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ABSTRACT

Objectives: The purpose of this study was to investigate the volumetric-
linear analysis and to present a new axial classification of root resorptions
using cone beam computed tomography (CBCT).

Materials and Methods: A total of 43 teeth with root resorption (external
cervical resorption (ECR) (n=27), external replacement resorption (ERR)
(n=4) and internal root resorption (IRR) (n=12)) from 34 patients were
included in this study. On CBCT images of teeth, the volume of total tooth
and resorption for the volumetric analysis, the widest lengths of resorptions
and the amount of thinnest dentin thickness around them for the linear
analysis were measured, and volumetric/linear measurements were compared
according to age and gender. In addition, the eight regional axial
classification was performed, and these regions were compared. Data were
evaluated using Shapiro-Wilk, Pearson’s r., Kruskal-Wallis and Dwass-Steel-
Critchlow-Fligner post-hoc tests. Significance was set at p=0.05 for statistical
analysis.

Results: No significant difference was found between the volumetric and
linear measurements of ECRs, ERRs, and IRRs. No difference between
genders in volumetric and linear measurements of ECRs and IRRs, except
total tooth volume, was higher in males than in females in ECRs (p<0.05).
With increasing age in ECRs, the buccal dentin thickness increased, and
bucco-lingual length and total tooth volume decreased (p<0.05). In axial
classification, ECRs were mostly found in lingual, while IRRs and ERRs did
not show regional differences.

Conclusions: Although root resorptions had different localizations and
classifications, they did not differ in terms of volumetric and linear
measurements due to having similar nature. Using CBCT imaging, the
volumetric/linear analysis and axial classification of resorptions, and
demographic differences according to these parameters can help clinicians in
understanding the nature of resorption and in determining appropriate
management.

Keywords: Classification, cone beam computed tomography, endodontics,
root resorption.
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3D Measurement of Root Resorption

INTRODUCTION

Root resorption (RR) is the loss of hard dental
tissue as a result of clastic activities.! RR can be
classified in association to the surface of the root
as internal or external. Internal root resorption
(IRR) has been defined as intraradicular or apical
with regard to location.? External root resorption
can be also subdivided into surface resorption
(SR), external inflammatory resorption (EIR),
external cervical resorption (ECR), external
replacement resorption (ERR), and transient
apical breakdown resorption (TAP).3

IRR especially occurs as a result of pulpal
inflammation; however, external resorption types
have different etiologies such as orthodontic
treatment, cysts, trauma, etc.%? Oval or round in
shape, IRR radiographically appears like a well-
defined, ballooning out of the pulpal root canal.*
ECR that has a traceable root canal typically
appears as an irregular radiolucency. In the
reparative stage, the appearance of the lesion
creates a mixed image due to the accumulation of
calcific tissue.®

An accurate diagnosis is essential for
establishing an appropriate treatment plan for root
resorptions.* Radiographic evaluation is a suitable
method for the exact diagnosis.® It is reported that
60-70% of mineralized tissue loss is required to
determine  resorption  with  conventional
radiographs.” Periapical (PA) radiographs have
limitations in comprehending the size and
location, and in determining the relationship of the
resorption area with surrounding tissues.®® Due to
these limitations of PAs, cone beam computed
tomography (CBCT) presents the three-
dimensional (3D) representations of hard tissues
feature, the high-quality imaging, and the fast
scanning. Moreover, CBCT provides an
advantage in comprehensive and accurate
evaluation of resorbed areas, as it ensures cross-
sectional assessment in sagittal, axial, coronal, and
multiplanar planes.®

In 1999, Heithersay proposed four classes in
PA radiography according to the extent of ECR.
Resorption can range from class 1, a small
cervical lesion with shallow penetration into
dentin, to class 4, a lesion extending beyond the
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coronal third of the root.!* This classification is
valid if ECR is limited to the proximal aspect of
the tooth. However, it also fails to describe the
circumferential and pulpal involvement of the
lesion and to predict treatment plans.'® In recent
years, 3D classification of ECR has been proposed
using CBCT by Patel et al'? This new
classification takes into account the ECR height,
circumferential spread, and proximity to the root
canal.’?> Nevertheless, it does not give any
information about the localization of resorptions
in axial section.

