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Condylar position and mandibular function after bilateral 
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ABSTRACT
AIM: The purpose of this retrospective study was to perform an evaluation of postoperative positional 
changes of the condyle and mandibular function after bilateral sagittal split osteotomy (BSSO) with manual 
proximal segment positioning. 
PATIENTS: 45 patients were divided into the 2 groups ‒ G1 (advancement ‒ 14 patients) and G2 (setback 
– 31 patients). Rigid internal fi xation screws were utilized in all cases. Inclusion criteria were only BSSO, no 
TMJ symptoms preoperatively and age 18 or older. 
RESULTS: The differences between pre- and postoperative condyle position were evaluated using 
measurements taken from preoperative CT scans and compared to CT scans made a minimum of 6 months 
postoperatively. The positional changes in both the axial and sagittal planes were measured and compared. 
The recovery of mandibular function was evaluated by measuring maximal interincisal opening (MIO). 
The results revealed that condylar positional changes after BSSO in both groups were minimal and not 
signifi cantly different for all three dimensions measured. The recovery of mandibular function was faster in 
the group G2 than in the group G1. Mandibular function reached almost preoperative level in 6-12 months 
postoperatively in both groups. 
CONCLUSION: The results demonstrated that following BSSO, only insignifi cant condylar displacement and 
functional changes occurred within 6 to 12 months postoperatively (Tab. 4, Fig. 2, Ref. 47). Text in PDF
www.elis.sk.
KEY WORDS: condylar position, bilateral sagittal split osteotomy (BSSO), mandibular function, condylar sag, 
temporomandibular joint (TMJ) Text in PDF
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Introduction

The accuracy of condylar positioning after bilateral sagittal 
split osteotomy (BSSO) of the mandible infl uences the postopera-
tive skeletal stability (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13). The 
importance of positioning the condyle correctly in the fossa has 
been emphasized by an increased use of rigid or semi-rigid fi xa-
tion (9, 10, 11, 12, 13). At surgery, when the condyles are seated 
properly in its preoperative relation to the glenoid fossa, any 
postoperative occlusal discrepancies should be corrected by the 
orthodontist (9, 10, 11). If the condyles are not seated properly, 
relapse may occur immediately after an intra-operative removal 
of the maxillomandibular fi xation (MMF), or later (7, 12, 13).

Intra operative positioning of the mandibular condyles is chal-
lenging, however, essentially remains the responsibility of the 
surgeon. Condylar position may be affected by a direction and 
amount of mandibular movement, the anatomy of the condyle 
and glenoid fossa, the anatomy of the mandible, intersegmental 
interferences, or the type of internal fi xation. To avoid unfavour-
able condylar rotation (peripheral sag), it is important to maintain 
the bony gap between the proximal and distal segments of the 
mandible (11, 13, 14, 15, 16). Trying to achieve a complete bony 
contact between the proximal and distal segments using bicorti-
cal screws often results in condylar rotation (peripheral sag) and/
or displacement (11, 13, 15, 16). It is well known that alteration 
in condyle position as the result of orthognathic surgery can not 
only lead to malocclusion, but to the development of signs and 
symptoms of temporomandibular disorders (TMD) and condylar 
resorption as well (11, 14, 16). For these reasons, several proxi-
mal segment positioning devices have been proposed. It remains 
controversial whether the use of these positioning devices results 
in a stabile occlusion and better long-term functional outcomes (4, 
8, 17, 18, 19, 20, 21). In addition, there has also been some con-
troversial discussion whether rigid (i.e. positional vs lag screws) 
or rather semi-rigid (i.e. plates and screws) osteosynthesis proce-
dures should be applied for achieving the optimum postoperative 
position of the condyle within the glenoid fossa (2, 3, 5, 22, 23).
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The aim of this retrospective study was to perform a three- 
dimensional evaluation of postoperative positional changes of the 
condyle and to assess mandibular function by measuring maxi-
mum interincisal opening (MIO) after BSSO using a manual 
condylar positioning and rigid internal fi xation with bicortical 
positional screws. 

