
Three-dimensional assessment of the temporomandibular 
joint and mandibular dimensions after early correction 
of the maxillary arch form in patients with Class II 
division 1 or division 2 malocclusion

Objective: This study aimed to assess three-dimensional changes in the tempo
romandibular joint positions and mandibular dimensions after correction of 
dental factors restricting mandibular growth in patients with Class II division 
1 or division 2 malocclusion in the pubertal growth period. Methods: This 
prospective clinical study included 14 patients each with Class II division 1 (group 
I) and Class II division 2 (group II) malocclusions. The quad-helix was used for 
maxillary expansion, while utility arches were used for intrusion (group I) or 
protrusion and intrusion (group II) of the maxillary incisors. After approximately 
2 months of treatment, an adequate maxillary arch width and acceptable 
maxillary incisor inclination were obtained. The patients were followed for 
an average of 6 months. Intraoral and extraoral photographs, plaster models, 
and cone-beam computed tomography (CBCT) images were obtained before 
and after treatment. Lateral cephalometric and temporomandibular joint 
measurements were made from the CBCT images. Results: The mandibular 
dimensions increased in both groups, although mandibular positional changes 
were also found in group II. There were no differences in the condylar position 
within the mandibular fossa or the condylar dimensions. The mandibular fossa 
depth and condylar positions were symmetrical at treatment initiation and 
completion. Conclusions: Class II malocclusion can be partially corrected by 
achieving an ideal maxillary arch form, particularly in patients with Class II 
division 2 malocclusion. Restrictions of the mandible in the transverse or sagittal 
plane do not affect the temporomandibular joint positions in these patients 
because of the high adaptability of this joint.
[Korean J Orthod 2015;45(3):121-129]
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INTRODUCTION

  Class II malocclusion is a common clinical entity and 
is categorized into Class II division 1 and Class II di
vision 2 malocclusions. The former is characterized 
by labially inclined maxillary incisors and an excessive 
overjet,1 while the latter is characterized by a Class II 
molar relationship with retroclined maxillary incisors.2 
According to McNamara and Brudon,3 one of the most 
important causes of Class II malocclusion is maxillary 
constriction. Relative constriction of the maxilla leads 
to mandibular retrusion.4 Therefore, maxillary expansion 
in the early phase can lead to the forward positioning 
of the mandible during the retention period in patients 
with Class II malocclusion associated with maxillary 
constriction.3,5-7

  Rapid palatal expansion appliances are commonly 
used in studies evaluating mandibular positional chan
ges after maxillary expansion.4,6,8-10 However, Sayin 
and Türkkahraman11 recommended slow maxillary ex
pansion rather than rapid maxillary expansion for the 
treatment of Class II division 1 malocclusion in the 
absence of skeletal constriction. One of the most effec
tive appliances used for slow maxillary expansion is the 
quad-helix.12 In Class II division 2 malocclusion, the 
mandible is restricted by retroclined upper incisors.13,14 
Therefore, incisor protrusion using utility arches is also 
necessary in addition to maxillary expansion using the 
quad-helix.12,15,16 In either case, the goal of treatment is 
to facilitate the spontaneous correction of Class II ma
locclusion by eliminating the factors restricting man
dibular movement. 
  Spontaneous correction is generally achieved not th
rough mandibular growth but through the elimination 
of occlusal interferences that enables the mandible to 
move forward to a more comfortable position.6,7,13,17 
Mandibular growth is difficult to distinguish from 
mandibular positional changes without clear assessments 
of the temporomandibular joint and mandibular body. 
Therefore, the use of cone-beam computed tomography 
(CBCT) for temporomandibular joint imaging can 
provide better results.18-21 To the best of our knowledge, 
no studies have evaluated three-dimensional (3D) man
dibular positional changes after the elimination of 
maxillary occlusal interferences in patients with Class II 
division 1 or division 2 malocclusion.
  Therefore, this study aimed to investigate and com
pare 3D changes in the mandibular dimensions and 
temporomandibular joint positions in patients with Class 
II division 1 or division 2 malocclusion in the pubertal 
growth period after correction of the maxillary arch form 
using the quad-helix and utility arches. 

