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Abstract
It has been suggested that occlusal splints can improve muscle strength in athletes by affecting the mandibular position. However, research in this area is scarce 
and conflicting. This pilot study evaluated the upper and lower limb muscle force in three different mandibular positions and assessed the repeatability of these 
measurements. Twenty one healthy subjects (13 males – 8 females) aged 18-24 years were recruited among physiotherapy students based on strict criteria. Included 
subjects were free of any temporomandibular, oral or musculoskeletal disorders. For each subjects individually a hard wax bite of 2-4 mm in maximal occlusion was 
made. Grip strength was measured using the Biometrics® dynamometer. Isometric muscle force of the quadriceps was measured using a BIODEX® dynamometer. 
Muscle force in shoulder abduction muscles was measured using a MicroFET® dynamometer. Three trials within each session, and in a random order, were done in 
each of three mandibular positions: 1) closed in maximal occlusion; 2) active mouth opening; 3) closed on wax bite in maximal occlusion. This procedure was repeated 
after a one week period. To control for confounding of mandibular position, within-session trials and test day, a linear mixed covariance model approach was used. 
No significant differences were found in muscle force between the three mandibular positions for any of the muscle groups tested (p >0.05). Good repeatability was 
demonstrated within one session and between two separate days. Findings indicate that in asymptomatic subjects, muscle force in the limbs was not influenced by 
altered mandibular position.
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Background
During the past decades, it has been suggested that mandibular 

position or occlusal factors can affect other parts of the body such as 
body posture, muscle force or athletic performance [1-3]. 

However, until now, neither relevant clinical nor scientific evidence 
has been found for these suggested associations. Regarding the relation 
between orthopaedic and dental symptoms or findings, recent literature 
reviews reported that most publications failed to provide evidence for 
a cause-effect relationship [4-6]. Despite it has been demonstrated that 
occlusal interferences can have small influences on kinematic parameters 
related to mandibular position, it has not been shown that these can 
modify static and dynamic parameters of body posture significantly 
over time [7]. The relation between mandibular position and muscle 
force is controversial. The study of Smith (1978) was one of the first 
studies published on this topic. That study reported that an increase in 
vertical dimension of dental occlusion could increase muscle force of 
the shoulder abduction muscles in subjects with temporomandibular 
joint (TMJ) disorders. Other studies reported that an occlusal splint 
increased muscle force in shoulder adductor and abductor muscles 
[2] or back and lower limb muscles [8]. In addition, in sports literature, it 
has been suggested that wearing a mandibular orthopaedic repositioning 
appliance (MORA) can improve athletic performance such as vertical 
jumping and grip strength [9]. Moreover, it has been reported that wearing 
a mouthguard improved physical performance of the upper limbs [10] 
while other studies failed to show an effect [11,12]. 

However, small vertical changes of the jaw could affect the motor 
recruitment of the masseter and the fine-motor skills of the masticatory 
system [13]. Studies using surface EMG reported that occlusal 
interferences could modify the contraction pattern of the masticatory 
muscles as well as muscles of other parts of the body [14,15]. However, 
the clinical significance for these biological and experimental findings 
has not been demonstrated [15]. 

A close integration of the jaw and neck motor systems has been 
described in animal and human studies demonstrating co-activation 
and reflex activities of jaw, neck and shoulder muscles [16,17]. 
Moreover, a recent fMRI analysis in healthy subjects showed that 
mandibular position and it’s alternation by an occlusal splint can affect 
motor and somatosensory cortical activation and cerebellar networks 
[18]. Since the mandibular position is directly functionally related to 
the cervical region function, which has a significant effect on postural 
control mechanisms in general [19], it is interesting to further explore 
the clinical evidence of mandibular position on other parts of the body. 
A number of studies have demonstrated that voluntary teeth clenching 
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facilitated the H-reflex in both the agonist and antagonist muscles of 
the lower limb [20,21], suggesting that sensory information arising 
from masticatory systems during clenching of the teeth strengthens 
the tonic muscles. Also, there appeared to be interactions between the 
masticatory activity and that of the muscles of the lower limb [22]. At 
present, some athletes wear occlusal splints or mouthguards during 
sports activity notwithstanding the lack of scientific evidence. Since 
the repeatability of potential effects between two separate days was not 
studied and only limited information is available with regard to the 
effect of mandibular position on muscle strength in the limbs, the aim 
of the present study was 1) to measure the possible effect of different 
vertical mandibular positions on muscle force in the limbs and 2) to 
evaluate the reproducibility of the measurements within 1 session and 
after a period of one week.

