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SIGNIFICANCE

Orthodontic movement had no
effect on the outcome of RCT
teeth regardless of the
presence of AP. The quality of
RCT and coronal restoration
before orthodontic treatment
should be emphasized for the
long-term successful healing of
periapical tissue.
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ABSTRACT

Introduction: Often there is the need of moving endodontically treated teeth. Orthodontic
movement may have no effect on the prognosis of teeth with root canal treatment (RCT). To
verify this subject, we evaluated the effect of orthodontic movement on the prognosis of RCT
teeth using cone-beam computed tomography (CBCT) and further explored the influence of
orthodontic movement on the prognosis of RCT teeth with and without apical periodontitis
(AP).Methods: This retrospective study was conducted by evaluating 169 RCT teeth of 100
patients who had undergone fixed orthodontic treatment. AP was assessed and classified
using the CBCT periapical index. Univariate analysis of RCT outcome was performed for the
total RCT group, RCT without AP group and RCT with AP group. Multivariate logistic
regression was performed for the total RCT group and RCT without AP group, respectively,
but not for the RCT with AP group. Variables related to the prognosis of RCT were included,
such as age, gender, tooth position, RCT quality, coronal restoration quality, periodontal
condition, orthodontic traction distance, and orthodontic rotation angle. Results: The
orthodontic traction distance and rotation angle were not significantly correlated to the RCT
outcomes, regardless of the presence of AP. Among the total RCT group, teeth with
unqualified RCT (odds ratio 5 3.42, P 5 .004) and inadequate coronal restoration (odds
ratio5 4.40, P5 .031) had a lower success rate. Of the 97 RCT teeth without AP, unqualified
RCT was a risk factor for treatment failure (odds ratio5 3.55, P5 .041). Of the 72 RCT teeth
with AP, the univariate analysis showed that RCT quality were significantly related to the
outcome (P5 .042).Conclusions: Orthodontic movement had no effect on the prognosis of
RCT teeth regardless of the presence of AP. (J Endod 2024;50:1091–1099.)
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Recent improvements in economic conditions have led to an increased demand for orthodontic
treatment by adults to improve dental esthetics. Orthodontic movement of endodontically treated teeth in
adults is increasingly more common.

Although endodontically treated teeth can be orthodontically moved like untreated teeth1,2, many
uncertainties remain about the relationship between orthodontics and root canal treatment (RCT) during
the treatment planning stage. Most recent studies have focused on whether root resorption of RCT teeth
is more likely to occur during orthodontic movement. However, relatively few histological and clinical
research studies have assessed the effects of orthodontic treatment on the prognosis of RCT teeth with
apical periodontitis (AP). A previous histological study found no significant change in the extent of AP
during orthodontic movement3, while a second found that orthodontic movement delayed, but not
prevented, healing of AP4. Moreover, a retrospective clinical study using panoramic radiography found
that there was no significant change in the periapical index (PAI) scores after orthodontic treatment5.
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FIGURE 1 – Measurements from the InVivo 5.2.4 software. (A and C ) Superimposition of pre- and post-orthodontic
CBCT. (B ) Measurements of the tooth movement in buccal-lingual direction (bdd). TD (traction distance), distance
between pre- and post-orthodontic anatomic root apex; RA (rotation angle), angle between pre- and post-orthodontic
long axis. (D ) Measurements of the tooth movement in mesial-distal direction (mdd).
As compared to conventional
panoramic radiography, cone-beam
computed tomography (CBCT) produces 3-
dimensional (3D) images that do not overlap
with anatomic structures6,7 and, therefore, are
more accurate for diagnosis of AP lesions and
evaluation of RCT outcomes8,9. However, the
usefulness of CBCT to assess the impact of
orthodontic treatment on the prognosis of RCT
teeth with AP remains unclear. In addition,
there are notable differences in the healing
processes of pulp disease and AP. Hence, it is
necessary to separately analyze the prognosis
of RCT teeth without AP to clarify the effects of
orthodontic treatment.

Therefore, the aims of this retrospective
study were to investigate the effects of
orthodontic movement on the prognosis of
RCT teeth with and without AP using CBCT.

