Korean J Neurotrauma. 2025 Apr;21(2):79-92
https://doi.org/10.13004/kjnt.2025.91.e16

PISSN 2234-8999-eISSN 2288-2243

Clinical Article

'.) Check for updates

G OPEN ACCESS

Received: Jan 16, 2025
Revised: Mar 7, 2025
Accepted: Mar 22, 2025
Published online: Apr 25, 2025

Address for correspondence:

Taejoon Park

Department of Neurosurgery, Cheju Halla
General Hospital, 65 Doryeong-ro, Jeju 63127,
Korea.

Email: rmbmcic@gmail.com

Copyright © 2025 Korean Neurotraumatology
Society

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Taejoon Park
https://orcid.org/0000-0001-7509-7060
Sangpyung Lee
https://orcid.org/0000-0003-0348-3493

Funding
No funding was obtained for this study.

Conflict of Interest
The authors have no financial conflicts of
interest.

Informed Consent
Written informed consent was waived by the
Institutional Review Board.

https://kjnt.org

KINT

Overview of Cervical Spine Injuries
Caused by Diving Into Shallow Water
on Jeju Island: A 9-Year Retrospective
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ABSTRACT

Objective: Shallow water diving-related spinal cord injuries (SCIs) are a significant cause of
cervical spine trauma, particularly in younger individuals. This study retrospectively evaluated
the outcomes of patients with SCI caused by shallow-water diving accidents at a regional
trauma center on Jeju Island, South Korea. The primary aim of this study was to investigate the
relationships between the timing of treatment, injury characteristics, and prognosis.
Methods: A retrospective analysis was conducted of patients with cervical SCI resulting from
shallow-water diving injuries admitted to the trauma center over a 9-year period. The data were
obtained from medical records and neurological outcomes were measured using the American
Spinal Injury Association scale. Statistical analyses, including correlation and multiple
regression analyses, were performed to identify factors influencing prognosis.

Results: Thirty-four patients with cervical SCI resulting from shallow-water diving were
included in this study. No statistically significant correlation was found between surgical
timing and prognosis; however, significant correlations with prognosis were identified for
mean canal compromise (MCC), mean spinal cord compression, and lesion length. In the
multiple regression analysis, higher MCC and severe SCI, particularly hemorrhagic injury,
were associated with prognosis. The mean time from injury to surgery was 1.25 days.
Conclusion: This study indicates that, specifically for patients with a higher MCC but less
severe SCI, appropriate and more rapid intervention may improve prognosis. However,
further large-scale studies are required to clarify the favorable factors and their role in
achieving a good prognosis.
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INTRODUCTION

Several sports and recreational activities are common causes for spinal cord injury (SCI).
According to research, sports injuries worldwide account for between 7%-18% of all SCI,*
with the majority induced by specifically diving accidents.™)

Most injuries to the spine and spinal cord occur after diving in shallow water,'® defined as
water with a maximum depth of 1.5 m.” Diving induced SCI are usually caused by a badly
performed, head-first jump,® with the impact often causing benign head injury but also
associated with spinal trauma, especially in the cervical spine while causing severe lesions.
The dive- or fall-related cervical injuries, often leading to quadriplegia or death, constitute
a subgroup of cervical spine injuries, particularly due to axial loading and hyperflexion
injury. >

Following the primary injury to the spinal cord at the time of the accident, secondary injury
usually resulting in further loss of viable neurons in the surrounding area because of local
ischemia, vasospasm, and hypoperfusion.*>?) Ischemia exacerbates the disruption of the
blood-spinal cord barrier, which triggers a rapid influx of inflammatory cells releasing
proinflammatory cytokines and results in cell death via apoptosis and necrosis.>'¥
Theoretically, timely and optimal management has been shown to reduce or limit secondary
damage®™' and minimize neurological damage by reversing spinal cord compression which
contributes to the pathophysiology of SCI.*>%%
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Although many recent studies show improved neurological outcomes when surgery is
performed earlier (<24 hours)®® and current guidelines suggest that surgical decompression
performed within the first 24 hours improves six-month outcomes for patients, regardless

of the level of SCI,'3*3%%) This theory remains controvercial as some studies with the same
early surgery protocol (<24 hours) have failed to show improvement.'” Thus, the timing of
decompression for acute SCI has been a topic of considerable debate for many years and there
is significant variability in surgical practices worldwide, with existing guidelines offering
recommendations based on limited clinical evidence.?®

Jeju Island is the largest island in Korea, located off the southwest, known as the tourist
destination which between 13 to 14 million tourists visited annually. Because of its geography
and abundant private swimming pools, Jeju Island provide ample opportunities for both
tourists and residents to enjoy marine and water leisure activities and a significant number
of tourists every year sustain SCI due to diving accidents. However, there is still insufficient
statistical data regarding SCI related to diving incidents.