Patients and methods

This retrospective study was approved by the local ethics 
committee (Ethical committee at University Hospital Ruzinov, 
Ružinovska 6, Bratislava, Slovakia). 

This study consisted of 45 patients, 34 female and 11 male, 
who underwent BSSO surgery at the Department of Oral Maxil-
lofacial Surgery, Comenius University, University Hospital Ruz-
inov, Bratislava, Slovakia from January 2015 to December 2017. 
Patient´s age ranged from 18 to 49 years (mean age 30 years). The 
inclusion criteria for the study were: minimum of 18 years of age, 
mandibular deformity (Class II or III malocclusion), BSSO surgery 
only, no TMD symptoms, no prior TMJ surgery, and the availability 
of preoperative computed tomography (CT) scans and postopera-
tive follow-up CT scans obtained at least 6 months after BSSO. 

The patients were divided into the 2 groups. Group 1 (G1) with 
skeletal Class II malocclusions (14 patients), and Group 2 (G2) 
with skeletal Class III malocclusions (31 patients). Each group 
was further divided into 2 subgroups: mandibular symmetry (S) 
or asymmetry (AS), evaluating the midlines between upper and 
lower incisors. The amount of advancement of the mandible in G1 
(n = 14) ranged from 2 to 9 mm bilaterally (mean 4.7 mm). Man-
dibular setback in all the patients of G2 (n = 31) ranged from 0 to 
10 mm bilaterally (mean 4.3 mm). The surgical movements in the 
G1 and G2 subgroups are demonstrated in the Table 1. 

Mandibular function before BSSO was evaluated in all the 
patients to assure that they were free of TMJ symptoms (sounds, 
pain, restricted function). Preoperative maximum interincisal open-
ing (MIO) in all the subjects ranged from 32 to 62 mm (mean 47 

mm). In the group G1, MIO ranged from 32 to 49 mm (mean 44 
mm), in the group G2, MIO ranged from 38 to 62 mm (mean 51 
mm) (Tab. 2).

Condylar position

CT images (Somatom Plus 4, Siemens, Germany) were ob-
tained to evaluate preoperative and postoperative condylar position 
utilizing 1.5 mm axial and sagittal slices. The images were done 1 
to 3 days preoperatively and at minimum 6 months postoperatively 
(6 to 8 months, mean 7 months). 

Applying the measuring methodology proposed by Harris et 
al (3) and modifi ed by Lee and Park (19), preoperative and post-
operative condylar positions were evaluated from the CT scans 
taken in closed mouth position. The condylar position in glenoid 
fossa was measured from axial view focused on mediolateral and 
angular changes. Axial scan image measurements were performed 
at the level of the greatest mediolateral dimension of the condylar 
heads. The condylar angulation was determined from the midsag-
ittal line drawn from the base of the vomer to the midpoint of the 
clivus of the sphenoid (line A), and a line drawn along a condylar 
axis from the lateral to medial condylar poles (line B). The angular 
measurement was made between lines A and B (AB angle). The 
mediolateral position was measured from the midsagittal line A to 

Group of patients:
G1                    

S
AS

14 patients
9 patients
5 patients

advancement from 2–9 mm (mean 4.7)
2–9 mm (mean 5.8)
left 2–8 mm (mean 5.4) right 2–6 mm (mean 3.0)

 G2                           
S

AS

31 patients
17 patients
14 patients

setback from 0–10 mm (mean 4.3)
2–9 mm (mean 4.0)
left 2–10 mm (mean 4.4) right 0–7 mm (mean 4.4)

Tab. 1. Mandibular distal segment movement (advancement/setback) 
(measured in millimetres (mm).

Group of patients
G1                                

 S                             
     AS                            

32–49 mm (mean 44.0)
37–49 mm (mean 45.0)
32–45 mm (mean 42.0)

G2                                
       S                           
      AS                          

38–62 mm (mean 51.0)
39–62 mm (mean 52.0)
38–59 mm (mean 50.0)

Tab. 2. Preoperative mandibular function (maximal interincisal open-
ing – MIO) (measured in millimetres (mm).

