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Introduction

Among the several factors thatmay bring about an alteration in 
the morphology and position of  the mandibular condyle,occlusal 
changes account for one of  these. Orthodontic therapy with fixed 
applianceshas been likened by some authorsto a full-mouth pros-
thodontic rehabilitation in the way that it can amend the entire 

occlusion. Hence, the occlusal changes brought about by ortho-
dontic therapy may result in a change in the position of  the man-
dibular condyle. This position is also an important factor in the 
diagnosis and treatment planning in TMJ-oriented orthodontic 
therapy as previous studies have confirmed that different posi-
tions of  the condyle in the glenoid fossa are related to various 
effects on the temporomandibular joint (TMJ) status.[1-3]

Abstract

Introduction: Angle’s class I malocclusions tend to consist of  unstable dental relationships such as crowding, mal-positioned 
teeth, spacing, open bites, deep bites, and anterior and posterior crossbites. Correction of  such malocclusions using fixed or-
thodontic therapy establishes a more stable occlusion and may result in a deflection in the position of  the mandibular condyle. 
There has been limited research evaluating the effect fixed orthodontic therapy has on the position of  the mandibular condyle.
Aims and Objectives: To investigate the effect of  fixed orthodontic therapy on the position of  the mandibular condyle, in 
patients with Angle’s class I malocclusion.
Materials and Methods: Pre- and post-treatment digital lateral cephalometric images of  60 patients (35 female and 25 male) 
between the ages of  18-30, who had been treated for Angle’s Class I malocclusion were selected for the study. The perpendicu-
lar distance of  the condylion from the horizontal and vertical axes were measured in both the pre-and post-treatment lateral 
cephalogram of  each patient. The change of  position was calculated by comparing the pre- and post-treatment measurements 
in each axis. 
Results: There was a statistically significant change in the position of  the condyle in the horizontal axis, with the condyles 
positioned 0.297mm posteriorly post-treatment. The vertical change was insignificant. There were no statistically significant 
differences in the change in condylar position between males and females and among different subtypes of  Angle’s class I 
malocclusion.
Conclusion: Fixed orthodontic therapy in patients with Angle’s Class I malocclusion resulted in a significant posterior shift in 
the condylar position post-treatment. This change is important as it can help the orthodontist predict the final post-treatment 
position of  the condyle during orthodontic treatment planning.
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Angle’s Class I malocclusions are frequently associated with den-
tal crowding, spacing, rotations, malpositioned teeth, anterior 
open bites, deep bites, anterior and posterior crossbites. Maloc-
clusions such as these have been reported to exhibit altered con-
dylar positions.[4] Crowding and malpositioned teeth may cause 
occlusal interferences leading to the condyle not being seated in 
its proper position in relation to the glenoid fossa in centric rela-
tion.[5] Anterior open bites have been frequently reported to be 
associated with TMJ symptoms as well. This has been attributed 
by some authors to the lack of  incisal guidance in anterior open 
bite malocclusions.[6] There has been some mention in literature 
implicating deep bites in potentially causing a disturbance in the 
condyle owing to the steep incisal guidance.[7] Unilateral poste-
rior crossbites also exhibit a superior and posterior displacement 
of  the crossbite side condyle accompanied by the movement of  
the contralateral condyle away from the glenoid fossa.[8, 9]

Fixed orthodontic treatment aims at eliminating occlusal discrep-
ancies and achieving optimal occlusal contact of  teeth. Hence, in 
the process of  correcting the mentioned malocclusions, a change 
in position of  the condyle may be predicted due to the establish-
ment of  a stable occlusion.

Although numerous studies have been done to evaluate the con-
dylar position in Class II and Class III Malocclusions [10-12], very 
few have evaluated Class I malocclusions even though it is the 
most common malocclusion in the world. This is probably due to 
the aesthetic component being more severe in Class II and Class 
III malocclusions than in Class I malocclusions. There has also 
been very limited research assessing the effects of  fixed ortho-
dontic therapy on the position of  the mandibular condyle.

Hence, this study was undertaken to investigate the positional 
changes of  the mandibular condyle after preadjusted edgewise 
orthodontic appliance therapy in patients with Angle’s Class I 
malocclusion.

