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Summary

Objectives: The growing diffusion of sports activities is centering attention on the development of diseases correlated with 
sports performance. The most common diseases reported by sswimmers are dental stains. They are also exposed to the onset 
of erosive tooth wear and harbor cariogenic bacteria. Considering that the oral cavity of swimmers is in close contact with 
the swimming pool water in their daily training environment, this study aimed to evaluate whether swimming can change 
salivary parameters and oral microbiota of amateur athletes. 
Material and method: This before-after study included 18 amateur athletes between 10 to 18 years old from a Swimming 
Team who practiced the sport at least three times a week. The swimmers were interviewed by a questionnaire and clinically 
evaluated. Unstimulated saliva was collected before and immediately after swimming. The salivary flow, pH, and buffer capacity 
were evaluated. The microbiological analysis included: total microorganisms, mutans streptococci group, Lactobacillus spp., 
and Candida spp. Wilcoxon test was applied before and after swimming with 5% level of significance. 
Results: A total of 18 subjects participated in this study. All of the pool parameters were under acceptable limit. There was 
no statistical difference in the salivary parameters: salivary flow (P = 0.264), pH (P = 0.132); buffer capacity (P = 0.067). Regar-
ding the oral microbiota, no significant differences were found before and after swimming for mutans streptococci group 
(P = 0.950), Lactobacillus spp. (P = 0.432), Candida spp. (P = 0.386), and total microorganisms (P = 0.332). 
Conclusion: No change was observed in the salivary parameters and the oral microbiota before and after swimming in the 
evaluated group. 

Key words:  
Swimmer. Saliva. Swimming.  

Microbiota.

Resumen

Objetivos: La creciente difusión de las actividades deportivas está centrando la atención en el desarrollo de enfermedades 
relacionadas con el rendimiento deportivo. Las enfermedades más comunes reportadas por los nadadores son las manchas 
dentales. También están expuestos a la aparición de desgaste dental erosivo y albergan bacterias cariogénicas. Teniendo en 
cuenta que la cavidad bucal de los nadadores está en estrecho contacto con el agua de la piscina en su entorno de entrena-
miento diario, este estudio tuvo como objetivo evaluar si la natación puede cambiar los parámetros salivales y la microbiota 
oral de los atletas aficionados. 
Material y método: Este estudio antes-después incluyó 18 deportistas aficionados de entre 10 y 18 años de un Equipo de 
Natación que practicaban este deporte al menos tres veces por semana. Los nadadores fueron entrevistados mediante un 
cuestionario y evaluados clínicamente. La saliva no estimulada se recogió antes e inmediatamente después de nadar. Se 
evaluó el flujo salival, el pH y la capacidad amortiguadora. El análisis microbiológico incluyó: microorganismos totales, grupo 
Streptococcus mutans, Lactobacillus spp. y Candida spp. Se aplicó la prueba de Wilcoxon antes y después de nadar con un 
nivel de significancia del 5%. 
Resultados: Un total de 18 sujetos participaron en este estudio. Todos los parámetros del pool estuvieron por debajo del 
límite aceptable. No hubo diferencia estadística en los parámetros salivales: flujo salival (p = 0,264), pH (p = 0,132); capacidad 
amortiguadora (p = 0,067). En cuanto a la microbiota oral, no se encontraron diferencias significativas antes y después de 
nadar para el grupo Streptococcus mutans (p = 0,950), Lactobacillus spp. (p = 0,432), Candida spp. (p = 0,386), y microorganis-
mos totales (p = 0,332). 
Conclusión: No se observó cambio en los parámetros salivales y en la microbiota oral antes y después de nadar en el grupo 
evaluado.
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Introduction

Sport is a double-edged sword with positive and negative effects on 
health1. On the one hand, sports and physical activity can improve the 
quality of life through the prevention of diseases and the maintenance 
and recovery of the individual’s health2-4. On the other hand, negative 
effects include the risk of failure leading to poor mental health5,6, risk 
of injuries7,8, eating disorders9, burnout10, oral cavity alterations11-14, and 
exercise-induced gastrointestinal tract discomfort15. 

The growing diffusion of sports activities is centering attention 
on the development of diseases correlated with sports performance16. 
The main disorders of the athletes’ oral cavity are dentofacial trauma, 
caries, erosions, and periodontal disease11-14. Such oral diseases harm 
quality of life and have a negative impact on self-esteem, eating ability, 
and health, causing pain, anxiety, and impaired social functioning17,18.

