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Evaluation of condylar dimension and position 
following rapid maxillary expansion with tooth-  
or tooth-bone-borne appliances

Objective: To assess and compare changes in the dimension and position of the 
mandibular condyle after tooth-borne (Hyrax) and tooth-bone-borne (Hybrid 
Hyrax) expansion. Methods: Twenty-five patients who underwent expansion 
with either tooth-borne appliances (8 girls, 5 boys; mean age 14.3 ± 2.3 years) 
or tooth-bone-borne appliances (6 girls, 6 boys; mean age 13.8 ± 2.2 years) were 
examined. Condylar and glenoid fossa morphology before (T0) and 3 months 
after (T1) expansion were evaluated using cone-beam computed tomography. 
Condylar measurements (anterior, posterior, and superior joint spaces; condylar 
height, length, and width), along with sagittal and vertical skeletal and maxillary 
transversal measurements, were analyzed using Dolphin Imaging software. 
Wilcoxon and Paired t tests were used for T0 and T1 evaluations, and the 
Mann–Whitney U test for intergroup comparisons. Results: At both T0 and 
T1, no statistically significant differences were observed between the groups in 
terms of condylar dimensions or the position of the condyle within the glenoid 
fossa. Maxillary transversal measurements increased after expansion in both 
groups (P < 0.01), with a significantly greater increase in first premolar width in 
the Hyrax group (P < 0.05). The vertical position of the posterior teeth showed 
no noteworthy changes (P > 0.05), except for the right second premolar. 
Temporomandibular joint measurements did not significantly change in either 
group after treatment (P > 0.05). Conclusions: Neither tooth-borne nor tooth-
bone-borne expansion caused significant changes in the condylar dimensions 
and position at the end of treatment.
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INTRODUCTION

Rapid maxillary expansion (RME) is frequently used 
to address transverse maxillary deficiency and correct 
crowding and posterior crossbites.1,2 The most common 
RME appliance, a tooth-anchored expander, is bonded 
to the maxillary premolars and molars, with or without 
an acrylic plate. However, conventional RME appliances, 
such as banded Hyrax and acrylic cap splints, may lead 
to undesirable outcomes like root resorption, dento-
alveolar tipping, and detrimental periodontal effects, 
such as alveolar bone dehiscence.2-4 To mitigate these 
side effects, overcome dental anchorage limitations, and 
enhance the skeletal effects of RME, clinicians have ad-
opted bone-anchored expanders, which are attached to 
the palatal bone using mini-implants, including bone-
borne and tooth-bone-borne expanders.2,3

RME induces notable skeletal, dental, and alveolar 
changes.1,2,5,6 In addition to skeletal and dentoalveolar 
effects, researchers have investigated its potential im-
pact on temporomandibular structures, though findings 
are inconsistent. Some studies indicate no significant 
changes in condylar position following maxillary expan-
sion,7-9 while others report displacement of the con-
dyles.7,10,11 RME has been associated with changes in 
condylar position measurements in patients with unilat-
eral posterior crossbite.10-14

Several explanations for condylar positional and mor-
phological changes following maxillary expansion exist. 
Some studies suggest that in mixed dentition patients 
with functional posterior crossbite, condyles may be-
come symmetrical after expansion due to the mandible’s 
regained freedom of movement from tooth movements 
during expansion.15 Others have observed significant 
condylar remodeling 18 weeks post-expansion.16 Anoth-
er explanation, proposed by Ghoussoub et al.,17 suggests 
that RME may affect structures on the temporal bone, 
far from the activation region, thus, the relationship 
with the mandibular condyle may be affected.

According to another hypothesis, along with maxil-
lary suture changes, the association between maxillary 
expansion and mandibular changes, such as increased 
width and rotation, may influence the spatial position 
of the condyle.10 However, the RME’s direct impact on 
condylar position and its precise mechanism has not 
yet been fully proven. One prominent hypothesis is 
that dental tipping during expansion causes premature 
contact in the mandibular posterior region, potentially 
exerting additional stress on the condyle, leading to 
mandibular backward rotation and impacting the gle-
noid fossa.7 Different types of expansion appliances may 
produce varying degrees of dental and alveolar tipping 
depending on the anchorage unit, either dental or skel-
etal.18 Given that these “appliance-induced” inclinations 

or vertical dental differences in the posterior teeth may 
cause premature contact, this study was designed.