This paper aims to retrospectively describe and analyze cases of SCI resulting from diving
atJeju’s regional trauma center, where almost all spinal injury patients from the region are
systematically treated. Through this analysis, we aim to investigate the current state of diving
related spinal injury in jeju Island and the relationship between the strategy of treatment and
prognosis of SCIs caused by diving.

MATERIALS AND METHODS

A retrospective analysis of patients admitted to our institute after a shallow-water diving
injury over a period of 9 years was undertaken. The patients’ charts were reviewed with regard
to the following factors: the patient’s condition (gender, age, site of accident, mechanism

of injury, and social history), neurological status (motor power grade, sensory grade, anal
tone, and the American Spinal Injury Association [ASIA] Impairment Scale [AIS]*” upon
admission), radiological information (grade of stenosis, grade, type and length of SCI,

grade of soft tissue injury, and various parameters), and therapeutic and prognostic factors
(therapeutic methods, time taken from injury to treatment, and neurological outcomes).

Upon patient admission, the mechanism of injury (flexion, extension, or axial loading) was
determined based on the patient’s history and the location of external wounds. Neurological
symptoms were assessed through motor power and sensory levels. The patient’s prognosis
was estimated by comparing the AIS at admission and 6 months later, and patients who
were hospitalized for less than six months were investigated based on their final recorded
status instead.

For patients who underwent surgery, the time from injury to the initiation of surgery was
recorded. Additionally, the location of the lesion, type of fracture, and surgical approach were
documented.

Regarding imaging, for patients who underwent magnetic resonance imaging (MRI), we
assessed the following various parameters to compare with prognosis: the grade of spinal
stenosis (Grade O to 3),'°?® SCI (Grade O to 2),% and soft tissue injury (Grade 1 to 5),>**Y besides
that, spinal cord lesion vertical length,'>°?? characteristics of cord injury (cord hemorrhage,
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cord contusion, or cord edema only),?? mean canal compromise (MCC),?>*” mean spinal cord
compression (MSCC), and T1/T2 signal patterns.® Additionally, cervical spine computed
tomography (CT) was used to evaluate the type of fracture or dislocation.

To assess the patient’s prognosis, the AIS was evaluated and compared at the time of initial
admission and 6 months after treatment. The data was qualified, and statistical analysis was
performed to identify correlations and related variables.

All p-values were calculated using 2-tailed tests. The p-value of <0.05 was considered
statistically significant. Statistical analyses were performed using SPSS software, version
19.0 (IBM Corp., Armonk, NY, USA). All confidence intervals were calculated using a 95%
confidence interval unless otherwise specified.

RESULTS

Demographic characteristics of patients

During a 9-year period (August 2018 to September 2024), 34 patients were admitted to our
institute with cervical spinal injuries resulting from shallow diving injuries, comprising 9.63%
of all admitted cervical spine injuries (353 cervical spine trauma patients received care in our
unit over the same period). Looking at the monthly incidence rate of diving-related spinal
injuries in shallow water, 1 case (2.9%) occurred in November, 2 cases (5.7%) in February,
while the highest numbers were reported in July with 10 cases (28.6%) and in August with 11
cases (31.4%). No cases were reported in March, April, October, or December (FIGURE 1).

The gender distribution among the participants showed a higher number of males (97.1%), with
only 1 female (2.9%) in the group (male:female=33:1). The age of the participants varied from a
minimum of 15 years to a maximum of 54 years, with an average age of 30.61+10.02 years.