MATERIALS AND METHODS

  Patients in the pubertal growth period determined 
using the cervical vertebral maturation method22 who 
exhibited Class II division 1 or division 2 malocclusion 
with transverse maxillary deficiency were considered 
eligible for this pro spective clinical trial. On the basis 
of these criteria, 14 patients with Class II division 1 
malocclusion (group I) and 14 with Class II division 
2 malocclusion (group II) were recruited from the 
Department of Orthodontics, Faculty of Dentistry, 
Hacettepe University (Ankara, Turkey). Group I comprised 
eight girls and six boys and group II comprised six 
girls and eight boys. Ethical approval for this inves
tigation was granted by the Hacettepe University Ethical 
Committee of Non-Invasive Clinical Research (insti
tutional review board number: LUT 12/09-02). All of the 
patients and their guardians were informed and signed 
informed consent.
  None of the patients had a unilateral or bilateral poste
rior crossbite, although transverse maxillary deficiency 
was evident during forward mandibular movement to 
achieve a Class I relationship. Minimal anterior crowding 
was present (0−3 mm). Group I patients showed a mean 
overjet of 8.2 ± 3.6 mm and a mean overbite of 2.5 ± 1.4 
mm; the corresponding values in group II were 5.4 ± 1.7 
mm and 4.4 ± 1.0 mm, respectively. 
  Intraoral and extraoral photographs and CBCT images 
were obtained for all patients at the beginning of 
treatment (T0) and after the follow-up period (T1). After 
recording initial impressions, quad-helix appliances 
were fabricated and activated up to one molar width 
before cementation. In the same appointment, the 
quad-helix was cemented, the maxillary incisors were 
bonded, and leveling utility arches were placed. After 
5 weeks, intrusion or intrusion and protrusion utility 
arches were placed in groups I and II, respectively. Once 
an acceptable maxillary arch width, a U-shaped arch 
form, and an ideal incisor inclination were achieved, the 
patients were followed for an average of 6 months to 
assess mandibular adaptation. After this period, follow-
up impressions were recorded (T1).
  CBCT was performed using the Iluma Cone Beam CT 
Scanner (3M IMTEC, Ardmore, OK, USA) at 3.8 mA, 120 
kVp, and a 19 × 24 field of view. The patients were 
seated in a natural head posture and maximum dental 
intercuspation like most of the studies that evaluate the 
temporomandibular joint.18-21 From the CBCT images, 
lateral cephalometric and panoramic radiographs were 
created using Quick Ceph Studio (Quick Ceph System, 
San Diego, CA, USA). Cephalometric analyses were 
performed using these radiographs.
  For temporomandibular joint measurements, the 
CBCT images were saved as Digital Imaging and Com
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munications in Medicine files and processed in the OsiriX 
medical imaging software program (Open-Source, OsiriX 
Medical Imaging Software, www.osirix-viewer.com), as 
described by Leonardi et al.23 By determining the long 
axis of the condyle in the coronal and axial sections, a 
sagittal image (Figure 1) was constructed. 
  From the sagittal image, the following linear mea
surements were made (Figure 1).

  Anterior joint space: the shortest distance between 
the most anterior point of the condyle and the 
posterior wall of the articular tubercle
  Superior joint space: the shortest distance between 
the most superior point of the condyle and the 
deepest point of the mandibular fossa
  Posterior joint space: the shortest distance between 
the most posterior point of the condyle and the 
posterior wall of the mandibular fossa

  Depth of the mandibular fossa: distance between the 
deepest point of the mandibular fossa and the plane 
formed by the most inferior point of the articular tu
bercle to the most inferior point of the auditory meatus.
  Subsequently, the midsagittal plane was determined 
in the coronal and sagittal sections as a plane per
pendicular to the anterior nasal spine-posterior nasal 
spine line and an axial image was constructed. From the 
axial image, the following linear measurements were 
made (Figure 2): Greatest anteroposterior diameter of 
the mandibular condyle; greatest mediolateral diameter 
of the mandibular condyle; angle between the long axis 
of the mandibular condyle and the midsagittal plane; 
vertical distance from the geometric centers of the 
condyles to the midsagittal plane.