To the best of our knowledge, no studies have ex-
amined the effects of tooth-borne (Hyrax) and tooth-
bone-borne (Hybrid Hyrax) expansion appliances on the 
condyle. Based on this information, this study aimed 
to evaluate and compare the changes in the dimen-
sion and position of the mandibular condyle following 
tooth-borne and tooth-bone-borne expansion. The null 
hypothesis of this study is that tooth-borne and tooth-
bone-borne expansion do not cause significant changes 
in the dimension or position of the mandibular condyle.

MATERIALS AND METHODS

This clinical retrospective study was conducted on 
participants who (1) had maxillary constriction and uni-
lateral or bilateral posterior crossbite without functional 
shift, (2) had not undergone previous orthodontic treat-
ment, (3) did not have any systemic or genetic diseases, 
and (4) had completed permanent dentition. Approval 
for this study was granted by the institutional review 
board of Yeditepe University, Istanbul, Turkey (ap-
proval date and number: 10.03.2023 and E.83321821-
805.02.03-169), and both participants and their parents 
provided written informed consent.

Out of 51 patients with maxillary constriction referred 
to the orthodontic clinic at Yeditepe University over a 
two-year period, 26 patients who met the inclusion cri-
teria and consented to participate were consecutively 
enrolled in the study. Following the order of referral, 
with a randomization ratio of 1:1, an orthodontist (DGC), 
who was unaware of the treatment assignments for 
subsequent patients, randomly assigned them to two 
groups. One patient, who lost the palatal miniscrews two 
days after the expander was inserted due to eating hard 
foods, was excluded from the study.

The records of 25 patients who underwent expan-
sion with Hyrax (Figure 1A) or Hybrid Hyrax appliances 
(Figure 1B) were evaluated. The Hyrax group comprised 
13 patients (eight girls and five boys; average age 14.3 
± 2.3 years), while the Hybrid Hyrax group included 12 
patients (six girls and six boys; average age 13.8 ± 2.2 
years). A comparison of age at T0, activation time, and 
sex distribution between groups is given in Table 1. 
Measurements of condyle and glenoid fossa dimensions 
were conducted using cone-beam computed tomogra-
phy (CBCT) scans taken before (T0) and 3 months after 
(T1) the expansion procedure. CBCT scans were acquired 
with an Iluma device (IMTEC [3M], Ardmore, Ok, USA) 
with the following parameters: 3.8 mA, 120 kV, an ex-
posure time of 40 seconds, a voxel size of 0.2 mm, an 
axial slice thickness of 0.3 mm, and a scanning area 
measuring 20 × 25 cm.
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For tooth-bone-borne appliances, two miniscrews (Di-
ameter: 1.8 mm/Length: 9 mm) (Total Anchor; Trimed, 
Ankara, Türkiye) were placed in 1 mm predrilled areas 
with a piezosurgery device, close to the midpalatal su-
ture in the 2nd and 3rd rugae at the level of the first 
premolars, under local anesthesia. Silicone impressions 
were taken with transfer caps. One week after miniscrew 
placement, the appliances were applied to the maxil-
lary first molars using bands and to the miniscrews us-
ing the caps (TTA S-cap; Trimed) secured in place with 
glass ionomer cement (Multi-cure glass ionomer band 
cement; 3M Unitek, Monrovia, CA, USA). In all patients, 
the expansion screw was rotated a quarter-turn twice 
daily. In both groups, after expansion, a split was clini-
cally observed in the midpalatal suture. The expansion 
procedure was applied as described in Gunyuz Toklu et 
al.’s study.18 The activation period was approximately 
19.2 ± 4.5 days for the Hyrax group and 20.2 ± 3.0 
days for the Hybrid Hyrax group. During retention, the 
appliance remained in the mouth for 3 months. The ap-
pliance was then removed, and CBCT was taken at the 
end of the 3-month retention period (T1). The patients’ 
reconstructed data with 1 mm slice thickness were re-
corded as a Digital Imaging and Communication in 
Medicine file. They were transferred and measured using 
Dolphin Imaging software V.11.9 (Dolphin Imaging and 
Management Solutions, Chatsworth, CA, USA).

