
Original Article

Apical root resorption during orthodontic treatment

A prospective study using cone beam CT

Henrik Lunda; Kerstin Gröndahlb; Ken Hansenc; Hans-Göran Gröndahld

ABSTRACT
Objective: To investigate the incidence and severity of root resorption during orthodontic
treatment by means of cone beam computed tomography (CBCT) and to explore factors affecting
orthodontically induced inflammatory root resorption (OIIRR).
Materials and Methods: CBCT examinations were performed on 152 patients with Class I
malocclusion. All roots from incisors to first molars were assessed on two or three occasions.
Results: At treatment end, 94% of patients had $1 root with shortening .1 mm, and 6.6% had $1
tooth where it exceeded 4 mm. Among teeth, 56.3% of upper lateral incisors had root shortening
.1 mm. Of upper incisors and the palatal root of upper premolars, 2.6% showed root shortenings
.4 mm. Slanted surface resorptions of buccal and palatal surfaces were found in 15.1% of upper
central and 11.5% of lateral incisors. Monthly root shortening was greater after 6-month control
than before. Upper jaw teeth and anterior teeth were significantly associated with the degree of root
shortening. Gender, root length at baseline, and treatment duration were not.
Conclusion: Practically all patients and up to 91% of all teeth showed some degree of root
shortening, but few patients and teeth had root shortenings .4 mm. Slanted root resorption was
found on root surfaces that could be evaluated only by a tomographic technique. A CBCT
technique can provide more valid and accurate information about root resorption. (Angle Orthod.
2012;82:480–487.)
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INTRODUCTION

Inflammatory root resorption is a side effect related
to the biological tissue response1,2 that enables teeth to

be moved during orthodontic treatment and with which
it was first associated already in 1914.3 In histologically
examined teeth, it has been found in up to 100% of
orthodontically treated teeth but less often in teeth
examined by panoramic or intraoral radiography.1,4

In most studies of orthodontically induced inflam-
matory root resorption (OIIRR), intraoral radiography
has been used.5 Even with efforts to obtain periodically
identical radiographs,6,7 this technique has shortcom-
ings.8–11 An in vitro study12 showed that, to become
visualized on intraoral radiographs, buccal or palatal
surface resorption had to result in root shortening. On
panoramic radiographs, root apices, especially in
anterior regions, may become placed outside the
narrow focal trough. The usefulness of lateral cepha-
lometric radiography in detecting root resorption is
limited by super-impositioning of teeth.13

For demanding diagnostic tasks in the maxillofacial
region, computed tomography (CT) can be used, but
high radiation doses and costs have prevented it from
becoming a standard tool in dental imaging. Despite
inherent capabilities in diagnosing OIIRR, it has not
been considered for this purpose. Cone beam CT
(CBCT) was introduced in dentistry in the late
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1990s,14,15 and its high spatial resolution, affordability,
and relatively low radiation doses quickly led to its
acceptance,16 also in orthodontics.17 Radiation doses,
however, vary between CBCT machines for various
reasons (eg, exposed volume size, exposure param-
eters used).18–20 The ability of CBCT to obtain
distortion-free and reproducible images of single roots
provides excellent possibilities to study root resorp-
tion,21 not least because it, more closely than its
alternatives, approaches a histologic method.

This study aimed, by means of CBCT, to investigate
the incidence and severity of root resorption during
orthodontic treatment and to explore factors that have
a possible influence on the degree of root shortening.

MATERIALS AND METHODS

Subjects

From March 2005 to June 2008, 183 patients from
the Department of Orthodontics, Public Dental Health,
Gothenburg, Sweden, were consecutively invited to
participate in the study. Inclusion criteria included the
following: age 9–18 years, Class I malocclusion (super
Class I: cusp-to-cusp distal molar relationship) with
crowding, and an overjet #5mm. Crowding had to be
of an extent motivating extraction of one premolar in
each jaw quadrant. Informed consent from the
patients’ parents and ethical approval from the
Regional Ethical Review Board were obtained.

Twelve patients did not wish to participate, leaving
171 patients undergoing the first of two or three
radiographic examinations. Mean age of patients at the
start of the study was 15.2 years (SD 1.6; range 10.1–
18.6). At the end of the study, 152 patients (65 boys,
87 girls), or 83% of all invited, remained.

