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Objective: To evaluate the correlation between MPA and skeletal stability after mandibular setback surgery in 
skeletal class III patients at the short-term and long-term post-operative time points.
Materials and Methods: Fifty-eight skeletal class III with mandibular prognathism patients who underwent the 
single-jaw mandibular setback surgery using bilateral sagittal split ramus osteotomy approach were divided into 
two subgroups based on their vertical skeletal configuration. The subjects were twenty-five patients with normal 
mandibular plane angle (21.22° ± 4.86°) and thirty-three patients with the high MPA (> 28.06°). To analyze the 
influence of two facial patterns on post-operative stability, the digital lateral cephalograms were computerized 
and analyzed on three cephalometric anatomical landmarks including B-point, SNB-angle, and mandibular plane 
(MP). The correlation between the amount of MPA and the percentage of skeletal relapse was analyzed with the 
Pearson Correlation Coefficient. 
Results: The mean MPA in the hyperdivergent group (30.02° ± 1.65°) was significantly higher than in the 
normodivergent group (23.65° ± 1.16°). The correlation analysis found that there was a positive correlation 
between MPA and the percentage of skeletal relapse on the B-point in vertical axis and Mandibular plane (MP) 
at short-term follow-up. This positive correlation was also further shown on B-point in horizontal axis, SNB-angle, 
and MP at long-term follow-up. 
Conclusions and Relevance: The skeletal relapse after mandibular setback surgery was positively correlated to 
the mandibular plane angle in skeletal Class III patients. An adjunctive surgical procedure may be needed to 
achieve the long-term successful outcome after orthognathic surgery in skeletal Class III malocclusion with high MPA. 
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Background

	 Orthognathic surgery is the use of surgical 
procedures mainly to correct the dentofacial 
deformity and to improve the imbalanced 
relationship between maxilla and mandible [1]. 
This surgical procedure not only results in an 
improvement of facial appearance and masticatory 
function but also improves the patient’s quality of 

l i fe  both physical ly  and psychosocia l ly . 
Epidemiologic studies found that bilateral sagittal 
split ramus osteotomy (BSSO) has been considered 
the most common surgical procedure used to 
correct the skeletal class III discrepancy mostly 
among the Asian population [2-4]. However, 
reducing the most prevalent postoperative 
complication despite producing satisfactory 
results is highly needed to achieve a successful 
outcome.
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	 Accumulated evidence demonstrated that 
single-jaw mandibular setback is one of the 
problematic surgical procedures in terms of 
postoperative stability and is less predictable due 
to the posterior rotation of the condylar segment 
even in a rigid fixation [5-7]. Recent studies found 
that a higher risk of skeletal relapse after single-
jaw mandibular setback robustly correlated with 
various factors i.e., high magnitude of setback 
distance, clockwise rotation of the mandible, 
skeletal open bite configuration, hyperactivity of 
masticatory muscle, and large tongue volume with 
the high position [8-10]. Mandibular plane angle 
(MPA) is one of three key angles used to determine 
the pattern of facial growth except a cranial base 
angle and facial axis angle [11]. The comparison 
of mandibular plane angle shown in those Asian 
samples was larger than in the Caucasian. 
According to Chatkupt’s study revealed that the 
average of MPA in Thai people is 21.22 ± 4.86° 
[11]. In agreement with Kim’s study found that an 
average MPA in Korean subjects with normal 
occlusions and well-balanced profiles is 23.87° ± 
4.19° in males and 23.65° ± 5.19° in females [12]. 
Whereas, Tweed reported the standard or normal 
range of MPA in Caucasians was 22° to 28° 
projecting a skeletal pattern with a normal growth 
direction [13]. Moreover, Tweed suggested that a 
steeper mandibular plane angle results in a poor 
prognosis in relation to the facial esthetic [13].
	 The patient with class III high angle 
malocclusion is characterized by the prognathic 
mandible, steep mandibular plane, steep occlusal 
plane, larger gonial angle, lower face height, and 
hyperdivergent skeletal pattern. This complex 
skeletal discrepancy requires multiple directions 
of surgical movement to correct the maxillary-
mandibular relationship which may create 
postsurgical skeletal relapse by causing the 
clockwise rotation of the distal segment and 
forward shifting of the mandible and condyle into a 
preoperative former position. In case of presenting 

