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This cross-sectional study aimed to compare highly trained athletes and non-athlete individuals in 
terms of endodontic status and oral health parameters, considering nutritional and psychological 
factors. Highly trained athletes (n = 50) and non-athlete individuals (n = 50) aged 18–30 years were 
included. Clinical examination evaluated the endodontic and periapical status, decay experience 
(DMF-T), non-carious tooth wear and periodontal indexes. The Oral Health Impact Profile-14 (OHIP-
14), Perceived Stress Scale and Mental Well-Being Scale were administered. In addition, daily nutrient 
elements and potential renal acid load (PRAL) were calculated using a one-year food frequency 
questionnaire. Comparisons between the groups used the independent t-test/Mann-Whitney U 
test, Fisher’s exact test and ANCOVA (α = 0.05). Athletes showed higher numbers of teeth requiring 
endodontic treatment, periapical index scores, decayed teeth, and periodontal index scores compared 
to non-athletes (p < 0.05). PRAL, organic acid, vitamin D, B vitamins, meal frequency, and mental 
well-being were also higher in athletes (p < 0.05). Sucrose, carbohydrate, and vitamin C intake had 
significant effects on endodontic status (p < 0.05). The results revealed that athletes had higher 
numbers of teeth requiring endodontic treatment, decayed teeth, and periodontal symptoms. 
Education and prevention programs on oral care and nutrition may help improve their oral health.
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The World Health Organization (WHO) defines oral health as a situation without disease or disorder like caries, 
periodontitis, infection, tumor and trauma, where chewing, talking, smiling and psychosocial well-being are 
sustainable1. Inadequate oral health may negatively impact the quality of life, welfare and functional capacity 
of individuals. Though poor oral health is preventable, the prevalence of oral diseases is high in a variety of 
population groups. This issue is particularly relevant in athletic populations. Compromised oral conditions 
among athletes may adversely influence not only general health but also sporting performance2. In fact, oral 
health was defined as an important public health problem at the 2004 Athena Olympics and it was reported 
that more than 50% of athletes at the 2012 London Olympics had caries, while more than 70% had periodontal 
disease3,4. More recently, prior to the 2017 Tokyo Olympic Games, it was emphasized that athletes should undergo 
comprehensive screening with respect to caries, endodontic pathologies, periodontal diseases, pericoronitis, and 
the use of oral protectors5. Consistent with this burden, athletes have also been reported to experience poorer 
oral health–related quality of life compared with non-athlete individuals6,7.

Several potential risk factors have been debated for oral diseases in competitive sports. Nutritional habits 
(high carbohydrate [CHO] or protein-specific diets, acidic drinks), psychological stress, changes to saliva and 
microbiota along with inadequate oral care habits can be listed among these risks8. High CHO intake increases 
caries development, while sports drinks with low pH may cause dental erosion. Fluid loss and dehydration 
during exercise may cause oral dryness by reducing saliva flow, potentially intensifying the negative effects of 
cariogenic foods on oral health9. Additionally, high micronutrient intake by athletes, regular physical activity 
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and behavior focused on healthy life may have a protective effect on oral health. Taken together, these factors 
suggest that the oral health profile of athletes involves both risk-enhancing and protective components9,10.

In this context, the concept of sports dentistry, which focuses on the prevention, diagnosis, and management 
of oral health problems that may affect athletes’ general health and athletic performance, has gained increasing 
attention in recent years. Most studies in this field have primarily focused on dental trauma, caries prevalence, 
periodontal status, and preventive oral health practices. However, endodontic conditions, which may arise as 
a result of untreated caries, trauma, or advanced dental infections, have received considerably less attention 
in athletic populations4,11. Nevertheless, endodontic pathologies may cause infection, pain, and functional 
limitations, thereby potentially compromising athletes’ training continuity and competitive performance11,12. 
In addition to these potential consequences, athlete-specific factors such as nutritional habits and psychological 
stress may contribute to the cumulative development of dental and endodontic pathologies in this population3,8,9.

Although sports dentistry has increasingly been recognized as a distinct field, evidence regarding the 
endodontic status of athletes, as well as the potential effects of nutritional and psychological factors on this 
condition, remains limited11. To the best of current knowledge, no previous study has simultaneously evaluated 
the endodontic status and overall oral health of athletes in relation to nutritional and psychological factors and 
compared these findings with those of non-athlete individuals. In light of all this information, the primary aim 
of this study was to compare endodontic status and oral health parameters between highly trained athletes and 
non-athlete young adults. The secondary aim was to investigate the possible relationships between endodontic 
status and oral health parameters with nutritional and psychological factors. The null hypothesis of the study was 
that there would be no significant difference between athletes and non-athlete individuals in terms of oral health 
profiles and correlated nutritional and psychological factors.

Methods
This cross-sectional observational study was conducted in accordance with the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) checklist13. The study protocol was approved by the local 
ethics committee (no: 2024/275). The required sample size was determined to be 92 cases in total with 46 in 
each group based on a similar study8(G*Power Ver. 3.1.9.7 Franz Faul, Kiel University, Germany). Considering 
possible data losses, the sample size per group was increased by 20%, and a total of 110 participants were included 
in the study. Highly trained athletes (athlete group) and non-athlete individuals (control group) who applied to 
the Faculty of Dentistry for treatment and met the eligibility criteria constituted the study population. The aim 
of the study was explained to participants verbally and in writing, and participants provided signed informed 
consent.

Intraexaminer calibration
Sociodemographic data were recorded, and the scales were administered by an experienced endodontist 
(EM). Nutritional characteristics were recorded by an experienced dietitian (GB). Clinical measurements were 
performed blindly. The experienced endodontist (OB) and periodontologist (NY), who would perform the 
clinical measurements, were trained and calibrated for the measurement of clinical parameters on 15 patients at 
two different periods (baseline and day 14) before the start of the study. Intra-examiner reliability was evaluated 
using the intraclass correlation coefficient (ICC) for the Gingival Index (GI), Probing Pocket Depth (PPD), and 
Decayed, Missing, and Filled Teeth (DMF-T), and the weighted Cohen’s kappa for the Periapical Index (PAI). 
ICC values indicated good reliability for GI (0.867) and PPD (0.884), and excellent reliability for DMF-T (0.998), 
while the kappa value for PAI (0.898) showed almost perfect agreement14,15.

