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Dear Editor-in-Chief  
 
Harmonious functioning of the temporomandib-
ular joint (TMJ) is crucial to the correct operation 
of the masticatory system, which makes ideal po-
sitioning of the condyle in the TMJ clinically im-
portant (1). The joint space is determined by the 
size of the glenoid fossa and condyle and the po-
sition of the condyle within the glenoid fossa (2), 
and so the joint space is used as a marker to as-
sess condylar positioning in the glenoid fossa (3).  
Many studies have analyzed the joint space in 
patients with malocclusion (4-5). 2D techniques 
cannot accurately measure the narrow 3D joint 
space. Therefore, 3D models are more appropri-
ate for joint-space measurements (6).  
This study was approved by the Institutional Re-
view Board of Dankook University Dental Hos-
pital (DUDH IRB 2015-12-022).  
CBCT data were obtained for 60 patients admit-
ted to the Orthodontics Divisions in the De-
partment of Oral and Maxillofacial Radiology at 
Dankook University. The CBCT data of 60 pa-
tients with malocclusion were obtained in the 
Digital Imaging and Communications in Medi-
cine (DICOM) format from a CBCT scanner 
(Alphard 3030, Asahi, Kyoto, Japan). The DI-
COM files were imported into Mimics software 
(Materialise, Leuven, Belgium) for constructing 
3D models of the skull. Since the joint space cor-
responds to an empty space, the Mimics files of 
the 3D-reconstructed skulls were imported into 

Freeform software (3D Systems, Rock Hill, SC, 
USA) to allow accurate measurements to be 
made. Areas corresponding to the condyle, fossa, 
and joint space were cropped out, and the area 
corresponding to the joint space was filled to 
construct a 3D model. We reconstructed the 
CBCT data of patients with malocclusion of clas-
ses I, II, and III as 3D models and measured the 
joint space at different locations to facilitate 
comparisons of the spatial properties of the TMJ 
Figs. 1, 2. 
 

 
 

Fig. 1: Measurements of joint space (A. sagittal view, 
B. coronal view, (1). AJS, (2). PJS, (3). LJS, (4). SJS, 

(5). MJS) 
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Fig. 2: 3D models of patients with malocclusion (A. 
reconstruct from mimics program, B. reconstruct 

from freeview program) 

 
A Kruskal-Wallis test was used to analyze the 
joint space according to different types of maloc-
clusion. Significant differences in the measured 
left and right joint-space values were found be-

tween the three experimental groups: in the ante-
rior joint space (AJS) (χ2=12.473 and P=0.002 
on the left, and χ2=7.868 and P=0.020 on the 
right), superior joint space (SJS) (χ2=18.565 and 
P<0.001, and χ2=13.937 and P=0.001, respec-
tively), and lateral joint space (LJS) (χ2=8.237 
and P=0.016, and χ2=9.463 and P=0.009, respec-
tively). A significant interclass difference was ob-
served for the left medial joint space (MJS) 
(χ2=11.878, P=0.003). A post-hoc Mann-
Whitney U test adjusted using the Bonferroni 
correction method revealed significant differ-
ences in the left and right AJS, SJS, LJS, and left 
MJS measurements (Table 1). 

 
Table 1: Average rank and result of kruskal wallis test of joint space measurements of subjects in three subgroup 

 
Measurements Mean number Chi-square P-value B.C. method 

LAJS ClassI 19.60 12.473 0.002* ClassⅠ<classⅡ, Ⅲ 
ClassII 33.50 
ClassIII 38.40 

LPJS ClassI 32.10 1.637 0.441 - 
ClassII 32.95 
ClassIII 26.45 

LSJS ClassI 31.35 18.565 0.000** ClassⅢ<classⅠ, classⅡ 
ClassII 41.95 
ClassIII 18.20 

LLJS ClassI 30.45 8.237 0.016* ClassⅢ<classⅡ 
ClassII 38.45 
ClassIII 22.60 

LMJS ClassI 29.20 11.878 0.003* ClassⅢ<classⅡ 
ClassII 40.60 
ClassIII 21.70 

RAJS ClassI 22.45 7.868 0.020* ClassⅠ<classⅡ 
ClassII 37.90 
ClassIII 31.15 

RPJS ClassI 25.40 2.591 0.274 - 
ClassII 33.55 
ClassIII 32.55 

RSJS ClassI 36.20 13.937 0.001** ClassⅢ<classⅠ, classⅡ 
ClassII 36.70 
ClassIII 18.60 

RLJS ClassI 29.50 9.463 0.009* ClassⅢ<classⅡ 
ClassII 39.45 
ClassIII 22.55 

RMJS ClassI 34.25 2.004 0.367 - 
ClassII 26.45 
ClassIII 30.80 

* P-value were obtained by Kruskal-Wallis(P<0.05) 
** P-value were obtained by Kruskal-Wallis(p<0.001) 
The same characters were not significant by bonferroni correction method(B.C. Method)/ .05/3=0.167 
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The joint space is constituted empty space using 
3D models (6). However, measuring the joint 
space between the glenoid fossa and condyle us-
ing 3D software requires a connection between 
the outermost edge of the condyle, used as a ref-
erence point, and the innermost edge of the gle-
noid fossa. The PJS and AJS must be measured 
parallel to the Frankfort plane, and considerable 
interexaminer errors arise during this process. To 
overcome these limitations, the present study 
filled the joint space using Freeform software 
before measuring it. We found that the measured 
joint space varied with the type of malocclusion.  
The obtained results will provide deeper insights 
into malocclusion and TMJ shapes, and suggest 
that malocclusion can contribute to TMJ defor-
mation. 
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