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Summary

Studies in the literature show that jaw and neck regions

are linked anatomically, biomechanically and neurolog-

ically. Voluntary clenching has been shown to improve

muscle strength and performance of various motor

tasks. Information from the neck sensory-motor system

is reported to be important for posture. Hence it is rea-

sonable to believe that activation of the jaw sensory-

motor system has the potential to modulate posture. In

a sample of 116 healthy subjects, we compared center

of gravity (COG) velocity during quiet standing on a

foam surface during three test positions: i) resting jaw,

ii) open jaw, and iii) clenching; these were tested in two

conditions: with eyes open and with eyes closed. The

COG velocity decreased significantly during clenching

in comparison to both open and resting jaw positions

(p<0.0001). This suggests that the jaw sensory-motor

system can modulate postural mechanisms. We con-

clude that jaw clenching can enhance postural stability

during standing on an unstable surface in both the

presence and absence of visual input in healthy adults

and suggest that this should be taken into considera-

tion in treatment and rehabilitation planning for

patients with postural instability.
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Introduction

Body posture has been shown to be affected by vari-

ous factors, including vision, trigeminal afferents,

Effect of three different jaw positions on postural
stability during standing

head-neck position and proprioception (Bolmont et al.,

2002; Kantor et al., 2001; Kogler et al., 2000; Wada et

al., 2001; Bracco et al., 1998; Gangloff et al., 2000;

Gangloff and Perrin, 2002; Milani et al., 2000;

Colledge et al., 1994). Information from the sensory-

motor system of the neck is reported to be important

for maintaining postural stability (Abrahams, 1977).

Patients who have sustained a neck trauma, e.g.

those with whiplash-associated disorders, can pres-

ent, along with other symptoms, gait disturbances,

dizziness and balance impairments (Abrahams, 1977;

Kogler et al., 2000). These findings indicate an impor-

tant role of the neck sensory-motor system in the con-

trol of body posture and balance.

Purposeful and task-related movements of the body

segments require coordinated actions of various joints,

muscles, nerves and receptors (Zafar et al., 2002). The

muscles of the jaw and the neck-shoulder complex

have been observed to co-contract during mandibular

movements and clenching (Davies, 1979; Clark et al.,

1993; Widmalm et al., 1988). This integrated activation

of jaw and neck muscles is suggested to be controlled

by a common central nervous network (Zafar et al.,

2000; Eriksson et al., 1998). Other studies have high-

lighted the anatomical, biomechanical and neurological

link between the jaw and neck regions (Brodie, 1950;

Chang et al., 1988). Voluntary teeth clenching has

been shown to improve the performance of various

motor tasks (e.g. to enhance sports performance) and

to increase muscle strength (e.g. hand grip) (Ebben,

2006; Hiroshi, 2003; Cherry et al., 2010). It has also

been reported that dental occlusion status contributes

to the maintenance of postural balance (Milani et al.,

2000; Hosoda et al., 2007). Previous studies allow us

to infer that the jaw and neck systems are functionally

related. Hence it is reasonable to believe that activa-

tion of the jaw sensory-motor system has the potential

to modulate the postural control system through the

neck, directly or indirectly.

The aim of this paper was to study the effect of differ-

ent jaw positions on standing postural balance in

healthy adults. We hypothesize that activation of the

jaw sensory-motor system with the jaw in different

positions can affect postural stability during quiet

standing. We studied the effect of resting, open and

clenched jaw positions on center of gravity (COG)

velocity during quiet standing on a foam surface with

eyes open and closed.
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Materials and methods

Subjects

One hundred and sixteen healthy male subjects (aver-

age age 31.56, SD 8.51 years; height 170.86, SD 7.26

cm) participated in the study. To be included in the

study, subjects had to have complete Angle Class I or

Class II dentition, and those with any signs or symp-

toms of balance impairment, temporomandibular joint

disorders or skeletal anomalies were excluded. All the

subjects were informed about the aims and proce-

dures of study and written consent was obtained in

accordance with the Declaration of Helsinki. The study

fully complied with the ethical standards for human

research of the King Saud University.

COG velocity assessment

The COG velocity of natural sway during standing was

assessed using the NeuroCom® Balance Master (version

8.5.0, NeuroCom International Inc., Clackamas, OR,

USA). This equipment has previously been used in many

studies (Liston and Brouwer, 1996; Newstead et al., 2005;

Chien Hu et al., 2007). The subject stands on a 46 × 152

cm force platform, and the data generated by the load

cells in the force platform are collected by the interfaced

computer using dedicated software. Balance Master was

automatically calibrated before each testing session.