12

10

Number
»
1

1 2 3 4 5 6 7 8 9 10 11 12
Months

FIGURE 1. Monthly incidence of diving related injuries in Jeju Island.
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TABLE 1. Summary of patient information

Category Values
Age (years)

Mean = SD 30.35+9.81

Median 29

Range 16-54
Sex

Male 33 (97.1%)

Female 1(2.9%)
Currnet smoker 16 (47.1%)
Consumes alcohol 18 (52.9%)
Osmolar gap >10 5 (14.7%)
Site

Outdoor 22 (64.7%)

Indoor 12 (35.3%)
Depth of water (m)

Mean + SD 1.32+0.28

Median 1.32

Range 1-2
Surgical treatment (n=20, 58.8%)

ACCF 9 (45.0%)

ACDF 1 (5.0%)

DL+PF 5 (25.0%)

Laminoplasty 1 (5.0%)

C1-2 fusion 4 (20.0%)
Conservative management (n=14, 41.2%)

Transfer without operation 2 (5.9%)

Expire 1(2.9%)

Minor injury 10 (29.4%)

Halovast traction 1(2.9%)

Values are presented as number (%) not otherwise specified.
SD: standard deviation, ACCF: anterior cervical corpectomy and fusion, ACDF: anterior cervical discectomy and
fusion, DL+PF: decompressive laminectomy with posterior fusion.

The osmolar gap was calculated to indirectly assess alcohol consumption. As a result, alcohol
consumption was suspected in a total of 5 patients (14.7%) with an osmolar gap greater than
10 (TABLE 1).20®)

Regarding the location of the accidents, we categorized them into outdoor (beach) and indoor
(pool, bathhouse) environments. Among the participants, 22 individuals (64.7%) were involved
in accidents at outdoor locations, while 12 individuals (35.3%) were involved in indoor accidents
(outdoor:indoor=1.83:1). The water depths ranged from a minimum of 1 meter to a maximum
of 2 meters, excluding the height from which the individuals fell. The average height of falls was
1.32+0.28 m (TABLE 1).

Due to the nature of Jeju Island as a tourist destination, some patients were transferred to
other hospitals due to patients’ place of origin (n=3, 8.82%). These transfers included cases
both after surgery (n=1, 2.9%) and without surgery (n=2, 5.9%).

Injury mechanism, type and management

All patients who visited the emergency room underwent spinal CT and MRI scans, including
X-rays. However, for patients whose conditions were stable and showed no signs of fractures
or neurological abnormalities or in cases where the patient’s vital signs were highly unstable
and the patient expired after all, MRI could not be performed (n=2, 5.9%).
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Among the 32 patients who underwent MRI (94.1%), a total of 24 patients (75%) had SCIs.
Of these, 10 patients (41.6%) had cord edema, 5 patients (20.8%) had cord contusion,

and 9 patients (37.5%) had hemorrhagic cord injury. Nineteen patients (55.9%) had a lesion
in the lower cervical spine (C5-C7), 9 patients (26.5%) had a lesion in the middle cervical
spine (C3—C4), 4 patients (11.8%) had a lesion in the upper cervical spine (C1-C2), and

2 patients (5.9%) had combined lesions. Two patients (5.9%) had no lesion but had cervical
sprain (TABLE 2).