The treatment protocol was standardized using an
MBT preadjusted appliance (3M Unitek Orthodontic
Products, Monrovia, Calif) with 0.022 inch slots. Initial
leveling and alignment were done using round, heat-
activated, nickel-titanium wires. Space closure was
performed using rectangular .019 3 .025 stainless
steel wires. Mean treatment duration was 20.7 months
(median 20; SD 5.7; range 11–43). In accordance with
the treatment plan, 582 premolars (48%) were
extracted. In five patients, no extractions were per-
formed, and in four patients, two or three premolars
were removed.

Radiographic Examination

Radiographic examinations were performed on two
or three occasions: before the start of treatment
(baseline, n 5 171), after 6 months (n 5 97), and
when treatment was completed (endpoint, n 5 152).
The 6-month control, to which patients were randomly

selected, was conducted to determine whether root
resorption had occurred to an extent (score 3
according to Malmgren et al.22) motivating temporary
treatment discontinuation. Three patients showed root
shortening to an extent motivating 3-month treatment
discontinuation.23

Examinations were performed with a 3DX Accui-
tomo FPD CBCT unit (J Morita Mfg Corp, Kyoto,
Japan) equipped with a flat panel detector. Exposed
volume was 60 mm 3 60 mm (voxel size 0.125 mm),
encompassing all teeth from incisors to first molars in
both jaws. Exposure parameters were 75 kV and
4–5.5 mA (based on subject size) with a single
360-degree rotation (17.5 s) seen in approximately
556 projections.

Workstation

Primary data reconstructions were made with the
use of acquisition software (i-Dixel-3DX, 3D, version
1.691) at the Accuitomo workstation, resulting in
perpendicular axial, coronal, and sagittal slices. A
second reconstruction was made to obtain contiguous
0.5-mm-thick slices. Using DICOM-export, the axial
slices were sent to PACS for later reformatting using a
workstation with Sectra IDS5 (Sectra Imtec AB,
Linköping, Sweden) PACS MPR (multiplanar recon-
struction). The workstation consisted of a computer
(Optiplex 755, Dell AB, Stockholm, Sweden) with a
graphic card (NVIDIA GeForce 6800 Series GPU 32-
bit, Matrox MED2mp-DVI). Measurements were made
on a monochromatic 20-inch flat panel monitor
(resolution 1600 3 1200 pixels, OLÓRIN Medic Line
ML187D TFT-LCD, Olorin AB, Kungsbacka, Sweden).

Assessment of Root Length and Apical
Surface Resorption

Reconstructions were made so that the axial slices
became perpendicular to the long axis of the tooth/
root. This provided optimal visualization of the tooth/
root in axial, coronal, and sagittal planes. A reference
line was placed connecting the buccal and palatal/
lingual cementoenamel junctions. Parallel to this, a
second reference line was placed at the root apex.
Without access to previous radiographs or protocols,
the perpendicular distance between these reference
lines was measured (Figure 1) at incisors to first
molars by one of the authors. It was measured to the
nearest 0.01 mm at fully erupted teeth at which the
cementoenamel junction (CEJ) and the apex could be
clearly identified. At teeth with multiple roots, each root
was separately assessed. The precision of the method
has been found to be within the range 0.19–0.32 mm.21

As can be derived from Table 1b, few roots were
unreadable at one or more examinations. An exception
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was the distal root of the lower first molar, which was
unreadable in 32% because it was not always
contained in the imaged volume. Surface resorptions
not resulting in root shortening (Figure 2) were noted,
as were roots with incomplete root development.

Statistical Analyses

Changes in root length between baseline and
subsequent examinations are presented by means of
descriptive statistics. The premolars in each jaw
quadrant were merged into a single group. Teeth with
multiple roots were analyzed separately. Analyses of
changes in root length per month during the two
observation periods (baseline to 6-month and 6-month
to endpoint) were completed using Wilcoxon’s signed

rank test. Root shortening was evaluated with a mixed
covariance pattern model including a compound
symmetry covariance model to estimate dependence
within patients. A significance level of P , .05 was
used in all statistical analyses. Descriptive analyses
were made with Microsoft Office Excel 2003 (Microsoft
Professional Edition 2003, Microsoft Corporation,
Redmond, Wash) and statistical analyses by means
of SAS 9.2 (SAS Institute Inc, Cary, NC).

