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Abstract
In recent years, functional magnetic resonance imaging has been used to determine the interaction between chewing and brain
activity. However, the factors influencing the activity of the motor cortex have not been fully elucidated. Therefore, the present
study investigated the influence of the magnitude of bite force on brain activity. Fifteen right-handed healthy subjects (24-32
years; mean age, 27.8 years) were included. Sustained, constant clenching with small and large forces comprised the motor
task. The spatial extent of the functional magnetic resonance imaging signal in the primary sensorimotor cortex increased with
an increasing bite force in all subjects. These findings indicated the possibility of measuring the activated area in the primary
sensorimotor cortex during clenching using functional magnetic resonance imaging, which revealed that the brain activity was
related to the magnitude of the bite force.
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1 Introduction

In recent years, functional magnetic resonance imaging
(fMRI) has been employed to delineate the interaction be-
tween chewing and brain activity.[1–4] Brain activation as-
sociated with gum chewing results in an increase in fMRI
signals; however, the factors that influence motor cortex ac-
tivity have not been fully elucidated. Chewing is a com-
plicated movement that involves opening and closing of the
mouth and includes several parameters, such as the force, di-
rection, and speed of chewing. Therefore, simple tasks are
useful for investigating the manner in which each parameter
influences brain activities.

Animal studies have demonstrated that several cortical and
subcortical motor areas include cells with discharge rates

that correlate with the parameters of the specific motor
task, including the force, direction, and frequency of move-
ment.[5–8] Several human studies on brain mapping have
focused on the relationship between brain activation and
force,[9–13] and the majority employed the distal upper ex-
tremity. Furthermore, increased force has been associated
with regionally increased activation in the contralateral pri-
mary motor cortex in some,[9–11] but not other studies.[12, 13]

Each of these studies involved a different motor task for
brain activation, and this could be the reason for the varying
conclusions. Therefore, the present study used a clench-
ing task to investigate the influence of bite force strength on
brain activity. The clenching task is a unique task because it
involves the simultaneous recruitment of the bilateral masti-
catory muscles, enabling the measurement of activated areas
in both sensorimotor cortices and their comparison.
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2 Materials and methods
2.1 Subjects

Fifteen right-handed healthy subjects (24-32 years; mean
age, 27.8 years) participated in this study, which was ap-
proved by the ethics committee of the Hokkaido Univer-
sity Graduate School of Dental Medicine. Written informed
consent was obtained from all subjects before study initia-
tion.

2.2 Motor task

Sustained, constant clenching with small and large forces
was used as the specific motor task in this study. Each
subject individually defined small and large forces. Before
scanning, each subject underwent a brief training program
for the motor task and was asked to clench a dental prescale
film (Fuji film) using the two magnitudes of force. Conse-
quently, each subject could demonstrate consistent and re-
peated clenching with two difference magnitudes of force.

2.3 Functional MRI

fMRI was performed using a 1.5-T Sigma Horizon LX (GE
Medical Systems, Milwaukee, WI) with a standard head
coil, ×200-mm field of view, and ×64 matrix (9.77-mm2

pixel size) and a blood oxygen level-dependent (BOLD)
gradient-recalled echo-planar sequence (repetition time,
3,000 ms; echo time, 60 ms; flip angle, 90o). The subject
lay in the supine position in the magnet, with the head fixed
by a bitemporal clamp.

The imaging protocol is shown in Figure 1. Three sagit-
tal slices were obtained to identify the anterior and poste-
rior commissures (AC-PC). Five 5-mm-thick slices parallel
to the AC-PC line and separated by 1.5 mm were selected.
The scanner was set in the acquisition mode for 15 s be-
fore each session so that steady-state transverse magneti-
zation was achieved. Five images per slice were collected
during a 25-s rest period and again during 25 s of the task.
This was repeated five times, providing a total of 50 im-
ages per slice. Each individual task using small and large
clenching forces was separately imaged. At study termina-
tion, anatomical images were obtained using a T1-weighted
spin-echo sequence to provide detailed anatomical informa-
tion. Data were discarded from acquisitions in which the
subject’s head moved greater than 0.5 mm, as determined
using free software to calculate the head motion (SPM96;
Institute of Neurology; London, UK). Acquisitions were re-
peated in three subjects on separate days to confirm the data
reproducibility and reliability.

2.4 Data analysis

For each fMRI session, data were analyzed using the cross
correlation (sine) method using MR Vision. The time course
of the BOLD response profiles was correlated with the
on/off cycles of the task. Activated pixels were generated
by statistical analysis using a two-tailed t-test for comparing
the active and resting conditions of the task (on/off) syn-
chronized with the estimated sine curve. A p-value of <
.000001 was considered statistically significant.

