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Evaluation and comparison of root resorption between tooth-borne and

tooth-tissue borne rapid maxillary expansion appliances:

A CBCT study

Furkan Dindaroğlua; Servet Doğanb

ABSTRACT
Objective: To compare volumetric root resorption after rapid maxillary expansion (RME) between
tooth-borne and tissue-borne appliances using CBCT. Repair in resorption cavities after 6 months
of fixed retention was also compared.
Materials and Methods: A sample of 33 subjects were randomly divided into two groups: Hyrax (n 5

16) and Haas (n 5 17). CBCT scans were taken 6 months before expansion, immediately after
expansion, and 6 months after fixed retention. Mimics Innovation V 16.0 software was used for
segmentation and volumetric measurement of 198 teeth. Bland-Altman plots, independent samples
t test, repeated measures analysis of variance, and the Friedman test were used for statistical analysis.
Results: Differences in root resorption after RME and repair after retention were not significant
between the hyrax and Haas appliances or between male and female. Significant differences were
found between preexpansion and postexpansion root volumes in the first premolars and molars—
even in unattached second premolars. When the percentage of root volume loss is considered, no
significant difference was found between the first premolar, second premolar, and first molar.
Volumetric changes after 6 months of retention were not statistically significant.
Conclusions: More resorption was observed in the Hyrax expander group. But it was not
statistically significant. Repair was observed after 6 months of retention. Heavy RME forces
affected premolars and molar similarly. (Angle Orthod. 2016;86:46–52.)
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INTRODUCTION

Rapid maxillary expansion (RME) is used to correct
maxillary skeletal transverse deficiency. Expansion
occurs when the force applied to the teeth and maxilla
exceeds the limits needed for tooth movement.1 The
applied force causes widening and gradual opening of
the midpalatal suture, bending of the alveolar pro-
cesses, and dental tipping.

Although RME has several clinical benefits, there
are some complications that may occur throughout the

expansion. These are technical problems such as
loosening or breakage of the expander and biological
problems such as pain,2 nonopening of the midpalatal
suture,3 dental tipping,4 root resorption of the anchor
teeth,5 gingival recession,6 widening of the nasal root
and nasal bridge,7 swelling and reddening,8 and
occurrence of nasal septum asymmetries.8

Root resorption occurs because of individual bi-
ologic and genetic predisposition and the effect of
mechanical factors.9,10 When considering root resorp-
tion in orthodontics, we must realize that resorption
cavities can arise anywhere along the root surface
without decreasing root length.11

Several studies have evaluated orthodontic and
biologic factors related to root resorption using 2-D
periapical radiographs,12 digital radiographs,13 pano-
ramic radiographs,14 and lateral cephalometric radio-
graphs.15 Three-dimensional methods such as
SEM, serial sectioning, and micro CT have several
advantages; however, the need to extract teeth before
evaluation and data loss during tooth preparation
and high radiation exposure with micro CT are
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disadvantages of the methods.11 After CBCT was
introduced, several studies were conducted on tooth
segmentation and volumetric measurements.16–18 It is
possible to detect and measure root resorption with
a lower radiation dose and without the need to extract
teeth. Only two studies have evaluated volumetrically
with CBCT the amount of root resorption occurring
during orthodontic treatment.5,16

The aim of this study was to evaluate root resorption
in the first premolar (P1), second premolar (P2), and
first molar (M1) after RME and to compare the amount
of resorption between tooth-borne (hyrax) and tooth-
and-tissue–borne (Haas) expanders. Repair in re-
sorption cavities after 6 months of fixed retention was
also compared.

MATERIALS AND METHODS

This study was approved by the ethical committee of
the School of Medicine, Ege University in Izmir, Turkey.
Informed consent was obtained from the parents of all
patients who agreed to participate in the study. There
was a palatal acrylic support in the Haas-type expander
that covered the screw and extensions.

