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Masticatory Function and Maturation of the Jaw-Opening Reflex

Chidsanu Changsiripuna; Tadachika Yabushitab; Kunimichi Somac

ABSTRACT
Objective: To test the null hypothesis that alteration in masticatory function due to liquid-diet
feeding during growth does not affect jaw-opening reflex (JOR) maturation.
Materials and Methods: Soon after weaning, 70 female Wistar rats were divided into two equal
groups and fed either solid (control group) or liquid (experimental group) diets. At 5, 9, and 13
weeks, the rats were anesthetized and the JOR was recorded in the anterior belly of the digastric
muscles as evoked by a low-intensity electrical stimulation of the left inferior alveolar nerve.
Results: There were similar tendencies at each recording age. Peak-to-peak amplitude of the
JOR was significantly smaller, and the latency was significantly longer in the experimental group,
although the duration was not significantly different between the two groups.
Conclusions: These data suggest that long-term masticatory functional change due to liquid-diet
feeding during growth may impede the learning for JOR maturation, and thus may affect the
masticatory performance in the adult. (Angle Orthod. 2009;79:299–305.)
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INTRODUCTION

Temporomandibular disorders and abnormal occlu-
sal conditions such as open bite malocclusion were
reported to cause an alteration in masticatory function
whether measured as chewing performance, bite
force, or muscle activity.1,2 There are several clinical
reports revealing that many kinds of jaw motor func-
tion, including jaw reflex, are modulated under these
pathophysiologic states.3,4 A current epidemiologic
study showed that these clinical dysfunctions are

a Graduate student, Orthodontic Science, Department of Oro-
facial Development and Function, Division of Oral Health Sci-
ences, Graduate School, Tokyo Medical and Dental University,
Tokyo, Japan.

b Assistant Professor, Orthodontic Science, Department of
Orofacial Development and Function, Division of Oral Health
Sciences, Graduate School, Tokyo Medical and Dental Univer-
sity, Tokyo, Japan.

c Professor and Chairman, Orthodontic Science, Department
of Orofacial Development and Function, Division of Oral Health
Sciences, Graduate School, Tokyo Medical and Dental Univer-
sity, Tokyo, Japan.

Corresponding author: Chidsanu Changsiripun, DDS, Ortho-
dontic Science, Department of Orofacial Development and
Function, Division of Oral Health Sciences, Graduate School,
Tokyo Medical and Dental University, 1-5-45 Yushima, Bunkyo-
ku, Tokyo 113-8549, Japan
(e-mail: chidorts@tmd.ac.jp)

Accepted: April 2008. Submitted: February 2008.
� 2009 by The EH Angle Education and Research Foundation,
Inc.

found in all age groups and are not rare findings in
children and adolescents.5 However, it has not yet
been investigated as to whether children and adoles-
cents who developed with altered jaw motor functions
can perform mastication accurately during adulthood.

The jaw reflex is accepted as one of the crucial neu-
ronal functions for controlling jaw movements in vari-
ous oral situations.6,7 In the masticatory system, the
jaw-opening reflex (JOR) has been widely studied, and
a number of studies suggest a relationship between
JOR and masticatory function. During mastication, the
phase-dependent modulatory mode of the JOR is
thought to play an important role in regulating jaw
movement.6,8

Recently, it is interesting that jaw reflex properties
change remarkably with development and involve the
learning process. Jaw reflexes are maturing as the
child continues to acquire new oral motor skills.9 In
more detailed literature, it was found that the latency
of the JOR in neonatal rats was much longer than in
adults, and the short-latency digastric reflex was rec-
ommended as the necessary precondition for adult
oral function.10

Mastication is an acquired-learning function, which
has the critical period for programming during young
ages.11 Normally, juvenile changes could be directed
to achieve optimal masticatory function in an adult.12

However, some environmental changes during child-
hood, eg, the type of food consumed, might alter the
functional demands of the masticatory system. It has
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been reported that in various animals, including hu-
mans, electromyographic (EMG) activity of the masti-
catory muscles and jaw movements is influenced by
orofacial sensations arising during the mastication of
foods with different consistencies.13,14 In particular
studies concerned with the JOR, the reflex amplitude
was significantly larger when hard food was taken than
when soft food was taken, although the relationship
between this reflex and food properties was not eval-
uated long term in these reports.15,16 Moreover, matu-
ration of JOR in grown-up mammals without chewing
experience has never been examined.

To clarify this, the present study was undertaken to
test the null hypothesis that alteration in masticatory
function due to liquid-diet feeding during growth does
not affect JOR maturation.

