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External Apical Root Resorption in Endodontically 
Treated and Vital Teeth after Orthodontic Treatment: 
A Retrospective Study

 Elchin Karimzada1,  Elçin Esenlik1,  Kürşat Er2

Akdeniz University Faculty of Dentistry, Department of Orthodontics, Antalya, Turkey
Akdeniz University Faculty of Dentistry, Department of Endodontics, Antalya, Turkey

Main Points
• 	 Long treatment duration and extraction treatment were significantly associated with external apical root resorption (EARR).
• 	 The presence of endodontically treated teeth (ETT) did not increase an individual’s risk of EARR.
• 	 ETT is more resistant to EARR than contralateral vital pulp.

ABSTRACT
Objective: This retrospective study aimed to assess the presence and amount of external apical root resorption (EARR) in endodontically 
treated teeth (ETT) and contralateral teeth with vital pulp (VPT) following orthodontic treatment.

Methods: The study sample included panoramic radiographs of 503 patients (314 females and 189 males; 16.29 years±3.98) with 620 
ETT and 580 VPT. The tooth length was measured on digital panoramic radiographs, which were collected at the beginning and end of 
the orthodontic therapy for each subject. The pre- and post-orthodontic treatment radiographic evaluation included the percentage 
of EARR in ETT and contralateral VPT for all tooth types. Any relationship between EARR and orthodontic treatment type (one- and 
two-phase; extraction and non-extraction), duration, and patients’ age and gender were investigated. Mann-Whitney U, Wilcoxon 
signed rank, Kruskal-Wallis and Spearman correlation tests were applied for comparisons and to test the correlations.

Results: A statistically significant difference was observed in all orthodontic treatment groups when ETT and VPT were compared in 
terms of EARR (p<0.05). EARR was positively correlated with orthodontic treatment duration and type (p<0.05) but was not influenced 
by patient age or gender. Statistically significant EARR was observed in the two-phase extraction orthodontic treatment group for 
both ETT and VPT. In VPT, a statistically significant EARR was found in the one-phase extraction treatment group compared with the 
non-extraction treatment group, whereas no significant difference was found in ETT.

Conclusion: ETT showed significantly lower EARR than VPT. ETT can therefore be moved safely during orthodontic treatment.

Keywords: External root resorption, orthodontic treatment, endodontics, root canal treatment

INTRODUCTION

Tooth root resorption is a complicated and unpredictable pathological condition that affects the cementum, 
root dentin, and apex and can lead to the irreversible loss of tooth structure.1 Higher levels of root resorption 
have been observed during orthodontic tooth movement compared with the natural root resorption process 
in humans.2 When orthodontic stresses are applied to teeth, blood flow in the periodontal ligament changes, 
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and a local inflammatory response is created to aid tooth 
movement.3 External apical root resorption (EARR) is an an 
undesirable condition that may also be a possible pathological 
consequence of orthodontic tooth movement. Orthodontically 
induced EARR is a condition in which the root surface is eroded, 
leading to the loss of cementum. Once the dentin is affected, 
this erosion becomes permanent and cannot be reversed.3 
Since orthodontically induced EARR is considered irreversible 
when it affects the dentin, it is crucial to identify factors that 
may predispose individuals to clinically significant EARR.4 
Several factors are potential risk factors and induce EARR 
during orthodontic treatment, including patient age, gender, 
nutrition, genetics, type of orthodontic appliance, magnitude 
of applied force, treatment type, treatment duration, and the 
amount of tooth movement.5,6

The possibility of experiencing endodontically treated teeth 
(ETT) has become even more frequent, with the expanded 
request for orthodontic treatment among adults. Therefore, 
predicting the prognosis of ETT after orthodontic treatment 
and their resistance to EARR is even more important for 
clinicians in their orthodontic planning. In the literature, 
the results of studies on whether ETT differs in resorption 
compared with contralateral teeth with vital pulp (VPT) after 
orthodontic treatment have been controversial. It has been 
considered that ETT may be more resistant to EARR than VPT.7-10 
On the contrary, Mah et al.11 Reported higher EARR in ETT. Some 
studies have also found no difference in the amount of EARR 
observed between ETT and contralateral VPT.12-14 The reasons 
for these controversial results could be due to the differences 
in the types of teeth included in the studies, the absence of 
evaluation of orthodontic treatment types in some studies, or 
the small sample size of patients and teeth included.

