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Abstract 
 

Mouth guard material is used for athletic mouth guards, temporary dental splints, 

whitening trays, medicinal depositories and catheter tubing. This study evaluated biofilm 

formation on mouth guard materials after simulated use to ascertain the propensity of 

mouth guards to harbor bacteria.  

Three different mouth guards were evaluated (n=18/group): two boil-and-bite 

guards, Shock Doctor® (SD) Nano 3D and The WrightguardTM (TWG) and one custom 

100% EVA Buffalo guard (EVA). In vitro wear of the fabricated guards were simulated 

via a chewing simulator for 120,000 cycles per guard. The most visibly worn 8x10mm 

section of each guard was determined and cut to standardize specimen size. All guard 

specimens were incubated with equal cell densities of both S. aureus (SA) and Candida 

albicans (CA) strains and colony-forming units (cells/ml) were measured as a 

quantification of biofilm growth.  

A one-way ANOVA with Tukey’s-HSD test was used to analyze biofilm retention 

(CFU/ml) on non-simulated and simulated EVA, SD, and TWG guards. Neither EVA 

(2.89±1.09 – 3.28±0.74; p=.486) nor TWG (10.22±3.31 – 11.17±5.46; p=.725) groups 

exhibited a significant increase in CFUs after 6 months of simulated use. In contrast, SD 

guards (3.33±1.55 – 9.72±5.37; p=.019) exhibited a significant increase in mean CFUs of 

CA when non-simulated guards were compared to simulated guards. Like with CA, 
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neither EVA (3.11±1.90 – 3.50±1.63; p =.712) nor TWG (9.83±4.09 – 12.56±5.58; p = 

.358) groups exhibited significant increases in adherent SA following 6 months of 

simulated use. However, Shock Doctor (5.11±2.20 – 9.67±4.77; p = .06) guards had a 

significant increase in adherent SA CFUs when non-simulated guards were compared to 

simulated guards.  

With chewing simulation parameters remaining constant for all guard types, 

significantly greater adherence could indicate a greater change in surface 

topography/roughness from simulated use. While EVA guards exhibited the lowest 

measured adherence of CA and SA, and TWG exhibited the highest CA and SA levels of 

adherence, neither of their respective material compositions undergo surface changes as 

readily as SD guards.The increased propensity of both fungal and bacterial species to 

adhere to mouth guards after continuous use indicates a potential concern for regular 

mouth guard users. 
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Introduction  

Mouth Guards 

The first acknowledged use of a guard to protect the mouth was in the late 1800's by 

boxers who were reported to fasten pieces of wood, cotton, sponges or tape to their 

teeth[1].The attention required to retain these mouth guard-like devices in the mouth 

presented more of a distraction rather than a protection and there were reports of such 

devices becoming dislodged and entering the larynx[2]. Since their crude inception in the 

late 1800's, athletic mouth guards have assisted in the prevention of sports related dental 

injuries for more than a century[1]. Their development over the years has made numerous 

changes in both composition of the materials used and design. Currently, there are three 

major types of athletic mouth guards found on the market; stock, boil-and-bite, and 

custom made[3]. Stock mouth guards are made in a rigid non-specific arch form of 

varying sizes that must be held in the wearer’s mouth by constant clenching[3]. They have 

thus lost popularity amongst both athletes and dentists because they are too bulky, loosely 

fitting, and unstable, causing concern as a choking hazard. The boil-and-bite guards, as 

their name suggests, can be conformed to the wearer’s dentition simply by boiling, 

placing in the mouth and biting[3]. Their ease of adaptability provides the wearer with an 

added sense of comfort and stability and they have proven to be more protective then 

their stock counterparts. A disadvantage; though, is that their adaptation is limited and 

they tend to be thin in the areas of prominent teeth that are prone to damage[3]. Boil-and-

bite mouth guards are likely the most widely used among athletes because of their 

availability, ease of adaptability and cost. Custom mouth guards are truly custom in that 

they are fabricated in the dental laboratory from models obtained by the dentist. This 
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customized fabrication allows for the material to be intimately adapted to the dentition, 

with uniform thickness providing support to all surfaces of the teeth. A review by D G 

Patrick et al. [3], aimed at comparing the protective capabilities of the three types of 

guards demonstrated that the, custom mouth guards were the most protective against 

sports related injuries based on their intimacy to the dentition, comfort, and stability[3-5]. 

Fabrication Methods of Mouth Guards  

Stock and boil-and-bite mouth guards are made by pouring a molten composition of 

proprietary materials into a preformed template, and the latter are further conformed to 

the wearer’s dentition simply by boiling, placing in the mouth, and biting [3]. The process 

of thermo vacuum forming is used to make custom mouth guards, where the material – 

typically in the form of sheets of varying thicknesses – is heated and applied to the 

patient's dental cast under vacuum pressure[3]. This technique is usually performed with a 

thermo-vacuum device. Among the popular devices on the market today are the 

OmniVac, Buffalo Econo-Vac, or the Dreve Drufomat, to name a few.  These machines 

have a resistance coil component that heats the guard material and a vacuum component 

that adapts the guard to the dental model under measured pressure.  

Mouth Guard Thickness and Force Transmittance 

Material thickness is considered a vital determinant of shock absorption in mouth guards. 

A pendulum impact test by Hoffman et al., comparing shock absorption in mouth guards 

of varying thickness, determined an inverse relationship between material thickness and 

force transmittance, and further noted an increase in force transmittance by 34% with 

only 1 mm reduction in material thickness[6]. Typical thicknesses used range from 2-6 
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mm[2] in order to allow for the greatest shock absorption of the material without 

impinging on the vertical rest position. During the vacuum-forming process, a 4 mm 

thick dual laminate ethyl vinyl acetate (EVA) sheet can undergo up to 50% thinning[7]. To 

properly address this pre- and post-forming thickness discrepancy, practitioners and lab 

technicians must keep the above factors in mind when choosing an EVA sheet’s pre-

formed thickness prior to fabricating a custom mouth guard.  

Mouth Guard Materials 

While the design and fabrication of an athletic guard is important, the material from 

which it is fabricated can result in varied degrees of protection[3]. With limited literature 

regarding the evolution of materials used in mouth guard devices since the turn of the 20th 

century, researchers have documented several products that have been widely used in 

their fabrication. In the 1890s, a London dentist named Woolf Krause put strips of gutta 

percha – a rubber based resin – over boxers’ teeth prior to their fights[8]. These days, 

popular materials consist of rubber latex, silicon, polyurethane (PU) and ethyl vinyl 

acetate (EVA)[9-11]. Studies by Craig and Goodwin [12], Going et al.[9], and Loehman et 

al.[13] have separately investigated the shock absorbency of a number of the 

aforementioned products, with neither finding significant differences between EVA, PU, 

silicon, PVC, rubber latex or acrylic resin. Craig and Godwin investigated 25mm thick 

sheets of silicon and EVA and observed no significant differences in shock absorbency 

between the two popular mouth guard materials. Further, Loehman et al compared 1.5mm 

sheets of polyurethane and EVA with no significant differences in shock absorbency 

found. With no statistical difference found between PU, silicon, and EVA, EVA is among 

the leaders in shock absorption[6, 12, 13]. In addition, EVA can easily be adapted to teeth of 
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individual patients and can be cut and modified to fit comfortably and passively[6, 8]. For 

these reasons, EVA remains the material of choice of many dentists. 