Fig. 1. Evaluation of the condylar position on axial scan images.

Fig. 2. Evaluation of the condylar position on sagittal scan images.
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the medial pole of the condyle intersecting with a perpendicular 
line C (CC distance) measured in millimetres on each side (Fig. 1). 

Superior-inferior and anterior-poster ior changes were mea-
sured from sagittal CT scan images chosen from the slices at the 
midpoint of the condyle. Superior-inferior changes were measured 
from the distance between line D, drawn from the tip of portion 
to the inferior surface of the articular eminence, and line E drawn 
from the superior condylar surface, parallel to line D. The distance 
between lines D and E (ED distance) was measured in millimetres. 
Anterior-posterior displacement was measured on line D, measured 
between portion and intercept point of D and F lines. Line F was 
drawn from the most superior point of the condyle perpendicular 
to line D (Fig. 2). The amount of condylar positional change was 
defi ned by comparing the preoperative and postoperative condylar 
measurements (Tab. 4). 

Results

Mandibular function recovery 
Postoperative MIO was measured at 7 days, 1, 3, 6, and 12 

months postoperatively. Postoperative mandibular function was 
restricted during the fi rst 3 months. At 6 months postoperatively, 
the function was almost at preoperative level in each group. G1 
functional recovery lagged behind G2. G1 MIO was lower, when 
compared to G2 during postoperative period. Measurements re-
vealed a signifi cant restriction of the mandibular function during 
the fi rst 3 months postoperatively in both groups. At 6 months 
postoperatively and later, in both groups mandibular function 
reached the preoperative level.

12 months postoperatively G1 MIO ranged from 31 to 49 
millimetres (mean 43.1 mm). There were signifi cant differences 
between G1 (S) and G1 (AS). The fi nal G1 (S) MIO was superior 
to G1 (AS). G2 MIO ranged from 38 to 64mm (mean 48.5 mm). 
There were insignifi cant differences comparing the subgroups G2 
S/AS MIO. The fi nal function 12 months postoperatively in all the 
study groups ranged from 31 to 64 mm (mean 46.1 mm) (Tab. 3).

Evaluation of the condylar position
Axial scan images 

Group G1
Comparison of preoperative and postoperative CC distance in 

the group G1 revealed the following results. Paired sample t test 
revealed no signifi cant differences in CC distance on left and right 
sides pre and postoperatively t(13) = 0.389, p = 0.704. Despite a 
symmetric/asymmetric movement of distal segment, there were 
minimal positional differences at CC postoperatively (Tab. 4).

The measurement of preoperative and postoperative AB angle 
in the group G1 and their comparison revealed the following re-
sults: Paired sample  t test revealed no signifi cant differences on the 
left side t(13) = 0.188; p = 0.854, and also on the right side t(13) = 
2.022; p = 0.064. The measured differences showed a slight post-
operative inward rotation of right condyles (mean ‒3.67 degree, 
SD = 6.79) and also on the left side (‒0.429 degree, SD = 8.55), 
as well as no signifi cant difference between the changes on each 
side t(26) = 1.111, p = 0.277 (Tab. 4).

Group G2
Comparison of preoperative and postoperative CC distance in 

the group G2 revealed the following results: Paired sample t test 
revealed no signifi cance due to surgery for left side t(30) = 0.35, p 
= 0.729 and for right side t(30) = ‒1.39, p = 0.173. The measured 
differences were less than 1.0 millimetre (left side M = ‒0.18, SD 
= 2.87; right side M = 0.37, SD = 1.46). An independent sample t 
test revealed no signifi cance of CC differences after surgery t (60) 
= ‒0.947), p = 0.347 (Tab. 4).