RESULTS

Sixty-one roots (1.6%) had incomplete root devel-
opment at baseline. Percentages of roots with different
extent of root shortenings from baseline to 6-month
and from baseline to endpoint are found in Tables 1

Figure 1. Measurement procedure for assessment of root length by means of axial, coronal, and sagittal slices. Measurements were made (A) in

the coronal view between two reference lines, (b) one at the cementoenamel junction, (c) and one at the root apex. D and E, Corresponding axial

views and (F) sagittal view were used to ensure proper positioning of reference lines.
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and 1b. At the 6-month control, the highest frequencies
of root shortening .1 mm were found at both roots of
upper two-rooted premolars (29.5%), lateral incisors
(upper 16.5%, lower 16%), and upper, single-rooted
premolars (16%). Few roots had shortenings .2 mm,
and none had shortening .4 mm. At endpoint, the
highest frequencies of root shortenings exceeding
1 mm were found at lateral incisors (upper 56.3%,
lower 43.1%), followed by upper central incisors
(41.4%). Root shortenings .4 mm were found in
2.6% of upper incisors and in the palatal root of two-

rooted upper premolars. Of all patients, 94% had at
least one tooth with root shortening .1 mm, and 6.6%
had one or more teeth with root shortening .4 mm.
Approximately 1% of patients had $14 teeth with root
shortening $1 mm; none had $4 teeth with root
shortening .4 mm.

Surface resorption (slanted resorption) was most
often found at palatal surfaces of upper central (15.1%)
and lateral incisors (11.5%) (Table 3). Among patients,
57% had this type of resorption at $1 teeth and 11% at
$4 teeth, regardless of the surface affected.

Table 1a. Numbers and Percentages of Roots With Different Extent of Root Shortening From Baseline to 6-Month Control

n .0 mm .1 mm .2 mm .3 mm .4 mm

Upper Jaw

Central incisor 194 145 (74.7) 26 (13.4) 4 (2.1)

Lateral incisor 194 133 (68.6) 32 (16.5) 3 (1.5)

Canine 189 122 (64.6) 21 (11.1) 2 (1.1)

Premolar

Single-rooted 156 94 (60.3) 25 (16.0) 1 (0.6) 1 (0.6)

Buccal 44 29 (65.9) 13 (29.5) 2 (4.5)

Palatal 44 34 (77.3) 13 (29.5) 2 (4.5)

First molar

Mesiobuccal 190 99 (52.1) 10 (5.3)

Distobuccal 184 110 (59.8) 18 (9.8) 2 (1.1)

Palatal 192 117 (60.9) 16 (8.3) 2 (1.0) 1 (0.5)

Lower Jaw

Central incisor 194 109 (56.2) 21 (10.8) 1 (0.5)

Lateral incisor 194 144 (74.2) 31 (16.0) 2 (1.0)

Canine 188 120 (63.8) 18 (9.6) 3 (1.6)

Premolar 200 115 (57.5) 14 (7.0)

First molar

Mesial 182 102 (56.0) 12 (6.6)

Distal 121 63 (52.1) 10 (8.3)

Table 1b. Numbers and Percentages of Roots With Different Extent of Root Shortening From Baseline to Endpoint

n .0 mm .1 mm .2 mm .3 mm .4 mm

Upper Jaw

Central incisor 304 266 (87.5) 126 (41.4) 44 (14.5) 21 (6.9) 8 (2.6)

Lateral incisor 304 278 (91.4) 171 (56.3) 67 (22.0) 25 (8.2) 8 (2.6)

Canine 296 208 (70.3) 79 (26.7) 19 (6.4) 4 (1.4) 1 (0.3)

Premolar

Single-rooted 235 153 (65.1) 49 (20.9) 6 (2.6) 1 (0.4)

Buccal 78 53 (67.9) 21 (26.9) 6 (7.7) 4 (5.1) 1 (1.3)

Palatal 78 45 (57.7) 30 (38.5) 11 (14.1) 5 (6.4) 2 (2.6)

First molar

Mesiobuccal 295 172 (58.3) 22 (7.5) 1 (0.3)

Distobuccal 292 208 (71.2) 55 (18.8) 8 (2.7) 2 (0.7)

Palatal 302 200 (66.2) 61 (20.2) 6 (2.0) 2 (0.7)