To the best of our knowledge, no previous study has evaluated 
the EARR resulting from one-phase and two-phase orthodontic 
treatments in all tooth types and compared their effects on root 
resorption in both ETT and VPT. Hence, our primary purpose 
was to assess the presence of EARR resulting from orthodontic 
treatment in ETT and to compare it with that of contralateral 
VPT. Second, the relationship between EARR levels and possible 
predisposing factors, such as treatment type and duration and 
patient age and sex, was also evaluated in the present study. 
The first null hypothesis tested was that orthodontic treatments 
applied to ETT and contralateral VPT did not result in root 
resorption. The second hypothesis was that the treatment type 
did not alter the degree of root resorption in ETT and VPT.

METHODS

Sample Selection
Ethical approval for this retrospective study was obtained from 
the Clinical Research Ethics Committee of Akdeniz University 
Faculty of Medicine (approval no.: 164, dated: 4 April 2022). 
The study materials were selected from the archives of Akdeniz 
University Faculty of Dentistry, Department of Orthodontics.

The records of 4673 patients who were treated from 2012 to 
2023 were examined. The analysis focused on the pre- and 
post-treatment panoramic radiographs of 503 patients (314 
females and 189 males; mean age 16.29 years ± 3.98) and 620 
teeth (395 belonging to females and 225 belonging to males) 
that matched the following inclusion criteria: (1) the presence 
of anamnestic records, treatment planning, and clinical notes 
in patients’ files; (2) high-quality pre-treatment and post-
treatment panoramic radiographs; (3) at least one tooth that 
had been root-filled pre-orthodontically; and (4) teeth without 
fractures on their incisal or occlusal surfaces.

The quality of the root canal filling was evaluated based 
on the density of the filling, the taper of the filling, and 
the distance from the end of the filling to the radiographic 
apex.15 The criteria used in this study to evaluate the technical 
quality of the filling were as follows: (1) length, root canal 
filling 0-2 mm from the radiographic apex; (2) homogeneity, 
homogeneous root canal filling, good condensation with no 
visible voids; and (3) tapering, steady and uniform tapering 
from the coronal to the apical region, reflecting the canal’s 
original shape.

The exclusion criteria were as follows: (1) individuals with 
craniofacial anomalies, systemic disorders, or parafunctional 
habits like bruxism; (2) subjects who underwent endodontic 
treatment during orthodontic treatment; (3) patients with 
incomplete orthodontic treatment; and (4) ETT extraction 
during orthodontic treatment.

The distribution of the ETT based on the tooth number is shown 
in Figure 1. Out of 620 ETTs, 40 did not exhibit contralateral 
VPT. The sample was accepted as 580 when comparing the 
contralateral side to the ETT. In total, 620 ETT and 580 VPT were 
used to assess the association between EARR percentage and 
sex, age, treatment duration, and treatment type, whereas 
580 ETT and contralateral VPT were compared in terms of the 
percentage of EARR according to treatment type.

According to the post-hoc power analysis, a Cohen’s d of 0.85 
was calculated from the comparison of the percentage of 
EARR in ETT between the one- and two-phase groups in the 
extraction treatment. The statistical power of the study was 
99% with a margin of error of 0.05 given n1=166 and n2=46. 
The sample size was estimated using the G*Power 3.1.9.2 
software. 

All orthodontic treatments were performed by a team of 
residents under the supervision of a single expert. The patients 
were treated with two different modalities: the “one-phase 
orthodontic treatment”, where patients received only fixed 
orthodontic treatment and the “two-phase orthodontic 
treatment”, where the first phase involved various orthodontic 
appliances (monoblock, twin-block, Teuscher, face mask, chin 
cap and maxillary expansion appliances) followed by fixed 
orthodontic treatment. For all patients, the fixed orthodontic 
appliances were conventional Roth systems with a slot size of 
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0.018 inches. The standard archwire sequences ranged from 
0.014-inch nickel-titanium to 0.016x0.022-inch stainless steel.

