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Dental evaluation of scuba diving mouthpieces
using a subject assessment index and radiological
analysis of jaw position

R S Hobson, J P Newton

Abstract
Objective—To compare two experimental
scuba mouthpieces with a commercially
available design.
Methods—A laboratory study using six
men to assess eVort, muscle pain, muscle
fatigue, facial discomfort, tooth discom-
fort, and loss of lip sensation using a visual
analogue scale. Cephalometric radio-
graphs and analysis of jaw position with
each mouth piece were also used.
Results—Fully customised mouthpieces
caused the least discomfort, muscle pain,
fatigue, and eVort. They also resulted in
the least mandibular displacement from
the resting position. Radiographic analy-
sis of jaw position showed that the fully
customised design resulted in the least
displacement from normal jaw position.
Conclusions—A fully customised design
gives the greatest comfort, least eVort,
and least mandibular displacement. This
design is recommended, particularly for
divers who experience temporomandibu-
lar dysfunction associated with diving.
(Br J Sports Med 2001;35:84–88)
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The introduction of the self contained under-
water breathing apparatus (scuba) by Cousteau
and Gagin in the 1940s has enabled underwa-
ter diving to develop both commercially and as
a sport. Although the design of the demand
valve, which regulates the air supply to the
diver, has been improved substantially, the
mouthpiece by which the diver holds the
demand valve in place has undergone little or
no development.

Pinto1 and Roydhouse2 have suggested that
the use of a scuba mouthpiece can cause local
inflammation of the temporomandibular joint,
which can lead to labyrinthine dysfunction and
associated vestibular disturbances—for exam-
ple, vertigo and disorientation. These are
potentially hazardous conditions which have
been implicated in underwater accidents and
deaths.3 Other workers2 4 have found that the

incidence of temporomandibular joint dys-
function associated with the use of a diving
mouthpiece is as high as 65% of all divers.

The present commercially available mouth-
pieces are constructed of either rubber or
silicone material and all share a similar design.
They have an airway tube (fig 1), which
connects to the demand valve passing air to the
diver, and an oral screen which fits inside the
diver’s lips aiding retention and providing a
seal. The diver bites on two interdental
platforms to hold the mouthpiece and demand
valve in place, this being aided by palatal lugs
on the inside of the teeth. The canine and
premolar teeth (fig 2) hold these bite platforms.
This basic design appears to have a number of
faults which can result in the temporoman-
dibular joint being incorrectly loaded.

Goldstien and Katz3 and Lamendin5 have
previously attempted to improve the mouth-
piece design, although with no reported clinical
trials. Mack et al6 reported the outcome of an
underwater trial using a number of commercial
and experimental designs, concluding that the
design parameters were mutually antagonistic
but that thin bite platforms placed between the
premolar and molar teeth should reduce the
incidence of temporomandibular joint dys-
function associated with diving.

In a study of commercially available mouth-
pieces, using electromyographic recordings

Figure 1 Diagram to show the general form and shape of
a scuba mouthpiece. A, Connection to demand valve; B,
oral screen; C, interdental bite platform; D, palatal lugs.
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from the masseter muscle, Ingervall and Warv-
finge7 found that a semicustomised design
required less muscle activity for retention than
commercial designs. We have previously de-
scribed the development and manufacture of a
fully customised scuba mouthpiece,8 which was
developed to fit the diver’s occlusion with the
aim of reducing the incidence of temporoman-
dibular joint dysfunction.

The present study compares a commercial
design with two experimental designs, one of
which was fully customised, using a subject
assessment index and radiological analysis of
the jaw position during its use in a simulated
dive procedure.

Materials and methods
The study involved six male non-divers, aged
between 25 and 35, all of whom had given their
consent. They possessed a complete natural
dentition, with a class I skeletal pattern and
occlusion, and there was no history of tempo-
romandibular joint dysfunction or any discom-
fort in their masticatory muscles.