Ethyl Vinyl Acetate 

As a copolymer, ethyl vinyl acetate is a mixture of polyethylene and polyvinyl-acetate 

(PVA). Polyethylene is a plastic widely found in everyday packaging products. Like most 

plastics, it is composed of both inorganic and organic raw materials such as carbon, 

silicon, hydrogen, nitrogen, oxygen and chloride. Principle materials used for making 

plastics are extracted from coal, oil and natural gas[14]. The PVA component of EVA is a 

polymer of vinyl acetate, a volatile organic compound[15]. In its polymer form, polyvinyl-

acetate is described as a rubbery synthetic adhesive and is the main component of wood 

glues, envelope adhesives, and book binding glues, to name a few. The percentage of 

PVA in EVA governs the product’s flexibility, with increased amounts of PVA leading to 

a decrease in stiffness. This decrease in stiffness translates to a subsequent increase in 

overall flexibility and shock absorbency[16]. A study by Bishop et al. assessed shock 

absorbency at a standard thickness of 3.2mm ethyl vinyl-acetate with varying percentages 

of PVA[16]. The authors performed an impact study of EVA materials with 8%, 13%, 18%, 

24%, 28%, and 33% of PVA composition by dropping a steel ball a standard distance 

from the material and evaluating the amount of energy registered by a force transducer on 

the other side of the material. Although the authors did not analyze for statistical 

significance, they observed that compared to 33% PVA composition, 18-24 % PVA 

expressed varying measures of shock absorbency[16]. Ethyl vinyl acetate with 18-24% 

PVA composition exhibits a dynamic energy absorption of between 30 and 31 mJ 

compared to only 29mJ of energy absorption in the 33% PVA group[16]. Joules (1000 
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milijoules) are determined by the equation J=N(force) x m(force distance) and are a 

measurement of the amount of energy or force absorbed from a given material. When 

considering other factors such as water absorption, static energy absorption, tear 

strengths, and elastic gradients, a material containing 18% PVA has been suggested as 

best for mouth guard fabrication[1]. This composition leads to a clinically stiff type of 

guard. The guard’s rigidity limits its ability to flex as it attempts to pass over and around 

contours of teeth, making seating cumbersome. In a separate article, DG Patrick et al. 

expanded this idea by hypothesizing that while a composition of 18% absorbs more 

energy, rebound energy could still affect the guarded teeth[3]. To combat the issue of fit 

and rebound energy, they recommended a tri-layered laminate guard with rigid (~18% 

PVA) outer layers and a less stiff, more compliant (~24% EVA) middle layer[3]. 

Therefore, the outer layers would theoretically protect the teeth with the optimal 

composition of PVA (i.e. 18%), while the more compliant inner layer (i.e. 33% PVA) 

would allow for flexure and deadening of rebound energies[3]. 

Alternative Uses of Ethyl Vinyl-acetate (EVA) 

Aside from its use in mouth guard fabrication, EVA's characteristics as a shock absorbing 

material have permitted its use in numerous products such as orthotics, wire insulation, 

ski boots, water bottle cap liners and sports shoes. EVA has also found its way into the 

health field as a source of tubing material. Numerous studies have shown its ability, when 

mixed with drugs like Doxycycline[17] and Acyclovir[18], to be effective in providing 

continuous and controllable drug release to the blood stream. This has led to its use in 

epidermal drug delivery systems such as contraceptive rings and transdermal patches[18]. 

With its inherent adhesive qualities – due to its PVA emulsion – it is also used in food 
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packaging cling wraps and adhesives for cigarettes paper[19]. Its use as an adhesive for 

cigarette paper has lead to some speculation as to its role as a health hazard.  

Biocompatibility of Mouth Guards 

Like most plastics, when subjected to high temperatures, EVA can express volatile 

organic compounds such as vinyl acetate. A study performed by Song et al.[20] tested EVA 

in the presence of ozone, a strong oxidizing agent[20]. They found that increasing amounts 

of ozone resulted in the generation of various new aldehydes and ketones such as butanal, 

pentanal, 3-hexanone, 2-hexanone, hexanal and 3-heptanone[20]. These volatile 

compounds, even within acceptable FDA limits, have been known to be of concern 

because they cause “off-odor” and “off-taste” in bottled water[20]. When used as a mouth 

guard, there is no evidence supporting harmful effects of EVA based on its composition 

alone. There are, however, studies implicating disease transmission from mouth guards 

worn by athletes, which raise concern as to EVA's characteristics as a reservoir for 

disease[21, 22].   

 

A study by Glass et al. documented two clinical reports of two junior high school 

athletes. The reports indicated a suspicion of their mouth guards as a reservoir for 

disease[21]. One of the athletes experienced cellulitis of the leg after a non-fracturing 

injury[21]. Abscess cultures of the wound isolated the same “unusual bacteria” found in 

the athlete's mouth guard. A separate study by Rossi et al. reported on a student athlete 

who experienced an asthmatic episode so severe that his rescue inhaler was ineffective, 

sending the athlete to the hospital[22]. Upon inspection of his mouth guard, five different 

species of mold were found impregnated in the device [21, 22].  
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EVA and Microbial Growth 

Nostro et al. states that the members of the food packaging industry think packaging 

material (largely composed of EVA) can harbor bacteria after contact with bacteria in 

food[23]. Efforts to decrease food packagings’ ability to harbor microorganisms have lead 

to infusing EVA with antibiotics, as previously mentioned[23]. Furthermore, EVA (with 

certain percentages of polyvinyl-acetate) impregnated with nisin (a germicidal) could 

effectively decrease bacterial loads[23]. Nostro et al.’s findings, along with the two 

aforementioned clinical reports by Glass et al. and Rossi et al., imply that EVA has 

potential for biofilm growth and retention.  

 

Conversely, some studies refute that claim. L. Miller et al. performed a study on a single 

EVA intra-vaginal contraceptive ring used for 28 days[24]. The ring was compared to an 

unused EVA ring under scanning electron microscopy and was found to have no visible 

evidence of erosion, embedded bacteria or structural changes[24]. However, it must be 

noted that their study did not place the material in the oral cavity. Therefore, the material 

was not placed under compressive or frictional loads and was not subjected to repeated 

removal and insertion.  

