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ABSTRACT

Objectives: This study aimed to quantitatively evaluate the changes in the internal bone structure at the
periapical bone regions after retreatment in endodontics using fractal analysis method on periapical
radiographs.

Materials and Methods: In this retrospective study, 29 single-rooted, asymptomatic, single-visit retreatment
teeth with apical lesion were included. All teeth included in the study were selected from the maxilla anterior
region. Periapical radiograph (T0) was taken for baseline diagnosis at the start of retreatment. Second periapical
follow-up radiograph (T1) of the patients was taken at the end of 1 year. The first evaluation phase of the 1-year
results of endodontic retreatment is based on the periapical index (PAI). Fractal dimension (FD) was calculated
by box-counting method. Comparing TO and T1 FDs was done using the paired-sample t-test. To compare FD
changes between the gender, the independent samples t-test was used. The significance level was set to 0.05.
Results: PAI scores were found to be statistically significantly decreased in T1 radiographs compared to TO
(p<0.001). The mean FD value increased statistically significantly in T1 radiographs compared to TO radiographs
(p<0.001). No significant difference was found in the TO and T1 radiographs of FDs in gender comparison
(p>0.05).

Conclusion: At the end of the 1-year follow-up, FD increased in the periapical lesion area, which is interpreted
as the healing of the lesions. Fractal analysis is recommended as a method that will benefit clinicians in the
follow-up of retreatment recovery.
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Amag: Bu calismada endodontide retreatment sonrasi periapikal kemik bolgelerinde internal kemik yapisinda
meydana gelen degisikliklerin fraktal analiz yontemi kullanilarak periapikal radyografiler Gzerinde kantitatif
olarak degerlendirilmesi amacglanmistir.

Gereg ve Yontemler: Calismaya apikal lezyonu olan 29 adet tek kokli, asemptomatik, tek seans retreatment
yapilan disler dahil edildi. Calismaya dahil edilen tiim disler maksilla anterior boélgesinden segilmistir.
Retreatment baslangicinda temel tani icin periapikal radyografi (TO) ¢ekildi. Hastalarin 1. yil sonunda ikinci
periapikal kontrol grafileri (T1) gekildi. Endodontik retreatmentin 1 yillik sonuglarinin ilk degerlendirme asamasi
periapikal indekse (PAIl) dayalidir. Fraktal boyut (FB), kutu sayma yontemiyle hesaplandi. The paired-sample t-
testi TO ve T1 FB'leri karsilastirmak igin kullanildi. Cinsiyetler arasindaki FD degisikliklerini karsilagtirmak igin
bagimsiz 6rneklem t testi kullanildi. Anlamhlik diizeyi 0.05 olarak kabul edildi.

Bulgular: PAI skorlari T1 grafilerde TO'a gore istatistiksel olarak anlamli derecede diisiik bulundu (p<0.001).
Ortalama FB degeri T1 grafilerde TO grafilere gore istatistiksel olarak anlamli artig gosterdi (p<0.001). FB'lerin TO
ve T1 grafilerinde cinsiyet karsilastirmasinda anlaml fark bulunmadi (p>0,05).

Sonug: 1 yilhk takibin sonunda periapikal lezyon bdlgesinde FB artisi lezyonlarin iyilesmesi olarak
yorumlanmaktadir. Fraktal analiz, retreatment sonrasi iyilesmenin takibinde klinisyenlere fayda saglayacak bir
yontem olarak énerilmektedir.

Anahtar Kelimeler: Benzer elemanlarin olusturdugu sekiller, Yeniden tedavi, Tanisal gérinttleme, Periapikal
Apse, Radyografi
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Introduction

The main purpose of root canal treatment is to clean
and shape the root canal system and fill the canal in three
dimensions to prevent re-infection of the tooth.! Although
the rate of success is high after the first root canal
treatment, failures may occur over time after the
treatment.? The main causes of failure are poorly formed
canals, incomplete removal of infected pulp, persistent
infections in the dentinal tubules or complex irregularities
of the root canal system, and inadequate irrigation.'3
Therefore, non-surgical root canal treatment applications
are performed with a goal of making the tooth functional
again. The main purpose of retreatment is the proper
cleaning, reshaping, and refilling of the root canal system
and the complete removal of filling materials, residues, and
microorganisms from the first treatment.* It is reported to
be cost-effective and provides satisfactory results.

