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Abstract

Objectives: Wave forced impacts are
known to result in cervical spine
injuries (CSI) and approximately
20% of drownings in Australia
occur at the beach. The most com-
mon mechanism of injury in studies
examining the frequency of CSI in
drowning patients is shallow water
diving. The aim of the present study
was to determine what proportion of
CSIs occurring in bodies of water
experienced a concomitant drowning
injury in a location where wave
forced impacts are likely to be an
additional risk factor.
Methods: Electronic medical records
at the Sunshine Coast Hospital and
Health Service EDs, Queensland
Ambulance Service case records and
Surf Life Saving Queensland data
between 1 January 2015 and 21 April
2021 were manually linked. Out-
comes recorded included victim demo-
graphics, scene information, hospital
course and patient disposition.

Results: Ninety-one of 574 (15.9%)
CSIs occurred in a body of water with
risk of drowning. However, only
4 (4.3%) had a simultaneous drown-
ing injury, representing 0.8% (4/483)
of drowning presentations. Ten
(10.9%) patients reported loss of con-
sciousness, including the four with
drowning. The principal mechanism of
CSI was a wave forced impact (71/91,
78%). Most injuries occurred at the
beach (79/91, 86.8%). Delayed pre-
sentation was common (28/91, 31%).
A history of axial loading was 100%
sensitive when indicating imaging.
Conclusions: The combination of
CSI and drowning is uncommon.
Cervical spine precautions are only
required in drowning patients with
signs or a history, or at high risk of,
axial loading of the spine. This paper
supports the move away from rou-
tine cervical spine precautions even
in a high-risk population.

Key words: cervical vertebrae injury,
drowning, emergency medicine.

Introduction
Drowning is the third leading cause
of traumatic death globally and can
occur in any body of water, such as
swimming pools, the ocean, rivers,
lakes and dams.1 Recently, there has
been a move away from routine cer-
vical spine immobilisation in drown-
ing patients.2 However, it is unclear
if this is supported by evidence.
Although the potential consequences

of shallow water diving have long
been known,3,4 there is evidence from
the USA,5–7 France,8 the UK9 and
Mexico10,11 that wave forced impacts
can result in cervical spine injury
(CSI). The wave forced impact causes
a head-first collision with the ocean
floor, resulting in an axial load down
the cervical spine, a very high-risk
mechanism (odds ratio [OR] 7.3, 95%
confidence interval [CI] 5.1–10.4) for
CSI.12 In fact, cervical and spinal inju-
ries at the beach are common, making
up almost 20% of the injuries occur-
ring within the surf zone.8
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Key findings
• The combination of cervical

spine injuries and drowning is
uncommon.

• A history of axial loading is
100% sensitive for indicating
imaging.

• Delayed presentation to the
ED is common.
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The prevalence of CSI in several
cohorts of drowning patients has also
been investigated.13–17 Although these
studies have all found a low preva-
lence of CSI in drowning patients,
ranging from <1%17 to 5%,16 all of
these studies were conducted in the
USA and very few (5–10%) of these
injuries occurred in natural bodies of
water.13,16 As a consequence, despite
the potential for wave forced impact
to cause CSI,3–11 none of the patients
in these studies were reported as being
injured secondary to a wave forced
impact.
In contrast to the USA, Australia

has a strong beach going culture
with 11 million people visiting the
coast to wade, swim or surf in 2020,
of which 3.9 million people did so
frequently.18 To put this into con-
text, these numbers represent 43%
and 15% of the national population
respectively.19 Australians are also
much more likely to drown at the
beach with over 20% of drowning
fatalities occurring at the beach.20

Given the frequent combination of
mechanism and exposure in
Australia as well as the lack of evi-
dence supporting the change in prac-
tice away from routine cervical spine
immobilisation in a high-risk popu-
lation, we investigated the relation-
ship between CSI and drowning in a
population we hypothesised is at a
higher risk than those previously
studied.

