RESEARCH UPDATE

Effects of Mouthpiece Use
on Airway Openings and Lactate Levels
in Healthy College Males

Dena P. Garner, PhD;"! and Erica McDivitt, MS?2

Abstract: Research has described the use of mouthpieces not only in preventing oral-facial injuries, but linking use to
improvements in muscular strength and endurance. However, the mechanisms by which these improvements occur have
not been elucidated. The purpose of this study was to understand possible physiological explanations for improvements
in exercise performance with the use of a mouthpiece. Specifically, this study focused on differences in lactate levels after
30 minutes of endurance exercise with and without a mouthpiece. In addition, computed tomography (CT) scans were
taken of the cross-sectional area of the oropharynx in each participant (N = 10) with and without a mouthpiece. CT scans
showed a significant difference in mean width (28.27 mm with the mouthpiece vs 25.93 mm without the mouthpiece,
P =.029) and an increase in mean diameter with a mouthpiece (12.177 mm vs 11.21 mm, P = .096). Lactate levels were
lowered with the mouthpiece at 1.86 mmol/L vs 2.72 mmol/L without mouthpiece. This research suggests that there is
an improvement in endurance performance that may be linked to improved airway openings resulting from the use of a
mouthpiece. Future studies should continue to clarify the possible mechanisms for these exercise outcomes as well as to

understand the optimal mandibular advancement to elicit these exercise improvements.

outhpieces have been used for a variety of con-

tact sports to prevent oral-facial injury.! In a

review of dental trauma literature, Glendor?
noted that participation in sports is the greatest cause of
dental injuries. To minimize injury associated with conract
sport participation, the American Dental Association (ADA)
recommends the use of mouthguards to protect against
dental trauma during contact sports.? In addition to the
recommendation of the ADA, such sport-governing bodies
as the Narional Alliance of Football Rules Commirtee have
mandated mouthguards for use in high school football in
the United States.# The 2008-2009 National Athletic As-
sociation (NCAA) Sports Medicine Handbook mandates
mouthguards for athletes involved with football, field hock-
ey, lacrosse, and ice hockey in order to minimize dental

trauma during these sports.’

While there is compelling research to support the use of
mouthguards to protect against oral-facial injuries during
contact sports, there is also research to suggest that mourh-
pieces may enhance performance. Smith®” noted that pro-
fessional football players exhibited greater arm strength with
properly fitted mouthguards thar resulted in changes in bite
pacterns. Smith also noted thar those players with the most
extreme overbite corrected with 2 mouthguard experienced
the greatest increase in strength. Specifically, he observed
that with a properly adjusted mouthguard, 66% of the play-
ers exhibited significant strength improvements on the iso-
metric deltoid press.” He stated thar the increase in strength
with a properly fitted mouthguard was because of decreased
pressute in the temporomandibular joint (TM]J).

Not only has improvement in strength been noted, but

Garabee® described improvement in 7 runners’ endurance
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and recovery with use of a mouthpiece to promote proper oc-
clusion. He observed that when runners wore a wax bite
mouthpiece, there was an increase in mileage: 64 to 100 miles
per week in one runner, and 50 to 80-100 miles per week in
another. He also noted quicker recovery times and decreased
perceived exertion with use of the mouthpiece vs without the
mouthpiece. Garabee hypothesized that this improvement
was because of decreased stress with mouthpiece use that

reduced clenching and grinding of teeth during exercise.