Regarding the swimmers, the most common diseases reported 
are dental stains. In addition, they are exposed to the onset of erosive 
tooth wear (ETW), a chemical-mechanical process characterized by a 
painful and irreversible cumulative loss of the enamel of a non-bacterial 
nature18,19. Swimmers can also harbor cariogenic bacteria, such as Strep-
tococcus mutans, Streptococcus sobrinus, and Lactobacillus spp. and favor 
their growth11. There is little information available about the correlation 
between the performance of swimming and tooth decay occurrence20. 
Dental caries is a lifetime disease that depends on biological factors 
present within the saliva and dental plaque. Dental plaque favors the 
emergence of Streptococcus mutans and Lactobacillus spp., which are 
capable of rapidly fermenting dietary carbohydrates and lowering the 
pH causing tooth demineralization21,22. The concentration of cariogenic 
bacteria levels within saliva and plaque will be determinant for the 
occurrence of caries23. 

Saliva is a biological oral fluid, involved in several functions of oral 
health and homeostasis, and plays an active role in maintaining oral 
health itself24,25. The saliva components have several vital roles in the oral 
mucosa immunity (immunoglobulin A [IgA], mucins and cystatins), in 
the protection of teeth against the action of microorganisms (lysozyme, 
lactoferrin, histamine)26, in food digestion (alpha-amylase and protea-
se)27, and in the buffering of acidic substances (bicarbonate, phosphate 
and proteins)28,29. The performance of sports activities influences the 
main characteristics of saliva, such as consistency, flow, pH, and buffer 
capacity25. Exercising may also alter saliva protein content. Physical 
activity activates the autonomic nervous system which impacts the 
secretion and content of saliva30. The stimulation of the sympathetic 
system results in the secretion of low volumes of saliva which is high in 
protein, whereas the stimulation of the parasympathetic system causes 
increased secretion of water and mucin31. The stimulation of the sym-
pathetic system may result in changes in the salivary flow, reabsorption 
and the secretion of electrolytes in the secretory cells by modifying the 
ion concentration of the saliva32. 

Among the most abundant salivary proteins in the sports area are 
the salivary α-amylase and IgA, which play a key role in oral mucosa 
immunity27,33. Some factors are responsible to regulate the oral ecology, 
such as salivary pH, flow rate, buffering capability, total bacterial count, 
cariogenic bacterial load, and IgA levels34,35. Considering that swimmers 

are in close contact with the swimming pool water on their daily basis, 
this study aimed to evaluate whether swimming can change salivary 
parameters and oral microbiota of amateur athletes. The hypothesis is 
that the exposure to pool water changes the salivary parameters and 
the oral microbiota.

Material and method

Ethical approval

The study was approved by the local Ethics and Research Com-
mittee (#830.318). Appropriate written informed consent was obtained 
from all participants and legal guardians in case of underage athletes. 

Study design 

This before and after study consisted of 18 amateur swimmers, aged 
between 10 and 18 years, from a swimming team in the city of Nova 
Friburgo, Rio de Janeiro state, Brazil. 

Subjects were invited and participated voluntarily in the study. The 
following inclusion criteria were considered: amateurs athletes practi-
cing swimming at least three times a week for at least one year and that 
participate in competitions. Exclusion criteria were: swimmers who were 
not willing to participate in all parts of the survey; syndromes or chronic 
systemic diseases; systemic antibiotics, or local antimicrobials within 
the previous 3 months; patients under medication affecting the saliva 
flow rate; partial or total removal prosthesis or orthodontic appliances.

A self-administered questionnaire was used to obtain data concer-
ning hours and frequency of weekly training, complete pathological 
history, history of hard and soft tissues of the oral cavity, family history, 
oral hygiene practices, and eating habits (supplements consumed and 
dietary information such as intake of drinks, fruit juices, and soda)11.

The selection of the participants was done through convenience 
sampling.

Clinical monitoring and saliva collection

Each patient was clinically evaluated and intraoral examination 
was performed and the presence/absence of bad habits and/or para-
functional habits, and dental erosions were assessed.

The unstimulated saliva from each swimmer was collected before 
and immediately after the training, which averaged two hours (13:00-
15:00). The volunteers were instructed to not brush their teeth, eat or 
drink excepting for water, at least 1 hour prior to the saliva collection. 
During the sample collection, the subjects were comfortably seated in 
a ventilated and lighted environment with head slightly down. They 
were instructed not to swallow or move their tongue or lips during the 
collection process. With the use of a chronometer, over a period of 6 
minutes, the swimmers were asked to spit the accumulated saliva on 
a tube type Falcon calibrated. Abnormal values were less than 0.1 mL/
min without stimulation.

