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A multicenter cohort 
study on the association 
between prehospital 
immobilization and functional 
outcome of patients 
following spinal injury in Asia
Hsuan An Chen1, Shuo Ting Hsu1, Sang Do Shin2, Sabariah Faizah Jamaluddin3, 
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Wen Chu Chiang9,10* & The PATOS Clinical Research Network

Prehospital spinal immobilization is a widely used procedure in the emergency medical service 
(EMS) system worldwide, while the incidence of patients with spinal injury (SI) is relatively low, 
and unnecessary prehospital spinal immobilization is associated with patient complications. This 
study aimed to determine the association between prehospital spine immobilization and favorable 
functional outcomes at hospital discharge among trauma patients with SI. We conducted a 
retrospective cohort study using the Pan-Asia Trauma Outcomes Study (PATOS) registry data from 
January 1, 2016, to November 30, 2018. A total of 759 patients with SI were enrolled from 43,752 
trauma patients in the PATOS registry during the study period. The subjects had a median age of 
58 years (Q1–Q3, 41–72), and 438 (57.7%) patients had prehospital spine immobilization. Overall, 
prehospital spinal immobilization was not associated with favorable functional outcomes at discharge 
in multivariable logistic regression (aOR 1.06; 95% CI 0.62–1.81, p = 0.826). However, in the subgroup 
of cervical SI, prehospital spinal immobilization was associated with favorable functional outcomes at 
discharge (aOR 3.14; 95% CI 1.04–9.50; p = 0.043). Therefore, we suggest that paramedics should be 
more careful when determining the presence of a cervical SI and should apply full spine immobilization 
if possible.

Patients with spinal injuries (SIs) following trauma are at risk of spinal cord injuries (SCIs) with severe neuro-
logical consequences and disability in life, which are estimated in approximately 20% of these cases1. However, 
the incidence of traumatic SCI differs from region to region, with a relatively low incidence of 16 per million in 
Western Europe to 40 per million in the United States2. The incidence of SI in the trauma population also varied 
from 4.58% in China to all trauma patients3 and 9.6% in Europe in patients following major trauma4, while some 
studies reported only 1–2% of all trauma patients5.
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Despite the relatively low incidence of SI and SCI, prehospital spinal immobilization has been widely adopted 
worldwide as well as in trauma courses, such as prehospital trauma life support (PHTLS) and advanced trauma 
life support (ATLS)6,7. It aims to minimize further movement of the spine and reduce the risk of secondary 
injury, but the procedure lacks high-quality evidence of clear benefits in decreasing disability8,9 and is associated 
with complications such as respiratory restriction10,11, elevated intracranial pressure12,13, pressure ulcers14 and 
changing the results of physical examination15 while patients are immobilized. In addition, previous studies also 
revealed that prehospital immobilization may be associated with higher mortality in patients with penetrating 
trauma and gun-shot wounds16–18.

Due to the growing concerns regarding prehospital spinal immobilization, this study aimed to determine the 
association between prehospital spinal immobilization and favorable functional outcomes at hospital discharge 
among adult trauma patients with SI.

Methods
Study design and setting.  We conducted a retrospective cohort study using a prospectively collected 
database from the Pan-Asia Trauma Outcomes Study (PATOS), which was a cross-national trauma registry net-
work initiated in 2015 and consists of 33 participating sites from 14 Asian countries, including Australia, Hong 
Kong, India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Sri Lanka, Taiwan, Thailand, the United 
Arab Emirates, and Vietnam. Urban areas are covered by all countries19. The variables of PATOS include demo-
graphics, injury epidemiology, prehospital care, emergency department (ED) and hospital care, injury sever-
ity, and clinical outcomes20. The PATOS Trauma Database was characterized as an emergency medical service 
(EMS)-based registry. Participation in the PATOS registry was voluntary. Patient’s data were recorded in the 
registry if they were sent to the participating hospitals due to trauma, either from the scene or via interhospital 
transport.