CBCT images obtained at T0 and T1 were oriented 
based on the Frankfort horizontal (FH) plane, which was 
kept parallel to the floor, while on the coronal plane, 

the midsagittal plane was kept perpendicular to the FH 
plane, ensuring a standardized head position. The FH 
plane was constructed by passing through the right and 
left orbitale and the right external acoustic meatus. The 
midsagittal plane was constructed using the anterior 
nasal spine, nasion, and basion. All 2D images were then 
resliced in accordance with the FH plane.

The reference points and linear measurements shown 
in Table 2 were used during the evaluation of the con-
dyle and glenoid fossa. In the sagittal view, anterior 
joint space (AJS), posterior joint space (PJS), superior 
joint space (SJS), condylar height, condylar length, and 
glenoid fossa roof thickness (Figure 2); and, in the coro-
nal view, condylar width, distal joint space, middle joint 
space, and medial joint space, were evaluated (Figure 3).

For transversal evaluation, the distance between the 
first molars, first premolars, and second premolars at the 
molar’s trifurcation level in the axial section (Figure 4A); 
for vertical dental evaluation, the distance between the 
palatal cusp tips of molars and premolars to the palatal 
plane was measured (Figure 4B and 4C). SNA, SNB, ANB 
angles, and SNGoGn were measured on lateral cephalo-
metric radiographs obtained from CBCT. After 2 weeks, 
10 randomly selected CBCTs were remeasured by the 
same examiner (SA) for intra-examiner reliability assess-
ment.

Statistical analyses
Power analysis was conducted using G*Power ver-

sion 3.1.10 (Franz Faul, Christian-Albrechts-Universität, 

A B

Figure 1. A, Tooth-borne Hyrax expansion appliance. B, Tooth-bone-borne Hybrid Hyrax expansion appliance.

Table 1. Comparison of age at T0, activation time, and sex distribution between groups

  Hyrax Hybrid Hyrax P value

Age (yr) at T0 14.3 ± 2.3 13.8 ± 2.2 0.6*

Activation time (day) 19.2 ± 4.5 20.2 ± 3.0 0.5*

Female/Male 8 (61.5)/5 (38.5) 6 (50.0)/6 (50.0) 0.6†

Values are presented as mean ± standard deviation or number (%).
*P values for 2 independent-sample t test, †P value for the fisher exact test.
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Kiel, Germany) software. The sample size was calculated 
based on the ability to detect 4.64 mm of expansion in 
the first premolars. The expected standard deviation of 
expansion was taken from the thesis study of Muştu19 
who studied upper airway changes following RME with 
tooth-tissue-borne and tooth-borne expanders in a 
similar study sample. The calculation, performed for a 
t test, indicated that for a study with a power of 0.85 
and an alpha of 0.05, a total of 24 patients (12 in each 
group) were required.

Statistical analyses were performed using SPSS version 
25 (IBM Corp., Armonk, NY, USA). The normality of the 
data was evaluated by the Shapiro–Wilk test. According 
to the normality test results, numerical variables were 
assessed using the Wilcoxon test and Paired t test for 
intragroup evaluations at T0 and T1. Intergroup com-
parisons of treatment-induced changes were assessed 

using the Mann–Whitney U test. The reliability of intra-
examiner measurements was evaluated with the intra-
class correlation coefficient.

RESULTS

Intra-examiner correlation was assessed at a 95% con-
fidence interval, with the variables ranging from 0.80 to 
0.95, indicating high reliability in both measurements. 
Non-parametric variables were assessed using the Wil-
coxon test, and parametric variables were assessed using 
the Paired t test.

