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ORIGINAL ARTICLE

Temporomandibular joint stability after two types of maxillary impaction 
surgery in patients with skeletal class II open bite due to condylar 
deformations: a preliminary study
Koichi Fujitaa,b, Shuhei Minamiyamaa, Risa Usumi-Fujitab, Susumu Omuraa, Hikaru Takasua, Yosuke Yamashitaa, 
Koji Hondab,c, Haruki Imaia,b, Toshinori Iwaic, Makoto Hirotaa, Takashi Onob and Kenji Mitsudoc

aDepartment of Oral and Maxillofacial Surgery/Orthodontics, Yokohama City University Medical Center, Kanagawa Japan; bDepartment of 
Orthodontic Science, Tokyo Medical and Dental University (TMDU), Bunkyo-ku, Tokyo, JAPAN; cDepartment of Oral and Maxillofacial 
Surgery, Yokohama City University Graduate School of Medicine, Kanagawa, Japan

ABSTRACT
Purpose: The aim of this study was to evaluate the effect of two types of mandibular 
autorotation concept (MAC) surgery using maxillary impaction combined with a straight lock-
ing miniplate (SLM) technique on the condyles of patients with skeletal Class II open bite.
Materials and methods: Fourteen female patients with skeletal Class II mandibular retrusion 
with open bite were included in this study. The patients were divided into two groups based on 
the type of MAC surgery performed: a group of subjects who underwent maxillary impaction 
only (MAC-1 group) and a group of subjects who underwent maxillary impaction combined 
with mandibular osteotomy (MAC-2 group). A 3D-printing CAD/CAM wafer was fabricated. The 
SLM technique was performed to stabilize the vertical maxillomandibular relationship during 
surgery. A computed tomographic image was obtained preoperatively as well as on the third 
post-surgical day and 1 year post-surgically to evaluate the relapse by assessing changes in 
cephalometric measurements, condylar volume, and condylar surface area.
Results: Neither the MAC-1 group nor the MAC-2 group showed significant changes in their 
condylar surface area that could have led to skeletal relapse. The condylar volume was 
significantly decreased in the MAC-2 group, but the affected location did not contribute to 
the relapse of the mandibular position.
Conclusion: Our findings suggest that MAC surgery with the SLM technique in patients with 
skeletal Class II retrognathia did not result in post-surgical relapse or further deformation and 
resorption of the condyle; rather, it yielded promising functional and morphological stability.
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1. Introduction

Osteoarthritis (OA) of the temporomandibular joint 
often causes mandibular retrusion and open bite, 
which complicates orthodontic/orthognathic treatment. 
Although excessive loading due to trauma and unstable 
occlusion is thought to be related to OA development 
[1], its aetiology and pathology still remain unknown. 
Distraction osteogenesis of the shortened mandibular 
ramus, advancement of the mandible, and counter- 
clockwise rotation of the mandible have been used to 
treat mandibular retrusion. However, there is a risk of 
relapse, and the post-surgical outcomes of these treat-
ment modalities are often poor because they are known 
to cause relapse and/or condylar re-resorption. 
Therefore, a camouflage orthodontic treatment invol-
ving extraction of the premolars is often resorted to.

Surgical counter-clockwise rotation of the mandible 
induces extension of the jaw-closing muscles and soft 
tissues, which exerts a load on the condyle, resulting in 

its further deformation and resorption [2–5]. Hence, 
a new approach to avoid this post-surgical relapse 
has been a requisite for many years. Maxillary impac-
tion, which is often used to treat mandibular retro-
gnathism, changes the occlusal relationship by 
relocating the mandible in an anterosuperior direction. 
This phenomenon is called mandibular autorotation 
(MA) and has been utilized for orthognathic surgery 
since the 1980s, even though its outcome is difficult to 
predict [6–8]. However, recent development of 3D 
simulation and surgical treatment using computer- 
aided design/computer-aided manufacturing (CAD/ 
CAM) splint (wafer) enables the accurate replication 
of the predicted MA. We reported in a previous study 
that a long-term post-surgical stability of the mandib-
ular position obtained after the maxillary impaction 
procedure using MA concept (MAC) is significantly 
better than that obtained by using the conventional 
two-jaw surgery [8].
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MAC-based surgery (MAC surgery) controls the 
resulting amount of post-surgical mandibular 
advancement, thus reducing the probability of relapse 
due to condylar resorption and increasing the post- 
surgical stability of the outcomes. Here, we hypothe-
sized that MAC surgery performed in patients with 
mandibular retrognathism retains the compromised 
shape of the condyles. In this study, we examined 
whether the condylar shape after MAC surgery in 
patients with skeletal Class II open bite due to condylar 
deformations has a preserving effect on the condyle.