Study population.  We analyzed patients with PATOS from January 1, 2016, to November 30, 2018. Eligible 
patients were transported by EMS, aged > 16 years, and with SIs. SI was defined as any spinal fracture, disloca-
tion, subluxation, or traumatic disc rupture with or without SCI. The diagnosis was selected using ICD-9 (other 
paralytic syndromes 344.0–344.9; fracture of vertebral column without mention of SCI 805.0–805.5; fracture of 
the vertebral column with SCI 806.0–806.6; dislocation of vertebra 839.4; SCI without evidence of spinal bone 
injury 952.0–952.9) or ICD-10 (fracture of vertebra S12.0–S12.9, S22.0, S32.0, S32.9; dislocation, subluxation 
of vertebrae, traumatic rupture of intervertebral disc S13.0–S13.1, S23.0–S23.1, S33.0–S33.1; injury of nerves 
and spinal cord S14.0–S14.9, S24.0–S24.2, S34.0–S34.2) based on the registry data, we excluded patients with 
pre-existing disability (defined as Glasgow Outcome Score [GOS] < 4 before the injury), traumatic brain injury 
(TBI) (defined as traumatic cerebral edema, diffuse/focal TBI, epidural hemorrhage, traumatic subdural hemor-
rhage, traumatic subarachnoid hemorrhage using ICD-9 854.0, 851.0–852.5; ICD-10 S06.1–S06.9), incomplete 
data on immobilization, Injury Severity Score (ISS), Revised Trauma Score (RTS) at the ED, functional outcome 
at discharge or prehospital time interval. We excluded patients with TBI because the prevalence of concomitant 
TBI in patients with an SI can be as high as 32.5%21, and we could not differentiate whether the disability resulted 
from TBI or SI.

Definition of exposure.  The key exposures in our study were prehospital immobilization, which was 
defined as the neck collar and/or backboard used. We classified the patients using a scoop stretcher as the immo-
bilized group, and previous studies have validated the quality of this immobilization tool compared with that of 
the spinal board22,23. Other recorded immobilization tools such as pelvic binder, femur traction splint, extrem-
ity splint and bandaging were classified as non-immobilized group because the primary function of these tools 
aren’t immobilization of the spine. The basic characteristics of the patients in our study included country, age, 
sex, mechanism of injury (traffic, fall, others), location of SI (cervical, thoracic, or lumbar spine), and torso 
injury. Torso injury was defined as injury involving the chest or abdomen, including fractures of the clavicle, rib, 
pelvis, traumatic pneumothorax, hemothorax, intra-abdominal bleeding, laceration, or contusion of the spleen, 
liver, or bowel. Data on prehospital management, including spinal immobilization, rescue airway (supraglottic 
airway or endotracheal tube), the establishment of fluid access either by intravenous line (IV) or by intraosse-
ous line (IO), and scene-to-hospital time (S to H time) were collected. Because one of the major contributing 
countries (Korea) mostly reported the S to H time rather than transport time, we used S to H time as variables 
to maximize the valid value. We used the RTS and ISS as indices of trauma severity. RTS is a physiological tri-
age score using the Glasgow Coma Scale (GCS), systolic blood pressure (SBP), and respiratory rate (RR). The 
RTS formula was as follows: RTS = (GCS score coded × 0.9368) + (SBP coded × 0.7326) + (RR coded × 0.2908)24. 
ISS was calculated by summing the square of the three highest Abbreviated Injury Scale scores for injuries to 
different body regions25. We divided the ISS score into three groups: < 9, minor injury; 9–15 defined as moder-
ate injury; and ≥ 16, severe injury26,27. We also collected data from patients who had undergone spine surgery or 
surgery of other body regions except for the spine. Missing data of the variables were excluded.

Outcome measurements.  The primary outcome was the modified Rankin Scale (mRS) score at discharge. 
MRS was used to evaluate the functional outcome in patients with stroke at first28 and was then widely applied to 
measure the disability caused by TBI, general trauma and traumatic SI29–34. No significant disability to moderate 
disability (mRS 0–3) was defined as a favorable functional outcome, and moderately severe disability to death 
(mRS 4–6) was defined as poor functional outcomes35. Subgroup analyses were performed in different sub-
groups of age (< 65 and ≥ 65 years), RTS (< 7 and ≥ 7), ISS (< 9, ≥ 9), and the location of SI (cervical, thoracic, and 
lumbar regions). We used 65 years old as the cut-off value because it represents the most commonly accepted age 
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to consider a patient as an elderly patient and was used according to the guidelines of the Eastern Association for 
the Surgery of Trauma36,37. A score of 7 as the cut-off point in RTS and 9 as the cut-off point in ISS were used in 
previous studies for major trauma27,38,39.