The saliva samples were immediately placed on ice and transferred 
to the laboratories for processing. The pH, buffer capacity, salivary flow 
at rest, and counts of mutans streptococci group, Lactobacillus spp., 



Assessment of salivary parameters and oral microbiota in amateur swimmers

157Arch Med Deporte 2024;41(3):155-160

and Candida spp., expressed in Colony Forming Unit (CFU)/mL were 
analyzed. 

The saliva pH was measured using a pH indicator strip (0 to 14) 
(Macherey-Nagel GmbH & Co, Düren, Nordrhein-Westfalen, Germany) 
according to the manufacturer.

For buffer capacity analysis, 500 µL of saliva samples were mixed 
with 1.5 mL of 5 mM HCl (hydrochloric acid) in a sterile microtube. Then, 
the microtubes were agitated for 1 min and opened for 5 min to allow 
the CO2 to escape. After that, 10 µL of the solution was pipetted onto 
pH indicator strip (0 to 14) (Macherey-Nagel GmbH & Co).

Microbiological evaluation

For counting total microorganisms, mutans streptococci group, 
Lactobacillus spp., and Candida spp., the saliva was vortexed for 1 min. 
Afterwards, an aliquot of 100 µL of each sample was transferred to 
sterile microtube containing 900 µL of sterile saline (0.9% NaCl). Serial 
decimal dilutions were made up to 10-8 and 50 µL of each dilution were 
inoculated into Petri dishes containing the culture media to be tested. 
The medium used for counting the mutans streptococci group was the 
commercial Mitis Salivarius agar (HiMedia Laboratories, LLC, Mumbai, 
India). The culture medium used for counting Lactobacillus was Rogosa 
agar (HiMedia Laboratories, LLC, Mumbai, India). The culture medium 
used for counting Candida spp. was the Sabouraud dextrose agar 
(Becton, Dickinson and Company, Sparks, USA). The Mitis Salivarius and 
Rogosa plates were incubated in a candle jar, while Sabouraud dextrose 
plates were aerobically incubated, for 48 h at 36 °C. The colonies with 
morphological characteristics of the respective microorganism were 
considered for counting. The results were expressed in CFU/mL of saliva.

Swimming pool water collection

Samples of the swimming pool water (10 mL) were also collected 
in test tubes at regular intervals throughout the day and sent to the 
laboratory for evaluation. 

Free Residual Chlorine, pH, Bicarbonate Alkalinity, Calcium Severity 
and salinity were evaluated by the LabAgua Environmental Laboratory, 
Niterói, RJ, Brazil. 

Statistical Analysis

 Data were analyzed through the Statistical Package for the 
Social Science program (SPSS® for Windows; version 16.0; Chicago, IL, 
USA). The Shapiro-Wilk test was used to verify the normal distribution of 
the microbiological results. The principle of normality of the sample was 
not confirmed. The Wilcoxon test was applied to establish a comparison 
between variables of interest (P <0.05). 

Results 

A total of 18 subjects participated in this study (11 females and 7 
males). The mean age was 13.44 ± 2.14 years. The athletes practice swim-
ming at least 3 times a week and two hours a day. The demographic and 
clinical characteristics of the studied population are presented in Table 1. 

Table 1. Questionnaire with the prevalence (%) of clinical charac-
teristics and habits.

Questions Non-competitive 
swimmers (n=19) %

Gender
     Male 7 39
     Female 11 61
How many times per week do you swim?
     3 1 5
     4 1 5
     5 or more 16 88
Dental erosion
Have you observed erosive effects on your teeth  
after drinking isotonic or energy drinks? 
     Yes 1 6
     No  17 94
“Yellow teeth”
What color do you think your teeth are? 
     Yellow 12 67
     White 6 33
Oral habits
Bruxism (Clench or grind your teeth?)