Materials And Methods

The study was approved by the A.B. Shetty Memorial Institute 
of  Dental Sciences (ABSMIDS) Ethical Committee (Certificate 
No. ABSM/EC52//2017). This retrospective study included 60 
patients who had been diagnosed with Angle’s class I malocclu-
sion and treated with Pre-Adjusted Edgewise Fixed Orthodontic 
appliances at the Department of  Orthodontics and Dentofacial 
Orthopaedics, ABSMIDS. The diagnosis had been performed 
with the aid of  clinical examination, study models, photographs 
and digital lateral cephalograms, taken at the time of  the patient’s 
first visit. Patients between the ages of  18 to 30 years at the start 
of  treatment were included to rule out positional changes of  the 
condyle due to growth in younger patients and to rule out age-
related degenerative condylar changes in older age groups. Pa-
tients with a history or diagnosis of  any temporomandibular joint 
related diseases were excluded, as were patients with previous 
orthodontic or orthopaedic therapy, and orthognathic surgeries. 
Patients whose lateral cephalometric images were found to have 
unclear landmarks were also excluded.    
      
Cases were selected by analysing completed cases of  Angle’s class 
I malocclusion treated in the department in reverse chronologi-

cal fashion starting with the most recently finished case in July 
2019. The first 60 cases which fit the inclusion and exclusion cri-
teria were selected. Out of  the selected patients, 35 were female 
and 25 were male. The selected patients were segregated into 7 
subgroups, namely upper anterior proclination, bimaxillary pro-
trusion, anterior crossbite, anterior open-bite, posterior crossbite, 
upper and lower anterior crowding and spacing. 35 of  the select-
ed cases had been treated with either 2 or 4 premolar extraction, 
while 25 had been treated without any extractions. 

Pre- and post-treatment digital lateral cephalogram images of  
each patient were retrieved. Digital lateral skull radiographs were 
taken with Planmeca Promax® Cephalostat (Planmeca USA, Inc.) 
with exposure parameters of  68kV, 5mA, and 18.7 seconds. All 
lateral cephalometric tracings and measurements were performed 
by the same operator using the AudaxCeph Orthodontic Software 
Suite (Audax d.o.o., Ljubljana, Slovenia) cephalometric software.

Three points were marked on each lateral cephalogram image. 
(Figure 1)

i) T point: The superior most point in the anterior wall of  the Sel-
la Turcica situated at the junction with the Tuberculum Sella.[13]
ii) C point: The anterior-most point of  the cribriform plate situ-
ated at its junction with the nasal bone. It is located on the cepha-
logram on the tip of  the nasal bone.[13]
iii) Condylion (CO): The Posterosuperior most point on the cur-
vature of  the average of  the right and left outlines of  the condylar 
head.

Following this, two reference planes were drawn:

i) TC plane: Line drawn passing through the T point and C point.
ii) T vertical line: Line drawn perpendicular to the TC plane, pass-
ing through T Point.

The position of  the condyle was assessed by measuring the per-
pendicular distances (in mm) between point CO and the TC plane 
and T-Vertical line as shown in Figure 1. The pre-and post-treat-
ment measurements of  CO to the TC plane distance was noted 
as CO-TC and CO-TC2, respectively,and CO to T Vertical Line 
distance was noted as CO-Tvert and CO-Tvert2, respectively.
The difference between the pre- and post-treatment values would 
mark the change in condylar position in the horizontal and verti-
cal axis. (Figure 2)

Analysis of  the overall change in condylar position was done by 
Student’s paired sample t-test. Paired-samples t-test was used to 
test the significance between the changes in males and females, 
and between extraction and non-extraction treatments. One-way 
ANOVA was used to calculate the level of  significance for the 
changes among individual malocclusions. IBM SPSS Statistics 
software, version 21.0 was used to perform all statistical analyses. 
P < 0.05 was considered significant.

Results

In the present study, the subjects had an age range of  18-30 years 
with an average age of  21.98 ± 3.74 years. 35 were female (58.3%) 
and 25 were male (41.7%). 35 (58.3%) had been treated with ei-
ther 2 or 4 premolar extractions, while 25 (41.7%) had been treat-
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ed without extractions. 