Eligibility criteria
Eligibility criteria were defined as highly trained athletes and non-athlete individuals who were 18–30 years 
of age, had no medical history (ASA I), and consented to the use of data for scientific purposes. The athlete 
group consisted of highly trained athletes (Tier 3; national level) based on the six-tier Classification Framework 
proposed by McKay et al.16, which is grounded on training volume and competitive level. Accordingly, the 
inclusion criteria for athletes were participation in national championships/leagues within the last 2–3 years 
and regular training on ≥ 5 days per week for ≥ 2 h per day. Pregnant or breastfeeding women, individuals using 
analgesic drugs 12 h before assessment or using systemic antibiotics within the last 3 months, patients receiving 
periodontal treatment within the last 6 months, patients with stage II-III-IV periodontitis, patients with history 
of major chin trauma, and cases with sclerosing osteitis, idiopathic osteosclerosis, cyst, tumor or any other bone 
pathology were excluded from the study.

Sociodemographic characteristics and oral health behaviors
Age, gender, education and employment status, income level, sports discipline, body mass index (BMI), 
frequency of smoking and alcohol use, frequency of tooth brushing and frequency of dentist visits (general and 
in the last 12 months) were recorded.

Endodontic and periapical assessment
In the present study, endodontic status was assessed using the following parameters: the number of teeth requiring 
endodontic treatment, the number of teeth requiring retreatment (RT), the number of teeth with previous 
endodontic treatment, PAI scores, and the level of odontogenic pain. The number of teeth requiring endodontic 
treatment, number of teeth requiring retreatment (RT) and number of teeth with previous endodontic treatment 
were recorded.
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Endodontic treatment need was determined based on a combination of patient history, clinical examination 
(spontaneous or prolonged pain, percussion and palpation sensitivity, and the presence of swelling or sinus 
tract), sensibility testing, and radiographic findings. Pulp sensibility was assessed using cold testing, and when 
necessary, responses were confirmed with an electric pulp test. All periapical radiographs were obtained using 
a phosphor storage plate system with a parallel radiographic technique (Myray parallel holder, NDental, Imola, 
Italy) under standardized exposure parameters (70 kV, 8 mA, 0.360 s). The images were subsequently processed 
and analyzed using TM Vistascan software (Dürr Dental, Stuttgart, Germany). Pulpal and periapical diagnoses 
were established according to the diagnostic terminology of the American Association of Endodontists (AAE)17.

The presence of periapical lesions with endodontic origin was evaluated using the Ørstavik18 PAI. In the 
presence of several apical lesions in teeth with multiple roots, the root with worst PAI score among all roots 
was used to represent the score for the relevant tooth. The PAI assessment criteria are as follows; score 1 for 
normal periapical area; score 2 for mild/suspicious changes in the periapical region; score 3 for an accompanying 
amount of mineral loss; score 4 for periapical lesion characterized by clear radiolucency at the margins; and 
score 5 for severe apical periodontitis with flare-up features.

Odontogenic pain levels were recorded using the numerical rating scale (NRS). The NRS has proven validity 
in a variety of patient groups and is an 11-stage pain scale between 0 and 10. Patients rate their pain from 0 (no 
pain) to 10 (most severe pain)19. Periapical radiographs were obtained using a phosphor plate (70 kV, 8 mA, 0.10 
s) and processed with TM Vistascan software (Dürr Dental, Stuttgart, Germany).

Oral health assessment
Dental caries was assessed by combined visual–tactile clinical examination using a dental mirror and explorer 
under adequate illumination and radiographic evaluation. The total (DMF-T) for decayed (D), missing (M) 
and filled (F) teeth was recorded and each subcomponent (DT, MT, FT) was separately investigated8. Erosion, 
abrasion and attrition were recorded as present or absent. Periodontal assessments were completed with the 
Löe-Silness GI, Silness-Löe Plaque Index (PI), Ainamo & Bay Bleeding on Probing Index (BOP) and PPD 
measurements20,21. PPD was measured at six different sites per tooth (mesiobuccal, midbuccal, distobuccal, 
mesiolingual, midlingual, and distolingual) as the distance between the deepest point of the sulcus and the 
gingival margin. The other index scores were taken from four different points (mesial, distal, vestibular and 
palatinal). Measurements were taken by a periodontist (NY) using a Williams probe (Hu-Friedy, Chicago, IL, 
USA).

Self-reported chin, facial and temporomandibular joint (TMJ) symptoms were evaluated with the following 
questions: ‘have you experienced pain or ache in the facial region in the last 12 months?’, ‘has there been pain or 
ache in the jaw region in the last 12 months?’ and ‘have you observed one or more of the following complaints 
in the jaw joint region in the last 12 months; pain at rest, pain with movement, clicking sounds or difficulty 
opening your mouth?’ Answer choices were no, occasionally, frequently and very frequently/continuously. Then 
responses were dichotomized by gathering no and occasionally responses in the no category and frequently and 
very frequently/continuously in the yes category22.

Nutritional assessment
A one-year food frequency questionnaire was administered to the participants to calculate their average daily 
nutrient intake23. Based on the obtained data, a computer-based nutritional database software (Ebispro, Stuttgart, 
Germany; BeBiS [Nutrition Information System], Vers. 9.0) was used to determine some daily nutritional 
element intakes of individuals (vitamins B1, B2, B6, B12, C, A, D, E, K, calcium, folate, CHO, sucrose, starch, 
organic acid, antioxidant). Potential renal acid load (PRAL) calculation was used for dietary acid load calculation 
because of its strength in reflecting long-term dietary intake, including more nutrients than other formulas used 
in dietary acid load calculations, and including the intestinal absorption rate of nutrients24. Additionally, the 
number of daily main meals, snacks and total number of meals were recorded for individuals.

Psychological and OHQoL assessments (PSS-10, SWEMWBS-7, OHIP-14)
Stress
Stress was measured using the 10-item version of the Perceived Stress Scale (PSS-10). The PSS-10 is a 10-item 
scale measuring the frequency of thoughts and feelings related to stress in a person within the previous month25. 
Participants completed a Likert-type scale varying from 0 (never) to 4 (very often). A higher total score on 
the PSS-10 indicates a higher level of perceived stress26. In studies comparing athlete and non-athlete young 
individuals, stress levels have been determined using the PSS-1025,27. The PSS-10 was used in this study to 
determine the effects of the stress factor on oral health and whether stress levels differed between the athlete 
group and control group. In the present study, the Cronbach alpha value for the PSS-10 was 0.72.

