Comparative Exercise Physiology, page 1 of 7 doi:10.1017/81755254010000231

© Cambridge University Press 2010

Effects of a neuromuscular dentistry-
designed mouthguard on muscular
endurance and anaerobic power

Shawn M. Arent'’*, Jennifer McKenna'
and Devon L. Golem?

'Department of Exercise Science and Sport Studies, Rutgers, The State University of
New Jersey, 70 Lipman Dr., New Brunswick, NJ, USA
?Department of Nutritional Sciences, Rutgers, The State University of New Jersey,

26 Nichol Ave., New Brunswick, NJ, 08901 8525 USA

* Corresponding author: shawn.arent@rutgers.edu

Submitted 26 April 2010: Accepted 16 July 2010 Research Paper

Abstract

Athletes of various sports are required to utilize mouthguards during practice and competitions for protection
against orofacial and dental injuries, regardless of the effects on performance. Recent advances in neuromuscular
dentistry have led to the development of a mouthguard touted also to enhance the performance through jaw
realignment. The purpose of this study was to compare the effects of a neuromuscular dentistry-based mouth-
guard to a standard, custom-fitted mouthguard (CFM) on muscular endurance, anaerobic power and anaerobic
capacity in competitive athletes. Professional and Division I college athletes (17 = 22, Mycighe = 86.2 = 3.1kg) par-
ticipated in this double-blind, crossover study. Subjects were randomly assigned to order of use of either the
experimental (Pure Power Mouthguard (PPM)) or the traditional CFM. Subjects completed two separate sessions
in which they completed three performance tests, which included vertical jump (V]), bench press (BP) and a 30s
‘Wingate anaerobic test (WAnT) + eight 10 s intervals, while wearing the assigned mouthguard. Significantly better
performance was found for PPM compared with CEM for VJ (67.6 + 9.4cm wvs. 65.3 + 8.6cm; P = 0.003), 30s
WANT peak power (11.6 + 1.7Wkg ' ws. 11.1 =+ 1.5Wkg™ ', P=0.038), average peak power for WAnT +
intervals (10.6 + 1.4Wkg™ ' vs. 10.1 = 1.2Wkg™ ', P=0.025) and average mean power for WAnT + intervals
(9.0 + 1.1Wkg ' vs. 87 £ 1.0Wkg ', P=0.034). There were no significant differences for either BP or 30s
WANT mean power (P> 0.48). Compared with a CFM, a neuromuscular dentistry-based mouthguard appears
to enhance peak power output, performance and repeated maximal efforts. When required to wear a mouth-
guard, athletes may benefit from wearing a neuromuscular dentistry-designed mouthguard compared with a CFM.
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Introduction

Athletes are often required to use mouthguards during
training and competition for the purpose of providing
protection against orofacial and dental injuries. The
prevalence of these types of injuries is high, not only
in contact sports but also in non-contact activities
and exercises' ™. Their use has also been promoted
in an effort to reduce concussion frequency and sever-
ity, though the evidence for this is fairly inconclusive'.
Mouthguards function by absorbing impact stresses,

which results in a reduction of force transmitted to
the teeth, bone structure, cranium and surrounding
soft tissue"”>. Comparing the benefits to risks provides
the justification behind requiring the use of mouth-
guards during training and competition. It is com-
monly agreed upon that the benefit of providing
protection against orofacial injury outweighs the
speculative concerns put forth by athletes of possible
discomfort, reduced ability to breathe and decreased
perforrnance(’. The latter concern seems to be a
major consideration for high-level athletes who are
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typically looking to gain any competitive advantage.
Recently, efforts have been made to address these
concerns through redesigning the mouthguards using
neuromuscular dentistry techniques that promote
specific jaw positioning. Some studies have found
that jaw positioning may affect posture and stability”®.
‘Whether jaw positioning positively affects gross motor
functioning has yet to be conclusively determined
and remains to be a topic of controversy. In an effort
to examine the effectiveness of the neuromuscular
dentistry-designed approach, research on the compari-
son of performance outcomes associated with the use
of standard, custom-fitted mouthguards (CFM) versus
neuromuscular dentistry-designed mouthguards can
be particularly useful.