 

More pertinent to mouth guards, a study performed by Ogawa et al. assessed microbial 

adherence on specimens of EVA placed in subjects’ mouths[25]. Following intraoral 

placement, the EVA specimens were treated by either rinsing with distilled water, 

brushing, or no treatment. The EVA specimens were then placed in either a ventilated or 

non-ventilated storage environment for 28 days. Ogawa’s study found that regardless of 
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treatment, following two days, no bacteria was recovered from specimens that were 

stored in a ventilated environment[25]. EVA specimens that were untreated and placed in a 

non-ventilated storage environment did, however, harbor bacteria after 14 days[25].  One 

limitation to this study was that the EVA specimens were not thermally or mechanically 

processed as is typically done to fabricate mouth guards, nor were they subjected to any 

tensile/frictional forces or a microbial environment typically encountered in the oral 

cavity.  

Mouth Guards and Microbial Growth 

Two additional studies by Glass et al. (in 2009 and 2011) investigated thermo-formed 

mouth guards[21, 26]. In their 2009 study, 62 Division I football players were examined for 

oral lesions by a board certified oral and maxillofacial pathologist prior to the start of 

their season[26]. Following evaluation, all participants were provided with either a 

custom-made or a boil-and-bite mouth guard. The author’s results from the study 

demonstrated a statistically significant increase in oral lesions throughout the season, 

noting that at preseason, oral lesions averaged 1.4 lesions per participant compared to 3.4 

at the end of season[26]. The lesions observed were often associated with areas covered by 

the mouth guard, noting a significantly greater number of gingival lesions (73.2%) at 

season’s end compared to the prevalence of gingival lesions in the general public 

(~20.4%)[26, 27]. Based on these findings, Glass and his team conducted another study 

aimed at identification of microbial species on mouth guards after a season’s use[26]. 

Glass revealed approximately 485 different microbial isolates that included bacteria 

(356), molds (107), and yeasts (22) in the 81 mouth guards studied[26]. Of the bacterial 

and yeast isolates, Staphylococcus spp. and Candida spp. were the most common[21]. In 
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one of the four groups studied, participants were asked to place their mouth guard in a 

solution of Nitradine (sanitizing solution) after each use. These mouth guards were 

sanitized and were worn again just prior to testing at midseason. This group’s guards 

were then replaced with new guards and participants were, again, instructed to place them 

in Nitradine solution after each use. At the end of the season, the guards were, instead, 

immediately sampled after sanitization for microbial load. The authors noted that guards 

at mid-season that were tested two days after sanitization had a significantly greater 

number of bacterial isolates compared to the guards at season’s end that were tested 

immediately after sanitization[21]. These results are were considered product of a reservoir 

effect of the mouth guards, which is created by repeated use and subsequent breakdown 

of the mouth guard that leads to pores, cracks, and craters within the material that harbor 

microbes as well as create a retentive surface area for recontamination once replaced in 

the mouth[21,28]. 

Further, a 2008 review by Shah et al. documenting biodegradation of several plastics 

indicates that while the evolution of plastics has made plastics largely stable and resistant 

to microbial attack, photo-, chemical, and mechanical degradation of plastics can lead to 

bacterial impregnation and subsequent biodegradation[14].  

Biofilms 

 

With more than 700 microbial species, the oral environment is arguably the most 

complex microbial community of the body[29] [30].Throughout the history of oral 

microbiology, many studies have been conducted to elucidate the role these species play 

within the oral microbial community. Findings from the various investigations yielded 

overwhelming evidence that microbial species like Streptococcus mutans (S. mutans)  
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and Candida albicans (C. albicans) have pivotal functions in the pathogenesis of specific 

conditions like caries formation[31-34] and denture stomatitis,[35-41] respectively. They have 

also elaborated on the evidence that species-specific pathogenesis is often propagated and 

complicated by the production of extracellular polymer substances (EPS) from the 

initially colonizing species. These substances, including polysaccharaides, lipids and 

glycoproteins, act much like a glue that helps form a dynamic, interconnected network of 

microorganisms forming a biofilm. Studies by Gibbons (1970) and McIntyre (1978) 

demonstrated that these extracellular polymer substances mediated intra- and interspecies 

interactions, implying that both mono-species and multi-species biofilms exist in 

nature[42, 43]. 

Multispecies Biofilms 

 

Multispecies biofilms differ from their mono-species counterparts in that their structural 

and functional dynamics are an amalgamation of the pathogenesis and bi-products of 

various microbial species. This interplay between the species can lead to competitive and 

cooperative interactions that often change the physiology of the biofilm as well as the 

function of the whole microbial community in a way that is atypical of the species’ when 

isolated[44]. Wen et al. reported that expression of S. mutans virulence genes is 

significantly reduced in multi-species biofilms with Streptococcus oralis or Lactobacillus 

casei[45]. Further, multispecies biofilms were found to exhibit significantly enhanced 

drug-resistance atypical of their respective microbes in-isolate. Harriott et al. reported 

that Candida albicans (C. albicans) induces Staphylococcus aureus (S. aureus) 

vancomycin resistance during multi-species biofilm formation [46]. Additionally, Adam et 

al. showed that within multi-species biofilms of C. albicans and Staphylococcus 
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epidermidis (S. epidermidis), EPS produced by S. epidermidis can inhibit penetration of 

the antifungal drug fluconazole while C. albicans protected the slime-negative S. 

epidermidis against vancomycin [47]. Each of these interspecies interactions have been 

attributed to the communication of diffusible signaling molecules within the biofilm’s 

EPS matrix and other specific and non-specific surface receptors[44]. Recently, a study by 

Peters et al. indentified the C. albicans cell wall adhesion AlS3p to be involved in the 

adherence of S. aureus to C. albicans hyphae. Significantly, using a mouse model of oral 

infection, microscopic images of infected tissue demonstrated that where S. aureus alone 

remained confined to the outter layers of epithelium, S. aureus could be seen within the 

tissue associated with the invasive hyphae of C. albicans[48]. 

