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Immediate Effects of Asymmetric Chewing on Temporomandibular
Joint Kinematics
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Purpose: This study investigated the immediate biomechanical effects of unilateral mastication for 10 minutes on the temporomandibu-
lar joint (TMJ) with 21 healthy adult participants.

Methods: The gum group chewed gum on the right side for 10 minutes, and the control group rested for 10 minutes. Biomechanical
data were obtained using a three-dimensional infrared camera before and after intervention. An independent t-test assessed the varia-
tion of kinematic data to identify differences between before and after intervention.

Results: Among biomechanical variables, the gum group's length of the left forehead middle region and the temporomandibular joint
angle decreased compared to the control group (p < 0.05).

Conclusion: Caution with unilateral masticatory activity is recommended, as unilateral mastication causes biomechanical changes due

to excessive load on the soft tissues of the contralateral TMJ.
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INTRODUCTION

The temporomandibular joint (TM]) is a complex and crucial component
of the human craniofacial system, serving as a pivotal junction between
the temporal bone and the mandible.' This anatomical structure facilitates
essential functions such as speech, eating, and facial expressions, high-
lighting its significance for an overall healthy life. The intricate TM] me-
chanics incorporate a harmonious interplay between muscles, ligaments,
and the joint itself, making it vulnerable to various influences that can
perturb its function. Most people have a unilateral chewing preference or
a habitual mastication side.”

Asymmetrical mastication patterns are implicated in the etiology of
temporomandibular disorders, encompassing various conditions affect-
ing the TMJ and the surrounding structures.’ Furthermore, asymmetrical
chewing habits impact craniofacial growth and development, contribut-
ing to facial asymmetry.* The preference for chewing on one side causes
the condylar path angle and the dental arch to change and become dis-

torted. Masticatory laterality significantly influences maximum bite force

and occlusal contact, and a unilateral chewing preference is correlated
with better masticatory performance.*® Human mastication, driven by an
intricate neural network and coordinated muscle actions, is far from sym-
metrical. Exploring brain activity during asymmetrical chewing through
functional MRI has revealed a connection between chewing-side prefer-
ence and hemispheric dominance. In particular, the primary sensorimo-
tor cortex orchestrates rhythmic chewing movements.’

A comprehensive exploration of asymmetrical mastication effects on
TM]J dynamics is essential for gaining insights into potential pathophysio-
logic mechanisms and strategies for prevention and intervention. In recent
years, considerable advancements have yielded sophisticated systems tai-
lored for recording and analyzing these movements. These methods
quantify parameters to support temporomandibular disorder clinical di-
agnosis and treatment.*'* However, most studies investigated patients
with unstable TM]s or impairments, focusing on therapeutic approaches
for temporomandibular disorder management."” Despite the significance
of unilateral chewing preference, the exact kinematic alterations within

the TMJ from such habits remain inadequately understood. Optical mo-
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tion capture systems have been effectively employed in researching TM]
motion and kinematics, demonstrating exceptional validity, reliability,
and precision."""?

By shedding light on the biomechanical consequences of unilateral
chewing, researchers and clinicians can better address its potential impact
on TMJ health and overall craniofacial harmony. Therefore, studying the
biomechanical changes of the asymptomatic temporomandibular joint for
unilateral chewing is crucial. This study utilized an optical motion cap-

ture system to examine immediate TM] changes due to asymmetric mas-

tication in normal adults.

METHODS

1. Subjects
The Institutional Review Board of Sunmoon University granted ethical
approval for this study (Approval No. SM-202204-009-1). First, 21 healthy
students (ten males and eleven females) aged 20-30 were recruited for this
research. Inclusion criteria encompassed the absence of pain in the temple,
face, TMJ, or jaw within the preceding week. Exclusion criteria comprised
neurological disorders, ongoing dental treatment, neck or jaw trauma his-
tory, and torticollis. Participants received comprehensive explanations of
the study’s objectives and procedures and provided written informed con-
sent before involvement.

Participants were randomly allocated into the “gum group” (five males
and five females: mean age: 23.0 + 1.4) or the “control group” (five males

and six females; mean age: 24.9 + 3.1). The gum group was instructed to
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chew a piece of gum solely on the right side in a comfortable sitting posi-
tion and speed for 10 minutes, while the control group refrained from any
masticatory activity and rested for the same duration. Three-dimensional
kinematics data of TM] were acquired before and after the 10-minute in-

tervention to assess intervention impacts.