Statistical methods.  Continuous variables are reported as mean (standard deviation, SD) or median (Q1–
Q3), as appropriate. Dichotomous and categorical variables are presented as numbers (percentages). Continuous 
variables were compared using the Mann–Whitney U test. Categorical and nominal variables were compared 
using Pearson’s chi-square test or Fisher’s exact test. We examined the association between prehospital spinal 
immobilization and favorable functional outcomes using univariate logistic regression and multivariable logistic 
regression. Variables with p < 0.05 on univariable logistic regression and the major variable (prehospital spinal 
immobilization) were selected for multivariable logistic regression analysis using the forced entry method. For 
subgroup analyses, we also conducted multiple logistic regression using the forced entry method for all variables. 
Statistical analysis was performed using SPSS version 25.0 (IBM, Armonk, NY, USA). All tests were two-sided, 
and a p-value of less than 0.05 was considered statistically significant.

Ethics approval and consent to participate.  The PATOS collaboration was approved by the Institu-
tional Review Board of the National Taiwan University Hospital and Far Eastern Memorial Hospital. This study 
was conducted in accordance with the Declaration of Helsinki (as revised in 2013) and the study proposal and 
methods were approved by the PATOS Taipei Meeting. The data were anonymized before being released to the 
authors in 2019. Institutional Review Board of Far Eastern Memorial Hospital waived the need for Informed 
consent due to the retrospective nature of this study.

Results
Characteristics of study objects.  From January 1, 2016, to November 30, 2018, a total of 1573 cases with 
SIs were extracted from the PATOS registry of 43,752 EMS-transported trauma patients (3.5% of all cases) using 
ICD-9 or ICD-10. We further excluded patients aged < 16 years (n = 30), pre-existing disability (GOS 1–3) before 
the injury (n = 274), TBI (n = 136), and incomplete data (n = 374). The remaining 759 adult patients diagnosed 
with SI were included in the study, and 438 (57.7%) patients had prehospital spine immobilization. Figure 1 
shows a detailed flow diagram of the patients enrolled in the final analysis.

The demographics of the 759 patients with prehospital spinal immobilization are shown in Table 1. The 
study cohort consisted of patients from four countries, including Korea, Malaysia, Japan, and Vietnam. Korea 
and Malaysia accounted for 97.1% of the study group. Injury mainly resulted from traffic accidents and falling 
accidents, and all patients had blunt injuries. The combination of cervical SI and thoracic or lumbar SI was only 
3.1% (n = 24). The characteristics of all SI patients without TBI (total number = 1133) are also tabulated in Sup-
plementary Table S1.

Compared to the patients in the non-immobilized group, the patients in the immobilized group were younger 
(54 vs. 65), had a higher percentage of males (61.4% vs. 47.0%), a higher percentage of traffic accidents (52.3% 
vs. 27.7%), a higher percentage of patients who received prehospital fluid management (9.8% vs. 1.9%), higher 

Figure 1.   Flow diagram of patients included in our study. GOS Glasgow outcome scale, mRS modified Rankin 
Scale, RTS revised trauma score, StoH time Scene-to-hospital time. *Patients with spinal injury were defined as 
meeting the diagnosis of ICD-9 or 10 described in the methods.
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percentage of cervical SI (33.6% vs. 16.8%), lower percentage of lumbar SI (47.9% vs. 59.5%), higher percentage 
of torso injury (30.6% vs. 11.8%), higher percentage of RTS < 7 (5% vs. 2.2%), higher percentage of ISS score 
9–15 (31.3% vs. 16.5%) and ≥ 16 (12.1% vs. 8.7%), higher percentage of patients who underwent spine surgery 
(11.4% vs. 3.4%), and other operations (16.7% vs. 7.5%). We tabulated the GCS scores of the two groups in Sup-
plementary Table S2, and no significant difference was observed.

