainers.

The sociodemographic data collected in the study included
age, gender, education level, and number of children. The oral

Table 1. Sociodemographic characteristics of the participants

n (%)

Gender
Female 166 (69.2%)
Male 74 (30.8%)

Age
21-30 28 (11.6%)
31-40 126 (52.5%)

41 or older 86 (35.9%)

Education level

Illiterate 7 (3%)
Literate with no formal degree 23 (9.6%)
Primary-secondary school 37 (15.4%)

High school 95 (39.6%)
University 67 (27.9%)
Postgraduate 11 (4.5%)

Number of children

1 25 (10.4%)
2 111 (46.2%)
3 78 (32.5%)
4 26 (10.9%)

health knowledge section comprised four multiple-choice ques-
tions aimed at gauging the understanding of the participants re-
garding brushing habits and parental involvement in children’s
brushing routines. The section on the importance of primary
teeth and children’s previous tooth extraction experiences had four
multiple-choice questions that were designed to assess the fre-
quency of the dentist visits of the children of the participants, their
previous experience with early loss of primary teeth, and their pre-
vious exposure to space maintainers. The őnal section consisted of
eightmultiple-choice questions focused on assessing the knowl-
edge of the participants regarding the application andmaintenance
of space maintainers. After the survey was prepared, 25 randomly
selected participants were asked to respond to the survey twice
at two different time intervals to check the reliability of the form
(Kappa=0.876).

Statistical analysis

The statistical analyses were performed with the IBM SPSS Statis-
tics 26.0 program (IBM Corporation, Armonk, NY, USA). Descrip-
tive statistics are presented asmean ± standard deviation values for
the discrete numeric variables, while the categorical variables are
expressed as frequencies (%).

Results

Sociodemographic Characteristics

The sample of the studyconsisted of a total of 240parents, including
166 (69.2%) female parents and 74 (30.8%) male parents. The
majority of the participants were 31-40 years old (52.5%), 39.6%
had completed high school as their highest level of education, and
46.2% had two children (Table 1).

Survey Responses

While 32.5% of the participants stated that they started brushing
their children’s teeth when their primary teeth erupted, 26.6% ex-
pressed uncertainty about the appropriate time for starting brush-
ing. It was stated by 97.5% of the participants that children’s teeth
should be brushed at least twice a day, 45%were aware of the neces-
sity to use ŕuoride-containing paste, and 74.2%were aware that
they should assist their children in brushing their teeth (Table 2).

It was thought by 89.6% of the participants that their children
should be taken to the dentist for regular check-ups. Most par-
ticipants (77.1%) were aware that primary teeth should be treated
in cases of decay, trauma, or pain. While the children of 50.4% of
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Table 2. Responses of the participants to the survey questions about their children’s toothbrushing habits and their parental involvement

Questions Options n (%)

Q1. When did you őrst start brushing
your child’s teeth?

When the őrst primary
tooth erupted

78 (32.5%)

When the őrst primary
molar tooth erupted

43 (17.9%)

When the őrst permanent
tooth erupted

55 (23%)

No idea 64 (26.6%)

Q2. Your child’s teeth should be
brushed at least twice a day.

Yes 234 (97.5%)
No 2 (0.8%)

No idea 4 (1.67%)

Q3. Your child’s teeth should be brushed
with ŕuoride-containing paste.

Yes 108 (45%)
No 42 (17.5%)

No idea 90 (37.5%)

Q4. You should help your child brush his/her
teeth until he/she is 10-11 years old.

Yes 178 (74.2%)
No 45 (18.7%)

No idea 17 (7.1%)

Table 3. Responses of the participants to the survey questions about the importance of primary teeth and their children’s dental experiences

Questions
Yes
n (%)

No
n (%)

No idea
n (%)

Q5. Your child should be taken to the dentist for
check-ups at regular intervals of 3-6months.

215
(89.6%)

8
(3.3%)

17
(7.1%)

Q6. Since primary teeth are replaced by permanent teeth, it is not
necessary to treat them in cases of decay, trauma, or pain.

22
(9.2%)

185
(77.1%)

33
(13.7%)

Q7. Has your child ever lost any primary
teeth due to decay, trauma, or any other reason?

108
(45%)

121
(50.4%)

11
(4.6%)

Q8. Premature loss of primary teeth
could damage permanent teeth.

122
(50.8%)

20
(8.3%)

98
(40.9%)

Figure 1. Responses of the participants to the knowledge and awareness questions
regarding the use of space maintainers.

the participants had not experienced a loss of primary teeth before,
the children of 45% of the participants had previous experience of
tooth extraction. Besides, 50.8% of the participants believed that
the premature loss of primary teeth could damage permanent teeth
(Table 3).

Table 4 and Figure 1 detail the answers given by the partici-
pants to questions about the use of space maintainers. The rates
of parental knowledge and awareness concerning the use of space
maintainers were calculated based on responses from the partici-
pants acquainted with the concept of a space maintainer. Although
the majority of the participants were unfamiliar with space main-
tainers (64.2%), those who were familiar exhibited a signiőcantly
higher proportion of correct responses to inquiries regarding their
application. The percentages of correct responses to questions 10-
16 ranged between 73.2% and 89.5%.

Discussion

Tooth decay remains a signiőcant public health problem in the
present day. According to a systematic review andmeta-analysis

published in 2020, the prevalence of caries was 46.2% in primary
teeth and 53.8% in permanent teeth in childrenworldwide. 16More-
over, with its high prevalence, caries remains the most common
reason for tooth extraction in children. 17 As in all treatments, par-
ents are accountable for their children’s dental health and should
be aware of the potential impacts of space loss. There is limited
information on parents’ awareness regarding the management of
early primary tooth loss and the use of spacemaintainers. 13,14,18,19

Therefore, the primary purpose of this study was to evaluate the
knowledge and attitudes of a group of parents regarding the impor-
tance of using spacemaintainers. Besides, the knowledge of parents
about oral hygiene habits and the signiőcance attributed to primary
teeth and their children’s previous tooth extraction experienceswas
questioned.
The main őnding of this study was that the participants had

low levels of knowledge about the use of space maintainers in gen-
eral. The rate of participants who were aware of space maintainers
was 35.8%. Studies conducted in different populations have shown
variations in the awareness levels of parents, with őgures of 17.9%,
18.5%, and 42.5% reported in Saudi Arabia and 57% in Iran. 12ś15,20

It is worth noting that differences in őndings may be attributed to
factors such as variations in sample size, geographical differences,
and cultural distinctions among the populations under study.
In this study, it was also found that although the children of 45%

of the participants had experienced primary tooth loss, only 35.8%
of the participants were aware of space maintainers. Similarly, Al
Maaedeni et al. stated that while the incidence of premature loss
of primary teeth in children was 20%, only 18.5% of parents were
aware of space maintainers.20 Moreover, Ali et al. reported that
although 37% of the studied children had lost primary teeth before,
amere 17% of the dentists who conducted the extractions informed
the patients about the potential application of space maintainers
thereafter. 13 Additionally, in the study conducted by Andreeva et al.
with 200 dentists, it was revealed that 87% of the dentists treated
patients under the age of 12 and performed primary tooth extrac-
tions, whereas only 8% administered space maintainer applica-
tions.21 In Türkiye, this rate was determined as 40%.22 In accor-
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Table 4. Responses of the participants to the survey questions regarding the use of space maintainers

Questions Options n (%)

Q9. Do you knowwhat a space maintainer is?
Yes 86 (35.8%)
No 154 (64.2%)

Q10. Space maintainers are applied to preserve the spaces of
prematurely lost permanent teeth.

Yes 72 (83.7%)
No 2 (2.3%)

No idea 12 (14%)

Q11. What is the source of your knowledge about space maintainers?

Dentist 63 (73.2%)
Social circle 17 (19.8 %)
Internet 3 (3.5%)

I don’t know 3 (3.5%)

Q12. The use of space maintainers requires regular dentist check-ups.
Yes 76 (88.4%)
No 5 (5.8%)

No idea 5 (5.8%)

Q13. What type of food is prohibited for children wearing
a őxed space maintainer?

Sticky foods (such as gum, jellybeans) 71 (82.6%)
Fruits-vegetables 2 (2.3%)

No idea 13 (15.1%)

Q14. Removable space maintainers need to be cleaned daily.
Yes 64 (74.4%)
No 1 (1.2%)

No idea 21 (24.4%)

Q15. What would you do if a space maintainer breaks or is lost?

I would leave it 1 (1.2%)
I would wait for the time of a dentist

appointment
5 (5.8%)

I would immediately go to the dentist 77 (89.5%)
No idea 3 (3.5%)

Q16. What would you do if permanent teeth start erupting
while the child is still wearing space maintainers?

I would leave them 1 (1.2%)
I would wait for the time of a dentist

appointment
8 (9.3%)

I would immediately go to the dentist 71 (82.5%)
No idea 6 (7%)

dance with the őndings of this study, only 32.4% of the parental
cohort had university education or beyond. The cognizance of par-
ents is inŕuenced by various factors including education levels,
income, and occupation. 14,23 Considering the data obtained in dif-
ferent studies, the improvement of parental knowledge concerning
this matter necessitates the formulation of comprehensive social
awareness initiatives and educational programs targeting all strata
of society.

Space maintainers require diligent care, including dietary
choices, regular dental appointments, and ongoing monitoring.
A signiőcant percentage of the participants of this study who were
aware of space maintainers answered the questions in the survey
regarding the use of space maintainers (questions 12-14) correctly.
These őndings differed from the results reported by Almeedani
et al., who demonstrated low parental awareness levels regarding
space maintainer utilization and dietary restrictions.20 Similarly,
studies conducted by Ali et al., Shamsaddin et al., and Linjawi et al.
underscored the widespread lack of parental awareness regarding
suitable dietary practices while employing space maintainers. 13ś15

These results can be attributed to the possibility that the dentists
visited by these parents provided sufőcient information regarding
the proper utilization of space maintainers.

The current study yielded notable őndings concerning parental
awareness of children’s oral hygiene practices. While the partic-
ipants demonstrated satisfactory knowledge regarding the fre-
quency of daily brushings, the use of ŕuoride toothpaste, and
parental involvement in tooth brushing, only 32.5% accurately
identiőed the appropriate age for initiating their children’s tooth-
brushing routine. This indicates that many parents do not have
clear knowledge of when to start brushing their children’s teeth.
Hence, there is a need for educating parents about oral hygiene
practices which is consistent with many other studies.24,25

This study was a hospital-based study which included partic-
ipants whose children attended dental treatments and follow-up
visits in two Pediatric Dentistry Clinics of a University Hospital lo-
cated in Central and Western Türkiye. Therefore, the results of this
studymight not accurately reŕect the broader population. Hence,

theőndingsof the studyshouldbegeneralized carefully, and further
studies involving larger samples are warranted to provide compre-
hensive insights into the subject matter.

Conclusion

In conclusion, the results of this study revealed that parents lack
adequate awareness of space maintainers as a preventive approach.
It is crucial for pediatric dentists to educate parents during routine
dental appointments about the importance of space maintainers
and their longevity. This education is essential for preserving arch
integrity andminimizing occlusal discrepancies.
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Abstract

Purpose: The positional changes of the tongue due to őxed appliance therapy, the relationship between the positional changes of
lower incisor, the tongue and the attribution of this relationship was investigated.
Materials andMethods: In this retrospective study, lateral cephalograms of pre and posttreatment records were evaluated.
According to the mathematical differences of 1-NB parameters, subgroups namely; retrusion and protrusion groups were formed.
Pretreatment measurements were performed from horizontal and vertical reference planes deőned, posttreatment measurements
were evaluated with the transportation of these reference lines using the total structural superimpositional method. The positional
and linear dimensional changes of the tongue were evaluated using Rakosi tongue analysis with a modiőcation of the reference
line. Cephalometric tongue images were digitized and the tongue area were calculated.
Results: The positional changes of the tip of the tongue were concordant with the positional changes of the lower incisor, elevation
of the dorsum of the tongue and stoopness of the base of the tongue occurred in the retrusion group. Tongue area increased in both
groups.
Conclusions: The tip of the tongue followed the movement of the lower incisor altered with őxed appliance therapy in sagittal
direction. In cases where upper incisor retraction is planned, tongue tip should be expected to adapt by rising vertically.

Keywords: Cephalometric tongue position; Fixed appliance therapy; Incisors; Rakosi tongue analysis; Tongue area

Introduction

In orthodontics, skeletal and dental structures have much been fo-
cused on, but the roles of surroundingmuscle structures have often
been ignored. 1ś3 Dental and skeletal morphology affects physi-
ological functions whereas functional compensations occur due
to physiological needs. However, there are limits both for mor-
phological and functional adaptations.4 It has not yet been fully
clariőedwhether the tongue determines the form of the dental arch
or whether it functions according to dentoalveolar morphology.5

Orthodontic őxed appliance therapy has functional and positional
effects on dentoalveolar structures as well as on orofacial soft tis-
sues. The functional and resting position of the tongue, as well as
thedimensional inŕuence of the tonguewere emphasized, but there
is still little to no information whether there exists a relationship
between őxed appliance therapy and changes in tongue position
or lower incisor position.6 The aimed to investigate whether there
exists a relationship. The study hypothesizes that the tongue tip
adjusts to the lower incisors’ positional changes altered with the
őxed appliance therapy.

Material andMethods

A retrospective study was conducted on 34 patients who had un-
dergone őxed edgewise therapy with Angle Class 1 and 2 anomalies
on permanent or late mixed dentition stage from the archive of
Ankara University Faculty of Dentistry Department of Orthodon-
tics. The lateral cephalograms taken at pre and posttreatment on
which the tongue can be seen clearly, and the patient did not swal-
low during exposure were selected. Patients with Angle Class 3
anomalies, crossbites and missing teeth were excluded. Total of
34 patients (total group), two subgroups were formed according to
the linear measurement of position of the lower incisor to line NB.
Individuals exhibiting lower incisor movement between 0-1 mm
were used only in the total group. The values <0mmwas grouped
as retrusion group (x̄ =-2,21mm) (n=10), the values >1mm were
grouped as protrusion group (x̄ =2,36mm) (n=10). Chronological
mean ages were 13.69 ±0.42 for total group, 13.40 ±0.52 for retru-
sion group and 14.32 ±1.17 for protrusion group. The landmarks
and measurements used in the study are shown on Table 1, Fig-
ure 3. The borders of the cephalometric tongue image are limited
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Figure 1. Superimpositon of tongue areal changes of a retrusion case

with tongue tip (TT) anteriorly, the dorsum above and posteriorly
and the visible tongue image up to the epiglottis (E). In order to
determine the tongue base, the E and Hy points are used for identi-
fying a line which was extended to the innermost and lowest point
on the lingual side of the symphysis. The lingual borders of the
symphysis are drawn up to the TT and completed. Tongue images
were digitized on an AccuTab GTCO table (GTCO CalComp 14557
N, 82nd St. Scotsdale, AZ 85260, US). The tongue area was cal-
culated with the MicroStation 95 Programme (Bentley Systems,
Incorporated, 685, Stockton Drive Exton, PA, 19341, US). Pre and
posttreatment cephalometric radiographs were superimposed due
to Björk and Skieller’s local mandibular structural superimposi-
tion technique.7 Digitized and superimposed as seen on Figure 1,2.
The dimensional and linear changes of the tongue were evaluated
by Rakosi tongue analysis.8 Referring to Rakosi tongue analysis
a reference line was conducted among themost prominent lower
incisors incisal edge passing through distocervical enamel cement
junction of lower őrst molar and this line is limited by the lowest
point or the projection of that point of soft palate (Figure 4). The
midpoint ismarked as point O. Six angles of 30°weremade through
point O. The cut off points of these linear extensions on tongue
were named as ‘tg’ points and on hard and soft palate were ‘ltg’
points starting from anterior to posterior ranking from 1 to 7 (Fig-
ure 5). In the study, the modiőcation was made in the reference
plane. The lower permanent őrst molar was used instead of termi-
nal molar as described in Rakosi tongue analysis. Linear and an-
gular measurements were done on cephalometric radiographs. For
total measurements, a vertical reference plane (VR) was conducted
with a line passing through the point Sella perpendicular to the
occlusal plane (OD) and a horizontal reference plane (HR) was con-
ducted with a line parallel to OD. For maxillarymeasurements; the
ANS-PNS plane is used as the maxillary horizontal reference plane
(max.HR), and the maxillary vertical reference plane (max.VR) was
formed with the line drawn perpendicular to this plane from the
point ANS. For mandibular measurements, Menton-Gonion was
used as the mandibular horizontal reference plane (mand.HR), and
the perpendicular descending fromPogonion to this planewas used
as the vertical reference plane (mand.VR). Descriptive statistics of
pre and posttreatment characteristics were done. Intragroup and
intergroup differences were tested with student t-test and paired
t-test (Table 2,3). Pearson correlation analysis was applied in order
to evaluate the relationship between the parameters and tongue
(Table 4).

