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ABSTRACT

Objective: To study the effect of orthodontic-straight jaw combined therapy of skeletal Angle class III malocclusion on 
temporomandibular joint (TMJ) morphology and mandibular movement function. 

Methods: 38 patients with skeletal Angle class III malocclusion admitted to our hospital from January 2019 to December 
2020 were selected as the research object and given the orthodontic treatment combined with bilateral sagittal split ramus osteotomy 
(BSSRO) for straight jaw to compare their indexes of TMJ morphology and mandibular movement function before and after treatment. 

Results: One month after surgery, various joint space indexes were significantly different compared with those before surgery; 
except for the left S1, there were statistical differences among the remaining indexes after correction when comparing with those at 
postsurgical one month, but no obvious difference was obtained if comparing with those before surgery; at 1 month after surgery, 
patients’ right P01 and P02 were significantly different from those before surgery, but were recovered to the presurgical status after 
correction; the left P02 at postsurgical 1 month was significantly higher than that before surgery and after correction; 5 of 11 patients 
with clicking of joint and 5 of 6 patients with abnormal mouth opening were healed, with statistically significant differences before and 
after treatment; in addition, no obvious change was seen in Angle I, Angle II and Height. 

Conclusion: Applying the orthodontic-straight jaw combined therapy in the treatment of skeletal Angle class III malocclusion 
does not cause change in the glenoid fossa morphology or TMJ disorder related diseases, also, as some patients with abnormal mouth 
opening and clicking of joint were healed after treatment, it has certain efficacy to treat TMJ disorders. 
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Introduction

Skeletal Angle class III malocclusion is a 
common deformity in the clinic that has serious 
adverse effect on patients’ facial appearance, 
language function and occlusal function, and even 
causes disorders of the internal mandibular joint 
in severe causes(1-4). Currently, mild Angle class III 
malocclusion is usually treated with orthodontic 

therapy alone in the clinic with better results, but 
for patients with severe condition, to achieve a 
fine outcome while realizing facial aesthetics and 
stable occlusal function, the orthodontic-straight 
jaw combined therapy should be adopted. Bilateral 
sagittal split ramus osteotomy (BSSRO) combined 
with the orthodontic treatment before and after 
surgery is a common scheme for treating skeletal 
Angle class III malocclusion in the clinic(5-8). The 
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rigid internal fixation technique used in BSSRO 
surgery is conductive to bone tissue healing, 
guaranteeing a desirable outcome. However, further 
research on postoperative stability and complication 
prevention and cure is still required in the medical 
field. Theoretically speaking, BSSRO should have 
positive effect on TMJ for it corrects the abnormal 
jaw, but cases with TMJ disorder were found in 
patients after BSSRO in the clinic. 

Based on this, 38 patients with skeletal Angle 
class III malocclusion admitted to our hospital were 
selected as the research object to deeply explore the 
effect of orthodontic-straight jaw combined therapy 
of skeletal Angle class III malocclusion on TMJ 
morphology and mandibular movement function.

 
Materials and methods

General information
38 patients with skeletal Angle class III 

malocclusion admitted to our hospital from January 
2019 to December 2020 were selected as the research 
object, with the male-female ratio being 22:16, initial 
age for treatment being 19-28 years old, and the mean 
age being (22.4±1.5) years old.

Inclusion criteria:
• Patients had skeletal Angle class III 

malocclusion (∠ANB<-5°, ∠IMPA<85°) with incisor 
compensation;  

• Patients were over 18 years old with complete 
craniofacial growth and development;  

• Patients’ medical records were complete; 
• The study was approved by the Hospital 

Ethics Committee, and patients and their family 
members signed the informed consent after fully 
understanding the research objective and process.

Exclusion criteria for patients:
• Trauma induced malformation and cleft lip 

and palate deformity; 
• craniofacial congenital genetic syndrome; 
• History of maxillofacial surgery; 
• Presence of cognitive dysfunction, motor 

dysfunction or communication dysfunction.