Statistical analysis
  Every measurement was made twice by the same 
blinded observer, with a 3-week interval between mea
surements. To assess the reproducibility of all mea
surements, intraclass correlation coefficients and 95% 
confidence intervals were determined (Table 1). 
  The data were analyzed using SPSS for Windows 
version 11.5 (SPSS Inc., Chicago IL, USA). The Shapiro-
Wilks test was used to examine the distribution of 
constant variables. Descriptive statistics are shown as 
means ± standard deviations. 
  Significant differences in mean values between the 
two groups were assessed using Student’s t-test. To 
determine statistically significant changes in the groups, 
the dependent t-test was used for the mean values.
  A p-value of < 0.05 was considered statistically 
significant. To control for type 1 errors, Bonferroni 
correction was applied to all multiple comparisons. 

RESULTS

  The mean age at T0 was 11.2 ± 1.3 and 12 ± 0.9 years for 
the girls and boys, respectively, in group I and 10.9 ± 1.1 
and 11.5 ± 1.3 years for the girls and boys, respectively, 
in group II. At the beginning of treatment, six and eight 
patients in group I were in the cervical stage (CS)2 and 
CS3 periods, respectively, while nine and five patients in 
group II were in the CS2 and CS3 periods, respectively.22 
The mean treatment duration was 8 months in both 
groups. No statistically significant differences were 
observed in the mean age, cervical vertebral maturation 
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Figure 1. Anterior (1), superior (2), and posterior (3) joint 
spaces and the mandibular fossa depth (4) on a sagittal 
image of the right temporomandibular joint.
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Figure 2. The greatest anteroposterior (1) and mediola
teral (2) diameters of the mandibular condyle, vertical 
distance from the geometric centers of the condyles to 
the midsagittal plane (4), and the angle between the long 
axis of the mandibular condyle and the midsagittal plane 
(3) on an axial image of the temporomandibular joint.
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stage, and mean treatment duration between the two 
groups (p < 0.05). 
  The cephalometric measurements of dentoskeletal 
changes in both groups and the significance of these 
measurements are shown in Table 2. 
  In both groups, the Condylion-Gnathion distance (Co-
Gn), Condylion-B point distance (Co-B), and Condylion-
Pogonion distance (Co-Pog) distances increased 
significantly (p < 0.05). However, in group II, Sella-
Nasion-B point angle (SNB) and the facial depth angles 
as well as the Distance from Pogonion to Nasion-B 

point perpendicular (Pog-NB) and Articulare-Gonion 
distance (Ar-Go) distances also increased significantly (p 
< 0.05). 
  The results of the temporomandibular joint measure
ments and the significance of the changes are shown in 
Tables 3, 4, and 5. In both groups, the anterior, superior, 
and posterior joint spaces and the anteroposterior and 
mediolateral condylar measurements did not show 
significant changes after treatment (p > 0.025). At T0 
and T1, there were no statistically significant differences 
between groups in the mandibular joint depth, the 

Table 1. ICC and 95% CI for pre- and post-treatment measurements to assess reproducibility in patients with Class II 
division 1 or division 2 malocclusion

Variable
Pretreatment Post-treatment

ICC Lower 
limit

Upper 
limit ICC Lower 

limit
Upper 
limit

SNB  (o) 0.992 0.984 0.996 0.995 0.989 0.998

Facial depth (o) 0.976 0.95 0.989 0.96 0.916 0.981

Pog-NB (mm) 0.97 0.937 0.986 0.968 0.932 0.985

Co-Gn (mm) 0.972 0.941 0.987 0.98 0.958 0.991

Co-B (mm) 0.963 0.922 0.983 0.968 0.934 0.985

Ar-Go (mm) 0.98 0.958 0.991 0.963 0.922 0.982

Co-Pog (mm) 0.975 0.947 0.988 0.984 0.967 0.993

Saddle (o) 0.985 0.967 0.993 0.988 0.974 0.994

Anterior joint space-right 0.991 0.981 0.996 0.986 0.969 0.993

Anterior joint space-left 0.959 0.915 0.981 0.98 0.957 0.99

Superior joint space-right 0.975 0.947 0.988 0.974 0.944 0.988

Superior joint space-left 0.969 0.935 0.986 0.98 0.958 0.991

Posterior joint space-right 0.964 0.924 0.983 0.954 0.905 0.978

Posterior joint space-left 0.878 0.756 0.941 0.946 0.887 0.974

Depth of the mandibular fossa-right 0.958 0.913 0.98 0.934 0.863 0.969

Depth of the mandibular fossa-left 0.939 0.874 0.971 0.957 0.91 0.98

Anteroposterior diameter of the condyle-right 0.946 0.888 0.975 0.957 0.909 0.98

Anteroposterior diameter of the condyle-left 0.953 0.902 0.978 0.975 0.946 0.988

Mediolateral diameter of the condyle-right 0.926 0.848 0.965 0.973 0.943 0.987

Mediolateral diameter of the condyle-left 0.953 0.902 0.978 0.973 0.943 0.987

The angle between the long axis of the mandibular 
   condyle and the midsagittal plane-right

