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SUMMARY The aim was to determine predictors for

the development of complaints of temporoman-

dibular disorders (TMD) in a large sample of Dutch

scuba divers who were free of any TMD complaints

before they started diving actively. Five-hundred

and thirty-six scuba divers (mean � SD

age = 40�4 � 11�9 years; 34�1% women) completed a

specifically developed questionnaire, either online

or on paper. Stepwise forward logistic regression

analysis was performed to predict the presence of

TMD pain, with several potential risk factors as

predictors. Four hundred and eighty-five of the 536

respondents were free of any TMD pain before

they started diving actively. In this sample, TMD

pain was present in 214 persons (44�1%). Four

predictors contributed significantly to the presence

of TMD pain, viz., clenching (OR = 2�466), warm

water (OR = 1�685), biting on the mouthpiece

(OR = 1�598), and the quality rating of the

mouthpiece (OR = 0�887, that is, a higher rating

means a smaller odds of having TMD pain). TMD

pain is a common complaint among scuba divers

who were free of such complaints before they

started diving actively. Clenching, biting on the

mouthpiece, and a low rating of the mouthpiece

are predictors for the presence of TMD pain in

scuba divers, while diving in cold water serves as a

protective factor for TMD pain.
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Introduction

Over the past decades, there has been a continuous

interest in the associations between scuba diving and

temporomandibular disorders (TMDs). A PubMed

search, using the text words ‘diving’ and ‘temporoman-

dibular’, yielded 28 papers, the earliest of which dated

from 1969. A more focused search using MeSH terms

[‘Diving’(Mesh) AND ‘Temporomandibular Joint Disor-

ders’(Mesh)] yielded 17 hits, with the oldest one dating

from 1977. This illustrates that although the interest

has been continuous, it is also relatively limited.

Already in the eighties of the past century, it was

reported that almost a quarter of the scuba divers

showed disorders of the lower jaw, the teeth, and/or

the musculoskeletal structures of the masticatory sys-

tem (1). The diving mouthpiece was thought to be a

compounding factor for already existing TMD prob-

lems as experienced during non-diving activities

(1, 2). As the underlying mechanism, biting on the

mouthpiece in an effort to keep it in its proper posi-

tion has been proposed (2–7). Consequently, several

studies addressed the issue of designing and construct-

ing customised mouthpieces with the underlying

thought that this might help reducing the adverse

effects of mouthpieces on the masticatory system

(3, 8–13). Despite all these technical efforts and

advances, however, customised mouthpieces are still
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not commonly used and TMD complaints are still fre-

quently uttered by 24% up to 68% of scuba divers,

especially by women (4, 6, 14).

Although factors like pre-existing TMD complaints,

a bad fit of the mouthpiece, biting on the mouthpiece,

and female gender, amongst others, have all been

suggested in the literature as being associated with

TMD in scuba divers; most studies so far were done

on relatively small samples, varying from about 60 to

almost 300 (4, 6). In addition, with the exception of

the retrospective pilot study by Koob et al. (6), only

univariate analyses have been performed on the data,

which hampers an unequivocal interpretation of most

of the prior research on this topic. Further, in none of

the previous works, TMD complaints that were

already present before someone started to dive

actively were taken into consideration, while this is

an important variable when one is interested in risk

factors for the development of TMD in association

with scuba diving. Hence, the aim of the present

study was to determine predictors for the develop-

ment of TMD complaints in a large sample of Dutch

scuba divers who were free of any TMD complaints

before they started diving actively.

Materials and methods

Questionnaire development

A specific instrument for the assessment of TMD com-

plaints among scuba divers was developed, using a

stepwise approach. First, the owners of several diving

centres throughout the Netherlands were approached

with a short list of open questions (Table 1), the

responses on which were used to compose the specific

instrument. Second, two examples of questionnaires

aimed at TMD complaints in divers were identified in

the literature (2, 6). Third, the intake questionnaire of

the Clinic of Orofacial Pain and Dysfunction of the

Department or Oral Kinesiology of ACTA was scrutin-

ised for relevant questions (15). From these sources, a

pilot version of the specific instrument for the assess-

ment of TMD complaints among scuba divers was

composed. The pilot version was then circulated

among the co-authors of this paper, viz., a specialist

in questionnaire design (M.A.J.E.), a specialist in

TMD and oro-facial pain (F.L.), and an experienced,

semi-professional scuba diver-dentist (C.J.v.D.), after

which a pilot trial was performed among a team of

five experienced divers (KeesieDive, Amsterdam, the

Netherlands). All pilot questionnaires were returned,

along with some valuable suggestions for improve-

ments. Based on this expert input, the final version of

the instrument was established (see Appendix for the

questions and response options).