MATERIALS AND METHODS

Study Approval andPatient Consent
The study protocol was approved by the
Ethics Committee of Peking University Third
Hospital (approval no. 2020/142-03) and
conducted in accordance with the ethical
principles for medical research involving
human subjects described in the Declaration of
Helsinki. Prior to inclusion in this study, written
informed consent was obtained from all
subjects.

Study Cohort
The cohort of this retrospective study was
limited to patients who underwent orthodontic
treatment at the Department of Stomatology of
Peking University Third Hospital from January
2016 to September 2022. CBCT scans were
used for diagnosis, treatment planning, and
evaluation of the outcomes of orthodontic
treatment. No patients underwent CBCT
scanning specifically for this study, and all
scans were performed in compliance with the
Dental and Maxillofacial Radiological CBCT
Guidelines10. All patients met the following
inclusion criteria: at least one RCT tooth that
remained during orthodontic treatment.
Exclusion criteria were age ,18 years, CBCT
images with poor quality of specific parts of
RCT teeth, no RCT teeth, extraction of RCT
teeth during orthodontic treatment, and
incomplete orthodontic treatment. Finally, 169
RCT teeth of 100 orthodontic patients (48 men
and 52 women) were included for analysis.

Radiographic Evaluation
All CBCT scans were conducted with the
KaVo 3D eXam cone beam dental imaging
system (KaVo Dental GmbH, Biberach,
Germany). Radiologic measurements were
conducted with eXam Vision
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postprocessing software (Imaging Sciences
International, Inc, Hatfield, PA) in a dark
room on a 19-inch monitor (Lenovo
LT1913pA; Lenovo Co, Ltd, Beijing, China)
with a resolution of 1280 ! 1024 pixels.
The following information was recorded for
each patient: gender, start and end dates of
orthodontic treatment, and locations of RCT
teeth. Periapical status, RCT, coronal
restoration, periodontal condition, and
traction distance and rotation angle during
orthodontic treatments were evaluated for
all RCT teeth.

Periapical Status
The size of the apical lesion was measured
before and after orthodontic treatment using
eXam Vison software and graded with the
CBCT periapical index as proposed by Estrela
et al11, where the absence of AP (intact
periapical bone structure) was assigned a
score of 0, while the presence of AP (periapical
radiolucency .0.5 mm) was assigned a score
of 1 to 5 based on severity. In addition, 2
variables, expansion of cortical bone (E) and
destruction of cortical bone (D), were recorded
according to the scoring system. The most
severe periapical condition of multi-root teeth
was recorded.
RCT Teeth
Teeth with opaque materials in the pulp
chamber and/or root canal were considered
RCT teeth. Adequate fillingwas definedas filling
within the root of the tooth, no more than 2 mm
from the radiographic apex, and no visible void.
Inadequate filling was defined as filling present
in the pulp chamber only or (slightly) beyond,
ending more than 2 mm beyond the
radiographic apex, or showing severe overfilling
(eg, uneven filling, voids, inadequate density,
and/or poor condensation). Multiroot teeth
were classified according to the most
adequately filled root canal12.

Coronal Restoration
The types of coronal restorations (intact tooth,
nonrestored/cavity, restoration, crown/post-
core crown) were recorded. Restoration was
defined as restorations of the coronal portion of
teeth that were consistent with amalgam,
glass-ionomer, or composite fillings, whereas
crowns were defined as the coronal
restorations of teeth that had an appearance
correlating with cast restorations9. If secondary
caries, open margins, or overhangs, or
temporary coronal fillings were detectable, the
quality of the restoration was assessed
radiographically and classified as inadequate13.
JOE � Volume 50, Number 8, August 2024
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Periodontal Condition
The degree of bone loss along the coronal and
sagittal planes of the mesiodistal and
buccolingual surfaces of each tooth was
assessed radiographically to evaluate the
periodontal tissues before orthodontic
treatment14. Bone loss .50% of the normal
alveolar bone height on at least one surface
was regarded as severe, 25%–50% on at least
one surface was regarded as moderate, and
,25% on both surfaces was regarded as mild.
Normal alveolar bone height was defined from
the junction of the enamel and cementum to
the apex of the tooth.

Tooth Movement and Rotation
During Orthodontic Treatments
The CBCT data before and after orthodontic
treatment were imported into InVivo 5.2.4
software (Anatomage, Inc, San Jose, CA).
After overlapping the CBCT images of
preorthodontic and postorthodontic
treatment, the traction distance and rotation
angle of the affected tooth were measured
according to the following criteria (Fig. 1A–D).

