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Disadvantage starts early: academy
football has high levels of oral disease

Saul N Konviser @ ," Martine Nurek

ABSTRACT

Objectives We have previously reported high levels

of oral disease in professional senior team footballers in
England and Wales. In this study, we aimed to determine
the prevalence of oral disease in professional academy
footballers, to identify if problems start earlier and to
inform health promotion strategies.

Method Professional academy football clubs in England
(footballers aged 16—18 years) were invited to participate.
Questionnaires were used to collect oral health behaviours
and self-reported impacts and validated clinical outcomes
to assess oral health.

Results 160 academy footballers were recruited from 10
English academy football clubs, of whom 86.8% (n=139)
were men and 13.2% (n=21) were women, with a median
age of 16.9 years. We identified high levels of oral disease:
31.2% (n=50) had dental caries requiring treatment;
76.8% (n=123) had gingivitis; and 22.5% (n=36) had
periodontitis. Tooth wear affecting up to at least 50%

of tooth structure was present in 15.5% (n=25) of
participants. While 76.2% (n=122) self-reported brushing
their teeth twice a day, 15.5% (n=25) brushed once or less
a day and 21% (n=34) had not attended the dentist for

>2 years. There was a general perception that oral health
issues impacted the sporting performance of participants.
Conclusion In this study, the prevalence of oral diseases
among professional academy footballers in England was
high and greater than found in national surveys of a similar
age demographic. Urgent action is needed to embed oral
health promotion in development and youth football, to
reverse and prevent the disadvantages that will have
lifelong consequences for treatment burden, quality of life
and sporting performance.

INTRODUCTION

Good oral health is a basic human right and
an essential determinant of general health,
well-being and quality of life."™ Poor oral
health is related to systemic disease,”” and
diseases can negatively impact athlete perfor-
mance.” ¢ Epidemiological studies have
previously reported that the oral health of
elite and professional athletes is worse than
comparable national population survey
data, with 37% of footballers presenting
with dental caries requiring treatment.”"!
Furthermore, self-reported impact on perfor-
mance from oral diseases was present in
7-30% of all athletes,” ''™® and a call to action
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= There is a high level of oral disease in elite athletes,
including professional first team footballers, but no
previous research exists looking at the oral health
status of academy footballers.

WHAT THIS STUDY ADDS

= High levels of oral disease were identified in acade-
my footballers in England.

= There was a lack of dental attendance, poor oral
hygiene routines and poor diet, contributing to poor
oral health and ultimately general health and sport-
ing performance.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= More oral health promotion is needed at the acad-
emy football level, with a greater level of under-
standing of the impact of oral health on sporting
performance required by sports medicine teams,
football clubs and footballing authorities.

has previously been made for oral health
screening to be made routine in professional
football."

Academy teams are crucial to the ongoing
development of young footballing talent
worldwide. Given the links between oral
health, general health and athletic perfor-
mance,” ' ¥ * it is important to identify
whether oral health issues exist within this
young cohort, since these conditions are
preventable with simple, low cost, evidence
based interventions. It is therefore crucial to
identify earlier opportunities to embed oral
health promotion as a prevention strategy.'
The aim of this study was therefore to inves-
tigate the oral health of a representative
sample of academy footballers in England
and to explore possible influences on their
oral health.

MATERIALS AND METHODS

Study design

After informed consent, quantitative data
were collected in the form of clinical dental
screening and a hard copy questionnaire
modified from a validated health related
quality of life measure, previously used at the
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London 2012 Olympic Games."” To ensure completeness
and reduce subjectivity, each participant was screened
by the same two clinicians (SNK, PF), who corroborated
each screening, both of whom have been trained in the
field of sports dentistry and dental screening techniques.
The screening method was based on an established oral
health screening protocol.'” This included experience
of dental caries in the form of the decayed, missing and
filled teeth (DMFT) indices'® using the International
Caries Detection and Assessment System (ICDAS),17
with an ICDAS score of >3 used to identify teeth with a
carious lesion requiring treatment. Periodontal health
was assessed with basic periodontal examination (BPE)
indices'® and basic erosive wear examination (BEWE)
indices'? for assessing tooth wear.

Other infections and mucosal conditions were assessed
with the PUFA (open pulp, ulceration, fistula and abscess)
indices,20 as well as infection associated with wisdom
teeth. Screening for the presence of dental trauma was
also included. These screening indices were chosen as
they are well established tools used to identify early oral
disease and help implement preventative interventions
and management strategies to reduce further oral health
morbidity. ICDAS, BPE, BEWE and PUFA scoring classi-
fications are presented in online supplemental appendix
1 and the screening document in online supplemental
appendix 2.

The bespoke questionnaire looked at: (i) demo-
graphics, (ii) oral health behaviours, including dental
attendance, current dental issues (ie, dental pain or
bleeding gums) as well as oral health routines, such as
tooth brushing or the use of dental floss; (iii) frequency of
sports/energy and fizzy drink consumption; and (iv) self-
reported impact of oral health and trauma on training or
performance (online supplemental appendix 2).

Screening sessions were undertaken in the physio-
therapy room at the respective football academy teams’
training ground to gain maximum participation. A stan-
dard single use field dental screening equipment Kkit,
comprising a mirror, BPE periodontal probe and twee-
zers, was used. Each clinician provided their own dental
loupes for magnification, a head torch and all appro-
priate personal protective equipment.