normal maxilla position, treating the class III high 
angle patients has been a challenge for surgeons 
considering between single-, versus double-jaw 
surgery and concerning prognosis. Additional 
surgical approaches such as subapical osteotomy 
and genioplasty may be required in specific cases [1].
	 Although the postoperative stability after 
mandibular setback surgery has been reported in 
many studies over the past decade. However, the 
influence of the post-operative period on skeletal 
stability following mandibular setback in skeletal 
class III patients with different vertical facial 
pattern are not well known. The purpose of this 
study was to evaluate the correlation between the 
MPA and skeletal stability after mandibular setback 
surgery in skeletal class III patients at the short-
term and long-term post-operative time points. We 
hypothesize that under controlling the magnitude 
of setback movement in the horizontal axis, the 
skeletal relapse in single-jaw mandibular setback 
surgery in skeletal class III patients is strongly 
correlated to the preoperat ive high MPA 
configuration.

Materials and Methods

Study design and sample 
	 To address the research purpose, the 
investigators designed and implemented The 
Human Experimentation Committee, Office of 
Research Ethics, Faculty of Dentistry, Chiang Mai 
University approved retrospective study by 
investigating orthodontic, surgery, and medical 
records. The study population consisted of all 
patients presenting for evaluation and who 
underwent single-jaw mandibular setback surgery 
between 2013 and 2015. To be included in the 
study sample, patients had to be: 1) non-growing 
adults (>15 years old female and >18 years old 
male); 2) diagnosed with a skeletal Class III with 
mandibular prognathism that preoperative SNB 
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angle is more than 84.61°with normal or high MPA 
(Figure 1a); 3) treated with mandibular setback 
surgery involving BSSO followed by rigid internal 
fixation without additional surgery (including any 
types of maxillary surgery, subapical osteotomy, 
and genioplasty); 4) have diagnostic quality lateral 
cephalograms at the indicated time points. Both 
digital and analogue lateral cephalograms were 
taken at time points: immediately or less than 
3-month before surgery (T0), at immediately or 
less than 2 weeks after surgery (T1), 6 months 
after surgery (T2), and 2-year after surgery (T3) 
the analogue cephalograms were converted to the 
digital format by computerize scanning.

Cephalometric evaluation 
	 All the lateral cephalogram analyses and 
measurements were performed by using ImageJ® 
software as described in the previous study [14]. 
Briefly, ImageJ was used to calculate area and 
pixel value statistics or measure distances and 
angles of user-defined selections as well as to 
calibrate an unequal magnification to be equal 
(Figure 1b), to eliminate the dimensional error of all 
cephalograms produced from different x-ray 
sources. All measurements were performed by 
one examiner in a dark room with an appropriate 
environment. All cephalograms were computerized 
analysis, orientated with the horizontal plane at 7° 

Figure 1	 Cephalometric evaluation using ImageJ® software. (a) A lateral cephalogram of skeletal class 
III patient (MPA>26.09°); (b) Setting the pixel aspect ratio by using set scale function of 
ImageJ®; (c) Cephalometric landmarks, lines, angles, and planes used in this study; (d, e) 
The cephalogram was rotated by using ImageJ® to establish an angulation of S-N line to be 
7°, B-point in horizontal axis and vertical axis were measured in millimeters perpendicular to 
X and Y axis, respectively; (f, g) Measurement of B-point on X-Y cranial base coordinate 
system. (h-k) Angular measurement of SNB-angle and mandibular plane.
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to the Sella-Nasion line [15]. Four cephalometric 
landmarks of hard tissue including B-point,  
Pg-point, SNB-angle, and mandibular plane (MP) 
were identified in Table 1 and Figure 1c [16].
	 In order to locate the position of B and Pg 
points, the X-Y cranial base coordinate system 
was constructed on the radiograph system [17]. 
An X-axis as a horizontal reference line was drawn 
7° to the sella-nasion line (SN) and a Y-axis as a 
vertical reference line was drawn perpendicular to 
the X-axis at the sella point (Figures 1d-e) then B 
and Pg points were measured in millimeters (mm) 
perpendicular to X and Y axis respectively  
(Figures 1d-1e).