1. Traction distance: The traction distance of
the anatomic root apex in the mesiodistal
and buccolingual directions before and
after orthodontic treatment was measured.
The anatomic apex of the mesial, buccal, or
mesiodistal root of multiroot teeth was
measured.

2. Rotation angle: The rotation angle of the
long axis of the tooth in the mesiodistal and
buccolingual directions before and after
orthodontic treatment was measured.

Outcome Assessment
The changes to the measured diameter of
periapical lesions were used as outcome
assessment.

For teeth with preorthodontic CBCT-
PAI 5 0, the healing status was classified as
successful if the postorthodontic periapical
radiolucency diameter was ,0.5 mm or
classified as failed if the postorthodontic
periapical radiolucency diameter was
.0.5 mm.

For teeth with preorthodontic CBCT-PAI
�1, the healing status was classified as
successful if the periapical lesion diameter had
decreased or classified as failed if the
periapical lesion diameter remained
unchanged or had increased.

For teeth with multiple roots, if one of the
roots was classified as failed, the tooth was
classified as failed healing.

Evaluator Calibration
Two observers with endodontic experience
independently screened all CBCT scans.
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When there were differences between the
observers, the images were reevaluated by
both observers to reach a consensus. Before
the investigation, for calibration purposes,
Cohen’s kappa values of 10 CBCT scans that
were not included in this study were calculated
to determine the degree of agreement
between the observers.

Statistical Analysis
All statistical analyses were performed using
IBM SPSS Statistics for Windows, version
26.0 (IBM Corp. Released 2019. IBM SPSS
Statistics for Windows, Version 26.0.
Armonk, NY). Numerical variables are
presented as the median and interquartile
range, while categorical variables are
presented as the frequency and percentage.
Univariate statistical analyses included the
chi-square, Fisher’s exact, and Mann–
Whitney U tests. A multivariable logistic model
was used to identify statistical differences
among independent variables (event:
unsuccessful healing after orthodontic
treatment). Stratified subsamples were
analyzed separately when appropriate. All
statistical tests were 2-tailed and interpreted
at a significance level of 5%.

RESULTS

Description and Prognostic Factors
of Overall RCT Teeth
The cohort included 169 RCT teeth. The
median age at the start of orthodontic
treatment was 27 (range, 23–33) years and the
median duration of orthodontic treatment was
2.6 (range, 2–3.2) years.

As AP size, more than half of cases
before (97, 57.4%) and after (89, 52.7%)
orthodontic treatment resulted in CBCT-
PAI 5 0.

The univariate analysis (Table 1) results
revealed that of the 169 cases, the healing
status of 107 (63.3%) was considered
successful, while that of 62 (36.7%) was
considered failed.

Multiple logistic regression analysis
(Table 1) further confirmed that success rate
was greater for teeth with adequate RCT (odds
ratio [OR] 5 3.42; 95% confidence interval
[CI] 5 1.48–7.94) and adequate coronal
restoration (OR 5 4.40; 95% CI 5 1.15–
16.87).

Prognostic Factors of Samples with
Preorthodontic CBCT-PAI 5 0
In total, 97 teeth had a preoperative CBCT-
PAI 5 0. The median age at the start of
orthodontic treatment was 27 (range, 23–33.5)
years and the median duration of orthodontic
treatment was 2.35 (range, 1.9–3.1) years.
Effect of Orth
As AP size, more than half of cases after
orthodontic treatment (64, 66%) had no AP
and only 3 cases (3.1%) exhibited cortical bone
destruction, with 1 case (1%) showing cortical
bone expansion.

The univariate analysis (Table 2) results
revealed that among the 97 cases without AP
before orthodontic treatment, the healing
status of 63 (64.9%) was considered
successful, while that of 34 (35.1%) was
considered failed.

The results of multiple logistic regression
analysis are shown in Table 2. The treatment
results of teeth with a preoperative CBCT-
PAI 5 0 were significantly related to RCT
quality (OR 5 3.55; 95% CI 5 1.05–11.99).
Prognostic Factors of Samples with
Preorthodontic CBCT-PAI ‡1
In total, 72 teeth had a preoperative CBCT-PAI
�1. As compared to teeth with a preoperative
CBCT-PAI 5 0, the patient age range at the
start of orthodontic treatment was basically the
same, with a slightly shorter median duration of
orthodontic treatment of 2.76 (range, 2.14–
3.25) years.