CBCT has recently become popular in the
measurement of remaining dentin thickness and
the volume of resorptions.’>'* The increase in the
3D width and volume of the root resorption or the
decrease in the thickness of the dentin around it
can decrease the fracture resistance of tooth and
the success of treatment. To the best of our
knowledge, the study evaluating the 3D width and
classifying the localization in axial section of root
resorptions using CBCT could not be found in the
literature search. Additionally, previous studies
evaluating resorption using CBCT have generally
investigated ECR lesions, not ERR, IRR.1 In
3D images, volumetric measurements such as the
volume of resorption, and/or linear measurements
(i.e. the widest length of resorptions, the thinnest
dentin thickness around them) can help the
physician to understand the nature and the
differentiation of root resorption and to provide an
advantage in the treatment decision.

Thus, this retrospective study had two aims.
The first was to investigate the volume of ECRs,
ERRs, IRRs, and total tooth, the widest length of
these resorptions, and the amount of thinnest
dentin thickness around them, and to compare the
age and gender distribution according to these
parameters. The secondary aim was to establish
the eight regional settlement classifications in
axial sections of CBCT and to compare the
percentages in these regions of ECRs, ERRs, and
IRRSs.

MATERIALS AND METHODS

In this retrospective study, we evaluated patients’
CBCT images with root resorption obtained
between January 2017 and January 2020 in the



Kosar T, et al.

Department of Oral and Maxillofacial Radiology,
Recep Tayyip Erdogan University, Faculty of
Dentistry. This study was registered with
www.clinicaltrials.gov/ (ldentification number:
NCTO04617301) after approval (Number: 2020/98)
by the Ethics Committee of the Recep Tayyip
Erdogan University Faculty of Medicine, and we
followed the qguidelines of the Helsinki
Declaration in this investigation.

Case Selection

Cases of resorption, who had previously received
CBCT for a definitive diagnosis and treatment
plan, were included in the study. Patients who met
the following criteria were excluded: those
presenting  pathologic  lesions,  congenital/
developmental anomalies or teeth with root canal
filling, and those whose CBCT scans failed to
present satisfactory quality. Additionally, SR,
TAP, and EIR cases were excluded because their
true dimensions could not be completely
determined before resorption. Radiographic
features of resorption were defined in the images
of 34 patients in accordance with these criteria. A
total of 43 teeth with ECR (n=27), ERR (n=4),
and IRR (n=12) were identified from 34 patients.

Linear/Volumetric ~ Analysis and Axial
Classification
The following parameters were registered:

Gender, age, tooth number, and resorption type.
For the linear measurements, the widest corono-
apical length was made on sagittal sections where
the tooth axis was perpendicular to the ground
plane (Figure 1).
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Figure 1. Linear measurement of the corono-apical length of the
resorption area in sagittal slice of internal resorption case.

On axial sections, the width of the resorbed area
(mesio-distal length and bucco-lingual length)
(Figure 2A) and the thinnest dentin thickness
(buccal, distal, mesial and lingual/palatinal)
(Figure 2B) were measured.

Figure 2. (A) Linear measurements of the mesio-distal and bucco-
lingual width of resorption area, and (B) the thinnest dentin thickness
around the resorption area in axial slice of internal resorption case.

For the wvolumetric assessment, volume
calculations of total tooth and resorbed area were
made with ITK-SNAP program (Figures 3A and

3B).
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Figure 3. (A) Volumetric measurements of resorption and total tooth
areas in a cross-sectional slice obtained from CBCT images of
internal resorption case. (B) 3D reconstruction of resorption area and
total tooth obtained during volumetric calculation with ITK-SNAP
program in external cervical resorption case.

The apical reference point was the radiographic
apex of the root and the coronal reference point
was cusp tip(s) or incisal edge of tooth for the total
volume. The total volume to resorption volume
ratio was  calculated  after  volumetric
measurements. At the same time, the axial slice
which showed the widest resorption area of the
tooth was divided into eight parts and regional
settlement classification was performed (Figure 4).
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Figure 4. Eight regional settlement classification in the axial slice
which showed the widest resorption area of the tooth in CBCT
images.

Height and Patel et al.’s ECR Classification

In ERR or IRR, at sagittal and coronal slice, which
showed the longest corono-apical extension, height
classification was made according to the region (1:
located in the crown, 2: in the coronal third of the
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root, 3: in the middle third of the root, 4: in the
apical third of the root) (Figure 5).