TABLE 2. Demographic characteristics of the patients

No Age Sex  Site Injury mechanism Durationto  Diagnosis Name of operation Smoking Alcohol Osmolar  Remarks
Depth Mechanism Axial ~operation Initial 6-month gap
(m) loading (minutes) >10
1 46 M Pool 1 Extension  Yes 170 C7 Bursting C7 Corpectomy A A None Yes -11 Transfer
fracture
2 30 M Pool 1 Flexion Yes 178 C5 Bursting C5 Corpectomy A A None  None -6
fracture
3 35 M Beach 1.5 Flexion Yes 2,755 C3 Bursting C1l-2-4-5 A A Yes Yes 12  Unstable vital
fracture Laminectomy+Post fusion sign
4 29 M Pool 1 Flexion Yes 175 C6 Bursting C6 Corpectomy A @ Yes None -16
fracture
5 26 M Pool 1.5 Extension  Yes - Lt C6 Superior None D E Yes Yes -3 Transfer
articular
process fracture
6 21 M Beach 1.5 Extension Yes - C3-4 Cord None D E Yes None -2 Transfer
contusion
7 42 M Pool 1 Flexion Yes 4,200 C6 Bursting C6 Corpectomy D E Yes Yes -10 Mild symptom
fracture
8 39 M Beach 1.5 Extension No - C5Transverse None E E None  None 3 Transfer
process fracture
9 17 M Pool 1 Flexion Yes 140 C5,6 Bursting C4-5-6-7 A A None  None -3
fracture Laminectomy+Posterior
fusion
10 26 M Pool 1.2  Flexion Yes - C6 Bursting None E E None  None (0]
fracture
11 39 M Beach 2 Flexion Yes 129 C5 Bursting C3-4-5-6 B B None  None 9
fracture, Laminectomy-+Posterior
C4-5UID fusion
12 39 M Beach 1.5 Flexion Yes 166 C5-6 UID C5-6 ACDF+C4-5 B D Yes None  -11
-6 Post fusion
13 34 M Beach 1.3 Extension No - Cervical sprain None E E Yes None 1
14 29 M Pool 1.2  Flexion Yes 6,901 C1 Fracture C1-2 Post fusion E E Yes Yes -12  Mild symptom
15 35 F Beach 1.5  Flexion Yes 11,276 C1 Fracture C1-2 Post fusion E E None  None 8  Mild symptom
16 18 M Beach 1.3  Flexion Yes 432 C7 Bursting C7 Corpectomy A D None  None 0
fracture
17 38 M Beach 1.5  Flexion Yes - C3-4 Cord None c c Yes None 3
contusion
18 28 M Beach 1 Flexion Yes 154 C5 Bursting C5 Corpectomy A A None  None -20
fracture
19 22 M Beach 1.5 Flexion Yes - C3-4Cord None D E Yes Yes -8
contusion
20 24 M Beach 1 Flexion Yes - C7 Bursting None E E None Yes -8
fracture
21 44 M Pool 1 Flexion Yes 95 C4-5BID C3-4-5-6 Laminectomy A C None Yes 33
+Posterior fusion
22 54 M Beach 1 Flexion No 165 C3,4,5 Cord C3-4-5 Laminoplasty B D None  None  -15
contusion
23 17 M Pool 1.5  Flexion Yes 162 C6 Bursting C6 Corpectomy B D None  None -6
fracture
24 23 M Beach 1.5 Flexion Yes 221 C4-5BID C3-4-5-6 Laminectomy A A Yes Yes -7
+Posterior fusion
25 43 M Beach 1.5 Extension Yes 255 C1 Fracture C1-2 Post fusion B E Yes Yes -9
26 21 M Beach 1.3  Flexion Yes - C567 Cord None E E None Yes —7
contusion
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No Age Sex Site Injury mechanism Durationto  Diagnosis Name of operation AlS Smoking Alcohol Osmolar  Remarks
Depth Mechanism Axial ~ operation Initial 6-month gap
(m) loading (minutes) >10
27 21 M Bathroom 1 Flexion Yes 188 C1 Fracture C1-2 Post fusion D E Yes Yes 4
28 21 M Beach 2 Flexion Yes - C5 Bursting Halo Vest D E Yes Yes 6
fracture
29 22 M Beach 1.3  Flexion Yes 286 C5 Bursting C5 Corpectomy A A None Yes 2
fracture
30 25 M Beach 1.5 Flexion Yes - C4-5BID None A Expire  None Yes 5 Expire
31 31 M Pool 1.5  Flexion Yes - Cervical sprain None E E None Yes 13
32 43 M Beach 1.5 Extension Yes - C4 Spinous None A © Yes Yes -2 Transfer
process fracture
33 16 M Pool 1.2 Flexion No - C45 Spinous None D E None  None 6
process fracture
34 34 M Pool 1 Flexion Yes 189 C6 Bursting C6 Corpectomy A © Yes Yes 42
fracture

AIS: American Spinal Injury Association Impairment Scale.

https://kjnt.org

The types of cervical spine injuries were as follows: bursting fractures in 15 patients (44.1%),
spinous process fractures in 2 patients (5.9%), transverse process fractures in 1 patient
(2.9%), articular process fractures in 1 patient (2.9%), and C1 fractures (Jefferson fractures)
in 4 patients (11.8%). Unilateral interfacetal dislocation (UID) was observed in 2 patients
(5.9%), bilateral interfacetal dislocation in 3 patients (8.82%), cervical cord injury without
spinal fracture in 6 patients (17.6%), and cervical sprain in 2 patients (5.9%). Among these,
1 patient (2.9%) had a C1 fracture with a cervical cord injury not related to a bony structure,
and 1 patient (2.9%) had both a vertebral body bursting fracture and UID (TABLE 2).

