
Influence of different types of mouthguards on
strength and performance of collegiate
athletes: a controlled-randomized trial

The mean prevalence of dental and oral injuries reported
in the literature ranges between 4% and 33%, depending
on the gender and age of the patient (1–3). Previous
epidemiologic surveys have reported associations
between dental trauma and the gender of the athlete
and his or her participation in sports-related activities
(4). While only 9% of young adults (18–19 years)
involved in a sport will experience a dental injury (5,
6), the incidence is 39% in children (7), with an overall
incidence rate of 27–30% (3, 8, 9). Recently, Glendor
(10) reported that amateur athletes have been found to
suffer from TDIs more often than professional athletes
and often associated with serious esthetic, functional,
psychological, and economic consequences (9).

With such a high frequency of injuries, prevention
becomes the primary goal. A preventive approach relies
on the identification of etiologic factors and taking

measures aimed at avoiding these factors or, at least,
reducing their impact. Mouthguards are considered to be
an effective and cost-efficient device, mainly for contact
sports, as it aims at buffering the impacts or blows that
might otherwise cause moderate to severe dental and
maxillofacial injuries. Mouthguards were recommended
by the American Dental Association in 1950. While
injury to the face and mouth when playing football
before 1962 was estimated to affect 50% of players, this
incidence decreased dramatically to 1.4% after 1962 as a
result of the mandatory use of mouthguards (11).
Morrow et al. (12) conducted a prospective study
involving women basketball players and found that the
use of a mouthguard significantly reduced injury rates
from 30.3% for those athletes not wearing a mouthguard
to 2.8% for those wearing one. Cohenca et al. (13)
studied the incidence and severity of dental trauma in

Dental Traumatology 2012; 28: 263–267; doi: 10.1111/j.1600-9657.2011.01106.x

� 2012 John Wiley & Sons A/S 263

Fergus A. Duddy1, Jake
Weissman1, Rich A. Lee Sr2, Avina
Paranjpe1, James D. Johnson1,
Nestor Cohenca1,3

1Department of Endodontics, University of

Washington School of Dentistry, Seattle, WA;
2Department of Prosthodontics, University of

Washington School of Dentistry, Seattle, WA;
3Department of Pediatric Dentistry, University of

Washington School of Dentistry, Seattle, WA,

USA

Key words: athletes, mouthguard,
performance, strength

Correspondence to: Dr. Nestor Cohenca,
Department of Endodontics, University of
Washington, Box 357448, Seattle, WA
98195-7448, USA
Tel.: 1-206-543-5044
Fax: 1-206-616-9085
e-mail: cohenca@uw.edu

Accepted 27 November, 2011

Abstract – Background: Prevention of traumatic dental injuries relies on the
identification of etiologic factors and the use of protective devices during contact
sports. Mouthguards are considered to be an effective and cost-efficient device
aimed at buffering the impacts or blows that might otherwise cause moderate to
severe dental and maxillofacial injuries. Interestingly, besides their role in
preventing injury, some authors claim that mouthguards can enhance athletic
performance. Thus, the purpose of this controlled randomized trial was to
evaluate and compare the effect of two different types of mouthguards on the
athletic performance and strength of collegiate athletes. Materials and
methods: Eighteen college athletes ranging from 19 to 23 years participated in
this study. Devices tested in this study included an over-the-counter boil-and-
bite mouthguard (O-FlowTM Max Under Armour�) (UA) and a custom-made
mouthguard (CM). Physical tests were carefully selected by the head athletic
trainer and aimed at evaluating the strength and performance. The following
sequence was carried out on each test day: (i) 3-stroke maximum power
ergometer test, (ii) 1-min ergometer test, and (iii) a 1600-m run. A random
assignment was developed to test all three experimental groups on each test day.
Following the tests, each athlete completed a brief anonymous survey aimed at
evaluating the athletes’ overall satisfaction with each type of
mouthguard. Results: Custom-made mouthguards had no detrimental effect on
athletic strength and performance and were reported by the athletes as being
comfortable and not causing difficulty in breathing. In contrast, boil-and-bite
mouthguards did not perform as well and were reported as being uncomfortable
and causing breathing difficulties. Conclusions: Based on the results of this
study, the use of custom-made mouthguards should be encouraged in contact
sports as a protective measure, without concern for any negative effect on the
athletic performance of the athletes.



intercollegiate athletes from 1996 through 2005. The
incidence for male basketball players was five times
higher than that for football players for whom mouth-
guard use is mandatory.