Peters et al. argued that the interaction of species biofilms is of great importance given 

their ubiquitos microbial high pathogenic potential like. On its own, S. aureus is a 

commensal pathogen in humans responsible for causing, wound infections, and systemic 

infections like pneumonia, bacteremia and endocarditis[49, 50]. Its pathogenicity is further 

complicated by its numerous virulence factors, which include cell-wall associated 

proteins and exotoxins responsible for greater protection against pharmaceuticals and 

host defenses[51]. Calderone and Clancy (2012) describe C. albicans as the most 

pathogenic human fungal species[52]. While C. albicans is commensal to the healthy oral 

flora, in immunocompromised patients, it can rapidly proliferate and transition into a 

pathogen, causing a multitude of mucosal and disseminated infections with high 

mortality[48]. Its pathogenicity is further complicated by its ability to form filamentous 

projections, or hyphae, which penetrate and mechanically adhere to soft tissues. HJ Lo 

found these penetrations to translocate soft tissue layers as was seen in the Peters et al. 
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study[48, 53]. This translocation into soft tissue layers, and eventually into the blood stream 

results in dissemination to other areas of the body causing blood-stream infections 

(candidemia) and systemic candidiasis.  
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PURPOSE  
 

Several studies have shown the co-isolation of both C. albicans and S. aureus in both 

acute and chronic conditions like burn-wounds, ventilator-associated pneumonia, and 

bloodstream infections
[54-56]

. Well documented evidence indicating a co-pathogenicity of 

C. albicans and S. aureus, as well as reports by Glass et al identifying Candida spp and 

Staphylococcus spp. as the leading isolates found on mouth guards in patients with rising 

numbers of oral lesions
[21]

, clearly indicate the clinical importance to studying the co-

adherence of these species to mouth guard materials. With limited information in the 

literature regarding microbial growth and retention of biofilms on mouth guards, as well 

as conflicting reports of biofilm formation and disease transmission of EVA in oral and 

non-oral plastics, additional research should evaluate microcial adherence on EVA 

products after thermal and mechanical stresses to truly ascertain the propensity of mouth 

guards to harbor bacteria.  
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HYPOTHESES 
 

It is hypothesized that after cyclic loading of three thermo-formed mouth guard 

specimens under in vitro conditions, the materials will undergo micro- and macro-

degradation that will make the resulting mouth guards more susceptible to microbial 

growth and adherence.  

When comparing different commercially available materials for boil-and-bite and custom 

mouth guards, the authors hypothesize the following:  

Null Hypotheses  

I. Comparison of Microbial Adherence on Simulated vs. Non-simulated guards  

 

A. The Wright Guard (TWG)  

 

1. There will be no significant difference in C. albicans adherence on post- 

simulated TWG guards when compared to non-simulated TWG guards. 

2. There will be no significant difference in S. aureus adherence on post- simulated 

TWG guards when compared to non-simulated TWG guards. 

B. Shock Doctor (SD) 

 

1. There will be no significant difference in C. albicans adherence on post simulated 

SD guards when compared to non-simulated SD guards. 

2. There will be no significant difference in S. aureus adherence on post- simulated 

SD guards when compared to non-simulated SD guards.  

C. Proform Custom Guard (EVA) 

 

1. There will be no significant difference in C. albicans adherence on post- 

simulated EVA guards when compared to non-simulated EVA guards. 

2. There will be no significant difference in S. aureus adherence on post- simulated 

EVA guards when compared to non-simulated EVA guards. 

 



 15 

 

II.  Comparison of Microbial Adherence on guards  

 

A. The Wright Guard (TWG)  

 

a. There will be no significant difference in C. albicans and S. aureus adherence on 

TWG guards when compared to EVA and SD guards.  

B. ShockDoctor(SD)  

 

a. There will be no significant difference in C. albicans and S. aureus adherence on 

SD guards when compared to TWG and EVA guards.  

C. Proform Custom Guard (EVA)  

 

a. There will be no significant difference in C. albicans and S. aureus adherence on 

EVA guards when compared to TWG and SD guards.  

Research Hypotheses  

I. Comparison of Microbial Adherence on Simulated vs. Non-simulated guards  

 

A. The Wright Guard (TWG)  

 

1. There will be a significant increase in C. albicans adherence on post- simulated 

TWG guards when compared to non-simulated TWG guards. 

 

2. There will be a significant increase in S. aureus adherence on post- simulated 

TWG guards when compared to non-simulated TWG guards. 

B. Shock Doctor (SD) 

1.     There will be a significant increase in C. albicans adherence on post- simulated 

SD guards when compared to non-simulated SD guards. 

 

2.     There will be a significant increase in S. aureus adherence on post- simulated SD 

guards when compared to non-simulated SD guards  

C. Proform Custom Guard (EVA) 

1.    There will be a significant increase in C. albicans adherence on post- simulated 

EVA guards when compared to non-simulated EVA guards. 

 

2. There will be a significant increase in S. aureus adherence on post- simulated 

EVA guards when compared to non-simulated EVA guards. 



 16 

 

II.  Comparison of Microbial Adherence on guards  

 

A. The Wright Guard (TWG) 

  

a. There will be a significant increase in C. albicans and S. aureus adherence on 

TWG guards when compared to EVA and SD guards.  

B. ShockDoctor(SD)  

a. There will be a significant increase in C. albicans and S. aureus adherence on SD 

guards when compared to TWG and EVA guards.  

C. Proform Custom Guard (EVA)  

a. There will be a significant increase in C. albicans and S. aureus adherence on 

EVA guards when compared to TWG and SD guards. 
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Materials and Methods 

Study Design 

This study will evaluate the effect of simulated function on surface topography of mouth 

guards and their susceptibility to microbial adherence. Three different mouth guards will 

be evaluated (n=6/group): two boil-and-bite guards, Shock Doctor® Nano 3D (Shock 

Doctor North America, Minnetonka, MN) and The WrightguardTM (TWG X, Bethesda, 

MD), and one custom 100% EVA Buffalo (Buffalo Dental, Syosette, NY) guard. These 

guards will be formed and seated on a model made from natural teeth and will be tested 

using a mechanical chew simulator (SD Mechatronik, Feldkirchen-Westerham, 

Germany).  

Chew Simulator: Upper Specimen Chamber 

A 25.4mm (radius) x 76.2 mm (height) acrylic cylinder (Lucitone Clear, Dentsply 

International Inc., York, PA.) will be made to serve as a housing for extracted natural 

teeth connected to the antagonist arm of a chew simulator (SD Mechatronik, Feldkirchen-

Westerham, Germany See Figure 1).  Two extracted maxillary molars obtained from the 

Oral Surgery Department of The University of Maryland School of Dentistry (Baltimore, 

MD) will be sterilized via 40-minute autoclave treatment. The teeth will be embedded 

into the testing one-third of the acrylic cylinder housing. The other two-thirds of the 

acrylic cylinder housing will be precisely contoured to accept the terminal end of the 

antagonist stylus of a chew simulator. A wall of the retaining two thirds of the housing 

will have a 0.635mm lock nut waxed in to the acrylic. This will allow for placement of a 

0.635mm butterfly screw to afford retention of the acrylic cylinder to the antagonist 
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stylus. The cylindrical housing, test teeth, and lock nut will then be invested in type III 

stone (Hereaus-Modern Materials, South Bend, IN) and heat processed.  

Chew Simulator: Lower Specimen Chamber 

Another acrylic block with an additional tooth embedded will be similarly fabricated to 

seat within the lower specimen chamber of the chew simulator (Figure 1). This housing 

will be mounted on the lower specimen chamber to oppose the antagonist during chewing 

simulation.   