1)
A B
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A )
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Figure 5. Height classification in sagittal and coronal slice which
showed the longest corono-apical extension.

If the type of resorption was ECR, classification
was performed based on Patel et al.’s* study. In
this classification, there are four subgroups for the
height classification; cemento-enamel junction
level or coronal to the bone crest (1: supracrestal),
extension into the coronal third of the root and
apical to the bone crest (2: subcrestal), extension
into the middle third of the root (3), and extension
into the apical third of the root (4). The
classification of circumferential spread is made
according to the area covered by the resorption (A:
<90°, B: >90° to <180°, C:>180° to <270°, D:
>270°) in axial sections. The classification
according to the proximity to the root canal in axial
sections is made only if the lesion is limited to
dentin or it contains probable pulp.*?

Radiographic Technique

In every case, axial, coronal and sagittal slices with
0.2 mm interslice distance and 0.2 mm slice width
were analyzed. All CBCT images were obtained
using a Planmeca ProMax 3D Classic (Planmeca
Promax 3D; Planmeca Oy; Helsinki, Finland) with
the following parameters; 90 kVp, 4-10 mA, 200
Linear measurements were

pm voxel size.
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performed using the Planmeca Romexis 4.6.2.R
software (Planmeca Romexis; Helsinki, Finland).
Volumetric calculations were made by creating a
3D image of the resorption areas and teeth into the
3D semi-automatic segmentation program (ITK-
SNAP 2.4), which was recorded as a DICOM data
file obtained with CBCT. Linear measurements
were made by an oral and maxillofacial
radiologist (T.E.K.) with 10+ years experience
and volumetric measurements were made by the
other oral and maxillofacial radiologist (D.N.G.)
with 5+ years experience.

Statistical Analysis

In this study, frequencies, percentages, and
descriptive statistics (e.g. mean, standard
deviation) were used to report demographic
information. Jamovi (Version 1.0.4) program was
used for statistical analysis. The normality of data
distribution was checked using the Shapiro-Wilk
test. The correlation between groups was
calculated by Pearson’s r., Kruskal-Wallis and
Dwass-Steel-Critchlow-Fligner  post-hoc  tests
were used for statistical analysis for differences
between groups. Significance was set at p=0.05.

RESULTS
Distribution
A total of 43 teeth from 34 patients were
evaluated in the study. The age range of these
patients was 12-71 (range, 12-71 for ECR, 18-63

for IRR, 13-62 for ERR) years old, with an
average of 41 (41.5 for ECR, 52.6 for IRR, 19.8
for ERR) years old. The records of 43 cases were
identified, 26 of whom were male and 17 were
female. Of the total 43 cases, 16 of 27 cases
identified as having ECR were male and 11 were
female; 9 of 12 cases identified as having IRR
were male and 3 were female; and three of four
cases identified as having ERR were female and
one was male.

There were 27 cases of ECR in total with 14
identified in the maxilla, 10 of which were central
incisors; 13 identified in mandibular, five of
which were central incisors and five were first
molars. There were 12 cases of IRR in total with
eight identified in the maxilla, three of which were
central incisors, two were laterals, and two were
second molars. All four ERRs were in the maxilla,
half of which were central, the remainder was
lateral.

Linear/Volumetric Analysis and Gender

Table 1 presents the corono-apical/mesio-
distal/bucco-lingual widest length, the thinnest
buccal/mesial/distal/lingual/palatinal dentin
thickness, the volume of ECR, ERR, IRR, the
total volume of tooth and the total/resorption
volume ratio. No significant difference was found
between the values of these parameters (p>0.05).

Table 1. Values for the widest lengths, the amount of thinnest dentin, and the volume according to ECR, ERR, and IRR.

