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ABSTRACT

Background: Because of the importance of the condyle, it is crucial to document all changes in its 
position after orthognathic surgery. Since previous studies in this regard are mostly controversial 
and limited by two‑dimensional radiography technique, this study was conducted.
Materials and Methods: This prospective clinical trial was performed on 102 
measurements (17 patients, 2 condyles each, and 3 time points). Cone‑beam computerized 
tomography imaging was done for 17 skeletal Class‑III patients (10 females and 7 males, mean 
age, 24.05 ± 4.78 years) undergoing fixed orthodontic treatment, at three time points T0 (before 
surgery), T1 (immediately after surgery), and T2 (8 months after surgery). Condylar positions were 
measured. Position changes were evaluated during the course of the study. They were also compared 
between right/left sides and between men and women. Tests in use were repeated‑measures one‑ and 
two‑way analysis of variance and paired t‑tests (α =0.05, α =0.017).
Results: Alterations in various anatomical condyle parameters over the 8‑month course of the 
study did not reach the level of significance (P ≥ 0.078). At all intervals, mean anterior‑posterior 
index (API) remained between −12 and +12 (indicative of central position of the condyle in the 
glenoid fossa). Between men and women, left superior joint space, left anterior joint space, and 
left API differed (P ≤ 0.05). Left condyle mean superior joint space and anterior joint space were 
greater in men compared to women in all the three intervals; left condyle mean API was greater 
in women compared to men (more posterior in men, P ≤ 0.05).
Conclusion: Condyles might not change significantly after 8 months post‑surgery. However, small 
changes might be observed, and these changes might differ between the left and right sides and 
between males and females.
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INTRODUCTION

Different orthodontic processes are used to improve 
the patient’s beauty in addition to correcting 
mandibular and maxillary occlusion.[1] However, 
severe malocclusions might not be corrected by 
orthodontic treatments alone; they would also need 
orthopedic treatments for children and orthognathic 
surgery for adults.[2] One of the most common 
methods in the management of excessive mandibular 
prognathism is mandibular setback using bilateral 
sagittal split ramus osteotomy (BSSRO), which 
has many advantages including a wide contact area 
between segments facilitating healing as well as 
convenient relocation of the distal segment; it also has 
certain complications including condylar displacement 
and a rather high rate of relapse.[1‑5] In BSSRO, the 
mandible is divided into distal and proximal segments 
to enable their displacement.[4,6] In such cases, it is 
of significant value to maintain the initial positions 
of the condylar heads.[4,6] because it can help prevent 
post‑BSSRO relapse.[4,7,8] Postsurgical condylar 
displacements are multifactorial and associated with 
numerous factors such as age, the course of bone 
displacement, surgeon’s expertise, soft‑tissue and 
muscular traction, quality of orthodontic treatment, 
the anatomic form of the proximal segment, direction 
and amount of displacement of the proximal from the 
distal segments on the surgical plan, fixation method, 
and postorthodontic treatment maintenance.[2,4,7,8]

In many cases, the position of condylar head changes 
unexpectedly during surgery and fixation, due to 
various reasons such as relaxation of masticatory 
muscles due to anesthesia, joint edema, bone 
ligaments malalignment, patients’ posture, methods 
used for positioning the condyle, and fixing it.[4,6,9‑11]

Mandibular condyles play a crucial role in in a healthy 
occlusal function.[12] Furthermore, their mispositioning 
might cause relapse, temporomandibular and occlusal 
disorders, morphologic condylar alterations.[4,9,13‑18] 
Hence, the assessment of BSSRO on condylar 
position in long term is of importance. However, 
effects (especially long‑term effects) of orthognathic 
surgery on the condylar position are assessed in 
a few controversial studies,[9,19,20] and it is not 
yet clarified how condylar positions change after 
orthognathic surgery and whether these changes 
are significant or not.[9,18] A reason might be the 
methodology of assessment. Plain radiographs might 
not properly show condylar position, due to their 

limitations such as distortions and overlaps. Whereas, 
three‑dimensional (3D) imaging methods (such as 
cone‑beam computerized tomography [CBCT]) allow 
the detection of even minor changes in the position of 
condyle with high accuracies.[4,9,21‑23]

This study was conducted given the importance of 
the subject and the controversial results, the small 
number of studies using 3D imaging methods, and due 
to a lack of ample studies on comparison of changes 
in left/right condyles or in women versus men, and 
since no studies had examined the short‑ or long‑term 
changes happening after mandibular set‑back using 
BSSRO surgery in an Iranian population. Its aim was 
to document the positional changes in condylar head 
position up to 8 months after the surgery, using CBCT.