During endodontic treatments, clinicians routinely use
periapical radiographs because of advantages such as
ease of use, detail and resolution, and low radiation dose.®
Clinicians often prefer periapical radiographs, especially
for diagnosis, treatment, and postoperative follow-up. For
most endodontic treatments, 1-year is considered as a
sufficient time for a follow-up.® Various radiographic
indices are used to evaluate the development of periapical
tissues on radiographs following root canal treatment.”?
The periapical index (PAl) is one of the commonly used
radiographic indices in healing follow-up; however, the
acquired data remain subjective.”® Fractal analysis (FA), a
new technique that has just come into use, calculates the
complexity of the structure in the region of interest (ROI)
and converts it into a numerical value. As a result, FA
stands out as a method that allows for a quantitative
evaluation.®!® FA has also been employed as a bone
density analysis tool and is now widely used because of
how simple and accessible it is.}'? It has been claimed
that an increase in a structure's fractal dimension (FD)
corresponds to an increase in the structure's complexity.
Whereas low FD structures have a simpler internal design,
high FD structures are more complex.>° The intricacy of
the trabecular structure as a result of angiogenesis and
bone remodeling is the explanation for increased FD.*3 In
addition, it is reported that FA can be used in the follow-
up of patients after the treatment.'%%*

To the best of the author’s knowledge, there is no
study in the literature comparing the change in fractal size
with non-surgical retreatment of single-root and canal
teeth in the anterior maxilla and a 1-year follow-up. In this
study, the authors aimed to quantitatively evaluate the
changes in the internal bone structure in the periapical
bone regions after retreatment in endodontics by fractal
analysis method on periapical radiographs. The null
hypothesis of the study is that there is no statistically
significant difference between the FD of the end of the
retreatment and the FD of the follow-up one year later.
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Materials and Methods

Sample selection

This study was designed retrospectively. Ethical
approval was obtained from the Local Ethics Committee
(2022/710). The study protocol was carried out in
accordance with the principles of the Declaration of
Helsinki. The sample size was determined via power
analyses of previous studies data. According to the power
analysis (G*Power, ver. 3.1.9.2, Franz Faul; Universitat
Kiel, Germany), a total sample size of 29 is required
when a =0.05, and the effect size is 0.45, which would
yield a power of 0.80.%°

Periapical radiographs (T0) and 1-year follow-up
radiographs (T1) taken immediately after retreatment of
29 individuals who were admitted to the endodontic clinic
between 2020 and 2021 with indications for retreatment
were used.

Inclusion criteria for the study;

i) The individual does not have any systemic disease
affecting bone metabolism,

ii) The tooth with an indication for retreatment is a
single root and single canal tooth located in the
anterior maxillary region,

iii) Asymptomatic of the involved tooth and
radiographically determined as PAl score 3 or 4,

iv) Absence of missing teeth,

Exclusion criteria from the study;

i) The use of drugs that affect the individual's
bisphosphonate-type bone metabolism,

ii) Symptomatic tooth with an indication for
retreatment,

iii) Those who have disclosed having neurological and
psychological disorders, alcoholism, and drug
addiction diseases,

Retreatment Procedure

All retreatment procedure was completed in one visit
by the same endodontist (S.D.). The tooth was isolated
with a rubber dam after being anesthetized with
Ultracaine® D-S (Sanofi Aventis, Levent, Istanbul). A high-
speed handpiece was used to prepare an endodontic
access using a round diamond bur No. 2 and an Endo-Z bur
(Dentsply Maillefer, Ballaigues, Switzerland). The D1, D2,
and D3 retreatment instruments (Dentsply Maillefer,
Ballaigues, Switzerland) were used, with a 2-Ncm torque
and 500-rpm speed, to remove primary root canal fillings.
In a crown-down motion, the implements were used to
brush against the canal sides. The working length was
determined with an apex finder (ProPex Pixi, Dentsply
Maillefer) and verified by radiography after all root filling
had been removed. ProTaper rotary files (Dentsply
Maillefer, Ballaigues, Switzerland) were then used to form
the root canals up to an F5 (size 50) master apical file size.
Using a side vented NaviTip irrigation needle, the canals
were irrigated with 2 mL 2.5% sodium hypochlorite
(NaOCl) between each file size (Ultradent, South Jordan,
UT). Following the preparation, the canal was irrigated
with 2 mL of 17% EDTA for 1 minute and then irrigated
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with 2 mL of distilled water. Root canals were dried with
paper points and obturated with gutta-percha (Dentsply
Sirona) and resin-based sealer utilizing the cold lateral
compaction technique (AH Plus, Dentsply Sirona). Resin
composite was used to repair the coronal access cavity
(3M ESPE, St Paul, MN, USA).

