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Abstract 

Sagittal split ramus osteotomy (SSRO) is widely used for skeletal mandibular prognathism, 

but various changes are seen after SSRO. Changes in the position of the mandible 

immediately after surgery can lead to unstable occlusion and prolonged orthodontic treatment. 

The aims of this study were to examine the changes in the positions of the proximal fragment 

and the condylar head of the mandible and to investigate the morphological changes in the 

condylar head of the mandible using CT images acquired before SSRO (BO) and 1 month 

(AO1) and 6 months (AO6) after SSRO. 

1. Significant changes in the axial condylar angle were found at BO-AO1 and at BO-AO6.

However, significant changes in measurements on the coronal plane were not found at 

BO, AO1, or AO6. Significant changes in the distance between the mandibular fossa and 

the condylar head of the mandible on the axial plane were also not found at BO, AO1, or 



 

2 
 

AO6. 

2. There were significant differences in the proximal fragment along the X-axis and Z-axis 

from BO to AO1. There was no significant difference in the proximal fragment from 

AO1 to AO6. 

3. The height (SH and CH) of the condyle was significantly decreased from AO1 to AO6. 

4. Changes of the proximal fragment along the X-axis were correlated with the width of the 

condyle, and changes along the Y-axis were inversely correlated with height, sagittal 

width, and axial width of the condyle. Changes of the proximal fragment along the 

Z-axis were inversely correlated with the axial width of the condyle. 

5. Reductional bony change was found in areas B, C, E, and F, while additional bony 

change was found in areas B and G. 

In conclusion, external and superior displacement of the proximal fragment and positional 

changes of the condylar head of the mandible due to external, superior, and internal rotation 

often occurred immediately after SSRO. It was suggested that bone remodeling was found 

from the external surface of the condylar head of the mandible to its antero-superior aspect. 
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Introduction 

Sagittal split ramus osteotomy (SSRO) is widely used to treat skeletal mandibular 

prognathism. There are many reports about the factors related to various changes after 

SSRO1-4). Factors that produce changes immediately after SSRO presumably differ from 

those that produce changes over the long term. In particular, positional changes of the 

mandible immediately after surgery can cause unstable occlusion and necessitate prolonged 

postoperative orthodontic treatment. 

Various studies have examined the changes in the mandibular bone fragment after SSRO5,6). 

They have reported that the positional changes of the mandible were primarily due to the 

traction exerted by the masticatory muscles, such as the lateral pterygoid, mesial pterygoid, 

and masseter. Okuda et al.6) reported that the occlusal force and the force exerted by jaw 

depressors were concentrated on the site of osteosynthesis, thus causing reversion after SSRO. 

Okuda et al. also reported that the position of the bone fragment could change within 6 

months after surgery. Mizuno et al.7) examined changes in the mandible of patients who 

underwent SSRO to correct skeletal mandibular prognathism and found that the extent of 

setback due to surgery and the extent of relapse after surgery were closely correlated. Mizuno 

et al. ascribed this correlation to various factors, such as postoperative occlusion, the path of 

the muscles, the morphology of the condylar head of the mandible and mandibular fossa, the 

position of the mandible, and jaw movement. 
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Previous studies have examined the positional changes of the condylar head of the 

mandible after SSRO in 2 dimensions (2D). Kawamura et al.8) used CT images to measure 

the distance between the condylar head of the mandible and the mandibular fossa on frontal 

and sagittal sections, and they described the positional changes of the condylar head of the 

mandible. Therefore, some studies1-9) have assessed the bone fragment before and after SSRO 

and the displacement of the condylar head of the mandible in 2D. With 2D measurement, it is 

difficult to describe changes in position and morphology of the condylar head of the mandible 

in detail, and 3-dimensional (3D) analysis is considered necessary. However, there have been 

few studies evaluating displacement of the bone fragment and the position and morphology 

of the condylar head of the mandible in three dimensions24, 25, 28). 