Procedure

During a 4-week period in June and July 2013, data

were collected with the specific instrument, using two

different approaches. First, an online version of the

questionnaire was made available via Facebook.com.

A link to the Facebook page was placed on the three

major Dutch websites that are frequently visited by

scuba divers, viz., ‘duiken.mijntijdschrift.net’, ‘duike-

ninbeeld.tv’, and ‘duikforum.nl’. Second, the ques-

tionnaire was hand-delivered at conveniently located

diving centres and popular scuba diving spots by two

of us (M.K. and E.R.V.). Only three times, an

approached diver denied participation. The only rea-

son given for non-participation was a lack of time.

Data analyses

Temporomandibular disorders (TMD) pain and TMJ

sounds were used as dependent variables. Temporo-

mandibular disorders (TMD) pain was considered

Table 1. Open questions directed at the owners of several div-

ing centres in the Netherlands

1. Have you ever heard divers complain about pain and/or

sounds in the jaw?

If Yes, which complaint(s) (please give an estimate of the

frequency per complaint)?

2. Do you provide (starting) divers with advice(s) to prevent jaw

complaints?

If Yes, which advice(s) (please specify your advice(s) per

complaint)?

3. Do you have any idea about the possible cause(s) of such

complaints?

If Yes, which cause(s) (please specify the possible cause(s)

per complaint)?

4. Which types of mouthpieces do you have available in your

diving centre?

Which types do you sell frequently? Please specify.

5. What is your opinion about commercially available

mouthpieces as opposed to custom-made ones?

6. Have you ever had jaw complaints yourself before, during or

after diving?
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present when a positive answer was given on the ques-

tions ‘Have you ever had pain in your jaw muscles?’

and/or ‘Have you ever had pain in your jaw joint?’.

TMJ sounds were scored positively when a positive

reply was received on the questions ‘Do you experience

a clicking sound in your jaw joint?’ and/or ‘Do you

experience a scraping sound in your jaw joint?’.

Chi-squared tests were used to determine associa-

tions between risk factors and the dependent vari-

ables. Odds ratios along with 95% confidence

intervals were calculated as effect size. Stepwise

(method forward LR) logistic regression analysis was

performed to predict the presence of TMD pain and of

TMJ sounds, with the risk factors as predictors.

All statistical analyses were conducted using SPSS

(IBM SPSS Statistics for Windows, Version 20.0*).

Results

Of the 536 respondents (mean � SD age = 40�4
� 11�9 years; 34�1% women), 265 persons (49�4%)

reported to have ever had TMD pain in the mastica-

tory muscles and/or in the TMJ. Of the respondents

reporting pain in the muscles or in the joints, 24 and

46 persons, respectively, indicated that their pain was

already present before they started to dive actively.

Nineteen of these 70 individuals reported both muscle

pain and joint pain before they started diving. As this

study’s aim was to assess possible predictors for the

development of TMD pain in association with diving,

persons with any TMD pain before the active diving

phase (n = 51) were excluded from further analysis.

Hence, 485 respondents were free of TMD pain before

they started diving. Of these individuals, 214 persons

(44�1%) reported the presence of TMD pain. Jaw-

muscle pain (present in 198 respondents) was

reported during diving by 69 persons (34�8%), after

diving by 75 persons (37�9%), and both during and

after diving by 54 persons (27�3%). TMJ pain (present

in 104 respondents) was reported during diving by 34

persons (32�7%), after diving by 48 persons (46�2%),

and both during and after diving by 22 persons

(21�2%).

One-hundred and twenty-two persons of the 536

respondents (22�8%) indicated the presence of click-

ing and/or scraping joint sounds. 95/122 persons

reported only clicking sounds, 4/122 only scraping

sounds, and 23/122 reported both types of sounds.