Preoperative AB angle measured on left side ranged from 
51.4‒88.0 degrees (mean 70.08, SD =  7.73), on right side ranged 
from 51.4‒87.6 degrees (mean 70.63, SD = 9.06); postoperative 
AB angle on left side ranged from 51.7‒81.5 degrees (mean 65.68, 
SD = 7.23) with signifi cant values after surgery(t (30) = 3.812, p 
= 0.001), on right side ranged from 52.0‒78.5 (mean 66.59, SD 
= 6.65), the change due to surgery also being signifi cant (t(30) 
= 3.265, p = 0.003). The measured angles showed a signifi cant 
slight postoperative inward rotation on both sides, on left side the 
mean inward rotation was ‒4.39 degrees ( SD = 6.42), the right 
side mean inward rotation was ‒4.03 degrees (SD = 6.88) (Tab. 4).

Sagittal scan images 
Group G1
Preoperative ED distance measured on left side ranged from 

‒1.05‒4.45 mm (mean 1.31, SD = 1.40), on right side from 0‒3.36 
mm (mean 1.68, SD = 0.91); postoperative ED distance on left 
side ranged from ‒0.75‒4.27 mm (mean 1.19, SD = 1.58), on right 
side from ‒0.5‒3.8 mm (mean 1.71, SD = 1.31) The differences 
were not signifi cant in paired samples t test on each side (on the 
left side t(13) = 400, p = 0.695 and for right side t(13) = ‒0.177, 
p =0.862). The vertical measurements revealed postoperative 
changes less than 1.0 mm on left side, mean differences were ‒0.12 
(SD = 1.14). On right side, the mean differences were 0.03 (SD = 
0.69), which was not signifi cantly different than the changes on 
each side t(26) = ‒0.434; p = 0.668 (Tab. 4).

Preoperative FD distance on left side ranged from 8.17‒14.8 
degrees (mean 11.17, SD = 2.1), on right side ranged from 

Group of patients                                                                                                   7th day  1 3 6 12months
G1                                                                 
       S                                                    

      AS                                                        

14–29 (20.4)
14–29 (21.2)
16–24 (19.6)

22–34 (27.9)
22–34 (28.7)
22–32 (27.2)

27–40 (34.5)
28–40 (35.8)
27–38 (33.2)

29–48 (38.2)
34–47 (40.0)
29–48 (36.4)

 31–49 (43.1)
41–49 (45.4)
31–49 (40.8)

G2                                                        
       S                                                    

      AS                                                    

10–32 (21.3)
18–28 (21.8)
10–32 (20.9)

19–42 (31.8)
22–42 (32.8)
19–40 (30.8)

20–59 (39.1)
28–59 (40.5)
20–49 (37.7)

23–64 (45.1)
36–64 (46.8)
23–53 (43.4)

38–64 (46.1)
44–64 (49.8)
38–59 (48.5)

Tab. 3. Postoperative mandibular function (maximal interincisal opening – MIO) (measured in millimetres (mm).
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9.71‒13.8 degrees (mean 12.1, SD = 1.35); postoperative FD 
distance on left side ranged from 8.66‒14.3 degrees (mean 10.93, 
SD = 1.59), on right side from 7.90‒13.1 degrees (mean 11.43, 
SD = 1.64). There was no signifi cant difference in the change in 
FD between the pre- and postoperative left side (t(13) = 0.458, p 
= 0.655 and the right side t(13) = 1.354; p = 0.199).

Postoperative measurements revealed a slight anterior move-
ment less than 1 mm. On the left side, the mean movement was 
0.61 mm; on right side, the mean movement was 0.25  mm.

Postoperative measuring revealed a slight posterior movement 
less than 1mm, on left side, the mean movement was ‒0.24 mm 
(SD = 1.93). On the right side, the mean movement was ‒0.63 mm. 
SD = 1.73), with no difference in the movement changes between 
the left and right side t(26) = 0.563, p = 0.578 (Tab. 4).

Group 2
Preoperative ED distance on left side ranged from ‒1.29‒3.8 

mm, (mean 1.55, SD = 1.42); on right side from ‒0.92‒3.58 mm, 
(mean 1.54, SD = 1.14), postoperative ED distance on left side 
ranged from ‒1.72‒4.33 mm (mean 1.46, SD = 1.37), on right side 
from ‒1.8‒3.4 mm (mean 1.38), paired samples t test revealed no 
signifi  cant effect of the surgery on left side t (30) = 0.350), p = 729.

