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Detection of apical root resorption after
orthodontic treatment by using panoramic
radiography and cone-beam computed
tomography of super-high resolution

Alexander Dudic,a Catherine Giannopoulou,b Michael Leuzinger,c and Stavros Kiliaridisd

Geneva and Winterthur, Switzerland

Introduction: Apical root resorption is an adverse side effect of orthodontic treatment. We compared pano-
ramic radiography (OPT) with cone-beam computed tomography (CBCT) in evaluating orthodontically
induced apical root resorption. Methods: The study sample comprised 275 teeth in 22 patients near the
end of orthodontic treatment with fixed appliances. Two calibrated examiners assessed blindly the presence
or absence and the severity of apical root resorption on the OPT images after treatment and the corresponding
reconstructed CBCT images. Resorption was evaluated as no, mild, moderate, severe, and extreme. Results:
On the OPT images, 17 teeth (6.2%) could not be evaluated. Statistically significant differences were found
between the 2 methods: 56.5% and 31% of the teeth showed no resorption by OPT and CBCT, respectively;
33.5% and 49% of the teeth showed mild resorption, whereas 8% and 19% showed moderate resorption by
OPT and CBCT, respectively. Severe resorption was found in only 2 teeth by CBCT. Conclusions: Apical root
resorption after orthodontic tooth movement is underestimated when evaluated on OPT. CBCT might be a use-
ful complementary diagnostic method to conventional radiography, to be applied when a decision on contin-
uation or modification of the orthodontic treatment is necessary because of orthodontically induced root
resorption. (Am J Orthod Dentofacial Orthop 2009;135:434-7)
E
xternal apical root resorption is a common unde-
sirable side effect of orthodontic treatment. The
clinical diagnosis is based mainly on routine ra-

diographic procedures, such as panoramic (OPT) and
periapical radiography. However, some root shortening
is required before it is detectable on the radiograph.
Furthermore, OPT has been shown to overestimate
the amount of tooth loss by 20% or more compared
with periapical radiography,1 and digitized periapical
radiographs have been shown to underestimate apical
root resorption compared with a micro-computed
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tomography scanner.2 Until now, there was no gold
standard for the detection of orthodontically induced
root resorption.

Cone-beam computed tomography (CBCT) is
a new radiographic method with application in sev-
eral diagnostic areas, such as implant treatment,
oral surgery, endodontic treatment, and tempoman-
dibular joint imaging.3-6 The great advantage of
this technology is that offers 3-dimensional (3D) im-
aging of dental structures7 and provides clear images
of highly contrasted structures, such as bone.4,6

Compared with conventional computed tomography,
CBCT technology in clinical practice has important
advantages such as minimization of the radiation
dose, image accuracy, rapid scan time, fewer image
artefacts, chair-side image display, and real-time
analysis.8 In orthodontics, CBCT imaging has been
restricted to impacted teeth, temporomandibular joint
visualization, determination of bone volume condu-
cive to orthodontic tooth movement,9-13 and cleft pa-
tients.14 However, the diagnostic ability of CBCT in
detecting orthodontically induced apical root resorp-
tion has not been sufficiently studied. The purpose of
this study was to compare the efficacy of OPT and
CBCT in the detection of apical root resorption after
orthodontic tooth movement.
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Fig 1. Index for evaluation of root resorption in the OPT: A, 0, no resorption in tooth 11; B, 1, mild
resorption in tooth 21; C, 2, moderate resorption in tooth 21; D, evaluation impossible in tooth 12.
MATERIAL AND METHODS

Twenty-two patients (8 female, 14 male; mean age,
16.7 years; range, 12.6-37.2 years) were included in
this study. They were selected from a private orthodon-
tic practice in Winterthur, Switzerland. They were near
the end of orthodontic treatment with fixed appliances
and, after OPT evaluation, were further referred to
study the proximity of neighboring roots with CBCT.