Recruitment

Medical teams at academy football clubs in England were
contacted by email and invited to participate in the study.
Each club was provided with the approved study proposal,
information sheet and consent form for players and/or
guardians to read and sign ahead of the screening. All
players who participated in the study signed the consent
form that was based on established screening proto-
cols.”! #* Female and male players were included in the
study and players had to be aged 16-18 years to be eligible
to participate. We aimed for as complete recruitment of
eligible academy players® as could be achieved. Fourteen
English professional clubs with academies were invited to
participate after previous professional introductions to

the medical teams. To enable participation, all screening
was conducted at the training ground of the club, facili-
tating access for the athletes and minimising the burden
on the players and academies. Ten clubs responded posi-
tively to the invitations.

Sample size

A sample size of 138 academy players was calculated
to achieve 90% power to detect effects of medium size
(OR=2.00) in three separate ordinal logistic regression
models, measuring the effect of eight predictors (self-
reported behaviours, beliefs and experiences) on clinical
outcomes (periodontal health, tooth wear and caries,
respectively). Alpha was adjusted to 0.017 (0.05/3) to
accommodate multiple comparisons, based on Bonfer-
roni’s correction method.” This sample size calculation
was conducted with G*Power 3.1.

Equity, diversity and inclusion statement

The author group was gender balanced, made up of mid-
career and senior researchers from different disciplines,
with one author from a marginalised group and two
different countries represented across the group. Female
and male participants were included in the study but no
socioeconomic levels, race/ethnicity or cultural identi-
ties were predetermined when deciding on the selection
criteria for this study. The influence of gendered environ-
ments on oral health and perceptions of oral health was
not considered in the discussion.

Primary statistical analysis

Descriptive statistics were used to summarise the preva-
lence of the different oral diseases. To identify potential
determinants of dental caries (ICDAS), periodontal
health (BPE) and tooth wear (BEWE) (online supple-
mental appendix 1), three separate ordinal logistic
regression models were built. Each model regressed one
outcome (dental caries, periodontal health or tooth wear)
on the following variables: brushing (coded O=neverto
4=three times a day), flossing (coded O=never to 5=daily),

Table 1 Academy football club participation

No of players screened % of total participants

Academy (eligible players aged (total No of
football club 16-18 years) footballers=160)
1 21 (24) 13.1

2 18 (18) 11.2

3 12 (22) 7.5

4 13 (13) 8.1

5) 9(9) 5.6

6 21 (21) 13.1

7 27 (27) 16.8

8 10 (12) 6.2

9 4 (4) 2.5

10 26 (29) 16.2
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Table 2 Participant dental experience

Dental attendance and experience No of participants % of participants Median IQR
Last dental visit <12 months 121 75.6

Last dental visit >2 years 15 9.3

Cannot remember last dental visit 17 10.6

Required fillings at last dental visit 18 11.3

No current dental issues reported 122 76.2

Currently has toothache 15 9.3

Currently has bleeding gums 8 5.0

Missed training/competition due to oral health issues 17 10.6

Missed training/competition due to dental trauma 5 3.1

Perceived impact of oral health on sporting performance 58/100 40

mouthwash (coded O=neverto 5=daily), sports drink
consumption (coded O=neverto 5=three times a day),
fizzy drink consumption (coded O=neverto b=three
times a per day), perceived importance of oral health
to sporting performance (coded 0=not important at all
to 100=extremely important), time since last check-up
(months) and time at club (months). Full details of
the coding of these variables can be found in online
supplemental appendix 3. P values <0.017 (0.05/3) were
considered significant (see section on Sample size).

Exploratory statistical analysis

Dental caries, periodontal health and tooth wear were
compared across clubs using Kruskal-Wallis tests, given
that previous research identified club level differences in
clinical outcomes."! Spearman rho correlation matrix was
used to explore the relationships between the following
self-reported behaviours, beliefs, experiences and clinical
findings: dental attendance (number of months since last
dental check-up), brushing (0—4), flossing (0-5), mouth-
wash (0-5), sports drink consumption (0-5), fizzy drink
consumption (0-5), personal experience of oral health

Table 3 Participant oral hygiene and diet behaviours

Oral hygiene and diet  No of % of
behaviours participants participants
Brush teeth twice aday 122 76.2
Brush teeth once aday 18 11.2
Brush teeth when 7 4.3
remember

Use dental floss at all 91 56.9
Use dental floss daily 8 5
Sports/energy drink 122 90.6
consumption

Daily sports/energy drink 37 23.1
consumption

Fizzy drink consumption 85 53.1
Daily fizzy drink 14 8.7

consumption

issues interfering with training (0=no, 1=missed training
due to dental issues), personal experience of oral health
issues interfering with matches (0=no, 1=missed matches
due to dental issues), perceived importance of oral health
to sporting performance (0-100), restorative index and
unmet dental need/DMFT/ICDAS, periodontal health/
BPE and tooth wear/BEWE (online supplemental
appendix 1).

Spearman rho was used here to explore potential correla-
tions between (i) perceived importance of oral health
to sporting performance (0-100) and (ii) a number of
self-reported oral health issues, including pain, fractured
teeth, discoloured teeth, bleeding gums, ulcers, broken
fillings, abscess, wisdom tooth problems and other dental
issues (all coded O=no, 1=yes). For exploratory analyses, p
values <0.05 were considered significant.

