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Abstract: Oral health involves physiological functions related to mouth, teeth and orofacial structures, but also
includes psychological and social dimensions. In this sense, oral health is an integrated part of human general
health and well-being. Our aim was to access and evaluate the general oral health status of a high- and elite-
level sample of Portuguese athletes from different sports. One hundred and sixteen participants were examined
regarding their dental relationships, teeth and periodontal health, the presence of parafunctional activities
(bruxism), and current or past orthodontic treatment. Our sample were predominantly adolescents and young
adults, including 54 high-level and 62 elite subjects (71 males and 45 males) from 11 different sports, but mainly
from swimming and athletics. Most sport performers presented with normocclusion (77%), despite the
presence of other sagittal, transverse and vertical malocclusions. Twenty-three participants were affected by
dental caries and six had missing teeth. Gingivitis (~40%) and dental calculus (~30%) were presented in our
sample. Bruxism signs (47%) and current or past orthodontic treatment (~22%) were also found. Oral health
conditions are not under control among high- and elite- level athletes, supporting the importance of healthcare
needs and oral health promotion strategies in sports.
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1. Introduction

Defined by the World Health Organization and the Fédération Dentaire Internationale (World
Dental Federation), oral health encompasses a group of necessary functions related to mouth, teeth
and orofacial structures (such as eating and breathing), and psychological and social dimensions
(including the capacity of smiling and speaking) [1,2]. Thus, oral health is a fully free-disease, pain
and discomfort state, supporting an individual’s ability to live, work and socialize, and integrating
their overall health status, well-being and quality of life [1,3]. However, oral health is challenged by
a range of diseases and conditions and has been long neglected in the global health programs.
Persisting inequalities in access to oral healthcare remain a worldwide challenge.

As an integral part of general health, oral health conditions may affect exercise performance in
view of the well-recognized effects (e.g. pain, systemic inflammatory states, eating, breathing and
sleeping disturbances, and related psychological and social impacts) [4—6]. Nevertheless, challenges
to oral healthcare are also linked with the demanding training schedules and nutritional
requirements in sport. Having a disease-free mouth is often overlooked as an important determinant
of an athlete’s health and performance [7]. Although these findings are not new, research on dental
care in sport has been traditionally focused on preventing dental/orofacial trauma, for instance by
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wearing a mouthguard. Fortunately, sports dentistry has been emerged as a discipline and upcoming
field within dentistry to prevent, deal and manage stomatognathic system diseases and associated
injuries related to sports practice [8].

Sports dentistry is a multidisciplinary field concerned with the prevention, diagnosis and
treatment of exercise/sports-related orofacial injuries to ensure excellent oral health for athletes.
Currently, sports dentistry not only deals with the prevention and treatment of sport dental injuries,
but also specific oral diseases associated with exercise and sport practice [9]. Sports dentistry is in
constantly developing and should be brought to the attention of all athletes so they are aware of its
applications and possibilities. By strengthening the balance between the human body and the oral
cavity, sports dentistry should reduce the chance of orofacial traumas, increase the recovery time
from muscular injuries, enhance posture and stability and promote better breathing and sleeping,
enhancing overall health state and sport performance. Given growing health concerns and incidence
of oral diseases in athletes, sports dentistry has been the subject of recent attention, having the
potential to be an integrative discipline in sports medicine teams [8]. However, it is not yet well
recognized in many countries, and only considered as a specialty in Brazil and United States of
America [10].

Oral problems such as tooth decay, periodontal issues and missing teeth are the most prevalent
diseases worldwide, affecting more than 3.5 billion people and forming a public health challenge [2,3].
As a part of general population, athletes are also included, with reports of a high prevalence of oral
problems [4,11,12], no matter how specialized they are in their sports. Since athletes should be
focused on their health and recovery, and regularly engaged in rehabilitation, medical and nutritional
support, the reasons why dental problems are prevalent among this population seems are unclear.
Nevertheless, athletes are likely a vulnerable population to oral cavity problems, worsened by risk
factors related to training and competition such as decreased salivary flow, immunological
disturbances, orofacial trauma and commonly high intake of carbohydrates [13-15]. Despite that, the
main reasons for oral health needs in sport are the same as the general population, i.e., oral health is
largely overlooked and underfunded, there is a lack of prioritization of oral healthcare and people
are not well informed on the risks that these diseases pose to their global health and daily life or, at
least, on their exercise activities or sport performance.