2. Materials and methods

2.1. Patients

We retrospectively recorded the morphometric changes 
in the condyles of patients with skeletal Class II open 
bite due to condylar deformation who underwent MAC 
surgery at Yokohama City University Medical Center 
between 2013 and 2016. This study was approved by 
the Institutional Review Board of Yokohama City 
University (No. B201000008). All 14 patients were 
18 years of age or older and provided informed consent 
prior to enrolment. Patients with a history of facial frac-
ture, syndromes, and those with unavailable or not 
completely identifiable series of lateral cephalograms 
were excluded. The inclusion criteria were skeletal 
Class II open bite caused by OA of the condyle. 
Condylar deformity was confirmed by CT in accordance 
with the national criteria for the diagnosis of temporo-
mandibular joint disorder [9]. Surgery was planned 
using a simulation software (ProPlan CMF, Materiarize, 
Belgium) and the wafer was fabricated using the CAD/ 
CAM method. CT was performed with a 64-slice CT 
scanner (Aquilion 64; Toshiba Medical Systems, Tokyo, 
Japan) and the imaging conditions were as follows: 120 
kVp, 300 mA, 750 ms exposure time, and 0.5 mm thick-
ness. All images were imported into simulation software 
(ProPlan CMF, Materiarize, Belgium) in DICOM format. 
These images were taken with a chairside silicon centric 
relation (CR) bite in place. All patients were operated by 
the same surgeon. The straight locking plate (SLM) 
technique [10,11] was used to position the upper jaw, 
and bone fixation was performed using titanium mini-
plates and screws. Vital staining of descending palatine 
arteries by injecting iodine into the palatal mucosa 
served as a guide for bone removal in its vicinity, 
thereby preventing injury to these vessels [12].

2.2. MAC surgery and morphometric evaluation 
of the condyle

Fourteen patients who underwent two types of MAC 
surgery were included (Table 1). The first group 
underwent Le Fort I osteotomy alone (n = 8, MAC-1 

group), while the second group underwent Le Fort 
I osteotomy and bilateral sagittal split osteotomy 
(BSSO) because of mandibular deviation (n = 6, 
MAC-2 group) (Figure 1). All the patients of both 
groups were female. The median (range) age at the 
time of surgery was 35.5 (18–49) years in the MAC-1 
group and 27 (19–33) years in the MAC-2 group. All 
patients underwent orthodontic treatment before 
and after surgery. Post-surgical condylar changes 
were evaluated using CT images taken before surgery 
for surgical planning (T0), on the 3rd day post-surgery 
for confirming bones and plates fixation (T1), and 
1 year after surgery to evaluate bone healing for 
plate removal (T2). Condylar deformations were eval-
uated by comparing the results of T0 and T2. The CT 
images of condylar heads were extracted according 
to Xi et al. [13]. The surface and volume of the condyle 
were calculated using computer software (ProPlan 
CMF, Materiarize, Belgium) [13]. The changes asso-
ciated with surgery were evaluated by the superim-
position of tracings of cephalometric radiographs 
taken at T0 and T1, the post-surgical stability was 
evaluated at T1 and T2. For the cephalometric mea-
surements, we constructed an x-y coordinate system 
[8,14] (Figure 2). The x-axis originated at the N-point 
and formed an angle of 7° upwards from the SN plane. 
The y-axis was defined as the line perpendicular to 
the x-axis and passing through the S-point. We mea-
sured four linear; horizontal and vertical distances 
from the point U1 and the U7 to the x-axis and the 
y-axis, and five angular cephalometric measurements; 
SNA, SNB, ANB, SN-MP and RI.

