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Abstract 

 Some reports indicate that there is a cause-and-effect association between the use of 

competitive swimming pools and the development of dental erosion, dental calculus and 

dental stains. The first purpose of this study was to estimate the prevalence of dental 

erosions, or development of dental stains and dental calculus in competitive swimmers 

who were members of the Tokyo Dental College swim team. 

 On the other hand, swimming pool where swimming team is training, sodium 

hypochlorite is used as a disinfectant. During lap swimming, the teeth and oral cavity 

continually exposed to large volumes of swimming pool water that mixes with fluids in 

the mouth.  The second purpose of this study was to evaluate the microbiological 

effects of competitive swimming in the pool disinfected by sodium hypochlorite. 

 Ten healthy subjects, students from the Dental College, volunteered to participate in 

this study. Dental examination of subjects was done by a pediatric dentist in August; just 

before the competition of All Dental swimming championship. Clinical examinations 

using dental mirrors and explorers, without radiographs, were conducted to obtain data 

on prevalence of caries, erosion, dental stain, and also dental calculus. As a result, there 

was no subject who had tooth erosion. In addition, there was no subject who had 

extensive dental staining. However, six subjects (60%) showed the presence of hard 

dental calculus. This prevalence was higher than the national data of corresponding age 

group. Thus dental practitioners should be aware of the possibility of swimmers’ 

calculus when treating young patient who has hard substance adhering to his or her 

teeth. 
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  The second study involved 10 subjects who immediately before and at 20 and 60 min 

after swimming provided saliva samples. Washout periods of at least 3 days were 

allowed between collecting control (without lap swimming) saliva. For measurement of 

the level of Mutans streptococci, a Dentocult SM Strip (Orion Diagnostica, Finland) 

was used. To measure the level of lactobacilli, the Dentocult LB Dip Slide (Orion 

Diagnostica, Finland) was used. As a result, no statistically significant differences in 

distribution of salivary S. mutans scores could be seen between swimming session and 

control session after 60 minutes. However, lap swimming reduced the frequency of high 

CFU scores of lactobacilli. This shift to the lower scores in the 60 minutes swimming 

session was greater (p<0.01) than in the control session (Fisher ’s exact). In conclusion, 

mechanical and chemical oral cleaning is necessary in eliminating S. mutans in oral 

biofilms such as dental plaque.  
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Background 

  Competitive swimmers swim thousands of meters and repeat lengthy sets - a set is a 

series of swimming exercises - with their heads under water.  During lap swimming, 

the teeth and oral cavity continually exposed to large volumes of swimming pool water 

that mixes with fluids in the mouth. 

   As you know, the public swimming pools fulfill the hygiene recommendations.  

These recommendations put a great emphasis on the microbiological conditions of the 

water, and it is supposed the chemical products for water disinfection have limited or no 

effect on swimmers. Narashino swimming pool where swimming team is training, 

sodium hypochlorite is used as a disinfectant. The microbicidal potency of BBAS 

chlorinated with sodium hypochlorite for 5 min. to free chlorine concentrations of 

1.0mg/l appeared to meet the standard of 4 decimals reduction within 5 min. against the 

Staph. aureus, Str. faecalis, P. aeruginossa, E.coli and Prot mirabilis 1). 

   However, few reports 2.3) indicate that competitive swimming may be a lifestyle risk 

factor for dental erosion. Interestingly, erosive loss of enamel caused by low pH 

swimming pool water occurs on all aspects of the teeth. Consequently, it is 

recommended that swimming pool water should have a pH ranging from 7.2 to 8.0.  
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But Gabai et al 4) found that the pH of 14 evaluated pools in Italy varies between 3.6 

and 7.8.  

  On the other hand, some reports 5,6) indicate that there is a cause-and-effect 

association between the use of competitive swimming pools and the development of 

dental calculus and dental stains. The pH of the water at the swimming pools used by 

the patients mentioned in these case reports averaged 7.6, which is high compared with 

human whole saliva’s pH of 6.5. 

   The first purpose of this study was to estimate the prevalence of dental erosions, or 

development of dental stains and dental calculus in competitive swimmers who were 

members of the Tokyo Dental College swim team.   