The aims of this study were to examine the changes in the positions of the proximal 

fragment and the condylar head of the mandible and to investigate the morphological changes 

in the condylar head of the mandible using CT images acquired before SSRO (BO), 1 month 

(AO1) , 6 months (AO6) after SSRO. 
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Materials and Methods 

1. Subjects 

The subjects were 23 patients (9 males, 14 females; mean ± SD age: 27.3 ± 7.4 years) who 

were diagnosed with skeletal mandibular prognathism by orthodontists of the Nihon 

University Hospital at Matsudo. These patients underwent orthognathic surgery in the form of 

SSRO by the Department of Maxillofacial Reconstruction, Nihon University Hospital at 

Matsudo. All procedures were performed by the same surgeon. The mean setback distance 

was 9.7 ± 3.2 mm. 

Exclusion criteria: patients with occlusal instability after surgery; patients with a 1 mm or 

greater gap of centric occlusion and centric relation; patients with marked facial asymmetry; 

and patients with masticatory muscle pain, temporomandibular joint pain, joint sounds, and 

impaired jaw movement. 

This study was approved by the Ethics Committee of Nihon University’s School of 

Dentistry at Matsudo (approval no.: EC 16-14-041-1). 

2. Reproducibility of measurement 

Reproducibility of measurement points and the imaging method was examined by a 

preliminary experiment using a dry skull following the method of Endo et al.9) The error 

between the measured value on the 3D CT image and the actual measured value was 

analyzed In actual measurement, using the software used in the preliminary experiment, all 

measurements in this study were made by the same individual. All measurements were made 
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in duplicate, and measurement reproducibility was examined. Measurement followed the 

double determination method of Dahlberg et al.9). 

To assess the significance of the error involved in the 3D-CT measurement methods, the 

authors re-assessed a series of 20 subjects two months after the initial measurements were 

taken. In the preliminary experiment, the coefficients of variation were 0.39-1.89%. In 

measuring patient data, the coefficients of variation of the coordinate value and the distance 

measurement were 0.51-2.13% and 0.54-2.21%, respectively. The values showed good 

reproducibility. 

3. Maxillofacial 3D-CT images 

CT images were used to measure the distance between the condylar head of the mandible 

and the mandibular fossa in the coronal and axial planes. CT images were also used to create 

maxillofacial 3D-CT images, and the extent of changes in the proximal fragment and the 

extent of morphological changes in the condylar head of the mandible were measured. In 

addition, the distribution of remodeling of the condylar head of the mandible was determined 

using maxillofacial 3D-CT images. 

3-1) Reconstructing 3D-CT image 

CT images acquired before SSRO (BO), 1 month after SSRO (AO1), and 6 months after 

surgery (AO6) were used. The images were obtained using an Aquilion 64 CT scanner 

(Toshiba Medical Systems, Tokyo, Japan) at this hospital. The imaging parameters were as 

follows: tube voltage, 120 kV; tube current 100 mA; field of view, 240 mm × 240 mm; and 

slice thickness, 1 mm. The scanning range was from the forehead to the chin. The position of 
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the patient’s head was set using a positioning laser. The longitudinal axis of the beam was the 

front of the face, and the horizontal axis of the beam was a plane connecting the tragia and 

left orbit. Occlusion was imaged at the maximal intercuspal position, with the lips gently 

closed. After image acquisition, the acquired CT data were imported and converted to the 

DICOM format and then to the standard triangulated language (STL) format using DICOM 

viewer software (OsiriX, Newton Graphics, Hokkaido, Japan). Data were thresholded using 

3D volume rendering software (Artec Studio 9, Artec 3D, Luxembourg City, Luxembourg). 

The skull and mandible were rendered, and 3D-CT images were reconstructed. 

3-2) Definition of the spatial coordinate system for the 3D CT image 

Standard coordinates were set for 3D image data in the STL format using 3D image 

analysis software (Body-Rugle, Medic Engineering, Kyoto, Japan). The coordinates were 

based on the upper margin of the porions (Po) of the left and right external auditory canals 

and the right infraorbital margin orbitale (Or) on maxillofacial skeletal 3D-CT images. The 

plane defined by the Po on both the left and right sides and the Or served as the Frankfurt 

horizontal (FH) plane (defined here as the axial plane). The plane passing through the Po on 

both the left and right sides and perpendicular to the axial plane served as the coronal plane. 

