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Mandibular lateral excursion with occlusal con-
tacts, which starts from the maximal intercus-

pal position (MICP), has received much attention be-
cause it is a part of the border movement and is
thought by some to be crucial for the diagnosis and
evaluation of restorative and reconstructive dental
treatment.1 Also, occlusal abnormality has been pro-
posed as one of the etiologic factors of temporo-
mandibular disorders.2

Various aspects of voluntary lateral excursions have
been studied, including mandibular kinematics,3 the
location and area of occlusal contacts,4 and the fre-
quency of the occlusal contacts.5 However, it is still
controversial whether nonworking (balancing) oc-
clusal contacts should be eliminated in subjects with
permanent dentitions. It has been proposed that non-
functional interference might cause damage to the
supporting tissues, jaw muscles, and temporo-
mandibular joint (TMJ).6 In contrast, others believe
that occlusal contacts on the nonworking side are ac-
ceptable7 or even beneficial,8 as long as the non-
working-side contacts are lighter than the working-side
contacts.9 Additionally, certain types of nonworking-
side contacts may protect the TMJ.10

Throughout lateral excursion, some maxillary and
mandibular teeth are making contacts while, at the
same time, others are separating. Therefore, observ-
ing the whole process in detail is quite difficult. To ob-
serve all changes in tooth contacts simultaneously, the
authors developed a measurement system that com-
bines recording of mandibular movements along all
6 degrees of freedom with a three-dimensional digi-
tizer for tooth shape.11 The present study addressed the
following hypotheses: (1) nonworking-side contacts
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normally occur during voluntary lateral excursions;
and (2) occlusal contact areas between working- and
nonworking-side molars differ from each other during
voluntary lateral excursions. 

Materials and Methods

Sample and Experimental Task

Sixteen healthy, dentate women with permanent den-
titions (none had third molars or large fillings in-
cluding crowns and/or fixed partial dentures), aged
between 20 and 28 years, were asked to participate
in this study. For a subject to be included in this
study, she had to meet the following criteria: (1) no
pain during joint and muscle palpation, (2) no joint
sounds, (3) a maximum opening greater than 40 mm,
(4) a protrusion and laterotrusion greater than 7.0 mm,
and (5) deviations or deflections less than 2.0 mm.12

All subjects had Class I canine and molar relation-
ships, normal overjet (� 4.0 mm) and overbite (� 4.0
mm), little crowding (� 4.0 mm), and rigid intercus-
pation of the teeth (ie, good occlusion), and no sub-
jects had periodontal disease. 

Prior to entering the study, informed consent (re-
viewed and approved by the ethics committee of the
Faculty of Dental Science, Kyushu University,
Fukuoka, Japan) was obtained. Voluntary left and
right lateral border mandibular excursions from MICP
with occlusal contacts were measured once for each
subject. Thirty-two lateral excursions were measured
in this study.

Measuring System

Details about the measuring system have been re-
ported previously11; however, a brief description fol-
lows. Mandibular movement was measured using an
optoelectronic analysis system (Trimet, Tokyo-
Shizaisha) with 6 degrees of freedom. The accuracy of

this optoelectronic instrument in bench tests is better
than 0.19 mm.13 Morphologic data from dental mod-
els were measured using a Tristation 400FE (Nikon).
Using all recorded coordinates, a mathematic data
mesh with intervals of 0.2 mm was constructed. 

The pathways of the lateral excursions were di-
vided into 0.1-mm intervals from MICP to 3.0 mm of
excursion along the 3-D straight-line distance traveled
by the medial tip of the mandibular left central incisor.
This distance was defined as the “IP distance.” The
tooth row on the same side as the direction of excur-
sion was referred to as the working side, and the op-
posite tooth row was referred to as the nonworking
side. Distances from all points on the lower model to
all points on the upper model were calculated, and the
shortest distance for each point on the lower model
was identified. The authors’ previous results suggest
that a clearance of less than 0.2 mm corresponds to
occlusal contacts occurring in this system.14 Therefore,
the occlusal contact area of each tooth in the man-
dibular dentition in this study was calculated using this
definition. The occlusal contact frequency, expressed
as a percentage of 32 movements, was calculated for
each mandibular tooth (Table 1).