Three mouthpiece designs were examined: a
commercially available design (Scubapro UK
Ltd, Mitcham, Surrey, UK) (fig 3A), a
semicustomised design (fig 3B), and a fully
customised design (fig 3C). The semicustom-
ised design was produced using the parameters
suggested by Mack et al,6 and the fully custom-
ised design was produced as previously de-
scribed8 on the casts of the subject’s dentition
mounted on a dental articulator. The mouth-
pieces were used in a random sequence with
each subject being tested with all three designs.
A minimum of at least seven days was allowed
to elapse between experimental sessions for
each subject, the duration of the experimental
period being 45 minutes in every case. Each
subject was seated upright in a dental chair
with the head supported by a head rest. A
scuba diving demand valve (Scubapro Mk V)
was attached in the normal position for a dive,
and the mouthpiece under investigation was
placed in the subject’s mouth.

A visual analogue scale questionnaire was
prepared for completion by the subject during
each experimental session. The following
parameters were assessed: eVort required to
hold the mouthpiece in place; facial discom-
fort; muscle fatigue; muscle pain; change in lip
sensation (numbness); tooth discomfort; any
tooth pain. The subjects were asked to
complete the self assessment questionnaire at
one minute, five minutes, and subsequent five
minute intervals for the 45 minute experimen-
tal period. Responses were recorded by a single
mark on a 10 cm visual analogue scale, which
had extremes indicated at the scale limits—for
example, for muscle pain, the limits were “No
pain whatsoever” to “More pain than I have
ever experienced”.

To assess reproducibility, a subject was
selected at random and the procedures re-
peated for all three mouthpieces. No significant
diVerences were found (t test, p>0.05). Analy-
sis of variance was used to examine the diVer-
ence in the response to the various mouth-
pieces.

Three subjects were selected at random and
cephalometric lateral skull radiographs were
taken to examine the diVerences in mandibular
position during the use of each mouthpiece.
Cephalometric radiography was developed by
Broadbent9 to interpret lateral skull radio-
graphs taken in a standardised cephalostat.
The radiographs were traced and analysed
using an orthodontic computer program
(COGSoft; British Orthodontic Society, East-
man Dental Hospital, London, UK) on an
IBM compatible PC with a digitising tablet,
superimposing on the Sella-Nasion line at
Sella.

Results
SUBJECT ASSESSMENT

The visual analogue scales were measured to
an accuracy of 1 mm and the data averaged at
each time interval for each mouthpiece. Mean
scores for each of the three mouthpieces are
given for eVort (fig 4), muscle pain (fig 5),

Figure 2 Diagram to
show the conventional
position of the scuba
mouthpiece as it is held
between the canine and
premolar teeth. Note that
the posterior teeth are not in
occlusion.

Figure 3 (A) Commercial mouthpiece constructed from
rubber or silicone, with the bite blocks positioned to be
gripped by the canine and premolar teeth. (B)
Semicustomised mouthpiece constructed from silicone, with
thin bite blocks positioned to be gripped by the premolar and
molar teeth. (C) Customised mouthpiece constructed from
silicone, with thin bite blocks positioned to be gripped by the
canine, premolar, and molar teeth. Notice that the bite
blocks reflect the cusps of the user’s dentition.
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muscle fatigue (fig 6), facial discomfort (fig 7),
loss of lip sensation (fig 8), and tooth discom-
fort (fig 9). No tooth pain was reported at all
with any of the mouthpieces.

The greatest eVort was required to hold the
commercial mouthpiece in place (34% eVort),
compared with 22% for the semicustomised
mouthpiece (p<0.001) and 15% for the
customised mouthpiece (p<0.001). The eVort
to hold the customised mouthpiece in place
was significantly less than that required for the
semicustomised mouthpiece (p<0.005). It was
noticeable that the eVort to hold the mouth-
piece increased as time passed for both the
commercial and semicustomised designs, but
not for the fully customised design.