As AP size, cases before (31, 43.1%)
and after (27, 37.5%) orthodontic treatment
resulted in a CBCT-PAI5 2. In addition, the AP
diameter before and after orthodontic
treatment was 1.22 (range, 0.9–2.05) mm and
1.2 (range, 0–1.8) mm, respectively. Cortical
bone destruction before and after
orthodontics, without cortical bone expansion,
was observed in only 9 (12.5%) and 8 (11.1%)
cases, respectively.

By univariate analysis (Table 3), among
the 72 cases in the sample, the healing status
of 44 (61.1%) was considered successful,
while that of 28 (38.9%) was considered failed.
The cure rate was greater for cases with
adequate RCT than inadequate RCT (69.4%
vs 43.5%, respectively, P 5 .042).
Consistency Between Observers
We determined the consistency between
observers and calculate Cohen’s kappa for
different parameters. These results indicate a
lower Cohen’s kappa for coronal restoration
quality (Table 4). The consistency between
observers for CBCT-PAI (D/E) is higher
(Table 4).
DISCUSSION

Orthodontics had No Effect on the
Prognosis of RCT Teeth
The relationship between endodontics and
orthodontics at the treatment planning stage
and the effect of orthodontic treatment on RCT
teeth with or without AP remain unclear.
odontic Treatment on the RCT Outcomes 1093
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TABLE 1 - Univariate and Logistic Regression Analysis Identifying Influencing Factors on RCT Outcome in Overall Teeth

Variables

RCT outcome Univariate analysis Multivariate analysis

Success Failure c2/z P value Odds ratios (95% CI) P value

Gender 2.345 .183 0.53 (0.20, 1.42) .208
Male 13 (50.0%) 13 (50.0%)
Female 94 (65.7%) 49 (34.3%)

Age group, y 3.851 .429
,20 6 (85.7%) 1 (14.3%) Ref. .495
20–29 65 (62.5%) 39 (37.5%) 2.89 (0.30, 27.56) .357
30–39 22 (57.9%) 16 (42.1%) 5.31 (0.52, 54.48) .148
40–49 7 (87.5%) 1 (12.5%) 1.23 (0.054, 28.01) .897
50–59 7 (58.3%) 5 (41.7%) 3.33 (0.20, 54.55) .4

Tooth position 1.254 .335 0.79 (0.31, 2.02) .617
Mandibular tooth 63 (67.0%) 31 (33.0%)
Maxillary tooth 44 (58.7%) 31 (41.3%)

Tooth type 3.374 .193
Anterior 27 (64.3%) 15 (35.7%) Ref. .408
Premolar 37 (72.5%) 14 (27.5%) 0.62 (0.21, 1.84) .388
Molar 43 (56.6%) 33 (43.4%) 1.14 (0.34, 3.86) .833

Orthodontic movement
TD-mdd‡ 1.5§ (0.8w2.5)k 1.9§ (1.0w2.7)k 21.365 .172 1.27 (0.95, 1.68) .102
RA-mdd‡ 4.0§ (1.5w7.1)k 3.4§ (2.1w6.1)k 20.113 .91 1.01 (0.94, 1.08) .804
TD-bld‡ 1.8§ (0.9w2.7)k 2.1§ (1.1w3.0)k 20.938 .348 1.06 (0.84, 1.38) .7
RA-bld‡ 4.6§ (2.6w7.7)k 4.3§ (2.6w8.9)k 20.162 .872 1.02 (0.94, 1.09) .692

RCT quality 11.127 .001† 3.42 (1.48, 7.94) .004†

Adequate 90 (70.3%) 38 (29.7%)
Inadequate 17 (41.5%) 24 (58.5%)

Coronal restoration quality 9.518 .004† 4.40 (1.15, 16.87) .031*
Adequate 103 (66.9%) 51 (33.1%)
Inadequate 4 (26.7%) 11 (73.3%)

Periodontal bone loss 7.07 .065
Normal 67 (65.0%) 36 (35.0%) Ref. .357
Mild 30 (66.7%) 15 (33.3%) 0.99 (0.41, 2.39) .98
Moderate/Severe 10 (47.6%) 11 (52.4%) 2.32 (0.69, 7.84) .175