There are three primary categories of mouthguard:
stock, self-adapted and custom fitted. A stock mouth-
guard is ready-made and placed over the upper teeth
without individualized fit, whereas the self-adapted
type (also known as boil and bite) is heated until pli-
able and then moulded to the upper teeth and arch
by the consumer”'®. The expertise of a dentist is
needed to obtain the CFM type, as it is formed to the
mould derived from impressions of the upper teeth
and dental arch®'®. While limited research exists on
the performance impacts of each of these types, the
studies that have been done have generally concluded
that mouthguards do not produce negative effects on
aerobic performance capacity or measures of venti-
latory capacity®!'"13. At least two studies®!! have
found that both custom-fitted and stock mouthguards
actually improved maximal aerobic capacity or
improved economy at higher workloads. While these
are useful findings, they should not be directly
translated to the effects of mouthguards on anaerobic
exercise performance. This is an important consider-
ation in light of the bio-energetic requirements of
most sports that require mouthguard use. While studies
have found that modification of mandible position,
particularly through changes in vertical dimension,
can positively impact isometric strength of the upper
extremities and cervical flexors even in asymptomatic
subjects“’”, these findings may not readily translate
to the more dynamic movements required in athletic
contests and training. However, a recent study did
find that wearing a traditional CFM improved anaerobic
power and peak torque in tackwondo athletes, but that
strength and vertical jump (V]) were not impacted"®.
Research comparing the muscular endurance and
anaerobic power performance outcomes associated
with the use of a standard CFM versus a neuromuscular
dentistry-designed mouthguard may prove applicable
to the athletes participating in sports where mouth-
guard use is required or strongly encouraged.

Neuromuscular dentistry focuses on the alignment
of the temporomandibular joint (TM]J), masticatory
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muscles, bones, teeth and the neural circuitry associ-
ated with the oral cavity'®. Transcutaneous electric
neural stimulation (TENS) is often used in this area
of dentistry to reduce hyperactivity of musculature,
to act as a local anaesthetic, to act as a chronic
pain reliever and to treat TMJ dysfunction'®.
A low-voltage, low-frequency TENS is administered to
patients to cause the facial and masticatory muscles
to contract”?® and to relax into the mandibular resting
position. This provides for the identification of more
ideal occlusion positions of the jaw?’.

A relatively new mouthguard, the Pure Power
Mouthguard™ (PPM; Pure Power Athletics, Inc.,
Ontario, Canada), uses neuromuscular dentistry
techniques in its custom-fitting design. In addition to
traditional protective effects of mouthguards, PPM is
purported to increase the performance in sports by
improving such as things strength, speed, endurance,
agility, accuracy and balance. PPM developers provide
a theory indicating that improved strength and balance
will occur when muscles in the face and jaw are prop-
erly aligned and relaxed. This theory stems from the
evidence that jaw position may affect posture and stab-
ility in human subjects’. However, the relationship
between jaw positioning and gross motor performance
has not been definitively established and remains a
controversial topic requiring further research.

Strategies to improve human performance while
maintaining safety are crucial in the ever-increasingly
competitive athletic environment. The application
of neuromuscular dentistry principles in the design
of athletic mouthguards is a novel technique that
warrants scientific evaluation. First and foremost,
evaluation must take place to determine whether
designing a mouthguard using neuromuscular
dentistry techniques leads to change in physical
performance compared with a mouthguard designed
using traditional methods. The purpose of the current
study was to contrast the effects of the neuromuscular
dentistry-designed PPM with a traditional CFM on com-
petitive athletes’ muscular endurance, anaerobic
power and anaerobic capacity. It is hypothesized that
the PPM will elicit superior performance compared
with the CFM on V] height, number of bench press (BP)
repetitions completed, peak power and mean power
on a modified Wingate anaerobic test (WAnT) protocol.