The data were analysed in March 2024 using SPSS
(Statistical Package for the Social Sciences) V.29 and
Stata/MP 17.0. Statistical analyses were conducted and
presented in accord with the CHAMP statement.**

Data storage and distribution

All questionnaires and screening documents were anony-
mised by assigning each participant a unique number.
Each club medical team was given a separate oral health
screening outcome form for each participant, high-
lighting any clinical findings and dental treatment needs
(online supplemental appendix 2).

RESULTS

Of the 179 potentially eligible footballers, 160 completed
the screening (table 1), thus fulfilling the sample size
calculation. This represents 83-100% completeness of
screening at each club with the exception of club 3 (55%).
Nineteen footballers were not available for screening on
the day. Most participants were men (87%; n=139/160)
and 13% were women (n=21/160), with a median age of
16.9 years (range 16—-18). Median time spent by players at
each academy club was 55 months (range 1-144).

Decayed, missing and filled teeth (DMFT) findings
A total of 56% (n=89) of participants presented with at
least one decayed tooth that required treatment, was
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missing due to decay or had been filled. We found that
31.2% of participants (n=50) presented with at least one
tooth with obvious caries (ICDAS score 3), 7.56% (n=12)
with three or more carious teeth and 3.75% (n=6) with
five or more carious teeth, all of which required treatment
(online supplemental appendix 1 has ICDAS classifica-
tion).

Periodontal health (BPE) findings

Most participants (76.8%; n=123) had a grade 1 or 2 BPE
score in at least one sextant, with gingival inflammation
and bleeding; 22.5% (n=36) of participants had grade 3
or 4 BPE, indicating irreversible periodontitis. Only one
participant (0.5%) presented with a grade 0 BPE score at
all sites in the mouth, indicating no gingival inflammation
or bleeding (online supplemental appendix 1 has BPE
classification).

Tooth wear (BEWE) findings

The mean BEWE score, indicating the presence of erosive
tooth wear, was 5.3 (range 0-15), with 63.1% (n=101)
presenting with some initial tooth wear confined to the
enamel with initial loss of surface texture (complexity
level 1). It was reported that 13.7% (n=22) of participants
had moderate wear affecting <50% of the tooth structure,
including dentine exposure (complexity level 2) and
1.8% (n=3) had tooth wear affecting >50% of the tooth
surface, including exposure of dentine (complexity level
3), requiring professional management and intervention
(online supplemental appendix 1 has BEWE classifica-
tion).

Dental trauma findings

More than a third of participants (35.6%; n=57) had
dental trauma to their incisors, with 10% (n=16) actively
recalling that they received either a soft tissue injury (lips
or tongue) or dental trauma during training or compe-
tition whilst at the academy club football. No players
reported wearing a mouthguard during sport.

Pericoronitis and other oral infections

We found that 5.6% (n=9) of players presented with signs
of pericoronitis affecting their wisdom teeth and a further
11 participants presented with PUFA signs. Of those with
PUFA signs, one had a clear dental abscess requiring
immediate treatment and 10 had oral ulceration.

Self-reported oral health issues

Selfreported issues included 10.6% (n=17) currently
experiencing dental pain at the time of assessment, with
5% (n=8) reporting bleeding gums and 5.6% (n=9)
reporting broken or fractured teeth and fillings (table 2).

Oral health and impact on training, competing and sporting
performance

Table 2 shows that 10.6% (n=17) and 3.1% (n=5) of
participants reported a negative impact on their sporting
performance from oral health issues or dental trauma,
respectively. Participants ranked (from 0 to 100) their

general perception of the impact of oral health issues on
overall sporting performance, with 56.2% (n=90) ranking
60 or above (median score 58/100).

Statistical analysis

The results of the primary analysis (ordinal logistic regres-
sion models) are available in online supplemental appendix
3. Only one finding was significant at the adjusted alpha
threshold of 0.017: greater time since last dental check-up
was associated with higher (worse) periodontal health
scores (p=0.015). Findings that were significant at the
traditional alpha threshold of 0.05 are available in online
supplemental appendix 3.

Only periodontal health differed significantly by club
(Kruskal-Wallis H (9) =28.77, p<0.001). An exploratory
correlation matrix revealed significant associations between
brushing and flossing (those who brushed more frequently
also flossed more frequently: rho=0.17, p=0.033), and
between sports/energy drink consumption and fizzy drink
consumption (greater use of one was associated with greater
use of the other: rho=0.27, p<0.001) (online supplemental
appendix 3). Flossing was associated with dental atten-
dance: the longer the time since their last check-up, the less
frequently they flossed (rho=-0.20, p=0.015), and dental
attendance was in turn associated with periodontal health/
BPE: the longer the time since their last check-up, the
higher their BPE (rho=0.21, p=0.014). Periodontal health/
BPE was positively associated with tooth wear/BEWE: the
higher the BPE, the higher the BEWE (rho=0.26, p=0.001).

Use of mouthwash was significantly associated with
perceived importance of oral health to sporting perfor-
mance: those who perceived a stronger link between oral
health and sporting performance were more likely to use
mouthwash (rho=0.19, p=0.016). Paradoxically, perceived
importance of oral health to sporting performance was
positively associated with DMFT: those with higher DMFT
perceived a stronger link between oral health and sporting
performance (rho=0.16, p=0.040). Indeed, those with
higher DMFT were more likely to report that dental issues
had affected their training (rho=0.20, p=0.013), as were
those with high levels of decay (rho=0.17, p=0.032), which
was positively associated with DMFT (rho=0.66, p<0.001).