Preorthodontic CBCTPAI 0.262 .631 0.97 (0.46, 2.06) .946
0 63 (64.9%) 34 (35.1%)
�1 44 (61.1%) 28 (38.9%)

bld, buccal-lingual direction; mdd, mesial-disatal direction; RA, rotation angle; RCT, root canal treatment; TD, traction distance.
*P , .05.
†P , .01.
‡Numerical variable.
§Median.
kInterquartile range.
The results of the present study showed
that orthodontic movement of RCT teeth,
regardless of AP, had no effect on the
prognosis. However, relatively few studies
have investigated the impact of orthodontic
treatment on the prognosis of RCT teeth
without AP. Some previous reports speculated
that the force applied to RCT teeth during
orthodontic treatment has no effect on the
pathogenicity and virulence of relevant
microbial populations and does not interfere
with the abilities of microbes to form biofilms15.
Therefore, treatment failure during orthodontic
movement of RCT teeth is likely not due to the
force applied during orthodontic treatment. Of
course, in rare cases, the force applied to RCT
teeth during orthodontic treatment can lead to
apical resorption, which may “open” the small
canals and paracanals of the root apex delta,
1094 Chen et al.
which contain microbes, leading to the
activation of AP. However, this rare situation is
more likely attributable to the inherent
limitations of RCT techniques than orthodontic
movement15.

In regard to orthodontic movement of
RCT teeth with AP, the results of a histological
study to evaluate the relationship between
periapical lesion size and orthodontic tooth
movement found no significant difference in
the extent of periapical pathology of RCT teeth
regardless of orthodontic movement3. A
histomorphological study of dogs conducted
by de Souza et al4 showed that orthodontic
movement of teeth with chronic AP delayed,
but did not prevent, the healing process.
Moreover, a retrospective study of 128 RCT
teeth conducted by Alqerban et al5 found that
the changes to pantographic reproducibility
index of RCT teeth before and after
orthodontic treatment were not related to
orthodontic treatment. A cross-sectional study
conducted by Vengerfeldt et al16 reported that
the presence of fixed orthodontic appliances
did not influence AP of RCT teeth. These
results are consistent with the findings of the
present study that orthodontic treatment did
not influence AP. This also echoes the views of
Consolaro et al15 that the force applied during
orthodontic treatment will not change or
enhance the activities of settled microbial
populations or compress the blood vessels in
areas of AP during the tissue repair process.
Therefore, failed RCT teeth with AP after
months or years is most likely due to
inadequate RCT or technical limitations, rather
than orthodontic movement. Other than
traumatized teeth, orthodontic movement can
JOE � Volume 50, Number 8, August 2024



TABLE 2 - Influencing Factors on RCT Outcome in Teeth With Preorthodontic CBCTPAI 5 0

Variables

RCT outcome Univariate analysis Multivariate analysis

Success Failure c2/z P value Odds ratios (95% CI) P value

Gender NA .369
Male 7 (53.8%) 6 (46.2%)
Female 56 (66.7%) 28 (33.3%)

Age group, y 1.25 .923
＜20 2 (66.7%) 1 (33.3%)
20–29 39 (65.0%) 21 (35.0%)
30–39 11 (61.1%) 7 (38.9%)
40–49 5 (83.3%) 1 (16.7%)
50–59 6 (60.0%) 4 (40.0%)

Tooth position 3.976 .055 1.59 (0.53, 4.80) .414
Mandibular tooth 41 (73.2%) 15 (26.8%)
Maxillary tooth 22 (53.7%) 19 (46.3%)

Tooth type 6.938 .037*
Anterior 14 (70.0%) 6 (30.0%) Ref.
Premolar 27 (79.4%) 7 (20.6%) 0.37 (0.10, 1.45) .155
Molar 22 (51.2%) 21 (48.8%) 0.80 (0.20, 3.18) .755

Orthodontic Movement
TD-mdd† 1.4‡ (0.7w2.3)§ 2.2‡ (1.1w3.2)§ 22.086 .037* 1.23 (0.87, 1.72) .242
RA-mdd† 3.8‡ (0.8w7.1)§ 3.1‡ (2.3w7.0)§ 20.246 .806
TD-bld† 1.9‡ (0.9w2.8)§ 2.1‡ (1.2w2.9)§ 20.69 .49
RA-bld† 4.6‡ (3.0w7.7)§ 4.2‡ (2.2w8.6)§ 20.427 .669

