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Evaluation of root resorption following rapid maxillary expansion using

cone-beam computed tomography

Asli Baysala; Irfan Karadedeb; Seyit Hekimogluc; Faruk Ucard; Törün Ozere; İlknur Velic;
Tancan Uysalf

ABSTRACT
Objective: To evaluate the root resorption after rapid maxillary expansion (RME) via cone-beam
computed tomography (CBCT).
Materials and Methods: Records of 25 patients who had undergone RME with tooth-borne
banded expander were obtained from the archive of the orthodontic department. CBCT data were
reconstructed with surface and volume rendering, and the volumetric images were manipulated to
display the root surfaces from various orientations. On these three-dimensional images, permanent
first molars and first and second premolars were segmented, and their roots were isolated.
Volumes of roots were calculated. The difference between pre-expansion and postexpansion root
volumes was statistically evaluated with a paired-samples t-test. Also, the percentage of root
volume loss was calculated for each root and statistically compared with each other with one-way
analysis of variance at the P , .05 level.
Results: The difference between the pre-expansion and postexpansion root volumes was
statistically significant for all roots investigated. Maximum volume decrease was observed for the
mesiobuccal root of first molar teeth (18.60 mm3). It was determined that the distobuccal root of first
molar teeth was less affected from the expansion procedure (9.47 mm3). No statistically significant
difference was found for the percentage of root volume loss.
Conclusion: Following RME treatment, significant root volume loss was observed for all
investigated posterior teeth. However, the percentage of volume loss was not statistically different
among roots. (Angle Orthod. 2012;82:488–494.)
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INTRODUCTION

Rapid maxillary expansion (RME) is a commonly
used procedure to solve maxillary constriction. This
was first defined by Angell in 1860,1 and it gained
popularity in the 1900s with the belief that it could
improve nasal breathing and the patient’s overall well-
being.2 During the RME procedure, Isaacson and
Ingram3 reported that one-turn activation of the screw
generated as high as 10-kg forces. These heavy
forces are transmitted to the maxilla by the anchor
teeth, and root resorption was shown in histological
sections of anchor premolar teeth, which were
extracted after RME.4–9

Langford6 reported that the root resorption was
basically on the buccal surface and was expansive
rather than axially invasive. Langford and Sims7

showed resorption on the buccal part of the root.
Barber and Sims10 reported severe buccal root
resorption and also found that the mesial, distal, and
apical parts of the roots were affected. Odenrick et al.8
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concluded that the most common resorption site was
the buccal side, and minor resorption was found
apically. Likewise, Erverdi et al.9 reported that most
of the resorption takes place on the buccal part of the
root, whereas in a few specimens, resorption was also
seen on the apical and coronal parts.

Root resorption after orthodontic therapy has been
assessed through conventional radiographs,11 light
microscope,12 and scanning electron microscope.10

Histologic techniques are reported to be more sensitive
and show the actual extent of root resorption.13

Histological evaluation of these teeth included embed-
ding and serial sectioning. With light microscopy,
resorption craters were quantified, but this technique
was found to be destructive and caused material loss
during preparation.14 According to Chan and Darende-
liler,15 the quantitative value of histological root resorp-
tion evaluation is questionable. Irregular C-shaped
craters and/or smaller craters could be partially or
totally missed or miscalculated. Another point that
should be taken into account is the high variability of
root morphology and anatomy of permanent first
premolars. This is an important aspect because an
absolute cut through the long axis of the tooth is
extremely difficult. This also leads to missing apical or
midroot craters.15 Scanning electron microscope (SEM)
evaluation was suggested to provide resolution and
detail that was not achievable via histological models
reconstructed from serial sections. However, the curved
anatomy of the premolars complicate obtaining a
straight-on view, and the actual size of resorption
craters may not be accurate.15 SEM evaluation of a
resorption crater is performed with piecing two-dimen-
sional (2D) micrographs, and the quantitative value of
this technique is supposed to be inadequate.15

Severe root resorption can be detected using
conventional radiographs,16–19 but resorption at the
mesial and distal portion of the root or mild apical
resorption is hardly visible.20 Two-dimensional conven-
tional radiography has severe limitations to visualize
root resorption.21,22 In a review by Chan and Darende-
liler,15 it was concluded that 2D radiography might be a
good diagnostic tool, but quantitative evaluation of root
resorption should be avoided.