DISCUSSION

Key findings

The findings of the study showed that there were high
levels of oral disease in professional academy footbal-
lers in England. There was evidence to suggest that the
level of dental attendance, dental treatment needs as well
as some oral hygiene habits were worse than previous
national epidemiological surveys, which were related to
those aged <15 years and 18-23 years.” **° Some partici-
pants also reported that they were negatively impacted by
their own experience of oral health issues, affecting their
training or sporting performance.

Determinants of oral health
It is well documented that poor oral health is dispro-
portionately associated with levels of deprivation,®’ ™
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and that dental attendance is linked to socioeconomic
status.®! Therefore, the socioeconomic status of the
academy players might be an important determinant of
their oral health, as low dental attendance was associated
with higher BPE scores (worse periodontal health) in
this study, compounded by the low prevalence of inter-
dental cleaning, such as daily dental floss. Although no
data were collected on player socioeconomic status as
part of this study, it is clearly an important area for future
research.

It was surprising to see such high levels of tooth wear
in such a young population. Tooth wear is a multifacto-
rial issue, affected by dietary acids, stress induced tooth
clenching and grinding (parafunction), and eating disor-
ders (bulimia) or acid reflux. There were clear patterns
of tooth wear identified during the study on the palatal
surfaces of the upper front teeth, characteristic of acid
reflux and possible eating disorders. This should be of
concern given that in many instances these issues will go
undetected until it becomes problematic to the player,
affecting not just their dental health but their general
health and well-being.” In view of the increasing aware-
ness of eating disorders in youth and elite sport,” this
aspect should be explored further as it might help to
screen for affected individuals leading to earlier support.

The impact of sports drinks on dental health has been
well researched. Demineralisation of teeth in low pH envi-
ronments increases their risk of decay and tooth wear. The
consumption of sports, energy and fizzy drinks contribute
to this, due to their high sugar and acidity levels.”>® It has
also been suggested that cumulative training time is posi-
tively associated with higher rates of tooth wear through
dental erosion, possibly due to a reduced buffering
capacity of saliva due to oral dehydration during physical
exercise.”” *® This could further explain the higher rates
of tooth wear identified during this study. We therefore
strongly recommend better communication between
sports nutritionists and dental teams on the management
of hydration, nutritional supplements and their potential
impact on dental health.” These findings call strongly
for early preventative dental screening programmes and
more regular dental examinations to help identify these
additional risk factors* in academy footballers.

Although levels of reported dental and soft tissue
trauma during sport were relatively low, it would be bene-
ficial to players and clubs to have some basic training on
the long term implications and management of dental
trauma, including following recognised dental trauma
recall protocols®' which did not appear to be particularly
well adhered to by participants.

Oral health and performance impacts

It would be surprising if the levels of oral disease
reported in this study did not have a negative effect
on training and/or performance, with pain and acute
infection being the most obvious mechanisms. We have
previously shown a plethora of psychosocial impacts
that may also be involved.* Evidence is also emerging

of a negative association between oral inflammation
and markers of cardiorespiratory performance.” An
interesting finding in the statistical analysis was the rela-
tionship between high DMFT and perceptions of the
link between oral health and sporting performance. A
possible explanation is that these individuals had expe-
rienced the negative consequences of poor oral health
and so were more aware of its impact on their sporting
performance.

Strengths and limitations of research findings

This study is the first of its kind to assess professional
academy footballers and a necessary follow-up to the
previous study of professional first team footballers in
England.'' A key strength was the size of the study and
the high proportion of academy players who participated,
which suggest that the data are representative of English
academy football. The use of two trained clinicians (SNK
and PF) using validated clinical outcome measures also
strengthens the validity of the data.

Itis possible that the final screened sample was subject
to selection bias in view of the non-participation of four
out of fourteen potential teams and the players who could
not attend for screening on the day. The most common
reason for lack of eligibility was players falling outside
of the age criteria, rather than convenience sampling.
However, the high completeness of screening from nine
out of ten teams and the widespread findings of oral ill
health, especially in relation to dental caries, strongly
suggest that these findings can be generalised to England
football academy players more widely.

Self-reported oral health and oral health behaviour
data may have been affected by social desirability bias,
given that participants completed their questionnaires
in close proximity to each other due to the practicalities
of the screening environment. The low self-reporting of
bleeding gums compared with the high rates of gingival
bleeding and inflammation identified during the clinical
screening may also reflect this. However, similarly low
correlations have been reported previously in adoles-
cents*! and might instead represent a lack of awareness
that could be harnessed for health promotion.

Comparative data are limited, and we did not recruit
a comparison population for this study. Instead, we
have made cautious comparisons with previous national
surveys, including the Child Dental Health Survey in
England of participants aged 15 years in 2013*' and the
2009 Adult Dental Health Survey,26 accepting that demo-
graphic differences between our study participants and
those in the national representative surveys are likely to
exist.”