MATERIALS AND METHODS

This study was approved by research and ethics 
code: IR.MAZUMS.REC.95.2295. In this prospective 
before‑after clinical trial, 102 measurements (17 
patients, 2 condyles each, 3 time points) were assed. 
A total of 17 fixed orthodontic patients (10 females 
and 7 males, mean age: 24.05 ± 4.78 years) who 
had skeletal Class III occlusion (with prognathic 
mandible) with moderate discrepancy and were under 
treatment with preadjusted MBT brackets with slot 
22’ were included. Other inclusion criteria were a 
lack of any problems of temporomandibular joint, 
needing mandibular setback surgery using BSSRO 
(for a minimum of 4 mm, a maximum of 6 mm, and a 
mean of 5 mm), and a successful surgery resulting in 
normal overjet and occlusion.

The average reverse jet before orthodontic treatment 
in all patients was 2–3 mm; all patients entered 
the preorthodontic phase without extraction of any 
maxillary teeth and prepared for mandibular setback 
surgery. None of the patients had skeletal deviation. 
All patients underwent only mandibular setback, and 
no maxillary surgery was performed. To release the 
muscles during the surgery, in the distal segment, the 
surgeon released the muscles by his finger, and in the 
proximal segment, a J retractor was used to release 
the muscles.

The period of orthodontic treatment until the time of 
surgery was about 1–1.5 years. For all patients, before 
surgery, 21’ × 25’ stabilizer wires were placed. The 
sample size was predetermined by an epidemiologist 
based on previous studies, in order to obtain test 
powers above 80%.



Figure 1: An example of condylar space measurements.
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Patients’ CBCTs were taken right before surgery (T0), 
immediately after surgery (T1), and 8 months after 
surgery (T2), using a CBCT unit (NewTom, Verona, 
Italy; Kv: 110 exposure time: 3.6 seconds, field of 
view: 12 × 8, Axial condylar view, 110 kvp, 2.77 
mAs). During radiography, patients were in maximum 
intercuspation. Acrylic splint wafers 2.5 mm thin were 
fabricated for each patient using the conventional 
method on a hinge‑axis articulator. CBCTs after the 
surgery were taken with these splint wafers in mouth. 
Due to their thinness, they might not affect the 
condylar position considerably. The taken volumes 
could be re‑oriented in order for the Frankfurt plane to 
become completely horizontal. The T2 duration was 
chosen as 8 months, because postsurgical orthodontic 
treatment of all patients lasted for maximum 
8 months, and the authors wanted to take the final 
CBCT after finishing the orthodontic treatment.

First, a section with the largest anterior‑posterior 
diameter of the condyle was identified,[24] then 
the condyle distance from the temporal fossa was 
measured in the anterior joint space (AJS), posterior 
joint space (PJS), and superior joint space (SJS). The 
space between the condyle and glenoid fossa was 
calculated by Pullinger and Hollender methods. In 
this method, some landmarks are defined and their 
distances are measured. These landmarks are: (a) 
the uppermost point in the glenoid fossa; (b) the 
uppermost point on the condyle; (c) tangent to the 
anterior surface of the condyle from Point A; (d) 
tangent to the posterior surface of the condyle from 
Point A; (e) perpendicular to line A‑C from point C to 
anterior slope of glenoid fossa; and (f) perpendicular 
to line A‑D from Point D to the posterior slope of 
glenoid fossa. AJS: The distance between Points C 
and E. PJS: The distance between Points D and F. SJS: 
The distance between Points A and B [Figure 1].[15,24,25]

The anterior‑posterior index (API) was used to 
determine the condyle position in the temporal fossa: 
API = (PJS − AJS)/(PJS + AJS) ×100. APIs between the 
values “+12 and −12” indicate central condyle position. 
APIs >+12 was considered as anterior position and those 
smaller than −12 were regarded as posterior position. 
API was used to assess the changes in condylar position 
in CBCTs between T0, T1, and T2. It was classified as 
unchanged, backward, and forward displacement.[15]

Statistical analysis
Descriptive statistics and 95% confidence 
intervals (CI) were evaluated. Normality of data 

was confirmed using Kolmogorov–Smirnov test. 
Repeated‑measures analysis of variance (ANOVA), 
repeated‑measures two‑way ANOVA, and paired 
t‑test were used to analyze the data. The software in 
use was SPSS version 25 (IBM, Armonk, NY, USA). 
The level of significance was set at 0.05 for ANOVA. 
It was adjusted to 0.017 for paired t‑test, using the 
Bonferroni method.