An alternative method to 2D radiography is the use of
cone-beam computed tomography (CBCT). CBCT has
particular application in the assessment of postortho-
dontic root resorption,23 and the images free from
distortion and superimposition allow classifying root re-
sorption type. Moreover, CBCT provides high-definition
images at a radiation dose similar to that of standard
dental films.24

In light of the literature, it may be concluded that
RME causes resorption at the buccal aspects of the
roots. However, approximal and palatal aspects of the

roots as well as buccal surfaces may undergo
resorption. Resorption can be assessed for an
individual root if a tooth has multiple roots.25 To the
best of our knowledge, no study was performed to
evaluate root volume changes after RME. Thus, the
aim of this study was to quantitatively evaluate the root
resorption changes associated with RME therapy by
tooth-borne banded expander using CBCT.

MATERIALS AND METHODS

Totally, CBCT records of 25 patients (14 girls and 11
boys; mean age, 12.7 years) who had undergone RME
therapy by tooth-borne banded expander as a part of
their orthodontic treatment were selected from the
archive of the Orthodontic Department of Dicle
University. Of these patients, two were in the mixed
dentition period.

An ethical approval had already been obtained from
the Ethical Committee of the Dicle University (DUD-
FEK 2009/21) for the aims of another study; the
patients were not exposed to extra radiation particu-
larly for this retrospective study. Therefore, another
ethical approval was not gained.

The initial CBCT records had been taken immediately
before expansion. The expansion appliance was a Hyrax
expander, which consisted of an expansion screw,
welded on the bands on the first premolar and molar
teeth. As a routine clinical procedure, the expansion
screw is activated two turns per day, and active expan-
sion is continued until the palatal cusps of the maxillary
molars were in contact with the buccal cusps of the first
mandibular molars. After active expansion therapy,
postexpansion CBCT records were taken.

All tomography had been obtained by using the
same device (i-CAT, model 17–19, Imaging Sciences
International, Hatfield, PA) at the following settings:
exposures were made with 5.0 mA, 120 kV, and
exposure time was 9.6 seconds and with a voxel size
of 0.3 mm.

DICOM data sets of the patients were imported into
Mimics software (Materialise NV, Leuven, Belgium).
This program manually segments the tissues accord-
ing to density values, which are so-called Hounsfield
units (HU).

CBCT data were reconstructed with surface and
volume rendering, and the volumetric image was
manipulated to display the root surfaces from various
orientations. Threshold values were set individually
with regard to each patient. The same HU were used
for the segmentation of each patient’s before and after
records. On these 3D images, permanent first molars
and first and second premolars were segmented
cautiously (Figure 1). After segmentation, permanent
first molar teeth were separated from other teeth and
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adjusted for 3D orientations (Figure 2). The mesial and
distal cusp tips were oriented parallel to the floor. The
mesiobuccal and distobuccal roots were separated
according to a plane parallel to the cement-enamel

junction and passing through the deepest point of
the furcation between these roots (Figures 3 and 4).
Each root was isolated and color coded. The volume of
each root was calculated by the program (Figure 5).

Figure 1. Segmentation of premolars and first molar teeth.

Figure 2. Adjustment of first molar for 3D orientation.
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The same measurement protocol was applied to the
roots of the first and second premolars without the
separation of the roots. Two measurements were
calculated: root volume loss and percentage of root

volume loss. Root volume loss was the difference
between pre-expansion (T0) and postexpansion (T1)
root volumes. The percentage of root volume loss was
calculated as:

Figure 3. Construction of the reference plane.