Association between prehospital spinal immobilization and favorable functional out-
come.  For the primary outcome of the association between prehospital spinal immobilization and favorable 
functional outcome, the demographics and the results of univariable and multivariable logistic regression are 
shown in Table 2. In univariable logistic regression, prehospital spinal immobilization was not significantly asso-
ciated with favorable functional outcomes (OR 0.66; 95% CI 0.42–1.02; p = 0.061). Different countries, age, sex, 
prehospital fluid management, lumbar SI, torso injury, RTS, ISS 9–15, and ISS ≥ 16 was significantly associated 
with favorable functional outcomes in univariable logistic regression and were selected as adjusting confound-
ing factors in further multivariable logistic regression. In multivariable logistic regression, prehospital spinal 
immobilization was not associated with favorable functional outcomes (aOR 1.06; 95% CI 0.62–1.81; p = 0.826). 
Different countries (compared to Korea) (Malaysia aOR 0.37; 95% CI 0.20–0.71; p = 0.002), prehospital fluid 
management (aOR 0.39; 95% CI 0.19–0.84; p = 0.016), ISS 9–15 (aOR 0.41; 95% CI 0.24–0.72; p = 0.002), ISS ≥ 16 
(aOR 0.35; 95% CI 0.17–0.72; p = 0.004), and patients who underwent spine surgery (aOR 0.21; 95% CI 0.11–
0.41; p < 0.001) were associated with worse functional outcomes. Only RTS ≥ 7 was associated with favorable 
functional outcomes (aOR 3.41; 95% CI 1.41–8.25; p = 0.007).

Subgroup analysis.  In the subgroup analysis (Fig.  2), we found that prehospital spinal immobilization 
was associated with favorable functional outcomes in the subgroup of cervical SI (aOR 3.14; 95% CI 1.04–9.50; 
p = 0.043), but not in the subgroup ISS < 9, ISS ≥ 9, RTS ≥ 7, thoracic SI, and lumbar SI. Unfortunately, multi-
variable logistic regression could not be performed due to the limited number of patients in subgroup RTS < 7. 
We further divided the patients with ISS scores of < 9 and ≥ 9 into three groups by injury site (Supplementary 
Fig. S1). The results revealed that patients with an ISS score of ≥ 9 and cervical SI showed a positive association 

Table 1.   Demographics of immobilized and non-immobilized patients. KR Korea, MY Malaysia, OTH 
others, S to H time scene to hospital time, SI spinal injury, RTS revised trauma score, ISS Injury Severity 
Score. a Others: Japan and Vietnam. b Others: hit by person or object, choking or hanging, drowning, physical 
overexertion, another mechanism of injury. c Other operations: One patient could have undergone several 
operations at the same hospital stay.

Total
N = 759

Immobilized
N = 438

Non-immobilized
N = 321 P-value

Country N (%)

KR 614 (80.9) 362 (82.6) 252 (78.5) 0.077

MY 123 (16.2) 74 (16.9) 49 (15.3)

OTHa 22 (2.9) 2 (0.5) 20 (6.2)

Age median (Q1–Q3) 58 (41–72) 54 (38–67) 65 (49–76) < 0.001

Sex N (%)
Female 339 (44.7) 169 (38.6) 170 (53.0) < 0.001

Male 420 (55.3) 269 (61.4) 151 (47.0)

S to H time (median, Q1–Q3) 22 (15–32) 22 (15–33) 22 (15–31) 0.816

Mechanism N (%) Traffic 318 (41.9) 229 (52.3) 89 (27.7) < 0.001

Fall 359 (47.3) 177 (40.4) 182 (56.7)

Othersb 82 (10.8) 32 (7.3) 50 (15.6)

Prehospital management (no vs. yes) Fluid (IV, IO) 49 (6.5) 43 (9.8) 6 (1.9) < 0.001

Location of SI N (%) (no vs. yes)

Cervical SI 201 (26.4) 147 (33.6) 54 (16.8) < 0.001

Thoracic SI 197 (26) 113 (25.8) 84 (26.2) 0.909

Lumbar SI 401 (52.8) 210 (47.9) 191 (59.5) 0.002

C + T/L 24 (3.1) 22 (5.0) 2 (0.6) 0.001

Torso injury N (%) (no vs. yes) 172 (22.7) 134 (30.6) 38 (11.8) < 0.001

RTS N (%)
< 7 29 (3.8) 22 (5.0) 7 (2.2) 0.044

≥ 7 730 (96.2) 416 (95.0) 314 (97.8)