Figure 2. Superimpositon of tongue areal changes of a protrusion case

Figure 3. Tongue length (TGL) and tongue height (TGH)measurement

Figure 4. Rakosi reference line

Results

Descriptive statistics and comparison of the parameters were done
(Table 2). Rakosi parameters which are O-tg1 and O-ltg1, were



The Incisor Positional Changes and Tongue Position | 135

Table 1. Deőnition of landmarks andmeasurements used in the study

Landmark/
Measurement

Deőnition

OD
(occlusal plane) the line passing through the midpoint of the occlusal closure points of őrst upper and lower
permanent molars andmidpoint of the occlusal closure points of most prominent upper and lower incisors

VR (vertical reference plane) a 90º vertical line from the point Sella to the occlusal plane

HR (horizontal reference plane) a parallel line to the occlusal plane passing through point Sella

TT (tip of the tongue) the most prominent point of the tongue in the sagittal plane

TGL (length of the tongue) the linear distance between point TT and point E

u The shortest linear distance between the ANS-PNS plane and the dorsum of the tongue

U1 the most prominent incisal point of the upper incisor in the sagittal plane

L1 the most prominent incisal point of the lower incisor

E-Shor linear distance of the epiglottis point to the horizontal reference plane

Table 2. Descriptive statistics of parameters of subgroups at pretreatment and posttreatment and the comparison (student t-test) according to the
subgroups

to t1
Retrusion Protrusion

test
Retrusion Protrusion

test
X ±Sx X ±Sx X ±Sx X ±Sx

1/NB 29.47 ±2.66 26.43 ±1.66 21.51 ±2.63 33.80 ±2.94 **

1-NB 6.85 ±0.84 5.75 ±0.52 4.64 ±0.85 8.11 ±0.71 **

L1/mand.HR 96.55 ±2.75 93.43 ±2.08 89.09 ±2.66 99.62 ±3.73 *

APog-1 3.29 ±0.59 2.86 ±0.38 0.98 ±0.62 5.20 ±0.42 ***

U1-max.HR 28.64 ±0.86 31.92 ±0.80 * 29.07 ±0.74 33.67 ±1.20 **

O-tg1 29.81 ±0.92 31.71 ±0.66 30.75 ±0.94 33.36 ±0.49 *

O-tg2 23.91 ±1.03 25.49 ±1.33 26.52 ±0.93 26.85 ±0.76

O-tg3 20.74 ±1.28 22.82 ±1.56 24.02 ±1.12 23.72 ±1.09

O-tg4 20.60 ±1.30 22.26 ±1.47 23.78 ±1.03 23.71 ±1.21

O-tg5 22.51 ±1.00 24.02 ±1.25 24.75 ±0.94 24.98 ±1.14

O-tg6 26.70 ±0.82 27.54 ±0.98 27.59 ±1.08 27.92 ±0.83

O-tg7 34.00 ±1.22 34.62 ±0.83 34.46 ±1.49 35.28 ±0.72

O-ltg1 35.25 ±0.92 35.15 ±0.39 33.89 ±1.02 36.39 ±0.31 *

O-ltg2 28.83 ±0.71 30.21 ±0.79 30.44 ±0.83 30.59 ±0.42

O-ltg3 28.63 ±0.32 29.86 ±0.75 30.92 ±0.53 31.90 ±0.73

O-ltg4 27.76 ±0.55 28.53 ±1.08 29.81 ±0.51 30.24 ±0.81

O-ltg5 26.36 ±0.54 27.02 ±1.02 27.31 ±0.85 27.88 ±0.84

O-ltg6 28.42 ±0.71 29.06 ±1.02 29.52 ±1.07 29.35±0.75

O-ltg7 34.99 ±0.94 35.12 ±0.34 33.65 ±1.27 36.18 ±0.93

TGL 71.96 ±1.42 73.35 ±1.82 74.52 ±1.50 75.93 ±1.17

TGH 33.15 ±1.56 36.37 ±1.45 36.13 ±1.13 38.85 ±1.63

X: mean value, Sx: standart deviation of mean value, t0: pretreatment, t1: posttreatment. *p<0.05, **p<0.01 ***p<0.001.
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Table 3. Descriptive statistics of subgroup parameters (D±Sd) achieved with the treatment, comparison of the differences(paired t-test) and
comparison of head differences a(student t-test)

Retrusion Group Protrusion Group
D±Sd test D±Sd test test

Hy-Svert 1.98 ±2.17 5.60 ±2.26 *

Hy-Shor 7.39 ±2.18 ** 5.43 ±2.44

Pd 0.62 ±0.19 * 0.77 ±0.22 **

U1-maxVR -2.72 ±1.19 * -0.54 ±0.79

L1/mand.HR -7.47 ±1.70 ** 6.19 ±2.89 **

1/NB° -7.96 ±1.70 ** 7.37 ±2.77 * ***

1-NB -2.21 ±0.50 ** 2.36 ±.0.36 *** ***

APog-1 -2.32 ±0.59 ** 2.34 ±0.44 *** ***

L1-mand.VR 3.60 ±0.67 *** -1.14 ±0.78 ***

O-tg1 0.94 ±0.74 1.65 ±0.61 *

O-tg3 3.28 ±1.22 * 0.90 ±1.02

O-tg4 3.18 ±1.13 * 1.45 ±0.86

O-ltg1 -1.36 ±0.62 1.24 ±0.41 * **

O-ltg2 1.60 ±0.34 ** 0.39 ±0.57

O-ltg3 2.29 ±0.42 *** 2.04 ±0.54 **

O-ltg4 2.05 ±0.59 ** 1.70 ±0.69 *

O-ltg7 -1.34 ±0.84 1.06 ±0.69 *

TGH 2.97 ±0.95 * 2.48 ±0.90 *

TT-mand.HR 2.26 ±0.88 * 1.70 ±0.95

TT-mand.VR 1.79 ±0.64 * -0.89 ±0.79 *

TT-Shor 4.17 ±0.59 *** 2.77 ±1.34

TT-Svert 0.20 ±1.01 2.10 ±0.80 *

E-Shor 7.63 ±2.08 ** 4.25 ±2.47

Tongue Area 3.84 ±0.98 ** 2.08 ±0.66 *

u -0.84 ±1.00 0.56 ±0.88

TGL 2.56 ±1.73 2.57 ±2.19

D: mean difference, Sd: standard error of mean difference, * p<0.05, ** p<0.01, *** p<0.001

Figure 5. Cephalometric landmarks of Rakosi tongue analysis

found to be similar at pretreatment but were statistically differed
at posttreatment. Other Rakosi parameters did not show any sig-
niőcant difference. TGL and TGH parameters were found to be
similar. Paired t-test was done for pre and posttreatment evalua-
tion of values for each subgroup (Table 3). Tongue area was signiő-
cantly increased in both subgroups. TT-mand.HR and TT-mand.VR
were signiőcant in retrusion group. Intergroup differences were
compared with student t-test (Table 3). Hy-Svert increased in pro-
trusion group, Hy-Shor increased in retrusion group, O-ltg1 in-
creased in protrusion group andwas signiőcantly different between
groups. TT-mand.VR increased in retrusion group and signiőcantly
different between groups. According to Pearson correlation anal-
ysis for the total group TT-mand.VR was found to be correlated
with 1-NB, 1/NB, A-Pog1, L1-mand.VR and L1-mand.HR (Table 4).
Correlation analysis results for retrusion group showed that TT-
mand.VR and L1-mand.VR, 1-NA and TT-Shor were signiőcantly
correlated while for protrusion group TT-mand.VR was negatively

correlatedwith APog-1 and 1-NB. TT-mand.HRwas correlatedwith
L1-mand.HR and TGHwas negatively correlated with U1-max.HR
and L1/mand.HR.

Discussion

The positional changes of the tongue due to őxed appliance therapy,
the relationship between the positional changes of lower incisor,
the tongue and the attribution of this relationship was investigated.
Our study showed that TT followed the movement of the lower in-
cisor in sagittal direction. The tongue is positioned on the ŕoor of
the mouth, while TT taking part behind the incisal edges of lower
incisors, the dorsum of the tongue over the teeth levels and spread-
ing all over the oral cavity.9 At rest, the TT is positioned on the
lingual surface of the lower incisors exerting a certain amount of
resting pressure and has a strong relationship with the mandibu-
lar arch. 10,11 Changes in the size of the oral cavity due to different
treatment protocols might affect tongue position. 12 Soft tissues,
affect hard tissues and orthodontic treatment results, therefore,
soft tissue limitations should be assessedmore precisely. 13 An al-
teration of incisors and soft tissue position could potentially affect
tongue position. 14,15 These studies have shown that; there exists
a close relationship between the TT and the lower incisors. The
lower incisors are an important factor in providing ideal overbite
and overjet, in determining the proőle esthetics, and have been
heavily involved in almost all of the cephalometric analyses. 16,17

Considering that the őxed orthodontic treatment plans are made
by targeting the lower dentition; this relationship needs to be taken
into account. In this context, in the study; two subgroups were
formed as the retrusion and the protrusion group according to 1-
NB.

Rakosi tongue analysis enables the evaluation of positional
changes of the tongue in horizontal and vertical dimensions.8 In
original Rakosi tongue analysis the mandibular terminal molar
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Table 4. Pearson correlation analysis results for total group, protrusion group and retrusion group

TOTAL GROUP TGL TT-Svert E-Svert TT-mand.VR TT-Shor E-Shor TT-mand.HR tongue area

1/NA
0.365
*

U1/max.HR
0.398
*

0.382
*

U1-max.HR
0.361
*

1/NB
-0.706
***

-0.396
*

L1/mand.HR
-0.733
***

-0.373
*

1-NB
-0.662
***

APog-1
-0.626
***

-0.368
*

L1-mand.VR
0.803
***

0.414
*

0.374
*

L1-mand.HR 0.426*
-0.572
***

0.371
*

0.415
*

0.578
***

PROTRUSION GROUP TGH TT-OD E-Svert TT-mand.VR TT-Shor TT-mand.HR u

1/NA
-0.743
*

U1/max.HR
-0.739
*

1/NB
-0.680
*

-0.647
*

L1/mand.HR
-0.708
*

1-NB
-0.724
*

-0.642
*

-0.900
***

APog-1
-0.784
**

L1-mand.VR
-0.788
**

Pg-NB
0.888
**

L1-mand.HR
-0.639
*

RETRUSION GROUP
-0.755
*

0.717
*

0.867
**

1-NA
0.648
*

U1-max.HR
0.680
*

L1-mand.VR
0.735
*

Pg-NB
0.678
*

*p<0.05, **p<0.01, ***p<0.001.
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is used as an identiőcation point of the reference plane. We used
mandibular őrst molar instead because permanent őrst molars are
the identiőcation landmarks of occlusion and are widely used in
cephalometric analysis. 18

This study revealed that tongue-related parameters are heav-
ily correlated with the mandibular dentoalveolar parameters. The
signiőcant negative correlation between parameters 1-NB and TT-
mand.VR, 1/NB and TT-mand.VR, L1/mand.HR and APog-1 and TT-
mand.VR shows that TT moves backwards in cases of advanced
retrusion, that is, the TT tries to adapt to the form by following the
linear and angular changes of the lower incisor (Table 4). The sig-
niőcant positive correlation between L1-mand.VR and TT-mand.VR
supports the fact that the TTmoves in the same direction as the
lower incisor (Table 4). As contraray to our őnding the relation-
ship of TTwith the lower incisors was told to be preserved at the
end of the treatment, regardless of the lower incisor position.3

However; our results revealed that the tongue adapts to the cur-
rent morphological state of the oral cavity rather than forming
the dental arches. 19 Besides, TGL is also found to be correlated
with L1-mand.HR (Table 4). So; we can conőrm the opinion that
the tongue adapts to the changing occlusion and environment and
that altering incisor and soft tissue position and arch dimension
could signiőcantly reduce TGL, as a result, affect the tongue posi-
tion.20 Additionally, the correlations between the parameters 1/NB
and TT-mand.VR, L1-mand.HR and TGL can be explained with the
adaptation of the tongue to the altered incisal inclinations, unlike
the authors who claimed that incisor inclinations were not due to
muscle action (Table 4).21 The correlation between 1/NA and TT-
Svert, U1/max.VR and TT-Svert indicates that forward or backward
movement of the upper incisor was followed by the similar move-
ment of TTon sagittal dimension (Table 4). The positive correlation
between L1-mand.VR and TT-mand.VR also supports the fact that
TT moves in the same direction as the incisor (Table 4). So the
tongue adapts to the surrounding structures when the occlusion
is changed. 14,15,22 Altered incisor and soft tissue position and arch
dimension could signiőcantly reduce TGL and as a result affect the
tongue position.20

In vertical dimension we found that vertical position of the up-
per incisor relative to its base and the vertical position of the TT are
statistically corraleted (Table 4). However, it is not clear whether
this correlation causes lowering of TT as a result of the altered verti-
cal position of the upper incisor orwhether it is due to dentoalveolar
development. It is also well accepted that the vertical position of the
TT showed a highly positive correlation with the mandible, lower
incisors andmandibular dentition rather than the upper incisor.2

Tongue area were measured digitally with planimeter de-
vices.23,24 According to our results; tongue area decreased in lower
incisor protrusion cases and increased in retrusion cases. It is
known that the TTmoves forward to the incisors and lips to provide
anterior oral seal, and the tongue spreads to the ŕoor of the mouth
when the length of the oral cavity increases.25 But at this point
the transversal dimension should be taken into consideration. In
cases with protrusion, while TT is similarly positioned forward, the
increase in the dorsum region is less in the retrusion group. It can
be assumed that the tongue has undergone a positional change by
spreading itself in the transversal dimension. Also, the backward
movement of the lower incisors in the sagittal direction was accom-
panied by an increase in the vertical direction. In őxed appliance
therapy, the incisal edge was positioned higher in the vertical di-
rection due to the retrusion of the lower incisors.26 So this may be
due to retrusion and/or dentoalveolar development. In mandibular
retrognathic Class 2 cases, the tongue is told to be positioned higher
than normal occlusion cases, which is attributed to the soft tissues
adaptation to environment in order to meet physiological needs as
evident with our őndings.2 TT-Shor and E-Shor measurements
revealed that the dimensional increase of the tongue in the vertical
dimension is not only due to the rise in the dorsum region, but
also to the lowering of the tongue base (Table 4). This was also re-

ŕected in the tongue area as a signiőcant increase in the retrusion
group (Table 3). According to this study, when retrusion occurs in
the upper incisor, TT rises (Table 4). In cases where upper incisor
retraction is planned, TT should be expected to adapt by rising ver-
tically. In lower incisor protrusion cases, the tongue accompanied
in a similar way with the lower incisor. The TTwas positioned sig-
niőcantly ahead of the vertical reference plane (Table 4), increased
signiőcantly in size (O-ltg1) (Table 3), and showed non-important
forward movement relative to mandibular vertical plane (Table 3).
In the vertical direction, the TT did not show a signiőcant lowering
relative to the reference plane, no signiőcant elevationwas detected
relative to themandibular base (Table 3). The insigniőcant forward
movement of E in the protrusion group can be considered as an
attempt to compensate for the signiőcant forward movement of TT
(Table 3). With this possible compensationmechanism, it can be
thought that TGLmayhave been tried to be preserved. Dimensional
increase in tongue dimensions in both genders at different times
was reported.23 In the vertical direction; the elevation of the lower
incisor relative to the mandibular base is also observed at TT. As in
line with parameters u and TGH, the distance between the dorsum
of the tongue and themaxillary basemay decrease in relation to the
positional and angular changes in the upper and lower incisors due
to protrusion (Table 4). The shape of the tongue and dimensions are
as important as incisor position and inclination during diagnosis. 19

The hyoid bone and tongue descend in line with age, proőle ŕat-
tens, crowding occurs in themandibular anterior region, and this is
attributed to the lowering of the tongue. When retraction was per-
formed, the tongue was told to be positioned below.27 In this study
the signiőcant lowering of TT,Hyand E gives information about the
vertical positions of the TT (Table 3). In the protrusion group, there
is a non-signiőcant decrease. So, when incisor retraction is planned
in the earlyperiod, it should be taken into account that the advanced
Hy and tongue will descend and the proőle will tend to ŕatten. A
positive relationship is reported between Hy andmandibular posi-
tion.28 Themost protruding part of the dorsumof the tongue facing
the pharyngeal cavity is located further back in Class 2 cases, inde-
pendent of the tongue root and Hy position. This was explained as
an adaptation in the genioglossus muscle which allows the tongue
to protrude. In Class 3 cases; Hy was told to be positioned further
due to increased genioglossus activity. In our study O-ltg7 showed
signiőcant difference between groups, and can be interpreted as
tongue dorsum and Hy adaptation to the changing environment
(Table 3). Besides postextraction tongue position is reported to
inŕuence the Hy.29 But tongue size was stated as independent of
the sizes of bone structures and gender differences.30 Also tongue
length was reported as not to differ in gender in Class 1 and 2, but it
was found to be shorter in Class 3.31 In our study, E and TTmoved
similarly in both groups in sagittal and vertical dimensions which
suggests that TGL will not show a signiőcant change (Table 3). Our
őndings conőrm that the tongue does not show a dimensionally
relationship with the dimensions of the skeletodental structures.
However, TGL was signiőcantly correlated with the distance of the
upper and lower incisors to their bases (Table 3). TGLmay be re-
lated to the vertical position of the incisors in the sagittal direction
rather than the movement. In an opposite conclusion, Al Maaitah
et al reported a decrease in TGL in bimaxillary extraction cases.20

In our study, O-tg3 and O-tg4 parameters, increased signiőcantly
in the retrusion group, whereas no signiőcant change was found
in protrusion group (Table 3). However, it should be considered
that, the movement of the lower incisors may cause a change in
the Rakosi reference plane and should be evaluated together with
other parameters. It may be more accurate to evaluate the dorsum
of the tongue not only with Rakosi parameters, but also with the
directlymeasured TGH and u parameters. In the retrusion group
‘u’ decreased at an insigniőcant level, indicating that the dorsum
approached themaxillary base, in the protrusion group it decreased
at an insigniőcant level, indicating that it moved away. However,
these changes were not statistically signiőcant either within the
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group or between the groups (Table 3). It is seen that there is a less
increase in the dorsum region (O-tg2, O-tg3, O-tg4, O-tg5, O-tg6)
in protrusion cases compared to the retrusion cases. However, it
was determined that the forward movement was more pronounced
in the anterior region (O-ltg1, TT-Svert) in the sagittal direction.
Also, TGH increases in size, but it does not show a signiőcant ap-
proximation to the maxillary base. The insigniőcant elevation of
the dorsum of the tongue towards the hard palate is a őnding con-
trary to what other studies have reported.23 Besides dorsal tongue
height was reported as higher in children compared to adults.25

Besides changing tooth positions is told to affect tongue posture
and functions, and these changes may also be reŕected in palatal
form and volume. 10,32ś34 The reader should take into account that
our study was conducted on lateral cephalometric őlms so were 2D
and the transversal dimension were ignored.

Conclusion

The TT followed themovement of the lower incisor in sagittal di-
rection. The tongue tried to adapt to the new form altered by the
őxed therapy in the vertical direction as if following the mandibu-
lar dentition. In cases where upper incisor retraction is planned,
TT should be expected to adapt by rising vertically. TGH increases
in size, but it does not show a signiőcant approximation to the
maxillary base spatially in the oral cavity. In cases where incisor
retraction is planned in the early period, it should be taken into
account that the advanced Hy and tongue will descend, and the
proőle will tend to ŕatten. The readers should evaluate the őndings
as treatment results. Long-term results should be considered.
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Abstract

Objective: This in vitro study aimed to evaluate the scan accuracy of 6 intraoral scanners (IOSs) by using a dentate model.
Methods: Amaxillary dentate reference model was digitized with an industrial-grade blue light optical scanner to generate a
reference standard tessellation language (STL) őle. The samemodel was digitized by using 6 IOSs (TRIOS 4, TRIOS 3, Primescan,
Omnicam, Emerald S, andMedit i700) (n=10) to generate test scan STLs. All STL őles were imported into a 3-dimensional analysis
software program (Geomagic Control X). Test scan STLs were superimposed over the reference STL by using the initial and
best-őt alignments of the software program, and the deviations of the scans of IOS from that of the optical scanner were calculated
with the root mean square (RMS) method. The average deviation method was used to deőne the precision of the scans.
Kruskal-Wallis and Bonferroni tests were used to statistically evaluate the data (α=0.05).
Results: A signiőcant difference was observed between groups in terms of RMS values (p<0.001). The Medit i700 and Primescan
IOS systems had the lowest RMS values, respectively, indicating the highest trueness. No signiőcant difference was observed
between the groups in terms of precision. (p=0.055)
Conclusions:While differences were observed among the six intraoral scanners, the accuracy of the selected IOSs remained within
the clinically acceptable ranges. The Medit i700 and Primescan IOS exhibited a higher level of precision in comparison to the other
devices. The accuracy of the scanner should be assessed, taking into account clinician, patient, and IOS dependent variables.