The mechanism at the time of the injury was more commonly associated with flexion injury
(n=27, 79.4%) than extension injury (n=7, 20.6%) (flexion:extension=3.9:1). In cases of axial
loading, it was defined by the presence of an external wound or swelling at the vertex, or by
a history of impact to the top of the head upon hitting the ground while diving. Most cases
of flexion and extension injuries were accompanied by axial loading (n=30, 88.2%), while in
the remaining cases without axial loading (n=4, 11.7%), the impact occurred on the face or
forehead (TABLE 2).

A total of 20 patients (58.8%) underwent surgery after presenting to our hospital, while 14
patients (41.2%) did not. The reasons for not undergoing surgery included mild symptoms
(n=10, 29.4%), death (n=1, 2.9%), transfer to a hospital at the patient’s place of residence
without surgery (n=2, 5.9%) or undergoing Halo skull traction instead (n=1, 2.9%) (TABLE 2).

Nine patients (45.0%) were treated with anterior cervical corpectomy and fusion,

while 1 patient (5.0%) underwent anterior cervical discectomy and fusion followed by
posterior fusion. Five patients (25.0%) were treated with posterior fusion combined with
decompressive laminectomy, and 1 patient (5.0%) received decompressive laminoplasty. Four
patients (20.0%) underwent C1-C2 posterior fusion, while the remaining 14 patients were
treated conservatively. Conservative treatment consisted of steroid administration or Halo
skull traction (TABLE 1).

Among the patients who underwent surgery, the time from the injury caused by diving to

the time of surgery ranged from a minimum of 95 minutes to a maximum of 8 days, with an
average of 1.25 days. Although it may seem there is a lot of variation, excluding cases where
surgery was not immediately performed due to unstable vital signs (1 case, 1.9 days) or very

https://doi.org/10.13004/kjnt.2025.21.e16 85



Cervical Spine Injury After Diving Into Shallow Water I(J N I
I

mild symptom (3 cases, mean 4.6 days), the remaining 16 patients (80%) underwent surgery
with a mean time of 3.3 hours. Therefore, in most cases, emergency surgery was performed
almost immediately, within 2 to 8 hours after the injury (TABLE 2).

Prognosis and related factors

A patient’s prognosis was quantified by comparing the status at the time of initial admission
with the status 6 months later, based on the AIS. Statistical tools, such as correlation analysis
and multiple regression analysis, were used to identify factors that may influence changes in
prognosis.

Among the various variables investigated, only the MCC, MSCC, and lesion length (the length
of signal change in the spinal cord) satisfied the assumption of normality. Therefore, Pearson’s
correlation analysis was performed for MCC, MSCC, and lesion length, while Spearman’s rank
correlation analysis was used for the other variables.

First, the relationship between the change in the AIS and the time from injury to surgery

was examined, but no statistical significance was found. No significant correlations were
observed with other variables, except for the near-significant p-value of 0.055 between the
change in AIS and MCC. However, indirectly, when examining the relationship between

MCC and other variables, statistical significance was found in the correlation between MCC,
MSCC, and lesion length (MCC vs. MSCC, p=0.021 and MCC vs. lesion length, p=0.007,
respectively). Additionally, a positive correlation was observed between MCC and the grade
of spinal stenosis, the grade of cervical soft tissue injury, and the type and grade of SCI. This
same correlation was also found in the lesion length with these variables (p<0.001 for all), but
not in MSCC (TABLE 3).

Considering these findings, it is expected that with a larger sample size, further statistical
analysis could help reveal meaningful correlations regarding the prognosis of cervical spinal
injuries resulting from shallow diving injuries.

Next, a multiple regression analysis was conducted to investigate variables related to the

change in the AIS. Both entry method and stepwise method were used for analysis.