The vertical measurements revealed minimal less than 1.0 mm 
change on the left side ‒0.09 mm (SD = 0.85), on the right side 
‒0.24 mm (SD = 0.93). There was no signifi cant positional change 
postoperatively t(60) = ‒0.947; p = 0.347 (Tab. 4).

Preoperative FD distance on left side ranged from 8.5‒14.2 
mm, (mean 11.2, SD = 1.53); on the right side from 8.45‒14.5 
mm, (mean 11.41, SD = 1.49); postoperative FD distance on left 
side ranged from 9.63‒15.5 mm, (mean 11.88, SD = 1.67), on the 
right side from 7.92‒15.2 mm, (mean 11.73, SD = 1.91), with a 
signifi cant impact of surgery on the left side t (30) = ‒2.58, p = 
0.015, on the right side the changes were not signifi cant t(30) = 
‒1.337, p = 0.191. 

Measuring the pre- and postoperative differences in anterior-
posterior position revealed the mean anterior movement of 0.68 
mm (SD = 1.46) on the left side; while on the right side, the mean 
anterior movement was 0.31 mm (SD = 1.31). There was no sig-
nifi cant difference between FD changes neither on the left nor the 
right side t (60) = 1.03, p = 0.307 (Tab. 4).

 
Discussion

Failure to position the condyle accurately in the fossa can result 
in condylar sag and malposition. Reyneke (11) defi ned condylar 
sag as an immediate or late change in position of the condyle in 
the glenoid fossa after a surgical establishment of a pre-planned 
occlusion and rigid fi xation of the bone fragments leading to 
a change in the occlusion. Condylar malposition can lead to skel-
etal relapse, malocclusion, remodelling of condylar head and/or 
condylar resorption (1, 6, 14, 20, 24, 25).

Condylar malposition can also lead to TMJ dysfunction and 
pain. There are many factors affecting postoperative condylar 
position, such as: anterior, posterior or rotational positioning of 
the distal segment during surgery, mandibular anatomy, fi xation 
method and the surgeon´s experience (26, 27, 28, 29).          
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Mandibular osteotomy and repositioning of the distal segment 
often creates a natural gap between the segments (3, 4, 16). This 
gap should be maintained and the segments not forced together 
(4, 11, 13, 16). 

Kang et al (16) suggested that it is important to keep the in-
tersegmental space by using an autogenous bone graft to avoid 
condylar displacement. Also, it is apparent that the intersegmen-
tal space can be maintained by the experienced surgeon without 
bone graft. Reyneke (11) suggested that condylar relationship to 
the glenoid fossa is not only critical, but is probably the most de-
manding step in the BSSO procedure. Reyneke also fi nds that it 
is ironic that this is the part of the surgical procedure not visible 
to the surgeon and that he/she has to rely of “feeling“ and expe-
rience (10, 11). 

Harris et al. reported notable changes in condylar position fol-
lowing BSSO. These authors argue that such changes were mainly 
related to the amount of movement of the distal segment, degree of 
distal mandibular segment rotation and mandibular shape. 

Depending on the underlying preoperative skeletal malocclu-
sion, Neff & Horch observed considerable postoperative variations 
in the position of the functional axiographic hinge axis of the con-
dyles compared to the 9-24 months after orthognathic surgery. In 
Class II individuals, the terminal hinge axis was found in a cra-
nial position 9 and 24 months postoperatively, whereas Class III 
patients with a mandibular setback demonstrated the hinge axis 
position inferior and anterior compared to the preoperative refer-
ence points. 

