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— Abstract —
The Risk of Cervical Spine Injuries among Submersion Patients in River

Suk Hwan Kim, M.D., Kyung Ho Choi, M.D., Se Min Choi, M.D.,
Young Min Oh, M.D., Jin Sook Seo, M.D., Mi Jin Lee, M.D.,
Kyu Nam Park, M.D., Won Jae Lee, M.D.

Department of Emergency medicine, college of medicine, Catholic University

Purpose: Recently, the American Heart Association recommended that routine cervical spine protection in
submerged patients was not necessary, except in high-energy injury situations. However, until now, this recom-
mendation has few supportive studies and literatures. This retrospective study was performed to demonstrate
therisk of cervical spineinjury in patients who had been submerged in ariver.

Methods: Seventy-nine submerged patients who visited St. Mary’ s Hospital between January 2000 and
December 2005 were included in this retrospective study. We investigated and analyzed the victim' s age, sex,
activity on submersion, mental status and level of severity at admission, prognosis at discharge, associated
injuries, and risk group by using the medical records and cervical spine lateral images. According to the activity
on submersion, victims were classified into three groups. high risk, low risk, and unknown risk. The reports of
radiologic studies were classified into unstable fracture, stable fracture, sprain, degenerative change, and normal.

Results: The patients mean age was 36.8 yrs, and 54% were males. Of the 79 patients, adult and adolescent
populations (80%) were dominant. Jumping from a high bridge (48%) was the most common activity on sub-
mersion and accounted for 52% of the high-risk group. The Glasgow coma scale at admission and the cerebral
performance scale at discharge showed bimodal patterns. The results of the radiologic studies showed one stable
fracture, one suspicious stable fracture, and 18 sprains. The incidence of cervical spine fracture in submerged
patients was 2.5% in our study. The incidence of cervical spine injury was higher in the high-risk group than it
was in the low-risk group, especialy in the jumping-from-high-bridge subgroup; however this observation was
not statistically significant. No other factors had any significant effect on the incidence of cervical spineinjury.

Conclusion: Our study showed that even submerged patients in the high risk group had a low incidence of
cervical spine fracture and that the prognosis of a patient did not seem to be influenced by the cervical spine
fracture itself. (K Korean Soc Traumatol 2006;19:47-53)
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Posterior portion of annulus fibrosus

Anterior longitudinal ligament
Anterior aspect of vertebral body
Anterior portion of annulus fibrosus
Posterior aspect of vertebral body
Posterior longitudinal ligament

Neural arch
Ligamentum flavum
Interspinous ligament
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Table 1. Definition of three columnsin Denis classification
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Type Mechanism Involved columns Stability
Compression Axial loading Anterior Stable

Burst TypeA Axial loading Anterior, middle Unstable

(fracture of both endplates)

TypeB Axial loading, Flexion Anterior, middle Possibly

(fracture of the superior endplate) unstable

TypeC Axial loading, Flexion Anterior, middle Possibly

(fracture of the inferior endplate) unstable

TypeD Axial loading, rotation Anterior, middle, posterior Unstable

TypeE Lateral compression Anterior, middle, posterior Possibly

unstable

Flexion-distraction Flexion-distraction Middle, posteior Unstable

Flexion-rotation Hyperflexion-rotation Anterior, middle, posterior Unstable

Fracture-dislocation Shear Extension, trandlation Anterior, middle, posterior Unstable

Flexion-distraction Hyperflexion-distraction Anterior, middle, posterior Unstable

Table 3. Classification of cervical spine lateral film findings in submersion patients.

No of patients who require

Radiologic findings Number of definitive cervical spine
Patients(%) immobilization or surgical
treatment
Fracture Unstable 0(0.00) 0
Stable-1 compression fracture 2(2.50) 0
-1 suspicious compression fracture

Sprain 18(22.78) 0
Degenerative change 10(12.66) 0
Normal 49(62.03) 0
Total 79(100.00) 0
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Table 4. Characteristics of submerged patients with abnormal radiologic findings (fracture, sprain) in cervical spine.