Each subject was asked to stand as still as possible on

a soft, relatively unstable surface, i.e. a 50 x 50 x 15

cm foam block placed on the force platform, with their

feet comfortably together and arms by their sides. This

foam block is a standard accessory of Balance Master,

and has previously been used in many studies to make

standing balance more challenging (Liston and

Brouwer, 1996; Chien et al., 2007). For each subject,

the COG velocity (expressed as deg/s) was measured

during three different jaw positions: i) resting jaw, i.e.,

the jaw position naturally assumed when no instruc-

tions are given, ii) open jaw, i.e., with the teeth of both

jaws slightly apart, and iii) clenched jaw, i.e., with the

teeth of both jaws tightly closed. Data for each test

position were obtained in the eyes open condition and

the eyes closed condition.

The duration of the test run for each of the three posi-

tions was 10 seconds. The study procedures were

explained to the subjects before any measurements

were carried out. Each test position was repeated

three times in each subject, and a rest of about 60

seconds was allowed between the trials. With the sub-

ject trying to stand as still as possible, the COG veloc-

ity of the natural sway was sampled at a frequency of

100 Hz and the mean of the three trials was used for

data analysis.

Data analysis

Data were analyzed using Graph-Pad Instat 3.0

(GraphPad Software Inc., CA, USA). Means and SDs

were used for descriptive statistics. The hypothesis of

no difference in COG velocity during the resting jaw

position, open jaw position and clenched jaw position

was tested by the Friedman test. The null hypothesis

was rejected at the 0.05 level of significance.

Results

COG velocity during three test positions with eyes

open and eyes closed

The mean COG velocity during quiet standing on a rel-

atively unstable surface varied between the three test

positions, with values of 0.81 (SD 0.68), 0.74 (0.84)

and 0.68 (0.64) found for the resting jaw, open jaw and

clenched jaw test positions, respectively, with eyes

open. With eyes closed, mean COG velocity values of

1.58 (SD 0.64), 1.36 (0.74) and 1.18 (0.57) were

found for the resting jaw, open jaw and clenched jaw

test positions, respectively (Table I).

Comparison of COG velocities recorded in the

three test positions

In the eyes closed condition, the mean COG velocity

showed a significant reduction in the open jaw com-

pared with the resting jaw position (p<0.0001), in the

clenched jaw compared with the resting jaw position

(p<0.0001), and in the clenched jaw compared with

the open jaw position (p<0.0001) (Fig. 1).

A.H. Alghadir et al.
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Table I - Center of gravity velocity in 116 healthy adult males
during quiet standing with eyes open (EO) and closed (EC).

Resting jaw Open jaw Clenched jaw
EO EC EO EC EO EC

Mean 0.812 1.588 0.740 1.386 0.686 1.189
SD 0.686 0.643 0.846 0.746 0.646 0.578

Figure 1 - Mean and 95% confidence intervals of COG velocity

values of all subjects (n=116) for quiet standing on a relatively

unstable surface with eyes closed during three test positions.
Note significant differences (p=0.0001) in COG values between the three

test conditions and the lowest mean value for the clenched jaw condition.
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In the eyes open condition, significant reductions in

mean COG velocity were found in the open jaw com-

pared with the resting jaw position (p<0.0001), and in

the clenched jaw compared with the resting jaw posi-

tion (p<0.0001) (Fig. 2).

In the eyes open condition, COG velocity decreased

by 9% during the open jaw and by 16% during the

clenched jaw positions, while in the eyes closed con-

dition, it decreased by 14% during the open jaw and

by 25% during the clenched jaw positions as com-

pared to the values recorded in the resting jaw posi-

tion, respectively (Fig. 3).

Discussion

We studied the possible effect of different jaw positions

on postural balance in healthy adults standing on a rel-

atively unstable foam surface. The results showed that

the COG velocity of postural sway during standing

decreased significantly during the open and clenched

jaw positions compared to the resting jaw position, both

with eyes open and with eyes closed.

In order to maintain postural stability, the body’s bal-

ance system requires information about the body’s

position and motion in space (Perinetti, 2006). This

information, in the form of various sensory inputs, is

provided via various channels, e.g. as cutaneous

information from the sole of the foot (Kavounoudias et

al., 1998; Meyer et al., 2004); as visual information

(Collins and De Luca, 1995), or via vestibular, ocular

(Horak and Hlavacka, 2001; Wardman et al., 2003)

somatosensory channels, etc. (Fransson et al., 2000,

2003; Rogers et al., 2001; Massion, 1994). There is

evidence that the sensory-motor system of the jaw

can influence the vestibular (Park et al., 2014), neck

(Davies, 1979; Ehrlich et al., 1999) and ocular sys-

tems and can therefore also affect the postural control

system (Hellmann et al., 2011). Our results, showing

significant decreases in COG velocity between differ-

ent jaw positions, seem to support this and show that

activation of the jaw sensory-motor system can affect

postural control mechanisms.