Methods
This retrospective case series included
all patients that presented to the EDs
of the Sunshine Coast Hospital and
Health Service (SCHHS) with diag-
nosed CSI that occurred in a body of
water (such as an ocean, river, canal,
lake or swimming pool) between 1
January 2015 and 21 April 2021.
The present study received ethical
approval from The Prince Charles
Hospital Human Research and Ethics
Committee (Project no: 49754) and
James Cook University Human
Research Ethics Committee (H8014).
The Sunshine Coast is located in

South-East Queensland, approxi-
mately 100 km north of Brisbane,
Australia, and the region has many
popular surf beaches. In 2016, it had

a population of 346 522.19 The Sun-
shine Coast is a frequent destination
for visitors with over 8.5 million over-
night stays and over 4.5 million visitor
day visits during the 2019/2020 finan-
cial year.21 Until 2017, it was served
by the EDs of Nambour General Hos-
pital and Caloundra Hospital. In
2017, Sunshine Coast University Hos-
pital became the tertiary referral centre
for the Sunshine Coast and the ED at
Caloundra Hospital closed.
Electronic medical records were

searched using terms relevant to CSI
and drowning (the search strategy
is in Appendix S1). Data sources
included SCHHS integrated elec-
tronic Medical Record and ED Infor-
mation System as well as the Surf
Life Saving Queensland (SLSQ) Life-
saving Incident Management System
and Operations Console (LIMSOC)
electronic databases. Queensland
Ambulance Service (QAS) case
record forms were accessed as part
of the medical record or obtained
directly from QAS when not
included in the medical record.
LIMSOC data were only available
from September 2016 onwards. A
list of the data collected is included
in Appendix S2.
A wave forced impact was recorded

as the mechanism of injury when the
EMR or QAS records included
phrases such as ‘dumped’, ‘tumbled’,
‘wiped out’ or ‘thrown’ by a wave.
When the notes suggested a voluntary
action, such as diving, the mechanism
was recorded as shallow water diving.
With regards to the activity under-
taken at the time of the injury, surfing
was defined as the use of a rigid or

finned board that would preclude use
in an area patrolled by lifeguards. Use
of bodyboards (non-rigid foam boards
without fins) was classified as swim-
ming. This classification was used
partly because the most common
cause of injuries to surfers is the
surfboard.22–24 Subjects were classified
as locals if their residential postcode
was within one of the two local gov-
ernment areas (Sunshine Coast and
Noosa) that form the Sunshine Coast.
Data were abstracted on a

standardised case report form by
two investigators (OT, KR) and
entered into an Excel (Microsoft)
spreadsheet. Abstractors were not
blinded and a kappa was not calcu-
lated. Variables recorded included
victim demographics, scene informa-
tion including body of water (pool,
beach and river), and activity being
undertaken (swimming, surfing and
other), pre-QAS scene information,
time points and intervals from QAS
data, hospital course and care pro-
vided to the patient.
Clinical and epidemiological fea-

tures were recorded, including the
imaging criteria for the National
Emergency X-Radiography Utiliza-
tion Study (NEXUS)25 and the Cana-
dian C-Spine Rule for Radiography
Study.26 Radiological reports were
assessed for the number and location
of cervical vertebral fractures and
recorded as unstable if the report
included the findings of ‘three column
injury’, ‘potentially unstable injury’
or ‘unstable injury’. Spinal cord inju-
ries were classified using the Ameri-
can Spinal Cord Injury Association
Impairment Scale (AIS).27 Drowning

TABLE 1. Classification of drowning severity28

Severity Clinical features

Grade 1 Normal pulmonary auscultation with cough

Grade 2 Abnormal pulmonary auscultation with rales in some fields

Grade 3 Pulmonary auscultation of acute pulmonary oedema without
arterial hypotension

Grade 4 Pulmonary auscultation of acute pulmonary oedema with arterial
hypotension

Grade 5 Isolated respiratory arrest

Grade 6 Cardiopulmonary arrest
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injuries were classified using the sys-
tem described by Szpilman28 ranging
from Grades 1 to 6 (Table 1).