Only 12 individuals reported that their joint sounds

started after they started diving actively. Unfortu-

nately, this number was too small for further statisti-

cal analyses. Hence, the focus below will be on

possible predictors for TMD pain only.

As a first step in the analysis, univariate associations

were assessed between the dependent variable ‘TMD

pain’ (i.e., masticatory muscle pain and/or TMJ pain)

and several risk factors. The outcomes of the chi-

squared tests, the odds ratios (ORs, with 95% confi-

dence intervals, CIs), and the distribution of the

various risk factors over the dependent variable are

shown in Table 2. The odds of having TMD pain are

0�581 times smaller for men than for women, while

those odds are 1�748 times larger for those who fre-

quently dive in warm water that for those frequently

diving in cold water. Further, self-reports of clenching,

biting on the mouthpiece and having ever broken the

mouthpiece by biting are all positively associated with

TMD pain (ORs = 2�861, 2�123, and 1�572, respec-

tively). Finally, the higher someone rated the mouth-

piece, the less TMD pain was reported (P = 0�003).
As a second step, logistic regression analysis was

performed to predict the presence of TMD pain. Only

the risk factors with a marginal significance of

P < 0�10 (Table 2) were entered as predictors into the

model, including the quantitative variable ‘rating of

the mouthpiece’. The final model was significant

(v2(4) = 47�5; P < 0�001), implying that the (sub)set

of predictors can distinguish between those with and

without TMD pain. Nagelkerke’s R2 of 13% suggest

only a modest association between the predictors and

TMD pain, although the model did show adequate fit

to the data [Hosmer–Lemeshow v2(8) = 1�69;
P = 0�99]. There were no significant interactions

between the risk factors. In total, 64�1% of the

respondents were categorised correctly (at a cut-off

score of 0�5), using the four predictors that contrib-

uted significantly to the prediction, viz., clenching

(OR = 2�466), warm water (OR = 1�685), biting on

the mouthpiece (OR = 1�598), and the rating of the

mouthpiece (OR = 0�887, that is, a higher rating

means a smaller odds of having TMD pain). The

results are shown in Table 3.

Data were collected from two sources. Of the 485

respondents without any TMD pain before their active

diving phase, 385 completed the questionnaire online;*IBM Corp., Armonk, NY, USA.
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100 filled in the hand-delivered questionnaire. A sta-

tistically significant association was found between

the source of the data and the presence of TMD pain

[v2(1) = 7�51; P < 0�006]. The OR of 0�525 (95%

CI = 0�33–0�84) shows that the odds of having TMD

pain are smaller in the hand-delivered group than in

the online group. To assess the consequences of this

possible bias in the analysis of the total group, logistic

regression analyses were performed on both sub-

groups separately. Both analyses yielded significant

prediction models. The online model (12% explained

variance; 64�7% correctly classified) has three predic-

tors for TMD pain, viz., clenching (OR = 2�433),
warm water (OR = 1�764), and biting on the mouth-

piece (OR = 1�967). In the hand-delivered model

(13% explained variance; 69% correctly classified),

two significant predictors remained, viz., clenching

(OR = 2�621) and biting on the mouthpiece

(OR = 2�651). In neither model, the rating of the

mouthpiece was predictive for TMD pain. The mean rat-

ing did not differ between both sources (t(483) = �0�81;
P = 0�42).

Discussion

This study demonstrated that pain in the masticatory

muscles and/or the temporomandibular joints is quite

common among scuba divers: almost half of them

reported complaints of painful temporomandibular

disorders (TMDs), while they were free of such com-

plaints before they started diving actively. Regression

analyses showed that the association between scuba

diving and TMD pain can be predicted by self-

reported clenching, biting of the diving mouthpiece,

and a low rating of the mouthpiece, while diving in

cold water serves as a protective factor. The data also

suggest that other factors, not included in this study,

are of importance in the development of TMD pain.

A strong methodological aspect of the present study

is the large sample size. Using the second largest study

sample so far, Koob et al. (6). collected questionnaire

data from 296 experienced divers. These authors per-

formed an a priori sample size calculation, and they

concluded that their study sample contained a satis-

factory number of respondents. While in the present

study no sample size calculation was performed, sev-

eral statistical textbooks recommend a minimum of

50 cases per predictor as a general rule of thumb,

which was achieved in the present study.