 

Figure 1: Acrylic Housing and chew simulator assembly. Acrylic cylinder housing is 

attached to antagonist stylus via butterfly tightening screw. Extracted teeth are set into 

both upper and lower specimen chambers to replicate chewing simulation of teeth. 
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Mouth Guard Fabrication 

An alginate (DENTSPLY Caulk, Milford, DE) impression of the upper molar-molar-

housing unit will be made. Vacuum-mixed Type III dental stone (Hereaus-Modern 

Materials, South Bend, IN) will then be poured into the alginate impressions immediately 

and allowed to set to form a stone cast.  

A vaccuformer (Econo-Vac  Buffalo Dental, Syosette, NY) will be utilized to fabricate 12 

custom, 100% EVA Buffalo thermo-formed mouth guards (EVA) on the upper molar-

molar-housing unit cast (See Figure 4). The cast will be placed on the thermo-

vacuuformer’s vacuum table (Figure 2). Each EVA sheet (4mm thickness, Buffalo 

Dental) will be harnessed within the thermo-former’s mobile frame and raised up to the 

heat hood for material softening. After the material becomes visibly clear, the softened 

sheet will be lowered onto the casts and the vacuum table activated for 10 seconds. The 

heat hood and vacuum table will be de-activated, the guard and cast removed from the 

former, and guard allowed to bench-cool for 5 minutes. The guard will be cut at the tooth-

housing junction of the cast using a Thermoknife (Figure 3) (Buffalo Dental, Syosette, 

NY). The cut guard material will then be unseated from the cast for use in the study.  

Six Shock Doctor® Nano 3D (SD) guards will be obtained and formed onto the molar-

molar-housing cast according to manufacturer’s recommendations (Figure 4).  The most 

posterior 30 mm of each SD will be cut bilaterally with the use of a Thermoknife 

(Buffalo Denta, Syosette, NY). The resulting 12 cut sections will be submerged in boiling 

water for 90 seconds. SD-G sections will then be removed from the boiling water and 

allowed to bench-cool for 2 seconds. Each SD-G section will be placed over the occlusal 

surfaces of the stone casts and manually pressed around the entire surface of the cast for 
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20 seconds. The formed SDs will be removed from the casts and placed under running 

cool tap water for 30 seconds.  

Six The WrightguardTM X (TWG) guards will be obtained and fabricated over the molar-

molar-housing cast according to the manufacturer’s recommendations (Figure 4). The 

most posterior 30mm of each TWG will be cut bilaterally with the use of a Thermoknife. 

The resulting 12 cut sections will be submerged in boiling water for 90 seconds. TWG 

sections will then be removed from the boiling water and allowed to cool in cold water 

for 4 seconds. Each section will be placed over the occlusal surfaces of the stone cast and 

manually pressed around the entire surface of the cast for 60 seconds. The formed TWGs 

will be removed from the casts and allowed to bench cool for 5 minutes 

 

 

Figure 2: Thermo-Vacuuformer with heat hood and vacuum base.  
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Figure 3: Thermoknife used for cutting mouth guard specimen. 

Figure 4.  

 

Figure 4: Fabrication of EVA, SD, and TW mouth guard specimens.  (A) Material from 

manufacturer, (B) contouring mouth guard material to teeth, and (C) formed mouth guard 

with hash-line indicating cut line of final specimen.  
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Mechanical Chew Simulation 

In vitro wear of the fabricated guards will be simulated via the chewing simulator (SD 

Mechatronik, Feldkirchen-Westerham, Germany). The simulator has two chambers that 

replicate both vertical and horizontal chewing movements simultaneously. Each of the 

two chambers consists of an upper antagonist (responsible for vertical movement) and a 

lower specimen chamber (responsible for horizontal movement). After fabrication of the 

guards, the upper molar-molar-housing unit and the lower molar-housing unit will be 

mounted to the upper antagonist and lower specimen chamber, respectively. Once 

mounted, the Z-traverse (responsible for vertical movement) and the X-Traverse 

(responsible for horizontal movement) will be calibrated until the cusps of the upper 

molar-molar-housing unit of the antagonists are each in contact with the opposing tooth 

fixed to the sample chamber (Figure 1).  

 

Figure 5: Diagram of SD Mechatronic Chew Simulator used. Note the antagonist stylus 

with adjustable weights to provide varying forces during chewing simulation. 
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Each EVA, SD, and TWG guard will be placed individually on the upper molar-molar-

housing attached to the antagonist of the simulator. The chew-simulator will be set to 

deliver 100 compressions per hour, simulating two hours daily football practice, five days 

a week for three months. To simulate double the equivalent of a typical sports season’s 

practice schedule, the chew simulator will be set for 120,000 cycles per guard. 

Assessment of Microbial Colonization  

The most visibly worn 8x10mm section of each simulated guard was determined and cut 

using a sectioning disc (Ivoclar, Buffalo, NY) to standardize the size of the guards. A 

similar 8x10mm section was cut from each of the non-simulated guards. Both non-

simulated and simulated mouth guard specimen discs were sterilized in 100 % ethanol for 

10 min, rinsed with sterile water, allowed to dry and placed in 3 12-well tissue culture 

culture plates. 60ml of pooled human saliva was filter-sterilized with a 0.2micron syringe 

filter (Health Care Logistics, Circleville, OH). A 5ml aliquot of sterile saliva was added 

to each of the culture plate wells with guard specimen and maintained for 24 hours.  

S. aureus strains (USA300, ATCC, Manassas, VA) was maintained on trypticase soy agar 

(TSA) plates (Sigma Aldrich, St. Louis, MO). A single colony of S. aureus was 

suspended in trypticase soy broth (TSB) (Sigma Aldrich, St. Louis, MO) and incubated 

overnight at 37°C. Candida albicans wild-type strain SC5314, was maintained on yeast 

extract, bacto-peptone, and dextrose (YPD) agar plates. A single C. albicans colony was 

suspended in YPD broth and grown overnight at 30°C with shaking. Following 

incubation, cells were harvested and washed twice with PBS. Cells density was measured 

using a spectrophotometer at an optical density of 1.0 at OD600 and cell density adjusted 

to a final concentration of 1x05cells/ml in PBS for both species. S. aureus and C. albicans 
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were suspended in 5ml RPMI 1640 medium (supplemented with glutamine and buffered 

with HEPES) (Invitrogen) in wells of 3 12-well tissue culture plates to final cell densities 

of 1x05cells/ml for each species.  For dual species growth, all guard specimen were 

removed from their wells containing saliva, and placed in each of the 3 12-well tissue 

culture plates containing CA, SA and RPMI. Plates were shaken at 50 r.p.m. while being 

incubated for 24 h at 37 °C to induce hyphal growth.  

Following incubation, the guard specimens were removed and gently washed with PBS to 

remove non-adherent cells. Each guard was then individually sonicated in 5ml of PBS to 

dissociate adherent cells from specimens. Serial dilutions of each suspension were made 

and plated on both CHROMagar and TSA plates in triplicate to measure colony-forming 

units (cells/ml) to microbial burden viability as a quantification of microbial adherence.  