Statistical analysis was conducted
using IBM SPSS (version 27; IBM,
Armonk, NY, USA). Descriptive statis-
tics were presented using means and
standard deviation or median and
interquartile range (IQR) when data
were not normally distributed. Nor-
mality was assessed using the
Shapiro–Wilk test. Categorical vari-
ables were described using frequencies
and percentages. Means were com-
pared using ANOVA and categorical
variables using chi-squared (Χ2) with
a P < 0.05 considered significant and
was adjusted using the Bonferroni cor-
rection where multiple categories
within the one variable were analysed.

Results
During the study period, there were
574 ED presentations with a

diagnosed CSI of which 91 (15.9%)
occurred in a body of water with
concomitant risk of drowning. There
were also 483 ED presentations
coded as immersion or drowning.
There were four patients diagnosed
with both CSI and drowning. There
were 267 spinal incidents docu-
mented by SLSQ on Sunshine Coast
beaches with 30 (11.2%) being sub-
sequently diagnosed with CSI in the
ED (Fig. 1).
Patients experiencing a CSI in a

body of water were most likely to be
male (77/91, 85%) and the mean age
was 47.1 years (SD �17.0). The
majority of injuries occurred at the
beach (79/91, 85.9%) and the major-
ity (91.1%) of activities were swim-
ming (54/91, 59.3%) and surfing
(29/91, 31.8%). Two injuries caused
by wave forced impact were the result
of collisions with boards and not the
ocean floor. One was a surfer struck
by their own board and the other was
a swimmer struck by the lifeguard’s
rescue board after being rescued.
Seventy-five (82.4%) of the injuries
occurred in the warmer months
between November and April. There
was no difference between locals and
visitors with regards to season. Sur-
prisingly, 28 (30.7%) of the 91 CSI
presentations to the ED were delayed
(>4 h) from the time of injury. Most
of these presentations were within 1–
2 days, but the longest delay was
5 days (Table 2).
The four patients, who had both

CSI and drowning, had significant
drowning morbidity. One patient was
Grade 2 (rales in some pulmonary
fields), one was Grade 3 (acute pul-
monary oedema without hypoten-
sion), one was Grade 4 (acute
pulmonary oedema with hypoten-
sion) and one was Grade 6 (cardio-
respiratory arrest) according to the
Szpilman classification.28 All four
patients were male. There were no
deaths. A common feature among the
four patients with CSI and drowning
injury was head injury resulting in a
loss of consciousness. Six other CSI
patients also reported a loss of con-
sciousness, but had no associated
drowning injury. Three of the four
were injured by wave forced impact
and one by shallow water diving. All
four were clinically suspected of

Figure 1. Relationships between SLSQ
spinal incidents, confirmed CSI and
drowning presentations. CSI, cervical
spine injury; SLSQ, Surf Life Saving
Queensland.

TABLE 2. Baseline characteristics of patients with CSIs

Females Males Total

Number (%) 14 (15%) 77 (85%) 91 (100%)

Mean age (SD) (years) 41.9 (19.6) 48.1 (16.5) 47.1 (17.0)

Activity, n (%)

Swimming 8 (8.8%) 46 (50.5%) 54 (59.3%)

Surfing 5 (5.5%) 24 (26.4%) 29 (31.9%)

Other† 1 (1.1%) 7 (7.7%) 8 (8.8%)

Mechanism, n (%)

Wave forced impact‡ 7 (7.7%) 64 (70.3%) 71 (78.0%)

Shallow water diving 7 (7.7%) 11 (12.1%) 18 (19.8%)

Other 0 2 (2.2%) 2 (2.2%)

Body of water, n (%)