The plane passing through the center of the Po on the left and right sides and perpendicular to 

the axial plane served as the sagittal plane. A straight line passing through the Po on the left 

and right sides served as the X-axis. A straight line passing through the center of the Po on 
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the left and right sides and perpendicular to the FH plane served as the Y-axis. A straight line 

passing through the origin and perpendicular to the X-axis served as the Z-axis (Fig. 1). The 

left side of the X axis is (+), the upside of the Y axis is (+), and the anterior side of the Z axis 

is (+). 

Liner and angular measurements using 3D images were analyzed, and calculated 

automatically on the computer. 

4. Measurement  

4-1) Measurement of the distance between the mandibular fossa and the condylar head of the 

mandible 

The distance from the mandibular fossa to the condylar head of the mandible was 

measured on the coronal and axial planes at BO, AO1, and AO6. The landmarks for the 

condylar head of the mandible and the mandibular fossa and the measurement points on the 

coronal plane were set. A straight line connecting the most lateral point (LP) and the most 

medial point (MP) of the condylar head of the mandible was divided into 6 equal sections. 

The more LP was defined as the coronal lateral point (CL), the central point was defined as 

the coronal central point (CC), and the more MP was defined as the coronal medial point 

(CM). The point representing the shortest distance from CL to the mandibular fossa was 

designated the lateral space (LS), the point representing the shortest distance from CC to the 

mandibular fossa was designated the central space (CS), and the point representing the 
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shortest distance from CM to the mandibular fossa was designated the medial space (MS). 

The distances LS-CL, CS-CC, and MS-CM were measured (Fig. 2)8). The angle formed by a 

straight line passing through LP-MP and the FH plane represented the coronal condylar angle 

(Fig. 3)8). 

LP and MP of the condylar head of the mandible on the axial plane were identified. The 

point representing the shortest distance from the LP to the mandibular fossa was designated 

the axial lateral space (ALS), and the point representing the shortest distance from the MP to 

the mandibular fossa was designated the axial medial space (AMS). The distances LP-ALS 

and MP-AMS were measured (Fig. 4)8). In addition, the length of a straight line connecting 

the LPs of the left and right condylar heads of the mandibles was measured as the distance 

MSR-Condyle, and the angle formed by the intersection of the straight line LP-MP on the left 

and right condylar heads of the mandibles was measured as the axial condylar angle (Fig. 

5)8). 

4-2) Measurement of changes in the proximal bone fragment and condylar head of the 

mandible 

Three-dimensional CT images at BO, AO1, and AO6 were overlaid, and the extent of 

changes in the proximal fragment and condylar head of the mandible was measured. In order 

to measure the extent of changes in the proximal fragment, 3D-CT images of the chin were 

overlaid in 3D image analysis software (Body-Rugle, Medic Engineering) using the least 
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squares method. The software used an algorithm based on mutual information in a region to 

calculate the optimal position. The most lateral point of the condylar head of the mandible 

(Lp), sigmoid notch (Sn), coronoid process (Cp), and antegonial notch (An) served as the 

landmarks for the proximal fragment, and the extent of displacement was determined on the 

coordinate axes (Figs. 6,7). 

 

4-3) Changes condylar head of the mandible from AO1 to AO6 

In order to measure the extent of changes in the condylar head of the mandible, the images 

were similarly overlaid on the basis of the ramus of the mandible. The extent of changes in 

the condylar head of the mandible was measured in 3 sections: the sagittal plane, axial plane, 

and coronal plane. The most anterior point of the condylar head of the mandible (AP), the 

most posterior point of the condylar head of the mandible (PP), and the highest point of the 

condylar head of the mandible (CoT) were measured on the sagittal plane, and the length of 

AP-PP (sagittal width (SW)) and the distance from CoT to AP-PP (sagittal height (SH)) were 

measured. The MP and LP were measured on the axial plane, and the length of MP-LP (axial 

width (AW)) and the distance through the center perpendicular to MP-LP (axial depth (AD)) 

were measured. MP, LP, and CoT were measured on the coronal plane, and the length of 