     Yes 4 22
     No 14 78
Mouth or nose breathing? 
     Mouth 8 44
     Nose 10 56
Hygine habits
Do you brush your teeth after meals? 
     Yes 12 67
     No 6 33
How many times a day do you use dental floss? 
     Never 5 28
     Once a day 8 44
     2 or more times a day 5 28
Does your gum usually bleed when brushing your teeth or flossing? 
     Yes 6 33
     No 12 67
What is the best way for you to hydrate yourself?  
(Water, Isotonic, Energetic, natural juice?)
     Water 18 100
Isotonic drinks intake?
     Yes 10 56
     No 8 44
Energetic drinks intake?
     Yes 3 17
     No 15 83
Acid drinks intake?
Soda 
     Yes 1 6
     No 17 94
Juice fruit
     Yes 5 28
     No 13 72
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Pool parameters at the time of swimming and saliva collection are 
shown in Table 2. All of the parameters were under acceptable limit.

There was no statistical difference between salivary parameters, 
such as sialometry, pH and buffer capacity before and after swimming 
(P >0.05). The salivary parameters before and after swimming are shown 
in Table 3. 

Regarding the oral microbiota, no significant differences were found 
before and after swimming for mutans streptococci group (P = 0.950), 
Lactobacillus spp. (P = 0.432), and Candida spp. (P = 0.386) (Table 4). 

Discussion

Swimming is often a recommended sport due to its benefits on the 
whole body. With the increasing number of amateurs swimmers regu-
larly attending swimming pools, this study aimed to evaluate whether 
exposure to chlorine derivatives may change salivary parameters and 
oral microbiota of amateur swimmers. The authors hypothesized that 
the exposure to pool water could influence the salivary parameters and 
the oral microbiota of amateur swimmers. This hypothesis was rejected. 

The results of this study showed that all amateur swimmers did not 
experience a significant alteration of their salivary parameters and oral 
microbiota. Contrastingly, Bretz et al.36 found that competitor athletes 
who had swum at a gas-chlorinated swimming pool experienced a 
significant alteration in their salivary parameters. This difference between 
amateur and competitor swimmers may be explained by the time spent 
inside the swimming pools and performing a more vigorous physical 
exercise. Consequently, having more contact between water and oral 
cavity. In this sense, amateur swimmers seem to be much less exposed 
than competitive swimmers18. Chlorine-based disinfectants are used for 
microbial disinfection of the swimming pools37,38. They provide rapid 
and long-lasting disinfection effects in the water39. The use of ozone 
and ultraviolet disinfectants has been adopted in some cases, although 
generally they are used together with either chlorine or bromine for 
the provision of a residual disinfectant37. However, chlorination has the 
potential to produce a wide range of disinfection by-products (DBPs)40. 
The American Public Health Association recommends that proper pool 
maintenance records be kept, including thrice-daily chlorine level 
measurements and pH readings as well as the daily consumption of 
chlorine gas and soda ash41. 

Swimmers in improperly maintained swimming pools may be 
susceptible to acid erosion of the enamel42. Some authors believe that 
if the pH of the pool water decreases below that of saliva, erosions on 
dental hard tissue may occur36,43. In this study, the pool water showed 
a daily pH of 7.9, thereby meeting the required pH values (from 7.20 to 
9.0) and having no effect on swimmers in relation to the development 
of erosions, which is in accordance with other studies11,43. A tendency 
for a decrease in average salivary pH after the swimming session has 
also been reported36. However, other data pointed to an opposite trend 
with no significant alteration in pH, before and after training sessions25,44. 
Similar results were observed in this study. 

Table 2. Pool parameters at the time of swimming.

Test Result Unit Acceptable limit

pH 7.92 - 7.0 – 7.6

Free Residual Chlorine 1.53     mg/L 1.0 – 3.0

Bicarbonate Alkalinity 89 mg/L CaCO3 120

Calcium Severity 126 mg/L CaCO3 200 – 400

Salinity 10.5 % ---

Table 3. Salivary parameters before and after swimming.

          Sialometry pH Buffer capacity

Before After Before After Before After

Mean 3.05 2.80 6.86 7.00 4.25 3.73

(SD) (2.30) (2.28) (0.59) (0.51) (0.84) (0.81)

Median 2.10 1.70 7.00 7.00 4.00 3.50

(Q1-Q3) (1.25- 4.35) (1.18-4.50) (6.37-7.12) (6.87-7.50) (3.50-5.00) (3.00-4.50)

Significance P  = 0.264 P  = 0.132 P  = 0.067

Wilcoxon test; P <0.05 indicates statistical significance; Q1-Q3: 1st and 3rd quartiles (25%, 75%, respectively).

Table 4. Oral microbiota before and after swimming.