Mental well-being
Mental well-being was evaluated using the Warwick-Edinburgh Mental Well-Being Scale-7 (SWEMWBS-7). 
The SWEMWBS-7 is a 7-item 5-point Likert-type scale measuring positive mood and mental welfare 
dimensions. High total scores reflect better mental well-being28. The SWEMWBS-7 is frequently used with the 
aim of assessing the mental well-being of athletes29,30. In this study, the SWEMWBS-7 was used with the aim 
of investigating differences between the groups in terms of mental well-being and to evaluate possible effects of 
positive psychological status on oral health indicators. In the present study, the Cronbach alpha value for the 
SWEMWBS-7 was 0.82.
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Oral health–related quality of life (OHQoL)
Evaluation of the OHQoL used the short form of the Oral Health Impact Profile (OHIP-14) based on self-reports 
by patients31. The OHIP-14 comprises 14 items evaluating disease–impairment–disability–handicap in relation 
to oral health32. Responses are rated on a 5-point Likert scale varying from never (0 points) to very frequently (4 
points). High OHIP-14 scores indicate lower OHQoL33. In the present study, the Cronbach alpha value for the 
OHIP-14 was 0.87.

Statistical analysis
In this study, descriptive statistics were presented as number, percentage, mean, standard deviation, median, 
and 25th and 75th percentiles. The reliability of the scales used in the study was tested. In evaluating the internal 
consistency reliability of the scales, coefficients of 0.70 and above were considered indicative of acceptable 
reliability. Demographic characteristics were presented according to the study groups, and the relationships 
between categorical variables were examined using the Pearson chi-square test. In cases where the expected 
cell frequencies were insufficient, Fisher’s exact test was applied. In order to examine the differences between 
the groups, preliminary analyses were conducted prior to the main statistical tests. The assumption of normal 
distribution was checked using the Shapiro–Wilk test, and the homogeneity of variances was assessed using 
the Levene test (p < 0.05). When the normality assumption was met, the independent samples t-test was used 
to compare the athlete and control groups in terms of mental well-being, OHIP-14, perceived stress levels, 
nutritional intake amounts, and clinical measurements. When the normality assumption was not satisfied, the 
Mann–Whitney U test, a non-parametric alternative, was used for comparisons between the two independent 
groups. Analysis of covariance (ANCOVA) was conducted to examine covariance-adjusted differences between 
independent groups in terms of the number of decayed teeth, joint pain, other clinical parameters, and the effect 
of gender on endodontic status and oral health parameters, while statistically controlling for potential nutritional 
and psychological covariates. Prior to the ANCOVA analysis, the assumptions were tested; the measurement 
reliability of the covariates, the possibility of high correlations among covariates (r ≤ 0.80), and the linearity 
assumption were evaluated, and all assumptions were satisfied. In order to control the risk of Type I error in 
multiple comparisons, post hoc Bonferroni analysis was applied for variables showing statistical significance. All 
analyses were performed using IBM SPSS 27, and the statistical significance level was set at p ≤ 0.05.

Results
Demographic characteristics
After applying the exclusion criteria, five patients were excluded from the study due to recent use of antibiotics or 
analgesics. One patient diagnosed with Stage III periodontitis and two patients who had recently undergone non-
surgical periodontal therapy were excluded. Two patients declined to participate in the study. Consequently, 100 
individuals were included in the study. No participants were lost to analysis. There were no protocol deviations 
or changes in participant recruitment or study duration. A total of 50 highly trained athletes and 50 non-athlete 
individuals were included in the study.

Mean age was 21.50 (± 4.38) years in the athlete group and 24.10 (± 3.67) years in the control group. In the 
athlete group, the proportion of male individuals (68%) was higher, while in the control group the proportion 
of female individuals (68%) was higher. The distribution of athletes by sports discipline was as follows: football 
(n = 16; 32%), volleyball (n = 11; 22%), and handball (n = 23; 46%). When the duration of being a licensed athlete 
is investigated according to discipline, values were x̄=9.12 (± 2.06) years for football, x̄=9.72 (± 3.28) years for 
volleyball and x ̄=12.00 (± 4.97) years for handball.

In the group categories (athlete and control), statistically significant associations were identified between 
gender, marital status, frequency of tooth brushing, frequency of dental visits, smoking, and alcohol use 
(p < 0.05). In the athlete group, the rate of going to the dentist only when they had a complaint was higher, while 
the rate of attending regular dentist visits was higher in the control group (Table 1).

Clinical measurements
Individuals in the athlete group were found to have significantly higher numbers of teeth requiring endodontic 
treatment, numbers of decayed teeth, PAI, PI, GI and BOP scores compared to the control group (p < 0.05). 
Individuals in the control group had higher jaw pain and joint pain levels compared to the athlete group (p < 0.05).

No statistically significant differences were identified between the two groups in terms of number of teeth 
requiring RT, number of teeth with previous endodontic treatment, numbers of missing and filled teeth, BMI, 
PPD, NRS, DMF-T and facial pain levels (p > 0.05) (Table 2).

In the athlete group 0 erosion (0%), 9 abrasion (18%) and 3 attrition (6%) cases were identified, while in the 
control group 2 erosion (4%), 5 abrasion (10%) and 3 attrition (6%) cases were identified.

Nutritional parameters and number of meals
The PRAL, organic acid, vitamin D, vitamin B12, vitamin B2, vitamin B6, folate and calcium levels were 
significantly higher in the athlete group compared with the control group (p < 0.05). Additionally, there were no 
significant differences observed between the two groups in terms of sucrose, starch, CHO, antioxidants, vitamin 
A, vitamin E and vitamin C levels (p > 0.05).

In the athlete group, the total number of meals, number of snacks and number of main meals were significantly 
higher compared to the control group (p < 0.05) (Table 3).
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PSS-10, SWEMWBS-7 and OHIP-14 scores
The mental well-being scores of the athlete group were found to be significantly higher compared to the control 
group (p < 0.05). However, there were no statistically significant differences identified between the groups in 
terms of OHIP-14 and perceived stress levels (p > 0.05) (Table 4).

Number of decayed teeth (ANCOVA; covariate-adjusted)
The ANCOVA test was used to compare the number of decayed teeth according to the study groups in relation 
to the effects of nutritional and psychological parameters. The results of the analysis determined that OHIP-14 
(p = 0.001), antioxidant (p = 0.015) and vitamin E (p = 0.032) intake had statistically significant effects on the 
number of caries. Contrary to this, other nutritional and psychological factors were not found to have statistically 
significant effect on the number of caries (p > 0.05).

When all these variables were controlled, a statistically significant difference was found between the athlete 
and control groups in terms of the number of decayed teeth (p < 0.05) (Table 5).

Joint pain (ANCOVA; covariate-adjusted)
ANCOVA testing was applied to compare joint pain according to working groups with the effect of nutritional 
and psychological parameters. The results of the analysis determined that OHIP-14 scores had statistically 
significant effect on joint pain (p = 0.012). The other nutritional and psychological factors were not found to have 
statistically significant effect on joint pain (p > 0.05).