RESULTS

Descriptive statistics and 95% CIs are reported 
in Table 1. Almost all assessed mean spaces first 
showed a slight increase immediately after treatment 
that after 8 months returned back to about baseline 
levels [Table 1]. The only mean space that showed 
a different pattern was PJS which increased at each 
interval [Table 1]. None of the three spaces on the 
right or left condyles showed any significant change 
over the 8‑month course of the study (all 6 ANOVA 
P ≥ 0.18).

The mean API on both sides remained between the 
range of “−12 and 12,” and the CI showed that despite 
slight deviations toward outside the normal range, 
they never completely passed this “−12 − 12” range 
of central condylar position [Table 1]. The mean API 
on the right side was negative before and after surgery 
but it had a considerable increase and became positive 
8 months after the surgery [Table 1]. These alterations 
were marginally significant (repeated‑measures 
ANOVA, P = 0.078). On the left side, the mean 
API remained negative throughout the study period 
and decreased considerably between T1 and T2. 
However, its changes did not reach the level of 
significance (P = 0.159). The repeated‑measures 



Figure 2: Trends of mean (95% confidence interval) change in 
the anterior-posterior index of right and left condyles. Negative 
anterior-posterior indexes indicate posterior inclination while 
positive ones indicate anterior inclinations.
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two‑way ANOVA showed that API values were 
not different significantly on the right and left 
sides (P = 0.660); yet, a significant interaction of the 
variables “time and side” was observed (P = 0.031), 
meaning that trends of change in API over time 
differed between the right and left sides [Figure 2].

Pairwise comparisons between intervals showed 
that none of the changes in the condyle parameters 
between T0 and T1 was significant [Table 2]. The only 
significant pairwise comparisons between T1 and T2 
were seen in the right AJS and API as well as the left 
PJS and API [Table 2]. According to the significant 
API values on the right and left sides, the left condyle 
had a posterior displacement after 8 months, while 
the right one had an anterior repositioning after 
8 months [Table 2].

Comparing women with men using repeated‑measures 
two‑way ANOVA, it was shown that the genders 
differed significantly in terms of changes occurred to 
the three measurements: “left SJS, left AJS, and left 
API” (P ≤ 0.05). Left condyle mean SJS and AJS 
were greater in men compared to women in all the 

three intervals [Table 3]. The left condyle mean API 
was greater in women compared to men: In men, the 
left condyle mean API was negative and at about 12 
in the baseline and immediately after the surgery, 
which decreased to about −26 after 8 months; all of 

Table 1: Statistics of all the variables (n=17 for each row). Units of measurement for all variables were 
mm, except for the anterior‑posterior index which was unitless
Time Side Parameter Mean±SD Minimum Maximum Percentiles 95% CI

25th Median 75th

T0 Right SJS 2.01±0.65 1.20 3.00 1.50 1.70 2.75 1.67-2.34
T0 Left SJS 2.41±1.01 0.90 4.40 1.55 2.40 3.30 1.89-2.93
T0 Right AJS 1.69±0.74 0.50 3.80 1.20 1.60 2.05 1.31-2.07
T0 Left AJS 1.64±0.67 0.90 3.60 1.05 1.50 1.95 1.30-1.99
T0 Right PJS 1.44±0.42 1.00 2.30 1.05 1.50 1.65 1.22-1.65
T0 Left PJS 1.54±0.65 0.50 2.80 1.05 1.40 2.00 1.20-1.87
T0 Right API -5.50±26.94 -55.10 50.00 -28.59 -3.45 15.59 -19.35-8.35
T0 Left API -3.97±21.96 -50.00 33.33 -21.54 2.44 12.25 -15.26-7.32
T1 Right SJS 2.08±0.91 0.90 3.60 1.40 1.90 2.95 1.61-2.54
T1 Left SJS 2.50±1.03 1.20 4.50 1.55 2.30 3.40 1.97-3.03
T1 Right AJS 1.75±0.70 1.20 3.90 1.30 1.60 1.85 1.40-2.11
T1 Left AJS 1.79±0.95 1.10 4.50 1.25 1.50 1.80 1.31-2.28
T1 Right PJS 1.54±0.53 0.80 2.50 1.15 1.40 1.95 1.27-1.81
T1 Left PJS 1.73±0.74 0.90 3.70 1.10 1.50 2.25 1.35-2.11
T1 Right API -6.10±23.31 -47.17 25.00 -23.20 -3.70 14.55 -18.09-5.88
T1 Left API -1.01±24.64 -58.33 48.00 -21.40 4.35 16.48 -13.68-11.66
T2 Right SJS 1.92±0.66 1.00 3.30 1.30 1.90 2.60 1.58-2.26
T2 Left SJS 2.42±0.93 1.20 4.40 1.65 2.30 3.10 1.95-2.90
T2 Right AJS 1.49±0.55 0.80 3.00 1.20 1.40 1.55 1.21-1.77
T2 Left AJS 1.76±0.79 1.10 3.70 1.30 1.40 1.85 1.36-2.17
T2 Right PJS 1.63±0.43 0.90 2.40 1.30 1.70 2.00 1.41-1.85
T2 Left PJS 1.36±0.42 0.80 2.00 1.00 1.30 1.75 1.14-1.57
T2 Right API 5.17±22.08 -35.71 42.86 -16.48 7.69 20.90 -6.19-16.52
T2 Left API -10.88±23.64 -57.45 22.58 -28.29 -6.25 10.73 -23.03-1.28