ISS N (%)

< 9 488 (64.3) 248 (56.6) 240 (74.8) < 0.001

9–15 190 (25.0) 137 (31.3) 53 (16.5)

≥ 16 81 (10.7) 53 (12.1) 28 (8.7)

Operation N (%) (no vs. yes)
Spine 61 (8.0) 50 (11.4) 11 (3.4) < 0.001

Othersc 97 (12.8) 73 (16.7) 24 (7.5) < 0.001

Favorable functional outcome N (%)
Yes 658 (86.7) 371 (84.7) 287 (89.4) 0.059

No 101 (13.3) 67 (15.3) 34 (10.6)

Death N (%) (no vs. yes) 7 (0.9) 3 (0.7) 4 (1.2) 0.424
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between immobilization and favorable functional outcomes (aOR 5.50; 95% CI 1.02–29.69; p = 0.048). Moreover, 
immobilization might cause potential harm in the subgroup with ISS < 9 with lumbar SI.

Discussion
In this cross-national retrospective cohort study from January 1, 2016, to November 30, 2018, we found that 
prehospital spinal immobilization was not associated with favorable functional outcomes at discharge in all EMS-
transported patients with SI; however, in the subgroup of cervical SI without TBI, the procedure still mattered. 
There was a significant association between prehospital spinal immobilization and favorable functional outcomes 
at discharge. Our study has several strengths. First, this was a cross-national study in Asia with different EMS 
systems. Hence, the results may be applicable to other Asian populations. Second, we excluded preexisting dis-
ability before injury and TBI to minimize the effect on functional outcome measured by mRS score at discharge 
and to focus more on the impact of SI. Although mRS score was not intentionally used to evaluate the traumatic 
patients with SI, we think that the mRS score provides a more comprehensive assessment of patient’s functional 
outcome by evaluating the daily activity when compared to the traditionally used American Spinal Injury Asso-
ciation (ASIA) score, which mainly focuses on the evaluation of motor and sensory functions of patients with SI34.

The benefit of spinal immobilization came from indirect and low evidence that numerous studies found 
that delayed diagnosis of SI without immobilization was correlated with worse disability40–42. Toscana et al.42 
conducted a case series of 123 patients with blunt SI and found that 32 (26%) patients had major neurologi-
cal deterioration between the time of injury and the time of admission. Of these 32 patients, 19 (59%) had no 
immobilization, suggesting that neurological deterioration resulted from not being immobilized. Meanwhile, 
Hauswald et al.43 retrospectively reviewed patients with traumatic SI from the USA and Malaysia, where the 
former had prehospital spinal immobilization, but the latter did not have prehospital spinal immobilization in all 
patients. The results revealed that non-immobilized Malaysian patients had a less neurologic disability (OR 2.03; 

Table 2.   Demographic, univariable, and multivariable-adjusted logistic regression of favorable and 
unfavorable functional outcomes in patients. KR Korea, MY Malaysia, OTH others, S to H time scene to 
hospital time, SI spinal injury, RTS revised trauma score, ISS Injury Severity Score. a Others: Japan and 
Vietnam. b Others: hit by person or objects, choking or hanging, drowning, physical overexertion, another 
mechanism of injury. c Other operations: One patient could have undergone several operations during the same 
hospital stay.

Favorable functional 
outcome
N = 658

Unfavorable functional 
outcome
N = 101

Univariable
OR (95% CI)

Univariable
P-value

Multivariable
OR (95% CI)

Multivariable
P-value

Country N (%)

KR 551 (83.7) 63 (62.4) Ref Ref Ref Ref

MY 89 (13.5) 34 (33.7) 0.30 (0.19–0.48) < 0.001 0.37 (0.20–0.71) 0.002

OTHa 18 (2.7) 4 (4.0) 0.52 (0.17–1.57) 0.242 0.57 (0.16–1.99) 0.376

Age (median, Q1–Q3) 59 (43–72.3) 52 (34.5–65) 1.02 (1.01–1.03) 0.002 1.00 (0.98–1.01) 0.777