The relatively small number of female participants is a
limiting factor for the generalisability of this study. This
was due in part to a limited response to the invitation
to participate in the study, the number of female players
available within the required age cohort as well as avail-
ability of players on the proposed screening days.
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Research implications and impact on sporting performance
The high levels of oral diseases in academy football will
have long and consequential implications for these partic-
ipants. In the short term, these will include impacts on
life quality, confidence and self-reported performance.
Longer term, an additional lifelong burden of dental
treatment and disadvantage can be expected, including
negative effects on life quality, social mobility and risk of
systemic diseases, including diabetes and cardiovascular
disease." * In view of their age, these athletes are depen-
dent on support and guidance from others and therefore
oral health should be integrated into overall athlete
health and well-being; the Duty of Care in Sport report in
2017* recommended that safety, well-being and welfare
are at the heart of what sport does, and that government
should consider how different government departments
and agencies can work together on concussion and other
medical issues.

Good oral health should be based on effective inte-
grated health promotion. Knowledge alone is insufficient
and behaviour change will be key. We have shown that
this can be incorporated into high performance sport®
underpinned by behaviour change theory, identifying
valued motivators and developed by engaging with stake-
holders. Such health promotion can (and should be)
delivered within existing academy resources. A further
lynchpin should be regular dental screening to person-
alise preventative oral health advice based on dental
need.' Oral health screening at football clubs for these
players should take place annually, preferably during
pre-season health checks. We strongly recommend that
academy players also have regular dental examinations in
a dental surgery with appropriate dental radiographs and
professional hygienist services. Dental health assessments
should be on a risk based frequency, following the recom-
mended guidance.15 7 In many cases, the participants of
this study would be classified as high risk with a recom-
mended 3 monthly dental recall for both check-ups and
professional hygiene appointments, highlighting the vast
gap between current experience and national recom-
mendations for dental care.”” Collaboration between
sport and oral health organisations is needed, with lead-
ership from sport policy makers and federations.

Given the quite specific general and oral health
demands of the professional sporting community, consid-
eration should be given for a specific sports related oral
health guidance section in the national guidance docu-
ment, Delivering Better Oral Health: an evidence-based
toolkit for prevention,47 in addition to the existing guid-
ance produced by individual institutions."

CONCLUSIONS

In this study, we found that academy footballers in
England had high levels of oral diseases as well as infre-
quent rates of dental attendance and suboptimal oral
hygiene routines. The potential for lifelong disadvan-
tage is substantial and will include the need for ongoing
restorative dentistry, risk of tooth loss, effects on physical

and psychosocial health, and social mobility. However,
prevention of oral diseases is effective and low cost, and
could be achieved with an integrated strategy to incorpo-
rate oral health within overall youth athlete health and
well-being development.

Acknowledgements The authors thank the players from each club for their
participation in this study, and the football academy clubs and associated medical,
physiotherapy and sports science teams for their support and coordination of the
study. This includes James Murray (Brighton and Hove Albion FC Men’s Academy),
Michael Harrison and Jacek Mielanczyk (Chelsea FC Women’s Academy), Sean
Carmody and Joe Ranson (Crystal Palace FC Men’s Academy), Andrew Shafik and
Alex Stefanakis (Millwall FC Men’s Academy), Tim Cobb (Portsmouth FC Men’s
Academy), Josh Adebayo and Danyaal Khan (QPR FC Men’s Academy), Craig
Rosenbloom and Adam Maguire (Tottenham Hotspur FC Men’s Academy), Tom
Smith and Ben Clarkson (West Ham Utd FC Men’s Academy), Dan Mlinar (West
Ham Utd FC Women’s Academy) and Shailesh Katti (Watford FC Men’s Academy).
The authors acknowledge Bradley Lander for the initial contribution to the proposal
of this study and Nyein May for clinical support. The authors thank the Single Use
Dental Instruments company for their kind donation of all the dental screening
instruments to perform this study.

Contributors SNK, PF and MN designed the research with SNK and PF conducting
the research. SNK and MN conducted the data management and statistical
analysis. SNK, MN, IN and PF reviewed/edited the manuscript for important
intellectual content. All authors read and approved the final manuscript. PF is the
guarantor.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
UCL Research Ethics (project ID: 6552/008). Participants gave informed consent to
participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information. The anonymised dataset will be
made publicly available via the Open Science Framework on publication.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Saul N Konviser http://orcid.org/0009-0004-3491-9901
Martine Nurek http://orcid.org/0000-0002-4252-4692

lan Needleman http://orcid.org/0000-0003-4696-1651
Peter Fine http://orcid.org/0000-0002-7228-2743

REFERENCES
1 World Health Organisation. Global oral health status report towards
universal health coverage for oral health by 2030. 2022. Available:
http://apps.who.int/bookorders
2 World Economic Forum. The economic rationale for a global
commitment to invest in oral health. 2024. Available: https://www3.

6 Konviser SN, et al. BMJ Open Sp Ex Med 2025;11:¢002245. doi:10.1136/bmjsem-2024-002245


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0004-3491-9901
http://orcid.org/0000-0002-4252-4692
http://orcid.org/0000-0003-4696-1651
http://orcid.org/0000-0002-7228-2743
http://apps.who.int/bookorders
https://www3.weforum.org/docs/WEF_The_Economic_Rationale_for_a_Global_Commitment_to_Invest_in_Oral_Health_2024.pdf

10

11

12

13

14

15

16

17

20

21

22

23

24

25

weforum.org/docs/WEF_The_Economic_Rationale_for_a_Global_
Commitment_to_Invest_in_Oral_Health_2024.pdf

Petersen PE. The World Oral Health Report 2003: continuous
improvement of oral health in the 21st century--the approach of
the WHO Global Oral Health Programme. Community Dent Oral
Epidemiol 2003;31 Suppl 1:3-23.

