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Comparison of cone-beam computed tomography and periapical

radiography for detecting simulated apical root resorption

Hongyu Rena; Jun Chenb; Feng Dengc; Leilei Zhengd; Xiong Liue; Yanling Donga

ABSTRACT
Objective: To compare the diagnostic accuracy between cone-beam computed tomography
(CBCT) and periapical radiography for detecting simulated external apical root resorption (EARR)
in vitro.
Materials and Methods: The study sample consisted of 160 single-rooted premolar teeth for
simulating EARR of varying degrees according to four setups: no (intact teeth), mild (cavity of
1.0 mm in diameter and depth on root surface), moderate (0.4 mm, 0.8 mm, 1.2 mm, and 1.6 mm
root shortening), and severe (2.4 mm, 2.8 mm, 3.2 mm, and 3.6 mm root shortening). Two groups
of radiographic images were obtained via CBCT and periapical radiography. The absence or
presence and the severity for all resorption lesions were evaluated blindly by two calibrated
observers.
Results: With the CBCT method, the rates of correct classification of no, mild, moderate, and
severe EARR were 96.3%, 98.8%, 41.3%, and 87.5%, respectively; with the periapical radiography
method, the rates were 82.5%, 41.3%, 68.8%, and 92.5%, respectively. Highly significant
differences were found between the two imaging methods for detection of mild (P , .001),
moderate (P , .001), and all EARR (P , .001). For detection of all EARR, the sensitivity and
specificity values were 75.8% and 96.3% for CBCT, compared with 67.5% and 82.5% for periapical
radiography.
Conclusion: CBCT is a reliable diagnostic tool to detect simulated EARR, whereas periapical
radiography underestimates it. However, if a periapical radiograph is already available to the
diagnosis of EARR, CBCT should be used with extreme caution to avoid additional radiation
exposure. (Angle Orthod. 2013;83:189–195.)
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INTRODUCTION

External apical root resorption (EARR) is a common
complication in orthodontic treatment. In one study, it
was found that 94% of patients investigated had one or
more roots with root shortening .1 mm, and 6.6% had
one or more teeth where root resorption exceeded 4 mm
at the end of orthodontic treatment. Monthly root
shortening was greater after 6-month control than
before.1 In a separate study, clinically significant
resorption was found for 74% of the centrals and 82%
of the laterals, and apical root resorption was thought to
be correlated with treatment duration and premolar
extraction.2 The process of root resorption in the
permanent teeth is usually pathological, resulting in
loss of dentin, cementum, or bone.3 The diagnostic
efficiency of EARR is an essential aspect to the
definition of the adequate therapeutic approach and
eventually to success in treatment. The clinical diagno-
sis of EARR mainly depends on routine radiographic
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techniques, such as periapical and panoramic radiog-
raphy. However, there are many limitations to the image
acquisition of EARR using conventional radiography,
since the three-dimensional (3D) structure is displayed
on a two-dimensional (2D) image.

Quantitative evaluation of resorption using radio-
graphs has proven to be highly inaccurate because of
magnification errors and their inability to be readily
repeated and reproduced.4 What’s more, periapical
radiographs cannot detect external root resorption
during the first month of orthodontic treatment.5

Assessing EARR generally requires a 3D technique,
such as computed tomography (CT). However, the
expense and exposure to ionizing radiation of CT is
much higher than that of conventional 2D radiography.
In addition, because it is too difficult for most dentists to
interpret the CT image, trained radiologists are always
required, which therefore restricts its use. Even now,
there is still no gold standard for the EARR detection.

There is a great need for a more accurate and
economical diagnostic method for detecting EARR. As
a new radiographic method in dentomaxillofacial

radiology, cone-beam computed tomography (CBCT)
has a lot of superiority. Its imaging is characterized by
extraordinary accuracy, rapid scan time, reduced
radiation dose, and unmatched 3D image reconstruc-
tion capabilities.