OPT images were acquired with the Orthopantomo-
graph (Cranex Excel, Soredex, Tuusala, Finland) and
stored in the TIFF format. The CBCT images were ob-
tained with the 3D Accuitomo (J. Morita, Kyoto, Japan).
Two sizes of imaging areas (40 3 40 and 60 3 60 mm)
were used with super-high resolution (2.0 line pairs per
millimeter; voxel size, 0.125 mm). The plane of primary
reconstruction was aligned parallel to the long axis of
the examined tooth by using iDixel software (J. Morita),
as suggested by the manufacturer. Depending on the re-
gion of interest, either 1 or 2 CBCT images were taken
from each patient.

Two calibrated examiners (A.D. and C.G.) assessed
separately and blindly the presence or absence and the
degree of apical root resorption in the OPT and CBCT
images using the scoring system of Levander and
Malmgren15 that classifies it into 5 grades: 0, no root
resorption; 1, mild resorption, with the root of normal
length and only an irregular contour; 2, moderate
resorption, with small areas of root loss and the apex
having an almost straight contour; 3, severe resorption,
with loss of almost one third of root length; and 4,
extreme resorption, with loss of more than one third
of the root length. In case of disagreement between
the 2 examiners, a new evaluation was made, and this
consensus was used for the final evaluation. The Cohen
kappa showed substantial agreement between the 2
observers with the CBCT method (value, 0.63) and
poor agreement with the OPT (value, 0.46).
Figures 1 and 2 show the grades of apical root
resorption evaluated by the OPT and the CBCT, respec-
tively. Only the grades found in our sample are shown.

The Pearson chi-square test was used to test the null
hypothesis that there is no difference in evaluating
apical root resorption on OPT and CBCT images. The
statistical analysis was processed with SPSS software
for Windows (release 13.0.0, standard version, SPSS,
Chicago, Ill).

RESULTS

A total of 275 teeth were evaluated by OPT and
CBCT for apical root resorption: 208 maxillary teeth
and 67 mandibular teeth (92 incisors, 43 canines, 76
premolars, and 64 molars). Evaluation was impossible
in 6 incisors, 4 canines, 5 premolars, and 2 molars with
the OPT method. The comparison between the 2 methods
was assessed in teeth evaluated by both methods; 258
teeth were assessed for statistical analysis.

The numbers and percentages of teeth with the dif-
ferent grades of apical root resorption as evaluated by
OPT and CBCT are shown in Table I. Significant dif-
ferences were observed between the 2 methods and
for all grades of resorption. One hundred forty-five
teeth were evaluated by OPT as having no resorption,
whereas, by CBCT, only 80 teeth had no resorption;
92 teeth showed mild apical root resorption with
OPT ad 128 teeth with CBCT. Only 21 teeth had
moderate resorption with OPT, but 48 teeth had it
with CBCT. Furthermore, 2 teeth had severe resorp-
tion-grade 3-when assessed with CBCT. Overall, the
differences between the 2 methods in evaluating
apical root resorption were significant for both the
maxilla and the mandible (P \0.001 and P \0.002,
respectively); the maxillary incisors showed the
most pronounced differences (Table II).
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Fig 2. Index for evaluation of root resorption in the CBCT: A, 0, no resorption in tooth 22; B, 1, mild
resorption in tooth 21; C, 2, moderate resorption in tooth 12; D, 3, severe resorption in tooth 22.
DISCUSSION

A gold standard for the detection of orthodontically
induced root resorption is still missing. However, this
was beyond the goal of our study. Our aim was to deter-
mine the accuracy of OPT in the diagnosis of apical root
resorption after orthodontic treatment. We compared
the OPT findings with those obtained with CBCT:
whereas 69% of the teeth were diagnosed as having
apical root resorption by CBCT, only 44% showed
apical root resorption with OPT. Furthermore, 17 teeth
could not be evaluated by OPT. Overall, these results
suggest that apical root resorption might be underesti-
mated by OPT.