Keywords: Digital impression; Intraoral scanner; 3D analysis

Introduction

An exact replication of the intraoral environment, represented in
a precise deőnitive cast, is a crucial precondition for ensuring the
sustained success of prosthodontic treatment. 1,2 The factors in-
ŕuencing the accuracy of deőnitive casts have been extensively
researched.3ś5

Numerous studies have examined the impact of factors such as
impression materials, impression techniques, tray selection, die
materials, and removable die systems on cast accuracy. It’s been
observed that nearly every material and method used in the pro-
duction process of deőnitive casts can be linked to some form of
dimensional alteration.5 The digital workŕowmitigates the need
for impression procedures, disinfection, and deőnitive cast fabrica-
tion, which are conventional methods often leading to dimensional
changes in the deőnitive casts.6,7

The digital workŕow comprises three primary stages: the col-
lection of data (either directly or indirectly), restoration design, and
themanufacturing process.8,9 The data acquisition phase uses two
varieties of scanners: intraoral and extraoral. Intraoral scanners
are speciőcally utilized for digitizing patient arches chairside. 10,11

Using an intraoral scanner (IOS) over traditional impression
methods offers numerous beneőts. These include a decrease in
patient discomfort, particularly for those with a pronounced gag
reŕex, and the elimination of casting and storage processes. Fur-
thermore, IOS promotes more straightforward patient communica-
tion and facilitates speedier, cost-effective interaction between the
dental clinic and laboratory technician. 12ś16

At present, various intraoral scanners have been launched and
are being utilized in clinical conditions.2,17 So far, intraoral scan-
ners have been used for creating studymodels, detecting impres-
sions required for designing and producing a range of restorations
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Figure 1. Themaster model

(including single crowns, őxed partial dentures, and in certain
cases, complete őxed arches), and for surgical applications (in-
corporated into acquisition procedures for guided surgery). They
are also used in orthodontics for fabricating aligners and various
customized orthodontic devices. 12

Indeed, the accuracy of an intraoral scanner, as a blend of true-
ness and precision, is a critical feature. As deőned by the Interna-
tional Standard Organization (ISO) 5725:1 18, trueness refers to the
’degree of alignment between the arithmetic mean of a large num-
ber of test outcomes and the true or acknowledged reference value.’
Meanwhile, precision is understood as ’the degree of concurrence
between varied test results.’ Both accuracy and precision are vital
for achieving a satisfactory digital scan, leading to an exceptional
őnal product. 19

Currently, advanced scanning technologies are in use, encom-
passing methodologies such as the triangulation technique, active
wavefront sampling, and confocal scanning technique.20,21

Different scanning settings are recommended by the manufac-
turers, and the choice of scanning technique can often depend on
the operator’s preferences. With the evolving advancements in in-
traoral 3D scanning technology, assessing the scanning accuracy
of different IOSs available in the market becomes a matter of im-
portance. Consequently, this in vitro study sets out to explore the
accuracyof six such scanners. Thenull hypothesiswas that IOS type
would not affect the accuracy (trueness and precision) of dentate
maxillary arch scans.

Material andMethods

This study does not contain human participants or animals by any
authors. Therefore, this type of study does not require ethics com-
mittee and consent form information. To assess the accuracy of
complete arch measurements across six different intraoral scan-
ners, a standard full-dentate maxillarymodel (KaVo Dental, Biber-
ach, Germany)was selected as themastermodel. Themastermodel
was produced byusing a 3-dimensional (3D) printer using SLA tech-
nology (Form 3; Formlabs) andModel V2 Resin (Formlabs)material
(Figure 1). All 3D printing procedures were performed following
the manufacturer’s instructions. After production, the 3D-printed
master model was stored in a light-impermeable container for 24
hours before the scanning procedures commenced.

After a thin layer of (2 µm) antireŕective spray was applied, the
model was scanned by using an industrial-grade blue light optical
scanner (RS) (ATOS Core 80 5MP; GOM GmbH, Braunschweig, Ger-
many), a device that leverages stereo camera-based triangulation
(1 µm probing error form, 3 µm probing error size, 5 µm sphere

spacing error, and 7 µm length measurement error). Prior to the
study, RS was calibrated using a calibration panel (GOM Inspect;
GOM, Braunschweig, Germany GOM Tip/SN CP40/200/100846). It
was then scanned by using the RS (RS-STL).
In this study, six intraoral scanners, listed in Table 1 for models

and characteristics, were scanned from the reference model using
a dark environment with no direct light to replicate the intraoral
region. The IOSs were calibrated according to the respective manu-
facturer’s instructions before the measurements and then repeated
10 times for each IOS according to the manufacturer’s instructions.
Ten scans of data from each scanner were exported and saved in
standard tessellation language (STL) őle format (IOS-STLs). All
scanning procedures were performed by an experienced operator
(M.D.) in the őeld.
All STL őles (RS-STL and IOS STLs) were imported into a 3D

analysis software program (Geomagic Control X; 3D Systems). The
reference STL was imported as the reference data and the łauto
segmentž feature of the łregion toolž of the software program was
used to automatically segment the entire dental arch. Automatically
segmented regions on the dental arch were thenmerged by using
the łmergež feature of the łregion toolž. Then, IOS scan STLs (IOS-
STLs) were superimposed over the reference STL (RS-STLs) with
initial alignment and local best-őt alignment tools of the software
program to evaluate the trueness. After superimpositions, the ł3D
Comparež tool of the software programwas used to generate color
maps for qualitative evaluation (maximum-minimum deviations:
± 100 µm, tolerance range: ± 10 µm), and the deviations of were au-
tomatically calculated by using the root-mean-squaremethod. The
software program (Geomagic Control X; 3D Systems) was used to
generate color maps with red representing overcontoured surfaces,
blue representingundercontoured surfaces, andgreen representing
acceptable deviations. Figure 2

Statistical analysis

An a priori power analysis was carried out to determine the number
of specimens in each group and found that 3 specimens were suf-
őcient (f=1.23, 1-β=95%,α=.05)22. However, 10 scans per group
were performed to increase statistical power. The normality was
assessed by using the Shapiro-Wilks test. Given that normalitywas
refuted, Kruskal-Wallis and Bonferroni tests were used to evaluate
RMS values. Precision was deőned as the average deviation and
further analyzed by using the same analyzes. All analyzes were
conducted by using a statistical analysis software program (SPSS
v20, IBM Corp., Chicago, IL, USA) with a conődence level of 95%.

Results

The trueness of different scanning technologies is reŕected in Ta-
ble 2. The Medit i700 and Primescan IOS systems had the highest
trueness and lowest RMS, respectively. However, there was no sig-
niőcant difference found between the trueness of the Medit i700
and Primescan (p=0.854). TRIOS 4 had similar results to TRIOS 3
(p=0.186), Omnicam (p=0.997) and Emerald S (p=1.000).
Table 3 provides a comparison of precision values across differ-

ent scanning technologies. The Omnicam IOS system exhibited the
lowest precision value, although this difference was statistically
insigniőcant when compared to other systems (p=0.055). The only
exception to this observation was the difference between the TRIOS
4 and Omnicam systems, where the difference in precision was
signiőcant. (p=0.046).

Discussion

As a result of this study, signiőcant differences were observed in
both trueness and precision among the different IOSs. Therefore,
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Table 1.Models and features of intraoral scanners used in the study

IOS Version Manufacturer Scanning

Technology

Source of Light Working Principle

Emerald S Romexis 6.4 Planmeca Partial Triangulation Red Green Blue Laser Multi-imaging,
Video

Medit i700
Medit Link

3.3.2
Medit Optical

Triangulation
Visible Light Quick video viewing

Omnicam CEREC 5.2.7 Dentsply Sirona Active Triangulation Visible Light Multi-imaging,
Video

Primescan CEREC 5.2.7 Dentsply Sirona Active Triangulation Blue Led Technology Multi Image

TRIOS 4 TRIOS 23.1 3Shape Confocal Microscopy Light Laser and Led
Reference

Multi Image

TRIOS 3 TRIOS 23.1 3Shape Confocal Microscopy Light Laser and Led
Reference

Multi Image

Figure 2. Color-coded maps obtained with different IOSs. Yellow-red colors show expansions, while light blue-dark blue areas show contractions.

Table 2. Trueness őndings of themeasurements obtained with different
intraoral scanners

IOS MedianX Std. Deviation Minimum Maximum

TRIOS 4 74.00b 14.32 68.00 105.00

TRIOS 3 92.00b 7.98 83.00 106.00

Primescan 58.00a 4.96 50.00 63.00

Omnicam 74.00a 4.68 69.00 81.00

Emerald S 76.00b 8.90 73.00 95.00

Medit i700 55.00a 6.42 43.00 61.00

*Different superscript uppercase letters indicate signiőcant differences among study

groups(P<.05).

the study’s null hypothesis, presuming no signiőcant differences
among the IOSs, was rejected. The intraoral scanners evaluated in
this study are not only extensively employedwithin the dental őeld,
but theyalso represent thepinnacle of standards achievablewith the
current generation of intraoral scanner technology. Evaluating the
accuracy of complete arch scans is critical, as situations requiring
the fabrication of longer-span or full-arch őxed partial dentures
are a common occurrence in dental practice.23

This study utilized a reference dataset derived from an indus-
trial high-accuracy scanner and implemented a best-őt alignment

Table 3. Precision őndings of themeasurements obtained with different
intraoral scanners

IOS Median Std. Deviation Minimum Maximum

TRIOS4 10.00 7.82 1.00 24.00

TRIOS3 3.00 4.59 2.00 12.00

Primescan 4.00 2.25 1.00 7.00

Omnicam 4.00 2.10 1.00 7.00

Emerald S 8.00 3.30 5.00 14.00

Medit i700 3.00 3.36 2.00 10.00

*Absence of different letters on the median values indicates that there is no signiő-

cant difference between the groups (P≥.05).

method to evaluate and interpret the spatial discrepancies between
different datasets. Trueness was computed via RMS values, while
precision was determined through the standard deviation of this
superimposition. Notably, all the IOSs tested displayed an accuracy
within the clinically acceptable limits (below 120 µm), with values
ranging from 55.0 µm to 92.0 µm.23,24 Given the differences in the
(trueness) variables tested and the IOSs used across various studies,
making a direct comparison can prove to be challenging. Varia-
tions in the accuracy of different intraoral scanners (IOSs) have
been well-documented in prior research.25,26 Most studies that
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have evaluated the accuracy of optical impression systems were
performed in vitro.27ś29

Schmalzl et al.23 utilized TRIOS 3 and TRIOS 4, which have 2
different software from 2 different years, for complete arch scans.
The study revealed that the trueness values varied substantially.
For TRIOS 3, the range between years was found to be 47.44±9.17
µmup to 90.24±15.35 µm. As for TRIOS 4, the trueness values were
somewhat lower, ranging between years from 31.06±5.24 µm to
52.91±7.44 µm. Importantly, these variations were linked to the
different software versions of the intraoral scanners.23 The values
obtained from this research aligned closely with the őndings of the
aforementioned study.
In the research conducted byMedina-Sotomayor et al.24, the

observed accuracy values in the complete archmodel varied notably.
They found these values to range from 32.1±13.7 µm to as high as
98.3±14 µm. Meanwhile, the precision values in the same model
also exhibited a substantial range, from98.8±40.4µmto 261.8±32.6
µm.24

In a similar research, Malik et al.30 conducted a study using
a maxillary model, during which they compared two IOSs. Their
research őndings indicated a variation in the trueness values: for
Omnicam, the trueness value was 80.3±12.1 µm, whereas, for the
TRIOS 3, it was slightly higher at 87.1±7.9 µm. 30

Atieh et al.27 used a mandibular complete arch master model
in their study and determined the trueness of the Omnicam to be
46.2±11.4 µm. However, their selection of twomolar, premolar, and
two incisor teeth for deviation analysis may explain the relatively
lower trueness values reported in their research.27 In a study by
Luthardt et al. 31, the researchers identiőed a mean deviation, or
trueness, of 27.9 µm for three teeth, a őgure derived through root
mean square (RMS) error computation.31 Another investigation by
Mehl et al. reported trueness of 14.3 µm for Bluecam. 32

In further research, Ender et al.33 evaluated the trueness of
seven different intraoral scanners (IOSs) on a quadrant arch. They
discovered that the Lava True Deőnition scanner had a trueness
value of 21.7±7.4 µm, the Lava COS was at 47.7±16.1µm, and the
Cadent iTero exhibited 49.0±12.4 µm. For the TRIOS and TRIOS
Color scanners, the trueness values were 25.7±4.9 µm and 26.1±3.8
µm, respectively. The CEREC Bluecam, depending on the software
version, showed 34.2±10.5µmfor Software 4.0, and43.3±19.6µmfor
Software 4.2. Lastly, the CEREC Omnicam demonstrated a trueness
value of 37.4±8.1 µm. 33

The color-coded maps provide a revealing picture of the per-
formance of different scanners. Emerald primarily exhibits con-
tractions on the buccal sides of the teeth. In contrast, Omnicam
demonstrates contraction on the occlusal and lingual surfaces of
molars and premolars, while a slight expansion is observed on the
buccal sides of these same teeth. TRIOS 3 reveals a deviation pattern
similar to that of Emerald S. TRIOS 4, on the other hand, performs
slightly better than both Emerald S and TRIOS 3. Primescan and
Medit i700 stand out with their lower contraction and expansion
levels compared to the other scanners. It’s also important to note
that the green surfaces on the maps indicate deviations ranging
±10 µm.
In this study, no signiőcant difference was found between the

precisions of different IOS. In a similar recent study, six different
IOS were evaluated, among them TRIOS 3, Omnicam, Primescan,
and Emerald S, similar to the presented study. Researchers have
reported that there is no difference between the precision values of
different scanners, which is consistent with our study. However, in
another study, it was reported that the sensitivity of TRIOS 3 was
higher when comparing IOSs, including TRIOS 3 and Emerald S.
Thismaybe due to the fact that scans are performed under different
conditions, operator-related factors, and differences in dental mod-
els. Furthermore, the use of IOSs was found to be more susceptible
to errors when measuring longer distances compared to shorter
ones. 30,34 Notably, these disparities are often statistically signiő-
cant, making their underlying causes difőcult to pinpoint. Factors

potentially impacting accuracy can include the inherent measure-
ment sensitivity of the IOS, image construction techniques, the
software algorithm used in the 3D rendering process, the selected
scanning protocol, and any bias introduced by the operator.26

In this study, the manufacturer-recommended scanning paths
were adhered to for each respective IOS, with no alternative scan-
ning paths being evaluated. Previous in vitro research has sug-
gested that the scanning path does not signiőcantly affect the ac-
curacy of quadrant scans. However, it has been observed that the
accuracy of complete-arch scans can be dependent on the scan-
ning path. Furthermore, manufacturer guidelines have been found
to produce better outcomes than individualized scanning proto-
cols. 35,36

Different factors can inŕuence the accuracy of IOSs, including
intraoral conditions (such as temperature, relative humidity, and
lighting), the skill and scanning pattern of the operator, character-
istics of the scanner unit (scanninghead, light source, and receiver),
the speed/up-to-date of the computer software, and the speciőcs
of the scanning area (anterior/posterior, scan length, area, and
surface characteristics). 18,35

Our in vitro study to evaluate IOS accuracy has some limitations.
These restrictions include the inability to fully imitate intraoral
conditions such as saliva, limited mouth opening, intraoral light
environment, patient’s jawmobility, and contrast color difference
due to teeth and gums.

Future research should explore the exact location of the pre-
pared teeth or implant being scanned, with a focus on developing a
standardized method for the evaluation and comparison of various
digital scanning systems. In addition, performance under in vivo
conditions should be assessed for a more comprehensive under-
standing.

Conclusion

While trueness varied across all the scanners studied, precision dis-
played pleasing consistency. Notably, theMedit i700 and Primescan
IOS outperformed others in terms of trueness, a difference that
was statistically signiőcant (p<0.05). Despite the observed differ-
ences among the six IOSs, the trueness of the selected scanners was
within clinically acceptable limits. However, the choice of scanner
extends beyond accuracy and should take into account factors like
scanning time, scan head size, and user learning curve. Lastly, it’s
important to consider that while accuracy is important, it’s not the
only factor that determines the utility of an intraoral scanner. Ease
of use, patient comfort, integration with other dental software, and
cost are also signiőcant considerations.
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Abstract

Purpose: Advancements in technology have driven a shift towards digital techniques alongside conventional screeningmethods in
dental radiology and across medical disciplines. This study aims to compare the efőcacy of two radiographic techniques, periapical
radiography and digital subtraction radiography, in assessing bone recovery processes.
Materials andMethods: Sixtymandibular premolar and molar regions in eighteen chronic periodontitis patients undergoing ŕap
surgery were examined pre- and post-operatively using both periapical radiographs and digital subtraction radiography.
Periodontal surgery outcomes were monitored by recording periodontal index, pocket depth, and gingival recession preoperatively
(baseline) and at the 3rd and 6th months postoperatively. Standardized parallel periapical radiographs and via digital subtraction
radiography images were analyzed by different observers to evaluate changes in alveolar bones and assess surgical outcomes.
Results: Results showed signiőcant reductions in index values and pocket depths, along with an increase in gingival recession.
Intraobserver consistency was found to be good and fair, while interobserver consistency was poor across the 0-3, 3-6, and 0-6
month periods. Radiographic evaluation demonstrated a statistically signiőcant increase in digital subtraction radiography data
compared to conventional radiography in defect recovery throughout the follow-up period.
Conclusions: This study demonstrated that the digital subtraction radiography technique is more efőcient in detecting minimal
changes in mineralised tissues that cannot be clearly traced by conventional radiographic techniques.

Keywords: Chronic Periodontitis; Dental; Digital substraction; Radiography

Introduction

Periodontal diseases, characterized by progressive destruction of
periodontal supporting tissues, are among the most common in-
ŕammatory diseases in society, caused by certain microorganisms
present in the oral cavity. 1ś3 The level and mineral density of alve-
olar bone are maintained by a balance between bone formation and
resorption regulated by local and systemic factors. Disruption of
the balance between the host and microorganisms can lead to a
situation where bone resorption exceeds bone formation, resulting
in a decrease in bone height and/or density.4

Early diagnosis, monitoring, and evaluation of treatment out-
comes play a crucial role in improving the clinical outcomes of

periodontal disease.2 In the context of periodontal diseases, radio-
graphicmethods are oftenused in addition to clinicalmethods to de-
termine the presence and extent of bone loss. However, radiographs
may not detect small amounts of alveolar bone loss.5 Gröndahl et
al.6 reported that radiographs are insufőcient for diagnosing early-
stage periodontal diseases andmeasuring bone defect amounts in
thebuccal and lingual regionsof teeth. Long-termfollow-upofperi-
odontal diseases is crucial for determining the disease progression.
However, there are debates regarding the ability of radiographs
to accurately detect small lesions with clinical signiőcance.7 Van
der Stelt et al.8 argued that there may be limitations in detecting
small bone lesions due to structural noise in periapical radiographs,
which could affect the visual detectionof anatomical structureswith

How to cite: Alan A, Tozum TF, Kansu H. Comparatıve Analysıs Of Data Effıcıency Between Conventıonal Perıapıcal Radıography And

Dıgıtal Subtractıon Radıography In Chronıc Perıodontıtıs Patıents. EADS. 2024;51(3): 147-154

https://doi.org/10.52037/eads.2024.0024
https://orcid.org/0000-0002-7771-0380
https://ror.org/00pkvys92
https://orcid.org/0000-0002-7485-7272
https://ror.org/02mpq6x41
https://orcid.org/0009-0009-6253-3121
https://ror.org/04kwvgz42


148 | Alan et al.

diagnostic importance.Despite these limitations, radiographs are
valuable for periodontal diagnosis. However, to enable radiographic
follow-up in long-term studies, standard imaging conditions must
be repeatable. Many researchers working on periodontal disease
have addressed this issue by using devices to stabilize the X-ray
tube, object, and őlm for evaluations at different times in the same
patient.9,10 Nowadays, in addition to methodological repeatability,
three-dimensional imaging techniques, computer programs, and
artiőcial intelligence applications have been introduced to track
changes in alveolar bone level and density over time. 1,11,12 One of
the image evaluation techniques used to detect changes in alveolar
bone level and density is digital subtraction technique.

Digital subtraction radiography (DSR) is one of themethods that
enhances the detectability of existing bone changes by aligning and
subtracting images obtained at different times, thereby eliminat-
ing structural noise observed on radiographs. 13 DSR minimizes
distractions from background images, enabling the eye to perceive
actual changes between two images, facilitating the detection of
earlymineral changes in tissues and their monitoring.9

The purpose of this study is to monitor bone healing using the
DSR technique after periodontal ŕap surgery in cases of chronic
periodontitis with vertical bone defects and to compare the effec-
tiveness of this technique with radiographic data. Additionally, the
study aims to determine the extent to which the DSR technique is
effective for routine clinical applications.

Material andMethods

Study Population

The study was conducted in accordance with the principles out-
lined in the Declaration of Helsinki and received approval from
the Ethics Committee of Medical, Surgical and Pharmaceutical Re-
search at Hacettepe University (IRB Approval No: LUT04/65, 2005).
Informed consent was obtained from all participants after detailed
explanation of the diagnostic, treatment, and follow-up procedures.