Subjects

The study sample consisted of 33 patients with
a mean age of 12.8 years (16 girls, 17 boys) randomly
divided into two groups: hyrax (16 patients; mean age,
12.9 6 0.9 years; range, 11.3–14.1 years) and Haas (17
patients; mean age, 12.8 6 0.9 years; range, 11.1–13.9
years). The skeletal age of each patient was determined
by the hand-wrist radiograph, and patients who did not
exceed MP3Cap were included in the study sample.

The criteria for selection of the study groups were as
follows: skeletal maxillary constriction with unilateral or

bilateral posterior crossbite; completion of permanent
dentition; no apical lesions, root canal treatment, or
coronal restoration in the P1s, P2s, or M1s. The
subjects were selected consecutively according to
male and female distribution in the sample groups.

Methods

Hyrax and Haas expanders consist of an expansion
screw and stainless steel extensions welded on the
bands of P1 and M1. No additional buccal or lingual
bars were used to attach the P2s (Figures 1A, B).

All expanders were activated 0.5 mm per day until
the palatal cusps of the maxillary molars were in
contact with the buccal cusps of the mandibular first
molars. We used a digital caliper to measure the exact
amount of expansion. All patients wore mandibular
anterior bite planes to eliminate premature contacts
during active expansion.

A Kodak 9000 3-D extraoral imaging system (Kodak
Dental Systems, Carestream Health, Rochester, NY) was
used at 70 kV and 10 mA, a scan time of 10.8 seconds,
and a field of view of 5 3 3.75 cm2. Voxel dimension was
0.2 mm. CBCT images were obtained 6 months before
RME (T0), immediately after RME (T1), and 6 months
afterexpansion (T2)withoutexpanders inplace toprevent
metal artifacts. A total of 198 teeth (96 in the hyrax group;
102 in the Haas group) were segmented, and volumetric
measurements were done (Table 1).

Segmentation was done with Mimics software V
16.0 (Materialise NV, Leuven, Belgium) randomly by
the same researcher, and all CBCT images were
blinded. The segmentation process included four
steps: selecting the threshold, editing the mask in 3-
D, editing the mask in 2-D, and reconstructing in 3-D
(Figure 2). Threshold values were set individually with
regard to each tooth. The same Hounsfield units were

Figure 1. (A) Tooth-borne expander (Hyrax-type) and (B) tooth-tissue–borne expander (Haas-type).
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Table 1. Distribution of First Premolars, Second Premolars, and First Molars in Hyrax and Haas Expanders

P1* P2 M1

Male Female Total Male Female Total Male Female Total Total

Hyrax 16 16 32 16 16 32 16 16 32 96

Haas 18 16 34 18 16 34 18 16 34 102

Total 34 32 66 34 32 66 34 32 66 198

* P1 indicates first premolar; P2, second premolar; M1, first molar.

Figure 2. Segmentation and volumetric measurement: (A) Selecting the optimal threshold; (B) Edit mask in 3-D; (C) Edit mask in 2-D; (D, E) 3-

D reconstruction.
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used for each tooth before expansion, after expansion,
and after 6 months of retention.18

Tooth volume loss and its percentage were mea-
sured. The percentage of root volume loss was
calculated by subtracting the postexpansion root
volume from the preexpansion volume. Then the
difference was divided by the preexpansion volume
and multiplied by 100.

Statistical Analysis

All analyses were performed with SPSS software
(version 19, SPSS Inc, Chicago, Ill). CBCT images of
20 teeth were randomly selected 1 month later.
Segmentation and volumetric measurements were
repeated and intraobserver repeatability was evaluat-
ed using Bland-Altman plots. The normality test of
Shapiro-Wilks and Levene’s variance homogeneity
test were conducted. The data were found normally
distributed. Independent samples t test was used to
compare mean ages of the study groups, expansion
amounts (mm), and days between expander groups.
For P1, P2, and M1, volumetric changes in T0, T1, and
T2 periods and comparison of volumetric changes
between Hyrax and Haas appliances and right and left
sides were analyzed using repeated-measure analysis
of variance. When a statistical difference was de-
tected, a Bonferroni post-hoc test was performed to
determine which groups caused the difference. Per-
centage of volume loss was compared between P1,
P2, and M1 within each expander group with the
Freidman test. A statistical significance (alpha) level of
.05 was used for all statistical analyses. Root re-
sorption between the left and right posterior segments
was not statistically significant (P 5 .537), so these two
data were pooled.