Microorganism Total microorganisms Streptococcus spp. Lactobacillus spp. Candida spp.

log10 CFU/mL) Before After Before After Before After Before After

Mean 7.236 7.120 2.731 2.443 2.637 2.307 2.248 2.103

Standard deviation 1.017 0.920 0.842 1.089 0.496 0.893 0.990 1.026

Median 7.477 7.031 2.929 2.812 2.656 2.477 2.964 2.280

Quartiles (Q3-Q1) 6.577-7.700 6.705-7.594 2.508-3.000 2.088-3.000 2.306-3.000 2.299-2.930 1.434-3000 1.516-3.000

Significance P = 0.332 P = 0.950 P = 0.432 P = 0.386

Wilcoxon test; P <0.05 indicates statistical significance; Q1-Q3: 1st and 3rd quartiles (25%, 75%, respectively).
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During swimming, energy consumption is high and prolonged. 
This condition may alter the salivary flow rate24. The loss of electrolytes 
and water through sweat may contribute to decrease the salivary flow 
rate45. In this study, it was observed a decrease in salivary flow rate and 
buffer capacity before and after training session, but this decrease 
was not statistically significant (P >0.05). Previous studies also found a 
decrease in the salivary flow rate36,46, which has been explained by an 
increase in sympathetic activity during intense exercise, since sympathe-
tic innervations cause a marked vasoconstriction, resulting in reduced 
salivary volume29. Another explanation is the loss of electrolytes and 
water through sweat and restricted fluid intake during exercise that 
may contribute to decrease the salivary flow rate32. 

Athletes require high performance standards, especially swimmers, 
who must be totally healthy. Thereby, it is of paramount importance to 
evaluate the oral health of hard and soft tissues and the prevalence of 
caries in swimmers by assessing salivary cariogenic bacteria. Strepto-
coccus spp. are related to dental caries47. S. mutans and S. sobrinus have 
greater cariogenic potential in humans48,49. Lactobacillus spp. are also 
secondary pathogens50. Besides these traditional culprits for dental 
caries, it has been discovered that Candida albicans has a synergistic 
interaction with S. mutans which may influence early childhood caries 
(ECC), since children with C. albicans present five times greater odds of 
experience ECC51. Therefore, this study also assessed salivary cariogenic 
bacteria (Streptococcus spp., Lactobacillus spp.), and C. albicans before 
and after swimming and found no statistical difference in the athletes’ 
oral microbiota. Contrastingly, D’Ercole et al.25 found that the swimmers 
total bacterial count and the load of S. mutans, S. sanguis, L. fermentum 
and A. gerencseriae underwent a statistically significant increase after 
swimming. S. mutans, S. mitis and L. acidophilus mean values were sig-
nificantly higher in swimmers than in controls. A possible explanation 
is that the frequency and duration of swimming may increase the risk, 
since athletes are exposed to adverse conditions, such as pH and salivary 
flow changes during sports practice.

Despite not being the focus of this study, the eating habits and 
the use of isotonic and/or supplements need some attention since 
there are evidences, they can be responsible for alteration of the sa-
livary pH52,53. In vitro studies have shown that acidic beverages cause 
dental erosion, for example cola drinks, energy drinks, sports drink 
and acidic juices54,55. Regarding isotonic drinks, marketing strategies 
emphasize performance improvement, and replacement of fluids and 
electrolytes lost in sweat during and after exercise56. Many athletes 
regularly consume these beverages57,58. This is in accordance with the 
present study, where 56% of swimmers informed the habit of isotonic 
drinks intake. Water was the most frequently consumed liquid (100%), 
and in most cases, it is the appropriate choice to maintain hydration 
before, during, and after physical exercise56. There was no association 
between consumption of isotonic drinks and dental erosion in the 
present study, and the number of athletes presenting dental erosion 
was very low (6%). A systematic review59 also reported no association 
between isotonic drink consumption and the prevalence of dental 
erosion. This lack of association may be due to the fact that isotonic 
drinks have varied concentrations of calcium and phosphate in their 
formulations which keep high concentrations of these salts in salivary 
fluids, thereby inhibiting tooth demineralization60,61.

This study has some limitations. First, it included only amateur 
swimmers. Second, the athletes were asked to self-report their training 
habits, and it is thus possible that some athletes had under- or over-
reported their weekly training habits. Even so, our findings contribute to 
provide new information about the influence of swimming on salivary 
and microbiological parameters of athletes. This study also highlights 
the importance of studying salivary flow and composition since these 
parameters are useful tools in prevention programs or individualized 
treatment in several clinical situations. 