Between the athlete and control groups, when all these variables are controlled, no statistically significant 
differences were found in terms of the presence of joint pain (p > 0.05) (Table 6).

Athlete 
group

Control 
group

Test statistic pn % n %

Gender
Male 34 68.0 16 32.0 12.960a < 0.001*

Female 16 32.0 34 68.0

Marital status
Married 2 4.0 9 18.0 5.005a 0.025*

Single 48 96.0 41 82.0

Educational level

Primary school 0 0.0 1 2.0 4.770b 0.059

High school 37 74.0 27 54.0

University 13 26.0 22 44.0

Employment status
Unemployed 27 54.0 31 62.0 0.657a 0.418

Employed 23 46.0 19 38.0

Income level

No income 27 54.0 29 58.0 4.253b 0.234

17,000 TL or lower 1 2.0 4 8.0

17,001–39,999 TL 8 16.0 10 20.0

40,000 TL or more 14 28.0 7 14.0

Discipline

Football 16 32.0 0 0.0 – –

Volleyball 11 22.0 0 0.0

Handball 23 46.0 0 0.0

Frequency of dentist visits

Never been 2 4.0 0 0.0 5.754b < 0.001*

If I have a problem 41 82.0 34 68.0

Attend regularly 7 14.0 16 32.0

Attendance at dentist within the las 12 months

0 18 36.0 7 14.0 10.858b 0.055

1 14 28.0 19 38.0

2 13 26.0 16 32.0

3 3 6.0 5 10.0

4 2 4.0 0 0.0

Frequency of toothbrushing

Never 0 0.0 2 4.0 8.287b 0.010*

1 per day 0 0.0 1 2.0

2 or more per day 3 6.0 1 2.0

Smoking

Never 23 46.0 11 22.0 7.550b 0.022*

Occasionally 24 48.0 38 76.0

Regularly 28 56.0 38 76.0

Alcohol
Never 3 6.0 5 10.0 14.918a < 0.001*

Occasionally 19 38.0 7 14.0

Table 1.  Distribution of demographic characteristics in athlete and control groups. * p < 0.05; aPearson chi-
square test; bFisher’s exact test; %: Column percentage.
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Athlete group Control group

Test statistic pMean ± S.D. (M.) 25%Q.–75%Q. Mean ± S.D. (M.) 25%Q.–75%Q.

PRAL 8.14 ± 44.12(5.64) −16.84-43.13 −8.71 ± 19.51(-11.34) −21.85-4.71 2.470a 0.016*

Org. ac. (g) 14.27 ± 9.1(12.91) 6.9–17.9 10.28 ± 3.73(10.62) 7.32–12.06 −2.006b 0.045*

Sucrose (g) 63.59 ± 41.51(50.72) 30.24–78.37 50.7 ± 29.65(42.94) 31.52–61.61 −1.468b 0.142

Starch (g) 146.52 ± 110.6(98.17) 70.64-206.28 148.96 ± 80.11(128.31) 95.2-191.66 −1.206b 0.228

CHO (g) 330.4 ± 188.75(284.12) 183.83-414.52 294.79 ± 130.97(270.45) 210.94-348.91 −0.352b 0.725

Antioxidant (mmol) 7.03 ± 4.08(6.51) 4.17–9.49 7.6 ± 4.21(6.77) 5.38–9.19 −0.610b 0.542

A Vit. (µg) 3668.93 ± 3693.01(2868.47) 1564.64-4675.89 3232.08 ± 3554.41(2247.42) 1536.57-3593.64 −1.448b 0.148

D Vit. (µg) 12.45 ± 7.85(12.06) 5.74–16.18 8.08 ± 5.29(6.59) 4.56–10.01 −3.061b 0.002*

E Vit. (mg) 26.88 ± 14.95(24.72) 15.73–34.08 30.32 ± 18.52(24.58) 17.45–39.22 −0.576b 0.565

K Vit. (µg) 205.33 ± 230.3(142.6) 81.74-217.59 230.86 ± 186.89(166.25) 95.4-297.72 −1.241b 0.215

B12 Vit. (µg) 15.96 ± 14.3(11.79) 7.5-20.51 9.19 ± 11.13(5.59) 3.85–10.19 −4.102b < 0.001*

B1 Vit/Thiamin (mg) 1.79 ± 0.99(1.67) 1.19–2.02 1.48 ± 0.61(1.4) 1.1–1.66 −1.510 b 0.131

B2 Vit/Ribofl. (mg) 3.59 ± 1.75(3.24) 2.63–4.14 2.23 ± 1.1(1.86) 1.45–2.69 −4.654b < 0.001*

B6 Vit/Pyrid. (mg) 2.90 ± 1.6(2.45) 2.03–3.37 2.09 ± 0.84(1.97) 1.55–2.4 −3.233b 0.001*

Folate tot. (µg) 661.54 ± 369.82(574.09) 419.62-757.89 504.89 ± 246.55(450.64) 363.8-558.38 −2.709b 0.007*

C Vit. (mg) 293.84 ± 189.21(266.35) 128.33-401.33 255.08 ± 111.87(246.43) 185.15-313.36 −0.810b 0.418

Calcium (mg) 1823.67 ± 1034.85(1591.46) 1143.17-2223.48 1124.02 ± 460.74(1008.22) 780.47-1239.26 −4.233b < 0.001*

Total number of meals 3.16 ± 0.91(3) 3–4 2.54 ± 0.73(2) 2–3 −3.739b < 0.001*

Number of snacks 0.84 ± 0.74(1) 0–1 0.44 ± 0.70(0) 0–1 −2.972b 0.003*

Number of main meals 2.34 ± 0.69(2) 2–3 2.10 ± 0.42(2) 2–2 −2.398b 0.017*

Table 3.  Distribution and comparison of nutritional amounts between athlete and control groups. 
Abbreviations: CHO, Carbonhydrate; Org. Ac., organic acid; PRAL, potential renal acid load; Pyrid, 
Pyridoxine; Ribofl, Riboflavin; Tot, total; Vit, vitamin; *p < 0.05; a Independent samples t-test; b Mann-
Whitney U test.

 

Athlete group Control group

Test statistic pMean ± S.D. (M.) 25%Q.–75%Q. Mean ± S.D. (M.) 25%Q.–75%Q.