Methods

Experimental approach

A double-blind, crossover design was used to compare
the effects of the neuromuscular dentistry-designed
mouthguard (PPM) with a traditional CFM on anaero-
bic power and muscular endurance. PPM and
CFM were matched for material and appearance.
A ‘no-mouthguard’ condition was not used due to
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the fact that athletes are often required or strongly
encouraged to wear mouthguards, not only during
competition but also during training and practice.
Because of this, the primary consideration was to
compare the effects of different mouthguards on key
performance outcomes. All the subjects underwent
custom fittings for the CFM and PPM. A familiarization
session was paired with the fitting session. The
subjects underwent two testing sessions 5-7 days
apart, where anaerobic power and muscular endur-
ance were assessed using VJ, BP with a load equal to
body weight, and a 30s WAnT + eight 10s WAnT
intervals. The order of mouthguard use was random-
ized between subjects. Verbal screening prior to each
testing session confirmed that all the subjects
followed between-testing instruction and refrained
from training/extraneous activity for at least 24h
prior to each testing session.

Subjects

Healthy, male professional and Division I collegiate
athletes (n = 22, My.cigne = 86.2 = 3.1kg) aged 18-34
with 24 years of weight-training experience partici-
pated in this blind, crossover study. Each subject was
required to have been training anaerobically 4+
days a week for at least the previous 2 years. All the
athletes were familiar with wearing mouthguards due
to the sports in which they participated. Sports that
were represented included football (nz = 5), college
lacrosse (n = 2), basketball (n = 4), wrestling (n = 8)
and mixed martial arts (zz = 3). This study was limited
to males in order to control for muscular power
differences that exist between genders, even if
controlling for training history. Risks and benefits
were explained to the subjects and each of them
gave written informed consent prior to participation
in the study. All the individuals were free from current
injuries, illnesses or metabolic conditions limiting
their ability to train and complete physiological test-
ing. A health screening was completed with each
subject in accordance with American College of
Sports Medicine exercise testing procedures. The
study was approved by the Rutgers University Insti-
tutional Review Board.

Procedures

Each subject completed a fitting session for the mouth-
guard followed by a familiarization session to control
for practice effects on the anaerobic test?'. This was
followed by two separate testing sessions (T1 and
T2). During T1 and T2, participants warmed up and
then completed three different performance tests: VJ,
BP with a load equal to body weight for maximal
repetitions and a modified WAnT, which included
the standard 30s WAnT followed by a 5min rest,
then eight 10s intervals with 2min rest between
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each interval. This latter protocol was used to simulate
the interval-based nature of work efforts found in many
sports and to simulate the intensity needed to elicit
reliance on the anaerobic energy system. The partici-
pants were instructed to continue with their normal
exercise training during the study, yet were required
to refrain from training for 24 h prior to each testing
session. Additionally, each subject was tested at the
same time of day for T1 and T2.

Following the familiarization session, which
included the health screening, the fitting process to
take dental moulds to make the mouthguards and a
familiarization WAnT, the subjects were randomly
assigned to order of use of the PPM or CFM mouth-
guards. The mouthguards were matched for appear-
ance and material, which was an ethylene vinyl
acetate polymer. The fittings for the mouthguards
were performed by dentists, who were also certified
in PPM application and first involved in taking a stan-
dard dental impression for the CFM. The fitting for
the PPM then involved the attachment of TENS surface
electromyography (EMG) electrodes (Myotronics, Inc.,
Kent, WA, USA). A very low-voltage pulse was delivered
using this device in order to facilitate muscular relax-
ation of the lower jaw. Muscular activation was con-
tinuously monitored to ensure a relaxed lower jaw
position. Following this, new fast-setting impressions
were taken to capture this ‘optimal’ bite alignment.
The total fitting process took about 80-90 min. The
dentists were responsible for taking the moulds and
for the PPM fitting process, but an independent
laboratory was contracted for production of both the
mouthguards. Following the dental impressions, sub-
jects underwent familiarization with the tests to be
used during the actual testing. This included practice
attempts on the VJ and familiarization with the BP
weight, as well as completion of the 30s WAnT plus
one interval using the load to be used during testing.
Once the mouthguards were produced, the athletes
returned to the laboratory and the dentists ensured
proper fit and comfort prior to commencing with test-
ing. Following this, subjects completed T1 and T2,
with the two trials separated by 5-7 days.