Changes in skeletal and dental measurements are pre-
sented in Table 3. Expansion with Hyrax or Hybrid Hyrax 
appliances did not cause changes in sagittal and vertical 
measurements (P > 0.05). In both groups, interdental 
distances increased after expansion (P < 0.01), although 

Table 2. Description of the reference points and linear measurements in the sagittal and coronal views used for 
evaluating temporomandibular joint changes

Parameter Description

Reference points Superior mandibular condyle (Sco) The most superior point of the condyle

Anterior-most condylar point (Aco) Anterior condyle point 4 mm from the Sco

Posterior-most mandibular condyle 
point (Pco)

Posterior condyle point 4 mm from the Sco

Inferior sigmoid notch (Inf Sig) The most inferior point of the sigmoid notch

Inner cortical outline (IC) The top most point of inner cortical outline

Outer cortical outline (OC) The lower most point of outer cortical outline

Linear measurements in sagittal view Anterior joint space (AJS) The shortest distance between the anterior 
surface of the mandibular condyle and the 
glenoid fossa

Posterior joint space (PJS) The shortest distance between the posterior 
surface of the mandibular condyle and the 
glenoid fossa

Superior joint space (SJS) The shortest distance between the superior 
surface of the mandibular condyle and the 
glenoid fossa

Condylar height (Ch) Perpendicular distance between Sco and Inf Sig

Condylar length (Cl) The distance between Aco and Pco

Glenoid fossa roof thickness (TGF) Distance between IC and OC

Linear measurements in coronal view Condylar width (Cw) The distance between the mesial and distal 
maximum curvature points of the condyle

Distal joint space (DJS) The shortest distance between the lateral 
surface of the mandibular condyle and the 
glenoid fossa

Middle joint space (MidJS) The shortest distance between the middle 
surface of the mandibular condyle and the 
glenoid fossa

Medial joint space (MJS) The shortest distance between the medial 
surface of the mandibular condyle and the 
glenoid fossa
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no statistically significant differences were observed be-
tween the groups regarding increases in intermolar and 
inter-second premolar distances (P > 0.05). However, the 
increase in inter-first premolar distance was significantly 
greater in the Hyrax group (P < 0.05). Regarding verti-
cal dental measurement changes, the only significant 
change was observed in the right second premolars (P < 
0.05), whereas no statistically significant difference was 
found between the two groups (P > 0.05).

Measurements related to the condylar position and 
dimensions are presented in Table 4. In both groups, 

condylar dimensions and the condyle’s position in the 
glenoid fossa did not change significantly from T0 to T1 
(P > 0.05).

DISCUSSION

The present study was designed to compare the al-
terations in mandibular condyle and glenoid fossa mor-
phology among patients undergoing expansion with 
Hyrax and Hybrid Hyrax appliances. Although the effects 
of tooth-borne maxillary expansion appliances on the 
condyle have been evaluated before,20 the effects of 
tooth-bone-borne expansion appliances on the condyle 
have not yet been examined in the literature.

CBCT was used to evaluate the temporomandibular 
area after RME to overcome the limitations of conven-
tional 2D evaluation methods, including difficulties in 
landmark identification and the superimposition of ana-
tomic structures.18 Conventional 2D records have not yet 
demonstrated superior diagnostic capability compared to 
CBCT, and they have caused interpretation mistakes.14,21 
CBCT allows a more comprehensive examination of the 
temporomandibular joint, and a detailed CBCT analysis 
can contribute to a precise assessment of positional and 
morphological changes in the temporomandibular joint 
following various orthodontic treatments.22,23

As a result of the 3-dimensional evaluations, condylar 
morphology and position in both groups did not indi-
cate any significant change after the expansion. Similar 
to our findings, McLeod et al.7 found no statistically 
significant change in the position of the condyle within 
the glenoid fossa following RME therapy with Hyrax ap-
pliances. They reported that RME treatments resulted in 
subtle effects or changes in condylar position. Addition-
ally, in a case report by Huqh et al.,14 no changes were 

A B C

D E F

2.0 mm2.0 mm
2.3 mm2.3 mm

2.8 mm2.8 mm

14.5 mm14.5 mm

1.6 mm1.6 mm

5.7 mm5.7 mm

Figure 2. Linear measurements taken in the sagittal view. A, Anterior joint space; B, Posterior joint space; C, Superior 
joint space; D, Condylar height; E, Condylar length; F, Glenoid fossa roof thickness.

Figure 3. Linear measurements taken in the coronal view. 
A, Condylar width; B, Distal joint space; C, Middle joint 
space; D, Medial joint space.