BMI 23.64 ± 2.93(23.15) 22.04–25.77 23.73 ± 4.29(22.86) 20.96-25 −0.827 a 0.408

Number of teeth requiring endodontic treatment 1.56 ± 1.80(1) 0–2 0.70 ± 0.76(1) 0–1 −2.436 a 0.015*

PAI 2.16 ± 1.84(2) 0–4 1.02 ± 1.00(1.5) 0–2 −3.233 a 0.001*

Number of teeth requiring RT 0.56 ± 1.01(0) 0–1 0.48 ± 0.74(0) 0–1 −0.069 a 0.945

Number of teeth with previous endodontic treatment 1.58 ± 2.14(1) 0–2 1.42 ± 1.80(1) 0–2 −0.206 a 0.837

NRS 1.86 ± 1.95(2) 0–3 1.70 ± 2.08(0) 0–3 −0.532 a 0.595

D-T 3.76 ± 2.06(3) 3–5 1.98 ± 2.10(1) 0–3 −4.199 a < 0.001*

M-T 0.38 ± 0.85(0) 0–0 0.56 ± 1.18(0) 0–1 −0.852 a 0.394

F-T 3.50 ± 3.48(3) 0–6 4.02 ± 3.35(3) 1–6 −0.953 a 0.341

DMFT 7.64 ± 4.86(6) 3–11 6.56 ± 4.08(6.5) 3–9 −0.841 a 0.401

Facial pain 0.30 ± 0.46(0) 0–1 0.36 ± 0.66(0) 0–1 −0.110 a 0.912

Jaw pain 0.30 ± 0.46(0) 0–1 0.68 ± 0.87(0) 0–1 −2.076 a 0.038*

Joint pain 0.42 ± 0.86(0) 0–1 0.72 ± 0.95(0) 0–1 −2.022 a 0.043*

PI 1.17 ± 0.58(1.11) 0.75–1.5 0.96 ± 0.4(0.95) 0.66–1.19 2.050 b 0.043*

GI 0.57 ± 0.49(0.54) 0.75–1.5 0.37 ± 0.29(0.32) 0.16–0.5 −2.063 a 0.039*

BOP 0.16 ± 0.15(0.14) 0.03–0.26 0.09 ± 0.08(0.07) 0.03–0.14 −2.578 a 0.010*

PPD 2.61 ± 0.43(2.54) 2.24–2.85 2.7 ± 0.38(2.7) 2.39–2.91 −1.496 a 0.135

Table 2.  Distribution and comparison of clinical measurements between athlete and control groups. 
Abbreviations: BMI, body mass index; BOP, bleeding on probing; DMF-T, decayed-, missing- and filled-teeth 
index; D-T, decayed teeth; F-T, filled teeth; GI, gingival index; M-T, missing teeth; PAI, periapical index; PI, 
plaque index; PPD, probing pocket depth; RT, retreatment; *p < 0.05; a Mann-Whitney U test; b Independent 
samples t-test.
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Other clinical parameters (ANCOVA; covariate-adjusted)
The ANCOVA test was applied to compare other clinical parameters between the study groups in relation to 
the effects of nutritional and psychological parameters. The results of the analyses determined that sucrose 
(p = 0.001), starch (p = 0.015), CHO (p = 0.003) and vitamin C (p = 0.001) intake had statistically significant effects 
on the number of teeth requiring RT. Sucrose (p = 0.030), CHO (p = 0.036) and vitamin C (p = 0.017) intake were 
identified to have statistically significant effects on the number of teeth with previous endodontic treatment. 
Vitamin B12 (p < 0.001) and vitamin K (p = 0.041) levels were observed to have statistically significant effects 
on NRS scores. Sucrose intake (p = 0.036), OHIP-14 (p = 0.020) and PSS-10 (p = 0.027) scores had statistically 
significant effects on DMF-T scores. Nutritional and psychological factors did not have statistically significant 
effects on number of missing teeth, number of filled teeth and PPD scores (p > 0.05).

When all these variables are controlled, no statistically significant difference was obtained between the 
athlete and control groups in terms of number of teeth requiring RT, number of teeth with previous endodontic 
treatment, number of missing teeth, number of filled teeth, NRS scores, PPD and DMF-T scores (p > 0.05) 
(Supplementary Tables S1-S7).

Source Type 3 total squares Mean squares F p

Corrected model 241.065 10.044 2.873 < 0.001*

Fixed 6.709 6.709 1.919 0.170

Total number of means 7.188 7.188 2.056 0.156

Number of snacks 8.245 8.245 2.358 0.129

Number of main meals 5.172 5.172 1.479 0.228

Mental Well-Being 4.086 4.086 1.168 0.283

OHIP-14 42.589 42.589 12.180 0.001*

Perceived stress 1.106 1.106 0.316 0.576

PRAL 0.206 0.206 0.059 0.809

Org. ac. (g) 0.008 0.008 0.002 0.962

Sucrose (g) 8.234 8.234 2.355 0.129

Starch (g) 5.887 5.887 1.684 0.198

CHO (g) 8.480 8.480 2.425 0.124

Antioxidant (mmol) 21.595 21.595 6.176 0.015*

A Vit. (µg) 0.783 0.783 0.224 0.637

D Vit. (µg) 1.652 1.652 0.473 0.494

E Vit. (mg) 16.765 16.765 4.795 0.032*

K Vit. (µg) 5.847 5.847 1.672 0.200

B12 Vit. (µg) 0.578 0.578 0.165 0.686

B1 Vit/Thiamin (mg) 1.391 1.391 0.398 0.530

B2 Vit/Ribofl. (mg) 0.625 0.625 0.179 0.674

B6 Vit/Pyrid. (mg) 4.806 4.806 1.375 0.245

Folate tot. (µg) 1.072 1.072 0.307 0.581

C Vit. (mg) 0.291 0.291 0.083 0.774

Calcium (mg) 5.055 5.055 1.446 0.233

Group 42.325 42.325 12.105 0.001*

Error 262.245 3.497

Total 1327.000

Corrected total 503.310

Table 5.  Effect of nutritional and psychological parameters on the number of decayed teeth in athlete and 
control groups. Abbreviations: CHO, Carbohydrate; OHIP-14, Oral Health Impact Profile-14; Org. Ac., organic 
acid; PRAL, potential renal acid load; Pyrid, Pyridoxine; Ribofl, Riboflavin; Tot, total; Vit, vitamin; *p < 0.05.

 

Athlete group Control group

Test statistic pMean ± S.D. (M.) 25%Q.–75%Q. Mean ± S.D. (M.) 25%Q.–75%Q.