  In addition, Yates, et al 7) investigated the persistence of antimicrobial action and 

plaque inhibitory properties of acidified sodium chlorite (ASC) and reported that ASC 

rinse produced reductions in salivary bacterial counts which remained significantly 

below the placebo control(water) to 7 hours. Repetitive, the teeth and oral cavity 

continually exposed to large volumes of chlorinated swimming pool water that mixes 

with fluids in the mouth during lap swimming. The second purpose of this study was to 

evaluate the microbiological effects of competitive swimming in the pool disinfected by 
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sodium hypochlorite.  

Material and Methods 

   The study subject comprised the member of the Tokyo Dental College swim team. 

Ten healthy subjects, students from the Dental College, volunteered to participate in this 

study.  Their age range was 19-24 years, they all showed an overall healthy mouth 

status, and fulfilling two types of requirements. 

Pre-study criteria: 

・ No antiseptic mouthwash use in the week before the study and during the study 

period. 

・ They agreed to avoid any oral hygiene measures in the evenings during the 

investigation period. 

  They agreed to accomplish the following instructions during the investigation 

days: 

  ・ Avoid ingestion of food and liquids after lunch.  

 ・ Avoid any oral hygiene measures after lunch. 

    During the period May - August 2006, they practiced for about 2 hours for 3 days 

during the week and for at least three hours on the weekend. 
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    Dental examination of subjects was done by a pediatric dentist in August; just 

before the competition of All Dental swimming championship. Clinical examinations 

using dental mirrors and explorers, without radiographs, were conducted to obtain data 

on prevalence of caries, erosion, dental stain, and also dental calculus. 

Salivary Bacteria Count Study 

   At approximately 7.00 p.m. on each study day, subjects provided stimulated saliva. 

Subjects then swam and at 20 min and 60 min after swimming, further samples of 

stimulated saliva were collected.  

   Washout periods of at least 3 days were allowed between collecting control (without 

lap swimming) saliva.  

  For measurement of the level of Mutans streptococci, a Dentocult SM Strip (Orion 

Diagnostica, Finland) was used. To measure the level of lactobacilli, the Dentocult LB 

Dip Slide (Orion Diagnostica, Finland) was used.  The colony density was estimated 

by the naked eye under sufficient artificial light, and the density was expressed as a 

score of 0,1,2, or 3, according to the manufacturer’s instructions, reflecting the amount 

of colony-forming units per ml of saliva (CFU/ml) on the strip or dip slide. 

  For Dentocult SM Strip mutans, the estimated levels described as equivalent by a 
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level of S. mutans of score 0=<104, 1=104-105, 2=105-106, and 3=>106 CFU of S. 

mutans /ml of saliva. For Dentocult LB Dip Slide, score 0,1,2, and 3 correspond to 

103,104,105,106, respectively. 

   The percentage distribution of different levels of Mutans streptococci and 

lactobacilli were compared between the experimental saliva (after rap swimming) and 

the control saliva. The statistical difference between the groups was tested by Fisher’s 

exact test.  

Results; Report 1 

  Narashino swimming pool fulfilled the hygiene recommendations and pool water was 

well monitored and had a pH around 7.0, and maintained daily for chlorine level of 

1.0mg/liter. 

    Thus, there was no subject who had tooth erosion. In addition, there was no subject 

who had extensive dental staining.  However, six subjects (60%) showed the presence 

of hard dental calculus. This prevalence was higher than the national data of 

corresponding age group.    

Results; Report 2 

   Figure 1-4 show the distribution of CFU scores in swimming sessions and control 
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sessions. Figure 5-8 show the changes in S. mutans scores, and lactobacilli scores. 

Changes were negative when there was a reduction in S. mutans and lactobacilli. 

  There was little or no change in the score of S. mutans. No statistically significant 

differences in distribution of salivary S. mutans scores could be seen between 

swimming session and control session after 60 minutes. However, lap swimming 

reduced the frequency of high CFU scores of lactobacilli. This shift to the lower scores 

in the 60 minutes swimming session was greater (p<0.01) than in the control session 

(Fisher’s exact). The figure shows that most subjects (80%) in the control session 

remained at the same values. In the 60 minutes swimming session, 30 percent remained 

at the same, 30 percent decreased only one score, but 20 percent decreased two scores 

and also 20 percent decreased three scores.  