RESULTS

The Bland-Altman plot shows the 95% limits of
agreement (upper and lower lines), estimated by
mean difference 6 1.96 standard deviation (SD) of
the differences (Figure 3). The differences were not

significant for mean ages, expansion days, or expan-
sion amounts between expanders (Table 2).

Volume loss in P1, P2, and M1 was significant
between the T0 and T1 periods for both the hyrax and
the Haas expanders (P , .001) (Table 3). When the
premolars and first molar were compared with each
other, the highest mean volume loss was found in M1
(Hyrax, 83.12 mm3; Haas, 72.52 mm3). However, no
significant difference was found when the percentage
of root volume loss was considered (P . .05)
(Table 4).

Amount of root resorption in P1 (Hyrax, 40.86 mm3;
Haas, 31.07 mm3), P2 (Hyrax 37.64 mm3; Haas, 33.6
mm3), and M1 (Hyrax: 83.12 mm3; Haas, 72.52 mm3)
after RME was higher in the hyrax group, but the
difference was not statistically significant (P 5 .095;
P 5 .576; P 5 .424, respectively) (Table 4).

After 6 months’ retention, repair was observed in
P1, P2, and M1, but it was not statistically significant
(P . .05) for either expander. The amount of repair
was between 4.43 mm3 and 20.34 mm3 in the hyrax

Figure 3. Bland-Altman plots to observe intraobserver repeatability.

Upper and lower lines show the agreement. A range of agreement

was defined as mean bias 6 1.96 SD.

Table 2. Means, Standard Deviations, and Ranges of Age, Appliance Expansion, Duration of Activation, and Comparison Between Hyrax and

Haas Expanders

Hyrax Haas

Mean SD Range Mean SD Range P

Age (y)

Male 12.7 1.1 11.3–13.9 12 1 11.1–13.9 .795

Female 13.1 0.8 11.8–14.1 13 0.7 11.7–13.7 .889

Appliance activation (mm) 6.55 1.26 4.9–9.2 6.32 1.28 4.3–9.2 .451

Duration of activation (d) 15.78 2.6 13–18 15.42 2.34 13–18 .275
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group and 8.66 mm3 to 25.14 mm3 in the Haas group.
The difference between P1, P2, and M1 was not
significant (P . .05) (Table 4).

DISCUSSION

Two-dimensional imaging techniques are insufficient
in quantitative evaluation of resorption cavities be-
cause of lack of information in the third dimension.11

Therefore, it is necessary to use 3-D methods to
assess the amount of root resorption. So far, the effect
of RME on root resorption has been evaluated with
histological and SEM studies. However, it is possible to
detect and measure root resorption in any tooth three-
dimensionally without extracting teeth by using CBCT
with a lower radiation dose. Many studies have
concluded that volumetric measurement of teeth using
CBCT is a reliable, reproducible, and valid method.16–18

As of today, there has been only one study evaluating
root resorption after RME with CBCT in vivo.5

The volumetric data set comprises isotropic struc-
tures, known as voxels, each representing a specific
degree of X-ray absorption.19 When the CBCT images
were compared with micro CT and laser scanning, the

authors found that volumetric measurements made
with CBCT were all similar for voxel sizes up to 200
mm.17–18 Liedke et al.20 recommended a minimal voxel
resolution of 0.3 mm for the detection of external root
resorption. In this study, segmentation and volumetric
measurements were done on 0.2 mm CBCT images.