Colony forming units on the CHROMagar plates and TSA plates of each of the 36 guard 

specimens were counted and documented for statistical analysis.  
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Statistical Analysis 
 

A power analysis was used to determine the number of specimens required to observe 

statistically significant results. For all hypotheses regarding microbial adherence, a two-

tailed test with an effect size of 0.87 for 3 groups with an N of 6, and a p of 0.05, power 

was equal to 0.86. Therefore, an N of 12 was selected for all three groups. 

A one-way ANOVA with Tukey’s Honestly Significant Difference (HSD) was used to 

analyze microbial adherence (cells/ml) on non-simulated and simulated EVA, SD, and 

TWG guards. A p value ≤0.05 was considered as significant.  
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RESULTS  
 

The goal of this study was to evaluate adherence of C. albicans (CA) and S. aureus (SA) 

on three types of mouth guards following repeated simulated use. Commercially popular 

boil-and-bite guards, Shock Doctor (SD) and The Wright Guard (TWG), as well as a 

custom guard material, Proform-EVA (EVA), were subjected to the equivalent of 6 

months of chewing simulation to ascertain if there is a relationship between continued 

mouth chewing simulation and elevated microbial growth. Observed differences between 

microbial adherence (cells/ml) on mouth guards subjected to the equivalent of 6 months 

of chewing simulation compared to those without simulation might ascertain a 

relationship between continued mouth guard use and elevated  

microbial adherence and retention. 

Comparison of Microbial Adherence on Simulated and Non-simulated Mouth 

Guards 

Candida albicans on Non-simulated Guards 

 

Adherence of CA on non-simulated guards significantly varied between mouth guard 

types (See Table 1). Non-simulated TWG guards (1.02x106 cells/ml) had significantly 

higher adherent CA when compared to non-simulated EVA (2.89x105 cells/ml) and SD 

(3.33x105 cells/ml) guard types by a half-log. Non-simulated EVA and SD guards did not 

exhibit a significant difference in mean adherence. The mean differences in CA adherence 

to non-simulated EVA, SD, and TWG guards are depicted in Figure 6.  
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Table 1.  Mean CFUs (cells/mlx105) of Candida albicans on three mouth guards. 

*Means with the same letter are not significantly different. 

 

 

 
Figure 6: CFUs of Candida albicans recovered from non-simulated guards. 

*Measurements under the same bar are not significantly different. 

 

Candida albicans on Simulated Guards 

Based on CFU count, a significant difference in the level of CA adherence was noted 

between the various guard types (See Table 1). Similar to non-simulated guards, 

simulated TWG guards (1.11x106 cells/ml) exhibited a significantly half-log greater 

adherence of CA when compared to EVA guards (3.28x105 cells/ml). In contrast to non-

simulated guards, there was no significant difference in CA on simulated TWG guards 
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Condition Guard N 

Mean ± 

Standard 

Deviation 

F p 

Non-

Simulated 

EVA 6 2.89±1.09a     

SD 6 3.33±1.55a 20.916 .0005 

TWG 6 10.22±3.31b     

  EVA 6 3.28±0.74a     

Simulated SD 6    9.72±5.37ab 5.362 .018 

  TWG 6 11.17±5.46b     
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when compared to simulated SD guards (9.72x105 cells/ml). Additionally, there was no 

significant difference in CA on simulated SD guards compared to simulated EVA guards. 

The mean differences between CA adherence to simulated EVA, SD, and TWG guards 

are depicted in Figure 7. 

 
Figure 7:  CFUs of Candida albicans recovered from simulated guards. 

*Measurements under the same bar are not significantly different. 

 

Staphylococcus aureus on Non-simulated Guards 

Adherence of SA on non-simulated guards significantly varied between mouth guard 

types (See Table 2). SA adherence to non-simulated TWG guards (9.8356x105 cells/ml) 

was significantly higher compared to non-simulated EVA (3.11x105 cells/ml) and SD 

(5.11x105 cells/ml) guard types. Non-simulated EVA and SD guards did not exhibit a 

significant difference in SA adherence. The mean differences in SA adherence to non-

simulated EVA, SD, and TWG guards are depicted in Figure 8. 
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Table 2.  Mean CFUs (cells/mlx105) of Staphylococcus aureus on three mouth guards. 

Condition Guard N 

Mean ± 

Standard 

Deviation 

F p 

Non-

Simulated 

EVA 6 3.11±1.90a     

SD 6 5.11±2.20a 8.509 0.003 

TWG 6 9.83±4.09b     

Simulated 

EVA 6 3.50±1.63a     

SD 6   9.67±4.77ab 6.805 0.008 

TWG 6  12.56±5.58b     

 

 
Figure 8: CFUs of Staphylococcus aureus recovered from non-simulated 

guards. 

*Measurements under the same bar are not significantly different. 

 

Staphylococcus aureus on Simulated Guards 

Based on CFU count, SA adherence to simulated guards exhibited significant differences 

between mouth guard types (See Table 2). Similar to non-simulated guards, simulated 

TWG guards (1.25x106 cells/ml) exhibited a significant difference in SA adherence when 

compared to EVA guards (3.50x105 cells/ml). In contrast to non-simulated guards, 

though, there was no significant difference in SA adherence on simulated TWG guards 

when compared to simulated SD guards (9.67x105 cells/ml). Additionally, there was no 
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significant difference in SA on simulated SD guards compared to simulated EVA guards. 

The mean differences between adherence of SA formed on simulated EVA, SD, and TWG 

guards are depicted in Figure 9. 

 
Figure 9: CFUs of Staphylococcus aureus recovered from simulated guards. 

*Measurements under the same bar are not significantly different. 

 

Non-Simulated vs. Simulated Guard 

 

Candida albicans 

Based on CFU counts of CA, adherence on non-simulated and simulated guards varied 

according to the mouth guard tested. Neither EVA (2.89±1.09 – 3.28±0.74; p=.486) nor 

TWG (10.22±3.31 – 11.17±5.46; p=.725) groups exhibited a significant increase in CFUs 

following 6 months of simulated use. In contrast, SD guards (3.33±1.55 – 9.72±5.37; 

p=.019) exhibited a significant increase in mean CFUs of CA when non-simulated guards 

were compared to simulated guards (See Table 3). The mean differences between 

adherent CFUs of CA formed on non-simulated and simulated guards are presented in 

Figures 10, 11, and 12.  In Figure 10, the mean difference in adherent CA on EVA guards 
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after 6 months of simulated use is shown to have a non-significant increase of 13% 

cells/ml. In Figure 11, the mean difference in adherent CA on TWG guards following 

simulated use is shown to have a non-significant increase of 9% cells/ml. In contrast to 

both EVA and TWG guards, Figure 12 illustrates the mean difference in adherent CA on 

SD guards after simulated use as having a significant increase of 192% cells/ml.  