The study included 18 patients aged 18-60 years diagnosed with
chronic periodontal disease at the Department of Oral Diagnosis
and Radiology, Faculty of Dentistry, Hacettepe University who were
scheduled for ŕap surgery. Patients with no systemic diseases af-
fecting bonemetabolism, diagnosed with chronic periodontal dis-
ease, and who had undergone initial periodontal treatment were
included in the study. Due to ease of radiographic visualization and
indication for ŕap surgery, teeth with vertical bone defects classi-
őed as subclasses B (4ś6mm) and C (7 mm and greater) according
to Tarnow and Fletcher’s 14 classiőcation were followed. The use
of parallel technique for radiographywas preferred for its impor-
tance in detecting alveolar bone defect sizes andmonitoring bone
development after ŕap surgery. 15

Periodontal Treatment Procedure

Periodontal pocket depth (PD) and gingival recession (GR) were
assessed preoperatively and at the 3rd and 6th months postoper-
atively to evaluate the periodontal health of the patients. Gingi-
val index (GI), plaque index (PI), and bleeding indexes (BI) were
recorded with reference to maxillary right molars, left central and
premolars, mandibular right central and premolars, and left mo-
lars before surgery to assess overall periodontal status.4 Patients
diagnosed with chronic periodontitis underwent oral hygiene edu-
cation and scaling procedures at the Department of Periodontology.
Oral hygiene status of the patients was monitored for 4 weeks, and
all patients were deemed ready for periodontal ŕap surgery. Flap
surgeries were performed under local anesthesia in themandibular
premolar andmolar regions planned for the study. After sulcular
incisions, full-thickness periodontal ŕaps were raised, followed by

subgingival scaling and root planing. No resective bone surgerywas
performed. Patientswere recalled for suture removal after oneweek,
and no postoperative complications were observed. Treatments in
areas outside the scope of the research design were completed over
time.

Radiographic Imaging Procedure

Periapical radiographs of the periodontal surgical sites were ob-
tained by the same operator at the preoperative, 3rd, and 6th post-
operative months. All imaging and processing conditions were
standardized to avoid any limitations in evaluating and analyzing
radiographs. The parallel technique was used for imaging to ensure
standardization andminimize distortion. A total of 180 periapical
radiographs obtained from 60 sites (before and 3rd and 6thmonths
after surgery) were obtained in the Department of Oral Diagnosis
and Radiology using a Gendex (Kavo Dental Co., Lake Zurich, IL)
periapical X-raymachine, Kodak ektaspeed őlm (Eastman Kodak
Co., Rochester, NY, EUA), 80 KVp, 10mA, 0.34 s exposure time. A 40
cm long conewas used to őx the focal spot object distance and to ap-
ply the parallel technique correctly. XCP (Dentsply Rinn Co., Elgin,
Ill) őlm holders were used to place the őlm in the patient’s mouth
in the same position each time and to keep the object-őlm distance
constant. In order to ensure consistent biting from the same posi-
tion and occlusal closure during all examinations, occlusal stents
were prepared using cold resin material (Dentalon Plus, Kulzer
GmbH, Germany) for the patients. 16 These stents, obtained during
preoperative imaging, were disinfected and stored for use in the
3rd and 6th-month follow-up imaging sessions. 17 Following the
completion of preoperative and postoperative 3rd and 6thmonth
imaging, all őlmswereprocessedunder identical andoptimal condi-
tions using a Dürr Dental DL 24 automatic developing device (Dürr
Dental GmbH & Co. KG. Bietigheim-Bissingen). Subsequently, ra-
diographs were digitized at 300 dpi with 8-bit resolution using an
Epson Expression 10000XL (Epson, USA) scanner equipped with
a high-resolution transparency unit, and saved in Tagged Image
File Format (TIFF). 18ś20 Efforts were made to standardize factors
potentially impacting density, contrast, and geometry of the pre-
and post-operative radiographs.

Image Processing Procedure:

To detect alveolar bone changes in radiographs obtained from sur-
gically treated areas, digital subtraction processing was applied
between preoperative (0) and 3-month follow-up radiographs, be-
tween 0 and 6-month follow-up radiographs, and between 3 and
6-month follow-up radiographs using Emago Advanced Diagnostic
Radiography 2006 version 5.0 (Oral Diagnostic Systems, Amster-
dam, Netherlands). Although imaging conditions were standard-
ized, an advanced subtraction process was preferred to eliminate
minor angular and density differences. 11,12,21,22 In the subtraction
process, corresponding pixels in radiographs with the same imag-
ing geometry and density were subtracted from each other. As a
result, areaswith the same grayscale value in both images appeared
empty, while regions with different pixel values appeared lighter or
darker. After the subtraction process, dark areas indicated material
loss in the follow-up image, whereas light areas indicated material
gain (Figure 1).
The radiographs included in the study and the obtained sub-

traction images were evaluated by an expert radiologist (Y.Y.) with
30 years of experience and an expert periodontologist (X.X.) with
15 years of experience in terms of alveolar bone change amounts
in the ŕap-operated areas, based on three parameters: "alveolar
bone loss presentž, łno change in the alveolar bonež, and łalveo-
lar bone gain present" Evaluators were blinded to the time period
and patient identity of the images. These assessments were re-
peated one month later to determine intra-observer consistency.



Radiographic Efőciency in Chronic Periodontitis | 149

Intra-observer and inter-observer consistency were tested with
radiographs and subtraction images.

Bone changes in the periodontal surgical areas were quantita-
tively evaluated as pixel grayscale values through histogrammea-
surements onsubtraction images. 19 Formeasurement, threepoints
from the base of the bone defect, one point from the top, and one
control point unrelated to the surgical area were selected, and pixel
grayscale values were measured. The average grayscale value of
the four regions obtained from the periodontal bone defect area
(average of 4 test points (ATP)) was calculated. Ensuring that the
selected points corresponded to the same point in all subtraction
images was achieved using a millimeteric transparent grid placed
on the computer screen. The grayscale value of the region identiőed
as the control point (CP) on the subtraction image was subtracted
from the average grayscale value of the surgical area and used as a
parameter for radiographic density change. 19

Statistical analysis

In the general oral and periodontal surgical areas, parameters PD,
GR, GI, PI, and BI were collected to assess and follow up on the
periodontal status throughout the treatment duration. Statistical
analysis of these parameters was conducted using the Friedman
Test. The changes in the same parameters within 0-3 months,
3-6 months, and 0-6months intervals were evaluated using the
Wilcoxon Signed Rank test. Data obtained from radiographs and
subtraction images of sixty periodontal bone defect sites, through
observer assessments, were assessed for inter-observer and intra-
observer consistency using Kappa statistical analysis. According
to Kappa analysis, a κ value ranging from 0.81 to 1.00 indicates
excellent agreement, 0.61 to 0.80 indicates good agreement, 0.41
to 0.60 indicates moderate agreement, 0.21 to 0.40 indicates weak
agreement, and κ < 0.20 indicates poor agreement.23 Spearsman’s
rho test was employed to examine the relationship between the
őrst and second assessments of the observers and inter-observer
assessments. The change in the grayscale values obtained from
the subtraction images of periodontal surgery sites over time was
statistically analysed by Student paired-t test. Furthermore, Spear-
man’s rho test was utilized to evaluate the statistical relationship
between the measurement averages of periodontal defect őllings
over time and observer assessments.

Results

The changes in gingival index (GI), plaque index (PI), periodon-
tal pocket depth (PD), gingival recession (GR), and bleeding index
(BI) evaluations performed to determine the periodontal health of
patients before and at 3rd and 6thmonths after treatment within
time periods are presented in Table 1, while the statistical infor-
mation indicating the changes in time intervals is shown in Table
2. A statistically signiőcant decrease was observed in GI and PD
values during follow-up examinations (p≤0.001). However, there
was a non-signiőcant decrease in PI values (p>0.05). When GRwas
evaluated, a statistically signiőcant decrease was detected between
0-3 and 3-6month controls (p<0.05), but the amount of recession
observed between 0-6 months was not signiőcant (p>0.05). No
statistically signiőcant changes were observed in BI across all time
intervals (p>0.05).

Descriptive statistical analysis regarding the assessmentof areas
with periodontal bone defects by observers is presented in Table 3.

One hundred and eighty radiographs and subtraction images
obtained from sixty periodontal surgical sites were visually eval-
uated by an dentomaxillofacial radiology specialist (1G) and a pe-
riodontology specialist (2G). The intra- and inter-observer con-
sistencies of observers were tested using Kappa analysis, and the
κ values are shown in Table 4. In the evaluation of radiographs,

Table 1. Changes in Gingival Index, Plaque Index, Periodontal Pocket
Depth, Gingival Recession, and Bleeding Index byMonths

Pretreatment 3rdMonth 6thMonth

GI
n 60 60 60

mean 0,98 0,82 0,71
SD 0,37 0,40 0,46

PI
n 60 60 60

mean 0,70 0,67 0,61
SD 0,30 0,27 0,43

PD
n 42 42 42

mean 5,79 4,38 3,79
SD 1,89 1,94 1,88

GR
n 42 42 42

mean 1,21 2,4 2,36
SD 1,46 2,07 2,21

BI
n 42 42 42

mean 0,43 0,38 0,40
SD 0,50 0,49 0,50

Friedman Test SD: Standard Deviation. GI: Gingival Index, PI: Plaque Index, PD:

Periodontal Pocket Depth, GR: Gingival Recession, BI: Bleeding Index *Indicates

the differences between the groups (p<0.05)

Table 2. Changes in Gingival Index, Plaque Index, Periodontal Pocket
Depth, Gingival Recession, and Bleeding Index by Time Periods

Time Period (month) 0 - 3 3 - 6 0 - 6

GI 0.0001* 0.0001* 0.0001*

PI 0.81 0.06 0.10

PD 0.001* 0.0001* 0.001*

GR 0.002* 0.003* 0.68

BI 0.62 0.78 0.74

Wilcoxon Signed Rank test, GI: Gingival Index, PI: Plaque Index, PD: Periodontal

Pocket Depth, GR: Gingival Recession, BI: Bleeding Index *Indicates the differences

between the groups (p<0.05)

moderate intra-observer consistency (0.40<κ<0.60) was observed
for the 1st observer and good consistency (0.61<κ<0.80) for the
2nd Observer across 0-3, 3-6, and 0-6 month periods. However,
inter-observer consistency was weak (κ<0.40) in both readings. In
the evaluation of subtraction images, good intra-observer consis-
tency (0.61<κ<0.80) was found for the 1st observer, while moder-
ate consistency (0.40<κ<0.60) was observed for the 2nd observer.
Inter-observer consistency was weak (κ<0.40) in the 1st reading
andmoderate (0.40<κ<0.60) in the 0-6month period in the 2nd
reading (Table 4).

Signiőcant positive correlations were found between the 1st
and 2nd readings of radiographs and subtraction images for both
observers throughout all time intervals (p<0.05) (Table 5). Both ob-
servers assessed alveolar bone changes, in the direction of increase
during all time periods and with both evaluation materials.

The measurements of alveolar bone defect changes performed
with DSR software were statistically evaluated according to time pe-
riods. When the radiographic density change parameters obtained
from the DSR images of alveolar bone defect areas were evaluated
at intervals of 6 months, a statistically signiőcant increase in bone
was detected (p≤ 0.02) (Table 6).

When examining the correlation between radiographic density
change parameters obtained fromDSRmeasurements and observer
readings, differences were found across time intervals (Table 7).
Statistically signiőcantpositive correlationswere observedbetween
observer evaluations at 0ś3 and 0ś6months and radiographic den-
sity change parameters (p < 0.05). However, during the 3-6 month
period, a randomly positive correlation was identiőed.

Intraclass Correlation Coefőcients test was used to test the relia-
bility of the researcher conducting theDSR softwaremeasurements,
and the measurement reliability was found to be 0.99.
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Table 3. Observer Evaluations of Radiographs and Subtraction Images in Time Periods

CONVENTIONAL SUBTRACTION

Time Period (month) Assessment Parameters 1G1 1G2 2G1 2G2 1G1 1G2 2G1 2G2

0 - 3
Alveolar Bone Loss 13 19 6 6 22 22 17 13

No Change In Alveolar Bone 21 19 31 33 17 17 33 30
Alveolar Bone Gain 26 22 23 21 21 21 10 17

3 - 6
Alveolar Bone Loss 4 3 0 0 8 9 1 1

No Change In Alveolar Bone 20 36 49 54 11 20 50 49
Alveolar Bone Gain 36 21 11 6 41 31 9 10

0 - 6
Alveolar Bone Loss 11 16 5 6 13 13 18 13

No Change In Alveolar Bone 10 14 28 29 10 13 22 22
Alveolar Bone Gain 39 30 27 25 37 34 20 25

Descriptive Statistic 1G 1: 1st Observer 1st Reading, 1G 2: 1st Observer 2nd Reading, 2G 1: 2nd Observer 1st Reading, 2G 2: 2nd Observer 2nd Reading

Figure 1. A. Periapical radiographs obtained at pretreatment, 3rd, 6th months. B. Digital Subtraction Radiography image; alveolar bone gain (arrow)

Table 4. Intra- and Inter-Observer Consistency Table

CONVENTIONAL SUBTRACTION

Time Period
(month)

0 - 3 3 - 6 0 - 6 0 - 3 3 - 6 0 - 6

1G1 - 1G2 0.47 0.34 0.54 0.62 0.48 0.61

2G1 - 2G2 0.67 0.44 0.65 0.43 0.56 0.52

1G1 - 2G1 0.26 Not Valued 0.29 0.38 0.10 0.30

1G2 - 2G2 0.30 Not Valued 0.28 0.36 0.21 0.58

Kappa statistical analysis, 0.81 - 1.00 excellent agreement, 0.61 - 0.80 good agree-

ment, 0.41 - 0.60moderate agreement, 0.21 - 0.40 weak agreement, κ < 0.20 poor

agreement 1G 1: 1st Observer 1st Reading, 1G 2: 1st Observer 2nd Reading, 2G 1: 2nd

Observer 1st Reading, 2G 2: 2nd Observer 2nd Reading

Discussion

This study evaluated the efőcacy of DSR in detecting alveolar
bone changes after treatment in individuals undergoing periodon-
tal surgery due to chronic periodontal disease. Although radio-
graphs are considered the primary diagnostic tool for detecting
bone changes, their effectiveness in detecting early interproximal
bone changes is debatable due to artifacts and imaging techniques.
The parallel radiography technique provides themost accuratemea-
surement of alveolar bone loss, but doubts about personal interpre-
tation differences and the inability of radiographs to detect minor
changes in alveolar bone density have led to the development and
use of effective DSR software for comparing changes in images
taken at periodic intervals and demonstrating minimal changes
in alveolar bone density.7 The DSR analysis is inŕuenced by an-
gular differences in imaging due to the method of overlaying and
subtracting radiographic images obtained at different times. To

minimize these differences, the obtained images should have the
same imaging parameters and geometry. For this purpose, the use
of acrylic or silicone stents is recommended to ensure the repeata-

bility of geometric parameters for standardization. 17?

In their study evaluating postoperative changes for the long-
term survival of movable partial denture abutment teeth, Watan-
abe et al 11 utilized the DSR imaging technique and found no peri-
odontal changes in the abutment teeth during long-term follow-
up. However, in this study where non-standardized images were
used, although the DSR program could correct the angle and den-
sity differences between images obtained at different times, they
also reported that differences in angulation that may occur in non-
standardized radiographs could lead to errors in DSR images. 11 In
our study, imaging of periodontal surgical areas was conducted us-
ing theparallel technique in accordancewith the literature. Imaging
was performed with standard imaging parameters, and őlm hold-
ers and prepared occlusal stents speciőcally for the patient were
used to ensure geometric standardization. Custom-made occlusal
stents and őlm holders were utilized for geometric standardization
purposes. To prevent any inŕuence fromminimal geometric and
density differences, advanced features of the DSR program were
also employed. Consequently, anypotential errors due to angulation
or density differences were completely eliminated. The primary
limitation of DSR utilization is the standardization of imaging pa-
rameters, particularly geometry. Although the advanced features
of the program partly mitigate this necessity, standardization of
imaging geometry remains essential.

In their study evaluating the efőcacy of Digital Subtraction Ra-
diography (DSR) in detecting periodontal bone losses compared to
radiographic methods, Nummikoski et al24 reported that DSR ex-
hibitedhigher diagnostic accuracy indetecting alveolar crestal bone
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Table 5. Evaluation of Alveolar Bone Changes in Periodontal Surgical Sites by Observers

CONVENTIONAL SUBTRACTION

Time Period (Month) 0 - 3 3 - 6 0 - 6 0 - 3 3 - 6 0 - 6

1G1 - 1G2
r 0,40 0.46 0.59 0.70 0.64 0.76
p 0.001** 0.000** 0.000** 0.000** 0.000** 0.000**

2G1 - 2G2
r 0.71 0.47 0.69 0.55 0.59 0.72
p 0.000** 0.000** 0.000** 0.000** 0.000** 0.000**

1G1 - 2G1
r 0.38 0.32 0.47 0.54 0.31 0.68
p 0.003** 0.01* 0.000** 0.000** 0.01* 0.000**

1G2 - 2G2
r 0.36 0.28 0.46 0.51 0.40 0.76
p 0.005** 0.03* 0.000** 0.000** 0.001** 0.000**

Spearsman’s rho test, 1G 1: 1st Observer 1st Reading, 1G 2: 1st Observer 2nd Reading, 2G 1: 2nd Observer 1st Reading, 2G 2: 2nd Observer 2nd Reading ** Correlation is

signiőcant at the 0.01 level (2-tailed). * Correlation is signiőcant at the 0.05 level (2-tailed).