MATERIALS AND METHODS

Animal Preparation

Seventy 2-week-old female Wistar albino rats were
used in this experiment. To prevent the experimental
group from having any experience of chewing a solid
diet, all pups were fed by their mother and were ex-
amined every half-day to observe weaning. Soon after
weaning, the pups were randomly divided into control
(n � 35) and experimental (n � 35) groups. The con-
trol group was fed rat chow pellets (CE-2, CLEA Inc,
Tokyo, Japan), while the experimental group was fed
a liquid diet, which consisted of CE-2 powder mixed
with water in a blender at a ratio of 1:4 by weight, as
described in a previous study,17 using a graduated
feeding tube. Food and water were freely accessed all
of the time. The body weight of the animals was mea-
sured throughout the experimental period. At 5, 9, and
13 weeks, a JOR recording was conducted in the
anesthetized animals in both groups.

Stimulation and Recording

The animals were anesthetized with thiamylal sodi-
um (Isozol, Yoshitomi Pharmaceutical, Osaka, Japan;
60 mg/kg, intraperitoneally (IP). Then, cannulae were
inserted into the trachea and the femoral vein. Be-
cause differing levels of anesthesia were known to
have an effect on the latency of the digastric reflex,18

the depth of anesthesia was carefully monitored
throughout the experiment by checking pupil size,
withdrawal, and corneal reflexes and heart rate. Also,
in order to keep the same anesthetic level in all rats
while performing the JOR recording, a supplemental
dose (5 mg/kg, intravenously) was routinely given 15
minutes before the start of a recording process if a
withdrawal reflex was elicited by pinching the paws.
The rectal temperature was maintained at 37�C with a
heating pad. Before an incision was made, the skin

was injected with 2% lidocaine to prevent the noxious
stimulation that could have an inhibitory effect on
JOR.19

To stimulate the left inferior alveolar nerve (IAN), a
pair of stainless-steel wire electrodes (diameter 0.1
mm, tip exposure 0.5 mm) was inserted into the left
mandibular canal through the mental foramen at a
depth of 1 mm and 3 mm. Then, the bipolar electrode
was kept in place by fixing on the adjacent mandibular
bone with light-cured dental resin. An expression of
the JOR was recorded from the ipsilateral digastric
muscle (Dig), using paired stainless-steel wire elec-
trodes with 1-mm exposed tips implanted along the
direction of the muscle fibers. The interpolar distance
was set at 3 mm for these recording electrodes. To be
able to reproduce this amount every time, a 2-keyhole
index, with 3 mm between the holes, made from dental
acrylic (UNIFAST II, GC Corporation, Tokyo, Japan)
was used for leading paired electrode-inserted nee-
dles to leave the electrodes in place with the same
interpolar distance in every recording. The animals
were then transferred to a stereotaxic apparatus (mod-
els SN-2 and SM-15M, Narishige Scientific Instru-
ments, Tokyo, Japan) with their bodies in a prone po-
sition (Figure 1A).

Before the stimulation of the JOR, Dig EMG activity
was captured for 1 minute in each rat to be considered
as a baseline activity. Then, the left IAN was electri-
cally stimulated (single pulse, 0.2 millisecond duration)
once every 5 seconds to evoke the JOR. The stimulus
intensity was applied gradually in increasing in steps
of 1 �A, and the lowest intensity that constantly elic-
ited Dig EMG responses was determined as the JOR
threshold (T). To attain the comparable responses, the
test stimulation current was adjusted to 1.5 times the
threshold (1.5T). Besides, the intensity, as being equal
to or less than 2T, can be considered as nonnoxious
stimuli,8 which we expect in this study. EMG activity
was amplified by a differential amplifier (DAM-80, WPI,
Sarasota, Fla; bandwidth 100 Hz–3 kHz). All signals
were fed into a computer by means of CED 1401 in-
terface (sampling rate 5,000/s) and were later ana-
lyzed offline with the Spike2 software for Windows,
version 4.02 (Cambridge Electronic Design, Cam-
bridge, UK).

After recording, the animals were killed with a thia-
mylal sodium (IP) overdose. The Dig was then dis-
sected to confirm the electrode-placed location. All
surgeries and procedures described above were in
agreement with the Animal Care Standards of the To-
kyo Medical and Dental University, and had the ap-
proval from its Animal Welfare Committee.