Beach 10 (10.9%) 69 (76.7%) 79 (86.8%)

River/creek/canal 2 (2.2%) 4 (4.4%) 6 (6.6%)

Swimming pool 2 (2.2%) 2 (2.2%) 4 (4.4%)

Other§ 0 2 (2.2%) 2 (2.2%)

Delay to ED, n (%) 5 (17.9%) 23 (82.1%) 28 (30.8%)

Local resident, n (%)¶ 8 (17.0%) 39 (83.0%) 47 (51.7%)

†Other activities: not recorded n = 4, socialising n = 2, kite surfing n = 1,
occupational n = 1. Other mechanism: fall from height n = 1, crush injury
n = 1. ‡Wave forced impact: head-first collision with ocean floor (or other
object) secondary to the action of a wave resulting in an axial load. §Other
body of water: not recorded n = 1, rock pool n = 1. ¶Local resident: patient
with a residential postcode located within Sunshine Coast or Noosa local gov-
ernment areas. CSI, cervical spine injury.
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having both CSI and drowning injury
at the scene. There were no CSI
detected in the remaining 479 drown-
ing patients nor drowning injuries
found in the other 87 CSI patients.
The frequency of the fractures

increased the lower the cervical verte-
brae, ranging from 10 patients with
C1 fractures to 41 patients with C7
fractures. There were 35 unstable frac-
tures and 29 patients had fractures in
multiple vertebrae. Fifteen of the unsta-
ble fractures involved multiple verte-
brae. There was one patient with a
spinal cord injury (AIS – A). The per-
formance of the Canadian C-Spine
Rule and the NEXUS low-risk criteria
in correctly indicating cervical spine
imaging in this patient group (Table 3).
A CT scan of the cervical spine was

the initial investigation in all
91 patients. Subsequently, 31 (34.0%)
patients had MRI scans of the cervical
spine and 17 (18.7%) had CT angiog-
raphy. Forty-one (45.1%) had flexion
and extension X-rays to assess stabil-
ity of the spine. The high-risk criteria

for the Canadian C-spine rule indi-
cated imaging in 100% of the
patients. Use of the NEXUS low-risk
criteria indicated imaging in 78 (86%)
patients. Thirteen patients, who would
not have been scanned using NEXUS
criteria, included five with unstable
fractures and seven with multiple frac-
tured vertebrae. Twenty-eight patients,
who had a delayed presentation to the
ED, included seven with unstable inju-
ries and six with multiple vertebrae
fractured.

Discussion
The present study demonstrated that
even in a high-risk population where
wave forced impacts are a common
cause of CSI, the combination of CSI
and drowning is uncommon. Previ-
ous papers examining the prevalence
of CSI in drowning patients13–17 have
not included any patients injured by
wave forced impacts. Although the
link between wave forced impact and
spinal injuries has been previously

reported,5–11 none of those studies
examined any link between CSI and
drowning. Constant findings among
these papers included a greatly
increased risk (up to sixfold) of CSI
in visitors compared with local resi-
dents and a predominance of males
among the injured.5–8,10 Although we
had a similar result with regards to
the sex of those injured (85% male,
15% female), injuries were evenly dis-
tributed between visitors and locals in
our study. We postulated that this
might be because of local cultural fac-
tors with more frequent use of the
water by locals compared to the pre-
vious study sites, but Chang’s study
was conducted in Hawaii, with a sim-
ilarly strong beach going culture.5

Two papers reported the frequency
(100–74%)5,10 of wave forced
impacts as a cause of the CSI, and
our results were similar, with 78% of
CSI caused by wave forced impacts.
A conscious drowning patient can

typically provide a history of the cir-
cumstances of the incident allowing an

TABLE 3. Performance of the Canadian C-Spine rule and NEXUS low-risk criteria

Number of patients with imaging criteria
present

Total
(n = 91)

Patients with unstable
fractures (n = 35)