- . . . Thinnest Total
. . Corono-  Mesio- Bucco- Thinnest Thlnr_lest Thl_nnest lingual/ Resorptio Total volume/
esorption apical distal lingual buccal mesial distal alatinal N volume tooth resorptio
type length length length dentin dentin dentin p . 3 volume P
(mm) (mm) (mm) (mm) (mm) (mm) dentin (mm?) (mm?) n volume
(mm) ratio
ECR 4.62 3.02 3.59 1.79 0.977 121 0.768 36.1 618 37.0
(n=27) *#1.93)  (£121)  (£1.63)  (=*1.71) (1.20) (£1.25) (£1.24) (*30.1) (£333) (£50.0)
Mean ERR 6.36 .98 3.20 0.667 0.652 0.302 0.667 45.1 537 17.8
(=SD)  (n=4) (£1.95)  (£2.10)  (£0.836) (£0.782)  (£0.758)  (£0.605)  (£1.33) (*39.8) (*135) (£9.80)
IRR 5.08 2.38 3.31 153 0.597 0.676 1.23 29.2 624 49.8
(n=12) (£3.19)  (£0.901)  (£1.34)  (£1.93)  (£0.399)  (£0.786)  (+0.889) (*21.2) (+269) (£60.5)

ECR: external cervical resorption; ERR: external replacement resorption; IRR: internal root resorption;

SD: standard deviation; mm: milimeter; mm?3: cubic milimeter.

Table 2 indicates the gender distribution of ECR,
ERR, IRR, and total cases according to these
parameters. There was no significant difference
between the genders in these parameters for ECR,
IRR, and total cases (p>0.05), except the total
tooth volume for ECR and total cases (p<0.05).

174

Total tooth volume was significantly higher in
males than in females for ECR and total cases
(p<0.05). Due to the small sample size of ERR in
the study, the differences between the genders
according to these parameters could not be
evaluated.
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Table 2. Values for the widest lengths, the amount of thinnest dentin, and the volume of ECR, ERR, IRR, and total cases according to gender.

Corono-  Mesio- Bucco- Thinnest ~ Thinnest  Thinnest ;Ii':ir;r;(le/st Resorption  Total tooth ;I/—(;)Itl?rlne/
Resorption apical distal lingual buccal mesial distal gue P -
Gender . : . palatinal ~ volume volume resorption
type length length length dentin dentin dentin dentin (mmd) (mmd) volume
(mm) (mm) (mm) (mm) (mm) (mm) (mm) ratio
Male ECR 4.51 3.35 3.71 1.93 1.02 1.57 0.930 40.6 771 29.9
(n=26)  (n=16) (*1.95) (#1.20)  (*1.37)  (£1.85) (£1.10) (+1.40) (+1.40) (£34.9) 315)* (+18.5)
i 439 240 216 0.00 141 0.00 267 172 420 244
IRR 5.89 2.38 3.16 1.72 0.684 0.834 1.19 33.1 603 34.0
(n=9) (#3.15)  (#0.964) (£1.33)  (2.18) (#0.318)  (+0.840)  (£0.956)  (¥22.1) (+201) (#39.3)
Mean lee 4.98 2.98 3.46 1.78 0.92 1.25 1.09 37.09 699.41 31.13
(+SD) cases (n=2s) (249 (118) (135 (+193) (+0.89) (+1.26) (+1.26) (#30.29) (£286.81)**  (+26.58)
Female ECR 478 2.54 3.42 1.58 0.908 0.690 0.532 29.7 395 47.4
(n=17)  (n=11) (*#1.99)  (*1.10)  (#2.01)  (x1.54) (+1.38) (#0.790)  (#0.964)  (£21.2) *218)* (£76.0)
ERR 7.01 4.50 3.54 0.890 0.400 0.403 0.00 54.5 576 15.6
(n=3) (*1.77) (+2.23) (£0.579)  (x0.788) (£0.693) (=0.699) (=0) (43.1) (£135) (+10.7)
IRR 2.68 2.40 3.77 0.937 0.333 0.200 1.34 17.3 689 97.4
(n=3) (#2.10)  (£0.863) (£1.50)  (£0.907)  (£0.577)  (+0.346)  (+0.813)  (x16.0) (+478) (#97.0)
elrlnale 4.80 2.86 3.50 1.34 0.72 0.55 0.58 31.87 478.66 50.59
_ (#2.28)  (+1.44)  (£1.69)  (¥1.33) (£1.17) (+0.71) (+0.91) (£26.12) (£274.59)**  (+73.82)
cases (n=17)
*Statistically significant difference between male and female according to total tooth volume in ECRs (p<0.05).
** Statistically significant difference between male and female according to total tooth volume in total cases (p<0.05).
ECR: external cervical resorption; ERR: external replacement resorption; IRR: internal root resorption;
SD: standard deviation; mm: milimeter; mm® cubicmilimeter.
Percentages of Axial Classification, Height, and ECR Distribution According to Patel et al.’s

Classification

Figure 6 shows the percentages of ECR, ERR, and IRR according to the eight regional axial classification.
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Figure 6. Percentages of ECR, ERR, and IRR according to the eight regional locations in the axial section. ECR: external cervical resorption; ERR:

external replacement resorption; IRR: internal root resorption.