 

Table 3.  Mean CFUs (cells/mlx105) of Candida albicans on non-simulated and simulated 

mouth guards. 

 

 

 

 
Figure 10: CFUs of Candida albicans recovered from Proform Custom 

(EVA) guards following 0 and 6 months of simulated chewing.  

*Measurements under the same bar are not significantly different. 
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N Condition 

Mean ± 

Standard 

Deviation 

F p 

EVA 
6 Non-simulated 2.89±1.09 

0.522 .486 
6 Simulated 3.28±0.74 

SD 
6 Non-simulated 3.33±1.55 

7.834 .019 
6 Simulated 9.72±5.37 

TWG 
6 Non-simulated 10.22±3.31 

0.131 .725 
6 Simulated    11.17±5.46 
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Figure 11: CFUs of Candida albicans recovered from The Wright Guard 

(TWG) guards following 0 and 6 months of simulated chewing. 

*Measurements under the same bar are not significantly different. 

 

 

 
Figure 12: CFUs of Candida albicans recovered from Shock Doctor (SD) 

guards following 0 and 6 months of simulated chewing.  

*Measurements under the same bar are not significantly different. 
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Staphylococcus aureus 

 

The difference in CFUs of SA on simulated and non-simulated guards also varied 

according to the mouth guard tested. Like with CA, neither EVA (3.11±1.90 – 3.50±1.63; 

p =.712) nor TWG (9.83±4.09 – 12.56±5.58; p = .358) groups exhibited significant 

increases in adherent SA following 6 months of simulated use. However, the difference 

observed between non-simulated and simulated Shock Doctor guards (5.11±2.20 – 

9.67±4.77; p = .06) approached significance with a p value of .06 (See Table 4). The 

mean differences between adherent CFUs of SA formed on non-simulated and simulated 

guards is shown in Figures 13, 14, and 15. In Figure 13, the mean difference in adherent 

SA on EVA guards is shown to have a non-significant increase of 13% cells/ml after 6 

months of simulated use. In Figure 14, the mean difference in adherent SA on TWG 

guards is shown to have a non-significant increase of 28% cells/ml after simulated use. In 

contrast to both EVA and TWG guards, Figure 15 illustrates the mean difference in 

adherent SA on SD guards after simulated use as having an increase approaching 

significance of 90% cells/ml after simulated use. 

Table 4.  Mean CFUs (cells/mlx105) of Staphylococcus aureus on non-simulated and 

simulated mouth guards. 

 

* approaching significance 

 

Group 
N Condition 

Mean ± 

Standard 

Deviation 

F p 

EVA 
6 Non-simulated 3.11±1.90 

0.144 .712 
6 Simulated 3.50±1.63 

SD 
6 Non-simulated 5.11±2.20 

4.514 .06* 
6 Simulated 9.67±4.77 

TWG 
6 Non-simulated 9.83±4.09 

0.928 .358 
6 Simulated  12.56±5.58 
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Figure 13: CFUs of Staphylococcus aureus recovered from Proform Custom 

(EVA) guards following 0 and 6 months of simulated chewing. 

*Measurements under the same bar are not significantly different. 

 

 
Figure 14: CFUs of Staphylococcus aureus recovered from The Wright 

Guard (TWG) guards following 0 and 6 months of simulated chewing. 

*Measurements under the same bar are not significantly different. 

 

 

0

2

4

6

8

10

12

14

16

18

20

Non-simulated Simulated

C
F

U
s

 x
1

0
5 F=.144; p=.712

0

2

4

6

8

10

12

14

16

18

20

Non-simulated Simulated

C
F

U
s

 x
1

0
5

F=.928; p=.358



 35 

 

 
Figure 15: CFUs of Staphylococcus aureus recovered from Shock Doctor 

(SD) guards following 0 and 6 months of simulated chewing. 

*Measurements under the same bar are not significantly different. 
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DISCUSSION 

Microbial Adherence on Simulated and Non-Simulated Guards 

Shock Doctor guards were the only mouth guard group to exhibit a significant increase in 

adherence of CA when comparing its non-simulated and simulated groups. The difference 

observed between adherent SA on non-simulated and simulated SD guards only 

approached significance (p = .06). While there may be no significant difference in SA 

measured between non-simulated and simulated SD guards, a larger n or lengthier period 

of simulation may have resulted in a significant and clinically meaningful difference. 

Considering that the n was twice the amount dictated by the power analysis (12 versus 6), 

its possible that the difference might have been significant if the study was performed for 

240,000 cycles instead of 120,000.  

Conversely EVA and TWG guards did not have a significantly greater level of adherence 

of both CA and SA when comparing non-simulated and simulated sub-groups. With 

chewing simulation parameters remaining constant for all guard types, significantly 

greater adherence could indicate a greater amount of changes in surface 

topography/roughness of SD guards compared to that of EVA and TWG guards. This 

could implicate the proprietary material SD guards are made from as being more prone to 

surface roughness changes after chewing simulation. While EVA guards exhibited the 

lowest measured adherence of CA (2.88-3.28 x105 cells/ml) and SA (3.11-3.50 x105 

cells/ml), and TWG exhibited the highest CA (1.022-1.117 x106 cells/ml ) and SA (9.83-

12.56 x105 cells/ml) levels of adherence, neither of their respective material compositions 

undergo surface changes as readily as SD guards (CA: 3.33-9.72 x105 cells/ml; SA: 5.11-

9.67 x105 cells/ml).  
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Microbial Adherence According to Mouth Guard Type 

The level of microbial adherence on all guard types was influenced by chewing 

simulation and was variable between CA and SA. Both non-simulated and simulated 

TWG guards exhibited a significant half-log greater amount of CA and SA adherence than 

non-simulated and simulated EVA groups. This indicates that regardless of simulation, 

TWGs material composition is inherently more prone to microbial adherence than EVA 

guards.  

When SD guards are compared to both EVA and TWG guards, non-simulated groups and 

simulated groups exhibit different adherence trends. Non-simulated SD guards did not 

exhibit a significantly greater amount of CA or SA adherence than non-simulated EVA 

guards. However, Non-simulated SD guards exhibit a significantly lower level of CA and 

SA adherence than non-simulated TWG guards. This indicates that prior to guard use, 

both EVA and SD guards are significantly less prone to adherence than TWG guards. 

Similar to non-simulated SD guards, simulated SD guards also had no significant 

increase in microbial adherence than simulated EVA guards. Unlike non-simulated SD 

guards that had a significantly lower adherence than TWG guards, simulated SD guards 

exhibited a non-significant difference in CA and SA adherence than simulated TWG 

guards. These observations indicate that after simulation, SD guards are just as prone to 

microbial adherence as TWG guards. As no difference in microbial adherence was noted 

to worn SD and TWG guards, patients and customers of either guard should take other 

protective characteristics (i.e. intimacy to the dento-alveolar complex[3-5], material 

thickness[5-7], and material composition[1, 3, 6, 12, 13, 16]) into greater consideration when 

choosing between SD and TWG guards.  



