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Background: Protective athletic mouthguards (PAMs) have been worn in competitive sports for more than 100 years. 
Today, participants in contact and noncontact sports wear PAMs. 

Hypothesis: Wearing a PAM produces oral injury. 

Study Type: Case series. 

Study Design and Methods: Sixty-two Division I football players voluntarily participated in the study. Before the 
beginning of the season, each player underwent a thorough oral examination, and all abnormal oral findings were photo- 
graphed (hyperkeratosis, erythema, ulceration, and combinations thereof). At midseason, 14 players were given complete 
oral examinations, with all abnormal oral findings documented. At season end, all remaining players (n = 53) had complete 
oral examinations and photographs taken of abnormal oral findings. 

Results: The preseason examination of 62 players found a total of 85 lesions (1.4  lesions per player) on the gingiva (n =   
17), buccal mucosa (n = 60), and palate (n = 8). The 14 midseason players had 28 lesions (2.0 lesions per player) on gingiva    
(n = 8), buccal mucosa (n = 16), and tongue (n = 4). At season end, the 53 remaining players had 198 lesions (3.7 per player) 
on the gingiva (n = 96), buccal mucosa (n = 79), tongue (n = 18), and palate (n = 5). In addition, the lesion intensity scores 
progressively increased over the season. Because the palate did not come into direct contact with the PAM, it was used as    
an internal control. 

Conclusion: The wearing of a PAM may increase the number and intensity of oral mucosal injuries, which may cause 
localized soft tissue reactions such as hyperkeratosis, erythema, and ulceration. 

Clinical Relevance: Because the PAM reduces tooth injury but may cause oral lesions, it should be sanitized daily and 
changed regularly and replaced whenever it becomes sharp and jagged or when the athlete develops an irritation in the 
mouth. 

Keywords: disease transmission; protective athletic mouthguard; oral infections; systemic infections; microorganisms; 
mouthguard care 

 
 

rotective athletic mouthguards (PAMs) were initially 
used by boxers to protect their teeth and to reduce 
concussions resulting in knockouts.15 Numerous recent 

reports have noted that although PAMs may not protect against 
brain injuries during contact sports, they do provide protection 
for the teeth.9-11,13,17,19 Such positive results have prompted orga- 
nizations such as the American Dental Association to 

 

support the utilization of PAMs for all contact sports2; foot- 
ball teams at all competitive levels have been among the 
most compliant with the association’s recommendations.1,4,5,12 

These results also convinced the Department of the Army in 
2004 to mandate the use of PAMs for pugil stick training, rifle/ 
bayonet training, unarmed combat, and confidence/obstacle 
courses.3 
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Recent studies of football players,6 hockey players,7 and 
medical student controls have shown that PAMs harbor a 
range of pathogenic and opportunistic microorganisms, 
including yeasts and molds.14 These findings are a concern 
because current research describes a rise in the number of 
infections in athletes, from junior to professional levels, and 
the impact that such infections may have on the athletes’ 
overall health.8 

Even though such studies have examined the physical con- 
ditions and microbial contaminations of PAMs, the correlation 
between developing oral lesions and wearing these devices has 
not been fully documented.6-8 The following study was per- 
formed to answer the following research question: Does the 
wearing of PAMs induce clinically observable and progressive 
oral lesions? 

 
PARTICIPANTS  AND METHODS 
Sixty-two athletes from a Division I football team volunteered 
to be research participants. At the beginning of the season, 
after obtaining informed consent, each participant was given a 
unique accession number and asked to complete a short health 
history. To establish a baseline, everyone had a thorough clini- 
cal oral examination of 8 sites (gingiva, buccal mucosa, tongue, 
and palate). These examinations were performed by a board 
certified oral and maxillofacial pathologist, a pediatric den- 
tist, and a practicing dentist affiliated with a junior ice hockey 
team. All abnormalities were recorded on a clinical form and 
photographed using a handheld intraoral digital camera (Claris 
i310D USB 2.0 Digital Intraoral Camera, Sota Precision Optics, 
Inc, Orange, California). Abnormal oral findings included sin- 
gle lesions of hyperkeratosis, erythema, ulceration, and all pos- 
sible combinations thereof. Lesion intensities were scored on a 
scale from 1 to 7. This established scale has been used by sev- 
eral independent investigators, and it has produced consistent 
lesion intensity scores.6-8

 

At the beginning of the season, each participant selected 
a PAM of his choice, which was either the typical “boil and 
bite” device or a custom-made device made by the team’s ath- 
letic trainers. This study design was independent of the type 
of PAM selected by the player. Lost or deformed PAMs were 
replaced upon demand. At midseason, 14 of the 62 players 
were selected on the basis of their availability (ie, redshirts) 
for a complete clinical oral examination. With the exception of 
game time, these players wore PAMs in the same manner as 
the others. Their oral lesions were scored using the same pro- 
cedures as the initial examination, and intraoral photographs 
were made of all abnormalities. At season end, each of the 
remaining study participants (n = 53) had another thorough 
clinical oral examination with intraoral photographs made of 
each abnormality. The intraoral lesions were once again graded 
using an intensity scale. 