Radiographic Procedure

All periapical radiographs from the anterior maxillary
region were obtained using the same device (Kodak 2100
Intraoral X-Ray System (Kodak, New York, USA)) with the
same exposure parameters (60 kV, 7 mA, and 0.32 s
radiation time). Also, size 2 (31x41 mm?) same phosphor
plate is used. For maxillary anterior teeth, projection
geometry was standardized with a film-retaining
appliance, and images were taken in parallel technique in
the same way. Latent images on phosphor plates were
scanned and digitized. (Express; Instrumentarium,
Tuusula, Finland). Images are saved as tagged image file
format (TIFF).

1-Year Follow-up Evaluation

The first evaluation phase of the 1-year results of
endodontic retreatment is based on the PAI.?® PAl is a 5-
scores evaluation system. The PAI score for each subject
was made according to the following definitions:

PAI 1: Ligament: Narrow and uniform width of the
ligament space./Lamina dura: Radiopaque border uniform
and regular.

PAI 2: Ligament: Slight increase of the width of the
ligament space in and at foramen./Lamina dura: Border
almost continuous.

PAI 3: Ligament: Slightly larger more irregular widening of
the ligament space at foramen and/or around excess canal
filling related to the demineralization process./Lamina dura:
Loss of continuity of the bone border and disappearance at
the foramen

PAI 4: Ligament: Well defined balloon-like radiolucency
around apex and/or excess canal filling./ Lamina dura:
Complete disappearance od the bone border.

PAI 5: Ligament: Shell like configuration around the
radiolucency with extensions toward the radiolucent area
around apex and/or excess canal filling. / Lamina dura:
Complete disappearance od the bone border.

An experienced endodontist (5.D.) and
dentomaxillofacial radiologist (S.Y.) evaluated the
radiographs separately as TO and T1 according to the PAI
scoring system. Similar to earlier research, PAl scores
were categorized as "healed" (PAl < 3) or "not healed" (PAI
> 3) at the baseline or 1-year follow-up.t>17:18

Fractal Analysis

Images were obtained using a Dell Precision T5400
workstation with a 19-inch 1920 x 1080 resolution screen
(Dell, Round Rock, TX, USA) (Dell E190S, China). A blinded
dentomaxillofacial radiologist (S.Y.) performed fractal
measurements after identifying ROIs from the subjects'
periapical radiographs. The 64-bit Java-based open-source
program Image J, version 1.53 was used to evaluate hard
tissue (National Institutes of Health, Bethesda, Maryland,

USA). For standardization, all periapical radiographs were
adjusted to have a width and height of 878x1144 pixels.
ROl was selected from maxillary anterior teeth with apical
lesions as in Figure 1 for baseline and 1-year follow-up
radiographs. A square-shaped ROl of 30x30 pixels was
placed in the geometric center of the apical lesion. The
ROI was placed 1 mm more apical than the root of the
tooth and not in contact with any anatomical structure
such as the lamina dura. FD was performed using the
customized method designed by White and Rudolph using
the box-counting method®®. Each image has been cropped
and duplicated after the selection of ROI. This process has
eliminated the brightness variance brought on by
overlapping soft tissues and different bone densities. The
outcome image has been taken away from the starting
image. Binary was created by thresholding on a brightness
value of 128 and adding a grey value of 128. After being
eroded and dilated, the image was inverted. The image
was skeletonized towards the end (Figure 2). The FD of the
skeletonized image was calculated by using the box-
counting method. The intra-observer reliability was
assessed using 15 radiographs that were chosen at
random. Two weeks following the initial assessment, the
same dentomaxillofacial radiologist underwent a second
examination for the intra-observer reliability while
keeping them blind to the initial measurements.

Statistical Analysis

Software called SPSS v.23 was used to do the statistical
analysis (IBM Statistical Package for Social Sciences,
version 23.0; SPSS Inc., Chicago, lllinois, USA). Mean and
standard deviation were used to summarize continuous
variables. Frequencies and percentages were used to
display categorical variables. The inter-observer Cohen's
kappa coefficient with a 95% confidence interval was
calculated for the PAl scores. Values 0 were defined as no
agreement by Landis and Koch, whereas 0-0.20, 0.21-0.40,
0.41-0.60, 0.61-0.80, and 0.81-1 were classified as slight,
fair, moderate, substantial, and virtually perfect
agreement, respectively.?’ The ICC value was used to
assess the accuracy of repeated intra-observer fractal
dimension assessments. Values less than 0.5, between 0.5
and 0.75, between 0.75 and 0.9, and greater than 0.90 are
indicative of poor, moderate, good, and exceptional
dependability, respectively, according to the 95%
confidence range of the ICC estimate.?! Shapiro-Wilk and
Kolmogorov-Smirnov tests were used to figure out how
the data were distributed. In radiograph ROI changes and
independent samples t-tests, gender differences were
assessed. Comparing TO and T1 FDs was done using the
paired-sample t-test. The PAl score changes were
compared using the Wilcoxon test. The threshold for
significance was set at 0.05.

