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Abstract

(Livingstone DM, Lange B. Rhinologic and oral-maxillofacial complications from scuba diving: a systematic review with
recommendations. Diving and Hyperbaric Medicine. 2018 June;48(2):79-83. doi: 10.28920/dhm48.2.79-83. PMID: 29888379.)
Rhinologic and oral maxillofacial complications from scuba diving are common, representing approximately 35% of head and
neck pathology related to diving. We performed a systematic and comprehensive literature review on the pathophysiology,
diagnosis, and treatment of rhinologic and oral maxillofacial pathology related to diving. This included complications due
to sinus barotrauma, barodontalgia, odontocrexis, temporomandibular joint dysfunction, partially dentulous patients, and
considerations for patients following major head and neck surgery. Of 113 papers accessed, 32 were included in the final
synthesis. We created a succinct summary on each topic that should inform clinical decision making by otolaryngologists,
dive medicine specialists and primary care providers when faced with pathology of these anatomic sub-sites.

Background

Scuba diving-related injuries in the head and neck are
extremely common, and account for 80% of all diving
injuries.! Approximately 35% of all dive-related head and
neck complications occur in rhinologic and oral maxillofacial
sub-sites.? Despite the prevalence and importance of
injuries to these regions, it has been 25 years since the last
comprehensive review of the topic.? Typically, dive injuries
occur due to perturbations of normal physiology according
to Boyle’s Law, resulting in barotrauma, and Henry’s Law,
resulting in decompression sickness (DCS). The physics and
implications of these laws are outlined in detail elsewhere.*
The purpose of this report is to systematically review the
published literature evaluating scuba diving physiology and
complications related to rhinologic and oral maxillofacial
sub-sites and provide a resource with evidence-based
recommendations where possible.

Method

A systematic review of the literature was performed through
a search of the following databases: Ovid/Medline, PubMed,
EMBASE, UpToDate, Rubicon Repository, Diving and
Hyperbaric Medicine publications, and the Cochrane Review
Database up to September 2017. A screening literature search
was used to identify all literature discussing scuba diving and

any otolaryngology topics. Search terms included: “SCUBA”
and/or “diving”, and “head and neck”, “otolaryngolog*”,
“otolog™” “rhinolog™”, “sinus surgery” or “laryngolog*”.
Reference lists of identified publications were reviewed to
ensure no relevant studies in this field were missed. ‘Grey’
literature, including the Diver’s Alert Network online
resources, was also queried for completeness. Inclusion
criteria included any full text paper discussing scuba diving
as it relates to rhinologic and oral maxillofacial anatomic
subsites at any level of evidence (LOE). Exclusion criteria
included papers that were not available in English or in an
English translation.

The combined search resulted in a total of 398 abstracts
to be reviewed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.> Two-hundred-eighty-five abstracts were
excluded due to duplications, leaving 113 abstracts to be
reviewed. Nineteen abstracts were excluded, as they were
not available full text or not available in English. Two were
excluded because the topic did not include scuba diving.
Sixty-nine were excluded as they solely discussed otology-
related topics. This left a total of 23 articles that met the
criteria of including both scuba diving and rhinology and
oromaxillofacial topics. The works cited section of these
articles were reviewed, in combination with discussion with
experts in the field, and 12 additional studies were identified.
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Results and discussion

A total of 32 articles were relevant to rhinologic and
oromaxillofacial complications from diving, and were
included in the study. There were no systematic reviews,
metanalyses or randomised controlled trials found.

RHINOLOGIC PATHOLOGY AND COMPLICATIONS

Disorders of the nose and paranasal sinuses affect up
to 18% of divers seeking outpatient ENT consultation.®
Current evidence shows that chronic rhinosinusitis exists
in greater frequency amongst divers, with one group
finding an incidence of 11% among divers who presented
for otolaryngological assessment.® However, study of 76
commercial divers did not show a correlation between
radiographic sinus opacification and length of service,’
albeit a finding of uncertain significance considering the
poor sensitivity of plain film sinus radiography. Baseline
paranasal sinus mucosa thickness may be greater among
divers for uncertain reasons, even among those who have
not experienced sinonasal barotrauma; for instance, mucosal
hypertrophy was significantly more common among 79
recreational divers in comparison with case-matched
controls (42% versus 23%).® This may represent thickening
due to subclinical dysbaric stress placed on the sinus mucosa.
Importantly, these divers were asymptomatic, despite the
thickened mucosal lining, and the clinical significance of
this finding is uncertain.®

Sinus barotrauma

Sinus barotrauma occurs in association with sinus outflow
obstruction in the setting of rapidly changing ambient
pressure. Sinus obstruction can occur due to many sinonasal
pathologies but is most commonly related to acute or
chronic rhinosinusitis. The first major series of sinus
barotrauma from diving included 50 cases in an Australian
Navy environment.® In this series of military divers, pain
on descent was the predominant symptom in all cases,
and in three-quarters of cases on ascent. Epistaxis was the
second most common symptom occurring in over half the
divers. There was also a strong association with middle ear
barotrauma, which occurred in about half the cases.” Another
series of 50 more severe cases in recreational divers, was
self-selected owing to persistent symptoms after diving.'
Four of these latter 50 divers experienced a dramatic
popping sensation at depth, which may have represented
haemorrhagic stripping of mucosa of the paranasal sinuses.*

