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ABSTRACT
When an athlete wears a mouthguard, the position of the
lower jaw is changed by virtue of the teeth being unable to
occlude. Little research is available in in this area, which
have indicated both positive impact and no positive impact.
Objectives This study aims to explore the influence of the
lower jaw position on athletic performance in elite athletes.
Methods A repeated measures study compared two lower
jaw positions, the athlete’s normal (habitual) bite and the lower
jaw position when the muscles of mastication are at
physiological rest (physiological rest bite). 15 athletes
completed a medicine ball putt (upper body power), vertical
jump (lower body power), sit and reach (composite hamstring
flexibility), passive knee flexion (hamstring muscle length) and
star excursion balance (stability and balance) tests in each
condition.
Results Paired t-tests showed the physiological rest bite
had significant (p<0.05) positive effect on athletic
performance for each test. On average the physiological rest
bite provided an increase of lower body power (5.8%), upper
body power (10%), hamstring flexibility (14%) and balance
and stability (4.8%) compared to the habitual bite.
Conclusion This study provides evidence of the need for
further research to confirm if the lower jaw position can be
optimised for athletic performance in athletes.

INTRODUCTION
Current research suggests the risk of orofacial
sports injury is 1.6–1.9 times higher when
a mouthguard is not worn.1 Unlike protective
abilities, current research has not led to
a consensus on whether mouthguard use can
impact performance. The general conclusion
is a properly designed and fitted mouthguard
has no negative impact on athletic
performance.2 Some research showed posi-
tive impacts on performance3 with sugges-
tions that the position of the lower jaw
influences athletic performance.4

There appears to be an issue in the current
research due to inconsistency in the type of
mouthguard used. A mouthguard when worn
changes the oral environment by taking up
free space in the mouth and changing the
position of the lower jaw by not allowing the
lower teeth to occlude with the upper teeth.
This research aims to evaluate if the posi-

tion of the lower jaw can affect athletic
performance.

Three athletic attributes were tested
(power, flexibility and balance&stability) to
compare two lower jaw positions, the athlete’s
habitual (normal) bite and the lower jaw posi-
tion when the muscles of mastication are at
physiological rest (physiological rest bite).

METHODS
Study design
A repeated measures study was undertaken as
this study type can provide a more definitive
evaluation of within-person change across
time.5

Different testing conditions
Two different jaw positions were tested, the
athlete’s habitual bite(HB) without
a mouthguard in place and the mouthguard
(physiological rest position) bite. The HB was
determined by the athlete biting their teeth
together normally. The mouthguard bite-
(MB) was determined by instructing the ath-
lete to bite into the mouthguard.
The principles of neuromuscular occlusion

were used to find the physiological rest lower
jaw position (PRLJP).6 An ultra-low frequency
transcutaneous electrical nerve stimulation
(ULF-TENS) device was used to relax themus-
cles of mastication and using surface electro-
myography (sEMG) to measure electrical
activity of the muscles of mastication, in parti-
cular the temporalis and masseter muscles,
a lower jaw position was recorded that corre-
lated to the PRLJP of the muscles of
mastication.
A custom-fitted, pressurised, thermoform-

ing maxillary mouthguard was then made at
the recommended thickness for the athlete’s
sport, trimmed to ensure no negative effect
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Summary

► Lower jaw position may affect athletic performance.
► Physiological rest lower jaw position showed

significant improvements in power, hamstring
flexibility and balance and stability.

► Suggests the lower jaw position of athletes can be
optimised for athletic performance.
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and the occlusal surface prepared to allow the opposing
lower teeth to occlude comfortably. The position of the
lower jaw when biting into themouthguard replicated the
recorded PRLJP.

Sample group
The athletes were either elite amateur or professional ath-
letes from sports where mouthguard use is common prac-
tice; Gaelic football, Field Hockey and Boxing. 15 athletes
took part in the testing who were injury-free, healthy and
had no temporomandibular joint pain or symptoms.

Setting
Athletes attended two sessions, the first at a dental surgery
for dental impressions and recording of the PRLJP allow-
ing mouthguard fabrication. The second session at a gym
environment for athletic performance testing.

Testing
Three athletic attributes were tested (power, flexibility
and balance&stability). Tests were chosen for reliability,
sport specificity and ease to conduct at different locations.
Power was selected due to the correlation of power

output and sports performance.

Lower body power
A standard countermovement Vertical Jump (VJ) using
a digital jump mat, ‘Just Jump System’, to record results
assessed lower body power. Three test jumpswere recorded
for each condition with the mean used as the test score.

Upper body power
ASeatedMedicineBall Putt(BP)7 using a 9 kgmedicine ball
and an inclined bench press was used to assess upper body
power. Each athlete did three sub-maximal practice throws.
The mean throw distance of the three test scores was used.
2-minute rest periods were used to allow recovery

between power tests.8

Hamstring injuries are one of the most common reoc-
curring sporting injuries9 with a negative impact on per-
formance. Hamstring flexibility is an important factor
associated with hamstring injuries.10 11

The sit-and-reach(SR) test12 was used as a composite test
and scored by the most distant point on The MAT (Move-
ment Assessment Tool by Movement Assessment

Technologies) reached by both hands. The passive knee
extension(PKE) test was used as an isolated muscle length
test and scoredby themaximumdegree of flexion achieved.
Balance& stability was selecteddue to theproximity of the

temporomandibular joint (TMJ) and the balance control
systems in the ear. The posteromedial directional
movement13 with each leg in the Star Excursion Balance
Test (SEBT) was tested using the MAT to determine bal-
ance&stability. The athletes did six practice trials14 before
testing each leg.
To eliminate influence from repetition or fatigue on the

test results, the athletes completed the tests in
a randomised condition order. Eight athletes completed
testing in HB then repeated in MB and seven athletes did
the opposite order.