Figure 4. Isolation of the roots of first molar tooth.
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preexpansion root volume{postexpansion root volume

preexpansion root volume
|100:

Premolar teeth were not evaluated in mixed dentition
patients, as the apex is not completed. In addition, one
first permanent molar, six first premolars, and two
second premolars had been extracted before second
CBCT records were taken. In one patient, bilateral
fusion of the distobuccal and palatal root of the first
permanent molar was observed, and these teeth were
also excluded. Volumetric measurements were not
performed for these teeth.

Statistical Analysis

All statistical analyses were performed with the
Statistical Package for the Social Sciences software
(SPSS 15.0, Chicago, IL). The normality test of
Shapiro-Wilks and the Levene’s variance homogeneity
test were applied to the data. The data were found
normally distributed, and there was homogeneity of
variance among the groups. Thus, the statistical
evaluation of pre-expansion and postexpansion root
volumes was performed using parametric tests. To test
the difference between the left and right sides, an
independent samples t-test was performed. No signif-
icant difference was found between the left and right
sides and the data pooled. The means, standard
deviations, and minimum and maximum values were
calculated for all roots. The root volume values were
tested with a paired-samples t-test.

The percentage of root volume loss was calculated
by subtracting the postexpansion root volume from the

pre-expansion root volume. Then, the difference was
divided by the pre-expansion volume and then
multiplied by 100. To test the percentages, one-way
analysis of variance was used. The statistical signifi-
cance level was set at P , .05.

RESULTS

Descriptive statistics and comparison of root vol-
umes before and after RME therapy are given in
Table 1. The mean root volumes were decreased after
RME. According to the results of the paired-samples t-
test, statistically significant differences were found
between pre-expansion and postexpansion root vol-
umes. The difference was statistically significant at P
, .001 for the buccal roots of the first molar teeth and
P 5 .001 for the second and first premolars and palatal
root of the first molar teeth. The highest mean volume
loss (MVL) was recorded for the mesiobuccal root of
first molar teeth (18.60 mm3), whereas the distobuccal
root showed the least MVL (9.47 mm3). First premolar
teeth (MVL: 13.12 mm3) were affected nearly to the
same extent as second premolars (13.93 mm3). When
the percentage of root volume loss was considered, no
significant difference was found among the roots
(Table 2).

DISCUSSION

To date, root resorption was studied on anchor
premolar teeth, which were subsequently extracted
after RME according to the patients’ individual treat-
ment plan. Generally, control teeth were obtained from

Figure 5. Automatic calculation of root volume.
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the same patients but from the lower jaw, which was
not subjected to orthodontic force. In this study,
premolar and molar root volumes were measured in
patients who had undergone RME therapy with a
tooth-borne banded expander. This was the first study
in the literature in which 3D measurements were
performed to assess the root volume loss after RME. It
was found that root volumes decreased in all investi-
gated roots. The difference between the pre-expansion
and postexpansion measurements was statistically
significant.

Root volume loss percentages were calculated to
determine the most severely affected roots following
RME. There were no statistically significant differences,
and according to the results of this study, it is not
possible to say that the anchor teeth were more
severely affected from RME. On the other hand, the
age of the patients ranged between 11.2 and 14.1 years.
At these ages, root development is expected to
continue, especially for the second premolars. In this
study, mean root volume was found to decrease in all
investigated roots. This finding may be evidence of the
disruption of root development. Further studies should
be performed whether RME results in shorter roots or
not.

In this study, both attached (anchor teeth, first
premolars) and unattached (second premolars) pre-
molars were evaluated. Root resorption was also
observed in second premolars. Odenrick et al.8

showed root resorption of all maxillary premolars. On
the other hand, Barber and Sims10 showed no
resorption or repair on unattached premolars. They
suggested that these teeth moved laterally with the
alveolar process and during the retention phase they

relocate palatally. Similarly, no resorption was detect-
ed on mandibular first premolars.9,10

Radiographs, histological sections, and SEM evalu-
ations provide 2D evaluations. Except radiographs,
evaluation with these methods necessitates and tooth
extractions and they are not applicable to vital tooth. In
the current study, total root volumes were calculated on
CBCT images. Three-dimensional reconstruction of the
roots allows us study volume loss during RME. In this
way, all posterior teeth were evaluated despite anchor
premolars extracted following RME. Thus, to our
knowledge, this is the first study that evaluated root
resorption of the first permanent molars and second
premolars after RME. In this study, root resorption of the
first permanent molars and second premolars were
evaluated after RME.