Patients with multiple
vertebrae

fractured (n = 29)

Canadian C-Spine high-risk criteria

Age ≥65 years 12 (13.2%) 9 (25.7%) 5 (17.2%)

Dangerous mechanism 91 (100%) 35 (100%) 29 (100%)

Extremities paraesthesia 42 (46.2%) 17 (48.5%) 16 (55.2%)

Canadian C-Spine low-risk criteria

Sitting position in ED 12 (13.2%) 10 (28.5%) 5 (17.2%)

Ambulatory at any stage 68 (74.7%) 22 (62.8%) 20 (68.9%)

Delayed onset of pain 4 (4.4%) 2 (05.7%) 1 (3.4%)

Absence of midline tenderness 18 (19.7%) 9 (25.7%) 8 (27.5%)

NEXUS low-risk criteria

Absence of midline tenderness 18 (19.7%) 9 (25.7%) 8 (27.5%)

Absence of focal neurological deficit 87 (95.6%) 29 (82.8%) 27 (93.1%)

Normal alertness 87 (95.6%) 31 (88.6%) 27 (93.1%)

Absence of intoxication 85 (93.4%) 30 (85.7%) 28 (96.6%)

Absence of distracting injury 88 (96.7%) 33 (94.2%) 27 (93.1%)

Other criteria

Delayed ED presentation 28 (30.7%) 7 (20.0%) 6 (20.6%)
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appropriate clinical decision regarding
cervical spine immobilisation. This
decision is obviously more difficult in
the unconscious patient. The four
patients with both drowning and CSI
all reported a loss of consciousness at
the time of injury and all were treated
with spinal immobilisation by rescuers
and first responders. This was because
of either a history of witnessed axial
load or physical signs, such as facial
abrasions, suggesting impact with the
ocean floor. Interestingly, six other
patients reported a loss of conscious-
ness at the time of injury but did not
have evidence of drowning. The
absence of occult CSI in the other
479 drowning presentations and the
presence of either a history or signs of
a dangerous mechanism of injury in
the four drowning patients with CSI
allow us to make the following
recommendations.
1. A witnessed drowning where the

patient is seen struggling and then
found unconscious without either
a witnessed axial loading or signs
of axial loading – does not require
cervical spine immobilisation.

2. An unconscious drowning patient
with a witnessed axial load or
signs of axial loading does require
cervical spine immobilisation.

3. An unwitnessed drowning with no
signs of axial loading found uncon-
scious in a surf zone with dumping
waves or other high-risk environ-
ment or activity does require cervi-
cal spine immobilisation.

4. An unwitnessed drowning found
unconscious in a low-risk envi-
ronment such as open ocean or
still water with no history of
high-risk activity, cervical spine
precautions are most likely not
warranted. In this case, local
guidelines and clinical judgement
should be followed.

5. A conscious drowning patient
should have cervical spine
immobilisation instituted only if
they have a history or signs of
axial loading or other dangerous
mechanism of injury.
The one consistent criterium for

imaging across all 91 patients was a
history of a dangerous mechanism of
injury (axial loading). This held true
no matter how delayed the presenta-
tion to the ED. An obvious

consequence of this finding regarding
the mechanism of injury is that
the Canadian high-risk criteria per-
formed better than the NEXUS
criteria. In fact, the 13 patients who
would not have been scanned using
NEXUS criteria include seven with
fractures of multiple vertebrae and
one patient with an unstable injury.
These results allow us to recommend
the Canadian C-Spine criteria as the
sole criteria for assessing the need for
imaging in patients presenting with
neck injuries occurring in a body of
water. This holds true no matter how
delayed the presentation to the ED is.
The poor performance of the