Different conclusions have been made about the
orthopedic effects of Haas and hyrax expanders.21–24

As for root resorption, Do acrylic pads decrease it?
Recently, Weisheimer et al.22 found that the hyrax
expander had more of an orthopedic effect than did the
Haas immediately after RME. Further, appliance
designs that incorporate an acrylic interface with the
teeth are not stiff enough to achieve an orthopedic
effect compared with those constructed solely of
soldered stainless steel wire.23 In our study, the
amount of volume loss after RME was significant for
P1, P2, and M1. But this volumetric loss was not
statistically significant between the hyrax and Haas
expanders. It has been thought that the acrylic pads in
contact with the palatal vault distribute the forces
between the tooth and the palatal vault.24 Our result
showed that, regardless of their skeletal effects, high
expansion forces in the Haas expander had similar

Table 3. Descriptive Statistics and Statistical Significance of Volumetric Change in P1a, P2, and M1 Between T0 (Pretreatment), T1

(Posttreatment), and T2 (After Retention) Time Points

T0 – T1 (mm3) T1 – T2 (mm3) T0 – T2 (mm3)

Mean SD P Mean SD P Mean SD P

Hyrax P1 40.86 23.28 ,.001* 4.43 24.79 .352 36.43 24.36 ,.001*

P2 37.64 35.35 ,.001* 11.65 27.28 .086 25.99 32.55 .001*

M1 83.12 44.04 ,.001* 20.34 61.07 .189 62.78 47.8 ,.001*

Haas P1 31.07 24.39 ,.001* 10.34 24.32 .078 20.73 30.16 .01*

P2 33.6 32.13 .001* 8.66 30.36 .296 24.94 25.13 .001*

M1 72.52 47.63 ,.001* 25.14 49.69 .117 47.38 37.51 ,.001*

* Indicates statistically significant (P , .05); SD, standard deviation.
a P1, first premolar; P2, second premolar; M1, first molar.

Table 4. Comparison of Amount and Percentage of Volumetric Change in P1a, P2, and M1 Between Each Other and Between Hyrax and

Haas Expanders

Hyrax Haas

P (Hyrax

vs Haas)Volume loss

(mm3) (mean

6 SD)

Percentage

(%) (mean 6

SD)

P (mm3)

(P1 vs P2

vs M1)

P (%) (P1

vs P2 vs

M1)

Volume loss

(mm3) (mean 6

SD)

Percent-

age (%)

(mean 6

SD)

P (mm3)

(P1 vs P2

vs M1)

P (%) (P1

vs P2 vs

M1) mm3 %

T0–T1 P1 40.86 6 23.28 7.12 6 3.82 (P1/M1)** NS 31.07 6 24.39 5.58 6 4.24 (P1/M1)** NS NS NS

P2 37.64 6 35.35 6.47 6 5.64 (P2/M1)** 33.6 6 32.13 6.29 6 6.54 (P2/M1)**

M1 83.12 6 44.04 7.3 6 4.04 72.52 6 47.63 6.87 6 4.46

T1–T2 P1 4.43 6 24.79 0.63 6 4.99 NS NS 10.34 6 24.32 1.86 6 4.71 NS NS NS NS

P2 11.65 6 27.28 1.74 6 5.62 8.66 6 30.36 1.88 6 6.42

M1 20.34 6 61.07 2.24 6 5.43 25.14 6 49.69 2.38 6 4.48

T0–T2 P1 36.43 6 24.36 6.4 6 4.34 NS NS 20.73 6 30.16 4.76 6 5.28 NS NS NS NS

P2 25.99 6 32.55 4.42 6 4.31 24.94 6 25.13 4.85 6 5.36

M1 62.78 6 47.8 5.03 6 4.18 47.38 6 37.51 4.28 6 4.42

** Statistically significant (P , .01); NS: Not statistically significant.
a P1 indicates first premolar; P2, second premolar; M1, first molar.
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effects despite the acrylic pads. Erverdi et al.25 found
that the Haas and cast cap splint device caused root
resorption similar to that in our study. On the other
hand, Odenrick et al.26 stated that hyrax expanders
caused much more root resorption than did the Haas
expander, as distinct from our study. Although we
found no statistically significant difference between two
expanders, the difference was 10.6 mm3 for M1, 9.79
mm3 for P1, and 4.04 mm3 for P2. The question is,
What difference between the two appliances is
clinically significant? We need studies evaluating root
resorption volumetrically so we can correlate the
results with the clinical findings to make more reliable
comparisons between different treatment techniques
using CBCT and segmentation.