The data were analyzed using various mathematical and sta- 
tistical models, including but not limited to the following: 

means, standard deviation, standard error, t test, analysis of 
variance, and frequency distribution. 

 
RESULTS 
Overall, at the beginning of the season, 47 of 62 participants 
(75.8%) had 85 oral lesions (1.4 lesions per volunteer). This 
represented a preseason baseline before PAM usage, and it was 
consistent with similar preseason studies of ice hockey play- 
ers of roughly the same age. These volunteers had a total of 17 
gingival lesions, 60 buccal mucosal lesions, 8 palatal lesions, 
and zero tongue lesions. The midseason oral examination cho- 
sen on the basis of volunteers’ availability (redshirts; n = 14) 
revealed 28 lesions (2.0 lesions per player), 8 gingival lesions, 
16 buccal mucosal lesions, zero palatal lesions, and 4 tongue 
lesions. Although the findings of the midseason examinations 
were not used for statistical analysis, they did demonstrate a 
progressive increase in the number of lesions per person. 

By the end of the season, 53 remaining volunteers (96%) 
had a total of 198 lesions (3.7 lesions per player), represent- 
ing 96 gingival lesions, 79 buccal mucosal lesions, 5 palatal 
lesions, and 18 tongue lesions. There was not only an over- 
all increase in the number of lesions but a notable distribu- 
tion with the gingiva having the greatest number of lesions. 
The tongue and the buccal mucosa also increased in the num- 
ber of lesions, reflective of their contact with the PAMs. The 
decrease in the number of palatal lesions is consistent with its 
lack of contact with the PAMs. At season end, there was also 
an increase in the overall intensity scores. These findings were 
independent of the type of PAMs (boil and bite versus cus- 
tom-made) that the players used. Based on the absolute num- 
ber of lesions or the intensity scores, there were statistically 
significant differences between the number of lesions and 
their intensity scores at the beginning of the season versus the 
end of the season (t test, P < .01). With the exception of the 
palate, analysis of variance found that all sites demonstrated 
statistically significant differences between the preseason and 
season-end lesion numbers and intensity scores. No statisti- 
cal differences were noted between the right and left sides of 
the mouth. 

 
DISCUSSION 
The results of this study confirm that the wearing of PAMs has 
a significant influence in producing oral lesions and may have 
a significant influence in producing oral disease. Although 
the statistical analyses demonstrate significance, the photo- 
graphs of the PAMs (Figure 1) and the oral lesions (Figures 2-5) 
are even more compelling. For example, Figure 2 is typical of 
lesion progression observed in an individual from preseason 
to season end. Although this lesion is described as being 
hyperkeratotic, it is a combination of parakeratin layer thicken- 
ing and Malpighian cell layer spongiotic edema. The net effect 
could have been an irritation-induced change in the mucosa 
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Figure 2. Pathology (hyperkeratosis; black arrows) in the 
posterior buccal mucosa. Note the progressive thickening of 
the mucosa in response to the constant rubbing and suction 
generated by the protective athletic mouthguard. 

 
 
 

 

 
 
 
 
 
 

as a result of wearing a PAM. When compared with either the 
erythematous lesion or the ulcerative lesion, this type of lesion 
has less probability of microbial invasion. 

Figure 3 is an example of hyperkeratosis that would tend to 
be associated with direct trauma (thickening of the paraker- 
atin layer only and/or metaplasia to orthokeratin). This fig- 
ure also shows the type of marginal gingivitis (erythema) that 
would be associated with direct contact between the tissue and 
the PAMs. Of even greater importance is the carious tooth in 
this figure with obvious pulpal involvement. Although there is 
no evidence that the PAMs caused the caries, this open tooth 
could act as a potential portal of entry for microorganisms 
residing in the PAMs. In addition, at the root end of this tooth 
would be a granulomatous reaction, with the proliferation of 
small, thin-walled vessels (arterioles and venules). The hydrau- 
lic forces generated by a contaminated PAM and its interaction 

 
with the carious tooth could cause direct access of microbes 
and toxins into these vessels and ultimately into the entire 
vascular system. 

Figure 4 is an excellent example of combination lesions 
(lesion score, 7) seen at the oral examination given at sea- 
son end but not observed at the preseason examination. The 
changes seen in the oral cavity of this football player could 
certainly incriminate the PAMs as a major factor for such 
changes. Of all the participants, the athlete seen in Figure 5 
had the most severe and acute condition that may be asso- 
ciated with his jagged PAM. The entire mouth became 
involved in the process, and the isolation of predominantly 
Staphylococcus aureus from the PAMs supported the clinical 
findings. 