Data analysis
Sample size was 15. The ratio data meant a parametric test
was needed. No test for homogeneity of variance was
required as only one group was involved. As the study was
a series of repeated measures tests within subjects of two
conditions, paired t-tests were used to compare the results.
The data were assessed to ensure itmet the assumption, for
a paired t-test, of being normally distributed.

RESULTS
Shapiro-Wilk statistic showed the data collected for each
test met the assumption of being normally distributed,
p>0.05. A paired samples t-test was conducted to compare
the data for each test condition, HB and MB, from the VJ,
BP, SEBT, SR andPKF tests. The results are provided in the
online supplemental material. A summary of the results is
displayed in Table 1. The paired sample t-tests showed that
the change in the lower jaw position created by MB had
a significant positive effect, p<0.05, for each athletic test.
Reviewing the test means, figure 1, the MB provided an

improvement in lower body power of 5.8%, upper body
power of 10%, hamstring flexibility of 14% and balance
and stability of 4.8% compared to the HB.

DISCUSSION
This research aimed to answer the question—does the
position of the lower jaw affect athletic performance?
The results strongly suggest that the lower jaw position

Table 1 Summary of results

Performance
testing

Lower Body
Power (VJ)

Upper Body
Power (BP)

Hamstring
flexibility
Sit and
Reach (SR)

Hamstring
flexibility
Passive Knee
flexion (PKF)
Right leg

Hamstring
flexibility
Passive Knee
flexion (PKF)
Left leg

Balance &
stability
(SEBT)
Right leg

Balance &
stability
(SEBT)
Left leg

p Value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Habitual bite M=46.29 cm

SD=6.44
M=255.49 cm
SD=53.6

M=51.6 cm
SD=11.92

M=47.2°
SD=11.03

M=45.47°
SD=9.36

M=85.07 cm
SD=7.49

M=84.27 cm
SD=7.77

Mouthguard
bite

M=48.97 cm
SD=6.57

M=281.08 cm
SD=58.22

M=55.07 cm
SD=11.44

M=56.4°
SD=11.52

M=52.73°
SD=9.37

M=88.87 cm
SD=7.14

M=88.5cm
SD=7.58
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influences athletic power, hamstring flexibility and
balance&stability.

Limitations
i. Assessing the athlete’s current mouthguard was con-

sidered but the inconsistency inmouthguard type and
inability to define the lower jaw position made this
unachievable.

ii. Some tests were dependent on the researcher con-
firming the score, a potential bias.

iii. The small sample size (n=15) was due to intensive
schedules of elite athletes with the majority compet-
ing internationally and each of the two sessions
requiring 2 hours of the athlete’s time.

Comparisons to previous research
The hamstring muscle changes and the improvements in
power observed are consistent with previous research15

and support previous findings16 that a maxillary appli-
ance has an influence on the rate of force development
and maximal strength. This current research contradicts
the view of past researchers who stated a mouthguard has
no effect on performance3 17 and provides evidence sup-
porting the need for muscular performance assessments
to be planned with the mouthguard being worn.18

Explanation of observations
A mouthguard has two influences on the oral environ-
ment, free space in the mouth and lower jaw position.
The mouthguards used in this study were designed to
have a minimal negative impact on free space available
for tongue posture. The PRP in the mouthguard allowed
themuscles ofmastication to function optimally from their
full resting length.19 Compared to their HB, the MB in
every athlete was more vertical and anterior creating more
free space and causing TMJ decompression (See figure 2).
By creating free space, this allows the tongue to posture in
a more anterior position increasing upper airway space
(See figure 2).
The increased airway space changes cervical spine curva-

ture by reducing forward head posture (See figure 2). The
muscle chains concept (See figure 3)20 on how one link not
operating efficiently changes function and structure

throughout the chain21 could explain how the lower jaw
position can influence the musculature not directly cor-
rected to the lower jaw, for example, the hamstringmuscles.
The physiological change in head and neck created by

the MB removes any lesser effect of the HB.
Themuscles contracting from their full resting length and

the improvedheadposturewouldhelp explain the improve-
ment in athletic performance observed in this study.

Figure 1 Comparison of mean test results.

Figure 3 ‘The posterior chain’ the main muscle chain
responsible for keeping the human body upright.20

Figure 2 Comparison between habitual bite andmouthguard
bite in an athlete using radiography.
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Recommendations for future research
Due to the lack of research in this area, further studies are
needed to investigate how the lower jawposition influences
performance. It would be interesting to repeat the study
with a larger cohort and under varying conditions with
respect to the different standards of mouthguards worn.

CONCLUSION
Mouthguards are generally made and worn for protective
purposes, designed to be a certain thickness to help protect
the teeth and oral cavity from trauma with little or no con-
sideration given to the lower jaw position created by the
athlete when worn. This study provides evidence of the
need for further research on the lower jaw position of
athletes. The lower jaw position during athletic perfor-
mance will differ depending on whether it is formed by
the habitual bite, the bite created by wearing a protective
mouthguard, or the bite created by wearing a mouthpiece
that is being promoted as performance enhancing. Further
research is needed to confirm if the lower jaw position can
beoptimised to get a positive effect on athletic performance.

Twitter John Haughey @sportingsmiles1.
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