2.3. Statistical analysis

The Mann–Whitney’s U-test was used to investigate 
the significant difference between the two groups 
(p< 0.05), and the Wilcoxon’s signed-rank test was 
used for within-group comparisons (p< 0.05). All mea-
surements were recorded by the same examiner after 
an interval of 1 month. The method error was calcu-
lated using the intraclass correlation coefficient, which 
was greater than 0.95 for all the linear and angular 
cephalometric variables measured.

Table 1. Age and sex distribution of the sample.

Type Number Male Female Shifted side
Age at surgery 

(years)

MAC1-1 8 0 8 N/A2 35.5 (18/49)
MAC-2 6 0 6 R3 (Cases 2 and 6) 

L4 (Cases 1, 3, 4 
and 5)

27 (19/33)

Age is depicted as the median (minimum/maximum). MAC-1: mandibular 
autorotation concept surgery (maxillary impaction only); MAC-2: man-
dibular autorotation concept surgery (maxillary impaction with mandib-
ular osteotomy).
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Figure 1. Schematic illustration of the two types of mandibular autorotation concept (MAC) surgery. Example of treatment with 
extraction of upper and lower premolars or non-extraction. A, MAC-1 is Le Fort I osteotomy alone including the Le Fort I osteotomy 
with maxillary anterior alveolar osteotomy without dissecting the mandible. B, MAC-2 is Le Fort I osteotomy and bilateral sagittal 
split osteotomy. Black line, pre-surgery; Blue line, after mandibular autorotation; Red line, post-surgery.

Figure 2. Skeletal landmarks, reference lines and angles used in the cephalometric analysis. The x-axis was defined as having its 
origin at N and forming a 7° angle upward from the SN plane; the y-axis was defined as the line perpendicular to the x-axis that 
passes through S. Abbreviations: S, Sella; N, Nasion; A, A-point; B, B-point; Me, menton; Ar, Articulare; U1, edge of upper incisor; U7, 
centre of upper second molar crown; U1(x), horizontal position of the point U1; U1(y), vertical position of the point U1; U7(x), 
horizontal position of the point U7; U7(y), vertical position of the point U7; SN-MP, the angle of the SN plane to the mandibular 
plane; ramus inclination (RI), the angle of the y-axis to the ramus plane.
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3. Results

Changes in the cephalometric variables from T0 to T1 
are shown in (Table 2.) There were no significant differ-
ences between the two groups in any measurement, 
suggesting that the changes caused by the surgery 
were equivalent. The cephalometric variables at each 
time point are summarized in (Table 3.) The ANB, SN- 
MP, and RI angles23 were significantly different 
between T0 and T1, while there were no significant 
differences between T1 and T2 in any measurement.

Condylar changes from T0 to T2 in all subjects are 
shown in (Figure 3.) Areas with post-surgical bone 
apposition and resorption are shown in yellow and 
blue, respectively. For example, the top of the condyle 
was thickened with bony apposition in cases 1, 2, 4, 6 

(left side), 7 and 8 (both sides) in MAC-1, and in cases 1 
and 4 (left side), and 5 and 6 (right side) in MAC-2. 
Among them, the condyles with the greatest decrease 
and increase in volume are shown in (Figure 4.) 
A decrease in volume was observed in the superome-
dial part of the right condylar head of subject #4 in the 
MAC-2 group (Figure 4(A)). On the other hand, an 
increase in volume was observed in the superior part 
of the left condylar head of subject #2 in the MAC-1 
group (Figure 4(B)). (Figure 5) shows the change in the 
surface of the condylar head between T0 and T2. There 
were no significant differences in either group (Figure 
5(A)). However, in the MAC-2 group, there was 
a significant decrease in the shift side, though there 
was no significant difference in the non-shift side 
(Figure 5(B)). Likewise Figure 6 shows the change in 
volume of the condylar head between T0 and T2. 
Although there was no significant difference in the 
MAC-1 group, there was a significant decrease in the 
MAC-2 group (Figure 6(A)). The average amount of 
decrease was −49.56 mm3 (range: −10.28 to −98.43) 
in the MAC-2 group, with −51.52 mm3 (range: −26.75 
to −98.43) in the shift side and −49.56 mm3 (range: 
−10.28 to −59.23) in the non-shift side.