Reports from the literature indicate high levels of oral health problems among sport practitioners
independent of their sport, competitive level and age [4,12,16]. Considering that all sports are
different, and the training regimes and performance requirements diverge according to the
competitive level, it is still unclear whether the prevalence and incidence of oral health conditions in
this population relates to their behaviors when engaged in training and competition. While some of
the risk factors for developing oral health problems among athletes are (more or less) described as
sports-related, their oral health problems can be a part of the global burden of oral diseases
worldwide, and possibly related to their socioeconomic status, environmental issues or political
conditions.

Whether or not oral health problems reported among athletes are related to their sport practices,
overall health and well-being are important to achieve high-performance results. Therefore, and
particularly at younger ages, regular oral screening and strategies to promote good oral hygiene
routines are imperative to minimize the negative health and performance impacts resulting from
poor oral conditions. Based on the reciprocal relationship between dentistry and sport, i.e., how
sports may impact an athlete’s oral health and the effects of oral health-related problems on their
sports performance would be useful information for preventative programs. The aim of this study
was to access and evaluate, through a clinical perspective, the general oral health status of a high-
and elite-level sample of athletes from different sports.

2. Materials and Methods

One hundred and sixteen Portuguese athletes of a high- and elite-level, healthy and competing
national and internationally in different sports volunteered for this cross-sectional study. Their main
physical and training background characteristics were 18.2 4.1 years of age, 171.2 +10.0 cm of height,
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65.3 + 13.0 kg of body mass, 9.2 + 3.7 years of practice and 17.2 + 6.6 h of weekly training in their
specific sport. Subjects ‘oral health was assessed during three days during a training evaluation and
control session to provide personal advice for their training and competitions and, for most of them,
as a part of preparation to the Paris 2024 Olympic Games. All the experiments were approved by the
local Ethics Committee and participants (or parent/guardian for the participants under 18 years old)
read and signed a consent form to participate in accordance with the Declaration of Helsinki.

Intraoral health screening appointments were performed under good lightning conditions while
participants were seated, and by an experienced clinical dentist using simple dental tools such as a
disposable plastic mirrors, tongue depressors and gloves [17,18]. All procedures were minimally
invasive and painless, aimed to make a gross assessment and for recognizing abnormal conditions of
dental relationships, teeth and periodontal health, and the presence of parafunctional activities
(bruxism), current or past orthodontic treatment. All subjects were encouraged to visit a dentist under
clinical environment to confirm our diagnosis and for provision of an individualized oral
management and treatment plan. During the appointment, subjects were instructed to control and
maintain a healthy oral status and educated on the possible negative effects on sport performance
resulting from poor oral health.

Oral screening was recorded across the three anatomical planes (sagittal, transverse and
vertical). In the sagittal plane, dental occlusion was visually assessed by the first molar relationship
according to Angle’s classification [19,20]: (i) class I, i.e., normocclusion, when the mesiobuccal cusp
of upper first permanent molar occluded with mesiobuccal groove of the lower first permanent
molar; (ii) class II, i.e., distocclusion, when the mesiobuccal groove of the lower first molar is
posteriorly positioned when in occlusion with the mesiobuccal cusp of the upper first molar and (iii)
class 1III, i.e., mesioclusion, when the mesiobuccal groove of the lower first molar is anteriorly
positioned when in occlusion with the mesiobuccal cusp of the upper first molar.

In the transverse and vertical planes, malocclusions were also evaluated for the presence of: (i)
crossbite - a misalignment of teeth affecting a single or a group of teeth, where upper teeth fit inside
the lower ones; (ii) dental crowding - a dental misalignment caused by inadequate space for the teeth;
(iii) open bite - when there is no vertical overlap or contact between upper and lower teeth; (iv) edge-
to-edge bite - when the incisal edges of the upper teeth bite directly onto the incisal edges of the lower
teeth; (v) overjet - an excessive horizontal distance between anterior upper and lower teeth and (vi)
overbite - when the upper anterior teeth excessively overlap the lower anterior teeth with the
posterior teeth closed. Crossbite and open bite were considered if dental arches were affected
unilaterally, bilaterally, anteriorly, or posteriorly.