Lower Jaw

Central incisor 304 235 (77.3) 76 (25.0) 13 (4.3) 1 (0.3)

Lateral incisor 304 260 (85.5) 131 (43.1) 36 (11.8) 7 (2.3)

Canine 296 208 (70.3) 80 (27.0) 27 (9.1) 9 (3.0)

Premolar 314 172 (54.8) 44 (14.0) 9 (2.9)

First molar

Mesial 282 185 (65.6) 39 (13.8) 5 (1.8) 1 (0.4)

Distal 208 136 (65.4) 56 (26.9) 11 (5.3) 4 (1.9) 1 (0.5)
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Changes in root length per month during the two
observation periods are shown in Table 4. Except for
the lower lateral incisors, all teeth showed a greater
extent of root shortening per month after the first
6 months. The difference was statistically significant
only for the upper lateral incisor. Radiographs from a
patient with severe root shortening of the incisors are
shown in Figure 3.

Univariate analysis (Table 5) revealed that age at
baseline, jaw, tooth group, and root length at the 6-
month control all had statistically significant effects on
the extent of root shortening at endpoint. Upper jaw
teeth had larger extents of root shortening than did
lower jaw teeth, and anterior teeth were more affected
than posterior ones. In older patients, the extent of
root shortening was significantly greater than in
younger ones. Neither gender nor root length at
baseline or treatment time had any statistically
significant effect on the extent of root shortening.
When age at baseline, jaw, tooth group, and root
length at the 6-month control were included in a
multivariate analysis, age at baseline had no statis-
tically significant effect on root shortening, but the
other variables did.

DISCUSSION

Over many years, there has been an interest in
evaluating the side effects of orthodontic treatment,
particularly apical root resorption. Most studies have
been conducted with the aid of intraoral radiography,

which means that only root shortening and resorption
on the mesial and distal aspects of the roots could be
evaluated. Cone beam CT (CBCT) offers the possibil-
ity of assessing root surfaces not displayed on
conventional radiographs and creating scenes similar
to previous ones despite changes in tooth/root
position. Therefore, it may be safe to assume that
measurements of root length changes can be made
reliably with CBCT. However, large differences are
noted between CBCT units. For visualization of subtle
anatomic structures, factors such as voxel size, scatter
radiation, gray scale bit depth, and artifacts caused by
metallic objects are important.24 More specifically,
small voxel size and field of view (volume size) are
needed. The smaller the voxel size, the higher the
spatial resolution, and the smaller the field of view, the
less noise from scatter radiation. Therefore, we used a
CBCT unit with voxel size of 0.125 mm and a field of
view of 6 3 6 cm.

Durack et al.25 investigated the accuracy of CBCT
and intraoral radiography for the detection of simulated
root resorption cavities. Their findings verified the
shortcomings of intraoral radiography and showed that
these were overcome by CBCT. When investigating
the accuracy and reliability of root length measure-
ments, Sherrard et al.26 found root lengths to be
underestimated by an average of 2.6 mm in intraoral
radiographs but by less than 0.3 mm on CBCT images.
The error between replicate measurements was higher
for intraoral radiography (0.57 mm) than for CBCT

Table 2. Percentage of Slanted Surface Resorption per Surface

n Buccal

Palatal/

Lingual Proximal

Upper Jaw

Central incisor 304 6.9 15.1 6.6

Lateral incisor 304 2.0 11.5 9.9

Canine 296 1.0 4.1 3.7

Lower Jaw

Central incisor 304 1.3 4.9 0.0

Lateral incisor 304 1.6 2.3 0.7

Canine 296 1.4 2.4 4.4 Figure 2. A, Example of an upper central incisor at baseline, with (B)

palatal surface resorption at endpoint.

Table 3. Root Shortening per Month (mm) During Two Observation Periods

Baseline–6-Month Control 6-Month Control–Endpoint

P ValueMean (SD) Median Mean (SD) Median

Upper Jaw

Central incisor 20.043 (0.048) 20.033 20.084 (0.498) 20.065 0.1369

Lateral incisor 20.049 (0.058) 20.041 20.154 (0.653) 20.086 0.0208

Canine 20.028 (0.067) 20.027 20.082 (0.512) 20.025 0.2264

Lower Jaw

Central incisor 20.023 (0.051) 20.019 20.054 (0.630) 20.048 0.1645

Lateral incisor 20.044 (0.055) 20.042 20.025 (0.756) 20.050 0.7693

Canine 20.020 (0.059) 20.020 20.056 (0.324) 20.026 0.0873
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(0.30–0.36 mm), where the lowest error was found
when the smallest available voxel size (0.2 mm) was
used. With the CBCT unit used to measure root
lengths, errors between repeated measurements
ranged from 0.19–0.32 mm.21