Condylar Position

The mean pre- and post-treatment values for the CO-TC meas-
urement were 20.6 mm and 20.56 mm respectively with a mean 
reduction of  0.035 mm (±1.183 mm). The CO-T vert measure-
ment had a pre- and post-treatment means of  18.45 mm and 
18.75 mm respectively, showing a mean increase of  0.297 mm 
(±1.057 mm). The CO-TC change was statistically insignificant. 
(p=0.819). However, the CO-Tvert measurement showed a sig-
nificant increase (p=0.033). (Table 1)

Differences Between the Genders

There were 35 female subjects (58%) and 25 male subjects (42%) 
in the sample of  this study. There were no statistically significant 
differences in the pre-treatment condylar positions between males 
and females, in either axis. (p > 0.05, p=0.418 and 0.326 for CO-
TC and CO-Tvert respectively) The change in condylar position 
in both axes were statistically insignificant (p>0.05) in both male 
and female groups. Between the genders, there were no significant 
differences in the condylar position change in both axes between 
males and females. (Table 2)

Differences Between Extraction and Non-Extraction treatments
Individual samples t-test was performed to check the difference 
between extraction and non-extraction treatment. No statisti-
cally significant differences were observed in the position of  the 
condyle in the extraction or non-extraction groups in either axis. 
There were no statistically significant differences between the 
groups either. (Table 3)

Differences Between different Skeletal Malocclusions

There was a statistically significant difference in the C-TC meas-
urement between subjects with Class I and Class III skeletal rela-
tionship (p=0.048), while the difference in C-Tvert measurement 
was insignificant between these groups. No other statistically 
significant differences were found between either the C-TC or 
C-TVert measurements between Class I and Class II, and Class 
II and Class III subjects. There was no statistically significant dif-
ference between the groups either (p>0.05). (Table 4)

Individual Malocclusions

To check the variance among the changes seen in the various 
malocclusions present, one-way ANOVA was performed between 
the individual malocclusions. No significant differences in the 
changes in condylar positions were obtained for the changes of  
CO-TC and CO-Tvert. (p=1 and p=0.978 respectively) (Table 5).

Paired Samples t-test performed for the individual malocclusions 
showed that none of  the malocclusions when taken individually 
had any significant changes in condylar position after being treat-
ed with pre-adjusted edgewise appliances. (Table 6)

Discussion

The effect of  orthodontic therapy on the position of  the condyles 
has been studied in the past by authors like Gianelly [14, 15], Hol-
lender [3] and Khoo [16]. Gianelly and Hollender used a method-
ology which included comparing the anteroposterior position of  
the condyle of  patients who had undergone orthodontic therapy 
with subjects who had not undergone any prior orthodontic treat-
ment. Khoo tried to evaluate the same by measuring the distance 
of  the condyle from a horizontal and vertical reference plane in 
both pre-and post-treatment lateral cephalograms of  orthodonti-
cally treated patients and compared them to obtain the change 
in position. Our study followed a methodology similar to Khoo, 

Figure 1. Linear Measurement of  Condylar position.

Figure 2. Measurements being recorded on a subject’s Digital Lateral Cephalogram using Audax Ceph Orthodontic Soft-
ware Suite (Audax d.o.oLjubjania, Slovenia).
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aiming at evaluating the effect fixed orthodontic treatment had on 
the condylar position in patients with Angle’s Class I Malocclusion 
by evaluatingpre- and post-treatment lateral cephalograms of  60 
patientsto ascertain the change in the position of  the condyle.

In this study, the TC Plane was taken as the horizontal reference 
plane using the radiographic points of  Point T and Point C, where 
Point T is the superior most point in the Sella Turcica’s anterior 
wall where it forms a junction with the Tuberculum Sella, and 

Point C is the anterior-most point of  the cribriform plate where it 
forms a junction with the nasal bone. The anterior wall of  the Sel-
la turcica and the cribriform plate stays unchanged after the age 
of  first permanent tooth eruption. Hence, the TC plane would be 
of  superior reliability than the SN plane which is subject to chang-
es at later ages and shows a more anterior growth.[13] Although 
the present study was conducted on patients above the age of  18 
years in whom growth would have ceased or would be minimal, 
the selection of  the TC Plane ruled out errors in measurements 

Table 1. Change in position of  the Condyles in Vertical and Horizontal Axes.