Presurgical evaluation 
	 The subjects were divided into 4 subgroups 
to study stability and relapse according to their 
presurgical MPA and follow-up time point as 
follows:
	 Group A1: skeletal Class III patients with 
high MPA (≥ 26.09°) who are able to obtain high-
quality lateral cephalograms at T0, T1, and T2.
	 Group A2: skeletal Class III patients with 
high MPA (≥ 26.09°) who are able to obtain high-
quality lateral cephalograms at T0, T1, and T3.
	 Group B1: skeletal Class III patients with normal 
MPA (21.22° ± 4.86°) who are able to obtain high-
quality lateral cephalograms at T0, T1, and T2 
	 Group B2: skeletal Class III patients with 
normal MPA (21.22° ± 4.86°) who are able to 
obtain high-quality lateral cephalograms at T0, T1, 
and T3

Table 1	 The definition of cephalometric landmarks, lines, angles, and planes used in this study.

Landmark Definition

Sella (S) The center of sella turcica.

Nasion (N) A point at the anterior limit of the nasofrontal suture.

B-point (B) The most posterior point on contour of mandible between 
incisor tooth and body of chin.

Menton (Me) The most inferior midline point on mandibular symphysis.

Gonion (Go) The midpoint of the angle of mandible.

Porion (PO) The midpoint of the line connecting the most superior 
point of the radiopacity generated between by the two ear 
rods of the cephalostat.

Orbitale (Or) A point located at the lowest point on the external border 
of the orbital cavity.

Sella-Nasion plane (S-N) Sella-Nasion plane (S-N) The line between Sella and 
Nasion.

Go-Me, Tweed’s mandibular plane (MP) The line between Gonion and Menton.

Frankfurt horizontal plane (FH) The line between Orbitale and Porion.

SNB Angle (SNB) The angle between SN plane and NB line.

Mandibular plane angle (FMA/MPA) The angle between FH plane and MP plane.
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Table 2	 Demographic data of all subjects. 

Group
Number 

of subjects
Age (years) Mean age 

(years)Min Max

A (High MPA, mean MPA = 30.02 ± 1.64)

	 Male 9 17.2 30.7 24.79 ± 2.49

	 Female 24 17.8 35.56 26.68 ± 2.76

B (Normal MPA, mean MPA = 23.35 ± 1.16)

	 Male 11 18.2 26.02 22.11 ± 1.63

	 Female 14 16.4 32.6 24.5 ± 2.78

Evaluation of the surgical technique and initial 
surgical movement
	 The medical and treatment records of all 
subjects were evaluated. Nasoendotracheal 
intubation was performed in all subjects who 
underwent a single-jaw mandibular setback 
surgery without additional surgery (including any 
types of maxillary surgery, subapical osteotomy, 
and genioplasty). Rigid fixation was accomplished 
by two four-holes titanium plates. All subjects were 
hospitalized overnight without a record of serious 
complications. At the time of discharge, they were 
instructed for a one-week in-office follow-up 
appointment to obtain a physical and radiographic 
examination. All subjects received a four-week 
period of intermaxillary fixation, and they were 
advised to follow a high-protein liquid diet. The 
initial surgical movement distance in each group 
was measured at B-point as a linear change 
(measurement at T0 - measurement at T1) in both 
horizontal and vertical axes on an X-Y cranial base 
coordinated system (Figures 1d-1e).

Postoperative skeletal relapse evaluation 
	 Postsurgical skeletal relapse was defined as 
a shifting of landmarks of interest into the opposite 
direction of the surgical direction correction.  
The postsurgical positional change greater than  
2 mm is clinically significant and is considered  
a skeletal relapse as previously described in a 

previous study [18]. The position B-point, Pg-point, 
SNB-angle, and MP of all subjects were located on 
the X-Y cranial base coordinate system at each 
time point (Figures 1d-1k) before use for 
assessment of skeletal relapse relative to their 
initial surgical movement as follows:
	 (1) In group A1 and B1, a percentage of 
skeletal relapse regarding all reference landmarks 
were determined by measurement of the different 
position between T2-T1in relative to T0-T1. 
	 2) In group A2 and B2, a percentage of 
skeletal relapse regarding all reference landmarks 
were determined by measurement of the different 
position between T3-T1in relative to T0-T1. 

Statistical analysis 
	 All data were expressed as mean ± standard 
error of the mean (SEM). All statistical analyses 
were performed by using GraphPad Prism software 
version 8.2.1 for macOS. The correlation between 
the degree of MPA and the percentage of relapse was 
investigated by Pearson’s correlation coefficient (r). 
P-value less than 0.01 was considered as a statistically 
significant difference. 