Table 2. Distribution of risk factors over the dependent variable

‘TMD pain’. For dichotomous and categorical variables, odds

ratios (ORs, with 95% confidence intervals, CIs), and P values

(v2 test) are given; for quantitative variables scored on 0–10

numeric rating scales, means (standard deviations, SDs) and

P-values (t tests) are provided

Risk factor

TMD pain P-value

No Yes OR (95% CI) v2 test

Gender

Female 75 85 0�005
Male 196 129 0�581 (0�40–0�85)
Years of experience

0–1 26 15 0�486
2–4 68 58 1�478 (0�72–3�06)
5–10 79 72 1�580 (0�78–3�22)
>10 98 69 1�220 (0�60–2�47)
Diving frequency

<20 52 37 0�839
20–40 79 60 1�067 (0�62–1�83)
41–60 65 50 1�081 (0�62–1�89)
>60 75 67 1�255 (0�74–2�14)
Headaches

No 240 186 0�582
Yes 31 28 1�165 (0�68–2�01)
Neck pain

No 239 176 0�064
Yes 32 38 1�613 (0�97–2�68)
Clenching

No 211 118 <0�001
Yes 60 96 2�861 (1�93–4�24)
Grinding

No 218 157 0�065
Yes 53 57 1�493 (0�98–2�28)
Professional diver

No 241 189 0�833
Yes 30 25 1�063 (0�61–1�87)
Water temperature

Cold 213 145 0�007
Warm 58 69 1�748 (1�16–2�63)
Biting on mouthpiece

No 174 98 <0�001
Yes 97 116 2�123 (1�47–3�06)
Ever broke mouthpiece

No 207 144 0�026
Yes 64 70 1�572 (1�05–2�35)

Mean (SD) Mean (SD) t test

Stress in daily life 4�61 (2�56) 4�93 (2�13) 0�142
Stress while diving 1�69 (1�85) 1�96 (1�91) 0�118
Rating of

mouthpiece

7�57 (1�76) 7�05 (2�04) 0�003

The response option ‘Cold’ includes ‘ice cold’ (n = 6) and ‘cold’

(n = 352); the response option ‘Warm’ includes ‘warm’ (n = 76)

and ‘tropical’ (n = 51).

© 2014 John Wiley & Sons Ltd
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In none of the previous works on the possible

associations between scuba diving and TMD, the

presence of any TMD complaints before the active

diving phase was taken into account. This is never-

theless important, because the question whether

scuba diving contributes to the development of TMD

complaints can only be answered when the respon-

dents whose data are being analysed were free of

any TMD problems when they started diving actively.

Thus, we had to exclude 51 individuals with prior

TMD complaints. Nevertheless, a surprising percent-

age of 44�1% (214/485) of the remaining respondents

reporting TMD pain was found, while in the general

population TMD pain is reported by only about 10%

(16). This high prevalence figure in the present study

is the more surprising, because TMD pain is known

to affect females the most (16) while our sample has

a male predominance. Taken this epidemiological evi-

dence together, this adds to the suggestion that scuba

diving and TMD pain may be causally related,

although several methodological issues could have

contributed to the observed difference (e.g., different

time spans over which questions are being asked). In

addition, proof for causality is notoriously hard to

establish and requires the fulfilment of multiple crite-

ria (17).

The fact that we have used two approaches for our

data collection might be considered a weakness of the

current study. The hand-delivered questionnaires rep-

resent data of the general population of divers,

because everyone was approached as described in the

methods. The refusals to participate were negligible in

number and occurred only for a reason not related to

the topic of this study (viz., no time to participate).

Hence, a representative sample responded to the

questionnaire. The online group, on the other hand,

could be considered less representative, because indi-

viduals with TMD complaints are more likely to

respond that those without such complaints. Indeed,

the odds of having TMD pain were smaller in the

hand-delivered group than in the online group. When

the regression analysis was performed on both groups

separately, the final models differed from each other,

albeit only minimally. While diving in warm water

was still a predictor for TMD pain in the online group,

this factor did not reach statistical significance in the

hand-delivered group. On the other hand, in both

groups clenching and biting on the mouthpiece pre-

dicted the presence of TMD pain significantly, as was

also the case in the analysis of both groups combined.