 The effect of orthodontic treatment type on the level of EARR 
was evaluated based on the application of orthopedic and 
fixed  orthodontic treatment together (two-phase) or fixed 
orthodontic treatment alone (one-phase). Second, the effect of 
extraction- or non-extraction-fixed orthodontic treatment was 
assessed. The one- and two-phase treatment groups according 
to the extraction decision was performed and the extraction 
and non-extraction treatment groups were then compared 
based on the treatment phases. Age at the initiation of 
treatment, treatment duration, and percentage of EARR in ETT 
and VPT were also evaluated. Moreover, ETT and contralateral 
VPT were compared with each other in terms of the percentage 
of EARR according to the treatment phase and extraction 
decision.

Radiological Assessment
In this study, measurements were made on digital panoramic 
radiographs taken at the beginning (T0) and end of treatment 

(T1). Panoramic radiographs were obtained using a Planmeca 
ProMax panoramic device (Planmeca, Helsinki, Finland) for all 
patients. The positioning light guides incorporated into the 
machine were used to standardize the position of the head. 
The images were obtained using the Planmeca Romexis Viewer 
program (v.2.7.0.R; Planmeca, Finland).

The lengths of the crowns and roots of the teeth were measured 
using the Planmeca Romexis Viewer program to determine 
the amount of EARR occurring between T0 and T1 according 
to the method described by Linge and Linge.12 The reference 
points and lines for the pre- and post-orthodontic treatment 
measurements are shown in Figure 2. The cementoenamel 
junction (CEJ) was initially identified as a linear connection 
between two specific locations, specifically the mesial and 
distal CEJs. The crown lengths on the pre- and post-treatment 
radiographs were then determined in ETT and contralateral 
VPT by measuring the longest distance from the incisal or 
occlusal edge to the CEJ. The root lengths on the pre- and 
posttreatment radiographs were also calculated in the ETT and 

Figure 1. The chart, representing the distribution of ETTs based on the tooth number

N, Sample of the ETT

Figure 2. Measurements of crown and root lengths of single-rooted (A) and multiple-rooted teeth (B)

1-incisal or occlusal edge; 2-distal CEJ; 3-mesial CEJ; 4-iroot apex; R-root length; C-crown length
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contralateral VPT by measuring the distance from the CEJ to 
the root apices. The root lengths of teeth with multiple roots 
were calculated by measuring the distance from the CEJ to the 
midpoint on the line between the root apexes. The buccal roots 
of the upper and premolars were measured.

First, the amount of EARR was calculated in millimeters as 
follows: root length pre-orthodontic treatment (R1) root 
length post-orthodontic treatment (R2) × (crown length 
before orthodontic treatment/crown length after orthodontic 
treatment).12 Then, EARR was defined as the percentage 
shortening per tooth as follows: EARR×100/R1. Using 
percentage values is a more efficient approach for conducting 
comparisons because individual discrepancies in tooth root 
length can diminish the significance of millimeter-based 
comparisons of root resorption values.

Statistical Analysis
Analyses were performed using SPSS 23.0 software (SPSS 
Inc., Chicago, Illinois, USA). To determine the method error, 60 
patients were randomly selected and measured by the same 
researcher within a 2-week interval. The intraclass correlation 
coefficient was used to assess intraobserver reliability and was 
found to be 0.98. The assumption of normality was evaluated by  
using the Shapiro-Wilk test. The Mann-Whitney U test was used 
for intragroup comparison of pre-treatment age, treatment 
duration, and percentage of patients with EARR. The same test 
was used for gender comparison. The Wilcoxon signed rank test 
was used for the intergroup comparison of the percentage of 
EARR. Statistically significant cases were defined as those with a 
p<0.05. The Spearman correlation test was used to evaluate the 
correlation between pre-treatment age, treatment duration, 
and the percentage of patients with EARR.