In orthodontics, CBCT imaging has been applied to
impacted teeth,6 assessment of bone volume,7 cleft
patients,8 and root resorption.9–12 But the data are still
scarce even now, with regard to its application in
detecting EARR. One prospective study showed that
all patients and up to 91% of all teeth investigated
showed some degree of root shortening and CBCT
technique can provide valid and accurate information
about EARR.1 However, the diagnostic superiority of
CBCT over periapical radiography has not yet been
established for detecting orthodontically induced
EARR.

The aim of imaging in dentistry is to promote
diagnostic accuracy and reduce exposure of patients
to x-rays. With this in mind, the purpose of this
research was to compare the efficacy of CBCT and
periapical radiography in detecting simulated EARR in
vitro. The experimental variables were lesion size and
imaging technique.

MATERIALS AND METHODS

Subjects

One hundred sixty single-rooted premolar teeth
extracted for orthodontic treatment, without abnormal-
ities, defects, or root fractures were used. All the teeth
were submitted to a disinfection process in 2%
glutaraldehyde for approximately 2 hours and then
hydrated in water.13 For each root of the 160 teeth,

Figure 1. Procedure to simulate moderate external apical root

resorption: apical root portions of 0.4 mm, 0.8 mm, 1.2 mm, and

1.6 mm were ground off, respectively.

Figure 2. Completed model.

Figure 3. Index for quantitative evaluation of external apical root

resorption reported by Levander and Malmgren15: 1, mild resorp-

tion—root with normal length and only irregular contour; 2, moderate

resorption—small area of root loss with apex having almost straight

contour, amounting to less than 2 mm; 3, severe resorption—loss of

almost one-third of original root length.
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there were four simulation possibilities: mild, moder-
ate, or severe defect or no defect. Therefore, for each
simulation possibility, 40 teeth were randomly select-
ed. The College of Stomatology, Chongqing Medical
University, Chongqing, PR China, approved this
research project.

Simulation and Model Making

To simulate mild EARR, all crowns of the selected
40 teeth were placed in plaster bases. A cavity of

1.0 mm in diameter and depth was drilled in the apical
root third of each tooth with a 1-mm-diameter round
bur to its full depth and the assistance of magnifier.12

The cavity types were distributed to ensure an equal
number in the buccolingual and proximal root surfaces.
To simulate moderate EARR, the selected 40 teeth,
divided into four groups of 10 specimens each, were
also placed in plaster bases. The apical root portions of
0.4 mm, 0.8 mm, 1.2 mm, and 1.6 mm were ground off
with a fissure bur for the four groups of teeth
(Figure 1). Similarly, to simulate severe EARR, the
apical root portions of 2.4 mm, 2.8 mm, 3.2 mm, and
3.6 mm were ground off for the other four groups of
teeth. All defects were made by the same investigator,
and the defect sizes were verified by another
investigator also using magnified vision.

The 160 teeth, randomly divided into 40 groups of
four specimens each after simulation, were fixed in 40
standard mandibular model boxes for making standard
models. To obtain a radiographic aspect equivalent to
the soft tissue (periodontal space) and alveolar
trabecular bone (dental alveolus), simulating an in
vivo situation, the radicular portion of each tooth was
covered uniformly with a layer of utility wax, approx-
imately 0.3-mm thick, and surrounded by plaster mixed
with ground rice in an equal ratio by volume. The
presence of the wax layer reduced the artifacts around
the root surface in the image.13,14 The excess part of
each standard model was removed after the plaster
was dry, leaving only the mandibular body (Figure 2).

Radiographic Examination

The CBCT images were obtained with the KAVO 3D
EXAM (KaVo Sybron, Germany and United States) at
120 kV, 18.54 mA, and an exposure time of 8.9 sec-
onds and were reconstructed with a high-resolution
(0.3 mm3) voxel size (80-mm field of view). Periapical
images were acquired with the KODAK 2100 (Kodak,

Figure 4. Root sections showing the presence of simulated external

apical root resorption on the apical third visualized with the two

imaging methods. With the periapical radiography: moderate (1a),

mild (1b), severe (1c), no (1d); with the cone-beam computed

tomography: moderate (2a), mild (2b), severe (2c), no (2d).