Mental well-being 28.42 ± 3.84(28.5) 26–30 26.72 ± 4.29(27) 24–29 2.087a 0.040*

OHIP-14 8.18 ± 7.18(6) 3–13 9.12 ± 8.09(7) 1–15 −0.454b 0.650

Perceived stress 34.7 ± 5.16(35.5) 31–38 36.74 ± 6.78(37) 32–43 −1.694a 0.093

Table 4.  Distribution and comparison of scale scores for athlete and control groups. Abbreviations: OHIP-14, 
Oral Health Impact Profile-14; *p < 0.05; aIndependent samples t-test; bMann-Whitney U test.
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Effect of gender on endodontic status and oral health parameters (ANCOVA; covariate-
adjusted)
The ANCOVA test was applied to compare endodontic status and oral health parameters between the study 
groups, with gender included as a covariate. The main effect of gender was not statistically significant on the 
number of teeth requiring endodontic treatment and RT, PAI and NRS scores, DT, MT, PI, GI, BOP, facial pain, 
or jaw pain (p > 0.05). However, the main effect of gender was statistically significant on FT, DMFT, PPD, and the 
number of teeth with previous endodontic treatment (p < 0.05).

When gender was controlled for, no statistically significant differences were observed between the athlete 
and control groups in terms of the number of teeth with previous endodontic treatment, the number of teeth 
requiring RT, NRS scores, facial pain, joint pain, FT, DMFT, PI, or GI (p > 0.05). In contrast, significant differences 
were observed between the groups with respect to the number of teeth requiring endodontic treatment, PAI 
scores, DT, MT, BOP, PPD, and jaw pain (p < 0.05) (Supplementary Tables S8-S23).

Discussion
The inadequate oral health observed in athletes has critical importance in terms of general health and athletic 
performance. Nutrition rich in terms of CHO and psychological factors were reported to possibly be related to 
oral health problems observed in this population34,35. To the best of current knowledge, this is the first study to 
compare athletes and non-athlete individuals by jointly evaluating endodontic status and oral health in relation 
to quantitative nutritional intake and psychological factors, including perceived stress and mental well-being.

The findings revealed distinct differences in oral disease profiles between athletes and non-athlete individuals. 
Athletes exhibited a greater number of teeth requiring endodontic treatment, increased caries experience, and 
higher PAI, PI, GI, and BOP scores, indicative of more pronounced active endodontic and periodontal disease 
parameters. In contrast, non-athlete individuals reported higher levels of jaw and TMJ pain. This difference 
suggests that athletes may be more affected by subclinical and active oral disease parameters. In line with these 
findings, the null hypothesis that athletes and non-athlete individuals were similar in terms of endodontic status 

Source Type 3 total squares Mean squares F p

Corrected model 23.075 0.961 1.213 0.259

Fixed 0.301 0.301 0.380 0.539

Total number of meals 0.080 0.080 0.101 0.752

Number of snacks 0.094 0.094 0.119 0.732

Number of main meals 0.020 0.020 0.025 0.876

Mental well-being 0.411 0.411 0.518 0.474

OHIP-14 5.222 5.222 6.590 0.012*

Perceived stress 0.560 0.560 0.706 0.403

PRAL 0.123 0.123 0.155 0.695

Org. ac. (g) 2.859 2.859 3.608 0.061

Sucrose (g) 0.407 0.407 0.514 0.476

Starch (g) 1.409 1.409 1.778 0.186

CHO (g) 0.968 0.968 1.221 0.273

Antioxidant (mmol) 0.153 0.153 0.193 0.662

A Vit. (µg) 0.390 0.390 0.492 0.485

D Vit. (µg) 0.298 0.298 0.377 0.541

E Vit. (mg) 0.672 0.672 0.848 0.360

K Vit. (µg) 0.694 0.694 0.875 0.353

B12 Vit. (µg) 0.428 0.428 0.540 0.465

B1 Vit/Thiamin (mg) 0.010 0.010 0.013 0.911

B2 Vit/Ribofl. (mg) 1.106 1.106 1.396 0.241

B6 Vit/Pirid. (mg) 0.406 0.406 0.512 0.476

Folate tot. (µg) 0.287 0.287 0.362 0.549

C Vit. (mg) 2.577 2.577 3.253 0.075

Calcium (mg) 1.443 1.443 1.820 0.181

Group 0.028 0.028 0.035 0.851

Error 59.435 0.792

Total 115.000

Corrected total 82.510

Table 6.  Effect of nutrition and psychological parameters on comparison of presence of joint pain in athlete 
and control groups. Abbreviations: CHO, Carbohydrate; OHIP-14, Oral Health Impact Profile-14; Org. Ac., 
organic acid; PRAL, potential renal acid load; Pyrid, Pyridoxine; Ribofl, Riboflavin; Tot, total; Vit, vitamin; 
*p < 0.05.
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and oral health was rejected. These findings are consistent with previous evidence indicating a high prevalence 
of caries burden and periodontal disease among athletes8,36–40. Previous studies have similarly reported a high 
burden of oral diseases among athletes. For example, professional footballers in Thailand were shown to have 
very poor oral health, with a high prevalence of dental caries40, while elite athletes from various sports disciplines 
in the United Kingdom exhibited substantial rates of dental caries (49%), erosion (41%), and periodontal 
findings (77%)39. Moreover, approximately one-third of athletes reported dissatisfaction with their oral health 
and indicated that it negatively affected their sports performance39,40.

A study evaluating the oral health status of German athletes aged 18–30 years reported most athletes had 
high findings of gingival inflammation (58–85%). Additionally, the prevalence of caries in competitive athletes 
(34%) was higher than amateur athletes (19%); while the DMF-T values in both groups were similar. These 
results are consistent with the present findings. However, unlike the present findings, that study reported a 
higher prevalence of TMJ symptoms among competitive athletes8. The German Society for Craniomandibular 
Function and Disorders recommends that patients with joint disorders engage in physical activity to compensate 
for daily stress41. In this context, the risk of joint disorders observed in athletes may have been compensated 
through regular physical activity42. Additionally, Freiwald et al.42 reported that findings related to TMJ disorder 
in athletes had a broad range in the literature (between 11.7 and 100%). It is difficult to compare these findings 
due to reasons such as the very small or variable case numbers (ranging from 8 to 347), evaluation of dominantly 
male athletes and different methodological approaches (such as self-assessment survey, different clinical indexes 
or clinical examination)8,42. In addition, the available data are mostly based on contact sports42, whereas the 
present study examined contact and limited-contact sports disciplines43. These findings show the need for more 
research related to the prevalence, determinants and outcomes of TMJ symptoms in the athletic population42.