Discussion; report 1 

   Long-term exposure of the teeth and oral fluids to chemically treated swimming 

pool water may cause calculus to form on a swimmer ’s teeth 5,6). Rose 8) collected 

samples of swimmers’ calculus and indicated that, unlike that of ordinary dental 

calculus, the organic portion of swimmers’ calculus is predominant. He proposes that 

the chemicals used to treat pool water cause the proteins to denature more rapidly and 
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thereby form the organic portion of swimmers’ calculus. He also reported that the small 

portion in swimmers’ calculus is composed of poorly characterized calcium phosphates 

that may be adsorbed onto the denatured proteins that coat the teeth. However, this 

study was the small number of samples and also the short duration of swimming periods. 

Besides of this weakness, the development of calculus was not compared with the 

baseline data. Author only compared the prevalence with the national data 9) of 

corresponding age group, and found the higher prevalence.  

  However, the subjects were dental students and had a positive attitude to maintain 

good oral hygiene. Actually, the mean DMF-T data was lower than the national data. In 

spite of these lower caries prevalence, present study found the presence of unusual hard 

dental calculus in 6 of 10 students who trained intensively in swimming. Thus, further 

research is warranted in order to estimate dental calculus in competitive swimmers of 

different swimming pools, and to carry out a cohort study.   

  However, dental practitioners should be aware of the possibility of swimmers’ 

calculus when treating young patient who has hard substance adhering to his or her 

teeth. 
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Discussion; report 2 

   No statistically significant differences in distribution of salivary S mutans scores 

could be seen between the swimming and control session.  However, the shift to the 

lower scores of lactobacilli in the swimming session was greater (p<0.01) than in the 

control session (Fisher ’s exact test). The figure shows that most subjects (70 percent) in 

the swimming session decreased and 30 percent remained at the same values. In the 

control session, 80 percent remained at the same.  

  Studies 10,11) have shown that saliva comprises microorganisms coming from tooth 

surfaces, the periodontal sulcus and/or pocket, and mainly from the dorsal and lateral 

surfaces of the tongue. In addition, these authors have reported that changes in salivary 

bacteria may reflect changes in these oral microenvironments. Therefore, that the lap 

swimming would have a major local effect on the microbiota colonizing the tongue, and 

that the salivaly bacteria are predominantly derived from this niche. 

   However, S. mutans are known to form bilfilms and to be resistant to many 

antibiotics. Oral microorganisms grown in biofilms have also been shown to be more 

resistant to various antibacterial agents than their planktonic counterparts. In addition, 

repeated saliva sampling itself showed no ability to shift the S. mutans profile 12), and 
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several studies 13,14) reported that mouthwashes with water performed so much less 

effectively than any of the commercial mouthwashes. As a result, author felt that 

“continual gargle with large volumes of chlorinated swimming pool water” could not 

decrease the risks of dental caries.  

   Yates et al 7) reported that ASC (acidified sodium chlorite) mouth rinse produced 

immediate reductions of more than 80%, and for some greater 90%, in counts of 

salivary bacteria. Thus, these results were explained by differences in the concentration 

of chlorine.   

   In conclusion, mechanical and chemical oral cleaning is necessary in eliminating S. 

mutans in oral biofilms such as dental plaque. 

Conclusion 

   Competitive swimmer can show his or her teeth with a smile. But, it is important to 

remind swimmers that swimming can never replace the sound oral hygiene practices of 

brushing 
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Fig.2. Distribution of subjects in Dentocult-SM categories
before , and 20 min.and 60 min. (control session)

Fig.1. Distribution of subjects in Dentocult-SM categories
before , and 20 min.and 60 min. after swimming.

Fig.3. Distribution of subjects in Dentocult-LB categories
before , and 20 min.and 60 min. after swimming.

Fig.4. Distribution of subjects in Dentocult-LB categories
before , and 20 min.and 60 min. (control session)
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Fig.5. Changes in  Dentocult-SM categories  in the swimming and control sessions after  20 mi n.
(Change was negative when there was a reduction in S.mutans scores.)

Fig.5. Changes in  Dentocult-SM categories  in the swimming and control sessions after  60 mi n.

T.Maruyama
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Fig.7. Changes in  Dentocult-LB categories  in the swimming and control sessions after  20 mi n.
(Change was negative when there was a reduction in S.mutans scores.)

Fig.8. Changes in  Dentocult-LB categories  in the swimming and control sessions after  60 mi n.
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