Subjects with decayed teeth, missing (excluding the third molars) and/or filled were counted as
also the number of teeth affected from these conditions. Periodontal status was evaluated and
considered when gum-related inflammatory states were visible (as redness and bleeding) and
accompanied by supragingival calcified bacterial plaque (i.e., dental calculus) [17]. Bruxism diagnosis
was validated when at least one of the following signs was presented: tongue indentation(s), tooth
wear and masticatory muscles hypertrophy (masseter and temporalis) [21]. For each participant, a
code number was assigned to maintain the confidentiality of their information. Data were then
organized in Excel® (version 2303, Microsoft Corporation, Washington, USA) spreadsheets, checked
and exported to SPSS software (version 27.0.1.0, IBM Corp., Armonk, NY, USA) to obtain all data
frequencies.

3. Results

Our sample included 54 high level and 62 elite subjects (71 males and 45 females) from 11
different sports (see Figure 1). The participants were primarily from swimming and athletics,
representing 34 and 26% of the total sample, particularly front crawlers (n= 15), breastrokers (n=13),
backstrokers (n= 4), butterflyers (n= 7), middle/long-distance runners (n= 19), sprinters (n= 1), race
walkers (n= 2), decathlon specialists (n= 2), high jumpers (n= 1), shot putters (n= 1), and hammer,
javelin and discus throwers (n= 1, 1 and 2, respectively). Elite athletes were evident all sports
(excepted for tennis) and high-level subjects were observed for swimming, athletics, tennis,
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pentathlon, and triathlon. Male subjects were evaluated across all sports, however females were only
distributed among swimming, athletics, canoeing, gymnastics, surfing and shooting.

Data related to oral health screening for the different sports are presented in Table 1. In the
sagittal plane, most subjects presented a normal molar occlusion (Angle class I, 77%), being also
observed disto and mesiocclusal molar relationships in our sample (Angle class Il and I1I, 13 and 10%,
respectively). Transverse and vertical malocclusions were also reported for 39 individuals (crossbite,
n= 6; dental crowding, n=13; open bite, n= 3; edge-to-edge bite, n= 6; overjet, n=7 and overbite, n=4).
Subsequent evaluation of caries, missing teeth and fillings showed that 23, six and 37 subjects were
affected, being the total number of decayed, missed and filled teeth 43, 11 and 94 (respectively). The
worst findings regarding periodontal health were visible clinical signals of gum inflammation (n= 46,
~40%) and dental calculus (n=35, ~30%). We observed that almost half of our sample (47%) presented
bruxism signs as tongue indentation(s), tooth wear and/or masticatory muscle hypertrophy. Twenty-
five subjects were under or already had completed orthodontic treatment.
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Figure 1. Distribution of the participants by sport, high- and elite-level of performance (green and
blue) and male and female (violet and pink) displayed at the upper, middle and lower panels

(respectively).
Table 1. Oral health-related data across the studied sports.
Angle classes Malocclus  Carie Missin - Gingivi Visible Bruxis Orthodo
Sport . Fillings A calculu .
I I 1III ions s S . ntics
teeth s signs
SW”;‘mm 31 5 3 11 8 1 9 18 16 14 12
Athletics 24 5 1 10 6 3 12 14 9 16 7
Tennis 7 1 4 5 3 - 6 6 5 4 3
Canoeing 6 1 2 5 1 - 5 1 1 6 -
Cymnast oy 3 1 - 1 1 1 5 2
ics
Surfing 5 - - 2 2 - - - - 2 -
Pentathlo 4 ) ) 1 1 ) 1 » 1 2 )
n
Triathlon 3 - - - - - 1 2 2 2 1
Shooting 2 - 1 1 - 1 1 1 1 2 -
Sailing 1 1 1 - 1 1 1 1 1 - -
Equestria ) 1 ) 1 . . ) ) ) 1 i
n

*Values represent the number of subjects in each diagnosis.