For each testing day, the subjects reported to the
Rutgers University Human Performance Laboratory.
The subjects were instructed to arrive for testing nor-
mally hydrated, having eaten a high-carbohydrate
meal 2 h prior and having refrained from ingesting sub-
stances that could affect normal physiological func-
tioning (i.e. tea, coffee, alcohol and nicotine). Verbal
questioning revealed 100% compliance with these
instructions. At each trial, the subjects completed a
10 min systemic warm-up before being tested on the
V], followed by the BP with a load equal to body
weight for maximal repetitions. VJ was assessed using
the ‘Just Jump Mat’ (Probotics, Huntsville, AL, USA).
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Subjects completed three trials with 45-60s rest
between the trials. The highest of the three jumps
was recorded. VJ tests have demonstrated coefficient
of variations (CVs) as low as ~2.0%>2 and the
Just Jump Mat is highly correlated with measures
obtained with a three-camera motion analysis system
(r = 0.967)*. After completing the V], the individuals
rested for 3 min and then completed a standard upper
body muscular endurance test (BP with body weight
for repetitions). After two warm-up sets of eight to
ten repetitions with 50% of the weight to be used,
the subjects were given a 4-5 min rest before attempt-
ing the test. The score consisted of the total number of
repetitions completed in good form before momentary
muscular failure. Pilot testing in our laboratory
revealed a CV of 10.3% for the BP test. The athletes
rested for 5 min before beginning the WAnT protocol.

The subjects performed the 30s WAnT plus eight
10s intervals on a Monark 894E Anaerobic Test
Ergometer (Monark Exercise AB, Vansbro, Sweden).
The load was set according to each subject’s
Weight,24 and it was equivalent to 0.10kpkg™ " body
weight. Following the 30s WAnT, subjects rested for
5min and then completed eight 10s intervals using
the same load with a 2 min rest between each interval.
The WANT has previously demonstrated reliability
between 0.89 and 0.99%°. The use of high-level athletes
as well as a familiarization session further improves
the reliability**.

Performance measures

Peak power during the WAnT was defined as the high-
est mechanical power output elicited during each 30s
test. Mean power was calculated based on the average
mechanical power produced during the test. Average
peak power and average mean power were calculated
across the WAnT plus intervals. Maximal VJ height was
used to establish power, and the number of repetitions
completed for the BP constituted the scores for muscu-
lar endurance.

Statistical analyses

A repeated measures multivariate analysis of variance
was used to assess the effects of the PPM and CFM
mouthguards on VJ, BP repetitions, peak power for
the 30 s WAnT, mean power for the 30 s WAnT, average
peak power for the WAnT + intervals and average
mean power for the 30s WAnT + intervals. Significant
multivariate effects were followed by univariate follow-
up tests. For each univariate analysis, the Huynh-Feldt
epsilon was calculated to test the assumption of
sphericity. If this statistic was >0.75, the sphericity
assumption was considered to have been met and
the unadjusted statistic was used. If epsilon was
<0.75, sphericity was considered to have been
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Fig. 1 Vertical jump (VJ) height (cm) with experiment (EXP) and
control (CON) conditions. VJ height was significantly higher for
EXP compared with CON (*P = 0.003)

violated and the Huynh-Feldt-adjusted statistic was
used to test the significance.