These two factors can thus be considered strong pre-

dictors for TMD pain in scuba divers.

In the present study, TMD pain was assessed as

being present or absent only, while no attempt was

made to go further into its characteristics, like inten-

sity and duration. Future studies may focus on these

pain characteristics in scuba divers. In addition, as

self-report of TMD and its associated conditions is

characterised by several disadvantages (e.g., being

dependent upon the participants’ level of knowledge,

memory of events, and interpretation of the wording

used), a clinical assessment of the study population is

worth considering for future studies, although this

usually precludes the inclusion of large numbers of

participants. Another possible confounder could have

been differences in hardness between the various

mouthpieces used by our study group. However, the

vast majority of current mouthpieces are made of a

relatively stiff silicone material, with negligible differ-

ences in hardness between brands. Hence, a con-

founding effect of mouthpiece materials on the

present results is unlikely.

In line with the findings of Koob et al. (6), clench-

ing was found to be significantly associated with TMD

pain in scuba diving. Like tooth grinding, clenching is

a bruxism activity that is mainly of unconscious

Table 3. Results from the logistic regression analysis

Predictor B SE Wald df P-value OR (95% CI)

Constant �0�001 0�414 0�000 1 0�998 0�999
Clenching 0�903 0�211 18�23 1 <0�001 2�466 (1�63–3�73)
Water temperature 0�522 0�218 5�736 1 0�017 1�685 (1�10–2�58)
Biting on mouth piece 0�469 0�200 5�483 1 0�019 1�598 (1�08–2�37)
Rating of mouthpiece �0�120 0�052 5�433 1 0�020 0�887 (0�80–0�98)

B, Beta coefficient; SE, standard error of coefficient; Wald test-statistic; df, degrees of freedom; OR (95% CI), Odds ratio with 95%

confidence interval.

© 2014 John Wiley & Sons Ltd
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nature (18). As extensively reviewed by Manfredini

and Lobbezoo (19), self-reported bruxism is positively

associated with the occurrence of TMD pain, espe-

cially daytime clenching (20). However, several

potential confounders are likely playing a disturbing

role in this association, especially at the diagnostic

level. Nevertheless, as again in the present study, self-

reported clenching surfaced as an important predictor

for TMD pain, the role of clenching in TMD pain

seems an important one. It is interesting to note that

the odds of having TMD pain were especially large for

clenching, and only to a lesser extent for the other

significant predictors (see Table 3). This further stres-

ses the marked importance of clenching for having

TMD pain.

Biting on the mouthpiece was also a significant pre-

dictor for TMD pain in scuba divers, which confirms

the suggestion of several previous works (2–7). In

contrast to clenching, biting on the mouthpiece is

conscious behaviour that is possibly related to a factor

like a poor fit of the mouthpiece. Indeed, a low rating

of the mouthpiece was also a significant predictor for

TMD pain, suggesting that the previously formulated

recommendation of improving the fit of the mouth-

piece in an attempt to prevent TMD pain (3, 8–13)

seems a valid one. Alternatively, biting on the mouth-

piece may be an expression of stress while diving.

However, this factor did not contribute significantly to

the prediction model. A low rating of the mouthpiece

may also be caused by other factors than a poor fit,

because the question concerns an overall impression.

Now that a low rating was found to be associated

with TMD pain, future studies may focus on further

unravelling this item.

Previous research has suggested that when tested

univariately, cold water would be positively associated

with TMD pain (4). As indicated in the review by

Zadik and Drucker (14), this might be due to an

impairment of the lips’ contracting capabilities at low

temperatures, thus enforcing an extra effort of the

jaw-closing muscles. However, Aldridge and Fenlon

(4) are rather cautious in the interpretation of their

finding, because they noted that in contrast to their

warm water data, the data that they collected from

cold water areas mainly came from individuals

between 20 and 40 years of age – indeed the age

range holding most TMD patients (16). It is therefore

not surprising that in the present study, in which

multivariate statistical analyses were performed, cold

water was found to be a protective factor rather than

a risk factor for TMD pain in scuba divers. A possible

explanation for this finding could be found in studies

on the effects of ice water immersion as a means of

accelerating post-exercise recovery in sports (21, 22).