Parameter Pre-Treatment Post-Treatment Differ-
ence

Std. Deviation of  
the Difference

Paired Samples 
t-test Value p-Value

C-TC 20.604 20.569 -0.035 1.183 0.23 0.819
C-Tvert 18.451 18.748 0.297 1.057 -2.179 0.033

Table 2. Difference in Condylar changes between Males and Females.

Parameter Sex N Mean Std. Deviation Paired Samples 
t-test

C-TC 
Change

Male 25 0.166 1.236 1.118
Female 35 -0.179 1.139 p = 0.268

C-Tvert 
Change

Male 25 0.386 1.049 0.546
Female 35 0.234 1.074 p = 0.587

Table 3. Difference in Condylar changes between Extraction and non-extraction treatment plans.

Parameter Treatment N Mean Std. Deviation t p-value
C-TC 

Change
Extraction 35 0.242 1.248 1.552 0.126
Non-Ex-
traction

25 -0.233 1.109

C-Tvert 
Change

Extraction 35 0.278 1.07 0.159 0.875
Non-Ex-
traction

25 0.323 1.063

Table 4. Comparison of  pre-treatment condylar position and change in condylar position in different skeletal relationships. (All measure-
ments in mm).

Skeletal 
Rela-
tion

n

Mean 
pre-treatment 

C-TC mea-
surement(in 

mm)

Mean 
pre-treatment 
C-Tvert mea-
surement(in 

mm)

Paired 
t-test 

between 
C-TC mea-
surements

Paired t-test 
between 
C-Tvert 

measure-
ments

Mean 
C-TC 

change(in-
mm)

Mean 
C-TVert 

change(in 
mm)

Paired 
t-test 

between 
C-TC 

change

Paired 
t-test 

between 
C-Tvert 
change

One-way 
ANOVA

(p-value)

Class I 32 21.31 (±3.31) 18.82 (±3.31)

p=0.460 
(with Class 

II)

p=0.475 
(with class 

II) -0.16 
(±1.11)

0.35 
(±1.10)

p=0.985 
(with 

Class II)

p=0.638 
(with 

class II) 0.324 for 
C-TC 

changep=0.048 
(with class 

III)

p=0.421 
with Class 

III)

p=0.163 
(with class 

III)

p=0.837 
with Class 

III)

Class II 15 20.52 (±3.66) 18.13 (±2.41)

p=0.460 
(with Class 

I)

p=0.475 
(with class I)

-0.15 
(±1.10)

0.19 
(±1.16)

p=0.985 
(with 

Class I)

p=0.638 
(with 

class I)
p=0.294 

(with Class 
III)

p=0.855 
(with Class 

III)

p=0.254 
(with 

Class III)

p=0.813 
(with 

Class III)

Class III 13 18.96 (±4.01) 17.92 (±3.43)

p=0.048 
(with class I)

p=0.421 
with Class I)

0.40 (±1.42) 0.28 
(±0.89)

p=0.163 
(with 

class I)

p=0.837 
with Class 

I) 0.885 for 
T-Tvert 
changep=0.294 

(with Class 
II)

p=0.855 
(with Class 

II)

p=0.254 
(with 

Class II)

p=0.813 
(with 

Class II)
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Table 5. Differences in Condylar Changes between individual Malocclusions.

Parameter Malocclusion N Mean Std. Deviation Minimum Maximum ANOVA p-Value

C-TC 
Change

Bimaxillary Protrusion 22 -0.055 1.287 -2.19 2.92

0.012 1

Anterior Crossbite 6 -0.018 1.329 -2.29 1.54
Anterior Openbite 5 -0.018 1.462 -2.18 1.23
Posterior Crossbite 4 -0.135 0.541 -0.62 0.54

Upper and Lower Anterior Crowding 12 0.008 1.378 -1.87 2.48
Upper Anterior Proclination 8 0.009 0.886 -0.92 1.63

Anterior Spacing 3 -0.113 1.221 -1.49 0.84

C-TVert 
Change

Bimaxillary Protrusion 22 0.31 1.241 -2.5 2.84

0.191 0.978

Anterior Crossbite 6 0.58 1.301 -0.48 2.81
Anterior Openbite 5 0.27 0.542 -0.59 0.78
Posterior Crossbite 4 0.49 0.911 -0.68 1.54

Upper and Lower Anterior Crowding 12 0.167 1.263 -1.53 1.93
Upper Anterior Proclination 8 0.078 0.591 -0.59 1.21

Anterior Spacing 3 0.537 0.219 0.41 0.79

Table 6. Change in Condylar positions for Individual Malocclusions.