Because of the impact that even small effects may
have on overall performance of athletes at this level
and in accord with recent recommendations for
statistical follow—upZG, effect sizes (ES) were calculated
to compare the magnitude of changes in the PPM and
CFM conditions using Hedges’ g formula for ES com-
putation. This ES computation was used for all the
variables. Group data are expressed as mean * SD
and statistical significance was set at o < 0.05.

Results

There was a significant multivariate effect for con-
dition (P = 0.008). Follow-ups indicated significantly
better performance for PPM compared with CFM
for V] (67.6 = 9.4cm vs. 65.3 £ 8.6cm, P = 0.003,
ES = 0.27), peak power for the 30s WAnT
(11.6 = 1.7Wkg ! vs. 11.1 + 1.5Wkg™ ', P = 0.038,
ES = 0.33), average peak power for WAnT + intervals
(10.6 * 1.4Wkg ' vs. 10.1 * 1.2Wkg ', P=0.025,
ES = 0.42) and average mean power for WAnT +
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Fic. 2 30s WANT peak power (W kg~ ') for experiment (EXP)
and control (CON) conditions. Peak power was significantly higher
for EXP compared with CON (*P = 0.038)
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Fic. 3 Average peak power for WANT + intervals (Wkg™") for
experiment (EXP) and control (CON) conditions. Average peak
power was significantly higher for EXP compared with CON
(*P =0.025)

intervals (9.0 + 1.1Wkg ' wvs. 87 +1.0Wkg !,
P =0.034, ES = 0.3) (See Figs 1-4). There were no
significant differences between PPM and CFM for
either BP repetitions (16.1 = 5.4 reps vs. 15.8 = 5.5
reps, P=048, ES=0.05) or mean power for
the 30s WANnT (85 + 1.2Wkg ' vs. 84 + 1.0Wkg ',
P=054,ES=0.1).

Discussion

The results of the current study indicate that, in com-
parison with a traditional CFM, a neuromuscular den-
tistry-designed mouthguard resulted in greater VJ,
peak power on a 30s WAnT and greater average
peak power and average mean power across nine
WANT intervals. There was no apparent effect on
measures of muscular endurance and anaerobic endur-
ance, expressed as repetitions completed on a BP with
body weight test and a 30s WAnT, respectively. Over-
all, these findings may hold practical relevance for all
athletes required to use mouthguards, as these athletes
are typically involved in sports that entail explosive
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FiG. 4 Average mean power for WANT + intervals (Wkg™') for
experiment (EXP) and control (CON) conditions. Average mean
power was significantly higher for EXP compared with CON
(*P=0.034)
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ability and high levels of anaerobic capacity. It is
possible that these positive effects on power and
anaerobic capacity can translate beyond immediate
use in a single performance bout and hold promise
for improving overall progressive gains acquired
during multiple training and performance bouts. Com-
pared with the CFMs that have traditionally been used
to prevent facial and dental trauma, neuromuscular
dentistry-designed mouthguards that promote superior
performance in outcome measures such as those
assessed in the current study have the potential to
facilitate the use of an overall greater workload in
high-intensity activities. This may be particularly
useful during interval-based training, given the
improvements in average peak power and average
mean power seen over the WAnT intervals.

The use of a mouthguard to reposition the jaw in an
attempt to improve performance is not a new concept.
Early work in this area focused on a mandibular ortho-
paedic repositioning appliance. While some positive
effects on isometric strength about the head and
neck were reported®’, the findings were mostly
mixed and the studies were plagued with methodo-
logical problems, such as lack of placebo-control con-
ditions and non-individualized mouthguard fittings, as
well as a lack of applicability to sport-specific tasks>’.
Since that time, however, neuromuscular dentistry
techniques have become more advanced. Based on
the current study, it appears that a mouthguard
designed using neuromuscular dentistry techniques
has the potential to impact athletic performance in
areas related to maximal power and repeatable
power outputs. This may hold significance for the ath-
lete who is required to wear a mouthguard while still
looking for a competitive advantage and improvement
in performance.