4. Discussion

The idea that sport performers are healthy is a common-sense perception, but training and
competing at high level may significantly impair physical, mental and social health outcomes. This
scenario turns the generalized understanding connection between high performance and health into
a paradox. Beyond surpassing their limits of training volume and intensity, competing even sick or
injured, high- and elite- level athletes have intrinsic aims and motivations and are consistently under
pressure from their support team to surpass their best performance [22,23]. This often results in a
focus, and occasionally a zealous focus, in optimizing performance, but does not necessarily mean a
full healthy state where physical, mental and social dimensions are well-combined and harmonized.
Our findings showed that oral health conditions, as an important and integrated part of general
health, are not entirely under control among high- and elite-level Portuguese athletes from different
sports.

Poor oral health conditions reported in professional and elite performers from different sports
[6,12,16]. The explanations for dental care needs in sports include nutritional and diet considerations
(such as the needs for high and frequent carbohydrate intake, energy drinks, gels and bars intake),
dehydration and decreased salivary flow, immune system suppression and host response
impairment (due to demanding training schedules) [13-15]. Together, these factors create an
acidogenic oral environment and impair the buffering function of saliva, which in turn could
predispose to development of dental caries [12,24,25]. Moreover, inadequate oral hygiene practices,
unsupported healthcare and/or overlooking oral dental care as an important aspect of general health
are other key-factors contributing to lower oral status maintenance [5,26].

Although little attention has been paid to good oral health conditions and their influence in
sports, they may play an essential role, especially for excellent standards of general health required
at high and elite levels. First, an unproper dental occlusion, i.e., the misalignment matching between
maxillary and mandibular teeth can impair temporomandibular joint, breathing pattern and
masticatory efficiency [27-29], but also posture control and body balance [30,31]. For example,
posture and balance are important factors affecting gymnastics or shooting sports performance
[32,33]. Secondly, teeth decay and periodontal disease can form infectious and inflammatory loci with
acute and local repercussions, and induce whole body harmful consequences for sport performers,
such as pain, systemic inflammation, muscle fatigue, muscular injuries recidivism and poor recovery
[5,34,35].
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Apart from physical effects affecting performance directly or indirectly, poor oral health
conditions may also have negative psychological and social impacts, consequently affecting self-
confidence and socialization (like embarrassments to smile, laugh and show their teeth) [4,24]. The
combined influence of poor oral health on physiological, psychological and social conditions may
affect an athlete’s capacity to eat, drink, sleep and, at their extreme limit, could eliminate athletes
from competition, or compromise all effort of many years of training to a preventable dental problem.

The theory that oral bacteria may contribute to illness from the mouth to distant sites of human
body has been studied for decades [36], but dental problems (despite generally thought of as
something harmful) still are widely considered as referring strictly to the mouth. However, oral
cavity diseases also have been related with several other problems with systemic impacts such as,
but not limited to, cardiovascular (heart problems), degenerative (e.g., Alzheimer’s disease) and
metabolic illnesses (e.g., diabetes) [37,38]. Although a local dental emergency (e.g., tooth abscess)
could unnecessarily compromise the moment of truth during a competition, systemic effects of poor
oral healthcare in athletes later life should not be neglected.

Oral health assessment outcomes from high performance and elite athletes in our study confirms
with other studies detailing needs for oral healthcare in this population [6,12,16]. Over the years, it is
found that more participants need for dental treatments during the Olympic Games events [39-41],
turning the dental care the second busiest service provided by the polyclinic of the Olympic Village
[42]. In the 2008 Olympic Games there were reported 516 cases of athletes requiring dental care [42].
A dental screening conducted during the London 2012 Olympic Games also reported oral problems
as teeth decay (55%), gingivitis (76%) and dental erosion (45%) among 278 elite athletes [16]. In
comparison, our results showed a lower percentage of subjects affected by dental caries (~20%) and
gingivitis (~40%). Nevertheless, unhealthy teeth and gums are still the most prevalent oral diseases
described among athletes [5,6,16].

A study conducted among Dutch elite athletes before 2016 Rio Olympic Games showed that elite
athletes were remarkably affected by poor oral health conditions, with near half of athletes requiring
dental healthcare [43]. Our findings of healthcare needs in our sample are also in accordance with
results from oral health screenings of high-level and elite Portuguese swimmers, handball and
football players [17,18,44]. These findings also confirm that oral health disease prevalence and
incidence do not appear to be related to athletes” socioeconomic status or geographic location since
poor oral health are affecting athletes from different developed countries. Our cohort of high and
elite level athletes seems to have fewer oral health problems than the reported for other subjects of
the same performance level. However, it is possible that our participants have a greater dental
healthcare assessment and follow-up since almost ~22% were undergoing or already have done
orthodontic treatment.