With this data suggesting a physiological improvement
when a mouthpiece is used, the next step was to clarify fur-
ther the possible reasons for this improvement. Trenouth
and Timms'? found a positive association between the
orpharyngeal airway opening and mandibular length, with
a narrower opening associated with a shorter mandibular
length. They cited previous research that suggested repo-
sitioning the mandible in an anterior position, thereby
opening airways and promoting respiratory gas exchange

to and from the lungs. In the litera-

As the research evolved, the
possible reasons for improvements
in performance were elucidated
by Francis and Brasher.? In a
study of 10 men and 7 women,
they found that wearing a mouth-
piece during 20 minutes of high
intensity cycling resulted in im-
provements in ventilation (average
of 43.13 1/min with mouthpiece
vs 50.98 1/min without mouth-
piece). They noted that this im-

proverment may be from pursed

THIS PRESENT STUDY SUGGESTS
MECHANISMS BY WHICH
LACTATE PRODUCTION MAY
BE IMPROVED WITH INCREASED
AIRWAY OPENINGS, THEREBY
IMPROVING OXYGEN KINETICS
SUCH AS LOWERED OXYGEN

ture associated with sleep apnea
(where airway openings are dimin-
ished during sleep) and mouth-
pieces, it can be noted that there
is significant improvement in air-
way openings for patients wear-
ing a mouthpiece (a device that
fits like a retainer and forces the
lower teeth to relax in a forward
position). Kyung and colleagues'*
advanced the mandible forward

with an oral appliance in 12

lips breathing which results in DEFICIT AND/OR IMPROVED sleep apnea patients and found a
greater oxygen saturation. Ugalde reduction of the apnea-hypop-
and colleagues'® confirmed that BREATHING WORK RATES. nea index from 44.9 (withour

pursed lips breathing resulted in
increased oxygen saturation in
myotonic muscular dystrophy patients, while Tiep'! stated
that such breathing results in increased tidal volume, car-
bon dioxide removal, and oxygen saturation.

Drawing from the research by Frances and Brasher,? the
possible reasons for improvements in endurance perform-
ance while wearing a mouthpiece provide insight into the
physiological mechanisms that may be occurring. In order
to first understand if there were improvements in perform-
ance, the authors’ laboratory conducted a series of pilot
studies primarily to determine if lactate levels were affect-
ed by the use of a mouthpiece. If, as Frances and Brasher?
suggested, there was improvement in ventilation (ie, in-
creased oxygen saturation and removal of carbon diox-
ide), then there could consequently be an improvement
in lactate levels. The authors found that with 24 partici-
pants, there was improvement in lactate levels after 30 min-
utes of running on a treadmill at 85% of maximal heart rate
(4.01 mmol/L with mouthpiece vs 4.92 mmol/L without

mouthpiece).'?
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appliance) to 10.9 (with appli-
ance). Gale and colleagues!® also
found a significant improvement in mean airway opening
with an anterior mandibular device while patients were
supine in a conscious state. Specifically, Gale et al'3 found
that in 32 participants, the mean minimal pharyngeal cross-
sectional area was increased 28 mm? with the mouthpiece

16 stated

vs without the mouthpiece. Gao and collegues
that for their participants, the mandibular advancement was
7.5% with a mouthpiece. They specifically found a signifi-
cant opening of the oropharynx (P = .0258) and velo-
pharynx areas (2 = .006). Zhao et al'” also found that the
velopharynx opening increased significantly with an ad-
justable mandibular custom mouthpiece, from 3.27 mm?
at 0 mm, to 8.45 mm? at 2 mm, 17.73 mm? at 4 mm,
24.45 mm? at 6 mm, and 35.82 mm? at 8 mm. This re-
search suggests that the positioning of the mouthpiece will
impact the degree of airway opening, with greater movement
of mandible in a forward position resulting in a greater open-
ing of the velopharynx. With the findings of previous stud-

ies as well as those in the authors’ laboratory, the hypothesis



of this study is that there will be increased airway opening

and a decrease in lactate levels with the use of 2 mouthpiece.