Malocclusion N Mean Std. De-
viation

Mean Differ-
ence

Std. De-
viation

Paired Sam-
ples t-Test p-Value

Bimaxillary 
Protrusion

C-TC PreRX 22 21.645 3.109
0.054 1.287 0.199 0.844

C-TC PostRX 22 21.591 3.438
C-TvertPreRx 22 18.022 3.648

-0.31 1.241 -1.172 0.254
C-TvertPostRx 22 18.332 3.993

Anterior 
Crossbite

C-TC PreRX 6 20.492 5.427
0.019 1.329 0.34 0.974

C-TC PostRX 6 20.473 5.159
C-TvertPreRx 6 19.267 2.954

-0.58 1.301 1.092 0.325
C-TvertPostRx 6 19.847 2.567

Anterior 
Openbite

C-TC PreRX 5 18.602 3.351
0.018 1.462 0.028 0.979

C-TC PostRX 5 18.584 2.617
C-TvertPreRx 5 20.608 2.183

-0.27 0.542 -1.113 0.328
C-TvertPostRx 5 20.878 2.375

Posterior 
Crossbite

C-TC PreRX 4 22.65 2.865
0.135 0.541 0.499 0.652

C-TC PostRX 4 22.515 3.117
C-TvertPreRx 4 17.443 2.17

-0.49 0.911 -1.076 0.361
C-TvertPostRx 4 17.933 1.646

Upper and 
Lower Anteri-
or Crowding

C-TC PreRX 12 19.887 3.651
-0.008 1.378 -0.21 0.984

C-TC PostRX 12 19.895 3.636
C-TvertPreRx 12 19.263 2.508

-0.167 1.263 -0.457 0.657
C-TvertPostRx 12 19.43 2.852

Upper Ante-
rior Proclina-

tion

C-TC PreRX 8 19.088 3.526
-0.008 0.886 -0.028 0.978

C-TC PostRX 8 19.096 3.278
C-TvertPreRx 8 16.419 2.43

-0.077 0.591 -0.371 0.722
C-TvertPostRx 8 16.496 2.564

Anterior 
Spacing

C-TC PreRX 3 20.707 3.985
0.114 1.221 0.161 0.887

C-TC PostRX 3 20.593 2.893
C-TvertPreRx 3 19.873 3.28

-0.537 0.219 -4.237 0.051
C-TvertPostRx 3 20.41 3.063
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due to growth-related changes of  the reference plane. The verti-
cal reference line used was the T Vertical Line, which was drawn 
perpendicular to the TC Plane, passing through T point.

The present study found that the condyle moved by an aver-
age of  0.035 ± 1.183 mm towards the TC plane and an average 
of  0.297 ± 1.057 mm away from the TVert Plane. The vertical 
change in the condylar position towards the TC Plane was found 
to be insignificant with a p-value of  0.819 (p>0.05). However, the 
horizontal change in the position of  the condyle away from the 
TVert Plane was found to be significant with a p-value of  0.033 
(p<0.05). Hence, in the present study sample, the condyle was 
positioned significantly posteriorly after orthodontic treatment 
using pre-adjusted edgewise appliances in Angle’s Class I Maloc-
clusions. This is in contrast to the findings of  a study by Khoo 
et al [16], which found that the condyle had no significant anter-
oposterior positional change, but did, however, find a significant 
change in position vertically. That study found that there was an 
inferior displacement in the condylar position in Angle’s Class I 
malocclusions following Orthodontic treatment.  Previous stud-
ies by Gianelly [10, 14, 15, 17] had found no significant changes 
in condylar position in patients who had undergone orthodontic 
therapy compared to untreated patients. 

Farrar et al [18] and Hollender [3] had suggested that careless 
retraction of  the anterior teeth post-extraction can cause the 
mandible to get locked into a posterior position, thereby caus-
ing the condyles to adopt a more posterior position. The present 
study did indeed find a posterior displacement in the condylar 
position, post-orthodontic treatment. In our study, 58.3% of  the 
subjects had been treated with either two or four premolar extrac-
tions, while the rest had not undergone any extractions for their 
treatment. There was no statistically significant difference in the 
condylar position found after orthodontic treatment in patients 
who had undergone extractions. There were also no statistically 
significant differences in change in condylar position between pa-
tients who had undergone extractions and the ones who had not. 
Hence, in our study, there was no evidence found to support the 
theory that the mandible gets locked posteriorly due to excessive 
retraction.