TABLE 3. The correlation among various variables, including the A ASIA Scale (Pearson’s/Spearman’s rank correlation analysis)

Tool Pearson correlation coefficient (p-value) Spearman correlation coefficient (p-value)

Variant MCC Lesion length* MSCC Stenosis grade’  Soft tissuet T1/T2 MRIS SCI grade SCl type Injury to OR!
AASIAScale  0.361(0.055) -0.13(0.948) 0.155(0.421)  0.212(0.270) 0.038(0.846) -0.262(0.169) -0.080 (0.681) -0.086(0.658)  0.096 (0.715)
Mcc - 0.491 (0.007)T 0.426 (0.021)" - - - - - -
Lesion length*  0.491 (0.007)" - 0.251(0.188) - - - - - -

MSCC 0.421 (0.021)T 0.251 (0.188) - - - - - - -
Stenosis grade’  0.618 (<0.001)T 0.697 (<0.001)" 0.100 (0.606) - 0.596 (<0.001)" -0.108 (0.577)  0.626 (<0.001)T 0.584 (<0.001)T —0.410 (0.102)
Soft tissuet 0.591 (<0.001)" 0.550(0.002)" 0.087 (0.655)  0.596 (<0.001)" - 0.260(0.172) 0.711(<0.001)T 0.697 (<0.001)" -0.146 (0.577)
T1/T2 MRIS 0.302(0.111) -0.025 (0.896)  0.403 (0.030)T -0.108 (0.577) 0.260 (0.172) - 0.299 (0.115)  0.220 (<0.250) -0.112 (0.669)
SCl grade 0.655 (<0.001)" 0.691 (<0.001)T 0.274 (0.150)  0.626 (<0.001)" 0.711 (<0.001)" - - 0.944 (<0.001)" -0.381 (0.132)
SCl type 0.578(0.001)T  0.701 (<0.001)T 0.235(0.220)  0.584 (<0.001)T 0.697 (<0.001)T 0.220 (<0.250) 0.944 (<0.001)T - -0.097 (0.713)

Injury to ORI -0.638 (0.006)" -0.184 (0.479) -0.012 (0.964) = - - - - -

ASIA: American Spinal Injury Association, A ASIA Scale: the change in ASIA Scale from the time of spinal cord injury to 6 months later, MCC: mean canal
compromise, MSCC: mean spinal cord compression, MRI: magnetic resonance imaging, SCI: spinal cord injury.

*Lesion length: the maximum length of SCI on MRI sagittal image; TStenosis grade: the grade of spinal canal stenosis on MRI sagittal image; *Soft tissue: the
grade of soft tissue damage around the spinal cord caused by trauma; $T1/T2 MRI: the changes in cord signal on MRI T1-weighted and T2-weighted images; 'Injury
to OR: the time taken from the onset of SCI to arrival at the operating room for surgery.

fstatistically significant.
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The multiple regression analysis using the enter method was conducted using a null hypothesis
that the variance in the changes in ASIA scale from the time of spinal cord injury to 6 months
later (A ASIA Scale) is not correlated with the variance in the group of independent variables.
The multiple regression analysis returned a p-value of 0.091. Thus, we could not determine a
direct correlation between the group of independent variables and A ASIA Scale as we had to
accept the null hypothesis. However, in the entry method, it was confirmed that an increase

in the grade of MRI signal changes, according to a classification system that accommodates
both T1-weighted image (T1WI) and T2-weighted image (T2WI), was associated with a smaller
change in the AIS (p=0.034, unstandardized coefficient=-1.98). No other variables showed a
significant relationship with the change in the A ASIA Scale (TABLE 4).

In the stepwise method, in addition to the signal change pattern of TIWI/T2WI that was
previously identified, MCC (unstandardized coefficient=0.034) and the type of SCI (cord
edema, cord contusion, cord hemorrhage, unstandardized coefficient=-0.355) were also
found to be related (p=0.008). That is, the larger the MCC, the greater the change in the AIS,
and the more severe the type of SCI (edema < contusion < hemorrhage), the more significant
the change in the AIS (TABLE 5).

TABLE 4. Variables related to the A ASIA scale (multiple regression analysis - enter method)

Independent variable B SE B B p-value
MCC 0.024 0.013 0.506 0.085
Lesion length* -0.018 0.014 -0.368 0.214
MSCC 0.013 0.010 0.269 0.219
Stenosis grade’ 0.124 0.253 0.145 0.629
Soft tissue* 0.131 0.128 0.273 0.318
T1/T2 MRIS -1.976 0.866 -0.504 0.034
SCl grade 0.135 0.763 0.000 0.859
SCl type -0.380 0.480 -0.418 0.438
R? 0.452
F 2.060
p-value 0.091
Dubin-Watson 1.936

ASIA: American Spinal Injury Association, A ASIA Scale: the changes in ASIA scale from the time of spinal cord
injury to 6 months later, MCC: mean canal compromise, MSCC: mean spinal cord compression, MRI: magnetic
resonance imaging, SCI: spinal cord injury.