MP-LP (coronal width (CW)) and the distance from CoT to MP-LP (coronal height (CH)) 

were measured (Fig. 8). 
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4-4) Correction between displacement of proximal bone fragment from BO to AO1 and 

change of the condylar head from AO1 toAO6 

 The extent of changes in the proximal fragment and the extent of morphological changes in 

the condylar head of the mandible were measured. The measurement points of the proximal 

bone fragment were Lp, Sn, Cp, and An. The measurement points of the condylar head were 

SW, SH, AW, AD, CW, CH. Whether the movement of the proximal bone fragment from BO 

to AO1 was related to the change of which part of the condylar head from AO1 toAO6 were 

evaluated by Pearson 's correlation coefficients. 

4-5) Remodeling of the condylar head of the mandible 

Remodeling at BO and AO6 was compared, and sites where remodeling had occurred were 

determined. LP and MP of the condylar head of the mandible from the axial plane served as 

the long axis, and a straight line perpendicular to that axis was divided into 3 equal sections. 

Sections were divided into 9 areas: Anteromedial (A), Antero-middle (B), Anterolateral (C), 

Medial (D), Middle (E), Lateral (F), Posteromedial (G), Posteromiddle (H), and 

Posterolateral (I) (Fig. 9). The changes of the condylar head were evaluated by the least 

squares method of the 3D-superimposition software (Body-Rugle, Medic Engineering) using 

the mandibular ramus area. The changes of the condylar head were demonstrated using a 

color scale. Nine areas of 46 condyles of 23 subjects were classified into unchanged(less 

than ±0.5mm), additional bony change (+0.5mm or more) and reductional bony change 
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(-0.5mm or less) . The differences in the distance between AO1 and AO6 in the 3D mesh data 

of condylar head were indicated by color scale. The range of less than ± 0.5 mm was 

displayed in gray and represents unchanged. The additional bony change of 0.5 mm or more 

was indicated in red. The reductional bony change by -0.5 mm or less was indicated in blue. 

Chi-square test was performed to compare the ratio of reductional bony change and the ratio 

of additional bony change in each area. 

 

5. Statistical analysis 

The position of the temporomandibular joint, distances between the measurement points, 

angular measurements, the positional changes of the proximal fragment, and morphological 

changes of the condylar head of the mandible were compared using the paired t-test and 

repeated measures ANOVA. The changes in the proximal fragment and condylar head of the 

mandible were assessed using Pearson’s correlation coefficients. The distribution of 

remodeling of the condylar head of the mandible was determined on the basis of bone 

resorption in each areas and the ratio of areas with bone apposition with respect to areas 

without changes. Chi-square test was performed to compare the ratio of reductional bony 

change and the ratio of additional bony change in each area. 
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Results 

1. Distance between the mandibular fossa and the condylar head of the mandible 

There was no significant difference in line and angular measurements on the coronal plane 

(Table 1). There were no significant changes between the variables of the mandibular fossa 

and those of the condylar head of the mandible on the axial plane (Table 2). However, there 

were significant decreases (p < 0.05) in the axial condylar angle between BO and AO1, and 

between BO and AO6 on the axial plane (Table 2). 

2. Displacement of the proximal bone fragment 

On the displacement between BO and AO1, there was significant decrease in Lp on right 

and left sides along the X-axis (p < 0.05), on the contrary, there was no significant difference 

in other measurements (Table 3). On the displacement between AO1 and AO6, there was no 

significant difference in each measurement (Table 4). Comparing two type of fixation, there 

was no significant difference between biodegradable plate and titanium plate (Table 4). 

3. Changes of the condylar head of the mandible at AO1 and AO6 

Significant decreases in SH and CH were found from AO1 to AO6 (p < 0.05). Therefore, 

the height of the condyle was significantly decreased from AO1 to AO6. There were no 

significant differences between AO1 and AO6 in other measurements (Table 5).  
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4. Correlation coefficient between the displacement amount of the proximal bone fragment 

and changes of the condylar head of the mandible  

Changes of Cp along the X-axis were correlated with CW. Changes of Cp along the Y-axis 

were inversely correlated with AD, CW and CH. Changes of Cp along the Z-axis were 

inversely correlated with AW. (Table 6) 

Changes of Lp of the proximal fragment along the X-axis were inversely correlated with 

SW, AD and CW.  