Different types of mouthguards are available with the
most popular being self-adapted ‘boil-and-bite’ and
custom-made mouthguards. Custom-made mouthguards
have been shown to provide the greatest protection from
dental injuries and should therefore be recommended for
those who participate in contact sports (14). Interest-
ingly, besides their role in preventing injury, some
authors claim that mouthguards can enhance athletic
performance (15, 16). Garner & Miskimin (17) claimed
that mouthpieces positively affected visual and auditory
reaction time, which is a vital aspect to optimal sport
and exercise performance.

Teeth clench in response to elevated stress levels.
This clenching mechanism completes a circuit and
signals the brain to begin a complex series of responses
in the hypothalamic–pituitary–adrenal (HPA) axis. As
a result, the adrenal glands release adrenaline, nor-
adrenaline, and cortisol, all enabling the body’s stress
response. Adrenaline increases blood pressure, reaction
time, and heart rate and sends blood to the muscles.
Cortisol releases glucose, to supply the brain and
muscles with immediate energy. However, at exces-
sively high levels and particularly for long periods, the
endocrine system is affected negatively. High cortisol
levels limit peripheral vision, decrease metabolism,
cause fatigue, reduce muscle-building, and suppress
the immune system. Therefore, when stress becomes
excessive, both performance and health are adversely
affected. A properly designed oral appliance which
prevents the teeth from occluding prevents the com-
pletion of the clenching mechanism (18).

Despite their role in preventing injury and possibly
enhancing athletic performance, there is a lack of
willingness among athletes to use mouthguards rou-
tinely. Athletes commonly cite discomfort, breathing and
speech difficulties, and interference in athletic perfor-
mance as reasons for rejection (19, 20). Delaney &
Montgomery (21) examined the effect of a non-custom
bimolar mouthguard on ventilation in female varsity ice
hockey players and concluded that they may reduce
ventilation and oxygen uptake at maximal efforts. In
contrast, Francis & Brasher (22) concluded that although
mouthguards may be perceived as uncomfortable and
restrict forced expiratory air flow, they appear to be
beneficial in prolonging exercise by improving ventila-
tion and economy. Researchers reported that custom-
made mouthguards have no detrimental effects on
aerobic and anaerobic performance capacity of the
athletes (23–25). However, actual enhancement of power
and performance while using custom-made or boil-and-
bite mouthguards has yet to be determined using a
controlled randomized trial. Our null hypothesis was
that custom-made mouthguards and ‘boil-and-bite’
mouthguards have no effect on athletic strength and
performance. Thus, the purpose of this controlled
randomized trial was to evaluate and compare the effect
of these two different types of mouthguards on the
athletic performance and strength of collegiate athletes.

Materials and methods

Eighteen members of the University of Washington
Men’s Varsity Crew (Rowing) participated in this study,
which was approved by the University of Washington
Institutional Review Board. Athletes’ age ranged from
19 to 23 years and represented five different countries.
This group of world-class athletes was selected as they
were relatively equal athletically and performed both
aerobic and anaerobic exercises as part of their routine
training schedule. Statistical power analysis revealed that
a sample size of 18 athletes provided 80% power, to
detect an effect size of 0.7 when comparing physical
performance under two different test conditions, based
on a two-sided paired t-test and assuming a significance
level (alpha) of 0.05. All participants consented prior to
taking part in the study and reported being healthy and
having no previous history of mouthguard use.

Mouthguards tested in this study included an over-
the-counter boil-and-bite mouthguard (O-FlowTM Max
Under Armour�, Minneapolis, MN, USA) (UA), and a
custom-made mouthguard (CM). A descriptive flow
chart of the methodology is presented in Fig. 1.