 38 

 

Furthermore, non-simulated and simulated SD guards exhibited the greatest mean 

difference (CA: 6.3x105 cells/ml; SA: 4.55 x105 cells/ml) in adherence than EVA and 

TWG guards. This further implicates that chewing simulation influences SD guard 

surface topography greater than EVA and TWG guards. So while EVA and SD guards are 

less susceptible to microbial adherence prior to use than TWG guards, SD guards are 

affected by repeated use more significantly and more readily than all other studied 

guards. During the simulation it was observed that this guard type exhibited a greater 

amount of lateral movement or “wobble” upon contact with the lower specimen chamber. 

This could either be due to a lack of intimacy on the internal surface of the guard, its flat 

external surface that allows the guard to act like a see-saw around the cusp tip of the 

upper teeth, or a combination of both. While the amount of “wobble” was not measured 

between guards, this very movement could be a contributing factor to this guards 

increased propensity for surface change following chewing simulation. 

EVA guards exhibited the lowest measurable amounts of adherent CA and SA on both 

non-simulated and simulated guards. This may be due, in part, to the material 

composition of Proform EVA guards[6,9-13], and potentially greater intimacy to the teeth 

rendered by its vacuum-forming processes[3,7]. Similar to previous reports[3-5], this study 

also supports the notion that custom guards are a superior alternative to stock mouth 

guards. One should consider the benefits of using a custom sports guard made of 100% 

EVA as it appears to have a significantly lower propensity to microbial adherence than 

two of the leading commercially available stock mouth guards.   

Congruent relationships between microbial adherence on non-simulated and simulated 

guards were observed for both CA and SA. When mean CFUs of each species are 
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compared (See Tables 1 and 2), it is apparent that the compositions of CA and SA in each 

tested sample are consistently comparable. These observations indicate a potential 

interaction between CA and SA on mouth guard surfaces similar to previous reports[44-48].  

Limitations 

Certain aspects of the materials and methods limit this study’s ability to concretely draw 

conclusions from the results. During fabrication, each guard was cut to a width of 8mm 

and a length of 10mm. While this standardizes the guards’ lengths and widths, the guards’ 

heights were variable based the fabrication process and inherent thickness of the material. 

For both SD and TWG stock guards, the guards were made pliable in boiling water and 

teeth were pressed into their internal surfaces to simulate how customers form their 

guards. If the material is inherently thicker, its cross-section will have a greater height 

than a thinner material. The authors observed that SD guards have a thinner cross-section 

than TWG guards. When cut, TWG guards would have a greater height dimension than 

SD guards, and, thus, greater surface area (Surface Area = 2ab + 2ac + 2bc). Where ‘a’ 

(length) and ‘b’ (width) remain constant at 10mm and 8mm respectively, ‘c’ (height) 

varies between groups. Microbial adherence increases with increasing surface area. If the 

surface area of TWG guards was greater than both EVA and SD guards, TWG guards 

may inherently exhibit greater microbial adherence. If it was possible to standardize the 

height of all guards without affecting the integrity of the forming process, significant 

changes in microbial adherence may not be as readily assessed.  

Future studies should focus on characterizing the actual surface topography changes that 

occur on all guard types due to chewing simulation. The internal surface of each guard 
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was ridged due to being formed by the secondary/groove anatomy of the sample teeth. 

Surface roughness testers are largely effective when measuring roughness on objects with 

flat macro-structures compared to wavy or ridged macrostructures. Due to the complexity 

of measuring surface roughness on a ridged surface, surface roughness of each guard was 

not measured. This additional measurement could irrefutably indicate that not only does 

increased simulation result in significantly greater microbial adherence on SD guards, but 

that it there is a measurable increase in wear that is causing that increase. 

The fact that C. albicans and S. aureus exhibited similar adherence levels between 1) 

simulation groups and 2) guard type may be a product of their potential co-adhesive 

properties reported in other studies. In previous reports, S. aureus increased with 

increasing concentrations of C. albicans, where in the absence of C. albicans, S. aureus 

may not be present. Their similar trends between simulation groups and guard types may 

over-state the adherence of SA to any of the guards, as SA adherence may be a direct 

product of the adherence of CA. Nevertheless, this trend towards co-adhesion has the 

greatest clinical implications. 

It must be acknowledged that this is an in vitro study that introduced a concentrated 

amount of only two species of microbes. An in vivo study would be more clinically 

representative, as the oral environment has a greater amount of bacterial, fungal, and 

mold species that must compete for adherence. Clinical implications are limited to the 

confines of an in vitro study.  

Clinical Implications 

The increased propensity of both fungal and bacterial species to adhere to mouth guards 
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after continuous use indicates a potential concern for mouth guard users. Following 6 

months of simulated use, significant increase in microbial adherence were noted for some 

guards. Therefor, users should be cautious wearing mouth guards for an extended period 

of time, as the guard may become more prone to microbial adherence after each use.  

Further, consumers are cautioned to be diligent with their mouth guard care and storage.. 

All guard types exhibited adherence levels of greater than 1x102 cells/ml, supporting the 

hypothesis that guards could provide an intraoral surface for pathogenic microbial 

adherence. By introducing, retaining, and re-introducing a higher level of C. albicans to 

the commensal intraoral microflora, guard use may promote the development of oral 

candidiasis.  

The co-adhesion of C. albicans and S. aureus on all mouth guard types, regardless of 

simulation, further supports previous in vivo reports of their co-adherence to surfaces[48]. 

This dual adherence should be concerning for all consumers of mouth guards and other 

oral products as they may broaden the scope of environment for adherence. S. aureus is 

ubiquitous to the normal flora of the skin and nares of the nose, and therefore if the co-

adherence observed in this study is typical of C. albicans and S. aureus, contact with the 

skin or mucus from the nose could render a guard as a nidus for introducing S. aureus to 

the oral, pharyngeal, pleural and cardiovascular environments.  
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Conclusions 
 

1. The level of microbial adherence on all guard types was influenced by chewing 

simulation and was variable between CA and SA.  

2. Both non-simulated and simulated TWG guards exhibited a significant half-log 

greater amount of CA and SA adherence than non-simulated and simulated EVA 

groups. 

3. Non-simulated and simulated SD guards exhibited the greatest mean difference in 

adherence than EVA and TWG guards. This further implicates that chewing 

simulation influences SD guard surface topography greater than EVA and TWG 

guards. 

4. Custom EVA guards exhibited the lowest measurable amounts of adherent CA and SA 

on both non-simulated and simulated guards. 

5. Similar to previous reports, this study supports the notion that custom guards are a 

superior alternative to stock and boil-and-bite mouth guards. 
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