Changes of Sn of the proximal fragment along the Y-axis were inversely correlated with 

SH and AD. Changes of An of the proximal fragment along the X-axis were inversely 

correlated with CH. Changes of An along the Y-axis were closely inversely correlated with 

SH, AD, CW, and CH. 

5. Remodeling of the condylar head of the mandible 

Unchanged was the most frequent in all areas. Chi-square test was performed to compare 

the ratio of reductional bony change and the ratio of additional bony change in each area. 

Reductional bony change were found in areas B, C, E, and F, while signs of additional bony 

change were found in areas D and G (Table 7). 
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Discussion 

Studies have shown that distinct double lines depicting the condylar head of the mandible 

on a cephalogram after SSRO indicate remodeling of the condylar head of the mandible and 

mandibular fossa10-14). However, these studies involved 2D analysis and X-ray analysis; 

therefore, correctly ascertaining displacement in 3 dimensions or the manner of remodeling 

was difficult. Over the past few years, the use of high-speed spiral CT has become 

widespread, and it provides 3D data in a short time. This has facilitated 3D reconstruction of 

the temporomandibular joint15-17). 

In the present study, the proximal fragment was displaced laterally. This caused the 

condylar head of the mandible to be located more externally, and it caused the medial aspect 

of the condylar head to rotate more internally (Fig. 7). These findings are presumably a result 

of positioning of the proximal fragment during surgery and changes in the path of the lateral 

pterygoid and masseter. The lateral pterygoid is attached to the condylar head of the mandible, 

and the masseter is attached to the masseteric tuberosity at the angle of the mandible. 

External displacement of the proximal fragment involves internal traction of the lateral 

pterygoid and upward traction of the masseter4-6,18-19). 

The present results indicated that the extent to which the medial aspect of the condylar head 

of the mandible rotates internally in the mandibular fossa after surgery is a predictor of 

remodeling20-22). 

A previous study reported that remodeling of the condylar head was influenced by factors 
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such as age in the long-term cases over a year or more after surgery. However, remodeling 

was found in a short period of time, i.e., from AO1 to AO6, which was presumably the result 

of external and internal rotation of the condylar head of the mandible.  

Studies that analyzed conventional lateral cephalograms found bone resorption resembling 

remodeling on the anterosuperior and lateral aspects of the condylar head of the mandible 

after orthognathic surgery24-26). The present study analyzed 3D-CT and obtained similar 

results for the same regions. Remodeling of the condylar head of the mandible can be 

attributed to mechanical stress27). This may be because the position of the condylar head of 

the mandible changes after SSRO and is caused by mechanical adaptation after surgery.  

Reductional bony change was often found from the external surface to the anterior and 

anterosuperior aspects of the condylar head of the mandible. In addition, the current results 

suggest that resorption occurred on the superior and lateral aspects of the condylar head of 

the mandible when the proximal fragment was substantially displaced superiorly and 

externally. The condylar head was covered by the articular capsule and tight ligaments, such 

as the lateral ligament. External movement of the condylar head of the mandible presumably 

resulted in additional bony change in the sustained load on the lateral aspect of the condylar 

head of the mandible28-30). 

Bone apposition, albeit slight, was found on the posterior aspect of the condylar head of 

the mandible and particularly on the medial aspect. The findings of bone apposition was 
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found in a position relative to where bone resorption occurred. Changes in the position of the 

condylar head of the mandible occurred because of the expansion of the temporomandibular 

joint space29). 

Displacement of the proximal fragment and positional and morphological changes of the 

condylar head of the mandible were found, but none of the patients had joint symptoms or 

dysfunction after surgery. This is presumably caused by positional changes of the condylar 

head of the mandible after SSRO were within the range of adaptation or because remodeling 

occurred to facilitate adaptation. Nonetheless, the extent of adaptation and risk factors 

affecting adaptation warrant further study in the future. 
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Conclusion 

External and superior displacement of the proximal fragment and changes in the position 

of the condylar head of the mandible with external, superior, and internal rotation occurred 

often immediately after SSRO. It was suggested that bone remodeling was found from the 

external surface of the condylar head of the mandible to its anterosuperior aspect. 
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Fig.1 Definition of the spatial coordinate system for the 3D CT image.  