2. Experimental procedures

1) Data acquisition

Mandibular movements were tracked using three motion analysis infra-
red cameras (Oqus100™, QUALISYS, Gothenburg, Sweden) placed 156
cm high and tilted down 15°" One central camera (to see all markers) and
one on each side (left and right) were placed around the participant. The
left and right cameras were placed approximately Im from the participant,
forming a 120° angle, and the central camera was placed 1.3m away from
the subject. A configuration comprising nine reflective markers facilitated
the analysis of mandibular movement. These tracking markers were af-
fixed using adhesive tape to specific facial regions, as follows: (1) forehead,
(2) above the upper lip, (3) chin, (4) external TMJ surfaces on the left and
right, (5) mandible angle regions on the left and right sides, and (6) within
the middle region between the chin and the mandible angle on the left
and right sides (Figure 1)."

The participant was comfortably seated in a chair with a marker at-
tached to their face. The kinematic TMJ function analysis examined two
distinct postures: the closed-mouth position where the teeth were in con-
tact and the maximal mouth opening position. The gum group was pro-

vided chewing gum for only right-side mastication for 10 minutes while

Figure 1. Reflective marker placements to examine mandibular movement: (1) forehead, (2) above the upper lip, (3) chin, (4) TMJ external surfac-
es, (5) mandible angle region, and (6) middle region between the chin and the mandible angle.
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the control group rested. After this 10-minute interval, the two postures

were once again evaluated.

2) Data analysis

Trajectory labeling was conducted using Qualisys Tracker Manager
(QTM 2.8.1065, Qualisys, Sweden) to assess alterations in kinematic data
on the mandible before and after the intervention. QTM utilizes a coordi-
nate plane system (X, Y, Z) to calculate marker positions within a 3D
space. The distance between two markers, denoted as points A (a, b, ¢) and
B (d, e, f) in the 3D coordinate space, was determined using the Pythago-

rean theorem:

DistanceAB:J(q - d’)2 — (b — E)E —(c - f)z

The distance-related kinematic data included three distance values:
forehead-to-chin (FC), forehead-right middle (RtFM), and forehead-left
middle regions (LtFM). FC distance was calculated by adding the distance
from the forehead to the upper lip marker and from the upper lip to the
chin marker. FM distance was obtained by adding the distance from the
forehead to the TM] marker and from the TMJ to the middle region
marker. The angle-related kinematic data included the forehead-to-chin
angle (FCA) and both side TM] angles. The FCA was the angle between
the line connecting the forehead and the upper lip marker and the line
connecting the upper lip and the chin marker. The TM] angle was the an-
gle between the line connecting the forehead and the TMJ marker and the

line connecting the TMJ and the mandible angle regions marker.

Table 1. Distance and angle variation before and after intervention

JKPT

3) Statistical analysis

This study analyzed the kinematic data variations between the gum and
control groups to verify the effect of 10-minute unilateral gum chewing,
We calculated kinematic data changes by subtracting the post-interven-
tion data from the pre-intervention data. The Shapiro-Wilk test confirmed
that all kinematic data variations met the normality assumption. An inde-
pendent t-test compared the differences in distance and angle shifts be-
tween groups. All analyses used SPSS (IBM SPSS Statistics for Windows,

Version 28.0. Armonk, NY) and an a= 0.05 statistical significance.

RESULTS

Table 1 provides the mean distance and angle variations between pre-in-
tervention and post-intervention obtained from the closed-mouth and the
maximal mouth opening positions. Independent t-test results indicated
that the gum group had a significant decrease in LtFM length and the left
TMJ angle at the maximal mouth opening position compared to the con-
trol group (p <0.05). There were no significant differences in other kine-
matic data in the maximal mouth opening position and all lengths and

angles in the closed-mouth position (p> 0.05).

DISCUSSION

This study investigated the immediate effects of unilateral gum chewing
on jaw kinematics and TM] movements in healthy subjects. We measured
jaw kinematics with a motion analysis system 10 minutes before and after

right unilateral gum chewing, The changes between the chewing and con-

Gum Control p

Closed mouth Distance (mm) FC -0.75+1.32 0.17+1.02 0.584
RtFM -0.32+0.69 -0.50+0.63 0.854

LtFM -0.90+£0.92 1.52+1.26 0.072

Angle () FCA 0.10+£0.90 -0.33+£1.07 0.765

Rt. TMJ 0.31+0.64 0.99+0.40 0.375

Lt. TMJ 0.11+0.64 -0.26+0.58 0.671

Maximal mouth opening Distance (mm) FC 0.34+2.00 -3.53+2.07 0.196
RtFM -0.71+£0.61 0.16+0.49 0.274
LtFM -1.27£0.92 1.66+0.79 0.027"