Conclusion

Under the limitations of this study, it can be concluded that the 
salivary parameters and oral microbiota of amateur athletes had no 
significant differences before and after swimming. Additional studies are 
needed to observe and compare these parameters between amateurs 
and competitive swimmers.

Acknowledgements

We are indebted to the study participants. This work was supported 
by individual scholarships (FAPERJ – Fundação de Amparo à Pesquisa do 
Estado do Rio de Janeiro (#E-26/010.100995/2018; #E-26/202.805/2019; 
#E-26/010.002195/2019), CAPES – Coordenação de Aperfeiçoamento 
de Pessoal de Nível Superior.

Author’s contribution statement

All authors equally contributed to this research.

Conflict of interest

The authors declare no conflict of interest. 

Bibliography

 1. Malm C, Jakobsson J, Isaksson A. Physical activity and sports-real health benefits: a 
review with insight into the public health of sweden. Sports Basel. 2019;7:127. 

 2. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, et al. Physical activity and 
public health. A recommendation from the centers for disease control and prevention 
and the american college of sports medicine. JAMA. 1995;273:402-7.

 3. Kampert JB, Blair SN, Barlow CE, Kohl 3rd HW. Physical activity, physical fitness, and 
all-cause and cancer mortality: a prospective study of men and women. Ann Epidemiol. 
1996;6:452-7. 

 4. Miles L. Physical activity and health. British Nutrition Foundation. Nutrition Bulletin. 
2007;32:314-363.

 5. Howie EK, McVeigh JA, Smith AJ, Straker LM. Organized sport trajectories from child-
hood to adolescence and health associations. Med Sci Sports Exerc. 2016;48:1331-9.

 6. Rice SM, Purcell R, De Silva S, Mawren D, McGorry PD, Parker AG, et al. The mental 
health of elite athletes: a narrative systematic review. Sports Med. 2016;46:1333-53.

 7. Soligard T, Schwellnus M, Alonso JM, Bahr R, Clarsen B, Dijkstra HP, et al. How much is 
too much? (part 1). International olympic committee consensus statement on load 
in sport and risk of injury. Br J Sports Med. 2016;50:1030-41.

 8. Schwellnus M, Soligard T, Alonso JM, Bahr R, Clarsen B, Dijkstra HP, et al. How much is 
too much? (part 2). International olympic committee consensus statement on load 
in sport and risk of illness. Br J Sports Med. 2016;50:1043-52.

 9. Joy E, Kussman A, Nattiv A. 2016 update on eating disorders in athletes: a compre-
hensive narrative review with a focus on clinical assessment and management. Br J 
Sports Med. 2016;50:154-62.



Sandra Regina Santos Meyfarth, et al.

160 Arch Med Deporte 2024;41(3):155-160

 10. Brenner JS, American academy of pediatrics council on sports medicine and fitness. 
Overuse injuries, overtraining, and burnout in child and adolescent athletes. Pediatrics. 
2007;119:1242-5.

 11. D'Ercole S, Tieri M, Martinelli D, Tripodi D. The effect of swimming on oral health status: 
competitive versus non-competitive athletes. J Appl Oral Sci. 2016;24:107-13.

 12. Spinas E, Mameli A, Giannetti L. Traumatic dental injuries resulting from sports activities; 
immediate treatment and five years follow-up: an observational study. Open Dent J. 
2018;12:1-10.

 13. Giuca MR, Pasini M, Tecco S, Giuca G, Marzo G. Levels of salivary immunoglobulins and 
periodontal evaluation in smoking patients. BMC Immunol. 2014;15:5.

 14. Ashley P, Di Iorio A, Cole E, Tanday A, Needleman I. Oral health of elite athletes and 
association with performance: a systematic review. Br J Sports Med. 2014;49:14–19. 

 15. Clark A, and Mach N. Exercise-induced stress behavior, gut-microbiota-brain axis and 
diet: a systematic review for athletes. J Int Soc Sports Nutr. 2016;13:43.

 16. Tripodi D, Cosi A, Fulco D, D'Ercole S. The impact of sport training on oral health in 
athletes. Dent J Basel. 2021; 9:51.

 17. Buzalaf MA, Hannas AR, Kato MT. Saliva and dental erosion. J Appl Oral Sci. 2012;20: 
493-502.

 18. Escartin JL, Arnedo A, Pinto V, Vela MJ. A study of dental staining among competitive 
swimmers. Community Dent Oral Epidemiol. 2000;28:10-7.