Pts Sex Age C-Spine lateral finding Activity on submersion Risk GCS' CPR! CPC'
No* group score
1 F' 70 Sprian Diving L** 12 - 1
2 M7 34 Sprain Unknown utt 3 + 5
3 M 30 Sprain Jump from high bridge H*t 15 - 1
4 M 24 Sprain Jump from high bridge H 3 + 1
5 F 33 Sprain Jump from high bridge H 3 + 1
6 F 45 Suspisious C5,6 Unknown U 3 + 5
body stable fracture
(Compression fracture)
7 M 27 Sprain Mis-step L 13 - 1
8 F 19 Sprain Jump from high bridge H 15 - 1
9 M 24 Sprain Jump from high bridge H 15 - 1
10 M 27 Sprain Jump from high bridge H 15 - 1
11 M 30 Sprain Jump from high bridge H 15 - 1
12 M 31 Sprain Jump from high bridge H 15 - 1
13 F 32 Sprain Jump from high bridge H 15 - 1
14 F 43 Sprain Jump from high bridge H 15 - 1
15 M 43 Sprain Jump from high bridge H 15 - 1
16 F 46 Sprain Diving L 15 - 1
17 M 40 Sprain Diving L 3 + 4
18 F 37 Sprain Jump from high bridge H 3 + 5
19 F 45 Sprain Jump from high bridge H 3 + 5
20 M 18 C7 body stable fracture Jump from high bridge H 1 - 1
(Compression fracture)
Tota Male Mean No letha injury: Jump from high bridge:70%  High Mean CPR Mean
20 55% age 1 case of conformed stable risk: Score:  casel Score:
31.8 fracture 70% 10.5 35% 1.95
1 case of suspicious stable
fracture

*Pts No: patients number, 'GCS: Glasgow Coma Scale score at admission, *CPR: cardiopulmonary resuscitation, ‘CPC: Cerebral
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Table 5. Characteristics of submerged patients who were injured to other parts of body excepting cervical spine.

Pts Sex Age Injury C-Spinelateral  Activity Risk Ges'  cPrY cPC

No* finding group score score

1 M 49  Hemoperitoneum Normal Jump from H** 15 - 2

d/t underlying high bridge
hepatoma rupture

2 M 29  Scalp contusion Normal Unknown utt 15 - 1

3 M 14 Scalp abrasion Normal Unknown U 3 + 4

4 M 27 Pneumothorax Degenerative Jump from H 15 - 1

change high bridge

5 M 30 Tooth fracture Normal Jump from H 15 - 1

Oral laceration high bridge
6 M 40 Hemothorax Normal Traffic H 3 + 5
Multiplerib fracture accident

7 M 28 Perineal laceration Normal Jump from H 12 - 2

high bridge

8 M 20 Chest wall contusion Normal Jump from H 15 - 1

high bridge
9 F' 29  L1sablefracture Normal Jump from H 15 - 1
(Compression fracture) high bridge

10 M 30 L2 unstable fracture Sprain Jump from H 15 - 1
(Burst fracture type A) high bridge

11 F 30 T12 unstable fracture Normal Jump from H 15 - 1
(Burst fracture type A) high bridge

Tota Male Mean 1caseof letha injury Normal Jump from high  High Mean CPR Mean

11 80% age 2 casesof unstable or degenerative  bridge :64% risk: Score: case: Score:

31 spine fracture change :91% 82% 125 18% 1.8

*Pts No: patients number, 'GCS score: Glasgow Coma Scale score at admission,  CPR: cardiopulmonary resuscitation, ‘CPC score:
Cerebral performance category score at discharge, 'M: male, "F: female, **H: high risk, " "U: unkown.
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Table 6. Comparisons of submersion victims with abnormal cervica spine radiologic findings (fracture, sprain) and normal radio-
logic findings (normal, degenerative change).

Characteristic Abnormal finding Normal finding p-value
No* of patients (%) No of patients (%)

Sex 0.95
Mae 11 (55) 32 (54)
Female 9 (45) 27 (46)

Age 0.15
<15 0(0) 3(5)
15~50 19 (95) 46 (78)
>50 1(5) 10 (17)

Activity 0.36
Jump from high bridge 14 (70) 24 (41)
Traffic accident 0(0) 23
Water sports 0(0) 1(1)
Diving 3(15) 10 (17)
Mis-step 1(5) 7(12)
Unknown 2 (10) 15 (25)

Risk group 0.17
High risk 14 (70) 27 (46)
Low risk 4 (20) 17 (29)
Unkown 2 (10) 15 (25)

Initial GCS' score 0.93
15 11 (55) 29 (49)
9~14 2(10) 9(15)
<8 7(35) 21 (36)

CPR! 0.96
Done 7(35) 21 (36)
Not-done 13 (65) 38 (64)

CPC’ score at discharge 0.91
1~-2 15 (75) 40 (67.5)
3~4 1(5) 5(8.5)
5 4 (20) 14 (23.0)

*No:Number, 'GCS: Glasgow Coma Scale, *CPR: cardiopulmonary resuscitation, ‘CPC: Cerebral performance category.
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