Figure 1: Functional magnetic
resonance imaging protocol used in
this study

The pixels were compared with the T1-weighted MR im-
ages for anatomical observations, and changes in the sig-
nal intensity in each pixel were individually examined. The
number of significantly activated pixels was counted within
both the left and right sensorimotor cortices. Because

clenching recruits the bilateral muscles, comparisons were
made between the right and left hemispheres during the
clenching task performed with small and large forces using
the Wilcoxon test.
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3 Results
Figure 2 shows an example of fMRI findings for a typical
subject during the clenching task with small (yellow pixels)
and large (yellow and red pixels) bite forces. We separately
counted the number of activated pixels in the right and left
hemispheres. The number of activated pixels at each mag-
nitude of force is shown in the table.

Figure 2: Functional magnetic resonance imaging (fMRI)
responses for two consecutive slices covering the region of
activation in the central sulcus with small (yellow pixels)
and large (yellow plus red pixels) clenching forces in a
typical subject. The extent of the fMRI signal increases
with increasing force within and across slices.

3.1 Right hemisphere

During clenching with a small force, a small number of pix-
els showed a response (mean, 12.27 pixels). The degree of
activation was greater with a large force (mean, 91.87 pix-
els). The volume of activation was significantly larger with
a large force than with a small force (p < .01).

3.2 Left hemisphere

During clenching with a small force, a small number of pix-
els showed a response (mean, 6.73 pixels). The degree of
activation was greater with a large force (mean, 81.28 pix-
els). The volume of activation was significantly larger with
a large force than with a small force (p < .01). Figure 3
shows the activated pixel counts in the right and left hemi-
spheres. There was no significant difference with both large
and small forces.

4 Discussion
This study investigated the effects of the magnitude of the
bite force on neuronal activity in the primary motor cortex.
Previous fMRI studies on gum chewing focused on the per-
centage of changes in fMRI signals,[1–4] although the pixel
counts were not measured across slices. The present study
showed an increase in the spatial extent of fMRI signals in
the primary sensorimotor cortex with an increasing magni-
tude of bite force.

Table 1: Individual subject values and group data (means
and SDs) for the pixel counts with small and large
clenching forces

 

 

Subjects 
Right  Left 

Small Large Small Large 

1 0 173 0 58 

2 0 24 0 25 

3 14 53 9 81 

4 59 83 28 58 

5 19 37 36 110 

6 2 62 1 24 

7 1 99 1 59 

8 10 44 17 107 

9 26 218 1 121 

10 20 83 5 66 

11 14 131 1 82 

12 7 104 0 99 

13 12 134 2 152 

14 0 74 0 106 

15 0 59 0 71 

mean 12.27 91.87 6.73 81.27 

SD 14.95 51.55 10.96 34.02 

 

Figure 3: Comparisons of pixel counts with small (a) and
large (b) clenching forces between the right and left
hemispheres are shown for each of the 15 subjects.

Several factors may explain some of the changes in corti-
cal activation volume with an increasing magnitude of bite
force, including an increased neuronal activity[6, 14] and the
recruitment of larger volumes of the sensorimotor cortex[15]

to activate multiple muscle fibers. With a small clenching
force, the temporal muscle activity tends to dominate; how-
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ever, both the temporal and masseter muscles show strong
activity with a large bite force.[16] Furthermore, increased
sensory feedback during clenching with a large force may
account for some of the measured changes in cortical acti-
vation. It is noteworthy that the increase in the pixel count
was remarkable in the region posterior to the central sulcus,
probably a sensory area. Increased sensory feedback from
the periodontal ligament may remarkably increase cortical
activation. The periodontal ligament plays an important role
in sensory perception and feedback, which, in turn, tune the
motor control.

Previous studies[9–11] that investigated the relationship be-
tween force and brain activity involved a squeezing task,
which activated only the contralateral sensorimotor cortex.
On the other hand, both sensorimotor cortices were acti-
vated by clenching because the muscles on both sides con-
tracted at the same time. Therefore, in this study, the
activated areas in both sensorimotor cortices were exam-
ined and compared. It was hypothesized that nearly equal
numbers of pixels were detected in each hemisphere dur-
ing clenching. However, the intersubject variability was
large, and there was a difference between the right and left
activated areas. Before fMRI examination, each subject
clenched a dental prescale film (Fuji Film) and confirmed
that they were exerting a nearly equal and balanced bite
force on either side of the dental arches. Therefore, we spec-

ulated that a nearly equal bite force may be employed in the
early period of the clenching task. However, the force may
gradually shift to the habitual side during the 25-s clenching
period.

The major shortcoming of this study was that the exerted
bite force or masticatory muscle activity could not be mon-
itored during the fMRI examination. However, our results
demonstrate the feasibility of measuring the activated areas
in the primary sensorimotor cortex during clenching using
fMRI, which revealed that the brain activity is related to
the magnitude of the bite force. Therefore, oral rehabil-
itation with prosthetic treatment, which increases the bite
force,[17] not only improves the chewing efficacy but also
affects the brain in a positive manner; potentially, the im-
proved bite force may prevent brain degeneration. Addi-
tional studies comparing the brain activity before and af-
ter prosthetic treatment in edentulous subjects are recom-
mended to evaluate the neurophysiologic effect of prosthetic
treatment. Studies examining the measurable bite force and
bilateral muscle recruitment during MR scanning can also
provide detailed information.
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