Langford and Sims7 found no direct relationship
between total area of resorption and length of retention
period, but they claim that repair advanced with longer
retention periods. Odenrick et al.8 stated that the
resorption lacunae decreased with increasing retention
period due to repair. Langford6 reported that strong
relapse forces might cause significant root resorption
until 3 months after RME, whereas Zimring and
Isaacson26 found that the residual forces dissipated
within 5 to 7 weeks during retention. In this study, the
second CBCT records were taken after active expansion
was completed. It may be thought that the resorption
process was not completed when the second records
were taken.

The relationship between the longevity of the teeth
and root resorption is generally associated with the root
shortening. Zachrisson27 reported that 2-mm apical root
shortening is not detrimental to the function of the
dentition. Phillips28 claimed that 2-mm root shortening
reduced the total attachment area of 5–10%. Barber
and Sims10 attracted attention to the periodontal fiber
reattachment to the repaired root surface after resorp-
tion. They found very few periodontal fiber reattach-
ments up to 8 months of fixed retention. Langford and
Sims7 investigated anchor teeth under retention periods
of 14 to 53 weeks. They showed sparse and inconsis-
tent Sharpey’s fibers depressions into the cellular
cementum, which was different from that of normal
cellular cementum. Odenrick et al.8 in their polarized

Table 1. Descriptive Statistics and Statistical Comparison of Pre-expansion and Postexpansion Root Volumes (mm3)

Teeth n

Pre-expansion (T0) Postexpansion (T1)

P

Difference (T1 2 T0)

Mean SD Mean SD Mean SD

First molar palatal root 47 118.70 34.75 103.17 34.84 .001 14.60 29.18

First molar mesiobuccal root 49 120.12 36.06 101.14 33.41 ,.001 18.60 29.72

First molar distobuccal root 47 76.39 24.90 66.31 22.54 ,.001 9.47 9.03

Second premolar 44 215.14 50.79 200.22 44.97 .001 13.12 25.37

First premolar 40 207.77 50.87 190.35 48.60 .001 13.93 28.18

Table 2. Descriptive Statistics and Statistical Comparison of Root

Volume Loss (%)

Teeth n

Volume Loss (%)

PMean SD

First molar palatal root 47 10.50 28.16 NS

First molar mesiobuccal root 49 13.70 19.53

First molar distobuccal root 47 10.52 23.94

Second premolar 44 5.77 13.01

First premolar 40 7.21 14.91
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light evaluation failed to show periodontal fiber attach-
ment between the reparative cementum and periodon-
tal ligament. In this point of view, it may be said that
RME may lead to detrimental effects to the teeth when
the life span and the function of the teeth are taken into
account.

During 3D reconstruction of first permanent molar
roots, roots were separated and evaluated individually.
Separation was performed over the cement-enamel
junction. Thus, the absolute root volume was not re-
corded. This was because of the bands on molar teeth,
which cause artifacts at the cement-enamel level.
Artifacts were clipped manually with great caution, and
standardization was achieved with 3D orientation and
reference planes.

According to the results of this study, it may be said
that RME causes the loss of root structure of posterior
teeth. In high-risk patients, RME should be avoided
if possible. Young adults may suffer seriously from
RME as the skeletal effect is low and greater forces
were applied to the anchor teeth. Surgically assisted
expansion procedures or orthognathic surgery should
be taken into account for the treatment plans of these
patients.

CONCLUSIONS

N In the current study, the effect of RME on the roots of
posterior teeth (premolars and first molar) was
assessed with CBCT, and it was concluded that all
investigated roots showed statistically significant
volume loss.

N When the volume loss percentages are considered,
no statistically difference was found among roots.
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