The boil-and-bite mouthguards (UA) were fitted by the
investigation team, according to the manufacturer’s
instructions. This involved placing the mouthguard in
boilingwater for 10 s followed by cooling in a cup of water
for 1 s before quickly inserting the mouthguard over the
upper teeth and asking the wearer to gently bite down.
Using finger pressure, the mouthguard was then pushed
tightly against the upper teeth to ensure that it was flat
against the front teeth. The lower jaw was then brought
forward and up into the posterior pads with the molars in
alignment with the upper teeth. Pressure was then applied
upward against the teeth using the thumbs and the wearer
asked to bite down gently. While biting down, the finger
pressure was then applied firmly against the lips and
cheeks for 20 s to continue to form the mouthguard.
Finally, the mouthguard was removed and cooled under
tap water for 30 s before replacing into the mouth and
testing for a good firm fit.

Custom-made (CM) mouthguards were also fabri-
cated by the investigation team. Alginate impressions
were made of the maxillary arch and models poured
immediately. Each mouthguard was comprised of a
double 3-mm lamination made of thermoformable ethyl
vinyl acetate (Great Lakes Orthodontics, Tonawanda,
NY, USA). A pressure-molding machine (BIOSTAR�;
Scheu-Dental, Iserlohn, Germany) was used for 90 s at
427� Fahrenheit under 4.9 bar of pressure. The cooling
phase lasted 120 s. Mouthguards were then contoured
and trimmed, especially on the palatal surface, allowing
maximum breathing. Finally, all mouthguards were
polished and measured to confirm a 4-mm thickness as
recommended by Westerman et al. (26). Delivery of UA
and CM mouthguards took place 1 week before the tests
were carried out. Each mouthguard was individually
tested for comfort and fit, and adjusted as necessary.

Physical tests were performed on three consecutive
Monday mornings. No major event or training was
scheduled 24 h prior to these tests, and there was a
1 week interval between each test day. Athletes were
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randomly assigned a number from 1 to 18 and placed
into one of the three groups (N = 6). Group A
comprised athletes numbered 1–6, Group B comprised
athletes numbered 7–12, and Group C comprised
athletes numbered 13–18. A longitudinal crossover study
design was used, in which each group was randomized to
a different sequence or ordering in which the mouth-
guards would be tested. This random assignment was
made to test all three experimental groups (mouth-
guards) on each test day (Fig. 1). All three physical tests
were carefully selected by the head athletic trainer and
aimed at evaluating the strength and performance. The
following sequence was carried out on each test day:
1 3-Stroke maximum power ergometer test (measured

in watts) followed by a 15-min recovery period.
2 1-min ergometer test (measured in watts) followed by

a 15-min recovery period.
3 1600-m run (measured in seconds) followed by a

15-min recovery period.
An ergometer is an indoor rowing machine used to

simulate the action of watercraft rowing. This study used
the Concept 2 PM3 ergometer (Concept2 Inc., Morris-
ville, VT, USA). The 3-stroke maximum power test

measured the maximum power output generated by three
consecutive strokes on the ergometer and reflected the
strength of the athlete. The 1-min ergometer test mea-
sured power generated over a period of one minute and
reflected the endurance of the athlete. Representative
photographs of both types of mouthguard and their use
during testing are illustrated in Fig. 2.

Following the tests, each athlete completed a brief
anonymous survey aimed at evaluating the athletes’
overall satisfaction with each type of mouthguard. The
athletes were asked whether they were pleased with each
mouthguard. If not pleased, they were asked for a chief
complaint (discomfort, breathing difficulty, speech prob-
lem, or restriction of athletic performance). The athletes
were also asked whether they would continue to wear a
mouthguard during training or competition.

Statistical analysis

A repeated measures analysis of variance (anova) was
used to test for overall differences by mouthguard type
for each of the three performance tests. Pairwise com-
parisons between each pair of mouthguards for each of

Fig. 1. Flowchart of methodology.
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the performance tests were analyzed using a paired t-test.
A P-value £ 0.05 was considered significant.