 

The Frankfort horizontal (axial) plane (X-axis) was defined by the right and left porions and 

the center of the right and left orbitales. The coronal plane (Y-axis) was perpendicular to the 

axial plane, passing through the right and left porions. The sagittal plane (Z-axis) was 

perpendicular to the axial and coronal planes, passing through the center of the right and left 

orbitales. The left side of the X axis is (+), the upside of the Y axis is (+), and the anterior side of the Z 

axis is (+). 

 

Fig.2 Landmarks and linear measurements of the space between the condyle and the glenoid 

fossa. 

 

Line connecting the most lateral point (LP) and the most medial point (MP) was equally 

divided into 6 and lateral point is referred as the coronal lateral point (CL), midpoint as the 

coronal central point (CC), mesial point as the coronal medial point (CM) on a coronal plane. On a 

glenoid fossa, the lateral space (LS), the central space (CS), the medial space (MS) indicates points of 

shortest distance form CL, CC, and CM, respectively. Distances of LS-CL, CS-CC, and 

MS-CM were measured. 
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Fig.3 Landmarks and angular measurements of the condylar heads of mandible on a coronal 

plane. 

 

The angle between the line which go through the most lateral point (LP) and the most medial 

point (MP) and Frankfurt plane was measured as coronal condylar angle. 

. 

 

 

 

Fig.4 Landmarks and linear measurements of the space between the condyle and the glenoid 

fossa on a axial plane. 

 

Lateral point (LP) and mesial point (MP) of mandibular condyle was defined on a axial plane. 

The axial lateral space (ALS) and the axial medial space (AMS) were corresponded as the shortest 

distance from the most lateral point (LP) and the most medial point (MP) respectively. Distances of 

LP-ALS, MP-AMS were measured. 
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Fig.5 Landmarks and angular measurement of the condylar head of mandible on a axial 

plane.  

 

LP : The most lateral point, MP : The most mesial point 

Line connecting both points of the most lateral point (LP) on mandibular condyle was measured 

as distance of the most spacious range (MSR)-Condyle. The angle crossing LP-MP was 

measured as Axial Condylar angle. 

 

 

 

 

 
Fig.6 The landmarks of proximal fragment 

 

Lp : Lateral point of condyle on a sagittal plane 

Sn : Sigmoid notch  

Cp : Coronoid process 
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An : Antegonial notch  

 

Fig.7 Displacement of the proximal bone fragment 

 

Lp : Lateral point of condyle on a sagittal plane, Sn : Sigmoid notch  

Cp : Coronoid process, An : Antegonial notch  

Measure the extent of changes in the proximal fragment, 3D-CT images of the chin were 
overlaid in 3D image analysis software (Body-Rugle, Medic Engineering) using the least 
squares method. The proximal bone fragment of BO displayed in gray, and that of AO1 was 
displayed in green. 
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Fig.8 Landmarks and linear measurements of the condyle from three directions 

 

Sagittal direction : Points are referred as the most anterior point of the head of the mandible 

(AP), the most posterior point of the head of the mandible (PP), and the highest point of the 

head of the mandible (CoT). Distance of AP-PP (SW) and line going through Cot and AP-PP 

(SH) were measured. Axial direction : Points are referred as the most medial point of the 

head of the mandible (MP) and the most lateral point of the head of the mandible (LP) . 

Distance of MP-LP (AW) and line crossing middle point of MP-LP (AD) were measured. 

Coronal direction : Points are referred as the most lateral point of the head of the mandible 

(LP), and the highest point of the head of the mandible (CoT) . Distance of MP-LP (CW) and 

line going through Cot and MP-LP (CH) were measured. 
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Fig.9 Remodeling of the condylar head of mandible from AO1to AO6 

  

A : Anteromedial, B : Antero-middle, C : Anterolateral 

D : Medial E:Middle, F : Lateral G : Posteromedial, H : Postero-middle, I : Posterolateral 

The changes of the condylar head was evaluated by the least squares method that belong to 

3D-superimpose software (Body-Rugle, medic Engineering) using mandibular ramus area. 