ECR was found more in the lingual location than in
the other areas (66.67% for 4 and 5 regional
settlements); ERR and IRR had similar distribution
in all locations. The height percentages of ECR,
ERR, and IRR in coronal and sagittal sections by
region are shown in Figure 7.

18.5% 0% 0%
2 40.7% 5% 50%
3 40.7% 5% 66,67%
4 0% 25% 25%

Figure 7. Percentages of ECR, ERR, and IRR according to the height
classification. ECR: external cervical resorption; ERR: external
replacement resorption; IRR: internal root resorption.
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ECR cases resulted in A: 40.7%, B: 40.7%, C:
3.7%, and D: 14.8% according to circumferential
spread, and also affected the pulp by 88.9% and
the dentin by 11.1%.

Linear/Volumetric Analysis and Age

According to age distribution, the widest length
(corono-apical/mesio-distal/bucco-lingual),  the
amount of thinnest (buccal/mesial/distal/lingual/
palatinal) dentin thickness and volumetric values
(the volume of resorption, the total volume of
tooth, and the total/resorption volume ratio) are
shown in Figures 8, 9, 10, respectively. In ECRs,
IRRs and total cases, the widest lengths decreased
with increasing age (Figure 8).
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Figure 8. A column charts show the widest length (corono-apical,
mesio-distal, bucco-lingual) of ECR, IRR, ERR, and total cases
according to age of patients. ECR: external cervical resorption; ERR:
external replacement resorption; IRR: internal root resorption; C-A:
corono-apical; M-D: mesio-distal; B-L: bucco-lingual.

Of these, only the bucco-lingual length in ECR
and total cases, and mesio-distal length in total
cases were significant (p<0.05). In ECRs, IRRs
and total cases, the amount of thinnest mesial
dentin decreased, whereas the thickness in buccal
direction increased (Figure 9).
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Figure 9. A column charts show the amount of thinnest dentin
thickness (buccal, mesial, distal and lingual/palatinal) of ECR, IRR,
ERR, and total cases according to age of patients. ECR: external
cervical resorption; ERR: external replacement resorption; IRR:
internal root resorption; B: buccal; M: mesial; D: distal; L/P:
lingual/palatinal.

Of these, only the amount of buccal dentin in ECR
and total cases was significant (p<0.05).
Additionally, all volumetric values decreased in
ECRs. Of these, only the total tooth volume was
significant (p<0.05) (Figure 10).
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Figure 10. A column charts show the volumetric values (volume of
resorption, total volume of tooth and the total/resorption volume
ratio) of ECR, IRR, ERR, and total cases according to age of
patients. ECR: external cervical resorption; ERR: external
replacement resorption; IRR: internal root resorption.

In IRRs, the resorption volume decreased, the
total volume and the total/resorption volume ratio
increased (p>0.05). The total volume and the
resorption volume significantly decreased in total
cases (p<0.05). Nevertheless, the total/resorption
volume ratio increased (p>0.05). Due to the small
sample size of ERR in the study, the age
distribution according to these parameters could

not be evaluated.

DISCUSSION

Radiography is a main component in the
successful diagnosis of root resorptions as in other
endodontic diseases. Nevertheless, conventional
methods such as PA and panoramic radiographs
can make difficult the interpretation of images as
they provide two-dimensional images of 3D
structures. By providing 3D images, CBCT can
overcome many of the limitations of other
radiographic methods. According to the European
Society of Endodontology (ESE) position
statement, also the American Association of
Endodontists (AAE) and American Academy of
Oral & Maxillofacial Radiology (AAOMR) joint
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position statement, CBCT imaging has been

recommended for the localization and
differentiation of root resorptions, and the
determining  appropriate  management  and

prognosis.t®t’ In this study, the 3D volumetric and
linear measurements of ECRs, ERRs, and IRRs
were assessed using CBCT imaging to understand
their nature and differentiation. In addition, the
axial classification that would allow an objective
interpretation of the diagnosis among clinicians
was presented.