SD: Standard deviation; CI: Confidence interval; T0: Baseline; T1: Immediately after surgery; T2: 8 months after surgery; AJS: Anterior joint space; PJS: Posterior 
joint space; SJS: Superior joint space; API: Anterior-posterior index
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these negative and considerable API values imply a 
posterior position of the left condyle in men [Table 3]. 
Whereas, this variable in women was close to zero in 
the baseline, and it increased to about + 7 immediately 
after the surgery and returned back to about zero after 
8 months; it implied a symmetric anteroposterior 
position of the left condyle in women [Table 3].

DISCUSSION

Keeping the condylar position at its former location 
after orthognathic surgery is important to reduce the 
likelihood of relapse and temporomandibular joint 
disease.[26‑29] In this study, the condylar position was 
mainly in the central area, which was consistent with 
some other studies.[15] The review article of Costa 
et al.[11] as well confirms this finding that slight 
changes can be observed. Other studies have shown 
downward displacement of condyles immediately 
after surgery, following the return of condyles to the 
original form after the recovery period.[8,13,24] Changes 

were observed in this study in the position of condyle, 
but they were mostly small or not generalizable. 
This was consistent with some other studies who 
showed that the changes were not noticeable.[4,8,9,25,30] 
Furthermore, Wang et al.[31] showed that the condylar 
position might return to its original position after 
a 6‑month recovery period. Yet, we observed that 
the lack of overall significance might be mostly due 
to the lack of changes between T0 and T1, as T2 
positions would differ with T1 in some cases. On 
the other hand, other studies have reported a wide 
range of controversial changes following orthognathic 
surgery in condylar head position in most directions 
including forward, backward, downward dislocation 
as well as inward or outward rotations as well as 
rotations on coronal plane.[3,4,7,8,32‑41] This can be 
due to the surgical procedure as well as other risk 
factors including patient posture, masticatory muscle 
tension, the approach for locating the proximal 

Table 2: Pairwise comparisons between different 
time points, using paired t‑test, with a level 
of significance=0.017. Units of measurement 
for all variables were mm, except for the 
anterior‑posterior index which was unitless
Parameter Time n Mean±SD P
∆SJS right T1-T0 17 0.07±0.41 0.49

T2-T0 17 -0.08±0.30 0.25
T2-T1 17 -0.15±0.44 0.16

∆SJS left T1-T0 17 0.08±0.42 0.4
T2-T0 17 0.11±0.35 0.89
T2-T1 17 -0.07±0.38 0.42

∆AJS right T1-T0 17 0.05±0.70 0.73
T2-T0 17 -0.20±0.70 0.24
T2-T1 17 -0.26±0.29 0.002

∆AJS left T1-T0 17 0.15±0.62 0.33
T2-T0 17 0.12±0.44 0.27
T2-T1 17 -0.02±0.33 0.71

∆PJS right T1-T0 17 0.10±0.49 0.38
T2-T0 17 0.19±0.40 0.06
T2-T1 17 0.08±0.37 0.34

∆PJS left T1-T0 17 0.19±0.74 0.3
T2-T0 17 -0.17±0.60 0.24
T2-T1 17 -0.37±0.51 0.009

∆API right T1-T0 17 -0.10±2.56 0.92
T2-T0 17 10.6±2.26 0.07
T2-T1 17 11.2±1.32 0.003