Multilevel linear analysis was used to estimate the
occlusal contact areas at each 1.0 mm of lateral ex-
cursion. A two-level model was used to estimate the
mean and standard error of the mean for the occlusal
contact areas. The significance of the fixed coeffi-
cients was determined by comparing the estimated
mean to its standard error using the probability level
P � .05. The two levels pertained to random varia-
tion between subjects and, within each subject, be-
tween right and left sides.15,16

Results

Examples of the changes of the occlusal contacts dur-
ing a right lateral excursion in a single subject are
shown in Fig 1. At MICP, this subject had occlusal

Table 1 Frequency (%) of Occlusal Contact During Right and Left Lateral Excursion of All Mandibular Teeth on
Both Working and Nonworking Sides (n = 16)

Central Lateral First Second First Second
Position incisor incisor Canine premolar premolar molar molar

MICP 81 81 91 100 100 100 100
Working side

1.0 mm 47 69 94 94 88 88 88
2.0 mm 47 69 94 81 66 78 69
3.0 mm 41 59 94 81 59 69 59

Nonworking side
1.0 mm 50 28 31 41 63 72 78
2.0 mm 38 13 22 6 22 47 63
3.0 mm 31 13 16 3 13 31 63

MICP = maximal intercuspal position.
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contacts at every tooth on the maxilla and mandible.
At the 1.0-mm IP distance, contact areas were ob-
served on every tooth on the working side, but only
on the first and second molars on the nonworking side.
Occlusal contacts were considerably decreased every-
where, especially on the nonworking side. At the 3.0-
mm IP distance, occlusal contacts were located only
at the canine on the working side, but the nonwork-
ing-side contacts still remained on the second molar. 

On the working side, every tooth except the cen-
tral incisor maintained occlusal contacts until the
3.0-mm IP distance more than 60% of the time (Table
1). Occlusal contacts were observed on the canine
94% of the time and on the first premolar more than
80% of the time. On the other hand, as a rule, the per-
centages rapidly decreased on the nonworking side
as the movement progressed. However, the second
molar maintained contact more than 60% of the
time, even at the 3.0-mm IP distance, and at this dis-
tance this percentage was higher than the working-
side second molar.

As lateral excursion progressed, the total occlusal
contact areas on the working side gradually decreased,
showing an almost 70% decrease on the working side
at the 3.0-mm IP distance (Fig 2a). Contact area on the
nonworking side decreased at an even greater rate,
showing an almost 70% decrease at the 1.0-mm IP dis-
tance. On the working side, the first molar contact area
was much larger than the second molar contact area
throughout the measured distance (Fig 2b). The dif-
ference in occlusal contact area between the first and
second molars decreased as the lateral excursion ad-
vanced. On the nonworking side, the occlusal contact
area of the first molar around MICP was also initially
larger than that of the second molar. However, within

the first 1.0 mm of movement, the contact areas of both
teeth became almost equivalent, although both areas
were much smaller than at MICP. Beyond the 1.0-mm
IP distance, the nonworking-side second molar had
larger contact areas than the nonworking-side first
molar. Occlusal contact area of the nonworking-side
second molar actually increased slightly, as contact
areas of the other molars continued to decrease. The
two molars on the same side had significant differences
in contact area only at MICP on the working side
(Table 2). In contrast, on the nonworking side, the first
molar had significantly larger contact areas at MICP
than did the second molar; however, this relationship
was significantly reversed at the 3.0-mm IP distance.

Discussion

Our results demonstrated that the changes of the oc-
clusal contacts and their areas during voluntary lat-
eral excursion are dynamic. Watabe17 calculated oc-
clusal contact areas both at MICP and during lateral
excursion in four subjects. Direct comparison with
our estimates is difficult because that author defined
the distance when occlusal contact occurred as less
than 0.3 mm rather than less than 0.2 mm. In addi-
tion, he recorded contact area on the maxillary rather
than the mandibular first molar. Yaffe and Ehrlich18

examined the occlusal contact pattern of 72 normal
subjects and reported that a type of group function in
which more than two molars show occlusal contacts
occurs 75.5% of the time on both sides at the 1.0-mm
lateral movement position. Based on the frequency
of the occlusal contacts, our results appear similar. 