Data Analysis
Peak-to-peak amplitude, latency, and duration were

measured as the JOR properties for comparison be-
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Figure 1. (A) Scheme of the experimental setting. Anesthetized rats had their heads fixed to a stereotaxic frame. Jaw-opening reflex (JOR)
was evoked by electrical stimulation of the left inferior alveolar nerve and recorded in the anterior belly of ipsilateral digastric muscles. (B)
Mean body weight throughout the experimental period. The weight-age curves were similarly increased without statistically significant differ-
ences between the two groups.

tween the two groups. The mean values of these pa-
rameters were averaged from the reflex responses af-
ter 30 consecutive stimuli in each rat. EMG activities
were full-wave rectified and smoothed with a time con-
stant of 20 milliseconds. The latency and duration
were indicated as time intervals (ms). Latency was de-

fined as between the stimulus and the first point at
which digastric EMG activity exceeded 2 standard de-
viations (SD) of the baseline activity (onset), whereas
duration was defined as between the onset and the
point of time when the response dropped below 2 SD
of the baseline activity (offset). Peak-to-peak ampli-
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Figure 2. Typical examples of jaw-opening reflex (JOR) responses from control and experimental groups at (A) 5 weeks old, (B) 9 weeks old,
and (C) 13 weeks old. The stimulus intensity was adjusted to 1.5 times the threshold (1.5T) in each rat. � and � indicate stimulus and artifact,
respectively.

tude (mV) was calculated using the Spike2 analysis
function between the onset and offset in each single
sweep.

All data were expressed as mean � SD and un-
paired t-test was used for statistical comparison at the
different ages between two groups. P values less than
.05 were considered significant. The software SPSS
for Windows, version 12.0 (SPSS Inc, Chicago, Ill),
aided in statistical analysis.

RESULTS

The mean body weight of all rats regularly increased
throughout the experimental period. There was no sig-
nificant difference between the two groups (Figure
1B).

Low-intensity electrical stimulation to the left IAN al-
ways elicited JOR responses at the ipsilateral Dig in
all animals. Typical examples of both groups recorded
at 5, 9, and 13 weeks of age are shown in Figure 2A
through C, respectively. The reflex threshold was 25.9
� 11.1 �A (mean � SD) in the control and 30.1 �
14.3 �A (mean � SD) in the experimental group. The
JOR peak-to-peak amplitude, latency, and duration
values when the stimulus intensity was set at 1.5T,
(Figure 3A through C, respectively). There were no
significant differences in JOR properties at 5, 9, and
13 weeks in either group. However, the reflex peak-
to-peak amplitude was significantly smaller, and the
reflex latency was significantly longer in the experi-

mental group than in the control group (P � .05) at
each recording age, although the reflex duration was
not significantly different between the two groups. For
the 13-week-old animals, the peak-to-peak amplitude
was 2.9 � 0.9 mV for the control and 1.6 � 0.5 mV
for the experimental group, and the latency was 4.6 �
0.2 ms for the control and 7.4 � 0.4 ms for the ex-
perimental group. The duration was 2.7 � 0.9 ms and
2.9 � 1.0 ms in the control and experimental animals,
respectively. All data are written as mean � SD.

DISCUSSION

Masticatory functional alteration during growth is
widely known to influence the developmental process
of the masticatory system morphologically, but little is
known concerning its effects on functional maturation.
It is generally agreed that muscle activity for the basic
pattern of rhythmical alteration of jaw-closing and jaw-
opening movements is generated by central pattern
generators (CPG) in the brain stem.6 However, mas-
tication is a behavior that has to adapt to environmen-
tal demands through the mediation of inputs to the
CPG, which is highly dependent upon orofacial sen-
sory afferents, and this modification can be carried out
by interacting via reflex circuits on the motor neu-
rons.6,20 Therefore, jaw reflex studies can be useful to
investigate alterations of sensorimotor processing in
masticatory performance.

Our data showed that the altered masticatory envi-
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Figure 3. (A) Peak-to-peak amplitude (mV), (B) Latency (ms), and (C) Duration (ms) were measured as the jaw-opening reflex (JOR) properties
for statistical comparison between the two groups. The data are expressed as mean � SD; n indicates number of rats in each group at each
recording age. * Indicates significant difference from control group (P � .05, unpaired t-test).
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ronment, consequent upon liquid-diet feeding during
growth in rats, affects the JOR maturation as mea-
sured by peak-to-peak amplitude and latency proper-
ties. Although the differences between threshold val-
ues did not reach the statistically significant levels, it
shows that the motor pool of the digastric muscle may
not be as active in the experimental group due to un-
derusage and reflects a decrease in low-threshold tri-
geminal sensory transmission to the digastric motor
neurons.