RCT quality 6.593 .014* 3.55 (1.05, 11.99) .041*
Adequate 56 (70.9%) 23 (29.1%)
Inadequate 7 (38.9%) 11 (61.1%)

Coronal restoration quality NA .015* 3.56 (0.78, 16.23) .101
Adequate 60 (69.8%) 26 (30.2%)
Inadequate 3 (27.3%) 8 (72.7%)

Periodontal bone loss 2.105 .366
Normal 42 (66.7%) 21 (33.3%)
Mild 16 (69.6%) 7 (30.4%)
Moderate/Severe 5 (45.5%) 6 (54.5%)

bld, buccal-lingual direction; mdd, mesial-disatal direction; RA, rotation angle; RCT, root canal treatment; TD, traction distance.
*P , .05.
†Numerical variable.
‡Median.
§Interquartile range.
be attempted within 15–30 days after RCT
regardless of AP, as exudate absorption and
inflammation should be resolved15.

However, it should be emphasized
that this study was based on limited
research conditions (ie, angle and distance
of orthodontic movement) and CBCT images
to assess the effects of orthodontics on the
efficacy of RCT. Hence, further studies are
needed to determine the effects of force
(light or heavy), type (continuous or
intermittent), and other factors of orthodontic
treatment.

In addition, there is currently no
consensus about whether the resorption of
RCT teeth will be increased or decreased
after orthodontic treatment15. Therefore, in
clinical practice, before orthodontic treatment
of RCT teeth, it is necessary to ensure that
patients clearly understand possible
outcomes of treatment, such as tooth
movement, prognosis of RCT, and adverse
changes.
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Advantages of CBCT over
Radiographs
Bender and Seltzer (1961)17 found that lesions
limited to cancellous bone (the trabeculae
close to the cortical bone) could be missed on
periapical radiographs. Many studies have
since found that for periapical inflammation to
be detected, 30%–50% mineral loss should
occur8. False negatives of up to 40% may
occur even though no periapical lesions are
detected on radiographic images18. Due to the
distortion and overlap of tooth structures, the
3D anatomic information of teeth and adjacent
structures on oral and panoramic images are
inevitably masked6,7. In addition, radiographic
angles, contrast agents, and surrounding bone
density can also affect interpretation of
radiographic images8. CBCT aims to produce
3D information without overlapping anatomic
structures, thereby improving diagnostic
accuracy of AP and prognosis of RCT8.
Therefore, in this study, CBCT scans were
used to assess the extent of AP.
Effect of Orth
RCT Quality Affected the Prognosis
of RCT Teeth
The quality of RCT is considered a key factor in
the health of periapical tissue of RCT teeth19.
Analysis of CBCT images found that the failure
rate of RCT was significantly higher due to
inadequate root canal filling, regardless of AP
before orthodontics. The radiographic
appearance of the root canal filling is only one
parameter to assess the quality of RCT. The
evaluation criteria should also include the
presence of infection and (re)contamination
both during and after treatment, in addition to
other biological factors and clinical treatment
conditions20. However, good quality of
radiographic images of the root canal filling is
essential to assess adequate closure of the
root canal system, but also reflects the extent
of cleaning of the root canal to ensure a tight
seal to achieve healthy periapical tissues21.
Therefore, it is reasonable to use the quality of
root canal filling as an index to evaluate the
quality of RCT. Numerous clinical and cross-
odontic Treatment on the RCT Outcomes 1095



TABLE 3 - Univariate Description and Analysis on RCT Outcome in Teeth With Preorthodontic CBCTPAI �1

Variables

RCT outcome
Univariate
analysis

Success Failure c2/z P value

Gender 1.493 .346
Male 6 (46.2%) 7 (53.8%)
Female 38 (64.4%) 21 (35.6%)

Age group, y 3.894 .457
,20 4 (100.0%) 0 (0.0%)
20–29 26 (59.1%) 18 (40.9%)
30–39 11 (55.0%) 9 (45.0%)
40–49 2 (100.0%) 0 (0.0%)
50–59 1 (50.0%) 1 (50.0%)