Given the growing attention for this technique in

sports medicine, we suggest that the effects of water

temperature on TMD pain in scuba divers be investi-

gated experimentally in future studies.

In short, TMD pain complaints are reported by

44�1% of scuba divers who were free of such com-

plaints before they started diving actively. Clenching,

biting on the mouthpiece and a low rating of the

mouthpiece are predictors for the presence of TMD

pain in scuba divers, while diving in cold water serves

as a protective factor for TMD pain.

Acknowledgments

The authors gratefully thank the following diving cen-

tres for their help: Scuba-Academie, Vinkeveen; Duik-

centrum, Amstelveen; Dive Post, Katwijk; Herman

Lieven Duiksport, ‘s-Hertogenbosch; Duiksportcen-

trum The Globe, Den Haag; Oceans Diving Center,

Oss; Duikshop KeesieDive, Amsterdam; Duikcentrum

Amersfoort, Amersfoort; and Duikvereniging Aqua-

Holic, Amersfoort. Further, the authors would like to

acknowledge the help of the editors of the webpages

‘duiken.mijntijdschrift.net’, ‘duikeninbeeld.tv’, and

‘duikforum.nl’ with spreading the link to our digital

questionnaire. This paper is based on the BSc thesis of

the undergraduate ACTA students Marit Klingler and

Elisa Ruiz Vicente, entitled ‘TMD-klachten bij scuba-

duikers’ (2013).

Ethical considerations

The scientific and ethical aspects of the protocol were

reviewed and approved by the review board of the

Netherlands Institute of Dental Sciences. Informed

consent was obtained from all participants.

Funding

This research was carried out without funding.

Conflicts of interest

No conflicts of interest declared.

© 2014 John Wiley & Sons Ltd

F . L O B B E Z OO et al.6



References

1. Roydhouse N. 1001 disorders of the ear, nose and sinuses in

scuba divers. Can J Appl Sport Sci. 1985;10:99–103.

2. Hobson RS. Temporomandibular dysfunction syndrome

associated with scuba diving mouthpieces. Br J Sports Med.

1991;25:49–51.

3. Hobson RS, Newton JP. Dental evaluation of scuba diving

mouthpieces using a subject assessment index and radio-

logical analysis of jaw position. Br J Sports Med. 2001;35:

84–88.

4. Aldridge RD, Fenlon MR. Prevalence of temporomandibular

dysfunction in a group of scuba divers. Br J Sports Med.

2004;38:69–73.

5. Balestra C, Germonpr�e P, Marroni A, Snoeck T. Scuba div-

ing can induce stress of the temporomandibular joint lead-

ing to headache. Br J Sports Med. 2004;38:102.

6. Koob A, Ohlmann B, Gabbert O, Klingmann C, Rammels-

berg P, Schmitter M. Temporomandibular disorders in asso-

ciation with scuba diving. Clin J Sport Med. 2005;15:359–

363.

7. Ozt€urk O, Tek M, Seven H. Temporomandibular disorders in

scuba divers-an increased risk during diving certification

training. J Craniofac Surg. 2012;23:1825–1829.

8. Newton JP, Hobson RS, Sturrock KC. The design and con-

struction of customised mouthpieces for subaqua diving. Eur

J Prosthodont Restor Dent. 1995;3:223–226.

9. Hobson RS. Airway efficiency during the use of SCUBA div-

ing mouthpieces. Br J Sports Med. 1996;30:145–147.

10. Grant SM, Johnson F. Diver’s mouth syndrome: a report of

two cases and construction of custom-made regulator

mouthpieces. Dent Update. 1998;25:254–256.

11. Roberts GV. Diver’s mouth syndrome: a field study. Dent

Update. 2000;27:74–77.

12. Matsui R, Ueno T, Ohyama T. Fabrication of a custom div-

ing mouthpiece using a thermoforming material. J Prosthet

Dent. 2004;92:392–394.

13. Scheper WA, Lobbezoo F. Eijkman MA [Oral problems in

divers]. Ned Tijdschr Tandheelkd. 2005;112:168–172.

14. Zadik Y, Drucker S. Diving dentistry: a review of the den-

tal implications of scuba diving. Aust Dent J. 2011;56:

265–271.