RESULTS

The data include information on characteristics such as age 
at the beginning of treatment, treatment duration, treatment 
type, number of teeth, tooth group, and percentage of EARR 
in ETT and VPT. Table 1 presents both the comparison of the 
one- and two-phase orthodontic treatment groups regarding 
whether teeth were extracted or not, and the results of the 
compared extraction and non-extraction groups in the one- 
and two-phase treatment. Differences were observed in the 
age at the beginning of treatment, treatment duration, and 
percentage of EARR in ETT and VPT between the one-phase 
and two-phase extraction treatment groups. In the one-phase 
extraction group, the age at the beginning of treatments was 
higher, whereas the duration of treatment and the percentage 
of EARR in both ETT and VPT were lower (p<0.05).Differences 
were also observed in the age at the beginning of treatment, 
treatment duration, and the percentage of EARR in ETT and 
VPT between the one-phase and two-phase groups in the non-
extraction treatment. The age at the beginning of treatment, 
treatment duration, and percentage of EARR in both ETT and 
VPT were reduced in the one-phase group compared with the 

two-phase group in the non-extraction treatment. Significant 
differences were observed in the age at the beginning of 
treatment, treatment duration, and percentage of EARR in ETT 
and VPT between the extraction and non-extraction groups in 
the one-phase treatment (p<0.05). These values were higher 
in the extraction group than in the non-extraction group. The 
percentage of EARR in ETT and VPT between the extraction 
and non-extraction groups in the two-phase treatment was 
found to be different (p<0.05). These values were higher in the 
extracted group than in the non-extracted group.

Comparisons of the percentage of EARR in ETT and VPT between 
the one- and two-phase treatment groups are presented in 
Table 2. The percentage of EARR was significantly higher in VPT 
than in ETT in both the one- and two-phase treatment groups.

Comparisons of the percentage of EARR in ETT and VPT 
between the extraction and non-extraction treatment groups 
are presented in Table 3. Similar to the findings in the phase 
comparison, the percentage of EARR was higher in the VPT 
group than in the ETT group in both the extraction and non-
extraction treatment groups.

Treatment duration showed a statistically significant, positive 
but weak correlation with EARR in ETT and VPT (p<0.001; r=0.19 
and r=0.226, respectively). Patient age was not significantly 
correlated with EARR on ETT and VPT (Table 4). 

Table 5 presents the comparison of the EARR percentage 
according to the tooth group in the ETT and VPT. The tooth 
group significantly impacted apical root resorption in ETT 
(p<0.05), but it did not affect vital teeth (p>0.05).

Gender had no statistically significant effect on the percentage 
of EARR in ETT and VPT.

DISCUSSION

A total of 503 patients, including 620 ETT and 580 VPT, were 
included in the study based on the specified inclusion and 
exclusion criteria. This study assessed the differences in tooth 
lengths of all tooth types in ETT and contralateral VPT before 
and after orthodontic treatment using digital panoramic 
radiography. The results from both the one- and two-phase, 
as well as the extraction and non-extraction treatment groups, 
were compared within each group and between groups. The 
present study revealed that the EARR was significantly greater 
in VPT than in ETT. As a result, the first hypothesis was rejected. 
Additionally, the amount of EARR was partially influenced 
by the treatment type in both ETT and VPT; thus, the second 
hypothesis was partially supported.

Previous studies7-10 have examined the assessment of root 
resorption during orthodontic treatment and compared 
ETT and VPT results. Lee and Lee7, in their retrospective 
study reviewing different teeth in 35 patients and reported 
significantly less EARR in ETT compared with the contralateral 
VPT. Kurnaz and Buyukcavus8 examined the mandibular molars 
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of 69 patients and observed more root resorption in vital molars 
than in endodontically treated molars post orthodontically. 
In addition, Grissom et al.9 conducted a study to evaluate the 
amount of root resorption in 76 (38 endodontically-treated and 38 
vital contralateral) teeth with CBCT and found that ETT was more 
resistant to external root resorption than their contralateral VPT. In 
another study, Kolcuoglu and Oz10 evaluated the difference in root 
resorption between endodontically treated and vital premolars 
in premolar-extracted orthodontic treatment using micro-CT 
and reported that ETT was less susceptible to root resorption 
than VPT. The findings of the present study were in accordance 
with the abovementioned results. However, some studies12-16 
reported no significant differences in root resorption between ETT 
and contralateral VPT. The disagreement in the results between 
previous findings and the current study may be attributed to 
the inclusion of different types of teeth and study samples, such 
as incisors and molars. To the best of our knowledge, all types of 
teeth were included in the present study, and the total sample 
size was the largest of all similar studies. Moreover, the outcomes 
of two-phase orthodontic treatment, which includes orthopedic 
treatment and one-phase orthodontic treatment with only fixed 
appliances, were investigated.