Table 6. Evaluation of the radiographic density change parameters of
the alveolar bone defect region according to control periods

Time period (Month) 0 - 3 3 - 6 0 - 6

Average Test Points (ATP)
n 60 60 60

mean 125.27 129.04 131.35
SD 19.74 21.58 23.37

Control Points (CP)
n 60 60 60

mean 124.93 129.18 123.86
SD 9.86 8.52 9.11

ATP- CP
n 60 60 60

mean 0.34 0.14 7.49*
SD 22.81 20.57 24.96*

Student paired-t test Mean: Mean, SD: Standard deviation, Ctrl: Control point

*Indicates the differences between the groups (p≤ 0.02)

losses compared to periapical radiographs. They demonstrated that
DSR is an important and effectivemethod in the diagnosis andmon-
itoring of advancing periodontal lesions in routine clinical practice.
They also mentioned that simple imaging standardization can be
achievedwith radiographswithout the need for personalized stents
or cephalostats. However, they noted that the use of X-ray guiding
devices enhances image accuracy in the DSR technique.24 In their
study evaluating the survival rates of removable partial denture
abutment teeth and changes in periodontal conditions in patients
with and without type 2 diabetes, Watanabe et al 12 utilized Dig-
ital Subtraction Radiography (DSR) to assess bone density. They
reported that DSR analysis conőrmed evidence of decreased bone
density at the apex of the alveolar bone of the denture-supporting
teeth őve years after the placement of partial dentures in patients
with type 2 diabetes who received regular treatment. Okano et al25

evaluated alveolar bone changes through quantitative analysis us-
ing DSR at the 1st, 3rd, and 6th months post-therapy following ini-
tial periodontal treatment (curettage and root planing). They found
a signiőcant monotonic increase in the grayscale value difference
of őfteen crestal bone regions over time, with a signiőcant differ-
ence observed between the 1st and 3rd months as well as between
the 3rd and 6thmonths. Additionally, they observed a monotonic
increase in pixel count in the crestal bone region over time, with a
signiőcant increase in pixel count between the 1st and 3rd months,
although no statistically signiőcant increase was detected between
the 3rd and 6thmonths. Consequently, they argued that DSR is a
repeatable and numerical method for evaluating the outcomes of
periodontal treatment.25 The results obtained from quantitative
measurements using DSR in our study are consistent with those in
the literature. Evaluation of grayscale value changes in the alveolar
bone defect areas included in the study, both preoperatively and at
3rd and 6th months postoperatively, revealed a signiőcant increase
in density change over time; however, pairwise comparisons did
not reveal a statistically signiőcant increase between the 3rd and
6thmonths (Table 6). Although there are studies in the literature
demonstrating that DSR technique is diagnostically more effective
and accurate compared to conventional radiography techniques,

Bittar-Cortez et al 19 conducted a study in 2006 where they evalu-
ated peri-implant bone density changes by performing histogram
(mean grayscale value) measurements on digitized conventional
radiography and DSR, yielding quite different results. Their study
concluded that maxillary andmandibular bonemorphologies did
not affect radiographic density. Furthermore, they indicated no sig-
niőcant difference in measurements between digital conventional
radiography and DSR. Theymentioned that implant surrounding
bone density could be evaluated as mean grayscale value through
histogrammeasurement in both DSR and digital conventional ra-
diography techniques. The researchers argued that the use of a
time-consuming and expensive technique like DSR was meaning-
less. However, they also stated that the chosen method could in-
ŕuence the obtained result, and the DSR technique might be more
sensitive in areas with mineral loss around implants.18 In their in
vitro studies, Wenzel and Sewerin26, Janssen et al27 stated that
DSR’s numerical measurements were highly accurate in evaluating
artiőcial periodontal bone defects. However, Bittar-Cortez et al 19

argued that this result would decrease in vivo due to standardiza-
tion difőculties between reference and follow-up radiographs and
changes in irradiation parameters. In our study, bone defect areas
treated surgically were evaluated with histogrammeasurements
consistent with the study by Bittar-Cortez et al 19, and it was con-
cluded that DSR technique is an effectivemethod for detecting bone
healing. It has been observed that DSR, when adhered towith sensi-
tivity to standardization conditions and fully implemented program
content, is highly beneőcial for research purposes, although it may
not be suitable for routine clinical practices.

In our study, in addition to quantitative measurements con-
ducted with DSR, radiographs and subtraction images were re-
viewed by a dentomaxillofacial radiologist and a periodontologist
to evaluate how alveolar changes were interpreted. The intraob-
server consistency of the dentomaxillofacial radiologist participat-
ing in the study was found to be moderate in detecting alveolar
bone changes in radiographs, while consistency in interpreting
subtraction images was determined to be good. The periodontol-
ogist observer’s consistency in radiograph evaluation was good,
whereas consistency in interpreting subtraction images was mod-
erate. The good consistency of the periodontology specialist in
detecting alveolar bone changes in radiographs was attributed to
the high speciőcity of perception in the studied area, while the high
consistency of the radiology specialist in DSR was attributed to the
ability of radiology expertise to provide a general perspective that
is not speciőc to the region but adaptable to different areas and
techniques. Interobserver consistency was found to be weak for
repeatable radiograph readings. However, when subtraction images
were evaluated, it was noteworthy that the interobserver consis-
tency for alveolar bone changes in the 0ś6month time frame was
weak in the őrst reading but reached amoderate level in the second
reading. It was concluded that the DSRmethod is more effective in
reaching consensus among evaluators (Table 4).

In their study investigating observer reliability during the eval-
uation of color-coded DSR for assessing changes in alveolar bones,
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Table 7. Evaluation of the radiographic density change parameters of the alveolar bone defect region with observer assesments according to control
periods

CONVENTIONAL SUBTRACTION

Time Period (month) 1G1 1G2 2G1 2G2 1G1 1G2 2G1 2G2

0 - 3
r 0,27 0.55 0.52 0.35 0.71 0.62 0.47 0.70
p 0.03* 0.001** 0.001** 0.001** 0.001** 0.001** 0.001** 0.001**

3 - 6
r 0.24 0.50 0.23 0.24 0.52 0.45 0.36 0.22
p 0.07 0.001** 0.07 0.06 0.001** 0.001** 0.001** 0.08

0 - 6
r 0.26 0.38 0.31 0.27 0.67 0.61 0.56 0.68
p 0.04* 0.001** 0.01** 0.03* 0.001** 0.001** 0.001** 0.001**

Spearsman’s rho test, 1G 1: 1st Observer 1st Reading, 1G 2: 1st Observer 2nd Reading, 2G 1: 2nd Observer 1st Reading, 2G 2: 2nd Observer 2nd Reading ** Correlation is

signiőcant at the 0.01 level (2-tailed). * Correlation is signiőcant at the 0.05 level (2-tailed).

Shi et al28 found a signiőcantly high level of intra-observer agree-
ment, while inter-observer agreement was notably high in the
second assessments of observers. The increase in agreement dur-
ing the second assessment was attributed to observers’ increased
familiarity with black-and-white images and their enhanced ex-
perience in evaluating color-coded images during the second as-
sessment. Similarly, our study also demonstrates an increase in
both intra- and inter-observer agreement during the second as-
sessment, particularly in DSR images. In their study, Cury et al29

compared the effectiveness of DSR and radiographic evaluation in
detecting periodontal bone changes occurring during long-term
monitoring of class II furcation defects. They observed a low inter-
observer agreement rate in radiographic evaluations. Alignment
between DSR images and radiographic evaluations was found to
be low for each observer. Consequently, conventional radiographic
evaluations for the diagnosis andmonitoring of class II furcation
defects in mandibular molars were shown to be more subjective
and less accurate compared to DSR images. Consistent with the
őndings of Cury et al29 intra-observer agreement in our study was
higher in DSR images compared to conventional radiographs, while
inter-observer agreement was weak (Table 4).

Nicopoulou-Karayianni et al 16 utilized radiographic and DSR
images to evaluate the effect of root canal treatment on periapical
lesions and tested observer agreement. When DSR images were
evaluated, both inter- and intra-observer agreements were found
to be statistically signiőcant compared to conventional radiographs.
This study demonstrated better observer agreement in DSR images,
consistent with our study results. 16 In our study, the correlation
between the őrst and second readings of the same observer, as
well as the correlation between the readings of the őrst and sec-
ond observers, was examined. Across all time intervals, signiőcant
positive correlations were found between the assessments of two
observers in the evaluation of radiographs and DSR images (Ta-
ble 5). Observers made similar assessments of the datasets. This
őnding was consistent with the study by Bittar-Cortez et al. 19 Both
observers assessed alveolar bone changes, in the direction of in-
crease during all time periods and with both evaluationmaterials
(Table 3). Furthermore, our study assessed the correlation between
histogrammeasurements (mean grayscale value) obtained through
DSR and observer evaluations. Statistically signiőcant positive cor-
relations were detected between observer assessments at 0ś3 and
0ś6months and changes in radiographic density parameters (p <
0.05). However, a sporadic positive correlation was observed during
the 3-6month period. It was concluded that observer evaluations
yielded similar results to DSR histogrammeasurements (Table 7).

In our study, gingival index (GI), plaque index (PI), periodontal
pocket depth (PD), gingival recession (GR), and bleeding index (BI)
were recorded for the purpose of monitoring oral hygiene control
and periodontal health before and after periodontal surgery, and
the changes in these indexes over time were evaluated (Table 1). It
was observed that there was a statistically signiőcant decrease in GI
and PI over time. Hochstetter et al30 in their study on oral hygiene
education conducted on 58 preschool children, reported a statisti-
cally signiőcant decrease inGI and PI indexes in the group receiving

oral hygiene education. Hugoson et al31 evaluated PI and GI in their
study testing the effectiveness of three different preventive dental
health programs in four hundred patients. As a result, they found
a decrease in PI and GI values over a two-month period.31 In our
study, it was observed that after oral hygiene motivation, patients’
index values rapidly decreased and continued to decrease as long
as patient follow-up continued. Gaspirc and Skaleric32 used GI,
PI, BI, clinical attachment level, and PD parameters in their study
comparing periodontal ŕap surgery performed with Er: YAG laser
and modiőed Widmann ŕap surgery, which we also used as param-
eters. They reported that both treatments resulted in a signiőcant
decrease in GI, PI, BI, and PD parameters over time, while therewas
an increase in clinical attachment level gain.32 In our research, a
decrease in GI, PI, BI, PD, and increase in GR values over time were
observed, and the increase observed in GRwas thought to be related
to the selected incision type. No signiőcant change was observed
in the BI value (Table 2).

Conclusion

Radiographic examination is a necessary and practical method to
detect osseous changes caused by periodontitis and to evaluate the
long-term outcomes of periodontal treatment. However, due to
factors such as observer experience, assessment, and imaging con-
ditions, minimal tissue changes may be overlooked in radiographs.
In cases where precise evaluation is required, as demonstrated in
our study, DSR can provide quantitative data, enabling a more ob-
jective assessment of the examined area. However, the need for
standardization in the imaging geometry and parameters of DSR
complicates its routine clinical use.
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Abstract

Purpose: The objective of this study was to assess the oral health attitudes, knowledge, and behaviors of students in dental and
oral and dental health programs before and after periodontology clinical training, and to investigate the correlations between these
variables and sociodemographic factors.
Materials andMethods: In this study conducted at the end of the spring semester in 2022, we utilized the Turkish version of the
Hiroshima University Dental Behavioral Inventory (HU-DBI). Sociodemographic data, oral hygiene practices, and smoking habits
were collected through a questionnaire. Higher HU-DBI scores reŕect improved oral health attitudes and behaviors. Non-normally
distributed data were analyzed with Mann-Whitney U and Kruskal-Wallis H tests, and categorical data with Pearson’s chi-square
and Bonferroni Z tests, using p < 0.05 for signiőcance.
Results: This study involved 295 students: 151 preclinical dental, 76 clinical dental, 34 preclinical, and 34 clinical oral and dental
health program students. In all groups, female participants were more numerous thanmale participants (p < 0.05). Across all
participants, females had higher overall HU-DBI scores (p < 0.05). Clinical dental students had signiőcantly higher HU-DBI scores
(7.25 ± 1.63) than preclinical dental students (6 ± 1.57). No signiőcant difference was found between preclinical (6.38 ± 1.41) and
clinical oral and dental health program students (6.62 ± 2.09). There was no statistically signiőcant difference in the overall
HU-DBI scores between oral and dental health program students and dental students. No signiőcant correlations were found with
other sociodemographic factors, such as parental education, alcohol, or cigarette use.
Conclusions: Integrating preventive dentistry components into the early-stage curriculummay facilitate an earlier enhancement
of fundamental knowledge and awareness among future dentists and auxiliary personnel in the oral and dental health őeld,
irrespective of sociodemographic factors.

Keywords: Dental student; Education; Health; Knowledge; Oral hygiene

Introduction

Maintaining oral health is a crucial aspect of an individual’s overall
health and generalwelfare. However, the prevalence of oral diseases
remains a signiőcant societal concern. The state of the oral cavity
is inŕuenced by an individual’s attitudes toward oral health. The
behavior and attitudes of oral health care providers towards their
oral health can potentially impact their ability to deliver effective
oral health care, thus inŕuencing the oral health outcomes of their
patients. Dental care providers must exemplify proper oral hygiene
practices by upholding their oral health and serving as role models
for their patients. It is reasonable to assert that dental students
undergo a process of developing and adapting their oral health-
related behaviors and attitudes throughout their undergraduate

education. This development has the potential to impact the oral
health of their future patients. 1

The Hiroshima University-Dental Behavioral Inventory (HU-
DBI), developed by Kawamura, was designed to evaluate individ-
uals’ oral health behaviors and attitudes, particularly concerning
tooth brushing. This inventory comprises twenty dichotomous
responses, categorized as agree or disagree.2 The HU-DBI demon-
strates favorable test-retest reliability, rendering it valuable not
only for comprehending patients but also for prognosticating clin-
ical outcomes.2,3 In contrast, the utilization of this assessment
revealed notable disparities in oral health practices across nations,
primarily attributable to variations in health education systems
and cultural distinctions.4ś8 Furthermore, the research őndings
indicate a positive correlation between the level of education and
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improvements in oral health behavior and attitudes.9ś12

In many dentistry faculties in Turkey, students of oral and den-
tal health programs, who are educated to be auxiliary personnel in
the oral and dental health őeld, receive clinical education alongside
dental students. The heightened level of awareness exhibited by
oral and dental health program students, who play a crucial role
in delivering oral health services alongside dentists, is related to
the order and continuity of the clinical workŕow. A healthy con-
tinuation of the workŕow necessitates teamwork and the sharing
of responsibilities among all dental staff working alongside the
dentist. The training of the staff who assist the dentist at the pa-
tient’s bedside will have a favorable impact on the overall quality of
service. 13

Nevertheless, a comprehensive investigation assessing the oral
health attitudes and behaviors of oral and dental health program
students has not yet been conducted.
This study constitutes the őrst evaluation of oral health-related

attitudes and behaviors among dental students and oral and dental
health program students, conducted both before and after peri-
odontology clinical training. Moreover, the objective of this study
is to assess the possible associations between these attitudes and
behaviors and sociodemographic factors.

Material andMethods

Study design and participants

This study was conducted in the Department of Periodontology
from February to May 2023. The study, approved by the Ethics
Committee for Non-Pharmaceutical and Medical Device Clinical
Research (Decision no: 2022/241), was conducted in compliance
with the protocols outlined in the 1975 Declaration of Helsinki, as
amended in 2013. All subjects who volunteered to participate in
the study provided written and verbal consent. This study was
conducted and reported using the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) standards for
cross-sectional studies. 14

This cross-sectional study comprised all students who agreed
to participate in the study and were enrolled in the spring semester
of the 2022-2023 academic year at the Faculty of Dentistry and Oral
and Dental Health Program. A total of 295 students consented to
participate in the research study. The participants were assessed by
categorizing them into four distinct groups according to their edu-
cational background and clinical involvement: (1) preclinical dental
students, (2) clinical dental students, (3) preclinical oral and dental
health program students, and (4) clinical oral and dental health
program students. During the completion of the questionnaire, the
students were instructed to remain seated in the classroom if they
were willing to participate. The students were provided with an ex-
planation of the study’s goal, and a signed agreement was obtained
from each individual before they őlled out the questionnaire.
Based on the outcomes of the nationwide examination for uni-

versity admissions, students are entitled to enroll in the Faculty
of Dentistry and Oral and Dental Health Program. The dentistry
curriculum spans őve years, with the initial three years dedicated
to preclinical training and the subsequent two years focused on
clinical training. During the preclinical phase of their education,
students are required to participate in basic science lectures and en-
gage in laboratory courses. From the fourth year onwards, students
are responsible for administering care to patients. Periodontics
theoretical training is provided in the third and fourth years. The
completion of clinical training occurs at the end of the őfth year.
The two-year curriculum of the oral and dental health program,

which trains assistant personnel for dentists and does not authorize
intraoral applications on patients (unlike dental hygienists), is pre-
clinical in the őrst year and clinical in the second year. By the end
of the őrst year, students will have completed the basic theoretical

periodontology courses.

Questionnaire instrument

The questionnaire was used to collect information about the so-
ciodemographic characteristics of the participants, including gen-
der, parental education level, and place of residence. Additionally,
the participants were asked about their smoking and oral hygiene
habits.

Evaluation of oral health behaviors and attitudes of indi-
viduals

The oral health behaviors and attitudes of the individuals partici-
pating in the studyweremeasured using the HU-DBI questionnaire
translated into Turkish by Yıldız et al. 15. The HU-DBI is a ques-
tionnaire consisting of 20 questions about tooth brushing habits.
When determining the HU-DBI scores, one point was given for
each response that agreed with items 4, 9, 11, 12, 16, and 19, and
one point was given for each response that disagreed with items 2,
6, 8, 10, 14, and 15. The highest possible HU-DBI score was 12, with
higher levels suggesting superior oral health behavior2. The score
for oral health knowledge was inŕuenced by items 2, 8, 10, 15, and
19. Similarly, the score for oral health attitudes was inŕuenced by
items 6, 11, and 14. Lastly, the score for oral health behaviors was
inŕuenced by items 4, 9, 12, and 16. 16

Statistical analysis

Considering the HU-DBI results of the reference study, this study
was completed with 295 participants with 95% conődence (1-α),
f = 0.351 effect size, and as a result of post hoc power analysis, the
power of the test (1-β) was obtained as 100%. 17 The data were
examinedusing statistical software (SPSS version 23, IBM,Armonk,
NY). The normality of the data was assessed using the Kolmogorov-
Smirnov and Shapiro-Wilk tests. The Mann-Whitney U test was
used to compare pairs of non-normally distributed data. Three or
more categories of non-normally distributed data were compared
using the Kruskal-Wallis H test, and multiple comparisons were
examined using Dunn’s test. Pearson’s chi-square test was used
to compare categorical data, and the Bonferroni corrected Z test
was used to examine multiple comparisons. The analysis results
were reported in the formof frequency (percentages) for categorical
variables, means ± standard deviations for quantitative variables,
andmedians (minima śmaxima) for quantitative variables. The
study accepted a statistical signiőcance value of p < 0.05.

Results

Sociodemographic data

The study was completed with the participation of a total of 295
students. The distribution of students across different levels of den-
tistry and oral and dental health programs was as follows: 151 pre-
clinical dental students (1st, 2nd, and 3rd level) constituted 51.1% of
the total, 76 clinical dental students (4th and 5th level) accounted
for 25.7%, 34 preclinical oral and dental health program students
(1st grade) included 11.4%, and 34 clinical oral and dental health
programstudents (2ndgrade) also constituted 11.4%of the total stu-
dent population. The mean ages of the preclinical dental students,
clinical dental students, preclinical oral and dental health program
students, and clinical oral and dental health program students were
20.52, 23.03, 19.53, and 20.85 years, respectively.
Table 1 presents the distribution of the students’ demographic

characteristics by educational background. Within each group, the
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Table 1. The distribution of demographic characteristics by educational backgrounds

Participants Dental students
Oral and dental health
program students

P value

n (%)X n (%)X

Gender
Male 71 (31.2) 10 (14.7) 0.001*
Female 156 (68.7) 58 (85.2)

Place of Residence
Urban 213 (93.8) 58 (85.2) 0.001*

Semi-rural 11 (4.8) 5 (7.3)
Rural 3 (1.3) 5 (7.3)

Mother Education Level

Illiterate/ Primary school 84 (36.9)a 42 (61.7)b 0.001*
Secondary school 27 (11.8)a 19 (32.7)b

High school 59 (25.9)a 5 (7.3)b

University 57 (25.1)a 2 (2.9)b

Father Education Level

Illiterate/ Primary school 42 (18.5)a 29 (42.6)b 0.001*
Secondary school 25 (11.0) 14 20.5)
High school 42 (18.5) 18 (26.4)
University 118 (51.9)a 7 (10.2)b

*p<0.05, chi-square test, there is no difference between groups with the same letter

number of female participants was statistically signiőcantly higher
compared to the number of male participants (p < 0.05). The ed-
ucational levels of the mothers of dental students, as well as the
educational levels of their fathers and the rates of urbanization,
exhibited statistically signiőcant differences when compared to
those of oral and dental health program students (p < 0.05).

Evaluation of HU-DBI responses

Table 2 displays the HU-DBI statements and the percentage dis-
tribution of students who expressed agreement and disagreement
with the statements, categorized bygroup. Notable differenceswere
observed in 6 items (3, 10, 11, 14, 15, and 20) between groups. No
signiőcant difference was found between the groups in terms of
alcohol use, daily tooth brushing, or dental ŕossing habits.