A tendency of  the condyles to be more anteriorly placed in sub-
jects with Angle’s Class I malocclusions was noted by Rodrigues 
[19] et al, Merigue [20]. Kikuchi [21] also reported a prevalence 
of  anteriorly placed condyles in patients without any TMDs. Al-
though the present study did not record the position of  the con-
dyle in relation to the glenoid fossa, the observed posterior shift 
of  the condyle could be explained by anteriorly placed condyles 
assuming a more centric position in the mandibular fossa after the 
malocclusion is corrected.

A CBCT study by Miranda [22] observed that the condyle was 
more anteriorly placed in Skeletal Class II and Class III subjects 
than in Skeletal Class I subjects. Paknahad [23] also found skeletal 
Class II malocclusions having a more anteriorly placed condyle 
than Skeletal Class I and Class III. Kaur [24] conversely found 
that skeletal Class II malocclusions had a more posteriorly po-
sitioned condyle than Class I and Class III. Our study’s results-
disagreed with all these studies finding no statistically significant 
differences in the pre-treatment anteroposterior position of  the 
condyle between any of  the skeletal malocclusions. However, in 
the vertical axis,skeletal Class III subjects had their condyles posi-

tioned significantly superior to those with skeletal Class I relation-
ship. No statistically significant differences were found between 
the change in position of  the condyle between the different skel-
etal relationships.

The effect of  maxillary expansion on the condylar position has 
had some controversy with studies getting conflicting results. A 
recent study by Melgaço et al [25] in 2014 found that in cases 
treated with Rapid Maxillary Expansion (RME), there was an an-
terior and inferior movement of  the condyle post-treatment. This 
is in contrast to studies by Mcleod et al [26] and Leonardi et al 
[27], with both studies reporting no significant changes in con-
dylar position post-treatment with RME. However, the effect of  
RME on the condylar position would have had minimal influence 
on the outcome of  this study as only two subjects in the sample 
had been treated with RME. 

Studies by Pullinger et al [28], Liu [29], and Akbulut [30] have re-
ported significant differences in condylar position between males 
and females. Pullinger and Liu both found females to have more 
posteriorly placed condyles compared to males. Paknahad [31] 
also found females displaying a more posterior position of  the 
condyles than males. However, this was only true among patients 
with TMD. Patients who showed no signs or symptoms of  TMD 
had no significant difference in condylar position, according to 
gender. This is in accordance with the present study where the 
sample consisting of  patients devoid of  signs or symptoms of  
TMD, showed no significant differences in their pre-treatment 
condylar positions between males and females. There were no 
statistically significant differences between genders regarding the 
change in condylar position post orthodontic therapy either.

No statistically significant differences were found between the 
changes among the individual subtypes of  Angle’s Class I maloc-
clusion. However, all the individual types showed a mean pos-
terior deflection of  the condyle post-treatment. Out of  these, 
patients with anterior crossbites showed the maximum posterior 
displacement of  0.58 ± 1.3 mm, followed by anterior spacing 
(0.54 ± 0.22 mm), posterior crossbites (0.49 ± 0.91 mm), bimaxil-
lary protrusion (0.31 ± 1.24 mm), anterior open bite (0.27 ± 0.54 
mm), crowding (0.17 ± 1.26 mm) and upper anterior proclination 
(0.08 ± 0.6 mm). The correction of  anterior crossbites involves 
establishing a positive overjet with the lower anterior teeth placed 
behind the uppers. This may cause a posterior shift of  the man-
dible enabling it to be accommodated within the maxillary arch, 
thereby causing a posterior shift of  the condyle. This finding is in 
agreement with the findings of  Khoo et al[16] who also found a 
posterior displacement of  the condyles in cases of  anterior cross-
bites. The present study’s observation regarding a posterior de-
flection of  the condyle in patients treated for posterior crossbites 
is in agreement with the study done by Hesse [32] and in disagree-
ment with the results of  Lam [8] and Myers [33] who found no 
significant condylar position change; and Khoo who found an 
anterior displacement of  the condyle. The posterior shift of  the 
condyle in the cases of  spacing can probably be attributed to the 
maxillary arch forcing the mandibular arch to shift backwards to 
be accommodated during closure of  the anterior spaces.