The mechanism and role of pulp tissue have been researched 
histologically by some researchers, but it is still complicated. Kaku 
et al.17 found that injured and stretched pulp cells express receptor 
activator of nuclear factor kappa-B ligand (RANKL), macrophage 
colony stimulating factor (M-CSF), and inflammatory cytokines; 
thereby, odontoblastic activity starts and inflammatory apical 
root resorption occurs. They assumed that tensile forces on the 
pulp cells through the apical foramen induced by orthodontic 
tooth movement cause an increase in the expression of these 
factors, which may lead to inflammatory root resorption. Bender 
et al.18 suggested that the absence of neuropeptide release from 
the removed pulp leads to a decrease in CGRP-IR fibers and less 
resorption in ETT. In addition, calcium hydroxide-based root canal 
materials have been reported to have a positive effect on the 
healing process of periapical tissue and the repair of orthodontic 
root resorption in endodontically treated dog teeth.19 These factors 
may explain the lower EARR observed in ETT in those studies.

Previous studies7,8,20 in the literature have indicated a positive 
correlation between EARR and the type and duration of orthodontic 
treatment. It was reported that there was no significant difference 
between extraction and non-extraction treatment protocols in 
terms of resorption in ETT, while more resorption was observed 
in VPT in treatment protocols involving extraction.7,8,21 Only one 
study22 reported that both VPT and ETT showed more resorption 
in non-extraction cases than in extraction cases. According to the 
results of our study, orthodontic treatment involving extractions 
resulted in greater EARR in VPT patients compared with patients 
without extractions, which is consistent with previous studies.7,8,21

Very few studies20,23,24 have compared one- and two-phase 
treatment protocols in terms of root resorption. Seker et al.24 
reported a significant increase in the incidence of EARR in patients 
treated with two-phase treatment compared to those treated Ta
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with fixed appliances alone. However, Faxén Sepanian and 
Sonnesen23 found that the one-phase treatment group showed 
significantly higher EARR than the two-phase treatment 
group. On the other hand, no significant differences were 
reported between two-phase and one-phase treatment 
protocols regarding the incidence of EARR.20 In the present 
study, the EARR incidence for both ETT and VPT in the two-
phase extraction treatment group was statistically significant 
when compared with that of one-phase extraction. The longer 
treatment period in the two-phase treatment group was 
probably associated with increased root resorption, which in 

turn could be attributed to greater teeth movements during 
orthodontic extraction therapy and variations in the level of 
orthodontic forces utilized in the orthopedic treatment.

A possible relationship between sex and root resorption in 
both ETT and VPT was also evaluated in the present study; the 
amount of EARR did not show any significant difference with 
sex in accordance with previous studies.7,21 On the contrary, only 
one study found the EARR to be more frequent in males than 
females.20 This result was attributed to the longer treatment 
duration in male patients. Another possible factor affecting the 

Table 2. Comparison of the EARR percentage in the one- and two-phase orthodontic treatment groups of ETT and VPT groups

Percentage of the 
EARR

One-phase orthodontic treatment Two-phase orthodontic treatment

n
(teeth) Mean±SD Median

(Q1-Q3) p-value n
(teeth) Mean±SD Median

(Q1-Q3) p-value

ETT:T0-T1 (%) 423 4.92±4.24 4.31 (1.77-7.09)
<0.001

157 6.25±5.44 4.76 (2.26-7.99)
0.001

VPT:T0-T1 (%) 423 6.32±4.47 5.61 (2.73-8.71) 157 7.43± 5.33 6.54 (3.61-9.58)