ECR occurs in three phases: an initiation
phase, an active resorption phase, and a reparative
phase, which initially expands coronally and later
apically.>'® These directions depend on the
movement of clastic cells, which have a relation to
inflammatory  mediators  (e.g.  cytokines),
hormones (e.g. parathyroid hormone, calcitonin,
calcitriol) and growth factors.?® In the treatment
of this resorbed lesion, methods such as the
external repair of the resorptive defect with or
without endodontic treatment, internal repair and
root canal treatment, intentional replantation,
periodic review and extraction in untreatable teeth
can be applied.?! The treatment plan of ECR is
dependent on the dimension, localization, and
proximity of the lesion to the root canal.?? In terms
of the resorption dimension, the findings in the
present study showed that the widest lengths in
ECR was similarly expanding in all three
directions. This information is important for the
clinicians to consider possible resorbed tissue in
all directions while cleaning the resorbed tissue.
Although gender seemed to have no effect on the
widest lengths, increased age showed a decrease
in ECR dimensions, especially bucco-lingual
length. The age findings in the widest lengths may
indicate that lesions have passed to the reparative
phase.

One of the important parameters in the choice
of treatment approach is the dentin thickness
around the resorbed lesion. Goodell et al.’®
suggested the Rohde classification in ECRs, which
detects the amount of dentin loss in the cervical
area. By contrast, the present study compared the
amount of thinnest dentin around the resorbed
lesion between the axial directions (buccal, mesial,
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distal, lingual/palatinal). The findings in the present
study showed that resorption did not make any
difference in the direction of the dentin thickness in
ECRs. Interestingly, with increasing age, the
amount of the thinnest dentin in the buccal
direction increased (p<0.05). Our findings
indicated that the ECRs, which generally progress
asymptomatically, may complicate clinical
diagnosis by decreasing the pink spot image due to
the increase in the thickness of dentin in buccal
direction.

The pulp is not usually perforated because of
the presence of a pericanalar resorption resistant
sheet (PRRS) that protects against pulp
penetration.> Nevertheless, in advanced resorption
lesions, the root canal may be perforated.’®* ECR
cases affected the pulp at rate of 88.9% in this
study. The detection of PRRS, which have
thicknesses of 70 to 490 um, with CBCT may
interfere with assessment of both the thickness
and density of the area.?’ Also, most of the ECR
lesions had less than 180° of circumferential
spread. Although there seems to be no relationship
between circumferential spread and pulpal
perforation, further investigation is required.

Similar to other studies, ECR was not
associated with patient’s gender and had a wide
age distribution.'*? ECR was most detected in
maxillary central incisors (37%), followed by
mandibular  central incisors (18.5%) and
mandibular first molars (18.5%). Patel et al.??
determined the most commonly affected teeth as
maxillary central incisors (30.4%), followed by
mandibular first molars (15.7%), and mandibular
central incisors (11.3%). The cause of percentage
differences may be that the etiologic factors of
ECR differ according to the population
investigated.

In contrast to external resorption, IRR occurs
inside the pulp canal. For the initiation of IRR, the
odontoblast layer and predentin, which is the outer
protective of the canal wall, must be damaged.
However, without bacterial stimulation, IRR will
be self-limiting and does not progress.? It is
important to treat the tooth with conservative
methods before the IRR advances and consequently
compromises the restorability of tooth. If the



Kosar T, et al.

resorbed lesion is limited to the root canal, root
canal treatment is the first option.2 When the the
perforation of root walls occurs, the management
of the resorbed lesion could be more challenging
with treatment methods such as sealing the
resorbed area with bioactive cements, and/or
surgical approaches.?* According to the findings
in IRR lesions of this study, the physician should
be careful in whole direction during the
preparation, irrigation or filling procedures, since
there was a possibility similar to the widest
lengths and the amount of thinnest dentin of IRR
in all directions. Also, as the age increased, the
widest lengths of the resorbed lesions may have
been reduced in 3D images due to low-grade
inflammation of the pulpal tissue.