“Lesion length: the maximum length of SCI on MRI sagittal image; TStenosis grade: the grade of spinal canal
stenosis on MRI sagittal image; ¥Soft tissue: the grade of soft tissue damage around the spinal cord caused by
trauma; ST1/T2 MRI: the changes in cord signal on MRI T1-weighted and T2-weighted images.

TABLE 5. Variables related to the A ASIA Scale (multiple regression analysis - Stepwise method)

Independent variable Model - (1) Model - (I1)

B SEB B B SEB B
MCC 0.023 0.009 0.479 0.034 0.010 0.699
T1/T2 MRI* -1.530 0.691 -0.390 -1.456 0.655 -0.371
SCl type - - - -0.355 0.177 -0.391
R? 0.268 0.370
F 4.766 4.885
p-value 0.017 0.008
Dubin-Watson 2.057

ASIA: American Spinal Injury Association, A ASIA Scale: the changes in ASIA scale from the time of spinal cord
injury to 6 months later, MCC: mean canal compromise, SCI: spinal cord injury.
“T1/T2 MRI: the changes in cord signal on MRI T1-weighted and T2-weighted images.
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DISCUSSION

Diving injury is one of the leading causes of severe trauma to the spine.* the incidence of SCI
following diving or shallow-water falls ranges from 1.2% to 21%,%* predominantly in young,
healthy, male individuals.?®*%) The actual incidence of diving related spinal injuries may be
underestimated, as some fatalities are reported as drowning deaths without postmortem
investigation.>”

From an epidemiological perspective, more than 75% of patients with a SCI due to diving are
less than 30 years old and the median age is estimated to be between 15 and 19 years old.'Y
The majority (88%) of spinal injuries take place between June and September, significantly
increasing in frequency during this period.™® In contrast, as mentioned in our study, the
majority of cases occurred in the age group with an average age of 30.61+10.02 years, and
temporally, the highest occurrences were reported in July (28.6%) and August (31.4%).

Most individuals, who sustain such injuries, were unaware of the possibility of such an injury
prior to the accident, and both unawareness and careless behavior are key contributors to
these accidents.'® The majority of victims are those unfamiliar with the swimming area or
the depth of the water.”) Therefore, research on diving-related spinal injuries is valuable,
especially in tourist destinations like Jeju Island, where marine and water leisure activities are
popular, as tourists may be unfamiliar with the environment.

Besides negligence and reckless behavior of the patient, alcohol consumption and narcotic
drugs are found 38% to 47% of cases,** and known as an important risk factor of injuries
in diving induced SCI. But in our study, as mentioned earlier, alcohol consumption was
suspected in only 16.7% and there was no use of narcotic drugs in our study.

Diving-related spinal injury is a disease group with various influencing factors. Due to the
diversity in mechanisms, injury levels and types, severity of symptom, and prognosis, there
are inherent limitations in deriving statistical conclusions under a single research theme.
However shallow-water diving injuries have catastrophic neurological sequelae especially

in the younger population, at enormous personal cost with a socio-economic burden to
society.® A comprehensive analysis of diving-related spinal injuries and an investigation into
the factors affecting their prognosis would provide valuable insights.

From the perspective of diving related spinal injury mechanisms, their head strikes

an obstacle or the floor, abruptly stopping and resulting in the full body weight being
transmitted to the spine, adversely affecting it. The head striking the bottom or an obstacle
causes sudden deceleration, and the body weight impacts the cervical spine.?***3) This axial
force is usually accompanied by a flexion force,”* but other mechanisms, such as lateral
flexion or hyperextension, may also cause injury, though less frequently.*>*** In our study,
flexion injuries were observed in 79.4% of cases, and axial loading was observed in 88.2%.
When axial force is applied to the neck during flexion, it can result in a crush fracture of the
cervical vertebrae, and the displacement of bone fragments may injure the spinal cord."*

The most commonly affected area is the cervical spine,” although thoracolumbar injuries,
particularly upper lumbar vertebral fractures, can also occur.® The most fractures occur at
the C5—C7 vertebral levels most frequently. In particular, the CS vertebra is more prone to
fractures due to its larger range of motion and relatively smaller vertebral canal size.>'3%
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In some cases, Jefferson fractures (C1) or odontoid process fractures have been noted,’®
though these cases emphasize the relative rarity of upper cervical spine diving injuries.” In
our study, the most frequent injuries were observed in the lower cervical spine (C5-C7) with
a prevalence of 55.9%, whereas the upper cervical spine (C1-C2) had the lowest prevalence at
5.9%, demonstrating overall consistency in findings.