Table I. Evaluation of apical root resorption in all teeth
by OPT and CBCT

OPT

0 1 2 Total

CBCT

0 62 (24%) 18 (7%) 0 (0%) 80 (31%)

1 70 (27%) 52 (20%) 6 (2%) 128 (49%)

2 12 (5%) 21 (8%) 15 (6%) 48 (19%)

3 1 (0.5%) 1 (0.5%) 0 (0%) 2 (1%)

Total 145 (56.5%) 92 (35.5%) 21 (8%) 258 (100%)
Root resorption is a 3D phenomenon, and its extent
must be quantified with precision. Until now, radio-
graphic methods, although they have important limita-
tions, are the only methods to evaluate apical root
resorption. However, the results need to be interpreted
with caution. Only histologic or scanning electron
microscopy studies can give exact results, but these
are performed on experimentally moved and then
extracted premolars.16,17 By the OPT method, images
of mandibular incisors proclined during treatment can
be foreshortened or the apices might lie outside the
focal plane, thus resulting in "shorter" teeth after treat-
ment.18 Furthermore, during orthodontic treatment,

Table II. Evaluation of apical root resorption in maxil-
lary incisors by OPT and CBCT

OPT

0 1 2 Total

CBCT

0 4 (6.2%) 5 (7.7%) 0 (0%) 9 (13.9%)

1 6 (9.3%) 20 (30.7%) 1 (1.5%) 27 (41.5%)

2 2 (3%) 16 (24.6%) 9 (13.9%) 27 (41.5%)

3 1 (1.5%) 1 (1.6%) 0 (0%) 2 (3.1%)

Total 13 (20%) 42 (64.6%) 10 (15.4%) 65 (100%)
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the angulations of the incisors might change, and this
can affect the length of the radiographic image of the
tooth; thus, the amount of root resorption is not evalu-
ated precisely.19 Finally, the lack of reproducibility is
also an important factor that limits the diagnostic accu-
racy of the OPT.20

CBCT provides highly detailed 3D imaging with
only 1 x-ray exposure of approximately 18 seconds.
Imaging can be obtained at any angle, thus offering
optimum viewing and eliminating superimpositions.
CBCT images have provided reliable data on root angu-
lation21 and the management of impacted canines.9,13

The diagnostic ability of CBCT to detect simulated
external root resorption was studied by Silveira et al.22

Cavities of different depths and diameters were prepared
on the cervical, middle, and apical thirds of the buccal
surfaces. The evaluation of the CBCT’s diagnostic abil-
ity showed high sensitivity and excellent specificity;
only very small cavities in the apical third were more
difficult to detect compared with other cavities.

For the moment, it is evident that CBCT cannot
replace OPT, which remains the primary imaging
modality. However, in certain complex cases, the 3D
data sets might be more suitable than conventional
radiographs. Thus, if signs of moderate root resorption
are visible on OPT during the initial or middle phase
of orthodontic treatment, CBCT can be useful in evalu-
ating the severity of the situation to help make the
decision on continuation and possible modification of
orthodontic treatment.

We found that, compared with OPT, CBCT has an
advantage in detecting root resorption during orthodon-
tic treatment but has also has a greater medical risk.
Therefore, CBCT imaging should be used for 2 main
reasons: in research, it might increase our knowledge
of root resorption, and, in clinics, CBCT images could
help to monitor patients (with syndromes, agenesis,
aberrant root forms) at risk for developing severe root
resorption during orthodontic tooth movement.

CONCLUSIONS

CBCT is a powerful tool to show apical root resorp-
tion during orthodontic treatment, whereas OPT under-
estimates it. CBCT might be a useful complementary
diagnostic method to conventional radiography, to be
applied when determining whether to continue or
modify orthodontic treatment because of orthodonti-
cally induced root resorption.
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