Figure 6 shows that, as expected from the
eVort to hold the mouthpiece, there was a
gradual increase in muscle fatigue with time

with all three mouthpieces. The commercial
design caused the greatest discomfort when
compared with both the semicustomised and
customised design (p<0.001).

Although, the amount of muscle pain
experienced was low for all three designs (fig
5), the commercial design caused almost twice
as much pain as the semicustomised and
customised designs (p<0.005). Figure 7 shows
the overall discomfort resulting from the use of
the mouthpieces and a similar increasing trend
in discomfort is observed. The commercial
design produced the most discomfort followed
by the semicustomised design, with the cus-
tomised design causing the least (p<0.001).

Discomfort to the dentition was very low (fig
9), and, although there was a significant diVer-
ence between that caused by the commercial
design and the semicustomised and customised

Figure 4 Plot of perceived eVort to hold mouthpieces in
place against time.
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Figure 5 Plot of perceived muscle pain during use of
mouthpieces against time.
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Figure 6 Plot of perceived muscle fatigue during use of
mouthpieces against time.
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Figure 7 Plot of perceived facial discomfort during use of
mouthpieces against time.
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Figure 8 Plot of perceived loss of lip sensation during use
of mouthpieces against time.
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Figure 9 Plot of perceived tooth discomfort during use of
mouthpieces against time.
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designs (p<0.05), this is probably not clinically
significant. The extent of loss of sensation (fig
8), perceived as the lips feeling numb, showed
a gradual increase with time. The commercial,
semicustomised, and customised mouthpieces
had no perceivable diVerence between them
(p>0.8). However, there was a trend indicating
that the commercial mouthpiece produced the
greatest change when compared with the other
designs.

None of the subjects reported temporoman-
dibular joint dysfunction either during or after
the experimental period. Subsequent follow up
one week and four weeks later confirmed this
observation.

CEPHALOMETRIC RADIOGRAPHS

Mean cephalometric tracings in fig 10 show the
extent of displacement by the three diVerent
mouthpieces in comparison with normal occlu-
sion. Table 1 gives the mean changes in cepha-
lometric values. The greatest forward displace-
ment of the mandible was produced by the

commercial design. This is confirmed by the
increase in the Sella-Nasion-B point (SNB)
angle, which measures the position of the man-
dible in relation to the anterior cranial base.
The largest change was caused by the commer-
cial mouthpiece, the customised and semicus-
tomised mouthpieces having a minimal eVect
on mandibular displacement. The overjet, the
horizontal measurement of the upper to the
lower incisor teeth, confirms the forward
displacement caused by the commercial
mouthpiece, with a reduction—that is, forward
movement of lower incisors—of −3 mm.

The mandible is also displaced downwards,
rotating backwards around the temporoman-
dibular joint, by all mouthpieces, with the
semicustomised and commercial mouthpieces
causing the biggest increase in the angle
between the maxilla and mandible. The
reduced face height (a measure of vertical dis-
placement of the mandible) and the increase in
overbite (the vertical distance between the
upper and lower incisors) confirm that these
mouthpieces displace the mandible down-
wards.

In all three subjects during use of the
customised mouthpiece, the mandibular posi-
tion was close to that of the normal rest
position, with the teeth slightly apart, produc-
ing the minimum displacement.

Discussion
The experimental method used in this study
does not truly reflect the use of the scuba div-
ing mouthpiece in a diving environment, as the
diver normally swims in a prone face down
position with the head extended. Obviously, it
was diYcult to reproduce this in the laboratory,
but the upright position should provide similar
loading of the mouthpiece by the demand
valve. In addition, it was not possible to take
into account the aVect of stress, both psycho-
logical and physical, that occurs during an
underwater dive, which may aVect the force
exerted by the diver on the mouthpiece. It is
known that parafunctional activity of the mas-
ticatory apparatus, such as clenching, can
occur in response to stress10 or as a result of
exposure to cold. Nevertheless, the results con-
firm other clinical findings that a semicustom-
ised mouthpiece requires significantly less
muscular eVort for its retention than a
commercial mouthpiece.6 7