Verhelst et al (23) stated that the BSSO induced biomechanical 
stresses at the TMJ. This biomechanical stress can lead to a pro-
cess frequently called „physiological joint remodelling“. When 
joint remodelling surpasses its physiological limits, pathological 
remodelling can occur regardless of whether the patient had pre-
existing TMJ dysfunction. The question of why one overloaded 
joint develops TMD and another develops condylar resorption 
remains an enigma (30, 31, 32, 33, 34). In the same article, the 
authors state that in the postoperative phase, three types of bio-
mechanical stresses are possible at the TMJ ‒ prolonged altera-
tion of the condyle position, tension in the muscles attached to 
the mandible, and postoperative orthodontic forces incurred with 
the use of elastics. 

Ochs (24) observed that fi xation with 3 bicortical positional 
screws was 3 times more stable than the use of miniplates and 
monocortical screws. Murphy et al (25) reported similar results 
and suggested that 3 bicortical positional screws also had economic 
advantages over miniplates and monocortical screws. 

Kim et al (20) evaluated positional changes of the condyle 12 
months in patients following the correction with Class III maloc-
clusion and the factors affecting postsurgical position. In the study, 
cone beam tomography (CBCT) was performed preoperatively, 2 
weeks, 3 months, 6 months and 12 months postoperatively. Con-
dylar rotation in sagittal and coronal planes were evident after 3 
and 6 months. However, condylar position was relatively stable 
after 6 months. 

There are a paucity of studies in literature that focuses on 
the evaluation of postoperative condyle position and mandibu-

lar function (35, 36, 37, 38, 39). Successful outcomes in terms 
of mandibular function can be evaluated in different ways, such 
as by the presence or absence of joint noise, MIO measurement, 
and mandibular movements with and without pain (40, 41, 42, 43, 
44). The initial decrease in MIO at 1‒6 months postoperatively is 
described in most studies (22, 26, 27, 45, 46, 47). The causes of 
this fi nding have been related to a combination of the formation 
of scar tissue and/or infl ammation, as well as new mandibular 
and TMJ positioning. MIO and mandibular mobility in all excur-
sions was virtually at their preoperative level at 1year follow-up 
in the present study. Veldhuis et al (26) in their systematic review 
found no damaging effect of orthognathic surgery on TMJ func-
tion. Likewise, the present study demonstrates that BSSO appears 
to have minimal effect on mandibular function. Patient didn´t get 
any special professional physiotherapy after surgery.

In the present study, for the comparison of the subject´s pre and 
6 months postoperative CT images, it is important to consider the 
adaptative and remodelling potential of the condyles. There were 
insignifi cant three-dimensional condylar positional changes in both 
study groups (G1, G2), despite the symmetric and/or asymmetric 
movements of the distal segments at surgery. 

Comparing mandibular function pre and postoperatively, the 
functional recovery in the group G1 was slower than in the group 
G2. Despite an acceptable fi nal postoperative mandibular func-
tion, there was a decreased MIO in the group G1, when compared 
to the group G2. The adaptive and regenerative potential of soft 
and hard TMJ tissues must be considered in this regard as well as 
the attention to the underlying skeletal malposition and the fun-
damental alteration of functional geometry of TMJ and mandible 
after orthognathic surgery. 

The results from this study revealed minimal condylar posi-
tional changes after BSSO with rigid internal fi xation and man-
ual positioning of the proximal fragment. There was no direct 
correlation between the amount and direction of the mandibular 
movement and condylar positional changes. Maintaining the in-
tersegmental space is important to minimize postoperative con-
dylar displacement. 

In this study, there were insignifi cant changes detected in 
all directions of condylar position. Comparing the groups G1 
and G2, there were insignifi cant differences in the postopera-
tive period for functional recovery. Finally, mandibular function 
reached the preoperative level between 6 and 12 months post-
operatively. 

Based on this study, the authors conclude that performing 
BSSO using a manual repositioning and utilizing screw rigid 
fi xation results in minimal condylar displacement. Therefore, the 
BSSO procedure in the patients without preoperative TMD signs 
and symptoms appears to be a stable and predictable surgical pro-
cedure with a minimal negative effect on TMJ function. Future 
studies should focus on patients with TMD symptoms before the 
orthognathic surgery. 
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