Table 1. The Percentages of Correct Classifications of No, Mild, Moderate, and Severe Resorptions Performed by Two Observers When

Compared With the Gold Standard for the Two Imaging Methodsa

Degree of Resorption Gold Standard Teeth Size or Site CBCT Periapical Radiography

No 80 40 None 77 (96.3%) 66 (82.5%)

Mild 80 20 BL 39 (97.5%) 79 (98.8%) 5 (12.5%) 33 (41.3%)

20 MD 40 (100%) 28 (70%)

Moderate 80 10 0.4 4 (20%) 33 (41.3%) 8 (40%) 55 (68.8%)

10 0.8 7 (35%) 12 (60%)

10 1.2 10 (50%) 18 (90%)

10 1.6 12 (60%) 17 (85%)

Severe 80 10 2.4 13 (65%) 70 (87.5%) 15 (75%) 74 (92.5%)

10 2.8 17 (85%) 19 (95%)

10 3.2 20 (100%) 20 (100%)

10 3.6 20 (100%) 20 (100%)

Total 320 160 259 (80.9%) 228 (71.3%)

a BL indicates buccolingual root surfaces; CBCT, cone-beam computed tomography; MD, proximal root surfaces.
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Rochester, NY) at 60 kV, 7 mA, and an exposure time
of 0.1 seconds. All images were stored in the database.
All exposures were performed by the same operator.

Assessment of Root Resorption

Calibration consisted of identification of the exis-
tence of EARR in a group of images that did not belong
to the study sample for each imaging method. Two
postgraduate orthodontic residents assessed blindly
and separately the presence or absence and the
severity of simulated EARR in the CBCT and the
periapical images using the modified score system of
Levander and Malmgren15: grade 0, no root resorption;
grade 1, mild resorption—root with normal length and
only irregular contour; grade 2, moderate resorption—
small area of root loss with apex having almost straight
contour; grade 3, severe resorption—loss of almost
one-third of root length (Figure 3). CBCT images were
analyzed by using the i-CAT View software (Imaging
Sciences International Inc, Hatfield, PA, USA).
Figure 4 shows varying degrees of simulated EARR
displayed on the periapical radiography and the CBCT,
respectively. All images were viewed on a 15-inch flat-
panel screen without time limitation. The gray scale
and the magnification were allowed to be adjusted by
the observers. If disagreement occurred between the
two observers, the second evaluation was adopted
20 days later, the consensus of which was used for
final evaluation. A substantial kappa value of 0.74 was
found for the agreement between the two examiners
with CBCT, whereas a moderate value of 0.57 was
found with periapical radiography.

Statistical Analyses

For statistical analysis, the rates of correct classifi-
cations of each degree of EARR were compared
between the two imaging methods using the McNemar
test. All P values were regarded significant if less than

.05. SAS 9.1 (SAS Institute, Cary, NC) was used for all
analyses.

RESULTS

The rates of correct classification of mild EARR with
CBCT and periapical radiography were 98.8% and
41.3%, respectively (Table 1), and a significant differ-
ence was found between the two imaging methods
(P , .001; Table 2). As far as the periapical radio-
graphy method is concerned, the correct classifica-
tion rates of mild resorption on buccolingual and
proximal surfaces were found to be 12.5% and 70%,
respectively (Table 1).

For correct classification of severe EARR, no
significant difference was found between the two
imaging methods (Table 2). However, for correct
classification of moderate EARR, 68.8% of the lesions
were correctly classified for periapical radiography,
compared with 41.3% for CBCT (Table 1), and a
significant difference was found between the two
imaging methods (P , .001; Table 2).