In the present study, although IRR was more
common in maxillary teeth, the distribution of
teeth showed homogeneity. Trauma and then
pulpal inflammation are the major contributing
factors at the beginning of IRR.2 The higher
percentage of males (9/12, 75%) may be due to
more traumatic injuries than in females. Also, IRR
classifications using CBCT may be required for
the physician to make a correct treatment plan, as
with ECR.2 This study may guide IRR
classifications using CBCT.

ERR occurs as a result of acute damage to
periodontal ligament cells due to severe traumatic
injuries, such as intrusive luxation or avulsion
with extended dry time.? These resorbed lesions
cannot be arrested or the process reversed. For this
reason, timing of decoronation should be planned
according to the age and growth pattern of the
patient.?® The volumetric analysis of ERR, which
was also considered for the first time in this study,
may be an important criterion in the tooth
decoronation decision. However, the small sample
size in this study precluded definitive conclusions
from being drawn on the prevalence of ERR. ERR
was frequently seen in maxillary teeth (4/4, 100%)
because it was generally traumatized and
replanted for aesthetics and alveolar bone
development.

The change of resorption volume compared
with the total volume is the most important factor
in the long-term prognosis of resorption. To our

178

knowledge, only Matny et al.}* investigated a
volumetric quantitative assessment of ECRs.
However, this is the first study to compare ECR,
ERR, and IRR through volumetric assessment and
to examine the age and gender distribution of
these resorptions according to this parameter. In
ECR lesions, the total volume for males was
significantly higher than for females. This might
be due to the fact that teeth with greater volume
(e.g. premolar, molar) have a greater distribution
in males. Interestingly, despite this difference in
total tooth volume, no significant difference in
resorption volumes of males and females in ECR
lesions can lead us to conclude that male's teeth
with ECR may be more resistant to fracture. With
increasing age, the total tooth volume may have
decreased as the ECR may have affected smaller
volume teeth. With respect to this result, although
the distribution passed to smaller volume teeth as
age increases, the resorption volume did not
decrease significantly, which may show that the
total volume of the tooth in ECR is not a factor in
the progression of resorption.

There was no difference between ECR, ERR,
and IRR in terms of volumetric values of
resorption. This means that even if the resorption
classifications and localizations are different,
ECR, ERR, and IRR may have close volumetric
values due to having similar nature. When total
cases were evaluated together, the high total tooth
volume in males may be due to the fact that the
teeth with greater volume such as molar teeth
were more affected by resorption in male. With
increasing age, the 3D volume of resorption
decreased, suggesting that resorption treatments in
adult patients may be more conservative. Also, the
slowing of the inflammatory mechanism with age
and the increasing secondary dentin thickness
throughout life may indicate that resorption
progress more slowly.?’

The apical extent of resorption affects a
physician’s decision in terms of treatment
approach. ECR usually occurs in the cervical
region of the tooth and expands in all directions
away from portal of entry.?® IRR initiates within
the pulp space, whereas ERR is a pathologic loss
of cementum, dentin, and periodontal ligament
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with subsequent replacement of such structures by
bone.?® In the height classification, the height
values of ECRs were evaluated by including the
cervical region according to Patel et al.’s'?
classification. Thus, the total values
complemented 100%. In ERRs and IRRs, the total
values exceed 100% since the lesions do not have
a specific starting point, such as the entry point of
ECR, and are likely to be found simultaneously in
the coronal, middle, and apical thirds.

Contrary to previous classifications, in the
present study, we added eight settlement
classification in axial section, which showed the
widest resorption area of the tooth (Figure 4). This
classification is of great importance when making
treatment decisions and communicating more
effective and accurate transmission of lesions
among colleagues. Surgical approaches to
resorption in the proximal location are more
complicated than those found in buccal or lingual
areas. For this reason, percentages of availability
by regional settlement were determined, and ECR
was found more in the lingual region than in other
locations (Figure 6). This might be due to more
plaque remaining in the lingual direction of the
teeth during oral hygiene. The total percentage
was not 100% in total cases because the
resorptions were not just located in one region.