Methods

Subjects

Twenty-one healthy subjects, 13 males and 8 females were recruited 
among physiotherapy students. The mean age of the males was 19.6 
years (range 18 to 28 yr). The mean age of the females was 19.2 years 
(range 18 to 20 yr). All subjects underwent a routine medical and 
standardized physical examination by a trained physician. Subjects were 
excluded if they presented 1) systematic diseases, 2) musculoskeletal 
disorders, 3) current treatment for orthopaedic conditions, 4) recent 
trauma to both upper and lower limb. According to the requirements 
of the physiotherapy program of the faculty, all subjects had a sufficient 
active and physical exercise level. Subjects also underwent a routine 
dental and TMD examination by a trained dentist. To be included, 
the subjects had to be subjectively and clinically free from TMD and 
not present with any intra-oral pathology or complaints based on the 
Research Diagnostic Criteria for TMD [23]. Subjects were furthermore 
excluded if they presented with a class II-III teeth relation, deep bite 
or cross bite. In all subjects who met the inclusion criteria, a hard wax 
bite of 2-4 mm thickness, taken in maximal occlusion, was individually 
made. All subjects were blinded for the hypothesis of the study but were 
well informed about the procedures and gave informed consent. The 
study was approved by the Ethical Committee of St. John’s Hospital AZ 
Sint-Jan AV Bruges.

Muscle test procedures

Three trials were randomly scheduled in each of the following 
three mandibular positions: 1) mouth closed in maximal occlusion 2) 
maximal active mouth opening and 3) mouth closed on a wax bite in 
maximal occlusion. Subjects were thoroughly familiarized with all test 
procedures before the initial test. All tests were performed by the same 
examiner. Subjects were invited to participate in a re-test a week after 
the first test moment and twelve subjects were able to do. 

Concentric peak force handgrip test 

Functional maximal handgrip strength was measured in sitting 
position with the electronic Precision Dynamometer G200, (Biometrics®, 
Ltd, Newport UK) on the preferred arm [24]. The upper arm was held 
against the trunk, elbow in 90° of flexion, forearm and wrist in neutral 
position. The examiner ensured that no external or internal rotation in 
the shoulder was present. Subjects were asked to maximally squeeze the 
dynamometer three times for three seconds, with a recovery time of 20 
seconds between every successive measurement. This was performed in 
the three mandibular positions in a random order with a rest interval 
of one minute between the mandibular positions. Standardized verbal 
encouragement was given.

Isometric peak force upper limb

The isometric muscle force of the upper limb was measured using the 
eccentric break test method for the abductors of the shoulder [25]. This 
test starts as an isometric contraction but then the examiner gradually 
increases the force, trying to cause an eccentric contraction or a “break” 
in the subjects contraction. The device quantifies the breaking force 
necessary to depress the limb. This method provides a more recognizable 
threshold for maximum contraction than isometric testing. Objective 
values were obtained by using a Biometrics MicroFET® 2 hand held 
dynamometer (Biometrics Ltd, Newport, UK). The test was performed 
on the dominant side, defined as the preferred use for this performance, 
from a standardized position. All tests were done in a reclined position. 
The tested arm was in 45° of shoulder abduction, elbow extended and 
elbow and wrist in supination. The MicroFET® hand held dynamometer 
was placed on the lateral epicondyl. During six seconds, standardized 
using a chronometer, the maximal force was built up. The examiner 
verbally encouraged all subjects in a standardized way. Three trials 
were randomly done in each of the three mandibular positions, with 
a 20-second rest interval between each trial and a one minute interval 
between every mandibular position. Subjects performed general 
warming up exercises for the shoulders before the test.

Isometric peak torque of the m. quadriceps 

The isometric maximum voluntary contraction (MVC) force of the 
quadriceps muscles was measured with the BIODEX® dynamometer 
System 4 ProTM, (Biodex Medical Systems, New York) with the knee 
angle held at 60 degrees. The peak torque of the preferred leg was 
measured for six seconds. Two trials were randomly done in each of the 
three mandibular positions, with a one minute rest interval between 
each trial and a two minute interval between every mandibular position. 
As warming-up before the test, subjects had to cycle at 50 Watt for 10 
minutes and jumped one minute.