When high-performance athletes seeking dental care during the 2019 Pan American Games were examined, 
pre-existing oral pathological conditions (most commonly periodontal diseases and dental caries) were observed 
in 90.8% of the athletes. Additionally, one of the most notable findings of this descriptive study was that the 
prevalence of trauma (9.2%) was much lower than the prevalence of dental diseases (90.8%)44. Because dental 
emergencies during sports competitions are generally expected to be trauma-related, the focus of sports dentistry 
research has frequently been on traumatic dental injuries32,44–46. Indeed, to date, endodontic diseases in athletes 
outside the context of trauma have not been previously investigated47,48. In a study examining trauma-related 
endodontic sequelae, McCarthy et al.48 reported findings consistent with the present study, with the majority of 
boxers exhibiting gingivitis (88.5%), a small proportion presenting periodontal pocket depths greater than 3 mm 
(11.5%), and dental caries (11.5%). In addition, dental and endodontic sequelae were more frequently identified 
in older boxers who had participated in a greater number of competitions. In this study, while the number of 
teeth requiring endodontic treatment and PAI scores of athletes were higher compared to non-athletes, the 
number of teeth requiring RT, teeth with previous endodontic treatment and pain with endodontic origin were 
identified to be similar in both groups. It should be noted that the present study included young adults aged 18–
30 years. Considering the cumulative exposure associated with aging, an increase in endodontic treatment needs 
and other endodontic disease parameters parallel to periapical pathology may be expected in older athletes. 
Taken together, these findings indicate a dissociation between clinical symptoms and the underlying endodontic 
disease burden in athletes. Despite higher numbers of teeth requiring endodontic treatment and increased 
PAI scores, no parallel increase was observed in pain levels, RT needs, or OHQoL. This pattern suggests that 
a substantial proportion of endodontic lesions in athletes may be chronic, early-stage, or clinically silent. In 
high-performance populations, this asymptomatic disease burden may be further accentuated by adaptive pain 
perception, high pain tolerance, and delayed care-seeking behaviors driven by intensive training demands and 
competition priorities. Indeed, the literature reports that pain perception in athletes may be more adaptive49; in 
populations where care-seeking behavior is largely pain-driven, this may be associated with reduced symptom-
based dental attendance and delayed treatment4,30,50. From a clinical perspective, this dissociation underscores 
the inadequacy of relying solely on symptom-based dental visits in athletes and highlights the importance of 
regular preventive oral health screening and early radiographic assessment outside of competition periods44.

Another parameter frequently investigated in athletes is non-carious tooth wear, encompassing erosion, 
abrasion, and attrition. A meta-analysis reported a prevalence of erosion of 47% among athletes50. Consistent 
with the findings of the present study, Merle et al.8 identified mild non-carious tooth wear in athletes aged 
18–30 years. Although the present study focused on young adults, abrasion was observed in 18% of athletes, 
suggesting that non-carious tooth wear may increase with age and that group differences may become more 
pronounced over time. Non-carious tooth wear is a multifactorial condition influenced by dietary habits, oral 
hygiene practices, and behavioral factors. Therefore, multivariate analyses are required to better elucidate the 
multiple risk factors associated with tooth wear in athletic populations51.

Professional athletes are exposed to a specific lifestyle combining special diets, sugar consumption during 
exercise, mental stress and/or increased orofacial trauma risk. Oral health behaviors may also be adversely 
affected in parallel with these factors8,35,52. Consistent with the literature, it was observed that problem-oriented 
dental visits were more common among athletes than regular dental check-ups. This situation may be related to 
intense training schedules, issues of accessibility or prioritization, and the insufficient integration of preventive 
care into sports programs4,32,53. One of the differences related to lifestyle is that the incidence of smoking and 
alcohol consumption is lower among athletes; this tendency is compatible with the literature reporting lower 
tobacco and alcohol consumption among physically-active individuals35.

Rather than acting as isolated risk factors, nutritional variables in athletes appear to function as modulators 
of oral and endodontic disease risk within a broader behavioral and physiological context54–56. In addition to 
behavioral features, both the amount and frequency of carbohydrate intake, as well as sports-specific daily protein 
consumption, have previously been reported as key contributors to increased caries risk among athletes54. In the 
present study, although total carbohydrate intake did not differ significantly between athletes and non-athletes, 
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athletes exhibited higher meal frequency, PRAL, and organic acid intake. These findings suggest that not only 
absolute nutrient amounts, but also the timing and frequency of dietary exposure, may be critical determinants 
of oral disease risk. Such dietary patterns, when combined with exercise-induced dehydration and reduced 
salivary flow during training, may create a physiological environment that favors oral demineralization and caries 
development54–56. Consistent with this interpretation, athletes continued to exhibit a higher number of decayed 
teeth even after controlling for all evaluated nutritional and psychological factors. This persistent difference 
may be attributable to dehydration during sports activity, physicochemical alterations in saliva, or differences in 
oral microbiota composition54,57. At the same time, higher levels of vitamin D, B-group vitamins, and calcium 
observed in athletes indicate the coexistence of protective nutritional behaviors, underscoring the dual role of 
nutrition as both a risk-enhancing and protective modulator of oral health35,55. In addition, consistent with the 
literature, OHIP-14 scores, antioxidant levels, and vitamin E levels were observed to influence the number of 
decayed teeth58,59. Similarly, Hussein and Hussein58 reported that vitamin E and antioxidant levels in salivary 
samples of children with dental caries were lower compared to those in children without caries. Together, 
these findings suggest that oral disease risk in athletes is shaped less by single dietary components and more by 
cumulative exposure patterns, behavioral habits, and sport-specific physiological conditions54–56,59.

Importantly, specific dietary components were also found to influence endodontic status. Intake of sucrose, 
carbohydrates, and vitamin C showed significant effects on the number of endodontically treated teeth and 
teeth requiring retreatment, while sucrose and carbohydrate intake may have indirectly increased endodontic 
treatment needs by elevating caries risk35. Vitamin C supplementation, on the other hand, has been reported to 
enhance healing processes and reduce periodontal disease risk, suggesting a complex and context-dependent 
relationship between micronutrient intake and endodontic outcomes60,61. However, the mechanisms linking 
these nutrients to endodontic status remain unclear, and further clinical studies are required to elucidate these 
associations.