Dietrich T, Webb I, Stenhouse L, et al. Evidence summary: the
relationship between oral and cardiovascular disease. Br Dent J
2017;222:381-5.

Manger D, Walshaw M, Fitzgerald R, et al. Evidence summary: the
relationship between oral health and pulmonary disease. Br Dent J
2017;222:527-33.

Daly B, Thompsell A, Sharpling J, et al. Evidence summary:

the relationship between oral health and dementia. Br Dent J
2018;223:846-53.

D’Aiuto F, Gable D, Syed Z, et al. Evidence summary: The
relationship between oral diseases and diabetes. Br Dent J
2017;222:944-8.

Ashley P, Di lorio A, Cole E, et al. Oral health of elite athletes and
association with performance: a systematic review. Br J Sports Med
2015;49:14-9.

Gallagher J, Ashley P, Petrie A, et al. Oral health and performance
impacts in elite and professional athletes. Community Dent Oral
Epidemiol 2018;46:563-8.

Gallagher J, Ashley P, Petrie A, et al. Oral health-related
behaviours reported by elite and professional athletes. Br Dent J
2019;227:276-80.

Needleman |, Ashley P, Meehan L, et al. Poor oral health including
active caries in 187 UK professional male football players: clinical
dental examination performed by dentists. Br J Sports Med
2016;50:41-4.

Needleman |, Ashley P, Petrie A, et al. Oral health and impact on
performance of athletes participating in the London 2012 Olympic
Games: a cross-sectional study. Br J Sports Med 2013;47:1054-8.
Needleman I, Ashley P, Weiler R, et al. Oral health screening

should be routine in professional football: a call to action for

sports and exercise medicine (SEM) clinicians. Br J Sports Med
2016;50:1295-6.

Gay-Escoda C, Vieira-Duarte-Pereira D-M, Ardévol J, et al. Study of
the effect of oral health on physical condition of professional soccer
players of the Football Club Barcelona. Med Oral Patol Oral Cir
Bucal 2011;16:e436-9.

Eastman Dental Institute - Centre for Oral Health and Performance.
Oral health screening toolkit for athletes. 2017. Available: https://
www.ucl.ac.uk/drupal/site_eastman/sites/eastman/files/oral-health-
screening-toolkit.pdf

World Health Organisation. Oral Health Surveys Basic Methods. 5th
edn.2013. Available: https://iris.who.int/bitstream/handle/10665/
97035/9789241548649_eng.pdf?sequence=1

Ismail Al, Sohn W, Tellez M, et al. The International Caries
Detection and Assessment System (ICDAS): an integrated system
for measuring dental caries. Community Dent Oral Epidemiol
2007;35:170-8.

British Society of Periodontology. BPE - basic periodontal
examination. 2019. Available: https://www.bsperio.org.uk/assets/
downloads/BSP_BPE_Guidelines_2019.pdf

Bartlett D, Ganss C, Lussi A. Basic Erosive Wear Examination
(BEWE): a new scoring system for scientific and clinical needs. Clin
Oral Investig 2008;12 Suppl 1:S65-8.

Monse B, Heinrich-Weltzien R, Benzian H, et al. PUFA--an index of
clinical consequences of untreated dental caries. Community Dent
Oral Epidemiol 2010;38:77-82.

Health & Social Care Information Centre. Children’s dental health
survey 2013 country specific report: england. 2015. Available:
https://files.digital.nhs.uk/publicationimport/pub17xxx/pub17137/
cdhs2013-england-report.pdf

Department of Health. Reference Guide to Consent for Examination
or Treatment. 2nd edn. Available: www.dh.gov.uk/consent

Curtin F, Schulz P. Multiple correlations and Bonferroni’s correction.
Biol Psychiatry 1998;44:775-7.

Mansournia MA, Collins GS, Nielsen RO, et al. A CHecklist for
statistical Assessment of Medical Papers (the CHAMP statement):
explanation and elaboration. Br J Sports Med 2021;55:1009-17.
Public Health England. National dental epidemiology programme
for england - oral health survey of adults attending general dental

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

practices 2018. 2020. Available: https://assets.publishing.service.
gov.uk/government/uploads/system/uploads/attachment_data/file/
891208/AiP_survey_for_England_2018.pdf

Steele J, O’ Sullivan I. Adult dental health survey 2009: england
key findings. NHS Information Centre for Health and Social Care;
March 2011. Available: https://digital.nhs.uk/data-and-information/
publications/statistical/adult-dental-health-survey/adult-dental-
health-survey-2009-summary-report-and-thematic-series

Public Health England. Inequalities in oral health in england. 2021.
Available: https://assets.publishing.service.gov.uk/media/6051f994
d3bf7f0453f7b9a9/Inequalities_in_oral_health_in_England.pdf
Watt RG, Sheiham A. Integrating the common risk factor approach
into a social determinants framework. Community Dent Oral
Epidemiol 2012;40:289-96.

Cohen LK, Gift HC. Available from. Disease prevention and oral
health promotion: socio-dental sciences in action. 1995. Available:
https://api.semanticscholar.org/Corpus|D:68961812

Locker D. Deprivation and oral health: a review. Community Dent
Oral Epidemiol 2000;28:161-9.