Results

Means and standard deviations for each of the three
physical performance measures are summarized by
mouthguard type in Table 1. Omnibus tests were used
to test for overall differences by mouthguard type. We
found a statistically significant difference for the 3-stroke
maximum power test (P = 0.03). No statistically signif-
icant difference was found for the 1-min ergometer test
(P = 0.08) or the 1600-m run (P = 0.37). For pairwise
comparisons, no statistically significant differences were
found between no mouthguard and the CM mouthguard
for any of the performance tests. Statistically, the
performance was significantly better for the CM mouth-
guard compared with the UA mouthguard for the
3-stroke maximum power test (P = 0.01), while no
statistically significant difference was observed for the
1-min ergometer test (P = 0.09). Performance was
significantly better statistically for no mouthguard com-
pared with the UA mouthguard for the 1-min ergometer
test (P = 0.01), with no significant difference statisti-
cally for the 3-stroke maximum power test (P = 0.08).

The results of the survey revealed that 94% (17/18) of
the athletes were pleased with the CM mouthguard and
61% (11/18) stated that they would continue to use it,
particularly for weight training. When questioned about
the UA mouthguard, all athletes (18/18) unanimously
expressed dissatisfaction with it. When asked for a chief
reason, 44.5% (8/18) cited discomfort, 44.5% (8/18) cited
breathing difficulty, and 11% (2/18) stated that it
restricted their athletic performance.

Discussion

Mouthguards are essential for the prevention of dental
and maxillofacial injuries while participating in contact
sports. However, their use by athletes is not widespread
owing to the perception that they are uncomfortable,
cause breathing difficulty, impair speech, and negatively
affect athletic performance (19, 20). This is despite claims
by commercial companies (http://www.mouthguard
science.com/ and http://www.bitetech.com) that the per-
formance is actually enhanced by oral appliances.
However, prior to this present study, actual enhancement
of power and performance while using either boil-and-
bite or custom-made mouthguards had not previously
been determined by a controlled randomized trial.

The results of the present study failed to demonstrate
improved strength or performance while using either
type of mouthguard. This is in complete accordance with
previously reported research (23). Cetin et al. reported
that no significant differences were found in 20-min
sprint time, jumping tests, handgrip strength, isometric
leg, or back strength. However, peak power and average
power in Wingate anaerobic test and hamstring isoki-
netic peak torque significantly increased as a result of
wearing custom-made mouthguards (24).

(a) (b)

(c) (d)

Fig. 2. Representative photographs of both types of mouthguards and their use during testing: (a) UA mouthguard; (b) CM
mouthguard; (c) ergometer testing using UA mouthguard; and (d) ergometer testing using CM mouthguard.

Table 1. Physical performance measures by mouthguard type

No mouthguard Boil and bite Custom Overall*

Mean (SD) Mean (SD) Mean (SD) P-value

Run (seconds) 356 (24) 361 (23) 358 (23) 0.37

3 stroke (watts) 809 (113) 767 (111) 811 (89) 0.03

Ergometer (watts) 571 (48) 547 (69) 571 (84) 0.08

*Omnibus F-test from the repeated measures anova analysis.
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The present study demonstrated that custom-made
mouthguards had no negative effect on athletic perfor-
mance and strength. In addition to the protection
provided by custom-made mouthguards, the fact that
they were reported as being comfortable and not causing
breathing difficulty by all but one athlete and did not
impair athletic performance is very encouraging. Con-
versely, self-adapted boil-and-bite mouthguards had a
slight negative impact on athletic performance. This
might be directly correlated with the breathing difficulty
and uncomfortable feeling reported by all athletes while
using the O-FlowTM Max Under Armour mouthguard.

Our study was aimed at testing only the strength and
performance using a cohort group of athletes. Further
studies are warranted to test other athletic conditions
such as flexibility, accuracy, and power on professional
and amateur populations.

Conclusion

Custom-made mouthguards had no detrimental effect on
athletic strength and performance and were reported by
the athletes as being comfortable and not causing
difficulty in breathing. In contrast, boil-and-bite mouth-
guards did not perform as well and were reported as
being uncomfortable and causing breathing difficulties.
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