Of course, there may have been other causes for the changes 
seen in the volunteers, such as tobacco use and poor oral 
hygiene. Although all participants were asked questions 
regarding these potential causes, the veracity and reliability of 
their answers are suspect, in part, because of their concern that 
such information would be passed along to the coaching 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Typical example of protective athletic mouthguard 
worn by a football player for the entire season. Note the 
rough and jagged edges, which are close to the pterygoid 
plexus of veins in the mouth that could facilitate direct 
access into the vascular system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Example of pathology noted at season end. The 
preexisting carious tooth (white arrow) with its associated 
pulpal involvement provides a portal for microbial invasion, 
resulting in possible systemic involvement. Such carious 
teeth also occur in nonathletes; however, the risk of 
microbial invasion and vascular dissemination may be 
enhanced by wearing a contaminated protective athletic 
mouthguard. Note the presence of hyperkeratosis (black 
arrow) and erythema (red arrow) of the gingiva (combined 
lesional intensity score, 4). 
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staff, even though each participant was assured otherwise. In 
addition, lesions caused as such would have been clinically 
observed at the preseason examination. 

If the results of the present study are compared with the 
overall incidence of oral lesion development in a general pop- 
ulation, a wide disparity is noted. In a study of 17 235 adults 
aged 17 and older (including tobacco users), the hard palate 
had the highest percentage of lesions (25.9%), followed by the 
gingiva (20.4%), the tongue (14.2%), and the buccal mucosa 
(9.2%).18 In the present study, the percentage of palatal lesions 
was 12.9%, which decreased to 8.9% by the end of the study. 
The percentage of gingival lesions was 16.0% at the beginning 
of the study, and it increased to 73.2% by the end of the study, 
whereas tongue lesions went from 0% at the beginning of the 
study to 32.1%. Buccal lesions increased from 66.1% to 85.7% 
by the end of the study. Furthermore, a study of 4098 partici- 
pants from Turin, Italy (general population), showed an even 
lower incidence of oral trauma, adding credence to the finding 
that wearing PAMs produces oral lesions.16

 

PAMs may produce oral lesions; as such, the corollary question 
becomes, what should be done with these devices to reduce 

this problem? First, a PAM should be regarded as a therapeu- 
tic device and discarded when it becomes distorted or develops 
sharp and jagged edges (or after 14 days of regular use). 

Furthermore, the surfaces of all volunteers’ PAMs were cul- 
tured, and they yielded 339 bacterial isolates, 20 yeast iso- 
lates, and 108 fungal/mold isolates (Glass et al, unpublished  
data, 2008). Although the bacterial and fungal isolates could be 
related to tissue infections, the molds could initiate exercise- 

 
advised to replace the device whenever they develop any type 
of oral lesion or respiratory distress. In addition, the overall 
condition of the oral cavity should be monitored on an ongo- 
ing basis with the use of any PAM. 

Third, because of its propensity to become a microbial  
 

one of the commercially available antimicrobial denture- 
cleansing solutions. 
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Figure 5. Oral and perioral pathology of protective athletic 
mouthguard wearer at season end: A, lesions consistent 
with necrotizing labiitis (black arrow) and facial acne (red 
arrow); B, lesions consistent with necrotizing glossitis 
(black arrows); C, lesions consistent with acute necrotizing 
gingivitis (black arrows); D, a culture of predominantly 
Staphylococcus spp. resulting from touching the protective 
athletic mouthguard surfaces and depths onto chocolate 
agar (lower right) and blood agar (lower left). The 
Sabouraud dextrose agar (top) demonstrates Candida 
spp. Both these microorganisms could have substantially 
contributed to these disease processes. 

induced asthma and allergies.8 Therefore, athletes should be 

reservoir,6,7 the PAM should be sanitized on a daily basis, using 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Example of integrated oral disease at season end 
induced by usage of the protective athletic mouthguard, 
showing all 3 types of lesions for an intensity score of 7 
(hyperkeratosis, black arrow; erythema, red arrows; ulcer, 
white arrow). None of these lesions were noted during 
the preseason examination. The partially erupted third 
molar (wisdom tooth) has an associated pericoronitis (a 
microbial infection) that was not present preseason. The 
contaminated protective athletic mouthguards that produced 
the other 3 lesions could have also contributed to the 
pericoronitis. 
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Clinical Recommendations 

SORT: Strength of  Recommendation  Taxonomy 
A: consistent, good-quality patient-oriented evidence 

B: inconsistent or limited-quality patient-oriented  evidence 
C: consensus, disease-oriented evidence, usual practice, expert opinion, or case series 

For more information about the SORT evidence rating system, see www.aafp.org/afpsort.xml and Ebell MH, Siwek J, Weiss BD, et al. Strength of Recommendation 
Taxonomy (SORT): a patient-centered approach to grading evidence in the medical literature. Am Fam Physician. 2004;69:549-557. 

 
 
 
 
 
 
 
 
 
 
 

 
Clinical Recommendation 

SORT Evidence 
Rating 

Sanitize the protective athletic mouthguard daily. C 
Replace the protective athletic mouthguard regularly. A 
Replace the protective athletic mouthguard when it becomes sharp or jagged or whenever there is an oral irritation or ulceration. B 
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