The magnitude of barotrauma an individual will experience
is related to the size of the sinus ostia, cavities and rate
of ambient pressure change. When the sinus mucosal
lining of a diver is subjected to a relative vacuum during
descent, mucosal oedema, serosanguinous exudation and
submucosal haematoma formation may occur.* Divers
may experience pain, epistaxis and neuralgia within

Diving and Hyperbaric Medicine Volume 48 No. 2 June 2018

distribution of the maxillary division of the trigeminal nerve.
Barotrauma may be limited to specific paranasal sinuses,
resulting in a specific subset of symptoms. For example,
isolated sphenoidal sinus barotrauma may present with
retro-orbital/occipital pain with the absence of significant
nasal secretions.!! The optic nerve can also be affected;
one diver experienced blindness due to compression of
the optic nerve by a sphenoid sinus mucocoele.'? Forced
Valsalva at depth may also cause cranialisation of pus
(and/or air) when diving with acute or chronic rhinosinusitis."?
Barotraumatic orbital emphysema has been reported in
breathhold and scuba divers, which likely tracked through
an area of dehiscent lamina papyracea.'*"> Thus, epidural
abscess and empyema can occur, and these patients must
be followed closely.

Sinus barotrauma may also occur on ascent. As gas expands
within an obstructed sinus cavity, vascular compromise
leading to mucosal necrosis, and sinus wall fracture leading
to pneumocephalus, periorbital/orbital emphysema and
meningitis may occur.'*¢ Ischaemic neuropraxia of the
maxillary branch of the trigeminal nerve within the maxillary
sinus'® and of the posterior superior branch of the alveolar
nerve may also occur, leading to numbness of the ipsilateral
teeth, gums, and oral mucosa.* It is important to ask about
any previous orbital or sinus trauma, in addition to symptoms
of chronic rhinosinusitis, as any blocked sinus ostia could
generate a closed cavity with potential for barotrauma."”

The most important method for prevention of paranasal
sinus barotrauma in diving is abstention from diving during
an upper respiratory infection, particularly sinusitis or
rhinitis.!" Topical or systemic vasoconstriction is typically
contraindicated for 12 h before diving to prevent a rebound
congestion and consequent barotrauma during the dive.
Patients that present to an otolaryngologist for follow-up
after suffering from sinus barotrauma should undergo a
thorough endoscopic examination to rule out predisposing
anatomic factors, such as septal deviation or nasal polyposis.
Computer-aided tomography of the sinuses may be
performed to establish persistent sinonasal disease after
suffering barotrauma or to rule out pre-existing anatomic
factors. Magnetic resonance imaging (MRI) using T1 and
T2-weighted imaging can be useful to differentiate blood
from mucosal thickening.'® Endoscopic sinus surgery may
be required in patients who have experienced recurrent
sinus barotrauma or among those who remain symptomatic
despite medical therapy.” Among the series of 50 Australian
recreational divers published in 1994, six required operative
intervention, “such as sinus ... and/or nasal surgery, often

with excellent results”.'°

Treatment of sinus barotrauma is based on the presenting
symptoms. Medical therapy can include saline irrigations, use
of decongestants, as well as topical and oral corticosteroids."’
Intractable pain despite maximal medical therapy may
require operative intervention, and should be guided by
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imaging and a thorough endoscopic in-office examination.
Divers may return to diving within six weeks provided
imaging demonstrates resolution of sinus opacification and
any underlying predisposing factors have resolved (i.e.,
sinonasal polyposis, coexistent infection or inflammation).!3
These divers should test for pressure-induced headache
in a swimming or dive pool at a depth of at least 3 m
before resumption of diving activities.!* Comorbid
chronic rhinosinusitis should be treated by an experienced
otolaryngologist to ensure maximal patency of sinus ostia,
in order to prevent further episodes. Prevention remains the
most important clinical consideration, and patients should
endeavor to avoid smoking and other nasal irritants, adopt
a feet-first position on descent, and utilize frequent and
appropriate equalization techniques.* Patients presenting
with sinus barotrauma will benefit from a thorough otologic
assessment to rule out concurrent otologic complications,
such as middle or inner ear barotrauma, which can be guided
by information contained in a separate review.?

ORAL AND MAXILLOFACIAL PATHOLOGY AND
COMPLICATIONS

Barodontalgia

Barodontalgia refers to dental pain due to fluctuations in
ambient pressure. It has been reported in divers at depths of
10 m (202 kPa) or less.?! This condition is the most common
dental symptom experienced during a dive, with maxillary
teeth more frequently involved than mandibular teeth.?> A
2016 online survey of recreational divers reported that 41%
of respondents had experienced dental symptoms at some
point during dives.”? Dry mouth is also extremely common
both during and after diving, which may exacerbate pain
due to caries.”® Treatment is aimed at the underlying source
of odontalgia, including removal of dental caries, diseased
tooth pulp and dental extractions when appropriate. As
noted previously, compression of the second branch of the
trigeminal nerve from maxillary sinus pathology can also
cause odontalgia when diving and should be included in a
clinician’s differential diagnosis.