0.985 0.968 0.993 0.99 0.979 0.995

The angle between the long axis of the mandibular 
   condyle and the midsagittal plane-left

0.98 0.958 0.991 0.988 0.975 0.995

The vertical distance from the geometric centers of 
   the condyles to the midsagittal plane-right

0.94 0.875 0.971 0.913 0.823 0.959

The vertical distance from the geometric centers of 
   the condyles to the midsagittal plane-left

0.924 0.845 0.964 0.912 0.82 0.958

ICC, Intraclass Correlation Coefficient; CI, confidence interval; SNB, Sella-Nasion-B point angle; Pog-NB, distance from 
Pogonion to Nasion-B point perpendicular; Co-Gn, Condylion-Gnathion distance; Co-B, Condylion-B point distance;  Ar-Go, 
Articulare-Gonion distance; Co-Pog, Condylion-Pogonion distance. 
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angle between the long axis of the mandibular condylar 
process and the midsagittal plane, and the vertical 
distance from the geometric centers of the condyles to 
the midsagittal plane (p > 0.0125). Moreover, there was 
no difference in any evaluated parameter between the 
right and left temporomandibular joints in both groups 
(p > 0.0125). 

DISCUSSION

  A few studies18,23 have evaluated 3D changes in the 
temporomandibular joint positions after orthodontic 
treatment using CBCT, although none of them evaluated 

positional changes after the elimination of occlusal 
interferences in patients with Class II division 1 or divi
sion 2 malocclusion. The current study conducted 3D 
assessments of changes in the temporomandibular joint 
positions after the elimination of occlusal interferences 
for free mandibular movement in the transverse and 
sagittal planes in patients with Class II division 1 or 
division 2 malocclusion. This study did not use a control 
group for ethical reasons, although the patients in both 
groups were in the same cervical vertebral maturation 
stage.
  Guest et al.8 compared 50 patients with a mixed 
dentition who were treated by acrylic-splinted rapid 

Table 2. Cephalometric measurements of dentoskeletal changes achieved by orthodontic treatment in patients with 
Class II division 1 or division 2 malocclusion