NEXUS criteria in correctly indicat-
ing cervical spine imaging in this
cohort of patients was a surprise. We
postulated that this might be because
of the definition of clinically signifi-
cant fracture used in the original deri-
vation study, which excluded injuries
such as spinous process fractures and
end plate fractures.25 However, seven
of the fractures missed by NEXUS
criteria in our study would have been
included as clinically significant in the
NEXUS study, and five were reported
as unstable. These included displaced
fractures of the PEG, lamina fractures
and teardrop fractures. Midline ten-
derness was absent in 19.7% of our
patients, contributing to the poor per-
formance of the NEXUS criteria.
However, this proportion is consis-
tent with that reported in the deriva-
tion paper for the Canadian C-Spine
Rule of 14.9%26 and a subsequent
comparison of the Canadian C-Spine
Rule and the NEXUS criteria of
16.0%.29 The significant number of
patients who were ambulatory
(74.7%) is likely because of the
requirement to get themselves out of
the water and seek help.
Fortunately, abnormal neurologi-

cal signs were uncommon in this
cohort. Although paraesthesia of
the extremities was reported in
42 (46.2%) patients, objective neu-
rological signs were a rare finding in
the ED (4/91, 4.4%). This contrasts
with previous studies where neuro-
logical deficits were much more
common (75%)5 as were spinal
cord injuries.5,6,10 A potential
explanation for this is the location
of the state-wide spinal injuries unit

in one of the two neurosurgical
trauma centres approximately
100 km away in Brisbane, to which
patients with significant abnormal
neurological signs may have been
transported directly from the scene.
The SCHHS did not have a neuro-
surgical service during the study
period and the Sunshine Coast has a
well-established aero-medical (heli-
copter) retrieval service.
Although our study was conducted

in a region with many popular surf
beaches, the catchment area for our
hospitals includes a large number of
other aquatic locations, including
domestic, hotel and public swimming
pools, rivers, swimming holes, canals,
dams and other bodies of water.
Despite the wide range of geographi-
cal locations with potential for CSI
injury in water, the beach was the
location for 84% of these injuries.
This contrasts significantly with the
locations reported in previous studies
of CSI and drowning in more temper-
ate climates, with 10% or less occur-
ring in natural bodies of water.2–6

The mean age of those injured in
the present study (47 years) and sex
(predominance of males with only
15% being female) is consistent with
multiple studies examining surf zone
injuries, where males have represen-
ted between 70% and 100% of the
injured.5,6,8–10 The reason for this is
not clear with inconsistent differences
between sexes noted in risk-taking
behaviours at the beach.30

Strengths and limitations

The present study was the first to
examine the incidence of CSI in
drowning patients in a coastal envi-
ronment where the action of ocean
waves frequently results in CSI. As
such, our findings that CSI and
drowning are uncommonly found
together support the move away from
routine cervical spine immobilisation
in drowning patients. As with any
retrospective study, data such as the
activity being undertaken at the time
of injury was occasionally missing, so
our findings are incomplete. The
small proportion of SLSQ spinal
patients (30/267, 11.2%) who were
subsequently diagnosed with CSI was
surprising. It is routine for QAS to be
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notified of these incidents and
patients are typically transported to
the ED. Unfortunately, the LIMSOC
data does not include identifying data
and the data linkages relied on work-
ing backwards from the EMR and
QAS records using the time, date and
location of injury and linkages were
confirmed by sex and age of the
patient. The vast majority of these
injuries occurred on beaches in close
proximity to SCHHS EDs and out-
side of the study hospitals, the nearest
ED and trauma centre are 50 and
100 km away, respectively. Given the
geographic distance to other hospitals
and our comprehensive search strat-
egy for both drowning and CSI
(Appendix S2), we believe that these
patients most likely attended SCHHS
and were diagnosed with neither
drowning nor CSI.