The presence of malocclusions in sport performers were also identified in different studies for
the three anatomical planes and, as similar to our findings, the normocclusion in the sagittal plane
(Angle class I) was reported as the most frequent first molar relationship [12,17,45]. Despite the
current study sample only encompassing individual sports, our findings are also consistent with oral
health screenings of professional and elite team sports [18,44,46]. From our results, we observed a
large percentage of bruxism signs in our sample, possibly induced by higher stress levels from
training and competing at excellent level. This is an important finding since bruxism may affect
dental and articular structures, and induce masticatory muscle pain and headaches [21].
Nevertheless, bruxism signs may also be caused by unconscious or voluntary biting tasks performed
during exercise, resulting from high-intensity efforts or to improve muscle strength and posture
stability [47,48].

In Portugal, oral healthcare is largely provided by private clinics, but several public oral health
programs have been developed by the government to primary prevent the oral diseases and support
the dental treatment needs. One of these programs is particularly focused on children and
adolescents, including free dental checks covering ages from two to 18 years old [49]. Nevertheless,
although an improvement in Portuguese oral healthcare and an easier access to dental appointments
in the last years have been observed [50,51], more than 60% of subjects (n= 1075) at 18 years old are
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affected by dental caries) [50]. Based on the low to moderate prevalence of oral health problems
among Portuguese adolescents [50,52], and despite studies indicating that athletes are a higher risk
population for developing dental problems, we cannot conclude that oral health problems found in
our sample are directly related with their sports practice. However, the main question is: if athletes
and their support medical teams were more aware and informed about the need for good oral health
practices and their possible deleterious effects on their sporting results, would the results of the
current study be different?

The study of oral health status including a substantial number of Portuguese high and elite level
athletes from different sports should translate to other settings of adolescents and young adults.
However, given that conducting our research among high-level and elite athletes during training
sessions is challenging given a substantial time commitment and potential interference to training,
testing and competition schedules, we acknowledge some limitations. First, since oral health
assessment were conducted using simple dental tools, without specialized sources including x-ray,
our oral health-related data should be interpreted carefully given the potential for some oral
diagnoses to be underestimated or not fully detected. Secondly, since our observations were not
conducted under a dedicated clinical environment, we also acknowledge a limitation during the
tooth decay assessment, particularly for the diagnosis of initial non-cavitated “white” dental lesions
where specific conditions are important for their detection (such as tooth dryness).

Another limitation of our study is the fact that no comparison was made between high-level and
elite athletes, nor between sports, given the small number of athletes in some comparison groups, i.e.,
we did not have high-level athletes in some sports and other sports had a small sample size (e.g.,
shooting, sailing and triathlon vs swimming and athletics). To better understand the reciprocal
relationship between oral problems and sport performance, epidemiological studies on
representative samples are necessary. We also recommend that investigators in future studies give
priority to collecting data (e.g. using questionnaires or interviews) on nutritional habits, history of
muscular injuries and performance outcomes, to better understand the inter-relationship between
oral problems and sport performance. Complementarily, the impact of oral health-related illness on
performance should be evaluated by self-reports, also collecting data about missed training or
competition events resulting from oral disease conditions.

5. Conclusions

One of the biggest challenges for dentistry in sports is the awareness of the athletes, their
coaches, and overall support team on interaction between day-to-day sports training and oral health-
related problems. In fact, since individuals engaged in sport may not perceive the
training/competition as a risk for oral status and the importance of a healthy oral mouth for an entire
balanced body system, their sport performance might be limited or even compromised. From our
results, we have identified that oral health conditions are not under control among high level and
elite sport athletes. This is a striking finding in cohort of otherwise healthy active adolescents and
young adults as most of the oral problems found are preventable. Therefore, integrating oral health
screening as a part of general health assessment and use of effective promotion strategies are needed.
This approach should be highly valuable in enhancing health and well-being of athletes and to
minimize the possible performance impacts from poor oral conditions. Given common oral diseases
found in athletes and their potential links to exercise, sport and performance, sports dentistry should
be integrated as a part of a comprehensive sports medicine program.
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