AA BB

CC DD

20.0 mm20.0 mm 3.2 mm3.2 mm

3.5 mm3.5 mm

3.1 mm3.1 mm
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found in condylar height, width, length, and volume. 
However, they did find a decrease in the SJS and PJS 
and an increase in the AJS due to changes in condyle 
position, which may be attributed to the use of Class III 
elastics during both the active expansion and retention 

periods.
Contrary to our findings, some studies indicate dif-

ferences in condylar position following RME in patients 
with unilateral crossbite and functional shift.10,12,13,24,25 
These contradictory findings may be due to the differ-

Figure 4. Dental measurements evaluated in the axial and coronal planes; A, Transverse measurements of premolars and 
molars. B, C, Vertical measurements of premolars and molars.

A B C

28.1 mm28.1 mm

32.2 mm32.2 mm

31.3 mm31.3 mm

19.2 mm19.2 mm 18.8 mm18.8 mm
18.5 mm18.5 mm 17.9 mm17.9 mm

Table 3. Comparison of transverse and vertical dental measurements, and sagittal and vertical skeletal measurements 
within and between groups

Hyrax
(mean ± SD)

Hybrid Hyrax
(mean ± SD) P value

Transversal dental measurements (T1-T0)

   Intermolar width 6.71 ± 2.13** 6.24 ± 3.06** 0.786

   First premolar width 7.51 ± 2.61** 4.40 ± 2.80** 0.017†

   Second premolar width 6.05 ± 2.91** 4.28 ± 2.80** 0.211

Vertical dental measurements (T1-T0)

   Right

      Molar vertical difference 0.46 ± 1.90 −0.06 ± 1.55 0.514

      First premolar vertical difference 0.38 ± 1.69 0.69 ± 1.59 0.531

      Second premolar vertical difference 1.38 ± 2.18* 0.98 ± 2.19 0.849

   Left

      Molar vertical difference −0.02 ± 1.68 0.26 ± 1.87 0.341

      First premolar vertical difference 2.25 ± 8.54 0.53 ± 2.61 0.462

      Second premolar vertical difference 0.53 ± 1.78 1.10 ± 1.71 0.369

Sagittal and vertical skeletal measurements (T1-T0)

   SNA −0.53 ± 1.28 −0.34 ± 1.79 0.567

   SNB 0.10 ± 1.53 −0.55 ± 1.66 0.114

   ANB −0.43 ± 1.22 −1.16 ± 1.54 0.341

   SNGoGn −0.36 ± 2.20 −1.39 ± 1.74 0.231

SD, standard deviation.
*P < 0.05, **P < 0.01 according to Wilcoxon Test results for evaluation T1-T0 difference.
†P < 0.05 according to Mann–Whitney U test results for evaluation differences between 2 groups.
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ent nature of the studied cases. In our study, patients 
had bilateral or unilateral crossbite with no functional 
shift, and since the condylar positions were normal at 
the beginning, condylar spaces and positions may not 
have changed after RME. Changes in the condyle could 
be adaptive alterations to occlusal changes, facilitating 
correction of mandibular position. Studies have shown 
that condyles rotate to correct deviation after maxillary 
expansion in participants with unilateral crossbite and 
functional shift. There was no major difference in joint 
spaces and relative condylar position on the crossbite 
side after RME.9,10,12,13,24,25 Furthermore, it was reported 
that the condyle on the crossbite side was located more 
normally than the non-crossbite condyle;25,26 the dif-
ference was due to the non-crossbite condyle, and this 
incorrect position was corrected with RME.9,10,25 If the 
condylar position is normal before maxillary expansion, 
no change in condylar position is likely.

In these studies where condylar changes were ob-
served following expansion in patients with functional 
shift,10,12,13,24 the average age of the patients was young-
er than in our study. Participants in the late adolescent 
stage were selected to control relapse following expan-
sion. According to the regression analysis, Wang et al.12 
reported less change in condyle position after RME in 
those with more advanced skeletal maturation. The age 
difference may also explain the lack of condyle position 
changes before and after expansion in our study.