Reliabilities of measurements
	 All cephalogram measurements were 
repeated for correction of systematic and 
accidental errors. An intra-examiner calibration of 
all lateral cephalograms was performed. The inter-
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examiner reproducibility was conducted by the 
other four examiners within two-week to one-
month after the first investigation, as suggested in 
the previous study [19]. All five investigations 
showed high correlations with Pearson’s product-
moment correlation coefficients of 0.847 to 0.933 
(p<0.001). This indicated that the cephalometric 
landmarks measurements of the investigator were 
satisfied with a very high reproducibility. 

Results

Demographic data and preoperative cephalometric 
assessment at T0
	 Demographic data of all subjects were 
reported in Table 2. A total of 58 patients; 38 
females and 20 males who were identified as 
having undergone a single-jaw mandibular 
setback were included in this study. All subjects 
were obviously separated into two different facial 

types on the basis of MPA. Of the 58 patients, 33 
patients presented high MPA configuration (group 
A, mean MPA = 30.02 ± 1.64), and 25 patients 
presented normal MPA (group B, mean MPA = 
23.35 ± 1.16).

Correlation between MPA and the percentage of 
skeletal relapse at short-term post-operative time 
point (6-month)
	 The correlation analysis found that a large 
positive correlation between MPA and the 
percentage of skeletal relapse was shown on the 
B-point in vertical axis (Figure 2b, p<0.001,  
r = 0.8030) and MP (Figure 2d, p< 0.001, r = 0.8538) 
at short-term post-operative time point. However, 
there was no correlation between MPA and the 
percentage of skeletal relapse found on the 
B-point in the horizontal axis (figure 2a) and SNB-
angle at this time point (Figure 2c).

Figure 2	 Correlation between the degree of mandibular plane angle and the percentage of skeletal 
relapse on different cephalometric landmarks at short-term postoperative time point 
(6-month). (a) B-point in the horizontal axis; (b) B-point in the vertical axis; (c) SNB-angle;  
(d) mandibular plane.  
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Correlation between MPA and the percentage of 
skeletal relapse at long-term postoperative time 
point (24-month)
	 The correlation analysis found that a large 
positive correlation between MPA and the percentage 
of skeletal relapse was shown on the B-point in the 
horizontal axis (Figure 3a, p<0.001, r = 0.7313), 
SNB angle (Figure 3c, p<0.001, r = 0.6036), and 
MP (Figure 3d, p < 0.001, r = 0.7673) at long-term 
postoperative time point. However, there was no 
correlation between MPA and the percentage of 
skeletal relapse found on the B-point in vertical 
axis (Figure 3b) at this time point.

Discussion

	 Accumulated evidence indicated that 
postoperative skeletal stability is affected by 
different facial patterns [18]. Thus, the correlation 
between vert ical facial configuration and 

postoperative stability in skeletal class III patients 
was determined in this study. The results of this study 
showed that high MPA was positively correlated 
with the degree of skeletal relapse in both short-term 
and long-term, postoperatively. Moreover, the skeletal 
relapse was remarkably shown in the vertical axis 
as similarly found in the previous study [20]. Our 
findings suggested that Skeletal Class III malocclusion 
with high MPA would have a higher risk in 
postoperative skeletal relapse after a single-jaw 
mandibular setback surgery than those who have 
a normal MPA especially in the vertical axis.
	 The subjects in this study showed a female 
predominance (65.52%), indicating a sample bias 
in gender distribution. Based on the esthetic 
purposes, a higher proportion of subjects who 
underwent orthognathic surgery were seen in 
females than in males and this concept has been 
demonstrated by the observed gender distribution in 
previous studies of orthognathic surgery patients [21]. 
To eliminate the effect of growth on mandibular position, 