For detection of all EARR, the sensitivity values
were 75.8% for CBCT and 67.5% for periapical
radiography, and the specificity values were 96.3%
for CBCT and 82.5% for periapical radiography
(Table 3). The rates of correct classification of all
EARR with CBCT and periapical radiography were
80.9% and 71.3%, respectively (Table 4), and a highly
significant difference was also found between the two
imaging methods (P , .001; Table 2). The rates for
correctly evaluating the absence or presence and the
severity of EARR for each defect size are shown in
Figures 5 and 6.

DISCUSSION

Radiography is the most important tool for the
diagnosis of EARR. No single two-dimensional imag-
ing technique has been readily available to provide an

Table 2. McNemar Test Results for Cone-Beam Computed Tomography Versus Periapical Radiography (Comparison of the Correct

Classification Rates of Mild, Moderate, Severe, and All Resorptions)a

Mild Moderate Severe

Mild + Moderate

+ Severe

Mild + Moderate

+ Severe + No

Presence of root resorption ,0.001* ,0.001* NS ,0.001* ,0.001*

Degree of root resorption ,0.001* ,0.001* NS ,0.025* ,0.001*

a NS indicates not significant; * P , .05.

Table 3. The Sensitivity and Specificity Values for Detection of All

Resorptions by Using the Two Imaging Methodsa

CBCT

Periapical

Radiography

Sensitivity 75.8% 67.5%

Specificity 96.3% 82.5%

a CBCT indicates cone-beam computed tomography.

Table 4. The Percentages of Correct Detection of All Resorptions

by Using the Two Imaging Methodsa

Test CBCT

Periapical

Radiography

Presence of resorption 84.1% 74.4%

Degree of resorption 80.9% 71.3%

a CBCT indicates cone-beam computed tomography.
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accurate, easily interpreted representation of EARR
and associated structure. This study was designed to
compare the efficacy of CBCT and periapical radiog-
raphy in detecting simulated EARR of varying degrees
in premolars. Periapical radiography was chosen
because it is usually used for the diagnosis or planning
in orthodontic treatment.

A cavity of 1.0 mm in diameter and depth was
adopted to simulate mild EARR, considering that
conventional radiography cannot detect lesions small-
er than 0.30 mm in depth and 0.60 mm in diameter.16,17

Moreover, CBCT was found to be a sensitive method
in the evaluation of simulated external root resorption.
A 0.3-mm voxel appeared to be the best protocol.18

Therefore, we used a CBCT unit with a high-resolution
(0.3 mm3) voxel size. Periapical radiography can be
obtained from different angles to ensure that some
more information would be acquired.19 However, a
single periapical image was used in this study because
it might be more practical in the clinic.

CBCT provides 3D volume image data of the
craniofacial complex about 10 seconds, eliminating
superimposition of anatomic structures, which could
provide convenience for clinicians. The diagnostic
capacity of CBCT scans to detect simulated external

root resorption has been reported by Liedke.20 Cavities
of 0.6, 1.2, or 1.8 mm in diameter and 0.3, 0.6, or
0.9 mm in depth were drilled on the buccal root
surfaces, and CBCT showed excellent specificity and
high sensitivity in detecting these lesions. In the
present study, the rates of correct classification of
mild EARR with CBCT and periapical radiography
were 98.8% and 41.3%, respectively, and a significant
difference was found between the two imaging
methods (P , .001). These results imply that CBCT
imaging was superior to periapical radiography for
detecting simulated mild EARR. Durack et al.11

investigated the accuracy of periapical radiography
and CBCT for the detection of simulated resorption
cavities. Their findings verified the shortcomings of
periapical radiography and showed that these were
overcome by CBCT. Some other studies also indicated
that the CBCT method is more sensitive than
periapical radiography in detecting simulated external
root resorption cavities.10,12 For the moment, it is
obvious that CBCT imaging can provide reliable data
on simulated mild EARR, whereas periapical radiog-
raphy underestimates it.