Short- and long-term evaluation of expansion effects 
may also explain the inconsistent findings across stud-
ies.11,20,24 In the short term, premature contacts become 
evident after expansion,11,27,28 which may lead to posi-
tional changes of the condyle in the glenoid fossa. In 
their CBCT evaluation 3 weeks after expansion, Melgaço 
et al.20 observed an immediate change in condyle posi-
tion, showing that the condyle moved downward and 
forward. Leonardi et al.24 evaluated CBCT images taken 
at the end of an average 18-day activation period and 
reported statistically notable alterations in condylar po-
sition, even in small amounts. A symmetrical condyle-
fossa relationship was observed on both sides after ex-
pansion. Therefore, in studies examining the short-term 
effects of RME on the condyle,20,24 differences related 
to changes in intercuspation following RME may have 
been observed. On the other hand, during the retention 
phase after expansion, settling of the occlusion may be 
expected,11,15,27,28 leading the condyles to return to their 
original positions. Thus, in relatively long-term studies, 
these short-term effects of RME on the condyles could 
not be demonstrated.7 However, studies evaluating both 
short- and long-term effects of RME should be con-
ducted to support this explanation.

Buccal tipping of the posterior teeth during expansion 
is a common side effect, which may lead to condylar 

rotation and mandibular clockwise rotation, causing in-
creased vertical dimensions and open bite. In our study, 
condylar rotation was assessed by comparing pre- and 
post-expansion vertical cephalometric measurements 
and glenoid fossa dimensions. Since there were no sig-
nificant changes in vertical cephalometric measurements 
or superior, anterior, and PJSs, we concluded that there 
was no significant condylar and mandibular rotation 3 
months after RME. In the literature, no studies have di-
rectly evaluated condylar rotation after RME. However, 
similar to our findings, Lagravère et al.29 and Rossi et 
al.30 reported no vertical dimensional changes after a 3–6 
month retention period. On the other hand, there is no 
consensus on the effects of RME regarding vertical di-
mensional changes.28,31,32 Several authors stated that ver-
tical dimension changes after RME were less than 2 mm 
or 2 degrees and might not be clinically significant.27,33 
In the short term, the only variable that exhibited a no-
table increase was total anterior facial height, reflecting 
a temporary effect due to occlusal interferences.27,28,30,31

When tooth- and tooth-bone-borne appliances were 
compared, no transversal differences were found in the 
first molar region between the groups, similar to the find-
ings of Garib et al.6 This finding may be explained by 
the fact that the first molar teeth served as the anchor-
age teeth in both appliances. However, in the premolar 
region, less expansion was achieved in the Hybrid Hyrax 
group. This difference might be due to contact between 
the Hyrax expander arms and the premolars, whereas the 
Hybrid Hyrax appliance is supported by two miniscrews 
inserted bilaterally to the midpalatal suture in the ante-
rior region and is not attached to the premolars. In ac-
cordance with the transversal changes, no vertical dental 
changes were observed in the posterior teeth of the 
Hybrid Hyrax group. Thus, it was hypothesized that this 
would cause less premature contact with the mandibular 
teeth, and accordingly, a difference would be seen in 
condylar measurements. However, our hypothesis was 
rejected because no significant differences in condylar 
measurements were observed between the groups. In the 
literature, comparison of different expansion appliances 
in terms of condylar response is rare, but Melgaço et 
al.,20 who compared the short-term effects of Hyrax and 
Haas appliances on condylar position, found no differ-
ence between the two appliances, although both caused 
some changes in condylar position. They attributed this 
to similar intercuspal changes with both appliances and 
reported that the change in condyle position could be 
caused by the appliance effect rather than the appliance 
type.

One limitation of this study is the relatively short 
3-month follow-up period. Three months may be con-
sidered relatively short for completing condylar changes. 
This period is also necessary to determine whether 



Eglenen et al • Evaluation of condylar dimension and position following different expansion methods

www.e-kjo.org430 https://doi.org/10.4041/kjod24.142

changes in condyle position and joint spaces are tem-
porary or likely to recur. Given these limitations, the 
findings should be interpreted as preliminary. Further 
prospective longitudinal studies with larger sample sizes 
are warranted to verify our findings and evaluate the re-
sponse of different RME appliances on the condyle and 
glenoid fossa.

CONCLUSIONS

The null hypothesis of the study was accepted: both 
tooth- and tooth-bone-borne appliances did not cause 
any changes in condylar positions and dimensions after 
RME.
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