Variable Pretreatment Post-treatment p-value* Amount of change p-value†

SNB (o)         0.038

   Class II division 1 75.90 ± 2.73 76.15 ± 3.15 0.247 0.25 ± 0.77

   Class II division 2 74.74 ± 2.87 75.49 ± 2.75 < 0.001 0.75 ± 0.37  

Facial depth (o)         <0.001

   Class II division 1 87.13 ± 2.36 86.78 ± 2.70 0.172 −0.35 ± 0.91

   Class II division 2 85.45 ± 2.20 86.59 ± 2.20 < 0.001 1.14 ± 0.98  

Pog-NB (mm)         0.037

   Class II division 1 2.39 ± 1.18 2.34 ± 1.15 0.706 −0.04 ± 0.42

   Class II division 2 1.96 ± 1.12 2.20 ± 1.34 0.002 0.24 ± 0.24  

Co-Gn (mm)         0.022

   Class II division 1 105.98 ± 5.07 107.04 ± 5.80 0.013 1.06 ± 1.38

   Class II division 2 101.67 ± 5.90 103.81 ± 5.93 <0.001 2.14 ± 0.90  

Co-B (mm)         0.069

   Class II division 1 91.11 ± 4.45 91.87 ± 4.98 0.018 0.76 ± 1.06

   Class II division 2 87.94 ± 4.97 89.46 ± 4.98 <0.001 1.51 ± 1.04  

Ar-Go (mm)         0.013

   Class II division 1 40.30 ± 3.63 40.35 ± 3.83 0.869 0.05 ± 1.11

   Class II division 2 38.51 ± 3.28 39.76 ± 3.68 0.003 1.24 ± 1.25  

Co-Pog (mm)         0.009

   Class II division 1 99.68 ± 5.23 100.66 ± 5.64 0.005 0.99 ± 1.08

   Class II division 2 95.58 ± 5.62 97.61 ± 5.62 <0.001 2.04 ± 0.87  

Saddle (o)         0.679

   Class II division 1 123.28 ± 4.57 123.08 ± 5.30 0.635 −0.20 ± 1.54

   Class II division 2 124.86 ± 6.51 124.86 ± 6.58 0.973 −0.01 ± 0.78  

Values are presented as mean ± standard deviation.
SNB, Sella-Nasion-B point angle; Pog-NB, Distance from Pogonion to Nasion-B point perpendicular; Co-Gn, Condylion-
Gnathion distance; Co-B, Condylion-B point distance;  Ar-Go, Articulare-Gonion distance; Co-Pog, Condylion-Pogonion 
distance. 
*For comparison of pre- and post-treatment measurements within groups, p < 0.025 according to Bonferroni correction was 
considered statistically significant.
†For comparison of treatment effects between groups, p < 0.05 was considered statistically significant.
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maxillary expansion with a control group of 50 subjects. 
The Co-Gn distance showed a mean increase of 1.3 mm 
in the treated group relative to the control values, with 

a statistically significant difference. In the present study, 
the increase in the Co-Gn, Co-B, and Co-Pog distances 
was statistically significant in both groups. However, in 

Table 3. Pre- and post-treatment TMJ measurements in patients with Class II division 1 or division 2 malocclusion

Variable (cm) Pretreatment Post-treatment p-value* Amount of change p-value†

Anterior joint space 0.62

   Class II division 1 0.21 ± 0.08 0.20 ± 0.07 0.462 −0.01 ± 0.03

   Class II division 2 0.15 ± 0.03 0.15 ± 0.05 0.974 0.00 ± 0.03  

Superior joint space 0.272

   Class II division 1 0.24 ± 0.11 0.24 ± 0.10 0.926 0.00 ± 0.05

   Class II division 2 0.20 ± 0.05 0.22 ± 0.06 0.101 0.02 ± 0.04  

Posterior joint space 0.146

   Class II division 1 0.18 ± 0.05 0.18 ± 0.06 0.71 0.00 ± 0.04

   Class II division 2 0.16 ± 0.02 0.18 ± 0.04 0.091 0.02 ± 0.04  

Anteroposterior diameter of the condyle 0.714

   Class II division 1 1.53 ± 0.22 1.51 ± 0.22 0.275 −0.02 ± 0.06

   Class II division 2 1.53 ± 0.20 1.51 ± 0.22 0.161 −0.02 ± 0.07  

Mediolateral diameter of the condyle 0.38

   Class II division 1 3.28 ± 0.43 3.31 ± 0.42 0.184 0.03 ± 0.10

   Class II division 2 3.27 ± 0.30 3.24 ± 0.37 0.643 −0.03 ± 0.29  

Values are presented as mean ± standard deviation.
TMJ, Temporomandibular joint.
*For comparison of pre- and post-treatment measurements within groups, p < 0.025 according to Bonferroni correction was 
considered statistically significant.
†For comparison of treatment effects between groups, p < 0.05 was considered statistically significant.

Table 4. Pretreatment measurements for the right and left TMJ in patients with Class II division 1 or 2 malocclusion 

Variable Right TMJ Left TMJ p-value* Difference

Depth of the mandibular fossa (cm)

   Class II division 1 0.90 ± 0.10 0.87 ± 0.08 0.27 −0.03 ± 0.08

   Class II division 2 0.84 ± 0.10 0.82 ± 0.09 0.071 −0.02 ± 0.05

   p-value† 0.149 0.079    

The angle between the long axis of the mandibular condyle and the midsagittal plane (o)

   Class II division 1 66.00 ± 11.35 67.60 ± 10.65 0.198 1.60 ± 4.41

   Class II division 2 67.61 ± 8.48 66.23 ± 6.52 0.402 −1.38 ± 5.93

   p-value† 0.675 0.686    

The vertical distance from the geometric centers of the condyles to the midsagittal plane (cm)