Methods

Presurgical orthodontic: 
• Based on factors including patients’ dentition 

crowding degree, compensation degree, degree of 
incoordinate dental arch, nasolabial angle of soft 
tissues, and depth of Spee's curve, the appropriate 

tooth extraction mode was selected to relieve the 
crowded dentition and align the upper and lower 
teeth so that the ideal occlusal curve could be 
recovered(9-12); 

• The dental compensation was removed. 
Normally, maxillary extraction would be adopted 
for more obvious compensation of premaxillary 
teeth labial tipping, while non-extraction mode was 
suitable for those with less obvious upper dentition 
problem or slight compensation of premaxillary 
teeth labial tipping; 

• The shape and arch width of the upper and 
lower teeth were coordinated; 

• For orthodontic treatment, the stage model 
was observed periodically to analyze the occlusivity 
of jaw retention at the rearmost of dentition and 
clear occlusal interference, preventing postsurgical 
relapse.

Orthodontic surgery
Based on the degree of deformity in patients, 

the unimandibular surgery (BSSRO for lower jaw) or 
the bimaxillary surgery (BSSRO for lower jaw plus 
Le Fort I osteotomy for upper jaw) was determined. 
During the surgery, accurate wearing of splint was 
required to implement the internal fixation of bone 
segment by the IRF technique. Intermaxillary 
elastic traction was performed with planting nail 
in conjunction with hot compressing for swelling 
reducing and attention on diet after surgery(13-14). 

Postsurgical orthodontics and maintenance
The fixation period of rigid internal fixation 

surgery usually lasted for 2-3 weeks, so orthodontic 
treatment was possible around the 4th postsurgical 
week to mainly stabilize the re-established positional 
relation of jaw, close the remaining spaces, and finely 
adjust the occlusion(15-17) with the following specific 
steps. 

• The loose brackets were trimmed and the 
dentition was adjusted with high-elastic arch wire. 
Usually the maxillary incisor torque was controlled 
with a square arch wire, and the thinner NiTi 
round arch wire was selected for the first wire in 
postoperative orthodontics of lower jaw; 

• The remaining spaces were closed with the 
sliding mechanism after replacing with the stainless 
steel square wire; 

• Upon replacement, the sagittal relation 
between the upper and lower jaws was adjusted by 
auxiliary short class III traction to stabilize the new 
jaw relation and prevent tooth disarray; 
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• Triangular traction could also be used to 
finely adjust the occlusal relation, and the vertical 
elastics in anterior teeth area was used to correct and 
maintain proper occlusal coverage relation; 

• The time for patients to stop intermaxillary 
traction after stable occlusion could be appropriately 
increased to prevent recurrence; in addition, occlusal 
interference and poor contact of adjacent teeth were 
observed and adjusted timely during orthodontic 
treatment.

X-ray film and measurement. Patients’ 
anteroposterior and lateral skull X-ray films, 
intercuspal position (ICP), standard Schüller’s 
projection of the largest mouth opening, and 
panoramic tomography were taken before and 
after treatment with the same equipment. The joint 
spaces and glenoid fossa morphology were measured 
according to the Cohlmia method (see Figure 1). 

The superior border of the joint X-ray film 
negative was the baseline L1, which was paralleled 
to L2, L3 and L4; L2 was tangential to the superior 
border of glenoid fossa at SF, L3 was tangential to 
the superior border of condyle at SC, and L4 was 
tangential to the top of articular eminence at AE; 
passing through SF, one line was tangent to the 
anterior border of condyle at AC, and the other was 
tangent to the posterior border of condyle at PC; the 
line passing through AC and vertical to the tangent 
of the anterior border of condyle was tangential to 
the anterior border of glenoid fossa at AF, and the 
line passing through PC and vertical to the tangent 
of the posterior border of condyle was tangential 
to the posterior border of glenoid fossa at PF; and 
L5 and L6 were the tangents to the anterior oblique 
plane and posterior oblique plane of glenoid fossa, 
respectively.

Observation indexes
• Posterior joint space (P1), the distance from 

PF to PC. 
• Superior joint space (A1), the distance from 

AF to AC. 
• Upper joint space (S1), the distance from SF 

to SC. 
• Height of articular eminence (Height), the 

vertical distance from AE to L2. 
• Angle 1, the angle between L1 and L5. 
• Angle 2, the angle between L6 and L5. 
• P01=P1/A1, indicated the sagittal position of 

condyle. 
• P02=S1/Height, indicated the vertical position 

of condyle. 
• Angle 1, Angle 2 and Height, indicated the 

glenoid fossa morphology.