Evaluation of HU-DBI scores

The overall HU-DBI scores indicated the highest scores in the clin-
ical dental student group and the lowest in the preclinical dental
student group (Table 3). The differences in the overall HU-DBI
scores, as well as the HU-DBI knowledge and attitudes indexes
between clinical dental students and preclinical dental students,
were statistically signiőcant. There was no statistically signiőcant
difference in the overall HU-DBI scores or the HU-DBI knowledge,
attitudes, and behavior indexes between preclinical oral and dental
health program students and clinical dental students, or between
these two groups and the other groups. In the HU-DBI behavior
index, no signiőcant difference was found among any of the groups.

HU-DBI scores bygender, socio-demographic status, gen-
eral health behavior, oral hygiene habits

Female students had a signiőcantly higher overall HU-DBI score
(6.53 ± 1.68) than male students (6.08 ± 1.85) (p<0.05). Students
who reported regularly attending dental check-ups (6.92±1.71) and
brushing their teeth at least twice a day (2.04±0.65) had signiő-
cantly higher overall HU-DBI scores (p<0.05). The students who
consistently reported engaging in daily ŕossing had a signiőcantly
higher overallHU-DBI (6.74± 1.54) andknowledge index score (3.28
± 1.08) (p < 0.05). There was no signiőcant relationship between
HU-DBI scores and other variables related to sociodemographic
status, alcohol, and cigarette use (p > 0.05).

Discussion

This study aimed to assess the oral and dental health behaviors and
attitudes of students enrolled in dentistry and oral and dental health
programs. The results revealed that clinical dental students (7.25 ±
1.63) had the highest HU-DBI score. The overall HU-DBI scores of
clinical dental students were signiőcantly higher than those of pre-
clinical dental students (6 ± 1.57). In our study, both dental students
and oral and dental health program students were predominantly
female. Previous studies have found that the increasing number
of female dental students is consistent with global trends. 18ś21

This trend is also observable among oral and dental health program
students, aligning with previous research conducted on dental hy-
gienist students, a similar professional group.22

These őndings, indicating that the educational attainment of
dental students’ parents was considerably higher than that of oral
and dental health students’ parents, may suggest that dental stu-
dents tend to come frommore educated families. These results are
similar to the őndings of many other studies. 19,21ś23

Previous research utilizing the HU-DBI scoring system has con-
sistently shown that clinical dental students tend to have higher
scores than their preclinical counterparts. This trend has been ob-
served in several countries, including Lithuania, Poland, Croatia,
Romania, Jordan, and Turkey. 12,15,24ś26 The widely accepted hy-
pothesis regarding this difference suggests that dental education
enhances students’ knowledge of oral health, which positively in-
ŕuences their attitudes and behaviors. 16 In a study conducted in
Estonia, no signiőcant difference was observed between the overall
HU-DBI scores of preclinical and clinical dental students.27 In the
present study, similar to many other studies, the overall HU-DBI
scores of dental clinical students were higher than those of preclin-
ical students. 12,15,24ś26 Cultural disparities betweenWestern and
Eastern societies seem to signiőcantly impact students’ attitudes
and perceptions regarding oral health behavior. As dental students
enter the clinical setting and continue their periodontology educa-
tion, there is a noticeable improvement in their oral health-related
knowledge and attitudes, likely due to increased educational attain-
ment and direct patient interactions.
Kawamura et al.4 evaluated HU-DBI scores among dental hy-

giene students, őnding that second-grade students had signiő-
cantly higher scores than őrst-grade students. In contrast, the
present study found no signiőcant difference between the HU-DBI
scores ofőrst and second-year students in the oral anddental health
program. This could be due to the curriculum, as students complete
basic periodontology training by the end of their őrst year.
In the dental curriculum, basic periodontology training contin-

ues into the clinical phase. However, in the curriculum of the oral
and dental health program, this training is completed by the end of
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Table 2. Students responses to the Hiroshima University Dental Behavior Inventory (HU-DBI)

Preclinical
dental
studentsX

Clinical
dental
studentsX

Preclinical oral
and dental

health program studentsX

Clinical oral and
dental health

program studentsX
P*

1. I don’t worrymuch
about visiting the dentist
Agree 108 (71.5) 48 (63.2) 24 (70.6) 30 (88.2) 0.200
Disagree 43 (28.5) 28 (36.8) 10 (29.4) 4 (11.8)
2. My gums tend to bleed
when I brushmy teeth
Agree 27 (17.9) 7 (9.2) 5 (14.7) 7 (20.6) 0.108
Disagree 124 (82.1) 69 (90.8) 29 (85.3) 27 (79.4)
3. I worry about the color of my teeth
Agree 73 (48.3)a 18 (23.7)b 9 (26.5)a,b 13 (38.2)ab 0.002*
Disagree 78 (51.7) 58 (76.3) 25 (73.5) 21 (61.8)
4. I have noticed some white
sticky deposits onmy teeth
Agree 41 (27.2) 14 (18.4) 6 (17.6) 4 (11.8) 0.095*
Disagree 110 (72.8) 62 (81.6) 28 (82.4) 30 (88.2)
5. I use a child sized toothbrush
Agree 15 (9.9) 11 (14.5) 5 (14.7) 4 (11.8) 0.582
Disagree 136 (90.1) 65 (85.5) 29 (85.3) 30 (88.2)
6. I think that I cannot help
having false teeth when I am old
Agree 19 (12.6) 7 (9.2) 3 (8.8) 6 (17.6) 0.065*
Disagree 132 (87.4) 69 (90.8) 31 (91.2) 28 (82.4)
7. I am bothered by the color of my gums
Agree 27 (17.9) 6 (7.9) 5 (14.7) 6 (17.6) 0.070*
Disagree 124 (82.1) 70 (92.1) 29 (85.3) 28 (82.4)
8. I thinkmy teeth are getting
worse despite my daily brushing
Agree 38 (25.2) 10 (13.2) 3 (8.8) 7 (20.6) 0.085*
Disagree 113 (74.8) 66 (86.8) 31 (91.2) 27 (79.4)
9.I brush each of my teeth carefully
Agree 106 (70.2) 61 (80.3) 29 (85.3) 29 (85.3) 0.143
Disagree 45 (29.8) 15 (19.7) 5 (14.7) 5 (14.7)
10. I have never been taught
professionally how to brush
Agree 58 (38.4)a 15 (19.7)a 9 (26.5)a,b 10 (29.4)a,b 0.033
Disagree 93 (61.6) 61 (80.3) 25 (73.5) 24 (70.6)
11. I think I can cleanmy teeth
well without using toothpaste
Agree 23 (15.2)a,c 31 (40.8)b 4 (11.8)c 8 (23.5)a,b,c <0.001
Disagree 128 (84.8) 45 (59.2) 30 (88.2) 26 (76.5)
12. I often checkmy teeth
in a mirror after brushing
Agree 140 (92.7) 69 (90.8) 33 (97.1) 33 (97.1) 0.569
Disagree 11 (7.3) 7 (9.2) 1 (2.9) 1 (2.9)
13. I worry about having bad breath
Agree 119 (78.8) 57 (75) 21 (61.8) 26 (76.5) 0.325
Disagree 32 (21.2) 19 (25) 8 (23.5)
14. It is impossible to prevent gum
disease with toothbrushing alone
Agree 117 (77.5)a 39 (51.3)b 24 (70.6)a,b 23 (67.6)a,b 0.001
Disagree 34 (22.5) 37 (48.7) 10 (29.4) 11 (32.4)
15. I put off going to the dentist
until I have a toothache
Agree 81 (53.6)a,c 24 (31.6)b 23 (67.6)c 11 (32.4)a,b <0.001*
Disagree 70 (46.4) 52 (68.4) 11 (32.4) 23 (67.6)
16. I have used a dye to
see how cleanmy teeth are
Agree 3 (2) 2 (2.6) 2 (5.9) 1 (2.9) 0.807
Disagree 148 (98) 74 (97.4) 32 (94.1) 33 (97.1)
17. I use a toothbrush
which has hard bristles
Agree 34 (22.5) 12 (15.8) 5 (14.7) 9 (26.5) 0.474
Disagree 117 (77.5) 64 (84.2) 29 (85.3) 25 (73.5)
18. I don’t feel I’ve brushed well
unless I brush with strong strokes
Agree 46 (30.5) 15 (19.7) 9 (26.5) 13 (38.2) 0.290
Disagree 105 (69.5) 61 (80.3) 25 (73.5) 21 (61.8)
19. I feel I sometimes take too
much time to brushmy teeth
Agree 27 (17.9) 20 (26.3) 6 (17.6) 10 (29.4) 0.425
Disagree 124 (82.1) 56 (73.7) 28 (82.4) 24 (70.6)
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20. I have hadmy dentist tell
me that I brush very well
Agree 47 (31.1)a 48 (63.2)b 15 (44.1)a,b 19 (55.9)a,b <0.001*
Disagree 104 (68.9) 28 (36.8) 19 (55.9) 15 (44.1)
Other items evaluated the health behaviors
and oral hygiene behaviors of students.
I drink alcohol atleast once a week
Agree 2 (1.3) 3 (3.9) 1 (2.9) 0 (0) 0.444
Disagree 149 (98.7) 73 (96.1) 33 (97.1) 34 (100)
I smoke at least once a week
Agree 14 (9.3)b 17 (22.4)a 6 (17.6)a,b 9 (26.5)a 0.015*
Disagree 137 (90.7) 59 (77.6) 28 (82.4) 25 (73.5)
I visit the dentist at least once
a year for a check-up
Agree 82 (54.3)a,c 59 (77.6)b 11 (32.4)c 20 (58.8)a,b,c <0.001*
Disagree 69 (45.7) 17 (22.4) 23 (67.6) 14 (41.2)
I ŕoss regularly every day
Agree 64 (42.4) 40 (52.6) 10 (29.4) 11 (32.4) 0.135
Disagree 87 (57.6) 36 (47.4) 24 (70.6) 23 (67.6)
I brushmy teeth twiceor more a day
Agree 117 (77.5 57 (75) 25 (73.5) 30 (88.2) 0.130
Disagree 34 (22.5) 19 (25) 9 (26.5) 4 (11.8)

*p<0.05, chi-square test. There is no difference between groups with the same letter.

the őrst year. This difference may explain why preclinical dental
students have signiőcantly lower HU-DBI scores compared to other
groups, while no signiőcant difference is observed among the other
groups.

The comparison of the HU-DBI knowledge, behavior, and at-
titude indexes between clinical and preclinical dental students
showed a signiőcant difference in the HU-DBI knowledge and atti-
tude index, with clinical students exhibiting a higher score. How-
ever, no signiőcant difference was found in the behavior index.
A study was conducted on dental students in Germany, which re-
vealed a notable difference only in the behavioral index, favoring
clinical dental students.20 Conversely, another investigation con-
ducted on dental students in Estonia did not identify any signiőcant
distinction between clinical and preclinical dental students.27

In the present study, a comparison was made between the re-
sponses of clinical and preclinical dental students to HU-DBI ques-
tions. The őndings revealed that a signiőcantly higher propor-
tion of preclinical dental students expressed concerns regarding
the color of their teeth, reported not receiving prior instructions
on proper tooth brushing techniques, relied on toothpaste for ef-
fective teeth cleaning, believed that gingival health could not be
adequately maintained through brushing alone, visited the den-
tist only because of pain, and had not received prior afőrmations
from a dentist regarding their brushing proőciency. These differ-
ences in responses may be attributable to the completion of basic
periodontology training and clinical training.

When the oral and dental health students were compared, it
was seen that there was only a difference in item 15. More oral and
dental health preclinical students than clinic students stated that
they only go to the dentist when they have pain.

This study did not őnd any statistically signiőcant difference in
the HU-DBI scores between participants who consumed alcohol at
least once a week and those who did not, consistent with the őnd-
ings of Riad et al.20 In the present study, 13.7% of all participants
and 13.6% of dentistry students smoked at least once a week. This
result is lower than the rate of smokers in previous studies con-
ducted on dentistry students in Turkey. 15,28,29 However, a similar
result was obtained from a study conducted in Estonia.27 In the
same previous study, the HU-DBI scores of smokers were signiő-
cantly lower than those of nonsmokers. In contrast to the őndings
of the previous study, this study did not observe a signiőcant effect
of smoking on HU-DBI scores.

Previous studies have shown a positive correlation between

parents’ educational level and their children’s oral hygiene prac-
tices. 30,31 Children with more educated parents tend to have better
oral hygiene habits, indicating the signiőcant inŕuence of parental
education and knowledge on developing these habits. However, in
the present study, no statistically signiőcant difference in HU-DBI
scores was found based on the educational level of students’ par-
ents (p>0.05). Given that the study included dental and oral and
dental health program students who were already educated about
oral health, it can be inferred that their HU-DBI scores were not
affected by their parents’ educational background.

There is a commonly held belief that females have a greater
propensity for attending to their physical well-being andmaintain-
ing their looks compared to males. A similar expectation is also
anticipated about dental appointments and behaviors related to
oral health. According to the study conducted by Ostberg et al.32, it
was observed that adolescent girls between the ages of thirteen and
eighteen had superior performance on behavioral assessments and
displayed a greater inclination toward oral health compared to boys
within the same age group. Although it is an expected result that
female students have higher HU-DBI scores, some studies do not
őnd a relationship between HU-DBI scores and gender.20,24,27 In
contrast, a study in Romania revealed behavioral and attitude dif-
ferences between genders among dental students.25 In the present
study, similar to this research, female students’ overall HU-DBI
scores and HU-DBI knowledge indexes were signiőcantly higher
thanmale students.

The present study aimed to assess dental students and oral and
dental health program students in terms of oral health attitudes,
knowledge, and behaviors. Additionally, the study attempted to
identify the variables that may inŕuence these factors. To our
knowledge, no other study has evaluated the oral health knowl-
edge, attitudes, and behaviors of oral and dental health program
students before and after periodontology clinical training. Further-
more, there is a lack of investigation into the potential impact of
variables such as urbanization and family education level on these
outcomes.

The limitations of the study include the lack of a baseline evalu-
ation before the initiation of basic periodontology training and the
absence of a separate analysis ofHU-DBI scores by class year among
dental students. Additionally, the single-center designmay restrict
the generalizability of the őndings to other institutions. The cross-
sectional approach further limits the ability to establish causality
or assess changes over time. Moreover, reliance on self-reported
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Table 3. Comparison of oral health knowledge, attitudes, behaviors and overall HU-DBI score by the groups

Preclinical
dental studentsX

Clinical
dental studentsX

Preclinical oral and
dental health

program studentsX

Clinical oral
and dental health
program studentsX

p*

Overall
HU-DBI score

Mean ± SD 6 ± 1.57 7.25 ± 1.63 6.38 ± 1.41 6.62 ± 2.09
<0.001*

Median(min-max) 6 (2 - 9)a 7 (3 - 10)b 6.5 (2 - 11)a,b 7 (2 - 10)a,b

HU-DBI
knowledge index

Mean ± SD 2.83 ± 1.11 3.53 ± 1.04 3 ± 1.04 3.26 ± 1.33
<0.001*

Median (min-max) 3 (0 - 5)a 4 (1 - 5)b 3 (0 - 5)a,b 4 (0 - 5)a,b

HU-DBI
attitudes indexes

Mean ± SD 1.25 ± 0.62 1.8 ± 0.88 1.32 ± 0.53 1.38 ± 0.89
<0.001*

Median(min-max) 1 (0 - 3)b 2 (0 - 3)a 1 (0 - 2)a,b 1 (0 - 3)a,b

HU-DBI
behaviour index

Mean ± SD 1.92 ± 0.7 1.92 ± 0.61 2.06 ± 0.6 1.97 ± 0.52
0.963

Median(min-max) 2 (0 - 4) 2 (0 - 3) 2 (1 - 4) 2 (1 - 3)

* p<0.05, Kruskal-Wallis H test. There is no difference between groups with the same letter.

data introduces the potential for response bias, as participants may
overreport positive behaviors.

Conclusion

This study found that clinical dental students had higher oral health
scores than preclinical dental students, underscoring the impor-
tance of introducing elements of preventive dentistry into the Turk-
ishdental curriculumat an earlier stage to enhance the foundational
knowledge and awareness of future dental professionals. However,
there was no signiőcant difference between clinical and preclinical
oral and dental health program students. Female students also ex-
hibited higher scores. This research provides insights into factors
inŕuencing dental and oral health attitudes among students and
suggests the need for further investigation into the effectiveness of
oral health education programs.
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Nedzelskiene I. Self-reported oral health behavior and attitudes
of dental and technology students in Lithuania. Stomatologija.
2014;16(2):65ś71.

27. Riad A, Pold A, Olak J, Howaldt HP, Klugar M, Krsek M,
et al. Estonian Dental Students’ Oral Health-Related Knowl-
edge, Attitudes and Behaviours (KAB): National Survey-Based
Study. Int J Environ Res Public Health. 2022;19(3):1908.
doi:10.3390/ijerph19031908.

28. Gurlek O, Baser U, Beklen A, Guncu GN, Hakki SS, Haytac MC,
et al. The rate of tobacco smoking amongdental school students
in Turkey. Ege univ dis hekim fak derg. 2019;40(3):185ś191.
doi:10.5505/eudfd.2019.49379.

29. Peker I, AlkurtMT. Oral HealthAttitudes andBehavior among a
Group of Turkish Dental Students. Eur J Dent. 2009;3(1):24ś31.
doi:10.1055/s-0039-1697402.

30. Al Mejmaj DI, Nimbeni SB, Alrashidi RM. Association between
Demographic Factors Parental Oral Health Knowledge and their
Inŕuences on the Dietary and Oral Hygiene Practices followed
by Parents in Children of 2-6 Years in Buraidah City Saudi Ara-
bia: A Pilot Study. Int J Clin Pediatr Dent. 2022;15(4):407ś411.
doi:10.5005/jp-journals-10005-2409.

31. Chen L, Hong J, Xiong D, Zhang L, Li Y, Huang S, et al. Are
parents’ education levels associatedwith either their oral health
knowledge or their children’s oral health behaviors? A survey
of 8446 families in Wuhan. BMC Oral Health. 2020;20(1):203.
doi:10.1186/s12903-020-01186-4.