METHODS

For this pilot study the authors recruited 10 participants to
determine if there were differences in airway openings with
the use of 2 mouthpiece and if there were differences in lac-
tate levels after 30 minutes of running. The mouthpiece
used was a boil and bite upper mouthpiece which had a
greater bite opening distal vs proximal (EDGE, Bite Tech
Inc, Minneapolis, MN). Participants were 18-21 years old,
male, and from The Citadel. Each participant completed a
computed tomography scan (i-CAT 3D Dental Imaging
System, Imaging Sciences International, Hatfield, PA) with
and without a mouthpiece, and the mean oropharynx area
was measured in each. Participants then completed two
30 minute runs on the treadmill at 75%-85% of their
maximum heart rate, and lactate levels were assessed at O,
15, and 30 minutes of the run (Accutrend Lactate Ana-
lyzer, Sports Resource Group, Inc, Minneapolis, MN). Par-
ticipants were randomly assigned a mouthpiece during each
running trial and were required to refrain from exercising
the day before and the day of testing. If participants failed
to cooperate, they were asked to return on a subsequent day

when compliance was met.

RESULTS

The results of this study displayed a significant increase in
mean width value of the oropharynx at 28.27 mm with the
mouthpiece vs 25.93 mm without the mouthpiece (P=.029)
(Figure 1). In addition, the mean value of the diameter was
increased with a mouthpiece vs without a mouthpiece
(12.17 mm vs 11.21 mm, = .096) (Figure 1). As previous
studies had suggested, the difference in lactate levels from
pre- to post-exercise was lowered with the mouthpiece vs
without the mouthpiece, though not at the level of signif-
icance (1.86 mmol/L with mouthpiece vs 2.72 mmol/L
without mouthpiece) (Figure 2).

DISCUSSION

There is a plethora of research to suggest that the upper air-
way of patients with sleep apnea is improved with a custom-
fit oral device, due specifically to the forward movement of
the mandible.!3-18 Ryan and colleagues'® found improve-
ment in the cross-sectional area of the velopharynx and in

the apnea index with the use of a mandibular advancement
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Figure 1 Mean values of oropharynx width and diameter
with and without a mouthpiece.
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Figure 2 Mean lactate levels after 30 minutes of running at
75%-85% of maximum heart rate.

oral appliance. Kyung et al'4 also found reduced apnea-
hypopnea indices, reducing the average index from 44.9 to
10.9 with an oral appliance.

Research continues to elucidate the degree of forward
movement which would be most beneficial. In the research
by Zhao and colleagues'” there was a range of improvement
in the airway opening for participants: as the mandible was
moved to a more forward position, the opening of the air-
way increased. It should also be noted that a specific mouth-
piece was used for this present study. This particular
mourhpiece offered minimal obstruction for the partici-
pants as they ran, yet was also designed to bring the man-
dible to a forward position. The mouthpiece was easy to
use and mold to participants, who noticed no impairment
in their breathing patterns during use. Further research to
understand how different mouthpieces could affect the air-
way openings is warranted. Such studies should focus on
measuring the movement of the mandible with the use of a
mouthpiece and how this may affect airway openings in
healthy participants.

The results of the study suggest that the use of a mouthpiece

increases airway openings in these healthy participants and
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that the use of a mouthpiece while exercising may improve
lactate levels. While previous studies with sleep apnea popu-
lations indicated improvements in airway openings with
the use of a mouthpicce, there were limited data on a
younger, healthy population (age 21 +/- 1.1 years). This
study, however, is similar in a study by Gao and col-
leagues'® which took magneric images of 14 healthy Japa-
nese men (age 27.7 +/- 1.9 years). Gao et al'® saw improve-
ments in airway opening with a custom-fit oral device that
was specifically designed to move the mandible in a more
forward position. Their study found significant improve-
ments in the velopharynx (P = .0006) and the oropharynx
(P =.0258), while the current study noted a significant im-
provement in the oropharynx width (P = .029).

Because of the financial costs of obtaining 2 CT scans
for each participant, this study was limited in the number
of participants. In addition, this was designed as a pilot
study to determine: 1) if there were changes in airway
openings with a mouthpiece in healthy participants; and
2) if chis could translate into lowered lactate levels. The
results suggest there may be a link, which could be one pos-
sible physiological explanation for performance improve-
ment with a mouthpiece.