Angle () FCA -0.39+1.43 1.69+1.28 0.146

Rt. TMJ 0.97+0.83 -0.05+0.53 0.310
Lt. TMJ -6.52+1.02 -0.90+0.56 0.001"

Mean = standard deviation. FC: forehead to chin, RtFM: forehead to right middle region, LtFM: forehead to left middle region, FCA: forehead-to-

chin angle, TMJ: temporomandibular joint. “p<0.05.
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trol groups at the mouth-closed position were not significantly different
before and after treatment. However, the chewing group’s LtFM length
and left TMJ angle at the maximal mouth opening position decreased
compared to the control group. FA length reflected the mandible position.
The left side length decreased due to unilateral gum chewing, but the right
side did not change, indicating that the lower jaw did not move to one side.
Additionally, the opening length in the fully opened mouth position did
not change, but the left TM]J angle decreased. These two changes are due
to a decrease in left temporomandibular joint space. To our knowledge,
this study is the first to determine that unilateral gum chewing can cause
asymmetric loading on the TMJ and alter jaw kinematics during mouth
opening,

Previous studies have indicated that unilateral chewing preference is
governed by neurological control and have aimed to enhance masticatory
function efficiency.>” Nevertheless, chewing side preference may have a
deleterious effect on the TMJ of the corresponding side and is associated
with lateral facial asymmetry.” A previous electromyographic study dem-
onstrated that the right masseter muscle exhibited 38% muscle activity
compared to maximum voluntary contraction during 10 minutes of
chewing gum on the right side." Conversely, the left masseter muscle indi-
cated 19% activity. Most participants (75%) in that investigation experi-
enced muscle fatigue but did not report pain. As such, the authors found
no evidence supporting the theoretical foundation of myofascial pain/
dysfunction syndrome following 10 minutes of unilateral gum chewing.
In this study, 10 minutes of unilateral gum chewing may cause masseter
muscle fatigue but does not directly affect jaw movement.

The TM] is a synovial joint with a unique structure and convex articu-
lating surfaces." The joint is separated into upper and lower segments by a
thin disk. The upper segment forms a plane gliding structure, while the
lower segments act as a hinge joint. When the mouth opens, the mandibu-
lar condyle faces downward and is simultaneously pulled anteriorly. This
action causes the condyle and the articular disc to glide forward from the
mandibular fossa onto the downward projecting articular tubercle. These
movements are largely produced by pterygoid muscles. The exterior
oblique band becomes taut during condyle protraction, which accompa-
nies the jaw opening, limiting the condyle’s inferior distraction during
forward gliding and rotational movements. The inner horizontal band
tightens when the mandible head retracts, limiting posterior condyle
movement.”

In other words, the disc repetitively moves back and forth during mas-

tication due to the lateral pterygoid muscles, and the disc returns to its
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original position through connective tissue tension (outer oblique and in-
ner horizontal band). Therefore, 10 minutes of unilateral gum chewing
loosens the connective tissue and displaces the disc. Interestingly, this
study observed biomechanical confusion for the TM] on the opposite side
of unilateral chewing. Jaw muscle activity and kinematics changed in re-
sponse to food hardness." For example, a traction force is applied to the
TMJ's articular surface if food is present during chewing. Conversely, the
load on the TMJ surface on the opposite side of unilateral chewing in-
creases. Therefore, it seems that less articular movement occurs in the
TMJ on the unilateral masticatory side compared to the contralateral side,
augmenting stress on the contralateral side’s connective tissue.

This study has several limitations. First, caution is needed when gener-
alizing to all age groups since the sample group was relatively small, with
only 21 healthy men and women in their 20s. Second, this study aimed to
confirm immediate changes in masticatory movement; thus, it is difficult
to determine the long-term effect. Third, there is limitation in generalizing
the physical properties of the gum products used in this study. Fourth,
since this study could not accurately examine the temporomandibular
joint’s muscular fatigue, further study is needed to support additional

claims.

CONCLUSION

In conclusion, unilateral mastication results in biomechanical changes
due to excessive load on the contralateral TMJ's soft tissue. The reason for
biomechanical confusion regarding the temporomandibular joint is a
change in disc position. Changes in the joint’s soft tissue can alter muscu-
lar force points, leading to progressive diseases. Therefore, attention must

focus on unilateral masticatory activity.
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