Conclusions
The combination of CSI and drown-
ing is uncommon, even in a region
where CSI frequently occurs in the
water and this paper provides an
evidentiary basis for the move
away from routine cervical spine
immobilisation in drowning patients,
even in a region where CSIs fre-
quently occur in a body of water.
Cervical spine precautions should be
instituted in drowning patients with
history of loss of consciousness sec-
ondary to trauma or at high risk of
having suffered axial loading. The
Canadian C-Spine Criteria should be
used to assess the need for imaging
in these patients, no matter how del-
ayed their presentation. Further
research should examine the risk fac-
tors for these injuries, so that oppor-
tunities for preventive measures can
be identified. Factors behind delayed
presentation to hospital should also
be examined.

Acknowledgement
Open access publishing facilitated by
James Cook University, as part of
the Wiley - James Cook University
agreement via the Council of Austra-
lian University Librarians.

Competing interests

None declared.

Data availability statement

Data collected for this study is sub-
ject to the Public Health Act 2005,
Queensland. Application for access
to the data can be made through
Queensland Health.

References

1. Franklin RC, Peden AE,
Hamilton EB et al. The burden of
unintentional drowning: Global,
regional and national estimates of
mortality from the global burden of
disease 2017 study. Inj. Prev. 2020;
26: 1–13.

2. Schmidt AC, Sempsrott JR,
Hawkins SC, Arastu AS, Cushing TA,
Auerbach PS. Wilderness medical
society clinical practice guidelines for
the treatment and prevention of
drowning: 2019 update. Wilderness
Environ. Med. 2019; 30: S70–86.

3. Green BA, Gabrielsen MA,
Hall WJ, O’Heir J. Analysis of
swimming pool accidents resulting
in spinal cord injury. Paraplegia
1980; 18: 94–100.

4. Kiweski J. Cervical spine injuries
caused by diving into the water.
Paraplegia 1980; 18: 101–5.

5. Chang SK, Tominaga GT,
Wong JH, Weldon EJ, Kaan KT.
Risk factors for water sports-related
cervical spine injuries. J. Trauma
2006; 60: 1041–6.

6. Puleo JA, Hutschenreuter K,
Cowan P, Carey W, Arford-
Granholm M, McKenna KK. Dela-
ware surf zone injuries and associ-
ated environmental conditions.
Nat. Hazards 2016; 81: 845–67.

7. Cheng CL, Wolf AL, Mirvis S,
Robinson WL. Bodysurfing acci-
dents resulting in cervical spinal
injuries. Spine 1992; 17: 257–60.

8. Castelle B, Brander R, Tellier E
et al. Surf zone hazards and
injuries on beaches in SW France.
Nat. Hazards 2018; 93: 1317–35.

9. Hay CS, Barton S, Sulkin T. Recre-
ational surfing injuries in Cornwall,
United Kingdom. Wilderness Envi-
ron. Med. 2009; 20: 335–8.

10. Robles LA. Cervical spine injuries in
ocean bathers: Wave-related acci-
dents. Neurosurgery 2006; 58: 920–3.

11. Robles LA. Spine injuries related to
ocean waves: Case series of unusual
injuries. Cureus 2018; 10: e3335.

12. Thompson WL, Stiell IG,
Clement CM, Brison RJ. Associa-
tion of injury mechanism with the
risk of cervical spine fractures.
CJEM 2009; 11: 14–22.

13. Chotai PN, Manning L, Eithun B
et al. Pediatric near-drowning events:
Do they warrant trauma team activa-
tion? J. Surg. Res. 2017; 217: 246.

14. Dakessian A, Bachir R, El Sayed M.
Impact of trauma designation levels
on survival of drowning victims: An
observational study from trauma
centers in the United States. Medi-
cine 2019; 98: e17721.

15. El Sibai R, Bachir R, El Sayed M. Sub-
mersion injuries in the United States:
Patients characteristics and predictors
of mortality and morbidity. Injury
2018; 49: 543–8.

16. Hwang V, Shofer FS, Durbin DR,
Baren JM. Prevalence of traumatic
injuries in drowning and near
drowning in children and adoles-
cents. Arch. Pediatr. Adolesc. Med.
2003; 157: 50–3.