There is some controversy that exists about the clinical signifi-
cance of  the condylar position in the TMJ. Hollender et al [3] 
found that the condyles were positioned more posteriorly in 
patients who suffered from clicking of  the TMJ. Paknahad and 
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Shahidi [34] also concluded that posteriorly placed condyles were 
more prevalent in patients suffering from severe TMD’s. Ikeda 
and Kawamura [35] found that the condyles are displaced more 
posteriorly in cases with disk displacements. Studies by Pullinger 
[2], Ren [36], Bonilla-Aragon [37], and Rammelsberg [38], all 
found posteriorly positioned condyles associated with disk dis-
placement with reduction. Conversely, studies by Katzberg [39], 
Incesu [40], and Okur [41] found no discernible relationship be-
tween the two. 

Furthermore, the correlation between condylar position and tem-
poromandibular symptoms have been studied by numerous au-
thors. Pereira [42], de Senna [43], and Okur [41] found no differ-
ence in the condylar position of  patients with and without signs 
and symptoms of  Temporomandibular disorder. On the other 
hand, Major [44], Gateno [45], Vasconcelos Filho [46], Huang 
and Zhang [47], and Cho and Jung [48] all observed a higher fre-
quency of  posteriorly positioned condyles in patients suffering 
from Temporomandibular disorders. Although the posterior po-
sitioning of  the mandibular condyle’s association with temporo-
mandibular disorders and derangements is not absolute, there is 
strong evidence to suggest a correlation might exist.

The results of  this study show that there is a net posterior shift in 
the condylar position post-orthodontic therapy. This is clinically 
significant as a more posterior position of  the condyle post-treat-
ment may increase the chances of  TMDs developing. From the 
evidence available it cannot be satisfactorily concluded whether a 
posterior positioning of  the condyle in the glenoid fossa causes 
temporomandibular disorders or whether TMD’s themselves, 
cause the condyles to be positioned more posteriorly. Further 
research needs to be carried out to assess whether a posterior 
positioning of  the condyle can subsequently develop into tempo-
romandibular disorders.

A limitation of  this study was that the condyle’s relationship with 
the glenoid fossa was not explored. We could not assess whether 
the condyle shifted posteriorly in relation to the glenoid fossa or 
whether remodelling within the glenoid fossa forced the condyles 
posteriorly. Further studies should be undertaken to verify this.

Another limitation of  this study was that the experiment was per-
formed on lateral cephalograms of  the subjects which only gives 
a 2-dimensional depiction of  3-dimensional structures. Conven-
tional Tomography (CT) and Cone Beam Computed Tomography 
(CBCT) scans provide a comprehensive view of  the mandibular 
condyles and generally would be the research medium of  choice 
for condylar studies. However, since CT or CBCT imaging is usu-
ally done only or specifically indicated cases (in patients suffering 
from/suspected of  TMDs, condylar erosions, ankylosis or neo-
plasms), obtaining pre- and post-treatment CT or CBCT images 
of  60 Angle’s class I malocclusion patients who were devoid of  
temporomandibular symptoms was not found to be feasible for 
this study. Lateral cephalograms are routinely taken prior to start-
ing orthodontic therapy and hence were chosen for the purposes 
of  this study. Further prospective studies can utilize CT’s and 
CBCT’s to get a more detailed picture of  the condylar changes, 
taking into consideration the ethical and radiation exposure issues.

Conclusion

In this retrospective study, a significant posterior displacement of  
the mandibular condyle was observed post-treatment, in patients 
with Angle’s class I malocclusions treated with preadjusted edge-
wise appliances. Males and females showed no significant differ-
ences in their pre-treatment condylar position or in the change 
in their condylar position post orthodontic therapy.There was 
also no significant difference in the change in condylar position 
between patients treated with two or four premolar extractions 
and those treated without extractions. The individual malocclu-
sion types of  bimaxillary protrusion, anterior crossbite, anterior 
open-bite, posterior crossbite, anterior crowding, upper anterior 
proclination, and anterior spacing showed an insignificant but a 
net posterior displacement of  the condyle post-treatment.
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