The severity of the trauma and secondary injuries are directly proportional to the speed and
the degree of flexion or extension experienced during the impact.'V As a result, depending

on the factors at the time of injury, such as impact speed, angle, and other conditions, the
severity of the patient’s symptoms can vary widely, ranging from extremely severe to relatively
mild. However, diving injuries predominantly occur in the cervical spine, often leading to
significant injuries such as tetraplegia or quadriplegia.'®32%)

In this study, an investigation was conducted to examine factors related to prognosis amidst
various variables as mentioned above. In particular, statistical analysis was performed to
assess the correlation with the timing of surgery.

As previously mentioned, in this study, the time from the injury caused by diving to the time of
surgery ranged from 2 to 8 hours after the injury with 3 cases of exception. Therefore, in most
cases, emergency surgery was performed almost immediately after the injury. However, the
relationship between the prognosis and timing of surgery was not found to have significant
statistical significance. In terms of correlation, no variables were directly correlated with
timing of surgery. On the other hand, in the case of MCC, although statistical significance was
not reached, a correlation with a similar degree of statistical relevance was observed (p=0.055).

In multiple regression analysis, although there were no variables directly correlated with
timing of surgery, it was confirmed that prognosis, MCC, and changes in the signal pattern
on TIWI/T2WI, as well as the grade and type (edema, contusion, hemorrhage) of cervical
cord injury, significantly affect the outcomes. As the grade of MCC increases, indicating

a greater degree of spinal canal stenosis due to trauma, the degree of change in AIS also
increases. Moreover, as the cord injury grade on MRI increases, specifically with the
appearance of hemorrhagic injury, and as the severity of the injury increases, the degree of
change in AIS decreases (p0.008).

Therefore, for patients with cervical spinal injuries resulting from shallow-water diving
treated at our trauma regional center, those with a higher MCC grade but with a lower grade
of SCI or without hemorrhagic contusion may have the potential for AIS improvement if
appropriate treatment is provided. Furthermore, considering that 16 (80%) out of the 20
patients who underwent surgery received it within 2 to 8 hours, Although a direct correlation
or statistically significant association between the timing of surgery and prognosis could not be
established, it is anticipated that in patients with less severe SCI, timely surgical intervention—
even in cases of severe trauma-related spinal canal compromise—may potentially contribute to
a better prognosis.

CONCLUSION

Cervical spine injury resulting from diving into shallow water often occurs due to negligence
in unfamiliar environments, such as tourist destinations. It predominantly affects young
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males and can lead to severe disability, necessitating appropriate treatment. This study
investigated various prognostic factors, with a particular focus on the timing of surgical
intervention. While statistical analysis did not establish a direct correlation between
surgical timing and prognosis, factors such as MCC, the severity of SCI on MRI, and the

presence of hemorrhagic injury were more strongly associated with neurological outcomes.
Notably, patients with significant spinal canal compromise but without extensive spinal cord
damage exhibited a greater potential for neurological recovery when timely and appropriate
intervention was provided.

As previously mentioned, diving-related cervical spinal injuries involve a broad range of
variables, including injury mechanism, injury level, type, treatment approach, and patient
prognosis. Controlling for these factors in a simple retrospective analysis is challenging,
making it difficult to draw statistically meaningful conclusions regarding optimal treatment
strategies. Additionally, the study’s limited sample size further constrains the generalizability
ofits findings.

Nevertheless, research on diving-related spinal injuries remains highly valuable. Given their
frequency, predominant occurrence in young individuals, and the severity of their outcomes,
further investigation is warranted. Moreover, considering that Jeju Island is a major tourist
destination where such injuries occur annually, continued research is essential to improve the
proper management and clinical outcomes.

Future studies incorporating data from multiple regional trauma centers and hospitals,
with larger patient populations and appropriate variable control, are expected to yield
more definitive and robust conclusions. Furthermore, this study is inherently limited by its
retrospective design, which is susceptible to selection bias. These findings underscore the
need for validation through prospective observational studies or randomized clinical trials.
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