Results

The demographic information about the patients is
shown in Table 1. The mean age of the individuals by
gender was 42.1+11.9 for males and 36.3+10.7 for
females. PAl scores were found to be statistically
significantly decreased in T1 radiographs compared to TO

369



radiographs (p<0.001). On TO radiographs, a PAIl score of
4 was observed in 15 teeth and a PAI of 3 in 14 teeth. PAI
scores in all retreatment teeth show a pattern of healing
(PAI' 1 and PAI 2) at 1-year follow-up (Figure 3). On T1
radiographs, a score of PAI 2 was observed in 8 teeth, and
a score of PAl 1in 21 teeth. The kappa coefficient used for
interobserver reliability during PAI scoring was 0.927
(almost perfect). The mean FD value increased statistically
significantly in T1 radiographs compared to TO
radiographs (p<0.001) (Table 2). No significant difference
was found in the TO (p=0.906) and T1 (p=0.478)
radiographs of FDs in gender comparison. As a result of
repeated in-observer measurements for FD, the ICC
ranged from 0.914 to 0.972 with excellent reliability.

Discussion

Fractal analysis is a method that quantifies the
complexity of bone trabeculation. An increase in FD
indicates increased complexity, while a lower FD value
indicates less trabeculation in the region of interest.?? It is
reported in the literature that FD decreases when bone
density decreases and FD increases when bone density
and trabeculation increase.®1%% However, in order to
accurately evaluate the change in FD, it should be
supported by other findings such as clinical and
radiographic improvement. In similar studies, repeated
radiological evaluations using full-scale PAl have been
shown to have an important long-term prognostic value in
periapical disease follow-up.® Therefore, in this study,
periapical conditions were evaluated with PAI to
determine whether the change in FD values after
retreatment was due to the newly formed trabecular
pattern or decalcification. There was a significant
decrease in PAIl scores after retreatment. Therefore, the
reason for the significant increase in the FD value after
retreatment was due to the increased trabeculation due
to recovery.

According to the PAI system, which is the commonly
used index in the literature in the analysis of radiographic
findings, PAIl 1 and 2 scores are reported as healing in most
of the studies.>*>' In this study, the same scores were
taken as a reference. A healing pattern (PAI 1 and PAI 2
scores) was observed at the end of 1 year in all 29 teeth
included in this study. The success rate of endodontic
retreatment ranges from 40% to 100%.2* Although this
study is compatible with these data, we think that the
reason for the healing activity in all teeth is that only teeth
with PAI 3 and PAI 4 scores were included in the study. The
appearance of clinically symptomatic teeth in PAI 5
individuals was a reason for exclusion. In this study, the
authors aimed to evaluate how fractal analysis would show
results as a quantitative method for apical recovery.
Therefore, the authors selected teeth with indications for
retreatment from close classes based on observation,
which are relatively more difficult to diagnose and follow-
up healing. In other studies, the authors think that the
healing score could not be reached within 1 year after the
retreatment of PAI 5 teeth. In addition, in other studies,
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retreatment was applied to teeth with two roots and more
than one canal.*>! In this study, retreatment was applied
only to maxillary anterior single root and single canal teeth.
The higher bone healing potential in the maxilla than in the
mandible is another reason for the higher healing rate of
the teeth in this study. In addition, the absence of a study
in which healing was followed by fractal analysis with a
similar retreatment in the maxilla reveals the originality of
this study and its difference from other studies.