 19. Centerwall BS, A.C., Funkhouser L, Elzay RP, Erosion of dental enamel among compe-
titive swimmers at a gas-chlorinated swimming pool. Am J Epidemiol. 1986;123:641-7.

 20. Kaczmarek W. The status of mineralized dental tissues in young competitive swimmers. 
Ann Acad Med Stetin. 2010;56:81-6.

 21. Oda Y, Hayashi F, Okada M. Longitudinal study of dental caries incidence associated 
with Streptococcus mutans and Streptococcus sobrinus in patients with intellectual 
disabilities. BMC Oral Health. 2015;15:102. 

 22. Okada M, Kawamura M, Oda Y, Yasuda R, Kojima T, Kurihara H. Caries prevalence associa-
ted with Streptococcus mutans and Streptococcus sobrinus in Japanese schoolchildren. 
Int J Paediatr Dent. 2012;22:342-8.

 23. Papacosta E, Nassis GP. Saliva as a tool for monitoring steroid, peptide and immune 
markers in sport and exercise science. J Sci Med Sport. 2011;14:424-34.

 24. Humphrey SP,  Williamson RT. A review of saliva: normal composition, flow, and function. 
J Prosthet Dent. 2001;85:162-9.

 25. D' Ercole S, Tripodi D. The effect of swimming on oral ecological factors. J Biol Regul 
Homeost Agents. 2013;27:551-8.

 26. Nieuw Amerongen AV, Ligttenberg AJ. Veerman EC. Implications for diagnostics in 
the biochemistry and physiology of saliva. Ann NY Acad Sci. 2007;1098:1-6.

 27. Levine MJ. Salivary macromolecules, a structure/function synopsis. Ann N Y Acad Sci. 
1993;694:11-6.

 28. Chiappin S, Antonelli G, Gatti R, De Palo EF. Saliva specimen: a new laboratory tool 
diagnostic and basic investigation. Clin Chim Acta. 2007;383:30-40. 

 29. Chicharro JL, Lucía A, Pérez M, Vaquero AF, Ureña R. Saliva composition and exercise. 
Sports Med. 1998;26:17-27.

 30. Ljungberg G, Ericson T, Ekblom B, Birkhed D. Saliva and marathon running. Scand J 
Med Sci Sports. 1997;7:214–219. 

 31. Ligtenberg AJM, Brand HS, van den Keijbus PAM, Veerman ECI. The effect of physi-
cal exercise on salivary secretion of muc5b, amylase and lysozyme. Arch. Oral Biol. 
2015;60:1639–44. 

 32. Grzesiak-Gasek I, and Kaczmarek U. Influence of swimming training session on selected 
saliva components in youth swimmers. Front Physiol. 2022;13:869903.

 33. Bishop NC, and Gleeson M. Acute and chronic effects of exercise on markers of mucosa 
immunity. Front Biosci. 2009;14:4444-56.

 34. Hegde MN, Attavar SH, Shetty N, Hegde ND, Hegde NN. Saliva as a biomarker for dental 
caries: A systematic review. J Conserv Dent. 2019;22:2-6.

 35. Kubala E, Strzelecka P, Grzegocka M, Lietz-Kijak D, Gronwald H, Piotr S, Kijak E. A review 
of selected studies that determine the physical and chemical properties of saliva in 
the field of dental treatment. Biomed Res Int. 2018;2018:6572381.

 36. Bretz WA, Carrilho MR. Salivary parameters of competitive swimmers at gas-chlorinated 
swimming-pools. J Sports Sci Med. 2013;12:207–208.

 37. World Health Organization (WHO). Guidelines for safe recreational water environments. 
2006; p. 63.

 38. Lee J, Jun MJ, Lee MH, Lee MH, Eom SW, Zoh KD. Production of various disinfection 
byproducts in indoor swimming pool waters treated with different disinfection 
methods. Int J Hyg Environ Health. 2010;213:465-74.

 39. Teo TL, Coleman HM, Khan SJ. Chemical contaminants in swimming pools: occurrence, 
implications and control. Environ Int. 2015;76:16-31.

 40. Gopal K, Tripathy SS, Bersillon JL, Dubey SP. Chlorination byproducts, their toxicody-
namics and removal from drinking water. J Hazard Mater. 2007;140:1-6.