Nonworking-side contacts appear to be a normal
part of voluntary lateral excursions because they

A B C

MICP 1.0 mm 3.0 mm

Fig 1 Example of computer-
generated image of contacts dur-
ing right lateral excursion at max-
imal intercuspal position (MICP;
A), 1.0-mm IP distance (B), and
3.0-mm IP distance (C). This fig-
ure shows the changes of the oc-
clusal contact position and area
during the lateral excursion.
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occur more than 60% of the time, at least on the sec-
ond molar. This percentage is very close to earlier re-
sults.19 In addition, occlusal contact areas between
the working- and nonworking-side molars differ from
each other during voluntary lateral excursions. The
first molars on the working side had the largest oc-
clusal contact area from the initiation of lateral ex-
cursion to the 3.0-mm IP distance. In contrast, the first
molar on the nonworking side had the least occlusal
contact area at the 3.0-mm IP distance. 

From these results, it is obvious that voluntary lat-
eral excursion is complex, with a constantly chang-
ing number of participating teeth. Numerous studies
also have revealed that the occlusal contacts vary

widely, even among subjects with morphologically
sound occlusion.2,18,20,21 Our results show this to be
especially true in the early stages of lateral excursion
because of the relatively large variation at the 1.0-mm
IP distance compared to both MICP and further ex-
cursion distances.

Our next goal is to observe occlusal contact patterns
during mastication. Future studies will help clarify the
role of occlusal contact during normal function. The
methods used in the present study should be able to
differentiate between “nonworking-side interferences”
and “functional occlusal contacts” on the nonwork-
ing side, as defined by Carlsson and Ingervall.2 Such
differentiation could be important when knowledge

Fig 2a Comparison of sum of
occlusal contact area for all
mandibular teeth on working and
nonworking sides.

0.0 1.0 2.0 3.0

Working side

40

30

20

10

Nonworking side

IP distance (mm)

C
on

ta
ct

 a
re

a 
(m

m
2 )

0

Fig 2b Comparison of sum of
occlusal contact area for each
molar during lateral excursions.
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of the occlusal contact patterns plays a role in treat-
ment planning. 
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Table 2 Fixed and Random Portion of Multilevel Models Describing Estimates of Means and Variances Between
and Within Subjects (Between Sides) of Occlusal Contact Area (mm2) at Each Position on Both Working and
Nonworking Sides (n = 16)*

Working side Nonworking side
Estimate First molar Second molar All teeth First molar Second molar All teeth

Occlusal contact area
MICP 12.6 (0.8)b 9.0 (0.6)b 35.0 (1.9) 12.6 (0.8)b 9.0 (0.6)b 35.0 (1.9)
1.0 mm 8.0 (1.2)a 5.9 (0.8)a 24.9 (2.8)a 3.0 (0.8)a 2.8 (0.6)a 9.4 (2.3)a

2.0 mm 4.1 (0.8)a 2.8 (0.6) 15.9 (2.4)a 1.0 (0.4)a 1.6 (0.5) 4.3 (1.5)a

3.0 mm 2.2 (0.6)a 1.5 (0.4) 11.5 (1.6)a 0.4 (0.2)a,b 1.1 (0.3)b 2.7 (0.9)a

Variation between subjects
MICP 3.0 (4.8) 1.0 (2.7) 23.6 (24.3) 3.0 (4.8) 1.0 (2.7) 23.6 (24.3)
1.0 mm 13.9 (8.9) 5.1 (5.8) 66.1 (51.0) 8.9 (3.7) 3.1 (2.2) 73.5 (30.0)
2.0 mm 6.6 (4.0) 0.9 (2.5) 62.4 (32.7) 2.2 (1.0) 2.2 (1.4) 29.8 (13.3)
3.0 mm 3.9 (2.2) 0.7 (0.9) 32.1 (15.1) 0.4 (0.2) 0.6 (0.5) 8.6 (4.3)

Variation within subject
MICP 15.9 (5.6) 9.7 (3.4) 71.0 (25.0) 15.9 (5.6) 9.7 (3.4) 71.0 (25.0)
1.0 mm 19.0 (6.7) 27.7 (9.8) 127.3 (45.0) 2.9 (1.0) 5.3 (1.9) 21.3 (7.5)
2.0 mm 7.8 (2.8) 9.1 (3.2) 53.2 (18.8) 1.3 (0.5) 2.9 (1.0) 14.0 (5.0)
3.0 mm 4.1 (1.5) 3.0 (1.0) 19.2 (6.8) 0.3 (0.1) 1.3 (0.5) 6.3 (2.2)

*Standard error of the mean in parentheses.
aDifference between sides, P � .05.
bDifference between molars on the same side, P � .05.
MICP = maximal intercuspal position.
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