Sensory inputs from low-threshold orofacial mech-
anoreceptors, such as mucosal and periodontal mech-
anoreceptors, muscle spindles, and temporomandib-
ular receptors are known to be very important in reg-
ulating masticatory movement and force by providing
sensory feedback along with eliciting the JOR when
the mastication is performed.15,20,21 Thus, modified sen-
sory feedback elements from these mechanoreceptors
due to alteration in masticatory function would possibly
be one of the factors causing JOR suppression in the
experimental rats. Nevertheless, the influences on the
central control system, eg, cortical masticatory area,
sensorimotor cortex, and other subcortical structures,
cannot be excluded because the consistency of food
was also suggested to affect the central mechanism
controlling masticatory movement. This higher center
may automatically reduce the level of attainable func-
tion after the decrease of the contributions from oro-
facial receptors, which would reveal the modulation of
the gain for digastric reflex.16 More practically stated,
the suppression in the mean amplitude of JOR indi-
cated a reduction in the sensitivity of the reflex. This
implies that the regular pressure applied to the recep-
tors might be subthreshold for evoking JOR.

Functional transition of feeding behavior from suck-
ing to chewing during the early developmental period
was reported to happen related to maturation of the
JOR, which shows a short latency of digastric reflex
as a sign of this maturation.10 In the present study, this
sucking-chewing transition in experimental rats that
have been fed a liquid diet since the weaning time may
be impeded. Therefore, the long-latency reflex, which
is typically found in immature rats,10 was recorded from
adult rats in the experimental group when evoked by
low-intensity electrical stimulation of the ipsilateral
IAN. It may not be possible to accept totally that only
afferent fibers mediating the nonnociceptive JOR were
activated in this study. However, we made every effort
to stabilize polarization of the stainless-steel stimulat-
ing electrodes for consistency of stimulus strength,
and all intensities were clearly limited below 2T. Thus,
we believe that such stimuli are nonnoxious stimula-
tion and similar to those which naturally could occur
while animals are performing mastication.8 This sug-
gests that the masticatory performance, developed

with a lack of experience in solid-diet mastication dur-
ing growth, may be different from that with short-laten-
cy JOR in normal adult behavior.

This long-latency result in experimental rats agrees
with a previous report22 that showed a significantly
slower conduction velocity of nerve fibers after an oc-
clusal hypofunctional condition. This might be first ex-
plained by peripheral sensory system alteration. Mat-
uration of peripheral A-fiber transduction mechanism
to acquire their full stimulus-response sensitivity was
recently shown to coincide with development of mye-
lination.23 There is no report directly revealing the ef-
fect of altered masticatory function on development of
myelination or growth of fiber diameter in these nerve
fibers, but it was reported to cause structural changes
of the microvasculature in periodontal ligaments,24

which could result in a deficiency of nutrients to the
nerves. In undernourished developing rats, peripheral
nerves have been reported to have retarded myeli-
nation25 and a deficit in fiber growth.26 Consequently,
experimental rats, raised with a liquid-diet feeding,
might have smaller diameter and/or decreased myeli-
nation of peripheral sensory nerves. Another possible
explanation can be a longer central delay in the ex-
perimental rats because the functional sucking-chew-
ing conversion is not only related to the development
of the peripheral nervous system, but also to the mat-
uration of the masticatory central pathway.27 This is
demonstrated to have a shift of the cortical projection
area from the cortical sucking area to the cortical mas-
ticatory area during the maturation.20

Apparently, a lower occlusal force due to liquid-diet
feeding can be one of the factors in this alteration, but
masticatory function that is used to transport food in-
traorally has been argued to also be the main differ-
ence between the intake of a liquid and solid diet.14

Although the liquid-diet feeding experimental model in
rats used in the present study might not exactly re-
semble the alteration of masticatory function in tem-
poromandibular disorders or malocclusion conditions,
patients with poor masticatory function were reported
to change the types of food and avoid chewing of hard
food.28 Taking all evidence and our data together, the
maturation of the JOR might be impeded in these pa-
tients growing up with modulated masticatory function,
and thus may affect the masticatory performance dur-
ing adulthood.

CONCLUSIONS

• Alteration in masticatory function during growth af-
fects the functional development of mastication by
causing the underdevelopment of JOR properties.

• The JOR is not fixed, but matures according to mas-
tication during growth.
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• Shortening of the latency, corresponding to the in-
creased amplitude of the JOR, is the necessary sign
of maturation for adult oral behavior.
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