This study represents one of the first to apply neu-
romuscular dentistry-designed mouthguards to sport
performance, and adds to the small amount of existing
literature evaluating the effects of dentistry on physi-
cal performance. Bracco et al’ found that optimal
jaw alignment achieved using neuromuscular dentistry
techniques resulted in improved posture and stability.
Future studies should evaluate the mechanism(s)
responsible for the positive physical effects elicited
by the use of the PPM. In addition, future research
should consider evaluating the use of neuromuscular
dentistry-designed mouthguards on range of motion,
agility, speed, accuracy and balance in athletes.
Based on the theories driving the application of
neuromuscular dentistry, it is conceivable that the
position of the mandibular joint may impact neural
conduction and proprioception’. Given the peak
power production, the use of these next-generation
neuromuscular dentistry techniques appears to hold
some promise for the strength and power athlete.
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Further research is warranted to evaluate the effects
of long-term PPM use.

The findings of this study indicate that athletes
performed better when using the PPM than when
using the CFM. Either the PPM was less of a hindrance
on performance compared with the CFM or it was
effective in improving the performance. Comparison
with a ‘no-mouthguard’ condition was not imple-
mented in this study and therefore it is not possible
to conclude in absolute terms whether the PPM
improved or hindered the performance. However,
the working assumption driving the design of this
study was that athletes are often required to wear
mouthguards during practice/training and compe-
tition, particularly for the sports represented in this
study. In this case, the important consideration was
to contrast the effects of these two different mouth-
guards on key performance outcomes. In previous
studies that have compared CFMs with a no-mouth-
guard condition, it has been concluded that CFMs do
not project any negative effects on aerobic perform-
ance or ventilatory capacity, nor do they interfere
with maximal exercise performance(””’B. The results
have been mixed for non-CFMs, with Francis and
Basher'? noting improvements in economy at higher
intensities while Delaney and Montgomery>® found
no differences at submaximal intensities, but a
decrease in Vg and Vo, at maximal intensities. Based
on these previous results, as well as on a general agree-
ment among researchers that the CFM provides more
protection and is more accepted by athletes®*°, we
opted to compare the effects of PPM versus a CFM
on anaerobic performance in order to provide the
most stringent comparison.

These previous studies may provide insight into
why significant effects were not found with the PPM
for BP and for average power during the 30s WAnT.
These tests may have led to open-mouth breathing
that would negate the effects of the PPM, or any
mouthguard for that matter, on occlusion. In these par-
ticular tests, either mouthguard may have influenced
performance outcomes, even in a negative manner.
The inability to bite down into the PPM during
prolonged anaerobic activities renders it similar to
standard CFMs, which do not require forced biting.
Future studies focusing on athletes who do not
traditionally use mouthguards and who may be
looking for a performance edge should include a
‘no-mouthguard’ control when evaluating the effects
of multiple mouthguards on physical capacity. It
appears that there is an optimal bite conundrum for
muscular endurance activities, which may limit or
negate the potential ergogenic effects of the PPM.
Specific training and practice on PPM use may be
needed to ensure that athletes benefit from the
occlusional positioning.
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Overall, the present study indicated that use of the
novel mouthguard, PPM, resulted in significantly
improved performance in a VJ, peak power of a 30s
WAnT, average peak power and average mean power
across nine WAnT intervals compared with a standard
CFM. Each of these tests requires quick bursts of
anaerobic energy at very high-intensity levels, much
like activities encountered in many sports. These find-
ings can be applied to athletes and non-athletes
engaged in activities that require power-based move-
ments and explosive strength (e.g. mixed martial
arts, football, baseball). Additionally, these findings
may potentially translate to long-term training effects
since, compared with the CFM, the PPM may improve
peak power gains and workload during training,
especially during interval-based training. Using neuro-
muscular dentistry techniques to design a mouthguard
proved effective in improving anaerobic peak perform-
ance compared with the use of a standard, CFM. Use of
the PPM may be another strategy that may help
improve performance in individuals required to use a
mouthguard while engaging in sports.
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