Figure 3	 Correlation between the degree of mandibular plane angle and the percentage of skeletal 
relapse on different cephalometric landmarks at long-term postoperative time point 
(24-month). (a) B-point in the horizontal axis; (b) B-point in the vertical axis; (c) SNB-angle; 
(d) Mandibular plane.  
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the ages of subjects in each group should be similar. 
Our results as shown in demographic data confirm 
that all subjects were non-growing adults with a mean 
age of 25.73 years old as comparable found in the 
previous study [20]. According to the findings of 
this study, the overall skeletal relapse rate after 
mandibular setback of our 58 subjects in this study 
was found by 42.24% similar to previous studies 
which reported a skeletal relapse of 38.9 – 51.4% 
[22-25]. A variety of factors affecting postoperative 
skeletal relapse have been demonstrated in 
previous studies including vertical facial pattern, 
occlusal plane and type of occlusion, condylar 
remodeling, mandibular growth, and the differences 
in the time of follow-up [20, 26]. Regarding the 
postoperative period, a smaller skeletal relapse 
rate was reported in the short-term than in the 
long-term as similarly found in our present study 
[27]. Many subjects tend to get more relapse of 
hard tissue when time passes due to the condylar 
resorption, especially in high-angle patients [28]. 
In contrast with the previous studies [5, 24, 29] 
reported main relapse mostly takes place 
immediately after surgery within the first 6 months 
while our present study found a greater skeletal 
relapse rate in long term follow-up at 24-month 
than 6-month after surgery at both types of facial 
pattern. Regarding our results, these findings 
proposed that the causes of preferred stability in 
the short term after surgery may associated with 
early management of postoperative stabilization 
such as proper seating of condyle in glenoid flossa 
to avoid a condylar sag, the optimal splinting and 
intermaxillary fixation period, routine postoperative 
follow up and patient compliance to instructions [18].
	 In accordance with previous reports, there 
may be subtypes of Class III malocclusion that have 
specific and different responses to the surgical 
treatment [30]. Our results confirmed that there is 
a significant correlation between facial type and 
relapse pattern. Our findings revealed that the 
highest relapse rate of either normal MPA or high 

MPA group was found on mandibular plane alteration. 
On the other hand, the most stable parameter was 
SNB angle, and the minimum value was found  
6 months after the surgery period. From these 
results, a surgical movement direction should be 
considered. A larger movement or surgical movement 
in a subject with a more obtuse mandibular plane 
angle would be more likely to result in an initial stretch  
of the muscle itself because the greater the direction 
and amount of movement, the greater the likelihood 
that the limits of extensibility of the connective tissues 
will be exceeded [18]. Consistently, our present 
found a vertical movement in the high MPA group 
was nearly double that in the normal MPA group, 
whereas hor izontal  movement displayed  
a relatively similar pattern between the two groups. 
Our results indicate that a vertical relapse is more 
obvious than a horizontal relapse, especially in  
the high MPA group at long-term time point.  
These findings are significant in understanding the 
long-term stability of orthognathic surgical outcomes 
and may have important clinical implications.  
Our results support the notion that the evaluation of 
long-term stability should consider the patient's 
vertical facial configuration as a crucial factor. 
Vertical relapse appears to be more conspicuous in 
individuals with high MPA, highlighting the importance 
of post-operative follow-up and potential interventions  
to mitigate vertical changes. These findings also 
emphasize the necessity of individualized treatment 
planning, including the possibility of adjunctive 
surgical procedures such as intentional ostectomy 
of the posterior part of the distal segment or 
simultaneous mandibular angle resection and 
BSSRO to enhance the stability of surgical 
outcomes after mandibular setback which have 
been proven in previous studies [31, 32]. Conducting 
further studies to explore modifications in surgical 
techniques and other innovative approaches is  
a critical step toward improving the long-term 
stability after mandibular setback in skeletal class 
III patients with high MPA.
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Limitation
	 Some of the lateral cephalograms in this 
study were from the patient file and taken without 
randomization. In addition, the lateral cephalograms  
in this study were taken from different x-ray machines 
and technicians. Although no patient in this study 
experienced a second operation to correct an 
unexpected outcome, there is still no determining 
patient satisfaction in this study. A patient’s perceived 
satisfaction and quality of life after definitive 
treatment should be concerned in further study.

Conclusion

	 Postoperative skeletal stability is affected by 
different facial patterns. Understanding the stability 
and relapse patterns associated with single-jaw 
mandibular setbacks is crucial for both clinicians 
and patients, as it helps inform treatment planning 
and expectations. Skeletal Class III malocclusion with 
high MPA would have a higher risk of postoperative 
skeletal relapse after a single-jaw mandibular setback 
surgery than those who have a normal MPA, especially 
in the vertical axis. Our study thus contributes valuable 
information to the field, enabling a more comprehensive 
assessment of treatment options for patients with 
high mandibular plane angle. An adjunctive surgical 
procedure and other innovative approaches may be 
needed to achieve the long-term successful outcome.
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