Statistical analysis

To control for confounding of mandibular position, within-
session trials and test day, a linear mixed covariance model approach 
was used. The mean, SD and coefficient of variation was calculated 
for the repeated measurements for each mandibular position for both 
test days. In the mixed model, the within-session trials, mandibular 
position and test day were the fixed effects. Classic ANOVA demands 
that all measurements be independent. The present study design of 
repeated measures, however, could result in clusters of data. To take 
this clustering into account, the mixed model includes a correction for 
the correlation between measurements within the same individual.  The 
level of significance was set at p<0.05.

Results
The mean, SD and coefficient of variation of the handgrip peak 

force in different mandibular positions are presented in Table 1. On 
the first test day, 21 subjects performed three consecutive trials in 
each mandibular position within one session resulting in 63 repeated 
measurements (n=63) for the handgrip and shoulder muscles. On the 
second test day 36 repeated measurements for handgrip and shoulder 
muscles were performed by 12 subjects. Table 2 shows the p-values for 
the confounding factors within-session trials, mandibular position and 
day on the handgrip, shoulder and quadriceps muscle. As showed in 
table 2 the mandibular position had no significant influence on the 
handgrip peak force (p=.837) and no significant influence on the peak 
force of the shoulder abduction muscles (p=.929). Also, hand grip 
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peak force was not affected by the repeated measures (p=.52) showing 
good repeatability within one session. The factor day of measurement 
had no significant influence on the hand grip peak force (p=.361) 
demonstrating good repeatability between two separate days. The peak 
force of the shoulder muscles, was also not affected by the repeated 
measures within one session (p=0.981) and the factor “day” had no 
significant influence on the peak force (p=.870) demonstrating good 
repeatability within one session and between two days. The analysis 
revealed no interactions between the repeated measures, mandibular 
position and test day for both muscle groups demonstrating that every 
factor was observed independently from each other.  The mean, SD 
and coefficient of variation for the peak torque of the quadriceps are 
presented in Table 3. The peak torque of the quadriceps was measured 
only twice in each mandibular position. As presented in Table 5 the 
mandibular position had no significant influence on the peak torque 
of the quadriceps muscle (p=0.981). The standardized Biodex protocol 
automatically calculated the mean of the two trials. Consequently, the 
effect of the repeated measures within one session could not be analysed. 
The factor “test day” showed no significant effect on the quadriceps peak 
torque (p=0.585). As showed in Table 3, a lowered -but not significant- 
variance on test day 2 for mandibular position was present. Therefore, 
the possible effect of the fixed factor mandibular position on each test 

day separately was further analyzed (Table 4). However, the effect of 
mandibular position analyzed separately on day 1 and day 2 was also 
not significant (p=.971 and p=.967 respectively) (Table 5).

Discussion
The rationale of the present study was to assess the influence of 

three different mandibular positions on muscle force in the limbs and to 
evaluate the repeatability of the measurements within one session and 
between two separate days. The results of the present study indicate that 
in asymptomatic subjects, muscle force in the limbs was not influenced 
by altering the mandibular position, even if this position was altered 
with a wax bite. This is in line with the scarce previously reported 
research who failed to demonstrate improved strength in the shoulder 
abductor muscles [2,11,26] or grip strength [8] as a result of wearing 
an oral splint in healthy subjects. In the recent study of Grosdent et al. 
[27], the influence of a dental splint on quadriceps muscle force was 
analysed using comparable Biodex® methodology. In accordance with 
the results of the present study, these authors also found no significant 
difference in isometric or isokinetic quadriceps force when the subjects 
wore a balanced splint. Remarkably, they found a significant immediate 
decrease in eccentric muscle force of the quadriceps when the occlusion 
was disturbed by a resin component, possibly explainded by disruption 
of central modulation mechanisms [27]. In the present study, the wax 
bite of 2 mm was taken in the subjects most habitual bite i.e. maximal 
intercuspidation which was a correct balanced position. However, the 
small heightening of the vertical dimension of the occlusion may alter the 
length of the main jaw elevator muscles or the motor unit recruitment of 
the masseter [13]. Also, the position of the mandibular head in the fossa 
mandibularis may be influenced symmetrically without creating an 
imbalance [18]. Nevertheless, the transfer from this study to the clinical 
situation can be discussed. First, the present study investigated muscle 
force in an analytical way and no functional related performance tests 
were included. Secondly, although athletes usually use mouthguards or 
oral splints when they play sports a wax bite was applied in this study. 
Regarding the results of the present study it appeared that a small 
increase in vertical dimension of occlusion in a correctly balanced 
position has no negative effect on muscular performance. Moreover, 
good repeatability was demonstrated within one session. This can 
be explained by the fact that with the aid of dynamometers reliable 
methods of muscle testing [25] were used with sufficient recovery time 
between the consecutive measurements. Measurement procedures 
were carefully standardized which may explain good repeatability over 
time. In light of the data of the present study, the results of field and 