Ranking of the mouthpieces using the
subject assessment index supports the findings
of Mack et al7 that a semicustomised design can
reduce the perceived muscle eVort, fatigue, and
discomfort compared with the commercially
available design. However, the fully customised
mouthpiece shows a significant improvement
over both of these and could be considered the
one of choice. This result could have been
expected because the other two mouthpieces
significantly obliterate the interocclusal rest
space of the user. In previous studies of patients
who have undergone restorative treatment of
their dentition or have been provided with
complete dentures or bite raising appliances,

Figure 10 Diagram showing the average diVerences in mandibular position during
mouthpiece use. Normal occlusion is shown for comparison.

Normal occlusion Customised
mouthpiece

Semicustomised
mouthpiece

Commercial
mouthpiece

Table 1 Mean change between normal mandibular position and mandibular position with
mouthpieces in situ

Customised Semicustomised Commercial

SNB angle (°) −0.5 0.0 +3
Mx/Mn angle (°) +2 +4 +4.5
Lower face height (mm) +3 +6 +6
Overjet (mm) 0.0 −1.0 −3
Overbite (mm) +1 +5.0 +5.5

Mx/Mn angle, angle between the maxilla and mandible.
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consequent fundamental decreases in the inte-
rocclusal rest space have often led to discom-
fort in the temporomandibular joint and/or the
masticatory muscles.11 In the present study, the
postural face height of the subjects was
determined and the interocclusal rest space
was found to be between 3 and 6 mm.

The eVect of the diVerent mouthpieces on
the perceived changes in lip sensation is a pre-
viously unreported finding, and discussion
with active divers confirmed that this sensation
of numbness often occurs during diving proce-
dures. However, they all had previously attrib-
uted this change in sensation to the cold water
temperature experienced during the dive and
not the use of a diving mouthpiece. Interest-
ingly, Ingervall and Warfvinge7 reported a
decrease in lip muscle activity with the use of a
mouthpiece that achieved a better jaw relation-
ship than two other commercially available
designs. This is obviously an area that requires
further investigation to elucidate the full role of
circum-oral musculature in the retention of
diving mouthpieces of diVerent designs.

Cephalometric analysis showed that the fully
customised design produced the least protru-
sion and lowering of the mandible, followed by
the semicustomised and commercial designs.
The fully customised mouthpiece was origi-
nally designed to replicate the rest position of
the mandible, and this appears to have been
achieved. This also resulted in minimum eVort
to retain the mouthpiece with a consequent
significant reduction in discomfort during its
use. It is interesting to note that Ingervall and
Warvfinge7 found that the highest levels of
muscle activity were required for the mouth-
piece that produced the least protrusion and
lowering of the mandible.

The results from this study suggest that the
trend in scuba diving mouthpiece design
should be towards an increased level of
customisation. In addition, the following de-
sign features, which have been shown to have
beneficial outcomes for the diver in the short
and long term, should be included.

+ The bite platforms should extend between
the premolar and molar teeth.

+ The oral screen should extend fully into the
sulcus of the mouth incorporating the labial
and buccal aspects.

+ The thickness of the bite platforms should
be such that the interocclusal rest space (the
distance between the intercuspal position
and the postural position) is not exceeded.
There are some practical implications, which

should be carefully considered at this stage.
There are potential problems in the construc-
tion process because of the number of stages
involved and obviously the greater expense.
Furthermore, experienced divers are likely to
be reluctant to change from the standard com-
mercial mouthpiece, even though a field trial of
the fully customised design by Roberts12

produced favourable results. However, the use
of a customised mouthpiece should be seri-
ously considered by divers who have previously
had episodes of temporomandibular joint dys-
function or prolonged discomfort in their jaw
muscles following diving activities.
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Take home message
Commercially available scuba mouthpiece designs can result in temporomandibular joint and
jaw muscle problems. Symptoms can be significantly reduced by the use of a fully customised
mouthpiece.
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