In the present study, the determination of severe
EARR was not significantly different when using CBCT

Figure 5. The rates for correctly evaluating the absence and presence of external apical root resorption for each defect size.

Figure 6. The rates for correctly evaluating the severity of external apical root resorption for each defect size.
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and periapical radiography. The reason might be it was
very easy to detect severe resorption for the two
imaging methods. However, for detecting moderate
EARR, none of the detection rates of the two imaging
methods was high, as most observers scored moder-
ate defects as no. What’s more, periapical radio-
graphy’s performances were much better than that of
CBCT imaging (P , .001). The rate of correct
classification of moderate EARR was 68.8% for
periapical radiography compared with 41.3% for
CBCT. In contrast, Sherrard et al.21 inferred that CBCT
scans are at least as accurate and reliable as
periapical radiographs for root-length and tooth-length
determinations. However, because of methodological
differences, it is difficult to make direct comparisons
with the current study. Another in vitro study implied
that periapical radiography seems to be a very blunt
instrument for detecting lingual root shortening resorp-
tion.22 Other in vivo studies further confirmed that
slanted apical root resorption could be evaluated only
on tomographic images and was found in up to 15% of
palatal root surfaces investigated.1 In this study, the
simulation of root shortening contained no slanted
apical root resorption, and most moderate root
shortening was more easily detectable on periapical
radiography than the CBCT method as it could offer an
overall view of the apical lesion. For the moment, we
tentatively put forward that CBCT could not replace
periapical radiography, which remains the primary
imaging modality for detecting orthodontically induced
EARR. However, in some complex cases, the 3D
imaging might be more proper than conventional
radiography.

Periapical radiography is commonly used for detect-
ing apical root resorption, but it has been reported to
underestimate resorption lesion compared with micro
CT.23 In this study, CBCT showed higher sensitivity
than periapical radiography. The sensitivity values
were 75.8% for CBCT and 67.5% for periapical
radiography. For correct classification of all EARR,
the rates of CBCT and periapical radiography were
80.9% and 71.3%, respectively, and CBCT imaging
performed significantly better than periapical radiogra-
phy (P , .001). Furthermore, an in vitro study showed
that buccal or lingual resorption is less detectable in 2D
radiographs.22 This agrees with our results: the correct
classification rate of mild resorptions was 70% on
proximal compared with 12.5% on buccolingual sur-
faces for periapical radiography. In addition, during
orthodontic treatment, angulations of the teeth usually
change; thus, the severity of EARR could not be
evaluated accurately with periapical radiography.
These data might justify that the routine diagnostic
tool for detecting EARR should be CBCT rather than
periapical radiography. In orthodontic practices, CBCT

could be used to evaluate the severity of EARR to
provide enough reference for modification or continu-
ation of orthodontic treatment. However, some authors
have reported that the radiation dose from large-
volume CBCT scanners is between 50 mSv and
1024 mSv, compared with 1–8 mSv from periapical
radiography.24 CBCT delivers a much higher radiation
dose to the patient than periapical radiography does,
so if a periapical radiograph is already available to the
diagnosis of EARR, the choice of CBCT should be
used with extreme caution to avoid additional radiation
exposure.

These results suggest that CBCT is a reliable
diagnostic tool to detect simulated EARR. However, it
must be noted that this experimental study carried out
ideal imaging geometry, without associated motion,
which is scarcely ever achieved in clinic. It is also true
that the methods used in the present study produced
lesions with regular edges. These lesions are not real
replicas of EARR, which might have raised the
diagnostic ability of CBCT and periapical radiography.
Therefore, considering that quantitative analysis for
EARR similar to this research might be unrealistic in
vivo, studies in the future should seek methods for
creating irregular and standardized lesions.

CONCLUSIONS

N CBCT is a reliable diagnostic tool to detect simulated
EARR, whereas periapical radiography underesti-
mates it.

N If a periapical radiograph is already available to the
diagnosis of EARR, CBCT should be used with ex-
treme caution to avoid additional radiation exposure.
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