32. Ostberg AL, Halling A, Lindblad U. Gender differences
in knowledge, attitude, behavior and perceived oral health
among adolescents. Acta Odontol Scand. 1999;57(4):231ś236.
doi:10.1080/000163599428832.

http://dx.doi.org/10.1016/S0140-6736(07)61602-X
http://dx.doi.org/10.1016/S0140-6736(07)61602-X
http://dx.doi.org/10.1055/s-0039-1698889
http://dx.doi.org/10.1038/s41405-019-0024-x
http://dx.doi.org/10.1038/s41405-019-0024-x
http://dx.doi.org/10.1034/j.1600-0579.2000.040206.x
http://dx.doi.org/10.1034/j.1600-0579.2000.040206.x
http://dx.doi.org/10.1002/j.0022-0337.2011.75.1.tb05030.x
http://dx.doi.org/10.1002/j.0022-0337.2011.75.1.tb05030.x
http://dx.doi.org/10.1186/s12909-015-0500-5
http://dx.doi.org/10.1186/s12909-015-0500-5
http://dx.doi.org/10.3389/fmed.2022.852660
http://dx.doi.org/10.1002/j.0022-0337.2012.76.6.tb05316.x
http://dx.doi.org/10.1111/idh.12192
http://dx.doi.org/10.1002/j.0022-0337.2006.70.2.tb04073.x
http://dx.doi.org/10.1002/j.0022-0337.2006.70.2.tb04073.x
http://dx.doi.org/10.1002/j.0022-0337.2013.77.9.tb05589.x
http://dx.doi.org/10.3390/ijerph19031908
http://dx.doi.org/10.5505/eudfd.2019.49379
http://dx.doi.org/10.1055/s-0039-1697402
http://dx.doi.org/10.5005/jp-journals-10005-2409
http://dx.doi.org/10.1186/s12903-020-01186-4
http://dx.doi.org/10.1080/000163599428832


European Annals of Dental Sciences
Official Publication of Ankara University, Faculty of Dentistry 

E A 
D S

EADS, 2024, 51 (3), 162ś167

e-ISSN : 2757-6744

doi : 10.52037/eads.2024.0026

Article Received/Accepted : July, 25 2024 / December, 3 2024

Ethical Committee No : 2022/167

OR I G I NA L R E S E ARCH ART I C L E

Determination of Gingival Phenotype and Gingival

Recession Type in Patients Postorthodontic Treatment

Tuğba Şahin ID

Abant Izzet Baysal University, Faculty of Dentistry, Department of Periodontology, Bolu, Türkiye

Corresponding Author; sahintugba1432@gmail.com

Abstract

Purpose: Gingival recession is a commonly reported symptom following orthodontic treatment, for which identiőcation is crucial
to therapeutic management. This study aimed to determine the frequency of recession occurring after orthodontic treatment,
assess the gingival phenotype in patients with recession, and investigate the various types of recession.
Materials andMethods: This study involved 80 patients aged 18-65 years who had completed őxed orthodontic treatment, and
they were categorized into two groups based on the presence of gingival recession. Periodontal indices were obtained for all
patients. Patients with gingival recession had assessments taken for gingival recession depth, gingival recession width, gingival
tissue thickness, and keratinized gingival width. Statistical analyses were performed with a signiőcance level of p<0.05 to
compare participants with and without gingival recession.
Results: Patients with gingival recession exhibited signiőcantly lower rates of gingivitis than those without gingival recession.
Tooth number 31 exhibited the highest incidence of gingival recession, at 31.2%. Gingival recession was observed in 93.5% of Cairo
Class 1 patients. Among the participants, 51.9% had a thin gingival phenotype, while 48.1% had a thick phenotype.
Conclusions: Tominimize the risk of gingival recession andmaintain periodontal health, the study highlights the need for careful
evaluation and preventive actions throughout and following orthodontic treatment.

Keywords: Gingival recession; Gingivitis; Orthodontics

Introduction

The apical displacement of the gingival margin concerning the ce-
mentoenamel junction is known as gingival recession. 1 Gingival
recession during orthodontic tipping and translational motions
might result from a narrowedmandibular symphysis, a narrower
free gingival margin, inadequate plaque control, and aggressive
tooth brushing.2 The gingival phenotype, which includes the gin-
giva’s thickness and the keratinized tissue’s width, determines the
periodontal phenotype. Gingival thickness can be assessed and
classiőed as either thick or thin, based on direct measurements
following the criteria established by Seibert and Lindhe.3 Further-
more, maintaining at least 2 mm of keratinized gingiva and 1 mm
of attached gingiva is essential for preserving periodontal health
and stability.4

In order to arrange orthodontic therapy for anymalocclusion, it
is necessary to ascertain the kind and order of tooth movements.
This can include comprehensive orthodontic treatment, which fo-
cuses on correcting the malocclusion completely, or adjunctive or-
thodontic treatment, which moves teeth to improve a particular
aspect of the occlusion to support other dental procedures meant
to control disease and restore function.5 Orthodontic therapy can

correct toothmisalignment resulting from periodontitis, but itmay
also have adverse consequences on periodontal soft tissues, includ-
ing gingivitis, gingival enlargement, and gingival recession.6 Ap-
plying too much pressure on the periodontal ligament might result
in crushing, restricted blood ŕow, deterioration, and delayedmove-
ment of the tooth. Applying a moderate amount of force slows
down the process of bone resorption caused by ligament stran-
gling. On the other hand, applying a modest amount of force leads
to reduced blood supply but still allows for both bone resorption
and toothmovement to occur simultaneously.5 During orthodontic
therapy, gingival recession can be signiőcantly inŕuenced by the
direction of tooth movement and the thickness of the gingiva.7

The prevalence of gingival recession during orthodontic treatment
is signiőcantly related to gingival tissue biotype, the depth of at-
tached tissue, pro-inclination, considerable maxillary expansion,
and vestibular inclination tooth movement.8 Dorfman et al. (1978)
indicated that gingival recession is mostly noticed in teeth with a
greater degree of inclination compared to teeth with a lesser degree
of inclination.9 Alterations in the position of the lower incisors,
particularly an extreme forward inclination, following orthodon-
tic treatment, might potentially contribute to the occurrence of
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gingival recession. 10 More severe gingival recession is more likely
when there is incisor retroclination with mesial basal connections
and a decrease in the sagittal intermaxillary angle. 11 Contrary to
non-proclined teeth, mandibular incisors that are proclined did
not exhibit a higher likelihood of gingival recession throughout a
őve-year period of observation. 12 Similarly, in another study, the
change in lower incisor inclination during treatment did not affect
the development of labial gingival recessions in a patient; simi-
larly. 13 Irrespective of the orthodontic treatment approach, having
more keratinized gingival height, a wider mandibular symphysis,
and a larger intercanine width after treatment are linked to a lower
likelihood of developing gingival recession. On the other hand, a
greater arch depth is associated with a higher risk of gingival re-
cession. Moreover, opting for nonextraction therapy is linked to
a higher probability of experiencing gingival recession. 14 There
was no association between gingival recession and pretreatment
angle classiőcation, ANB angle, overjet, overbite, arch width, or
mandibular divergence. 15

Orthodontic treatment has many consequences. The study’s
null hypothesis is that there is no relationship between posttreat-
ment gingival phenotype and gingival recession and no differences
among different types of gingival recession in patients who un-
derwent orthodontic treatment. This study aimed to determine
the posttreatment gingival recession status, gingival phenotype (if
gingival recession was present), and type of recession in patients
who underwent orthodontic treatment.

Material andMethods

Study settings

The Bolu Abant Izzet Baysal University Clinical Research Ethics
Committee authorized the protocol (2022/167), and the study was
carried out in compliance with the Declaration of Helsinki. Each
participant was thoroughly informed about the study’s aims, the
questionnaire, and the principles of theHelsinki Declaration 16, and
subsequently provided written informed consent. Information re-
garding compliancewith the STROBEguidelines for cross-sectional
studies is provided. The research focused on individuals with gingi-
val recession and was conducted at the Periodontology Department
of the Faculty of Dentistry from July 2022 to January 2024.

Study population calculations

The power analysis conducted using the G Power program (G *
Power 3.1 software, Heinrich Heine University, Germany) for the
t-test determined that a minimum of 80 participants in total, with
40 participants in each subgroup, were required to achieve a power
level of 0.85 (1-β), an effect size of 0.60 (d), and a margin of error
(α) of 0.05.

Eligibility criteria

Inclusion criteria

Patients aged 18-65 years who had completed őxed orthodontic
treatment were included in the study.

Exclusion criteria

Exclusion criteria included uncontrolled diabetes, use of radiother-
apy, chemotherapy, or immunosuppressants, tobacco use, preg-
nancy and lactation, and any etiology of gingival recession other
than orthodontic treatment. The study did not include patients
involved in Invisalign (Align Technology, Arizona, USA) functional
or lingual őxed orthodontics.

Study design

The study comprised a cohort of eighty patients aged eighteen to
sixty-őve who had just completed treatment at the Orthodontic
Clinic. The patients were categorized into two groups based on the
presence of gingival recession: a group with gingival recession (n =
40) and a group without gingival recession (n = 40). Information
about demographic characteristics (age, sex), anthropometricmea-
surements (height and weight), and health status (systemic status
andmedication use) was obtained from the patients.

Measurement of periodontal status and gingival recession

A single calibrated examiner (T.S.) conducted the clinical oral ex-
amination, including teeth evaluation. The evaluation performed
on all subjects included the following measurements: plaque in-
dex 17, gingival index 18, bleeding on probing 19, clinical attachment
level, and probing pocket depth. The probingmeasurements were
done using a manual UNC-15 periodontal probe (PCP15; Hu-Friedy,
Chicago, IL, USA) at each tooth. The gingival and plaque indices
were assessed using a scale ranging from zero to three. The occur-
rence or non-occurrence of bleeding was assessed for each tooth
following probing. The probing depth, assessed at six locations in
each tooth, is deőned as the distance from the bottom of the gin-
gival sulcus to the edge of the gingival margin. In the group with
gingival recession, the Cairo classiőcation20, gingival thickness
(mm), keratinized gingival width (mm), gingival recession depth
(mm), gingival recessionwidth (mm), presence/absence of enamel-
cementum junction (+/-), and presence/absence of cervical step
(+/-) were determined.
The gingiva was anesthetized using a topical anesthetic. An

endodontic őle size 06 with a rubber stop/caliper was inserted per-
pendicularly at a point centered between the gingival margin and
the mucogingival junction. This measurement was taken with a
periodontal probe. The width of the keratinized gingiva was deter-
mined bymeasuring the distance from the mucogingival junction
to the free gingival margin, extending from themost apical point
of the margin to the mucogingival edge.

Statistical method

The statistical analyses were conducted using IBM SPSS Statistics
(Version 26.0, Armonk, NY: IBM Corp.). Categorical data were pre-
sented as numbers and percentages. Independent sample t-tests
were used to compare measurement data, as well as age, height,
and weight, between the two groups. Statistical signiőcance was
set at p<0.05.

Results

Demographic characteristics

The age, sex, height, and weight distribution were similar between
the groups with and without gingival recession. A total of 27.5% of
the patients were male, and 72.5%were female (Table 1).

Periodontal indices and condition

Patients with gingival recession had a signiőcant difference in pe-
riodontal health and gingivitis compared to those without this con-
dition (p<0.05). Patients without gingival recession had a higher
rate of gingivitis compared to those with gingival recession.
A statistically signiőcant difference was observed between the

groups concerning thegingival index, bleedingonprobing, gingival
recession, and attachment loss (p<0.05). There was no statistically
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Table 1. Demographic characteristics of patients

f %

Gender
Male 22 27.5
Female 58 72.5
N Median (Min./Max.) Mean±S.d.

Age 80 20(18/58) 21.28±6.35
Height 80 168(153/187) 167.83±8.44
Weight 80 58.5(42/100) 60.76±11.83

f: frequency, Frequency and descriptive analysis used for demographic characteris-
tics of patients.

signiőcant difference between the groups regarding the plaque
index or probing depth (p>0.05) (Table 2).

Gingival recession status

In the gingival recession group, 77 teeth from 40 patients were
examined. The results indicated that the highest number of teeth
with recession were tooth 31 (31.2%), tooth 41 (20.8%), and tooth
42 (13%). When the seventy-seven teeth were evaluated using the
Cairo Classiőcation, 93.5%were in Cairo Class 1, 5.2%were in Cairo
Class 2, and 1.3% were in Cairo Class 3. Assessment of gingival
thickness showed that 51.9% of patients had a thickness of 1mm,
41.6% had a thickness of 2mm, 5.2% had a thickness of 3mm, and
1.3% had a thickness of 4mm. Upon evaluating the gingival biotype
classiőcation, 51.9% of the patients were categorized as having
a thin biotype, while 48.1% had a thick biotype. Regarding the
identiőable cemento-enamel junction classiőcation, 84.4% of the
patients fell into Category A, and 15.6% into Category B. When the
root surface step was evaluated, 45.5% of the patients were in the
plus category, and 54.5%were in the minus category (Table 3).

The mean gingival recession depth of the 77 teeth examined
in patients with gingival recession was 1.55±1.10 mm. The mean
gingival recession width was 2.79±0.86 mm. The mean width of
the keratinized gingiva was 3.53±1.96 mm (Table 4).

Discussion

The objectives of this research were to determine the incidence of
gingival recession following orthodontic treatment, evaluate the
gingival phenotype in patients experiencing recession, and exam-
ine the different types of recession. The study’s null hypothesis
posits no association between post-treatment gingival phenotype
and gingival recession, nor are there any differences among var-
ious types of gingival recession in patients who have undergone
orthodontic treatment. In this study, gingival recession after or-
thodontics was mostly seen in teeth 31, 41, and 42, Cairo 1 classiő-
cation, and a thin gingival phenotype.

Orthodontic treatment can adversely affect mucogingival con-
ditions. Patients with a thin gingival phenotype may experience
recession problems as a result of labial tooth movement, namely
the forward positioning of mandibular incisors. Postorthodontic
tooth position changes can arise from non-passive retention de-
vices, leading to increased recession defects and root exposure.21

A comprehensive analysis of seven trials revealed no association
between themovement of the mandibular incisor teeth produced
by dental appliances and the occurrence of gingival recession. Con-
tributing factors to gingival recession following orthodontic tipping
and translation movements include a thinner free gingival mar-
gin, a narrow mandibular symphysis, poor plaque control, and
vigorous tooth brushing.2 In their study, Rankeme et al. (2013)
documented a rise in the occurrence of gingival recession on both
the labial/buccal and lingual/palatinal of the teeth following or-
thodontic therapy.22 Gebistorf et al. (2018) found that there was
a rise in the occurrence of labial/buccal gingival recession after

orthodontic treatment. Speciőcally, 54.5% of the participants re-
ported at least one site of recession, while 10.2% hadmultiple re-
cession sites following the treatment.23 After undergoing treat-
ment with őxed orthodontic appliances, two hundred őfty-one
individuals had a signiőcant increase in gingival recession in an-
other study.24 Sandhu et al. (2018) observed a notable rise in gin-
gival recession among thirty-eight patients who underwent őxed
orthodontic treatment.25 In another study, the average gingival
recession scores were 0.19 before and 0.383 after treatment.26 After
completing the therapy, adults saw a signiőcant increase in the av-
erage levels of visible gingival inŕammation and recession. On the
other hand, teenagers exhibited similar increases in visible plaque
and inŕammation.27 In addition, another study discovered that
the occurrence of gingival recession after orthodontic treatment
was 10.3%. 11 An analysis of sixteen research found that 10 of them
documented a signiőcant occurrence of gingival recession after
orthodontic treatment. 15 However, there is insufőcient evidence
to suggest that őxed orthodontic treatment might cause or elevate
the likelihood of gingival recession in another research investiga-
tion.28 There was no noticeable rise in the average number of teeth
experiencing gingival recession over the duration of therapy. Nev-
ertheless, the frequency of gingival recession with a depth above
0.1 mm increased from 21% prior to treatment to 35% following
the therapy. Only 2.8% of the participants had a gingival recession
depth that was above 2 mm, while 5% of patients with previous
gingival recession showed improvement.29 In this study, gingival
recession was observed in 77 teeth of the 80 patients.
Orthodontic therapy and the subsequent retention period pro-

vide a potential risk of developing labial gingival recession, with
mandibular incisors being particularly vulnerable in individuals
undergoing orthodontic treatment. 12 Gingival recession is most
prevalent in the upper and lower teeth due to the majority of or-
thodontic toothmovements occurring in these regions.30 Sawan et
al. (2017) reported that 87%of patients exhibited gingival recession
in at least one upper or lower anterior tooth following orthodon-
tic expansion or extraction. 14 In a different study, maxillary and
mandible canine teethwereobserved tohave thehighestpercentage
of occurrence of gingival recession after orthodontic treatment.24

This study showed that teethnumbers 31, 41, and 42had thehighest
levels of gingival recession.
The inclination of the lower incisors at the end of treatment did

not affect the occurrence of labial gingival recession or any changes
in the height of the clinical crown in patients.31 Studies on animals
often demonstrate that incisors that are displaced showmore gin-
gival recession than control teeth. Clinical studies indicate that
teeth that are more proclined than less proclined, untreated teeth,
and incisors that relocate out the osseous membrane of the alveo-
lar process may be related to a higher risk of gingival recession.32

Gingival recession and tooth inclination were signiőcantly corre-
lated; gingival recession increased by around 0.2 mm for every 1°
increase in labial tooth inclination.33 In contrast to patients with
normal incisor inclination, those whose lower incisors proclined
more than 95° after orthodontic therapy showed an apical migra-
tion of the gingival zenith. 10 The degree of extent of proclination
of the mandibular central incisors during őxed appliance therapy
did not show any correlation with the gingival recession in this
study. 11,34

According to Sandhu et al. (2018), following őxed orthodontic
treatment, the gingival biotypewas unchanged.25 Böke et al. (2014)
conducted a study involving 251 patients with őxed orthodontic
appliances, showing that orthodontic treatment had no signiő-
cant impact on gingival biotype values.24 The change in the values
of gingival biotypes before and after treatment does not show a
meaningful difference in another study.27 Conversely, Kumar et al.
(2020) observed that the gingival biotype was present in both the
maxillary andmandibular arches, noting an increase in the thick
gingival biotype and a decrease in the thin maxillary biotype.26

When examining the gingival biotype categorization of patients



Determination of Gingival Recession after Orthodontics | 165

Table 2. Comparison of indices of patients according to groups

N Median (Min/Max) Mean±S.D. p

Plaque Index
No gingival recession 40 0.20 (0.0 /2.00) 0.30±0.45

0.441
Gingival recession 40 0.10 (0.0/2.05) 0.23±0.38

Gingival Index
No gingival recession 40 0.02 (0.0/2.00) 0.22±0.48

0.011*
Gingival recession 40 0.00 (0.00/0.20) 0.02±0.04

Probing Depth
No gingival recession 40 2.03 (0.04/2.90) 1.99±0.54

0.896
Gingival recession 40 2.01 (0.20/3.00) 2.01±0.52

Bleeding on Probing
No gingival recession 40 9.0% (0.0%/80.0%) 15.59%±17.85%

0.025*
Gingival recession 39 3.0% (0.0%/58.0%) 7.67%±12.36%

Clinical Attachment level
No gingival recession 40 2.01(0.0/2.90) 1.91±0.65

0.028*
Gingival recession 40 2.04 (1.43/3.20) 2.17±0.37

Min: minimum,Max: maximum, S.D.: standard deviation *:p<0.05 İndependent sample t test used for comparing the effects of the gingival recession on indices

Table 3. Assessment of gingival recession

f %

Tooth number

13 1 1.3
14 1 1.3
23 2 2.6
26 2 2.6
31 24 31.2
32 6 7.8
33 4 5.2
34 1 1.3
41 16 20.8
42 10 13.0
43 6 7.8
44 2 2.6
45 1 1.3
46 1 1.3

Cairo classiőcation

1 72 93.5
2 4 5.2
3 1 1.3

Gingival thickness

1 40 51.9
2 32 41.6
3 4 5.2
4 1 1.3

Gingival biotype
Thin 40 51.9
Thick 37 48.1

Cemento-enamel junction (A/B)
A 65 84.4
B 12 15.6

Root surface step (+/-)
Plus 35 45.5
Minus 42 54.5

f: frequency, Frequency analysis used for showing assessment of gingival recession

Table 4. Evaluation of the etiology of recession in patients with gingival
recession

Median (Min/Max) Mean±S.D.

Gingival Recession Depth 1(0.5/8.0) 1.55±1.10
Gingival RecessionWidth 3(1/5) 2.79±0.86
Keratinized Gingival Width 3(0/8) 3.53±1.96

Min: minimum, Max: maximum, s.d.: standard deviation Descriptive analysis was
used to evaluate the etiology of gingival recession in patients with this condition.

with gingival recession in this study, it was found that 51.9% had
the thin biotype, whereas 48.1% had the thick biotype.

