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1. Introduction  

Temporomandibular joint (TMJ) is composed by the 

temporal fossa (skull), the mandibular condyle and an 

articular disc in between. The analysis of the TMJ 

motions is complex since the left and right joints are 

simultaneously actuated, the articular disk moves 

relatively to both bony articular surfaces, and several 

translations and rotations are combined for each mouth 

movement. Many studies have quantified the path of 

mandibular points for elementary mouth movements 

(Ferrario et al. 2005) (Reicheneder et al. 2009) but no 

conclusions can be drawn, due to the lack of 

standardization for the choice of the bony landmarks and 

frames. Thus, the purpose of our study is to quantify the 

3D kinematics of the mandible considered as a rigid 

body for healthy volunteers. Results are presented for 

sixteen subjects. 
 

2. Methods  

2.1 Subjects 

Sixteen volunteers (8 men and 8 women, 22 to 45 years 

old) without muscular or dental pain, joint dysfunctions, 

orthodontic treatment or tooth replacement, were 

recruited. All subjects provided written informed 

consent to participate.  
 

2.2 Experimental procedure 

Mandibular movements were recorded using the CMS-

20-JMA device illustrated in figure 1 (Zebris 

Medizintechnik GmbH, Isny, Germany). The position of 

a mobile transmitter unit glued on the mandibular teeth, 

with respect to the receiving unit fixed on the head, was 

recorded. Bony landmarks were pointed on the skin. 

Their 3D coordinates were provided at each time in the 

skull frame described below. After one training test, the 

volunteers performed 10 trials of maximal opening-

closing, lateral and forward-backward movements. 
 

2.3 Landmarks study  

The skull frame was based on left and right condylar 

points (LC and RC) and the right infraorbital point. The 

origin is the middle of the two condylar points. Y-axis is 

normal to the plane including the three points (upward), 

Z-axis passes through the condylar points (from LC to 

RC) and X-axis is the resulting cross product axis 

(forward). LC and RC, considered either as mandibular 

points or as corresponding temporal points, are deduced 

from the positions of the left and right superior tragus 

points (Reiber & Dickbertel 1988). Similarly, the 

mandibular frame is based on LC, RC and the point 

between the first upper incisors (considered as a 

mandibular point and called IP below). 
 

 
Figure 1: JMA device 

 

2.4 System accuracy 

The accuracy of the CMS-20-JMA system was assessed 

by comparing the translations and rotations to those 

given by a multi-axis translation and rotation stage 

(stage accuracy: ± 0.01mm, ± 0.5°). A maximal error of 

0.26 mm was obtained for translations along Y and Z-

axes (for ranges of ± 28 mm and 36 mm respectively). 

Maximal errors in rotation were 1.5° around the X-axis 

(range ± 18°) and < 0.5° around the Z-axis (range 36°). 
 

2.5 Data analysis 
Data analysis was performed using routines created with 

Matlab R2013a software (The MathWorks, Inc). 

Mandibular translations and rotations relative to the 

skull were computed at each time step using the (Y, X’, 

Z’’) sequence for the rotations. To compare the results 

between the subjects, the movements with the largest 

magnitude were selected among the 10 trials. 

The magnitude of the movements corresponded to the 

maximal displacement of IP along the superior-inferior 

axis for the maximal mouth opening (MMO), along the 

left-right axis for the maximal mouth lateral amplitude 

(MML), and along the backward-forward axis for the 

maximal mouth propulsion amplitude (MMP). The 

influence of subjects’ morphology, gender and age on 

these magnitudes was tested using the Spearman rank 

test with a two-tailed level of significance of 0.05 (ρ- 

parameter > 0.51). Partial correlation was tested when a 
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dependence between several parameters was 

expected. Dental occlusion influences the initial 

position and the above magnitudes. To quantify the 

effect of each mobility on the position of the teeth, 

the curvilinear path of IP due to the mandibular 

rotations and its linear path due to the translations 

were computed. Especially, the amount of rotation at 

the maximal mouth opening (% Rot) corresponded to 

the IP curvilinear path due to the mandibular rotations 

divided by its total path (due to mandibular rotations 

and translations). 
 

3. Results and discussion 

The MMO is on average 39.7 ± 5.8mm. This 

magnitude depends on the body height (ρ=0.80) and 

slightly depends on the gender (ρ=0.58). MMO does 

not depend on the age and weight, which is consistent 

with previous studies (Lewis et al. 2001). The average 

%Rot is 77.8 ± 3.2% (range: 71 to 83%). This value is 

in agreement with those of 76.86% ± 4.20 for women 

and 7.28% ± 3.08 for men reported in Ferrario’s 

study. MML and MMP are on average 21.7 ± 3.2mm 

and 7.4 ± 1.9mm respectively. Contrary to the MMO, 

no correlation is found with subject’s morphology, 

age or gender (ρ<0.51). This may be due to the fact 

that lateral and forward movements are less 

constrained than opening movements and can be 

achieved in different ways, especially with different 

stages of opening. 

The variations of the mandibular rotations and 

translations are quantified during mouth movements 

for all the subjects (mean ±1 standard deviation - see 

figure 2). During mouth opening movements, as well 

as during mouth propulsion, intercondylar rotation 

(Z), backward-forward (X) and superior-inferior (Y) 

translations are predominant. This can be compared 

with a 2D movement in the sagittal plane. However a 

left-right asymmetry is observed for each subject. For 

lateral movements, there are no predominant 

mobilities. The variability between subjects is larger 

for the intercondylar rotation and the forward-

backward translation. At each time step, rotation and 

translations simultaneously appear whatever the 

mouth movement (Kim et al. 2010).  

 

4. Conclusions 

Whatever the mouth movement, the 3D kinematics of 

TMJ is a combination of simultaneous rotations and 

translations. 

MMO is correlated with body height, which is not 

true for the other magnitudes. As far as we know, this 

is the first study that quantifies the 3D mandibular 

motions for three different mouth movements. The 

conclusions are limited by the relative small number 

of volunteers currently included in the study, but the 

analysis will be continued. Further database could 

help to understand and identify TMJ dysfunctions 
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Figure 2 : TMJ mobilities 