The role of visual input (Redfern et al., 2001; Edwards,

1946) and of standing surface (Mohapatra et al., 2014)

in postural balance is well documented. It has been

shown that standing on a surface such as foam pres-

ents a significant challenge to the postural control sys-

tem as it alters the inputs to both joint receptors and

cutaneous mechanoreceptors in the sole of the foot

(Mohapatra et al., 2014; Blackburn et al., 2003). It is

interesting to note that the subjects in our study, even

when deprived of visual input and put in the more chal-

lenging situation of standing on a relatively unstable

foam surface, showed decreases in COG velocity with

changes in jaw position, indicating that the jaw senso-

ry-motor system is capable of modulating the postural

control system in order to stabilize the body. In com-

parison to what was observed in the open eyes condi-

tion, a relatively higher reduction of COG velocity dur-

ing the open and clenched jaw positions as compared

to the resting jaw position was observed in the eyes

closed condition. This finding suggests that the senso-

ry-motor system of the jaw can play an important role

in the absence of visual input.

It is possible that occlusal changes are involved in the

decline of balance ability in the elderly. Indeed, in the

absence of proper occlusion, the ability of the body to

adjust its COG becomes impaired (Hosoda et al., 2007).

It has been reported that wearing an occlusal splint may

allow patients to alter their postural attitude (Milani et al.,

2000) and occlusal therapy has been shown to induce a

re-equilibrium of masticatory muscles via a descending

action resulting in an improved body posture (Bracco et

al., 2004). According to a study on relations between

dental occlusion and body balance, the myocentric jaw

position (right-left muscular equilibrium) improved bal-

ance in the frontal plane compared with the centric (most

closed, static) position and rest (habitual) position

(Bracco et al., 2004). Teeth clenching facilitates H reflex-

es of the soleus and pretibial muscles (Miyahara et al.,

1996) and a positive relationship has been reported

between the extent of facilitation of the reflex and the

magnitude of electromyographic activity of the masseter

muscle (Takada et al., 2000). Clenching exerts a nonrec-

iprocal tonic facilitation of the H reflex of the ankle exten-

sor and flexor muscles (Fujino et al., 2010). Isometric

activation of the jaw motor system, in conditions like

Effect of jaw positions on postural stability
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Figure 2 - Mean and 95% confidence intervals of COG velocity

values of all subjects (n=116) for quiet standing on relatively

unstable surface with eyes open during three test positions.
Note significant differences (p=0.0001) in COG values between the three

test conditions and the lowest mean value for the clenched jaw condition.

Figure 3 - In comparison to the resting jaw position, the relative

reduction in COG velocity during the open jaw and clenched jaw

positions with eyes open and eyes closed.
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maximum bite and unilateral sub maximum bite and

chewing, has also been shown to affect body sway

(Hellmann et al., 2011). The clenched jaw position, exert-

ing a similar action, may also decrease the COG veloci-

ty and improve the balance of the individual through facil-

itation and attenuation of reciprocal Ia inhibition in ankle

extensor and flexor muscles, stabilizing the body.

Studies have shown that jaw opening is associated

with head extension (Eriksson et al., 2000) and head

position affects the sway of the COG (Makofsky et al.,

1991). It is also known that a good balance of both

masticatory and head and neck muscles is important

for postural stability (Bracco et al., 2004). These

reports might explain our finding that in the open jaw

position, too, in comparison with the resting jaw posi-

tion, there is decrease in COG velocity and therefore

an increase in body stability.

The body has balance control mechanisms allowing it

to maintain its posture as the situation demands.

Impaired balance control, either due to aging or to

some disease, has been identified as one of the most

influential risk factors for falling (Lipsitz and

Goldberger, 1992; Goldberger et al., 2002; Close et

al., 2005; Stevens et al., 2006; Moreland et al., 2003).

Patients with a high risk of falling are characterized by

increased variability of postural motion (Morrison et al.

2010), body sway with less overall motion, and

increased COG velocity (Hellmann et al. 2011).

Consideration of our results may be helpful in the clin-

ical management of patients at higher risk of falling in

order to increase their postural stability.

In conclusion, in healthy young adults, changes in vol-

untary static jaw position can influence the postural

stability mechanisms during upright standing both in

the presence and in the absence of visual input. Our

findings indicate that the jaw sensory-motor system

can modulate postural control mechanisms, and might

be of value when assessing and planning treatment

for patients with postural instability.
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