4. Discussion

Recently, the occurrence of post-surgical condylar 
resorption or progressive condylar resorption (PCR) 
has received clinical attention as orthognathic surgery 
has gained popularity. The occurrence of PCR in asso-
ciation with mandibular osteotomies that aim at ante-
rior mandibular advancement to increase the size of 
the small lower jaw is particularly high, with a global 
incidence of 6–20% [15]. PCR is defined as 
a progressive morphological change in the mandibular 
condyle and is accompanied by a significant reduction 
in the height of the ramus, resulting in symptoms such 
as maxillary protrusion, open bite, and facial 

Table 2. Comparison of the surgical changes (T1-T0) between 
MAC-1 and MAC-2 groups.

MAC-1 MAC-2 Significance

Angular measurement 
(degree)

SNA5 0.8 (−0.6/1.3) 0.0 (−4.0/ 
2.1)

NS

SNB6 1.6 (0.0/2.7) 1.5 (−1.9/ 
2.4)

NS

ANB7 −0.6 (−3.2/- 
0.3)

−1.4 (−3.9/ 
0.0)

NS

SN-MP8 −5.1 (−6.3/- 
3.7)

−3.9 (−5.6/- 
2.1)

NS

RI9 −3.5 to (−5.9/- 
1.8)

−5.5 (−6.8/ 
0.5)

NS

Linear measurement 
(mm)

U110 (x) −2.0 (−4.0/1.0) −2.0 (−4.0/ 
0.0)

NS

U111 (y) −3.0 (−8.0/- 
2.5)

−2.0 (−6.5/ 
0.0)

NS

U712 (x) −3.0 (−6.5/- 
1.5)

−5.0 (−6.0/- 
3.0)

NS

U713 (y) −3.0 (−8.0/- 
2.0)

−1.5 (−6.0/ 
0.0)

NS

Data are shown in median (minimum/maximum). MAC-1: mandibular 
autorotation concept surgery (maxillary impaction only); MAC-2: man-
dibular autorotation concept surgery (maxillary impaction with mandib-
ular osteotomy).

Table 3. Changes in the cephalometric variables within the MAC-1 and MAC-2 groups at each time period.
MAC14-1 MAC-2

Significance Significance

Angular measurement 
(degree)

T015 T116 T217 T0 vs T1 T1 vs T2 T0 T1 T2 T0 vs 
T1

T1 vs 
T2

SNA18 82.2 
(82.0/ 
86.2)

83.0 
(82.3/ 
85.6)

83.1 
(82.4/ 
86.0)

NS19 NS 83.5 
(80.4/ 
88.3)

83.8 
(80.6/ 
85.8)

83.3 
(80.4/ 
86.1)

NS NS

SNB20 69.5 
(69.0/ 
72.6)

71.7 
(70.8/ 
74.2)

72.0 
(70.7/ 
75.2)

NS NS 76.4 
(77.5/ 
69.9)

76.2 
(71.1/ 
79.9)

76.1 
(70.8/ 
78.1)

NS NS

ANB21 12.7 
(9.4/ 
17.1)

12.1 
(9.1/ 
13.9)

11.2 
(8.3/ 
13.9)

* NS 9.0 
(5.6/ 
12.1)

7.5 
(5.6/ 
9.5)

7.9 
(5.8/ 
9.6)

* NS

SN-MP22 43.3 
(36.0/ 
45.8)

38.6 
(30.8/ 
39.6)

37.8 
(30.4/ 
38.7)

* NS 35.8 
(29.8/ 
44.8)

32.6 
(24.9/ 
41.8)