Statistical processing
In this study, the data processing software was 

SPSS20.0, the picture drawing software for data was 
GraphPad Prism 7 (GraphPad Software, San Diego, 
USA), items included were enumeration data and 
measurement data, methods used were X2 test, t-test, 
and normality test, and differences were considered 
statistically significant at P<0.05.

Results

Comparison of joint spaces before and after 
treatment

One month after surgery, various indexes of 
patients were significantly different from those before 
surgery (P<0.05); except for the left S1, there were 
statistical differences among the remaining indexes 
after correction when comparing with those at one 
month after surgery, but no obvious difference was 
obtained when comparing with those before surgery 
(P>0.05), see Table 1.

Figure 1: Schematic diagram of Cohlmia method.

Before
surgery

1 month after
surgery

After
correction

Right

P1 (mm) 2.98±0.73 3.66±1.23* 3.05±0.91**

A1 (mm) 2.01±0.76 2.64±0.85* 2.03±0.74**

S1 (mm) 2.67±1.05 3.72±0.51* 2.59±0.68**

Left

P1 (mm) 2.91±1.18 3.62±1.23* 2.88±0.82**

A1 (mm) 1.97±0.68 2.89±0.54* 2.11±0.75**

S1 (mm) 2.88±0.62 3.56±0.83* 2.69±0.67

Table 1: Comparison of joint spaces before and after tre-
atment (n=38, x̅±s).
*indicated P<0.05 versus before surgery; and **indicated 
P<0.05 versus one month after surgery.
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Right condyle position and glenoid fossa 
morphology

At 1 month after surgery, patients’ right P01 
and P02 were significantly different from those 
before surgery (P<0.05), but after correction, they 
returned to the presurgical status (P>0.05); and the 
differences in Angle 1, Angle 2 and Height were not 
significant before and after treatment (see Figure 2 
and Table 2).

Left condyle position and glenoid fossa 
morphology

No obvious change was seen in the left P01, 
Angle 1, Angle 2 and Height during the treatment; 
and P02 at 1 month after surgery was significantly 
higher than that before surgery and after correction, 
with statistical differences (see Figure 3 and Table 3).

Comparison of TMJ function
Five of eleven patients with clicking of joint and 

five of six patients with abnormal mouth opening 
were healed, with statistical differences before and 
after treatment (P<0.05), see Table 4.

Discussion

The effect of orthodontic-straight jaw combined 
therapy, especially on the joint spaces, has always 
been a focus in the clinic and a key study point of 
many scholars(18-21). Ieva gavar(22) et al. previously 
used CT scan and 3D finite element method to 
conclude that the therapy could change the spatial 
position of mandible, and at the same time the stress 
environment of each structure within joint spaces 
was changed accordingly, which was beneficial to 
the recovery of joint function. With BSSRO surgery 
for skeletal Angle class III malocclusion, the width 
between mandibular ramuses would be decreased, 

Figure 2: Comparison of right P01 and P02 (n=38, 
x̅±s). Note: The horizontal axis indicated P01 and P01, and 
the vertical axis indicated the values. Patients’ P01 and P02 
before surgery were (1.26±0.47) and (0.13±0.05), respectively; 
Patients’ P01 and P02 at 1 month after surgery were (1.04±0.41) 
and (0.27±0.11), respectively; Patients’ P01 and P02 after 
correction were (1.25±0.49) and (0.13±0.04), respectively; 
*from left to right indicated that P01 and P02 before surgery 
were significantly different from those at 1 month after surgery 
(t=2.1744, 7.1424, P=0.0329, 0.000); and **from left to right 
indicated that P01 and P02 at 1 month after surgery were 
significantly different from those after correction (t=2.0262, 
7.3733, P=0.0464, 0.000).

Time point Angle1 (°) Angle 2 (°) Height (mm)

Before surgery 124.29±8.45 78.61±10.59 8.37±1.58

1 month after surgery 126.73±7.95 80.17±9.88 8.45±1.67

After correction 126.12±8.26 79.54±10.13 8.39±1.55

Table 2: Comparison of Angle 1, Angle 2 and Height 
(n=38, x̅±s).