mandibular position n mean SD VAR

closed Day 1 63 38.1 11.5 30.3
Day 2 36 36.4 8.5 23.5

open Day 1 63 37.7 11.8 31.3
Day 2 36 36.2 8.9 24.7

closed +bite Day 1 63 38.2 12.3 32.2
Day 2 36 37.7 9.9 26.3

Total Day 1 189 38.0 11.8 31.1
Day 2 108 36.8 9.11 24.8

Table 1. Descriptive values and coëfficiënt of variation for handgrip muscle strength in kgs 
in 3 different mandibular positions on two separate test days. n = number of measurements.

Factors P-values
(a) Effect of co-factors on handgrip

within session trials 0.520
mandibular position 0.837
day 0.361

(b) Effect of interactions between fixed factors
trial vs. mand pos 0.999
trial vs. day 0.957
mand pos vs. dag 0.924
trial vs mand pos vs. day 1.000

Table 2. p-values presented for handgrip strength as dependent variable. The table shows 
(a) the effect of within session trials, mandibular position and day on the handgrip strength 
and (b) the p-values for the interactions between the fixed factors. 

mandibular position n mean SD VAR
closed Day 1 21 176.8 57.3 32.4

Day 2 12 173.2 45.0 26.0
open Day 1 21 174.5 52.4 30.3

Day 2 12 170.7 46.4 27.2
closed +bite Day 1 21 178.7 56.0 31.4

Day 2 12 168.5 42.0 24.9
Total Day 1 63 176.6 54.4 30.8

Day 2 36 170.8 43.2 25.3

Table 3. Descriptive values and coëfficiënt of variation for quadriceps muscle strength 
in Nm in 3 different mandibular positions on two separate test days. n = number of 
measurements.

Day mandibular 
position

n Mean SD VAR

Day 1 closed 21 176.8 57.3 32.4
Open 21 174.5 52.4 30.0
Bite 21 178.7 56.0 31.4

Day 2 closed 12 173.2 45.0 26.0
Open 12 170.7 46.4 27.2
Bite 12 168.5 42.0 24.9

Table 4. Coefficient of variation for the fixed factor quadriceps force for mandibular 
position only on the two test days.  

Factors day 1 day 2
Mandibular position 0.981 0.971 0.967
Day 0.585

Table 5.  p values for effect of mandibular position and day on quadriceps force and for 
mandibular position on day 1 and day 2.
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functional tests reported should be interpreted with caution. It has been 
reported that jaw clenching could be functionally related to muscles of 
the upper and lower extremity [22] which can improve performance 
such as jumping [28]. In patients with TMDs, it has been reported that 
occlusal splints can have a significant positive effect on psychological 
variables such as catastrophizing and depression [29]. Moreover, recent 
fMRI studies reported that the mandibular position possibly can 
affect cognitive awareness, affective and behavioral dimensions [30]. 
Although evidence has been provided for neural and biomechanical 
connections between the trigeminal, neck and shoulder region and 
other parts of the body, the clinical implications remain unclear. Future 
research should focus on more dynamic tests [6,31] which might 
possibly reflect alterations of neuromuscular control systems.

Conclusion
In conclusion, the results of the present study indicate that in 

asymptomatic subjects, muscle force in the upper and lower limb was 
not significantly influenced by different mandibular positions altered 
by a hard wax bite in maximal occlusion. Good reproducibility of the 
measurements within one session and between days was demonstrated.
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