Compared with most other studies on OIIRR, the
present trial is based on a more homogeneous patient
sample in terms of age and the reason for orthodontic
treatment. Because of this and methodologic differ-

ences, it is difficult to make direct comparisons with
previous studies on root resorption and percentage of
affected teeth. Difficulties in making comparisons
between studies of OIIRR were pointed out by
Brezniak and coworkers.4 Our results related to teeth
with severe root shortenings (.4 mm) are found within
the range reported by Weltman et al.27 and confirm that
upper incisors are more prone to root shortening than
other teeth.28,29 In contrast to Janson et al.,30 we found

Figure 3. A case with severe root shortening during the course of treatment. Teeth are numbered according to FDI.

Table 4. Results of Univariate and Multivariate Analyses

Parameter

Univariate

Multivariate

6-Month Control Excl 6-Month Control Incl 6-Month Control Incl (Age Excl)

Intercept Effect P Value Intercept Effect P Value Intercept Effect P Value Intercept Effect P Value

Gender (1 5 boys,

2 5 girls) 20.82 0.06 .5067

Jaw (1 5 upper,

2 5 lower) 21.19 0.32 , .0001 0.52 0.28 , .0001 20.86 0.23 , .0001 21.87 0.23 , .0001

Age at baseline, y 0.44 20.08 .0077 0.52 20.08 .0053 20.86 20.07 .0932

Treatment

duration, y 20.78 0.03 .7286

Tooth group

Central incisor

(1 or 0) 20.23 20.64 , .0001 0.52 20.61 , .0001 20.86 20.53 , .0001 21.87 20.53 , .0001

Lateral incisor

(1 or 0) 20.23 20.92 , .0001 0.52 20.9 , .0001 20.86 20.85 , .0001 21.87 20.85 , .0001

Canine (1 or 0) 20.23 20.32 , .0001 0.52 20.3 , .0001 20.86 20.52 , .0001 21.87 20.52 , .0001

Root length at

baseline, mm 20.57 20.01 .3768

Root length at

6 months, mm 22.3 0.1 , .0001 20.86 0.09 , .0001 21.87 0.09 , .0001
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the lateral incisor to be the most frequently affected
tooth.

Almost 7% of patients had $1 tooth with root
shortening $4 mm—a slightly higher percentage than
that reported by Årtun et al.31 (5.3%). One reason for
this difference may be that their study was limited to
the front teeth, but one cannot rule out that it can
depend on methodologic differences, namely, those
between intraoral radiography and CBCT. Univariate
analysis revealed that age at baseline, jaw, tooth
group, and root length at 6 months had statistically
significant effects on the extent of root shortening at
endpoint. When age at baseline was included in the
multivariate analysis, it had no significant effect on the
extent of root shortening, in accordance with the
findings of Årtun and coworkers.32 In contrast to the
results of a meta-analysis of treatment-related factors
in apical root resorption,33 we found no statistically
significant effect of treatment duration on the extent
of root shortening. Consistent with an overview
by Harris,34 no differences in the incidence of root
resorption between genders could be found, nor any
effect of root length at baseline.

Slanted surface resorption was found to be relatively
common at buccal and palatal root surfaces—an
interesting finding because these surfaces are not
displayed on intraoral radiographs, and because such
resorption eventually may result in root shortening. In
attempts to identify patients at risk for severe root
shortening, slanted surface resorption could be a
relevant research topic in future studies of OIIRR with
CBCT.

CONCLUSIONS

N Almost all patients and between 55% and 91% of
teeth showed some degree of root shortening.

N Nearly 7% of patients had one tooth or more with
root shortening exceeding 4 mm, but none had
more than three teeth affected to this degree. Few
factors other than those already known had a
statistically significant effect on the degree of root
shortening.

N Slanted root resorption was found in up to 15% of
palatal root surfaces and could be evaluated only on
tomographic images. A CBCT technique thus can
provide more valid and accurate information about
root resorption and may be of value in research.
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