Odontocrexis and dysbaric osteonecrosis

Odontocrexis refers to fracture of teeth during ascent
or descent. Most often this occurs in teeth that have
undergone dental restorations. Air may become trapped at
the porcelain metal interface among patients undergoing
endodontic procedures. Certain dental cements may
also contain microbubbles, specifically crowns luted
with zinc phosphate and glass ionomer cements, leading
to decreased retentive strength.’” These cements may
undergo volumetric contraction and microleakage, though
hyperbaric environments do not seem to promote dental
alloy corrosion in vitro.®® Resin cements are relatively
unaffected by pressure changes and are advocated among
those who undergo exposure to rapid fluctuations in
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pressure, including divers.!®* Repetitive diving may also
affect retentive strength of dental adhesives; fibre reinforced
composite cements have been shown to have higher strength
in comparison with titanium and Zirconia-based cements
following simulated dives.* Dissolved zinc ions can also be
released from low gold content dental alloys in hyperbaric
environments, with potential toxicity. High gold content
dental alloys are thus advocated among high activity divers.*
A 2014 survey of 520 Swiss divers and caisson workers
demonstrated a prevalence of odontocrexis of 6.3%.2* Gas
emboli due to DCS can theoretically infarct the end arteries
within mandible or maxilla causing dysbaric osteonecrosis,
though no such cases have yet been reported.®

Temporomandibular joint (TMJ) dysfunction (TMD)

Diving regulator mouthpieces are typically silicone rubber
and are held in place by a bite platform between incisor
and canine occlusion. Typically, the mandible must be
positioned anteriorly to properly position the regulator,
leading to uneven loading of the TMJ.!® The lip flanges
of the mouthpiece may also cause local gingival irritation,
apthous ulceration and trauma. Symptoms of TMD related
to diving include pain and fatigue in the TMJ and muscles of
mastication, TMJ crepitus or clicking, headache and tinnitus.

Fatigue of the muscles of mastication is common during
repetitive recreational diving due to the requirement for
prolonged isometric contraction to retain the mouthpiece.
MRI studies have demonstrated excessive retrodiscal stress
within the TMJ using regulator mouthpieces, leading to
worsened TMD.» Risk factors for TMD include female
gender,?® inexperience with diving,?” whilst there is
conflicting evidence as to whether cold-water or warm-
water diving puts you at greater risk.?*? Bruxism also
appears to be risk factor, and masticatory occlusal activity
may be greater with softer mouthpieces.?® Other risk
factors include clenching, biting on the mouthpiece and
a poor-quality mouthpiece.” Excessive occlusal pressure
on a mouthpiece can also cause non-barotraumatic tooth
fracture.® Exacerbation of pre-existing TMD is likely.
Referred otalgia is common and should not be mistaken for
otologic barotrauma.

Custom mouthpieces are recommended for divers with
TMD to optimize underwater occlusal forces.!® There seems
to be no significant difference among currently available
commercially produced mouthpieces among patients with
TMD.*! Mouthpiece design has been refined to the point
that diving may simply be exacerbating pre-existing TMD,
rather than causing new cases.”® Current recommendations
include a mouthpiece with an interdental bite platform
with a thickness of less than 4 mm and a width less than
8 mm.” The interdental bite platform width also affects
efficiency of air movement through the regulator, and
should be considered in technical diving applications.*
Cephalometric radiographs assessing jaw position is a
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useful adjunct in custom mouthpiece design.** Conservative
treatment measures include a soft diet, massage and moist
heat application during surface intervals between dives.
Consideration can also be given to non-sedating oral muscle
relaxants and anti-inflammatory medications.”’

Edentulous/partially dentulous patients

Complete or partial, removable dentures can be a hazard
in diving with conventional mouthpieces, though removal
of dentures prior to diving is not necessarily required.
There have been documented cases of fatal aspiration
from a dislodged dental prosthesis during dives.** Custom
mouthpieces can be fabricated to be retained by edentulous
arches. Alternatively, patients may opt for meticulously
maintained fixed prostheses or implants. Osseointegrated
implants are solid and not at risk for pressure related
damage.'®

Head and neck surgery

Three patients were reported to have successfully returned to
diving after extensive head and neck reconstructive surgery.
Individual case-by-case assessment involving dive medicine
and surgical consultation is essential in such circumstances.*

Conclusion

Scuba diving holds significant potential for complications
affecting rhinologic and oral-maxillofacial anatomic sub
sites. Otolaryngologists and dive medicine specialists should
have a thorough understanding of the pathophysiology,
treatment and fitness to dive implications of disorders of the
head and neck as they relate to diving. The recommendations
within this review should be considered in the context of
each individual patient.
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