Tooth position 0.35 .632
Mandibular tooth 22 (57.9%) 16 (42.1%)
Maxillary tooth 22 (64.7%) 12 (35.3%)

Tooth type 0.164 .906
Anterior 13 (59.1%) 9 (40.9%)
Premolar 10 (58.8%) 7 (41.2%)
Molar 21 (63.6%) 12 (36.4%)

Orthodontic Movement
TD-mdd† 1.5‡ (1.0w2.8)§ 1.6‡ (0.7w2.5)§ .795
RA-mdd† 4.0‡ (1.7w7.0)§ 3.5‡ (1.4w5.4)§ .715
TD-bld† 1.8‡ (0.2w2.7)§ 2.0‡ (0.9w3.2)§ .526
RA-bld† 4.0‡ (1.0w7.8)§ 4.6‡ (2.6w9.2)§ .425

RCT quality .042*
Adequate 34 (69.4%) 15 (30.6%)
Inadequate 10 (43.5%) 13 (56.5%)

Coronal restoration quality NA .292
Adequate 43 (63.2%) 25 (36.8%)
Inadequate 1 (25.0%) 3 (75.0%)

Periodontal bone loss
Normal 25 (62.5%) 15 (37.5%) 0.69 .794
Mild 14 (63.6%) 8 (36.4%)
Moderate/Severe 5 (50.0%) 5 (50.0%)

bld, buccal-lingual direction; mdd, mesial-disatal direction; RA, rotation angle; RCT, root canal treatment; TD, traction
distance.
*P , .05.
†Numerical variable.
‡Median.
§Interquartile range.
sectional studies have confirmed that the
introduction or persistence of microorganisms
and related metabolites in the root canal
system due to imperfect therapy is a key risk
TABLE 4 - Calibration of Observers

Variables

CBCT-PAI (0-5)
CBCT-PAI (D/E)
TD-mdd*
RA-mdd*
TD-bld*
RA-bld*
RCT quality
Coronal restoration quality
Periodontal bone loss

bld, buccal-lingual direction; mdd, mesial-disatal direction; RA
distance.
*Numerical variable.
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factor for the occurrence of AP and sufficient
maintenance of the affected teeth12,22.

Therefore, before orthodontic
movement of RCT teeth, the endodontist must
Cohen’s kappa/Intraclass correlation

0.77
0.88
0.82
0.79
0.81
0.82
0.76
0.73
0.77

, rotation angle; RCT, root canal treatment; TD, traction
carefully evaluate whether RCT is adequate.
Inadequate or inappropriate RCT is more likely
to be retreated. However, in realistic clinical
scenes, inadequate RCT does not always
present as functional or symptomatic failure.
Patients often avoid further endodontic
treatment for many reasons, especially
economic factors. Therefore, postponement of
root canal retreatment intervention after
orthodontic treatment may be an option for
functional teeth with inadequate RCT and
periapical lesions to allow for a longer follow-up
in order to take into consideration the
possibility of late healing of apical lesions4.
However, rigorous evaluation of the quality of
RCT and continuous monitoring and care
should be emphasized.
Quality of Coronal Restoration
Affected the Prognosis of RCT
Teeth
The results of this study found that besides the
quality of RCT, the quality of coronal restoration
is crucial to the success of RCT. These findings
are supported by some cross-sectional
studies23,24. Ray et al25 and Kirkevang et al26

found that the quality of coronal restoration is
even more important than the quality of RCT for
periapical health. In contrast, other studies have
reported that the quality of coronal restoration is
less important than the quality of RCT27,28.
However, clinical examination and intraoral
radiographs may be more reliable methods of
evaluating the quality of coronal restorations
than CBCT imaging29. The actual quality of
coronal restoration cannot be accurately
assessed based solely on radiographic images,
especially CBCT scans due to beam hardening
artifacts7, imaging distortion of adjacent
objects8, and patient movements during the
scan29, which affect assessment of the quality of
coronal restoration. Therefore, the results of
imaging studies should be carefully interpreted.
At the same time, in this study, inadequate
coronal restoration was rare (15 teeth, 8.9%),
which may be due to the fact that most
orthodontic patients had adequate fillings or
crownsbefore orthodontic treatment. Therefore,
further studieswith larger samplesizes andmore
comprehensiveclinical examinationsare needed
to evaluate the impact of the quality of coronal
restoration on the prognosis of RCT teeth.