Office for Health 1&D. Adult oral health survey 2021: service use
and barriers to accessing care. 2024. Available: https://www.gov.
uk/government/statistics/adult-oral-health-survey-2021/adult-oral-
health-survey-2021-service-use-and-barriers-to-accessing-care
[accessed 15 Jul 2024]

Sundgot-Borgen J, Torstveit MK. Prevalence of eating disorders in
elite athletes is higher than in the general population. Clin J Sport
Med 2004;14:25-32.

Lussi A, Jaeggi T, Zero D. The role of diet in the aetiology of dental
erosion. Caries Res 2004;38 Suppl 1:34-44.

Rees J, Loyn T, McAndrew R. The acidic and erosive potential of
five sports drinks.. Eur J Prosthodont Restor Dent. PMID: 16411577.
2005;13:186-90.

Noble WH, Donovan TE, Geissberger M. Sports drinks and dental
erosion. J Calif Dent Assoc doi.org/10.1080/19424396.2011.
12221890 2011;39:233-8.

Andrian S, Stoleriu S. 11 - effect of sports and energy drinks

on dental hard tissues. In: Grumezescu AM, Holban AM, eds.
Sports and Energy Drinks. Woodhead Publishing, 2019: 339-97.
Available: https://www.sciencedirect.com/science/article/pii/
B9780128158517000115

Frese C, Frese F, Kuhimann S, et al. Effect of endurance training
on dental erosion, caries, and saliva. Scand J Med Sci Sports
2015;25:e319-26.

Mulic A, Tveit AB, Songe D, et al. Dental erosive wear and salivary
flow rate in physically active young adults. BMC Oral Health
2012;12:8.

Needleman |, Rankin A, Ashley P, et al. Infographic. Nutrition and oral
health in sport: time for action. Br J Sports Med 2019;53:1432-3.
Walsh JME, Wheat ME, Freund K. Detection, evaluation, and
treatment of eating disorders. J Gen Intern Med 2000;15:577-90.
Levin L, Day PF, Hicks L, et al. International Association of Dental
Traumatology guidelines for the management of traumatic dental
injuries: General introduction. Dent Traumatol 2020;36:309-13.
Gallagher J, Needleman |, Ashley P, et al. Self-Reported Outcome
Measures of the Impact of Injury and lliness on Athlete Performance:
A Systematic Review. Sports Med 2017;47:1335-48.

Merle CL, Richter L, Challakh N, et al. Associations of Blood and
Performance Parameters with Signs of Periodontal Inflammation in
Young Elite Athletes-An Explorative Study. J Clin Med 2022;11:5161.
Kallio P, Nordblad A, Croucher R, et al. Self-reported gingivitis and
bleeding gums among adolescents in Helsinki. Community Dent Oral
Epidemiol 1994;22:277-82.

Gallagher J, Ashley P, Needleman |. Implementation of a
behavioural change intervention to enhance oral health behaviours
in elite athletes: a feasibility study. BMJ Open Sport Exerc Med
2020;6:€000759.

Tanni Grey-Thompson DBE B. Duty of care in sport independent
report to government duty of care in sport. 2017. Available: https://
assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/610130/Duty_of Care_Review_-_
April_2017__2.pdf

Public Health England. Delivering better oral health: an evidence-
based toolkit for prevention - version 4. 2021. Available: https://
www.gov.uk/government/publications/delivering-better-oral-health-
an-evidence-based-toolkit-for-prevention/

Konviser SN, et al. BMJ Open Sp Ex Med 2025;11:¢002245. doi:10.1136/bmjsem-2024-002245 7