It has been reported that fractal analysis results are
affected by the location and size of the ROI.2 In order not
to be affected by this situation, ROl was placed in the
same size and in the same location (1 mm away from the
tooth apex to the lesion center) on TO and T1 radiographs.
In addition, the ROl was chosen not to include surrounding
anatomical structures such as tooth roots and lamina
dura.® Thus, changes occuring only in the lesion area were
evaluated. In addition, TO and T1 radiographs should be
taken with similar projection angles and image quality.*
Therefore, when taking periapical radiographs, the
conditions that would affect FD in follow-up radiographs
were eliminated by taking images with the same devices
and phosphor plates in the same exposure parameters,
with the parallel technique film holding apparatus and
patient positioning the same. The parallel technique is
primarily recommended for endodontic periapical
radiographs as it allows projections with minimal
geometric distortion and has a high level of repeatability
which is useful for comparison with other radiographs
throughout a procedure.® Periapical trabecular pattern
changes can be determined by using fractal analysis in the
early healing period in endodontic treatments and
developments can be evaluated with numerical data2.
Compared to other quantitative methods such as
subtraction radiography, fractal analysis is a more
objective and less restrictive method.!® In addition, it
reduces possible inter-investigator variation.?* For this
reason, as in many studies, fractal analysis was used in this
study to reduce the disadvantages of traditional
evaluation methods.?%24

In previous studies, researchers reported that FD can
be used to beneficially monitor healing and reveal
structural changes in trabecular bone after root canal
treatment.?* In addition, the investigators noted that FD
values increased significantly around the root apex and
adjacent to the apical lesion, respectively, after 1 year
following the root canal treatment for cases that
eventually healed completely.?* In similar studies, it has
been reported that FD increases significantly in follow-up
radiographs in teeth with lesions that underwent root
canal treatment or retreatment.®1° In this study, a
statistically significant difference emerged in the baseline
and 1-year follow-up radiographs of FD. The mean FD
value of the 1-year follow-up radiographs was higher than
the FD value of the baseline radiographs. This shows that
with the increase in FD, the re-trabeculation seen in the
apical region and the healing in the complexity of the
region are provided.!® In similar studies, the authors
reported that FD increased in one-year follow-up in single-
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visit and multi-visit retreatment. In these studies, follow-
up results of retreatment of posterior mandibular teeth
were revealed.’! |In the case of lesions compatible with
apical periodontitis in both roots, the root with a high PAI
score was included in the study.>! It is controversial
whether different factors affect the healing process, such
as the fusion of apical lesions, the fact that the roots have
more than one canal, and the inclusion of symptomatic
and asymptomatic teeth in the study. Therefore, in this
study, retreatment applied exclusively on anterior
maxillary single-rooted and single-canal teeth were
included. Also, the authors consider that standardization
and limiting environmental factors will create higher
accuracy of results. This study has results consistent with
other similar follow-up FD studies in the literature. In this
study, there was no significant gender difference between
TO and T1 follow-up radiographs of FD values. Similarly,
studies in the literature have shown that FD does not
differ by gender.®#>'7 However, there are also studies
reporting that the recovery following root canal treatment
is lower in male than in female, and on the contrary, a
higher success rate in male.? Differences in these results
can be explained by differences in population, age range,
evaluation method, follow-up time, lesion diameter, and
tooth group. According to results, the null hypothesis was
rejected.

Conclusion

At the end of the 1-year follow-up, FD increased in the
periapical lesion area, which is interpreted as the healing
of the lesions. It is reported that fractal analysis
guantitatively reveals the changes in the trabeculations of
the damaged periapical bone before retreatment. Fractal
analysis is recommended as a method that will support
clinicians in the follow-up of retreatment recovery.
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Variable Frequency Percent Mean + SD
Age (years) 39.2+11.3
Patient (n) 29 100
Gender (m/f) 11/18 37.9/62.1
Table 2: Changes in TO and T1 radiographs in FD after endodontic retreatment
Factor Male (n=11) Female (n=18) p value Total (n=29)
TO FD value 1.201 1.205 0.906 1.204
T1 FD value 1.288 1.307 0.478 1.300
p value 0.001* 0.001* 0.001*

TO: Baseline Radiograph; T1: 1 Year Follow-up Radiograph; *p<0.05
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Figure 1: A square-shaped ROI of 30x30 pixels was placed in the geometric center of the apical lesion and 1 mm
more apical than the root of the tooth.
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Figure 2: The process of fractal analysis, (A) cropped ROI, (B) blurred image of duplicated ROI, (C) subtraction of
blurred image from the original image, (D) grey value of 128 to each pixel was added, (E) threshold, (F) binary, (G)
erode, (H) dilate, (1) invert, and (J) skeletonize.
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Figure 3: Radiographic evaluation of a case. (A) diagnostic periapical radiograph, PAI 4 (B) periapical radiography
taken immediately after retreatment, PAI 4 (C) 1-year follow-up periapical radiograph, PAI 1.
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