When the literature is examined, higher levels of physical activity are consistently associated with greater 
psychological well-being62,63. In the present study, the higher mental well-being observed in the athlete group 
compared to the control group supports the beneficial role of regular physical activity in promoting psychological 
health. Importantly, despite this higher mental well-being, perceived stress and OHIP-14 scores were similar 
between athletes and non-athletes. This apparent dissociation suggests that competitive stressors inherent 
to athletic life, such as intensive training schedules and performance pressure, may coexist with adaptive 
psychological mechanisms developed through regular physical activity and sport participation. In support of 
this interpretation, a meta-analysis has demonstrated that athletes consistently exhibit higher pain tolerance 
compared to normally active control groups64. While pain thresholds are considered relatively stable, pain 
tolerance is reported to be strongly modulated by psychological and psychosocial factors such as self-efficacy, 
pain acceptance, and coping skills5,46,65. Regular exposure to intense physical and psychological demands may 
enable athletes to develop more effective pain-coping strategies over time and to regulate pain perception in a 
more adaptive manner49,64. Similarly, Gerber et al.65 reported that mental resilience may buffer perceived stress 
and related burnout or depressive symptoms in young elite athletes. Such adaptive psychological mechanisms 
may have attenuated the impact of clinical or functional problems on subjective OHQoL by regulating stress 
perception, symptom reporting, and disease appraisal49,66–68. Consistent with this perspective, Kragt et al.2 
demonstrated generally high OHQoL among Dutch elite athletes despite a substantial oral disease burden. 
Additionally, in this study, the significant effect of the OHIP-14 scores on DMF-T score and joint pain shows 
that the subjective evaluation of oral health by individuals may be closely related not just to dental caries but 
also to functional problems like joint pain. Taken together, these findings indicate that psychological adaptation 
in athletes may partially explain why clinically meaningful oral health findings do not necessarily translate into 
worse subjective outcomes.

To the best of the authors’ knowledge, this study is the first to evaluate the endodontic status and oral 
health of athletes together with quantitative nutritional and psychological measures. It is also among the first 
comparative studies to assess the relationship between nutrition and oral health in athletes at the nutritional-
element level rather than by food types. Literature screening observed limited studies included a control group 
comprising non-athlete individuals42. In the present study, a control group within the same age range was 
established, and the experimental group consisted of athletes with comparable training volume and competition 
level. Athletes are expected to possess a certain level of physical strength and BMI. Previous studies have shown 
that periodontitis, missing teeth, and decayed teeth in athletes are significantly associated with higher BMI 
values69,70. In the present study, similar BMI levels between groups stand out as a strength that enhances the 
reliability of the comparisons.

The present study has several limitations that should be acknowledged. First, the cross-sectional design 
precludes causal inferences, and the reliance on self-reported measures may have introduced reporting bias2,8. In 
addition, the imbalance in gender distribution between the athlete and control groups represents an important 
limitation, given known sex-related differences in oral health behaviors and disease prevalence. In previous 
studies involving athletes, it appears more male participants were generally included9,71. Similarly, in this study, 
there were higher numbers of men in the athlete group with a higher number of women in the control group. 
Considering the studies reporting that males may have poorer oral health compared to females, it can be assumed 
that the findings of the present study, as well as previous results, may have been partially influenced by gender 
differences72,73. To address this potential confounding factor, additional analyses were conducted with gender 
included as a covariate. When the effect of gender was controlled, the results regarding the number of teeth 
requiring endodontic treatment, the number of teeth requiring RT, PAI and NRS scores, DT, MT, BOP, facial 
pain, and jaw pain remained unchanged between the groups, indicating that these findings were not affected by 
the imbalance in gender distribution. Accordingly, the observed differences in the number of teeth requiring 
endodontic treatment, PAI scores, DT, BOP, and jaw pain are more likely to be associated with group-specific 
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behavioral and environmental factors rather than gender differences. In contrast, when gender was controlled 
for, the group effect for joint pain, PI, and GI—parameters that were initially higher in the athlete group—
lost statistical significance, suggesting that the observed group differences for these outcomes may have been 
influenced by differences in gender distribution. Nevertheless, gender did not independently affect joint pain, 
PI, or GI levels.

Furthermore, DMFT, FT, and the number of teeth with previous endodontic treatment differed significantly 
according to gender, whereas no significant differences were observed between the athlete and control groups 
for these parameters. When the subcomponents of DMFT were evaluated together, the presence of a significant 
group effect for DT in the absence of group differences in MT and FT may have resulted in a balancing effect 
on the overall DMFT score. This finding may explain why the DMFT index, which reflects cumulative oral 
health burden, remained similar between the groups despite differences in active disease indicators. In addition, 
although DT and the number of teeth requiring endodontic treatment were higher in the athlete group, the lack 
of a marked difference in FT and the number of teeth with previous endodontic treatment suggests that active 
disease indicators are more pronounced in athletes, whereas indicators of completed dental treatment remain 
more limited. Finally, gender was found to have a significant effect on PPD levels, and the group variable also 
showed a significant association with PPD. This finding suggests that the pronounced influence of gender on 
PPD may have masked the true group differences in unadjusted comparisons.

Another limitation of the present study is the heterogeneity of sports disciplines represented in the athlete 
group. Different sports may be associated with distinct physical demands, stress exposure, nutritional habits, 
and injury profiles, all of which could differentially influence oral and periodontal health11,54,74–76. However, all 
athletes included in the present study were engaged in team sports, which may have partially limited variability 
related to individual sport-specific training and competition characteristics. Moreover, heterogeneity across 
sports disciplines may also reflect the real-world diversity of participation in competitive sports and enhance the 
external validity of the findings77,78.

Future longitudinal studies with larger and more homogeneous samples, including athletes from different 
performance levels, sports disciplines, and age groups, are needed to better characterize oral health profiles 
and related risk factors. Further research may also elucidate the underlying biological mechanisms associated 
with physical activity, nutrition, and stress physiology. In particular, studies simultaneously assessing local and 
systemic inflammatory markers, such as salivary and serum cytokine levels, may provide deeper insight into 
the interaction between oral inflammation and systemic inflammatory burden in athletes. Moreover, future 
investigations integrating oral health parameters with objective and subjective measures of athletic performance 
may further clarify the clinical relevance of oral health in competitive sports. In addition to quantitative 
approaches, qualitative studies employing interview-based methodologies could enable a more in-depth 
exploration of athletes’ perceptions, behaviors, and psychosocial factors related to poor oral health, thereby 
complementing quantitative findings and supporting the development of more targeted preventive strategies.

Conclusion
In the athlete group, the number of teeth requiring endodontic treatment, PAI scores, number of decayed teeth, 
and periodontal index scores (GI, PI, and BOP) were higher compared to non-athlete individuals. However, 
athletes exhibited higher levels of mental well-being. In the athlete group, PRAL, organic acid, vitamin D, 
vitamin B12, vitamin B2, vitamin B6, folate, and calcium levels were higher compared with the control group. 
Importantly, even after controlling for nutritional and psychological factors, athletes continued to exhibit a 
higher number of decayed teeth. In addition, sucrose, starch, carbohydrate, and vitamin C, B12, and K intake 
were identified as key nutritional factors influencing endodontic status. In this context, professional support 
programs about diet and oral care supporting the oral health of athletes may provide significant benefits.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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