Figure 3: Comparison of left P01 and P02 (n=38, x̅±s). 
Note: The horizontal axis indicated P01 and P02, and the 
vertical axis indicated the values. Patients’ P01 and P02 
before surgery were (1.17±0.35) and (0.16±0.05), respectively; 
Patients’ P01 and P02 at 1 month after surgery were (1.12±0.51) 
and (0.29±0.08), respectively; Patients’ P01 and P02 after 
correction were (1.15±0.48) and (0.18±0.06), respectively; 
*indicated that P02 before surgery was significantly different 
from that at 1 month after surgery (t=8.4945, P=0.000); and 
**indicated that P02 at 1 month after surgery was significantly 
different from that after correction (t=6.7809, P=0.000).

Time point Angle1 (°) Angle 2 (°) Height (mm)

Before surgery 123.52±7.54 75.59±10.01 8.33±1.82

1 month after surgery 125.43±8.17 73.49±9.75 8.46±1.91

After correction 123.69±7.63 74.76±12.89 8.41±0.78

Table 3: Comparison of Angle 1, Angle 2 and Height  
(n=38, x̅±s).

Clicking of joint Abnormal mouth opening

Before treatment 11 (28.95) 6 (15.79)

After treatment 4 (10.53) 1 (2.63)

X2 4.0699 3.9337

P 0.044 0.047

Table 4: Comparison of TMJ function [n(%)].
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leading to the change in condyle position, but after 
a period of self-regulation, the condyle would return 
to its original position. The results also shown that 
one month after surgery, various joint space indexes 
were significantly different compared with those 
before surgery; except for the left S1, there were 
statistical differences among the remaining indexes 
after correction when comparing with those at 
postsurgical one month, but no obvious difference 
was obtained if comparing with those before surgery, 
indicating that joint spaces were enlarged obviously 
and the condyle moved backward but self-adjusted 
to normal after correction, which was related to the 
changes in the occluding relation and the relation 
between maxilla and mandible; in addition, TMJ 
space was basically recovered after correction due 
to the stress change in the internal structure of TMJ, 
stimulating the absorption of condyle and TMJ 
remodeling and realizing new tissue balance. The 
literature of Ishida(23) et al. mentioned that although 
the condyle position was changed after performing 
BSSRO, the conclusion that condylar cartliage had 
the ability to adapt to a new stress environment was 
drawn according to the change in patients’ bone 
mineral density. 

The study also found that at 1 month 
after surgery, patients’ right P01 and P02 were 
significantly different from those before surgery, 
but were recovered to the presurgical status after 
correction; the left P02 at postsurgical 1 month was 
significantly higher than that before surgery and 
after correction, indicating that the sagittal position 
of condyle moved backward and downward. In 
addition, no obvious change was seen in indexes that 
reflect the glenoid fossa morphology such as Angle 
1, Angle 2 and Height. 5 of 11 patients with clicking 
of joint and 5 of 6 patients with abnormal mouth 
opening were healed, with statistically significant 
differences before and after treatment, presenting 
that the orthodontic-straight jaw combined therapy 
could reduce poor joint symptoms in patients with 
TMJ disorder. After three years of follow-up, 
Johannes Alexander Tamme(24) and other scholars 
found that the original joint symptoms of the patients 
decreased from 72.6% to 25.4%, and that the stable 
occlusion functional environment could alleviate 
TMJ disorder after orthognathic surgery. Besides, 
Emma McCrory(25) et al. also mentioned in their 
study that after orthognathic surgery, the proportion 
of patients with joint pain, snapping or other joint 
disorder symptoms was decreased from 38% to 26%, 
and that of patients with more than one symptoms 

was decreased from 16% to 5%, proving that the 
orthognathic surgery was beneficial to relieve TMJ 
disorder, which was consistent with the conclusion 
of this study.

In conclusion, applying the orthodontic-
straight jaw combined therapy in the treatment of 
skeletal Angle class III malocclusion does not cause 
change in the glenoid fossa morphology or TMJ 
disorder related diseases, also, as some patients with 
abnormal mouth opening and clicking of joint were 
healed after treatment, it has certain efficacy to treat 
TMJ disorders.
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