It has been argued that a minimum band of keratinized tissue
(2 mm)may be essential for preventing gingival recession devel-
opment/progression.4 Dorfman et al. (1978) stated that gingival
recession is mostly noticed in teeth that are more inclined forward
compared to teeth that are less inclined forward.9 In another study,
a signiőcant increase in the height of the keratinized gingiva was
observed after treatment. 14 Abdelhafez et al. (2021) reported a
difference in the amount of keratinized gingiva in patients who un-
derwent orthodontic treatment compared to those who did not.35

Contrary to these őndings, there was no difference in the initial
amount of keratinized gingiva between teeth that developed gingi-
val recession and those with unchanged gingival margin positions
(3.00 ± 0.61 mm and 3.5 ± 0.86mm, respectively).36 In this study,
the mean keratinized gingival width was 3.53±1.96 mm.

Böke et al. (2014) reported a signiőcant post-treatment increase
in visible plaque and inŕammation among patients with őxed or-
thodontic appliances.24 After undergoing treatment with őxed or-
thodontic equipment, a considerable rise in visible plaque, visible
inŕammation, and gingival recession is observed in the patient.
Speciőcally, visible plaque rose from 2.95 mm to 5.94 mm, and
visible inŕammation from 2.86mm to 10.52 mm.25 Some studies
revealed that the average visible plaque and inŕammation signiő-
cantly increased during orthodontic treatment.26,27 Furthermore,
persons who had previously had orthodontic treatment had a lower
prevalence of periodontitis.37 Although őxed orthodontic treat-
ment increases visible plaque and inŕammation, gingival recession
appears to correlate with lower gingival index values and reduced
bleeding, possibly indicating a protective factor against periodonti-
tis.

This study’s limitations include being done at a single insti-
tution and having a very small sample size of 80 patients, which
may limit the őndings’ generalizability. The cross-sectional design
limits the ability to establish causal relationships, necessitating
cautious interpretation of the results. Future studies should be de-
signed as multi-center trials with larger sample sizes to enhance
the generalizability and robustness of the őndings.

Conclusion

This study underscores the signiőcant impact of orthodontic treat-
ment on periodontal health, gingival recession, and gingival bio-
type. These őndings emphasize the need for diligent monitoring
and preventive strategies during and after orthodontic therapy to
reduce the risk of gingival recession and support periodontal health.
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Abstract

Autotransplantation and regenerative endodontic treatment are biologically based dental treatmentmodalities.
Autotransplantation may be a more affordable alternative to implants for patients who experience tooth loss at a young age.
Regenerative endodontic treatment is also an alternative to routine endodontic treatment as it can allow the regeneration of
necrotic or inŕamed pulp tissue. The aim of this case is to report a successful 3-year treatment outcome in an immature tooth
using a combination of autotransplantation and regenerative endodontic treatment. An 18-year-old female patient with
complaints of severe pain andmobility at 37. The patient’s medical history revealed no systemic disease. Clinical and radiographic
examination revealed that 37 had undergone root canal treatment 3 years ago. Retreatment of the root canal was initiated, but the
symptoms did not improve despite interm treatment. After surgical consultation, it was decided to extract 37. For
autotransplantation, 38 was extracted atraumatically and autotransplanted into the socket of 37 and splinted for 2 weeks.
Regenerative endodontic treatment was planned due to the radiolucency observed in the periapical area of the tooth at the
6-month follow-up. Regenerative endodontic treatment was performed on the autotransplanted tooth using platelet-rich őbrin
obtained from the patient’s own blood. The tooth remained asymptomatic and functional for 3 years. Root development continued
and periapical healing was complete at 6 months. The tooth showed a positive response to pulp sensitivity tests at the 1-year
follow-up. The combination of autotransplantation and regenerative endodontic treatment can be considered as a long-term
treatment option for immature teeth.

Keywords: Autotransplantation; Platelet-rich őbrin; Regeneration; Revascularisation; Vital pulp therapy

Introduction

While the primary goal of conservative dentistry is to preserve nat-
ural teeth, tooth extraction may be necessary in some cases. Re-
placement of lost teeth is essential to restore chewing function
and aesthetic appearance. Implant-supported prostheses or au-
totransplantation may be considered as alternatives to traditional
prostheses to replace extracted teeth. 1 Dental implants are not a
suitable option before the completion of growth, typically up to the
age of 19 years in females and 21 years in males, as they cannot fol-
low craniofacial growth andmaintain their position during ongoing
development.2,3 However, tooth loss due to trauma or decay ismore
common in young adults.4,5 Therefore, autotransplantation can
be an excellent alternative for these patients. Autotransplantation
involves the surgical repositioning of a tooth from the same patient
to replace a missing tooth. It can be thought of as the controlled
extraction of a tooth followed by its reinsertion into the extraction

socket, either naturally or under the control of the dentist. The
preservation of the attached gingiva in its natural shape provides
better aesthetic results and preservation of proprioception, which
are themain advantages of the procedure.6,7 It also has a lower rate
of bone resorption and is relatively less expensive than implants.8

The use of dental autotransplantation was őrst introduced into
dentistry by M.L. Hale in 1954, and the basic principles are still
used today.9 Initially, the treatment was not widely accepted due
to a success rate of around 50%. 10,11 However, in the last őfteen
years, with the recognition of the need for atraumatic extraction
and endodontic treatment during the procedure, success rates have
increased and the popularity of the procedure has grown. Today,
tooth transplantation is considered an alternative treatment to im-
plants for replacing edentulous areas. However, many factors inŕu-
ence the success and survival of the tooth. These include the stage
of root completion, tooth type, surgical technique, recipient site
preparation, use of perioperative systemic antibiotics, and type and
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duration of splinting. 10 It has been reported that open apex teeth
may allow neurovascular growth after tooth transplantation, lead-
ing to improved vitality and survival rates. 12 Another clinical trial
reported survival rates of 94% and 84% in teeth with incomplete
and complete root formation, respectively. 13

Regenerative endodontic treatment, like dental autotransplan-
tation, is a biologically based dental treatment for dental tissue
loss in young adults and children. 14 Regenerative endodontic treat-
ment, also known as revascularisation, aims to treat inŕamed or
necrotic open apex permanent teeth by respecting the biology of
the pulp-dentine complex. 15 In open apex permanent teeth, the
primary goal of regenerative endodontics is to eliminate symptoms
and heal periapical lesions, with the additional goals ofmaintaining
or regaining vitality and promoting root development. 16

Regenerative endodontics requires three main components:
stem cells capable of differentiating into odontoblast-like cells,
growth factors that direct the differentiation of stem cells into
odontoblast-like cells, and scaffold structures necessary to organ-
ise these cells in the right place in three dimensions. 17 Therefore,
materials such as calcium hydroxide, MTA, Biodentin and EDTA,
which induce the release of growth factors from the root canal, are
preferred in regenerative endodontic treatments. 18 The most com-
monmethod of scaffolding is to induce periapical bleeding with a
sterile instrument and form a blood clot in the canal. 19 However,
since periapical bleeding may not always be transported into the
canal and the erythrocytes in the clot may become necrotic over
time, the use of autogenous platelet concentrates obtained by cen-
trifugation of the patient’s own blood, such as platelet-rich plasma
(PRP) and platelet-rich őbrin (PRF), has become widespread.20,21

Variable results have been reported in studies of both re-
generative endodontic treatment and autotransplantation proce-
dures. 18,22 However, when reviewing the current literature, the
number of studies evaluating the results of regenerative endodontic
treatment in immature teethwhere autotransplantationprocedures
have been performed is quite limited. 14,23 The aim of this study is
to report the 3-year results of a case where autotransplantation and
regenerative endodontic treatment were performed.

Case Report

An 18-year-old female patient presented to the Endodontics Depart-
ment of the Marmara University Faculty of Dentistry with severe
pain and mobility in tooth 37. Her medical history revealed that
tooth 37 had undergone root canal treatment three years previously.
Radiographs showed a large periapical lesion extending to the infe-
rior alveolar nerve associatedwith theprevious root canal treatment
(Figures 1-2). It was decided to repeat the root canal treatment due
to chronic apical periodontitis. Despite two interim applications of
calcium hydroxide over a period of 3 months, no improvement in
symptoms was observed. After a surgical consultation, it was de-
cided to extract teeth 37 and 38 and to transplant tooth 38 to replace
tooth 37.
Other treatment options recommended to the patient included

implant placement and őxed prosthesis. However, after discussing
the beneőts, risks and long-term outcomes of each option, the
patient opted for autotransplantation because she wanted to re-
tain a natural tooth and avoid the need for prosthetics or implants.
This decision was inŕuenced by the patient’s preference for a bi-
ological solution that could restore function and aesthetics with a
more natural outcome. After a detailed explanation of the procedure
and possible complications, the patient was informed and signed
a consent form. For the autotransplantation procedure, tooth 38
was extracted atraumatically under local anaesthesia and preserved
in 0.9% isotonic sodium chloride solution to maintain the vitality
of the periodontal ligament. The atraumatic tooth extraction was
performed by an oral surgeon with more than 5 years of experi-
ence, during which time he gained extensive expertise in various

surgical procedures. An inferior alveolar nerve block technique
was used for local anaesthesia, and a solution of 4% articaine with
epinephrine(1:100,000) was selected for the procedure. Tooth 37
was extracted and after curettage of the extraction socket, the recip-
ient site for the transplanted toothwas preparedwith surgical drills.
Tooth 38 was placed in the socket and őnger pressure was applied
for 3minutes. The occlusal relationship with the opposing archwas
then assessed to avoid premature contact. After placement of tooth
38 in the socket, 4/0 non-absorbable monoőlament sutures were
selected for stabilisation. (Ethicon, Johnson & Johnson, USA) (Fig.
3). Follow-up appointment was scheduled for 2 weeks later.
At the follow-up visit, the sutures were removed and tooth mo-

bility was checked. According to the Miller classiőcation, mobil-
ity, which was recorded as class 3 after autotransplantation, was
recorded as class 1 at the follow-up visit. Periodontal probing re-
vealed no pockets deeper than 3 mm. As there were no clinical or
radiographic problems (no pain or sensitivity to percussion and pal-
pation, absence of periapical radiolucency, normal periodontal liga-
ment width and healthy bone structure observed on radiographs),
the patient was scheduled for routine follow-up every 3 months
for the őrst year. At the 6-month follow-up, the patient presented
with pain on chewing. Radiographic examination revealed radi-
olucency in the periapical area of the tooth. Clinically, the tissues
surrounding the tooth were assessed by percussion and palpation
tests, which revealed mild to moderate tenderness. Thermal tests
(application of cold and heat) and electrical pulp tests were per-
formed to assess the vitality of the tooth, and these tests conőrmed
that the tooth was non-vital. Radiographic examination showed
the presence of a periapical radiolucent area at the root apex, in-
dicating chronic apical infection. The diagnosis of chronic apical
periodontitis was conőrmed based on the combination of clinical
and radiographic őndings. Considering the patient’s age, regener-
ative endodontic treatment was planned and a consent form was
signed after explaining the possible risks.
After cavity preparation under the rubber-dam isolation, the

working length was determined radiographically. The root canals
were prepared and enlarged up to size 30 with a 0.4 taper with
rotary insturments(Smart Gold, EndoArt, Inci Dental, Turkey) un-
der irrigation with 2.5% sodium hypochlorite. (Microvem, Altun
Sterilization & Medical, Turkey) Final irrigation with 17% EDTA
(Microvem, Altun Sterilization & Medical, Turkey). Calcium hy-
droxide (Vision, WP Dental, Germany) was placed in the canal and
the patient was scheduled for a second appointment three weeks
later.(Fig.4) At the second appointment, the regenerative treatment
was started as the patient reported no discomfort. The root canal
was irrigated with 10 mL of 2.5% NaOCl and 10 mL of 17% EDTA
with sonic activation (EDDY, VDW, Germany) under rubber dam
isolation. The canal was then rinsed with distilled water and dried.
Ten millilitres of blood was taken from the patient and centrifuged
at 2700 rpm for 12 minutes to obtain a PRF membrane. The PRF
membrane obtained was placed in the canal as a small strip and
compressed. A 3-4mm layer of mineral trioxide aggregate (MTA)
(BioMTA, Cerkamed, Poland) was applied and sealed with glass
ionomer cement (RubyLiner, Inci Dental, Turkey) (Fig. 5). The
permanent composite restoration was completed one month later.
This was due to the patient’s location out of town.
The patient was recalled every three months for the őrst year

for radiographic examination and clinical symptom assessment.
Initial examinations revealed no pain to percussion or palpation,
but the tooth was unresponsive to cold and electrical pulp tests.
Healing of the periapical area was observed at three months, with
enlargement of the apex at six months (Figs 6-7). Follow-up exam-
inations showed that the tooth was functional and asymptomatic.
And no aesthetic discolouration was observed as a result of theMTA
application. At one year, radiographs showed complete healing of
the apical lesion with continued hard tissue deposition (Fig. 8). In
addition, the tooth responded positively to sensitivity testing. After
36 months of follow-up, the tooth remained asymptomatic and
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Figure 1. Diagnostic panoramic radiograph

Figure 2. Diagnostic periapical radiograph

Figure 3. Splinted with sutures for stabilisation

Figure 4. 6-month post-autotransplantation (after the application of calcium hy-
droxide.)

functional in the oral cavity. There was no evidence of pain or sen-
sitivity to percussion, palpation or biting. The tooth continued to
respond to thermal and electrical sensitivity testing. Radiographs
showed complete healing of the apical lesion and a normal peri-
odontal ligament in all directions of the root (Fig. 9).

Discussion

Dental autotransplantation and regenerative endodontic treatment
are biologically based treatments that are particularly useful for
treating tooth loss at a young age. 14 Autotransplantation is a tech-
nique that has been continuously developed and supported by valid
clinical studies to date.6,24,25 Although there are many studies on
teeth with complete root development, there are not enough stud-
ies on teeth with incomplete root development to conőrm the suc-
cess of this technique. However, survival rates reported in recent
meta-analyses are over 95%, suggesting that autotransplantation
should be considered a predictable long-term technique for open
apex teeth. 13,23
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Figure 5. Placement of MTA

Figure 6. 3-month follow-up radiograph

Figure 7. 6-month follow-up radiograph

In this case, tooth 37, which could not be treated despite root
canal treatmentandapplicationof calciumhydroxide,was extracted
and tooth 38, with an open apex, was transplanted in its place, fol-
lowed by regenerative endodontic therapy. Calcium hydroxide was
applied twice over a three-month period to ensure complete dis-
infection of the infected root canals. The őrst application aimed

Figure 8. 12-month follow-up radiograph

Figure 9. 36-month follow-up radiograph

to eliminate most of the bacteria in the canal, while the second
application focused on eradicating any remaining bacterial bioőlms
and infections. The literature suggests that calcium hydroxide has
a long-lasting antibacterial effect and is effective in eliminating
residual bacteria. In addition, multiple applications improve infec-
tion control and aid the healing process.26 As therewas no response
to treatment, it was decided to discontinue the root canal treatment
and proceed with autotransplantation therapy.
Pulpal vitality is considered one of the key criteria for successful

autotransplantation. In their studies, Northway et al.27 reported
that transplanted open apex teeth should respond positively to sen-
sitivity tests within 2 to 4 months. Czochrowska et al.28 found
positive responses to pulp vitality tests in all immature apex teeth
they transplanted. Nagori et al.29 also reported positive responses
to electrical pulp tests in transplanted open apex teeth. In this case,
the transplanted tooth did not respond to vitality tests and became
symptomatic within 6 months. Regenerative treatment was there-
fore the treatment of choice.
According to the American Association of Endodontics (AAE)

guidelines, the primary goal of regenerative endodontic procedures
is to treat apical periodontitis. Secondary goals include standard-
izing root wall thickness and length and achieving vitality.30,31

Stem cells, growth factors and natural or artiőcial scaffolds play
a role in regenerative treatments. PRF is a potential scaffold that
controls inŕammatory responses and promotes growth and regen-
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eration. 32 By acting as a depot for tissue healing elements, PRF
increases the formation of new hard and soft tissue in the canal
area. 33 The clinical advantages of MTA placement over PRF, with
its excellent coronal sealing and biocompatibility properties, have
been demonstrated.34 In this case, PRF obtained by centrifugation
of the patient’s blood was used and covered with MTA. The settings
chosen to obtain the PRFmembranewere optimised to preserve the
biocompatibility and coagulation properties of the őbrin structure.
PRF was obtained by centrifugation at 2700 rpm for 12 minutes.
These settings help to maintain the biological activity and cellular
components of the PRF, promoting the formation of an optimal
őbrin matrix that supports tissue healing. Similar centrifugation
speeds and durations have been reported in the literature to provide
the highest biological efőcacy of the PRFmembrane.35

Clinical and radiological evaluations were performed at 3, 6,
12 and 36months after the regeneration procedure; the tooth was
asymptomatic and functional. In addition, complete periapical heal-
ing was observed at 6 months and root formation continued. At the
1-year follow-up, the tooth was found to respond positively to pulp
sensitivity tests.
No root resorption was observed during the follow-up period.

This canbe attributed to theuse of atraumatic extraction techniques
and careful preservation of periodontal ligament cells, which played
a crucial role in maintaining the vitality of the transplanted tooth
and helping to prevent inŕammatory root resorption.36 During the
transplantation process, careful and atraumatic extraction of the
tooth, togetherwithpreservationof the root surfaces andminimisa-
tionof the timebefore transplantation, helps tomaintain thevitality
of the periodontal cells. Keeping the tooth in a moist environment
and preventing further desiccation of the cells also contributes to
the success of the procedure. Similar studies have shown that pre-
serving periodontal ligament cells has a protective effect against
root resorption and ankylosis, emphasising the importance of these
factors in the long-term success of the graft.37ś39 Additionally, the
use of nonabsorbable sutures during the procedure, combined with
proper stabilization techniques to avoid excessive force, may have
minimized the risk of root resorption. Studies have indicated that
applying sutures for stabilization after autotransplantation, espe-
cially for short-term use, enhances pulp healing and reduces the
risk of inŕammatory root resorptionwhen compared to rigid splint-
ing techniques. These őndings suggest that less rigid stabilization
methods, such as sutures, are beneőcial for promoting healing
while minimizing complications like root resorption.40,41 In this
case, the tooth was placed with minimal pressure and stabilised
with non-resorbable sutures.
In addition, the biocompatible materials used in the root canal

treatment, particularlymineral trioxide aggregate (MTA),mayhave
contributed to the prevention of resorption by promoting healing
andminimising inŕammation. Similar őndings have been reported
in the existing literature, where the use of biocompatible materi-
als and appropriate stabilisation techniques have been shown to
positively inŕuence the healing process and reduce the risk of re-
sorption.42ś44

The success achieved through the use of appropriate surgical
techniques, careful preservation of the periodontal ligament and
theuse of biocompatiblematerials is promising for future treatment
procedures. This study demonstrates that autotransplantation and
regenerative endodontic treatment can be valuable clinical options
for managing tooth loss, particularly in young patients. The use
of MTA and PRFmembranes in this approach optimises infection
control and tissue healing, allowing the transplanted tooth to re-
gain functionality. The primary clinical contribution of this study
is to demonstrate that biocompatible materials and appropriate sta-
bilisation techniques signiőcantly improve the long-term success
of autotransplantation procedures.
However, the study has some limitations. It is a single case re-

port, which limits the generalisability of the őndings. Further clin-
ical studies are needed to evaluate factors such as patient age, root

development status and surgical techniques in a broader patient
population. In addition, the success rate of autotransplantation and
the factors inŕuencing it should be investigated in larger clinical
trials and randomised controlled trials to validate these őndings.

Conclusion

Despite its limitations, this study presents a successful three-year
follow-up of the autotransplantation technique performed on an
immature tooth followed by regenerative endodontic treatment.
This technique can be recommended, especially for patients in the
growth and development phase; however, in these cases, the com-
bination of success criteria and the determination of the necessary
follow-up period are essential, along with a clear surgical protocol
to evaluate the effectiveness of the technique.
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