17. Watson RS, Cummings P, Quan L,
Bratton S, Weiss NS. Cervical spine
injuries among submersion victims.
J. Trauma 2001; 51: 658–62.

18. Daw S, Lawes J, Cooney N, Ellis A,
Strasiotto L. National Coastal
Safety Report 2020. Sydney: Surf
Life Saving Australia, 2020.

19. Australian Bureau of Statistics.
Data by region [Internet]. 2022.
[Cited 8 Mar 2022.] Available from
URL: https://dbr.abs.gov.au/region.
html?lyr=sa4&rgn=316

20. Royal Life Saving Society – Australia.
Royal Life Saving National Drown-
ing Report 2021. Sydney: Royal Life
Saving Society – Australia; 2021.

21. Sunshine Coast Council. Sunshine
Coast: tourism visitor summary.
2020. [Cited 1 Oct 2021.] Avail-
able from URL: https://economy.id.
com.au/sunshine-coast/tourism-
visitor-summary

22. Dimmick S, Gillet M, Buchan C
et al. Prospective analysis of surfing
and bodyboard injuries. Dent.
Traumatol. 2019; 21: 113–20.

© 2022 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College
for Emergency Medicine.

6 O THOM ET AL.

https://dbr.abs.gov.au/region.html?lyr=sa4%26rgn=316
https://dbr.abs.gov.au/region.html?lyr=sa4%26rgn=316
https://economy.id.com.au/sunshine-coast/tourism-visitor-summary
https://economy.id.com.au/sunshine-coast/tourism-visitor-summary
https://economy.id.com.au/sunshine-coast/tourism-visitor-summary


23. McArthur K, Jorgensen D,
Climstein M, Furness J. Epidemiol-
ogy of acute injuries in surfing:
Type, location, mechanism, sever-
ity, and incidence: A systematic
review. Sports (Basel) 2020; 8: 25.

24. Taylor DM, Bennett D,
Carter M, Garewal D, Finch CF.
Acute injury and chronic disabil-
ity resulting from surfboard rid-
ing. J. Sci. Med. Sport 2004; 7:
429–37.

25. Hoffman JR, Mower WR,
Wolfson AB, Todd KH,
Zucker MI. Validity of a set of clin-
ical criteria to rule out injury to the
cervical spine in patients with blunt
trauma. National Emergency X-
Radiography Utilization Study

Group. N. Engl. J. Med. 2000;
343: 94–9.

26. Stiell IG, Wells GA,
Vandemheen KL et al. The Cana-
dian C-spine rule for radiography
in alert and stable trauma patients.
JAMA 2001; 286: 1841–8.

27. American Spinal Cord Injury
Association. International standards
for neurological classification of SCI
(ISNCSCI). Worksheet; 2019.

28. Szpilman D. Near-drowning and
drowning classification: A proposal
to stratify mortality based on the
analysis of 1,831 cases. Chest
1997; 112: 660–5.

29. Stiell IG, Clement CM,
McKnight RD et al. The Canadian
C-spine rule versus the NEXUS low-

risk criteria in patients with trauma.
N. Engl. J. Med. 2003; 349: 2510–8.

30. Roberts K, Thom O, Devine S,
Leggat PA, Peden AE, Franklin RC.
A scoping review of female drown-
ing: an underexplored issue in five
high-income countries. BMC Public
Health 2021; 21: 1072.

Supporting information
Additional supporting informa-
tion may be found in the online ver-
sion of this article at the publisher’s
web site:

Appendix S1. Search strategy.

Appendix S2. List of data collected.

© 2022 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College
for Emergency Medicine.

CERVICAL SPINE INJURY AND DROWNING 7


	 Cervical spine immobilisation is only required in drowning patients at high risk of axial loading of the spine
	Introduction
	Methods
	Results
	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgement
	Competing interests
	Data availability statement

	References