The changes of the condylar head were demonstrated by color scale. 

The differences in the distance between AO1 and AO6 in the 3D mesh data of condylar head were 

indicated by color scale. The range of less than ± 0.5 mm is displayed in gray and represents unchanged. 

Additional bony change of 0.5 mm or more is indicated in red. Reductional bony change of -0.5 mm or 

less was indicated in blue. 
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Table 1 Condylar head measurements on a coronal plane 

 

BO : Before SSRO, AO1 : 1 month after SSRO, AO6 : 6 months after SSRO 

CL : Coronal lateral point, CC : Coronal central point, CM : Coronal medial point 

LS : Lateral space, CS : Central space, MS : Medial space  

Coronal condylar angle : A straight line passing through LP-MP and the FH plane 

represented  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

31 
 

 

Table 2 Condylar head measurements on a axial plane 

 

BO : Before SSRO, AO1 : 1 month after SSRO, AO6 : 6 months after SSRO  

LP : Lateral point, MP : Medial point, ALS : Axial lateral space, AMS : Axial medial space 

MSR-Condyle : Length of a straight line connecting the LP of the left and right condylar head 

of mandibles 

Axial condylar angle : The straight line LP-MP on the left and right condylar head of 

mandibles 

 

Table 3 Displacement of proximal bone fragment from BO to AO1 

 

BO : Before SSRO, AO1: 1 month after SSRO 

Lp : Most lateral point of the condylar head of mandible, Sn : Sigmoid notch 
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Cp : Coronoid process, An : Antegonial notch  

Table 4 Displacement of proximal bone fragment from AO1 to AO6 

 

AO1 : 1 month after SSRO, AO6 : 6 months after SSRO  

Lp : Most lateral point of the condylar head of mandible, Sn : Sigmoid notch  

Cp : Coronoid process, An : Antegonial notch  

 

 

 

Table 5 Changes of condylar head between AO1 and AO6 

 

AO1 : 1 month after SSRO, AO6: 6 months after SSRO 

AP : The most anterior point of the condylar head of mandible 

PP : The most posterior point of the condylar head of mandible 

CoT : The highest point of the condylar head of mandible 

SW : The length of AP-PP, SH: The distance from CoT to AP-PP 

AW : The length of MP-LP, AD: The distance through the center perpendicular to MP-LP 

CW : The length of MP-LP, CH: The distance from CoT to MP-LP 
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Table 6 Correlations between displacement of proximal bone fragment from BO to AO1 and 

changes of the condylar head from AO1 to AO6 

 

Lp : Most lateral point of the condylar head of mandible, Sn : Sigmoid notch,  

Cp : Coronoid process, An : Antegonial notch 

AP : The most anterior point of the condylar head of mandible, 

PP : The most posterior point of the condylar head of mandible, 

CoT : The highest point of the condylar head of mandible 

SW : The length of AP-PP, SH : The distance from CoT to AP-PP 

AW : The length of MP-LP, AD : The distance through the center perpendicular to MP-LP 

CW : The length of MP-LP, CH : The distance from CoT to MP-LP 
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Table 7 Remodeling of the condylar head from AO1 to AO6 

 
Unchanged : Less than ±0.5mm, 

Additional bony change : +0.5mm or more increase 

Reductional bony change : -0.5mm or more decrease 

Sections were divided into 9 areas : A (Anteromedial), B (Antero-middle), C (Anterolateral),  

D (Medial), E (Middle), F (Lateral), G (Posteromedial), H (Posteromiddle), I (Posterolateral)  

The changes of  the condylar head was evaluated by the least squares method that belong to 

3D-superimpose software (Body-Rugle, medic Engineering) using mandibular ramus area. 

The changes of the condylar head were demonstrated by color scale. Chi-square test was 
performed to compare the ratio of reductional bony change and the ratio of additional bony 
change in each area. 
 

 

 

 

 

 

 

 

 

 

 