SD: Standard deviation; The statistical significance level was p<0.05; p: Intergroup comparison (Comparison of EARR level of ETT and VPT in One phase treatment; 
Comparison of EARR level of ETT and VPT in Two phase treatment): Wilcoxon signed rank test. Significant differences are indicated in bold (p<0.05).  
ETT: endodontically treated teeth; VPT: contralateral teeth with vital pulp

Table 3. Comparison of the EARR percentage in the extraction and non-extraction orthodontic treatment groups for ETT and VPT

Percentage of EARR
Extraction orthodontic treatment Non-extraction orthodontic treatment

n
(teeth) Mean±SD Median

(Q1-Q3) p-value n
(teeth) Mean±SD Median

(Q1-Q3) p-value

ETT:T0-T1 (%) 201 5.56±4.38 5.1 (2.05-7.69)
<0.001

379 5.13±4.76 4.07 (1.84-7.09)
<0.001

VPT:T0-T1 (%) 201 7.57±4.84 6.93 (3.7-10.56) 379 6.12±4.62 5.34 (2.72-8.09)

SD: Standard deviation; The statistical significance level was p<0.05; p: Intergroup comparison (Comparison of EARR level of ETT and VPT in Extraction treatment; 
Comparison of EARR level of ETT and VPT in Non-extraction treatment): Wilcoxon signed rank test. Significant differences are indicated in bold (p<0.05). ETT: 
endodontically treated teeth; VPT: contralateral teeth with vital pulp

Table 4. Correlation of pre-treatment age and treatment duration with EARR percentage in ETT and VPT

Correlation VPT T0-T1 (%) Pre-treatment age Treatment duration (months)

ETT:T0-T1 (%)
n=620

r 0.245 -0.011 0.190

p <0.001 0.784 <0.001

VPT:T0-T1 (%)
n=580

r -0.047 0.226

p 0.258 <0.001

Spearman Correlation Test. Significant differences are indicated in bold (p<0.05). ETT: endodontically treated teeth; VPT: contralateral teeth with vital pulp

Table 5. Comparison of the EARR percentage according to the tooth group during ETT and VPT

Tooth group
ETT T0-T1 (%) VPT T0-T1 (%)

n
(teeth)

Median 
(Q1-Q3)

n
(teeth)

Median
(Q1-Q3)

Maxillary anterior 90 5.25 (2.32-8.67) 85 7.52 (4.04-10.39)

Maxillary premolar 46 4.35 (1.34-6.64) 46 6.86 (3.63-11.57)

Maxillary molar 175 4.27 (2.04-7.41) 175 5.3 (2.42-8.49)

Mandibular anterior 4 13.14 (8.37-15.22) 4 7.9 (3.94-8.93)

Mandibular premolar 23 2.59 (0.75-4.86) 23 5.65 (4.65-10.29)

Mandibular molar 282 4.02 (1.8-6.67) 247 5.61 (2.84-8.22)

p 0.002 0.077

Kruskal-Wallis test. Significant differences are indicated in bold (p<0.05); ETT, endodontically treated teeth; VPT, contralateral teeth with vital pulp
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level of EARR, chronological age, was also investigated. In the 
current study, the age range was 8.9-43.9 years and the sample 
was substantial. There was no correlation between age and EARR 
level, however, similar to previous studies.20,25 In contrast, Lee 
and Lee7 reported a positive correlation between age and root 
resorption in ETT but not in VPT. This result can be attributed to 
the sample size. Moreover, the extent of root resorption varied 
among the tooth groups; this variable was incorporated into the 
study analysis. Previous studies20,25 have indicated that maxillary 
incisors exhibit the highest frequency of resorption, followed by 
mandibular incisors. McFadden et al.26 reported that mandibular 
incisors are more susceptible to root resorption following 
intrusion movements than maxillary incisors. In our study, the 
greatest amount of EARR in both the ETT and VPT was observed 
first in the mandibular anterior teeth, followed by the maxillary 
anterior teeth. This outcome may be attributed to several factors, 
including the cortical bone of the socket, alveolar bone on the 
buccal surface, intrusion movements, and unequal distribution 
of teeth among the tooth groups.