34.1 
(25.6/ 
43.5)

* NS

RI23 96.4 
(83.4/ 
101.1)

90.5 
(77.8/ 
99.3)

90.1 
(77.1/ 
101.2)

* NS 87.8 
(85.3/ 
93.8)

83.0 
(79.1/ 
88.6)

85.2 
(81.8/ 
85.2)

* NS

Data are shown in median (minimum/maximum). MAC-1: mandibular autorotation concept surgery (maxillary impaction only); MAC-2: mandibular 
autorotation concept surgery (maxillary impaction with mandibular osteotomy) *: p < 0.05.
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asymmetry [16]. On the other hand, OA is 
a degenerative joint disorder characterized by the 
destruction of the mandibular joint tissue with 

cartilage and bone changes in the condylar head and 
mandibular fossa/articular ridge. In this study, we con-
firmed the condylar deformity using pre-surgical CT 

Figure 3. Condylar changes between T0 and T2. The bilateral condyles in all subjects are shown according to the type of 
mandibular autorotation concept (MAC) surgery. Abbreviations: R, right; L, left; Lat, lateral; Med, medial; Blue, T0; Yellow, T2.

Figure 4. Medial, lateral, and posterior view of the changes in the two representative condyles with superimposition between T0 
and T2. A, the condyle with the greatest decrease in volume (right side of MAC-2 Case #4). B, the condyle with the greatest 
increase in volume (left side of MAC-1 Case #2). Colour scales indicate absolute values. Abbreviations: Lat, lateral; Med, medial; Ant, 
anterior; Post, posterior.

Figure 5. Change in the condylar head surface between T0 and T2. A, all the condyles that underwent MAC-1 (n = 16) or MAC-2 
surgery (n = 12) are shown. B, condyles of the shift (shift, n = 6) and non-shift (non-shift) sides of the MAC-2 groups are shown. *: 
p< 0.05.
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and used the term OA simply because we did not 
ascertain the presence or absence of progression 
over time.

Deformity and resorption of the condyle shorten 
the mandibular ramus, which leads to an increase in 
the occlusal plane angle, regression of the chin, exces-
sive overjet, and open bite. These conditions are cor-
rected by surgeries that result in rotation of the 
occlusal plane in the counter-clockwise direction, 
thus positioning the mandibular anteriorly. However, 
this mandibular advancement often results in post-
operative relapse because of the downward move-
ment of the mandible, which induces extension of 
the jaw-closing muscles [2]. In addition, overloading 
of the condyle also causes OA and clockwise rotation 
of the mandible, resulting in post-surgical relapse, 
including open bite. On the other hand, MAC surgery 
can achieve the non-invasive or minimally invasive 
forward movement of the mandible and improvement 
of the occlusal and maxillofacial characteristic of 
patients with OA [2–5]. Physiological recovery of the 
masticatory system was also reported in an animal 
study that replicated MAC surgery [17].

In this study, there was a significant decrease in 
condylar head volume in the MAC-2 group, but not in 
the MAC-1 group. This indicated that the condyle was 
somewhat overloaded in the MAC-2 group, but not in 
the MAC-1 group. However, there was no significant 
relapse between T1 to T2 in the MAC-2 group. Xi et al. 
reported that the group with horizontal relapse of the 
pogonion during mandibular advancement in 2-jaw 
surgery had a volumetric reduction of the condylar 
head of 105 mm3 or more [13]. In this study, the max-
imal mandibular head volume reduction in the MAC-2 
group was 98.43 mm3, and the median was 49.56 mm3, 
without significant change in the SNB, SN-MP, and RI 
angles, though there was a significant decrease in 
condylar volume from T0 to T2. This result is in line 

with the study by Xi et al. [13]. In addition, the largest 
volumetric reduction in our samples was observed in 
the superomedial part of the condylar head, which 
does not seem to affect the vertical height of the 
mandible. In other words, the reduction in volume 
observed in the MAC-2 group was not due to the 
occurrence of PCR. Rather, this result suggested that 
the position of the condyle after MAC surgery was 
stable. Moreover, a bony apposition was observed in 
the superior part of several condyles that underwent 
degenerative changes due to OA. The counter- 
clockwise rotation moves the centre of gravity of the 
occlusion proximally and may have relieved the over-
load on the condylar head and led to the regeneration 
of the resorbed condyle [18,19].