https://www3.weforum.org/docs/WEF_The_Economic_Rationale_for_a_Global_Commitment_to_Invest_in_Oral_Health_2024.pdf
https://www3.weforum.org/docs/WEF_The_Economic_Rationale_for_a_Global_Commitment_to_Invest_in_Oral_Health_2024.pdf
http://dx.doi.org/10.1046/j.2003.com122.x
http://dx.doi.org/10.1046/j.2003.com122.x
http://dx.doi.org/10.1038/sj.bdj.2017.224
http://dx.doi.org/10.1038/sj.bdj.2017.315
http://dx.doi.org/10.1038/sj.bdj.2017.992
http://dx.doi.org/10.1038/sj.bdj.2017.544
http://dx.doi.org/10.1136/bjsports-2014-093617
http://dx.doi.org/10.1111/cdoe.12392
http://dx.doi.org/10.1111/cdoe.12392
http://dx.doi.org/10.1038/s41415-019-0617-8
http://dx.doi.org/10.1136/bjsports-2015-094953
http://dx.doi.org/10.1136/bjsports-2013-092891
http://dx.doi.org/10.1136/bjsports-2015-095769
http://dx.doi.org/10.4317/medoral.16.e436
http://dx.doi.org/10.4317/medoral.16.e436
https://www.ucl.ac.uk/drupal/site_eastman/sites/eastman/files/oral-health-screening-toolkit.pdf
https://www.ucl.ac.uk/drupal/site_eastman/sites/eastman/files/oral-health-screening-toolkit.pdf
https://www.ucl.ac.uk/drupal/site_eastman/sites/eastman/files/oral-health-screening-toolkit.pdf
https://iris.who.int/bitstream/handle/10665/97035/9789241548649_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/97035/9789241548649_eng.pdf?sequence=1
http://dx.doi.org/10.1111/j.1600-0528.2007.00347.x
https://www.bsperio.org.uk/assets/downloads/BSP_BPE_Guidelines_2019.pdf
https://www.bsperio.org.uk/assets/downloads/BSP_BPE_Guidelines_2019.pdf
http://dx.doi.org/10.1007/s00784-007-0181-5
http://dx.doi.org/10.1007/s00784-007-0181-5
http://dx.doi.org/10.1111/j.1600-0528.2009.00514.x
http://dx.doi.org/10.1111/j.1600-0528.2009.00514.x
https://files.digital.nhs.uk/publicationimport/pub17xxx/pub17137/cdhs2013-england-report.pdf
https://files.digital.nhs.uk/publicationimport/pub17xxx/pub17137/cdhs2013-england-report.pdf
www.dh.gov.uk/consent
http://dx.doi.org/10.1016/s0006-3223(98)00043-2
http://dx.doi.org/10.1136/bjsports-2020-103652
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/891208/AiP_survey_for_England_2018.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/891208/AiP_survey_for_England_2018.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/891208/AiP_survey_for_England_2018.pdf
https://digital.nhs.uk/data-and-information/publications/statistical/adult-dental-health-survey/adult-dental-health-survey-2009-summary-report-and-thematic-series
https://digital.nhs.uk/data-and-information/publications/statistical/adult-dental-health-survey/adult-dental-health-survey-2009-summary-report-and-thematic-series
https://digital.nhs.uk/data-and-information/publications/statistical/adult-dental-health-survey/adult-dental-health-survey-2009-summary-report-and-thematic-series
https://assets.publishing.service.gov.uk/media/6051f994d3bf7f0453f7b9a9/Inequalities_in_oral_health_in_England.pdf
https://assets.publishing.service.gov.uk/media/6051f994d3bf7f0453f7b9a9/Inequalities_in_oral_health_in_England.pdf
http://dx.doi.org/10.1111/j.1600-0528.2012.00680.x
http://dx.doi.org/10.1111/j.1600-0528.2012.00680.x
https://api.semanticscholar.org/CorpusID:68961812
http://dx.doi.org/10.1034/j.1600-0528.2000.280301.x
http://dx.doi.org/10.1034/j.1600-0528.2000.280301.x
https://www.gov.uk/government/statistics/adult-oral-health-survey-2021/adult-oral-health-survey-2021-service-use-and-barriers-to-accessing-care
https://www.gov.uk/government/statistics/adult-oral-health-survey-2021/adult-oral-health-survey-2021-service-use-and-barriers-to-accessing-care
https://www.gov.uk/government/statistics/adult-oral-health-survey-2021/adult-oral-health-survey-2021-service-use-and-barriers-to-accessing-care
http://dx.doi.org/10.1097/00042752-200401000-00005
http://dx.doi.org/10.1097/00042752-200401000-00005
http://dx.doi.org/10.1159/000074360
https://pubmed.ncbi.nlm.nih.gov/16411577
https://pubmed.ncbi.nlm.nih.gov/21675676
https://pubmed.ncbi.nlm.nih.gov/21675676
https://www.sciencedirect.com/science/article/pii/B9780128158517000115
https://www.sciencedirect.com/science/article/pii/B9780128158517000115
http://dx.doi.org/10.1111/sms.12266
http://dx.doi.org/10.1186/1472-6831-12-8
http://dx.doi.org/10.1136/bjsports-2018-100358
http://dx.doi.org/10.1046/j.1525-1497.2000.02439.x
http://dx.doi.org/10.1111/edt.12574
http://dx.doi.org/10.1007/s40279-016-0651-5
http://dx.doi.org/10.3390/jcm11175161
http://dx.doi.org/10.1111/j.1600-0528.1994.tb02050.x
http://dx.doi.org/10.1111/j.1600-0528.1994.tb02050.x
http://dx.doi.org/10.1136/bmjsem-2020-000759
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/610130/Duty_of_Care_Review_-_April_2017__2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/610130/Duty_of_Care_Review_-_April_2017__2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/610130/Duty_of_Care_Review_-_April_2017__2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/610130/Duty_of_Care_Review_-_April_2017__2.pdf
https://www.gov.uk/government/publications/delivering-better-oral-health-an-evidence-based-toolkit-for-prevention/
https://www.gov.uk/government/publications/delivering-better-oral-health-an-evidence-based-toolkit-for-prevention/
https://www.gov.uk/government/publications/delivering-better-oral-health-an-evidence-based-toolkit-for-prevention/

	Disadvantage starts early: academy football has high levels of oral disease
	ABSTRACT
	Introduction﻿﻿
	﻿Materials and methods﻿
	Study design
	Recruitment
	Sample size
	Equity, diversity and inclusion statement
	Primary statistical analysis
	Exploratory statistical analysis
	Data storage and distribution

	Results
	Decayed, missing and filled teeth (DMFT) findings
	Periodontal health (BPE) findings
	Tooth wear (BEWE) findings
	Dental trauma findings
	Pericoronitis and other oral infections
	Self-reported oral health issues
	﻿Oral health and impact on training, competing and sporting performance﻿
	Statistical analysis

	Discussion
	Key findings
	Determinants of oral health
	Oral health and performance impacts
	Strengths and limitations of research findings
	Research implications and impact on sporting performance

	Conclusions
	References