15. Lobbezoo F, van Selms MKA, John MT, et al. Use of the

research diagnostic criteria for temporomandibular disorders

for multinational research: translation efforts and reliability

assessments in the Netherlands. J Orofac Pain. 2005;19:301–

308.

16. LeResche L. Epidemiology of temporomandibular disorders:

implications for the investigation of etiologic factors. Crit

Rev Oral Biol Med. 1997;8:291–305.

17. Spilker B. Guide to clinical trials. New York: Raven Press;

1991.

18. Lobbezoo F, Ahlberg J, Glaros AG, et al. Bruxism defined

and graded: an international consensus. J Oral Rehabil.

2013;40:2–4.

19. Manfredini D, Lobbezoo F. Relationship between bruxism

and temporomandibular disorders: a systematic review of

literature from 1998 to 2008. Oral Surg Oral Med Oral

Pathol Oral Radiol Endod. 2010;109:e26–e50.

20. van Selms MKA, Lobbezoo F, Wicks DJ, Hamburger HL,

Naeije M. Craniomandibular pain, oral parafunctions, and

psychological stress in a longitudinal case study. J Oral

Rehabil. 2004;31:738–745.

21. Lateef F. Post exercise ice water immersion: is it a form of

active recovery? J Emerg Trauma Shock. 2010;3:302.

22. Higgins T, Cameron M, Climstein M. Evaluation of passive

recovery, cold water immersion, and contrast baths for

recovery, as measured by game performances markers,

between two simulated games of rugby union. J Strength

Cond Res. 2012. doi: 10.1519/JSC.0b013e31825c32b9.

[Epub ahead of print].

Correspondence: Frank Lobbezoo, Department of Oral Kinesiology,

Academic Centre for Dentistry Amsterdam (ACTA), Gustav Mah-

lerlaan 3004, 1081 LA Amsterdam, The Netherlands.

E-mail: f.lobbezoo@acta.nl

Appendix A.

The final version of the specific instrument for the

assessment of TMD complaints among scuba divers:

questions (response options)

1 What is your gender? (female/male)

2 What is your age? (years)

3 How many years do you already dive? (0–1/2–4/

5–10/>10 years)

4 How many time per year do you dive? (<20/20–

40/41–60/>60)

5 On a scale from 0 to 10, how much stress do you

experience in your everyday life? (0/---/10)

(0 = no stress/---/10 = a lot of stress)

6 On a scale from 0 to 10, how much stress do you

experience while diving? (0/---/10)

(0 = no stress/---/10 = a lot of stress)

7 Have you ever had pain in your jaw muscles?

(no/yes)

If Yes, is this pain present. . . (during diving?/

after diving?/both?)

Was this pain already present before you started

diving actively? (no/yes)

8 Have you ever had pain in your jaw joints (the

hinge of the jaw in front of the ear)? (no/yes)

If Yes, is this pain present. . . (during diving?/

after diving?/both?)

Was this pain already present before you started

diving actively? (no/yes)
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9 Do you have frequent headaches? (no/yes)

If Yes, is this pain present. . . (during diving?/

after diving?/both?)

Was this pain already present before you started

diving actively? (no/yes)

10 Do you have frequent neck pains? (no/yes)

If Yes, is this pain present. . . (during diving?/

after diving?/both?)

Was this pain already present before you started

diving actively? (no/yes)

11 Do you clench your teeth? (no/yes)

12 Do you grind your teeth? (no/yes)

13 Is diving your profession? (no/yes)

14 Do you experience a clicking sound in your jaw

joint? (no/yes)

If Yes, when did this sound occur for the first

time? (before/after starting to dive actively)

15 Do you experience a scraping sound in your jaw

joint? (no/yes)

If Yes, when did this sound occur for the first

time? (before/after starting to dive actively)

16 In which water temperatures do you mainly dive?

(ice cold, cold/warm, tropical)

17 On a scale from 0 to 10, how do you rate your

mouthpiece? (0/---/10)

(0 = extremely poor/---/10 = excellent)

18 Do you bite on your mouthpiece while diving?

(no/yes)

19 Have you ever broken your mouthpiece by biting?

(no/yes)
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