   Class II division 1 4.63 ± 0.31 4.69 ± 0.24 0.157 0.06 ± 0.15

   Class II division 2 4.69 ± 0.31 4.63 ± 0.28 0.044 −0.06 ± 0.09

   p-value† 0.659 0.566    

Values are presented as mean ± standard deviation.
TMJ, Temporomandibular joint.
*For comparison of pretreatment measurements for the right and left TMJ within groups, p < 0.0125 according to Bonferroni 
correction was considered statistically significant.
†For comparison of pretreatment measurements for the right and left TMJ between groups, p < 0.0125 according to Bonferroni 
correction was considered statistically significant.
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group II, SNB and the facial depth angles as well as the 
Pog-NB and Ar-Go distances also showed statistically 
significant increases, indicating that in patients with 
Class II division 2 malocclusion, the elimination of 
maxillary interferences may lead to a greater increase in 
the mandibular dimensions. 
  Timmons17 concluded that the mandibular position 
could change with cracking of the occlusal locks. Cleall 
and BeGole16 suggested that protrusion of retruded 
maxillary incisors could lead to changes in mandibular 
closure in patients with Class II division 2 malocclusion. 
In the present study, mandibular dimensional changes 
were achieved by establishing an ideal maxillary dental 
arch form, particularly in patients with Class II division 2 
malocclusion.
  The saddle angle did not change in both groups, in
dicating no changes in the temporomandibular joint 
positions. Moreover, measurements of the tempo
romandibular joint showed no statistically significant 
changes in the anterior, superior, and posterior joint 
spaces and the anteroposterior and mediolateral 
distances of the condyle between T0 and T1. Aras et 
al.24 used the ForsusTM (3M Unitek Co., Monrovia, CA, 
USA) fatigue resistant device in 29 Class II patients in 
the pubertal peak period for 9 months and evaluated 
the temporomandibular joint positions using magnetic 
resonance imaging (MRI). Although the mandibular 
dimensions increased significantly, no changes were 
observed in the temporomandibular joint positions. The 
authors concluded that the changes in the mandible 
could be related to the appositional growth of the 

condyle and glenoid fossa. To identify remodeling 
using MRI, images should be obtained more frequently. 
In the present study, CBCT records were obtained 6 
months after maxillary arch correction. Therefore, con
dylar remodeling could have been the reason for the 
unchanged temporomandibular joint positions.
  Ruf and Pancherz25 treated 15 patients with Class 
II malocclusion using the Herbst appliance and per
formed MRI before, 6−12 weeks after, and at the end 
of treatment. On the 6−12-week images, 20 of 30 
condyles showed signs of remodeling at the posterior 
and superior borders, and 22 of the joints showed 
glenoid fossa remodeling. However, on comparison of 
pre- and post-treatment MRI findings, no statistically 
significant differences were observed in the position of 
the condyle in the glenoid fossa. The study concluded 
that MRI should be performed more frequently to 
appreciate glenoid fossa and condylar remodeling.
  In the present study, functional treatment methods 
were not employed. However, after eliminating the 
factors restricting mandibular movement in the 
transverse and sagittal planes, changes in the mandible 
and temporomandibular joints were assessed and 
compared between patients with Class II division 1 
and those with Class II division 2 malocclusion. The 
results revealed statistically significant increases in the 
mandibular dimensions with forward movement of the 
mandible in the latter, but not in the former. These 
changes could be related to condylar and glenoid fossa 
remodeling after the mandibular positional changes. 
However, to confirm this hypothesis and rule out the 

Table 5. Post-treatment measurements for the right and left TMJ in patients with Class II division 1 or 2 malocclusion 

Variable Right TMJ Left TMJ p-value* Difference

Depth of the mandibular fossa (cm)

   Class II division 1 0.90 ± 0.10 0.87 ± 0.09 0.493 −0.03 ± 0.10

   Class II division 2 0.85 ± 0.10 0.84 ± 0.09 0.491 −0.01 ± 0.06

   p-value† 0.157 0.169    

The angle between the long axis of the mandibular condyle and the midsagittal plane (°)

   Class II division 1 66.06 ± 10.98 67.34 ± 9.65 0.274 1.28 ± 4.20

   Class II division 2 68.00 ± 9.54 66.36 ± 6.34 0.299 −1.64 ± 5.55

   p-value† 0.628 0.753    

The vertical distance from the geometric centers of the condyles to the midsagittal plane (cm)