The primary limitations of this study were the
lack of demografic data of the patients, not
evaluating the etiology of resorptions or not
selection of the treatment plan according to the
parameters evaluated, and the absence of ECR’s
entry portal. Another limitation was that
endodontically treated teeth, which do not have
pulp and PRRS, were excluded.?® Further research
is needed for the volumetric/linear assessment of
endodontically treated teeth.

CONCLUSIONS

Within the limitations of this study, even though
the resorption types were different, there was no
difference in terms of volumetric and linear
analysis in 3D images. ECRs were mostly found
in the lingual region, while IRRs and ERRs did
not show regional differences in axial sections.
There was no difference between genders in terms
of volumetric and linear measurements in ECRs
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and IRRs, except total tooth volume was higher in
males in ECRs. With increasing age in ECRs, the
buccal dentin thickness increased, and bucco-
lingual length and total tooth volume decreased.
Using CBCT imaging, the volumetric/linear
analysis and axial classification of resorptions,
and demographic differences according to these
parameters can help clinicians in deciding the
treatment plan and in understanding the resorption
nature. Further high-quality studies with larger
samples are required to assess the nature and
dimensions of root resorptions.
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Kok Rezorpsiyonlarinin Konik Isinh Bilgisayarl
Tomografi Kullamlarak U¢ Boyutlu Hacimsel/Lineer
Analizi ve Aksiyel Siniflandirmasi: Retrospektif
Calisma

0z

Amag: Bu calismanmin amaci, konik isinli bilgisayarl
tomografi (KIBT) kullanilarak kék rezorpsiyonlarinin
hacimsel-lineer analizini arastirmak ve yeni bir aksiyel
smiflandurma  sunmaktir.  Gere¢ ve Yiontemler:
Calismaya 34 hastanin toplamda 43 kok rezorpsiyonlu
disi (eksternal servikal rezorpsiyon (ESR) (n=27),
eksternal replasman rezorpsiyon (ERR) (n=4), internal
kok rezorpsivonu (IKR) (n=12)) dahil edildi. Dislerin
KIBT gdriintiilerinde, hacimsel analiz igin toplam dis
hacmi ve rezorpsiyon hacimleri, lineer analiz igin
rezorpsiyonlarin en genis uzunluklart ve bunlarin
etrafindaki en ince dentin kalinligi miktarlar: ol¢iildii
ve hacimsel/lineer dlgiimler yas ve cinsiyete gore
karsilagtirild. Ek olarak, aksiyel kesitte sekizli bolgesel
smiflama uygulandi ve bu bélgeler karsilastirild.

Veriler Shapiro-Wilk, Pearson’s r., Kruskal-Wallis ve
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Dwass-Steel-Critchlow-Fligner ~ post-hoc  testleri
kullanilarak degerlendirildi. Istatistiksel analiz igin
anlamlilik p=0,05 olarak belirlendi. Bulgular: ESR,
ERR ve IKR'lerin hacimsel ve lineer élciimleri
arasinda anlaml bir fark bulunamadi. ESR bulunan
erkek hastalarin disinin toplam hacmi kadinlara gére
daha yiiksek olmast disinda (p<0,05), ESR ve IKR 'lerin
hacimsel ve lineer dlgiimlerinde cinsiyetler arasinda
fark yoktu. ESR'lerde yas arttikca bukkal dentin
kalinlig1 artti, bukko-lingual uzunluk ve digin toplam
(p<0,05). Aksiyel siniflandirmada,
ESR'ler ¢cogunlukla lingual bélgede bulunurken, ERR
ve IKR'lerde bélgesel farkhilik gozlenmedi. Sonuclar:
Kok farkh

smiflandirmalara sahip olsalar da benzer yapiya sahip

hacmi  azald:

rezorpsiyonlari lokalizasyon — ve
olduklarindan dolayr hacimsel ve lineer olgiimler
agisindan farklilik gostermediler. KIBT gériintiileme
kullanilarak, rezorpsiyonlarin hacimsel/lineer analizi,
aksiyel smiflandirmasi ve bu parametrelere gore
demografik farkhiliklar

dogasini

klinisyenlerin

uygun
belirlemelerine yardimci olabilir. Anahtar Kelimeler:
konik

endodonti, kok rezorpsiyonu.

rezorpsiyon
anlamalarma  ve yonetimi

Swniflama, winly  bilgisayarli  tomografi,
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