∆API left T1-T0 17 2.95±2.30 0.6
T2-T0 17 -6.91±2.49 0.27
T2-T1 17 -9.86±0.90 <0.001

AJS: Anterior joint space; PJS: Posterior joint space; SJS: Superior joint 
space; API: Anterior-posterior index; T0: Baseline; T1: Immediately after 
surgery; T2: 8 months after surgery; SD: Standard deviation

Table 3: Comparing the statistics of condylar 
parameters of men and women, using repeated‑ 
measures two‑way analysis of variance. Units of 
measurement for all variables were mm, except for 
the anterior‑posterior index which was unitless
Side Parameter Time Mean±SD P

Females (n=10) Males (n=7)
Right SJS T0 1.83±0.63 2.25±0.61 0.27

T1 1.91±0.89 2.31±0.93
T2 1.77±0.71 2.12±0.55

Left SJS T0 1.87±0.64 3.18±0.96 0.01
T1 2.11±0.85 3.05±1.06
T2 2.00±0.71 3.02±0.90

Right AJS T0 1.50±0.46 1.97±0.98 0.11
T1 1.54±0.27 2.05±0.99
T2 1.35±0.27 1.68±0.77

Left AJS T0 1.36±0.36 2.04±0.82 0.01
T1 1.42±0.24 2.32±1.31
T2 1.38±0.21 2.31±0.99

Right PJS T0 1.47±0.47 1.38±0.33 0.53
T1 1.66±0.61 1.37±0.34
T2 1.63±0.48 1.62±0.37

Left PJS T0 1.44±0.60 1.67±0.72 0.98
T1 1.77±0.80 1.67±0.68
T2 1.42±0.46 1.27±0.34

Right API T0 -0.43±2.69 -12.73±2.72 0.24
T1 1.08±2.23 -16.37±2.21
T2 8.11±2.21 0.94±2.32

Left API T0 1.10±1.85 -11.20±2.58 0.052
T1 7.24±1.99 -12.80±2.73
T2 -0.51±2.05 -25.68±2.05

AJS: Anterior joint space; PJS: Posterior joint space; SJS: Superior joint 
space; API: Anterior-posterior index; T0: Baseline; T1: Immediately after 
surgery; T2: 8 months after surgery; SD: Standard deviation
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segment, and fixation methods.[4,42] Furthermore, 
severity of asymmetry might contribute to the extent 
of condylar displacement following surgery.[4,43] 
Moreover, the condylar position alterations might 
differ between different persons depending on various 
factors mentioned above (e.g., surgeon’s expertise, 
surgical procedures, etc.).[9,10,18,20,44,45] Since the 
ongoing orthodontic treatment after surgery is mostly 
performed to stabilize surgical results besides small 
occlusal corrections, it seems unlikely to affect the 
condylar position in the glenoid fossa considerably.

Interestingly, we observed different long‑term 
repositioning directions of the condylar head on 
the left and right sides, while the left condyle 
was posteriorly repositioned, the right one was 
displaced to the anterior side. Still, condyles 
remained mostly in the central position, especially 
in women of the current sample, which was in line 
with some previous studies[9,24] but not with some 
others.[46] And what was observed in left condyles 
of men in this study suggested posterior position. 
The controversy might root in some methodological 
differences including surgical procedures and 
expertise of surgeons, as well as the duration 
after which the condylar position was evaluated.[9] 
Longer recovery periods may allow a greater extent 
of physiologic adaptive bone remodeling (probably 
induced by masticatory functional recovery), 
causing a greater change in the position of the 
condyle.[9,47] In most cases, condyles might 
return back to their original position; Ueki 
et al.[48] reviewed the literature and suggested that 
it is possible for the optimum condylar position 
to differ before and after the surgery, yet it might 
not change considerably, except in the cases of 
asymmetry or temporomandibular defects.[48] Kim 
et al.[25] added that such slight changes can be 
compensated through natural adaptation.[25]

In the present study, the mean left SJS and left AJS 
were greater in men compared to women, which 
might be due to a lower and more anterior condylar 
position in men compared to women, as well as the 
overall larger size of mandible and skeleton in men 
compared to women. This finding was consistent with 
other studies reporting a greater SJS in men compared 
to women.[49] The left condyles were positioned 
posteriorly in men compared to women who had 
mostly central left condyles. We could not find more 
studies comparing women and men.

CONCLUSION

The findings of this before‑after clinical trial suggest 
that condylar heads might not show much changes 
after 8 months postsurgery. However, small changes 
might be observed, and these changes might differ 
between the left and right sides and between males 
and females.
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