Digital panoramic radiographs, intraoral periapical 
radiographs, and three-dimensional images (cone beam 
computed tomography, CBCT) are commonly used to 
evaluate EARR following orthodontic treatment.9,14,21 Three-
dimensional imaging has been shown to have greater accuracy 
and repeatability in evaluating EARR than two dimensional 
images.27,28 Despite its accuracy, the use of CBCT for routine 
orthodontic records has been contested because of the higher 
radiation dose.4 Periapical films have been accepted as superior 
to panoramic images because of the lesser image distortion and 
greater detail resolution.29 However, it has been reported that 
the effective radiation dose of panoramic radiography is lower 
than that of traditional full-mouth periapical radiography.30 
Apajalahti and Peltola25 also evaluated root length changes 
using panoramic radiographs, as periapical radiographs are not 
routinely taken during orthodontic treatment, and panoramic 
images provide high-quality results. Root resorption is usually 
diagnosed on panoramic radiography due to advantages such 
as low radiation exposure, view of the entire dental arch, and 
low cost.31 In the present study, tooth length was measured 
using digital panoramic radiography. This is because serial 
periapical radiographs and three-dimensional imaging are not 
routinely performed during orthodontic treatment. Instead, 
panoramic radiographs are more routinely used in orthodontic 
records and are easily accessible for retrospective analysis.4,25  

For measurements on panoramic radiographs, like root 
resorption, where reproducibility is crucial, the palatal root of 
the maxillary first molars was found to be unreliable, whereas 
the maxillary first molar buccal roots were reproducible on 
panoramic radiographs.32 Therefore, the buccal roots of the 
maxillary molar and premolar teeth were included in this study, 
similar to previous studies.21 Common errors in panoramic 
radiography are generally caused by head positioning. 
Stramotas et al.33 reported that linear measurements on 
panoramic radiographs acquired at different times are 

sufficiently accurate if the occlusal plane is positioned similarly 
on both occasions and the extent of tilting does not exceed 
10°. In the present study, the same panoramic machine and 
guide lights were used for all radiographs of each patient to 
reduce head positioning errors. Moreover, the objective was 
to compare the EARR on pre- and post-treatment radiographs 
instead of determining the exact values of root loss. 

In this study, care was taken to ensure that root canal 
treatments were of a certain quality, and teeth that did not 
meet the specified criteria were excluded from the study 
because cases with unsuccessful root canal treatment (such 
as a short root canal filling, lack of filling homogeneity) had a 
risk of affecting the objectives of our study. In future studies, 
such cases and the results of orthodontic treatment can be 
compared retrospectively. 

Study Limitations
Our study has some notable strengths that set it apart from 
other studies in the existing literature. First, a large sample size 
was evaluated comprehensively in this retrospective study. 
It is important to note the challenge of identifying a large 
sample size including ETT in orthodontic patients. Second, the 
amount of EARR was assessed in different types of orthodontic 
treatment modalities together with the treatment duration 
(extraction vs. non-extraction; one-phase vs. two-phase). 
Nevertheless, the main limitation of this study was the utilization 
of two-dimensional digital panoramic radiographs, which have 
lower sensitivity compared with three-dimensional imaging 
techniques. While prior research7,8,21,22 has utilized panoramic 
radiographs to assess EARR, it would be advantageous to 
perform future investigations using three-dimensional imaging.

CONCLUSION

The findings of the present study indicate that ETT is less 
susceptible to EARR than VPT. When the pre- and post-
orthodontic treatment panoramic radiographs were compared, 
different EARR values   were observed in all teeth. Significantly 
associated risk factors were long treatment durations and 
extraction treatment. This study concluded that the potential 
complications of EARR in ETT might not be a factor to consider 
when planning orthodontic treatment. 
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