   Class II division 1 4.66 ± 0.31 4.69 ± 0.29 0.574 0.03 ± 0.21

   Class II division 2 4.72 ± 0.30 4.70 ± 0.30 0.796 −0.02 ± 0.27

   p-value† 0.616 0.951    

TMJ, temporomandibular joint.
*For comparison of post-treatment measurements for the right and left TMJ within groups, p < 0.0125 according to Bonferroni 
correction was considered statistically significant.
†For comparison of post-treatment measurements for the right and left TMJ between groups, p < 0.0125 according to 
Bonferroni correction was considered statistically significant.
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changes related to physiological growth, further studies 
assessing temporomandibular joint images at more 
frequent intervals are necessary. In the present study, 
CBCT images were obtained 6 months after achieving 
the ideal maxillary arch shape. This minimum time 
interval was accepted to rule out the changes related to 
physiological growth; furthermore, a minimum 6-month 
period is necessary for the adaptation of the masticatory 
muscles to the changing functional demands.26-29

  The temporomandibular joint is highly adaptable and 
remodels in response to varying functional demands. 
Vitral et al.18 treated a patient with a functional uni
lateral posterior crossbite using rapid maxillary expan
sion and observed adaptation and remodeling of the 
condyle on CBCT images obtained 7 months after 
treatment. Leonardi et al.23 evaluated the condyle−fossa 
relationship before and after rapid maxillary expansion 
in patients with a functional posterior crossbite and 
compared the findings with those for a control group of 
13 subjects. At the beginning of treatment, there were 
no statistically significant differences in the anterior, 
superior, and posterior joint spaces between the sides 
with and without a crossbite. After rapid maxillary 
expansion, the superior and the posterior joint spaces 
increased significantly on the side with a crossbite, 
while only the superior joint space increased on the 
contralateral side. These results are not in accordance 
with those of the present study. However, in the above
mentioned study, the patients had a functional crossbite 
before treatment; this could have affected the initial 
joint positions. Symmetrical joint positions seen before 
the treatment could be due to the adaptation of the 
temporomandibular joint. The final impressions were 
recorded only 18 days after treatment, which may have 
been too early for the joints to adapt to the new posi
tion of the mandible. In the present study, although 
some mandibular dimensional changes were observed 
because of possible temporomandibular joint adaptation 
after 6 months, the mandibular positional changes 
were not in accordance with the temporomandibular 
joint positional changes, indicating that the temporo
mandibular joint positions do not change, irrespective of 
mandibular restriction in the transverse or sagittal plane. 
Therefore, the ideal temporomandibular joint positions 
can be established in both conditions.
  In the present study, no statistically significant di
fferences were found in the mandibular fossa depth, 
angle between the long axis of the mandibular condyle 
and the midsagittal plane, and vertical distance from 
the geometric centers of the condyles to the midsagittal 
plane between the right and left temporomandibular 
joints at the beginning and end of treatment; this 
was consistent with the findings in most previous 
studies.19,21,23 

CONCLUSION

  The following conclusions were drawn after treat
ing patients with Class II division 1 or division 2 mal
occlusion to achieve the ideal maxillary arch form in this 
study.
  The mandibular dimensions significantly increased in 
both groups after treatment. However, the increase in 
mandibular dimensions and the mandibular positional 
changes were significantly greater in patients with Class 
II division 2 malocclusion than in patients with Class 
II division 1 malocclusion. Nevertheless, a Class II re
lationship can be corrected to some extent through the 
achievement of an ideal maxillary arch form.
  In both groups, there were no statistically significant 
changes in the anterior, superior, and posterior joint 
spaces and the anteroposterior and mediolateral condylar 
widths after treatment, indicating that restrictions of 
the mandible in the transverse or sagittal plane do not 
affect the temporomandibular joint positions because of 
the high adaptability of this joint. 
  At the beginning and end of treatment, there were no 
statistically significant differences in the mandibular 
fossa depth, angle between the long axis of the man
dibular condyle and the midsagittal plane, and vertical 
distance from the geometric centers of the condyles 
to the midsagittal plane between the right and left 
temporomandibular joints. So this treatment didn’t lead 
to asymmetrical positioning of the temporomandibular 
joint.
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