It may be surmised that the lack of significant differ-
ences in lactate levels in this study may be because of the
low number of subjects, even though the trend was lower
lactate levels with the mouthpiece vs no mouthpiece. As
the authors” previous study suggested (N = 24), lactate lev-
els were significantly lower with a mouthpiece vs without a
mouthpiece after 30 minutes of running on a treadmill
(4.01 mmol/L mouthpiece vs 4.92 mmol/L no mouth-
piece) (Figure 3).

Research has consistently noted the correlation between

exercise fatigue and higher lactate levels. As one increases

Figure 3 Mean lactate levels after 30 minutes of running at
85% of maximum heart rate.
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exercise intensity, the glycolytic pathway is highly utilized to
meet energy needs. The end product of this pathway is the
production of lactic acid. Lactic acid is broken down into
lactate and hydrogen ions, and it is this increase of hydro-
gen ions that is negatively associated with metabolic proc-
esses, leading to fatigue.!92° Thus, any mechanism which
elicits lowered hydrogen levels resulting from lactic acid
should increase an athlete’s time to fatigue. For example, if
the pathways used during exercise rely more on oxygen,
then lactate levels will be lowered. Yet understanding this
link between lowered lactate levels and increased airway
openings is a complex issue needing further investigation.'?

Previous studies have noted that an improvement in
breathing work rates leads to improved exercise time be-
cause of reduced oxygen uptake and ventilation.?!"?? Spe-
cifically, if breathing mechanics are improved, then there is
a decreased need for oxygen and blood flow by the respira-
tory muscles which typically require approximately 10% of
the oxygen needs during strenuous exercise. Less blood
flow to the respiratory muscles suggests an increase of
blood flow to the exercising skeletal muscles, which would
prolong time to fatigue. Specifically, Harms and colleagues
found cthat when respiratory muscle work was decreased
(via a proportional-assist ventilator), time to exercise ex-
haustion was increased in 76% of the trials by an average
of 1.3 minutes (+/-0.4 minutes).2

Improvement in respiratory muscle function may not
be the only mechanism that occurs during mouthpiece
use. An interesting study by Kilding and colleagues®® exam-
ined response time of oxygen kinetics in endurance runners
(N = 36) to understand its possible effect on a 5 kilomerer
time trial. An important finding from their study was that
a faster phase II oxygen uptake kinetic response at the on-
set of moderate intensity exercise resulted in faster 5 kilo-
merter performance. Thus, they concluded that those runners
who had a shorter oxygen deficit at the onset of exercise (as
indicated by shortened phase II response) could increase
time to exhaustion, as indicated by the better 5 kilometer
performance. Kilding cited previous work by Casaburi and
colleagues®* stating a decrease in oxygen deficir at the onset
of exercise could result in decreased lactate production,
which could potentially improve endurance performance.
This present study suggests mechanisms by which lactate
production may be improved with increased airway open-
ings, thereby improving oxygen kinertics such as lowered

oxygen deficit and/or improved breathing work rares.



CONCLUSION

This study found thar the use of a mouthpiece significant-
ly improves airway openings in participants as compared
with these same participants who do not wear the mouth-
piece. In addition, lactate levels are improved when partici-
pants wear the mouthpiece vs when they do not wear the
mouthpiece. One explanation for the decrease in lacrate
levels may be an improvement in oxygen kinetics at the
onset of exercise or improvement in breathing work rates
which may be prompted by enhanced airway openings with
the use of 2 mouthpiece. Previous research in the field of
mouthpiece use and its effect on human performance sug-
gests that mouthpieces improve performance. However,
these studies have been unable to elucidate the possible phys-
iological mechanisms for this improvement. This research
is novel in the area of human movemenc because it suggests
a possible physiological explanation for the improvement in
performance as noted by athletes. Further studies should focus
on the reasons for these improvements, noting differences in
jaw morphology and airway dynamics for individuals who

may benefit from a mouthpiece during exercise and sport.
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