The rotational axis of the condyle needs to be main-
tained during MAC surgery. If the centre of rotation is 
significantly displaced from the condylar head, OA may 
possibly worsen after the surgery. The centre of auto-
rotation showed large variations, indicating that the 
rotation axis may also be deviated [7]. Therefore, an 
accurate maxillary positioning and stabilized fixation 
during surgery are essential to achieve the planned 
mandibular autorotation. We previously reported that 
the SLM technique could achieve submillimeter accu-
racy of the condylar position during BSSO [11]. In the 
present study, the SLM technique was combined with 
MAC surgery, and the mean postsurgical rotation was 
0.45° in the clockwise direction 1 year post-surgery. 
Particularly, the rotation in the MAC-1 group was 
0.48° in the counterclockwise direction, suggesting 
the condylar position after MAC surgery was substan-
tially stable. On the other hand, in the MAC-2 group, 
the post-surgical rotation was 0.9° in the clockwise 
direction. This value was also clinically acceptable 
because no significant relapse was recorded.

The findings of the present study revealed that 
CAD/CAM wafer and SLM technique together achieved 

Figure 6. Change in the condylar head volume between T0 and T2 A, all the condyles underwent MAC-1 (n = 16) and MAC-2 
surgery (n = 12) are shown. B, the figure shows the condyles of the shift (shift, n = 6) and non-shift (non-shift) sides of the MAC-2 
group. *: p< 0.05.
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long-term stability of the condyle after MAC surgery in 
skeletal class II patients. Recent advances in CAD/CAM 
technology and 3D printing have contributed to the 
development of an accurate maxillary osteotomy 
guide. We previously reported that CAD/CAM-based 
osteotomy guides can be useful for achieving an accu-
rate operation planning [20]. At present, this simple 
and versatile method easily reproduces a vertical rela-
tionship between craniofacial structure and the mand-
ible including the condyle with a stable rotation axis. 
However, even if the occlusal relationship is accurate 
as planned, the obtained intermaxillary relationship 
may be compromised if the amount of bone removed 
is insufficient to obstruct the movement of the maxilla. 
In this situation, the SLM technique and vital staining 
could be reliable options. Although further investiga-
tions with a larger sample size and control cases are 
required to evaluate these advantages, the combina-
tion of MAC surgery and SLM technique can be a viable 
option to treat skeletal class II retrognathia with con-
dylar deformation.

Conclusions

The results suggest that MAC-1 and MAC-2 sur-
geries can be used to correct mandibular retro-
gnathism in which there is a possibility of relapse 
due to condylar resorption if conventional surgery is 
used. These surgeries result in stable condylar head 
morphology. The findings suggest that this surgical 
technique is useful for patients with skeletal Class II 
open bite caused by osteoarthritis of the condyle.

Notes

1. Mandibular autorotation concept
2. Not applicable
3. Right
4. Left
5. The angle between the lines connecting the points S, 

N, and A
6. The angle between the lines connecting the points S, 

N, and B
7. The angle between the lines connecting the points A, 

N, and B
8. The angle of the SN plane to the mandibular plane
9. The angle between the x-axis and the plane of the 

ramus
10. Horizontal position of the point U1
11. Vertical position of the point U1
12. Horizontal position of the point U7
13. Vertical position of the point U7
14. Mandibular autorotation concept
15. CT images taken before surgery
16. CT images taken before surgery one day after surgery
17. CT images taken before surgery one year after surgery
18. The angle between the lines connecting the points S, 

N, and A
19. Not significant

20. The angle between the lines connecting the points S, 
N, and B

21. The angle between the lines connecting the points A, 
N, and B

22. The angle of the SN plane to the mandibular plane
23. The angle between the x-axis and the plane of the 

ramus
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