Currently, the most consistent
conclusion is that the highest success rate was
always observed when teeth were treated
adequately as a whole (both root canal
treatment and coronal restoration follow
acceptable quality standards). High-quality
coronal restoration and RCT have a synergistic
effect in preventing bacterial invasion,
protecting tooth function, and maintaining
JOE � Volume 50, Number 8, August 2024



long-term outcomes. Therefore, for the benefit
of the patient, the provision of the adequate
coronal restoration should be considered the
final part of the RCT procedure to prevent
postoperative re-infection before orthodontic
movement.

Standards for Evaluation of AP
Clinical and radiographic criteria are used in
the diagnosis of AP lesions8. Clinical
symptoms such as pain, swelling, sinus tract
formation, and tenderness are only
moderately specific and occur to varying
degrees. Therefore, oral radiography is still
the basis of AP diagnosis.

Many standards are used to evaluate
AP, including the 5-level PAI proposed by
Orstavik et al18 (1986) to assess radiographic
manifestations of periapical lesions at different
histological stages. However, the cut-off
scores vary among studies. For example, in
the Toronto study series, a PAI of 1 and 2
indicates the absence of periapical
lesions30,31, while a PAI of 2 indicates mild
inflammation of the periapical tissue and small
periapical lesions32.

In the present study, AP was evaluated
using a new CBCT-based PAI system
proposed by Estrela et al8, which classifies AP
on a 5-point scale, where a score of 1-5
indicates periapical radiopacity .0.5 mm. As
compared to the loose standards of the Toronto
study, the criteria for evaluation of AP in this
study were more stringent. The CBCT-PAI
evaluation system also includes cortical bone
expansion and destruction, as these 2 variables
may be missed on radiographs, thereby further
improving the accuracy of AP assessment.

Evaluation Standards for RCT
Outcome
Clinical examination combined with
radiography are commonly used to evaluate
RCT outcome. However, the incidence of
clinical symptoms/signs after RCT is often less
JOE � Volume 50, Number 8, August 2024
than 5%33. In this study, all patients had at
least 1 RCT tooth, and all RCT teeth were
asymptomatic with normal function; otherwise,
orthodontic treatment should not be
performed. Therefore, oral radiography was
applied to evaluate the RCT outcome.

In the present study, the criteria to
evaluate RCT outcome of periapical
inflammation included shrinkage of the
periapical lesion. Currently, there are 2
observation endpoints to assess the efficacy of
RCT: the presence or absence of periapical
lesions and shrinkage of the lesions12,30,31. The
main aim of RCT is to maintain or restore a
healthy lesion-free periapical state34,35. As the
understanding of the anatomic complexity of
the root canal system and limitations to existing
technology for cleaning have gradually
improved21, some researchers have suggested
that the goal of RCT for chronic periapical
inflammation is to reduce infection in the root
canal as much as possible to promote healing
of the lesion, with the corresponding endpoint
of the reduction of periapical lesions.
Shrinkage of the lesion indicates that the host
immune system has an advantage over residual
microbes and will not cause adverse effects on
systemic health36. Therefore, a more lenient
criterion (reduction in the size of periapical
radiopacity) was adopted in this study as an
imaging standard for successful RCT treatment
of teeth with periapical inflammation.

Limitations
There were some limitations to this study.
First, due to the lack of a control group of non-
orthodontically treated patients, comparative
analysis was not possible. Second, potential
confounding factors (eg, duration of AP
before orthodontic treatment, severity of
orthodontic malocclusion, and force/type of
orthodontic treatment) that could influence
the outcome of RCT were not addressed due
to the limited sample size and lack of clinical
data.
Effect of Orth
Therefore, the generalizability of these
results should be interpreted with caution in the
context of limited populations and settings,
especially the conclusions regarding the
relationship between orthodontic treatment
and RCT prognosis. Nonetheless, these
findings provide useful insights. Future studies
with larger sample sizes and control groups are
needed to further clarify the relationship
between orthodontic treatment and RCT
prognosis.
CONCLUSION

Orthodontic movement had no effect on the
outcome of RCT teeth regardless of the
presence of AP. Further studies are still
needed to determine other factors (eg, force
or type) of orthodontic treatment on the
prognosis and verify the orthodontic
treatment protocol for endodontically treated
teeth.
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