Erverdi et al.,25 Odenrick et al.,26 Barber and Sims,27

Langford,28 and Langford and Sims29 found that
statistically significant root resorption occurred after
RME in extracted first premolars. We found statistically
significant resorption in P1. In this study the amount of
resorption in our first premolars was more than Baysal
et al.5 had evaluated root resorption volumetrically with
CBCT after RME. In our opinion, the difference was
due to including the cervical region in our volumetric
assessment.

Several researchers have focused on how orthope-
dic and orthodontic effects differed from anterior to
posterior regions of the maxilla.22,30 Garrett et al.30

found that the orthopedic effect decreases from
anterior to posterior and that alveolar bending and
dental tipping increase at the same time. Besides the
interlocking of the palatine bone with the pterygoid
plates of the sphenoid bone,31 the direction of the
expansion force23 is the cause of the V-shaped
opening of the suture. In light of these contributions,
the question may arise: Is it possible for different
amounts of root resorption to occur from anterior to
posterior in the dental arch? According to the results of
this study, although the orthopedic effect decreases
rearward in the maxilla, the percentages of mean root
resorption were not significantly different between P1,
P2, and M1.

Although it was not statistically significant, we found
repair in resorption cavities between 4.43 mm3 and
25.14 mm3 including P1, P2, and M1. Volumetric repair
was not the same as volumetric loss for these three.
Also, the difference between T0 and T2 volumes was
still statistically significant (Table 3), which can be
explained as follows: Relapse forces after active
expansion and cellular activation of the repair process
cannot be examined with CBCT. Resistance of the
median suture and circummaxillary sutures, tooth
movement, and resistance of the surrounding soft
tissues after RME constituted the sum of relapse forces,
which were resisted by the tooth segments that were

stabilized using the expander itself as rigid fixation. It has
been reported that the cementum reparative process
occurs when the orthodontic force is stopped or is
decreased below a certain level.32 Researchers have
briefly pointed out that repair increases with time
histologically but active resorption may be seen after
longer fixed retention periods.25,27,28 Thus, during the
retention period in this study, resorption continued—or
at least repair did not occur—in the resorption cavities
for a time because of the relapse forces mentioned
earlier. In addition, when the density of the repaired
cementum approached root density, the outcome could
be segmented using tomography.33 So, the results after
6 months of retention in our study were the sum of active
resorption cavities, partial repair or stable resorption
cavities, and advanced repair cavities.

New imaging techniques are needed, as distinct
from X-ray, to regularly evaluate root resorption during
orthodontic treatment. Advancements in imaging mo-
dalities and related software may facilitate the seg-
mentation process and increase the sensitivity of the
technique.

Limitations

We took first the CBCT records 6 months before
active expansion for ethical reasons. It is noteworthy
that the results of this study were obtained from images
having a voxel resolution of 200 mm. Wang
et al.34 evaluated the accuracy of volumetric measure-
ment of simulated root resorption cavities with CBCT
using a 125-mm voxel size and concluded that CBCT
was not sufficient for detecting cavities smaller than 1.07
mm3 because of manual segmentation. Thus, in our
study, small volumetric changes might not be discerned,
causing an underestimation of volumetric changes.

CONCLUSIONS

N Although not statistically significant, more resorption
was observed in the hyrax expander group. Follow-
ing RME treatment, significant root volume loss was
observed in both the hyrax and the Haas appliances.

N Both the hyrax and Haas appliances affected the
unattached P2 in a manner similar to that of the
attached P1 and M1.

N The amounts of resorption and repair were not
significantly different between P1, P2, and M1.

N Repair was observed in resorption cavities after 6
months of retention.
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