 41. American Public Health Association. Public swimming pools: recommended regula-
tions for design and construction, operation and maintenance. 1981.

 42. Savad EM. Enamel erosion… multiple cases with a common cause (?). J N J Dent Assoc. 
1982; 53:32, 35-7, 60.

 43. Lussi, A, Schlueter N, Rakhmatullina E, Ganss C. Dental erosionan overview with 
emphasis on chemical and histopathological aspects. Caries Res. 2011;45 Suppl 1:2-12.

 44. Farsi N. Dental caries in relation to salivary factors in Saudi population groups. J Contemp 
Dent Pract. 2008;9:16-23.

 45. Allgrove JE, Oliveira M, Gleeson M. Stimulating whole saliva affects the response of 
antimicrobial proteins to exercise. Scand J Med Sci Sports. 2014;24:649-55.

 46. Dimitriou L, Sharp NCC, Doherty M. Circadian effects on the acute responses of salivary 
cortisol and iga in well trained swimmers. Br. J. Sports Med. 2002;36:260–4. 

 47. Ahamady K, Marsh PD Newman HN, Bulman JS. Distributions of S. mutans and S. 
sobrinus at sub-sites in human approximal dental plaque. Caries Res. 1993; 27:135-9.

 48. Berkowitz RJ, Turner J, Green P. Maternal salivary levels of Streptococcus mutans and 
primary oral infection of infants. Arch Oral Biol. 1981;26:147-9.

 49. Nagashima S, Yoshida A, Ansai T, Watari H, Notomi T, Maki K, Takehara T, Rapid detection 
of the cariogenic pathogens Streptococcus mutans and Streptococcus sobrinus using 
loop-mediated isothermal amplification. Oral Microbiol Immunol. 2007;22:361-8.

 50. Beighton D. The complex oral microflora of high-risk individuals and groups and its 
role in the caries process. Community Dent Oral Epidemiol. 2005;33:248-55.

 51. Xiao J, Huang X, Alkhers N, Alzamil H, Alzoubi S, Wu TT, et al. Candida albicans and early 
childhood caries: a systematic review and meta-analysis. Caries Res. 2018;52:102-112.

 52. da Mata AD, da Silva Marques DN, Silveira JM, Marques JR, de Melo Campos Felino ET, 
Guilherme NF. Effects of gustatory stimulants of salivary secretion on salivary pH and 
flow: a randomized controlled trial. Oral Dis. 2009;15:220-8.

 53. Mosca AC, Stieger M, Neyraud E, Brignot H, Wiel A. How are macronutrient intake, BMI, 
ethnicity, age, and gender related to the composition of unstimulated saliva? A case 
study. J Texture Stud. 2019;50:53-61.

 54. Hunter ML, Patel R, Loyn T, Morgan MZ, Fairchild R, Rees JS. The effect of dilution on 
the in vitro erosive potential of a range of dilutable fruit drinks. Int J Paediatr Dent. 
2008;18:251-5.

 55. Hunter ML, Patel R, Rees JS. The in vitro erosive potential of a range of baby drinks. Int 
J Paediatr Dent. 2009;19:325-9.

 56. Committee on Nutrition and the Council on Sports Medicine and Fitness. Sports 
drinks and energy drinks for children and adolescents: are they appropriate? Pediatrics. 
2011;127:1182-9.

 57. Mathew T, Casamassimo PS, Hayes JR. Relationship between sports drinks and dental 
erosion in 304 university athletes in Columbus, Ohio, USA. Caries Res. 2002;36:281-7.

 58. Buczkowska-Radlinska J, Łagocka R, Kaczmarek W, Górski M, Nowicka A. Prevalence 
of dental erosion in adolescent competitive swimmers exposed to gas-chlorinated 
swimming pool water. Clin Oral Investig. 2013;17:579-83.

 59. Gonçalves PHPQ, Guimarães LS, de Azeredo FNA, Wambier LM, Antunes LAA, Antunes 
LS. Dental erosion prevalence and its relation to isotonic drinks in athletes: a systematic 
review and meta-analysis. Sport Sciences for Health. 2020;26:207-16.

 60.  Zero DT. Etiology of dental erosion--extrinsic factors. Eur J Oral Sci. 1996;104:162-177.

 61. Lussi A, Megert B, Shellis RP, Wang X. Analysis of the erosive effect of different dietary 
substances and medications. Br J Nutr. 2012;107:252-62.