Sex N (%)
Female 308 (46.8) 31 (30.7) Ref Ref Ref Ref

Male 350 (53.2) 70 (69.3) 0.50 (0.32–0.79) 0.003 0.76 (0.46–1.27) 0.296

S to H time (median, 
Q1–Q3) 22 (15.8–31) 23 (14–34.5) 1.00 (0.99–1.01) 0.992

Mechanism Traffic 265 (40.3) 53 (52.5) Ref Ref

N (%)
Fall 319 (48.5) 40 (39.6) 1.6 (1.03–2.48) 0.38

Othersb 74 (11.2) 8 (7.9) 1.85 (0.84–4.06) 0.13

Prehospital management N 
(%) (no vs. yes) Fluid (IV, IO) 29 (4.4) 20 (19.8) 5.36 (2.90–9.91) < 0.001 0.39 (0.19–0.84) 0.016

Location of SI N (%) Cervical SI 168 (25.5) 33 (32.7) 0.69 (0.41–1.16) 0.158

(no vs. yes)

Thoracic SI 173 (26.3) 24 (23.8) 1.24 (0.67–2.31) 0.493

Lumbar SI 357 (54.3) 44 (43.6) 1.87 (1.17–2.99) 0.009 1.07 (0.67–1.72) 0.772

C + TLS 21 (3.2) 3 (3.0) 1.08 (0.32–3.68) 0.906

Torso injury N (%) (no 
vs. yes) 137 (20.8) 35 (34.7) 0.50 (0.32–0.78) 0.002 1.13 (0.63–2.02) 0.683

Immobilization No 287 (43.6) 34 (33.7) Ref Ref Ref Ref

N (%) Yes 371 (56.4) 67 (67.3) 0.66 (0.42–1.02) 0.061 1.06 (0.62–1.81) 0.826

RTS N (%)
< 7 17 (2.6) 12 (11.9) Ref Ref Ref Ref

≥ 7 641 (97.4) 89 (88.1) 5.08 (2.35–11.00) < 0.001 3.41 (1.41–8.25) 0.007

ISS N (%)

< 9 450 (68.4) 38 (37.6) Ref Ref Ref Ref

9–15 150 (22.8) 40 (39.6) 0.32 (0.20–0.51) < 0.001 0.41 (0.24–0.72) 0.002

≥ 16 58 (8.8) 23 (22.8) 0.21 (0.12–0.38) < 0.001 0.35 (0.17–0.72) 0.004

Operation N (%) (no vs. yes)
Spine 39 (5.9) 22 (21.8) 0.23 (0.13–0.40) < 0.001 0.21 (0.11–0.41) < 0.001

Othersc 75 (11.4) 22 (21.8) 0.46 (0.27–0.79) < 0.001 0.89 (0.47–1.68) 0.715
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95% CI 1.03–3.99; p = 0.04). However, the study was criticized by some points, such as patients who died in the 
scene or transportation were excluded, no matching of the patient’s injury severity, and relatively small sample 
size. In our study, we did not exclude patients with traumatic out-of-hospital cardiac arrest, and we performed 
a subgroup analysis to match the injury severity of patients.

In the subgroup analysis of our study, there was a statistically significant association between prehospital 
spinal immobilization and favorable functional outcome when limited to patients with cervical SI, especially in 
patients with an ISS score of ≥ 9. Excluding patients with TBI may be a cause. The prevalence of concomitant TBI 
in patients with an SI was 32.5% (95% CI 10.8–59.3%) and 40.4% (95% CI 33.0–48.0%) in patients with cervi-
cal SI21. Severe TBI can cause severe functional disability or death; approximately 38% of patients die44 and, as 
estimated, 43% are discharged with long-term disability45. Moreover, spinal immobilization could also increase 
intracranial cerebral pressure in immobilized patients, which could worsen the situation of TBI12. Excluding 
patients with concomitant TBI decreased the influence of brain injury and helped us focus on the effects of SCI 
and SI.

The incidence of SI in our study was 3.5% in all EMS-transported trauma patients, which was similar to a 
previous study from China with an incidence of 4.58% in the trauma population3. The percentage of patients 
with cervical SI and other locations of SI were also similar to those reported in previous studies3,46, indicating 
the generalizability of our findings. The incidence data for Europe and Canada were relatively high, at 9.6% 
and 23.2%, respectively4,46, which may be due to the study population with polytrauma and higher severity in 
their studies. The leading causes of SI were falls (47.3%) and traffic accidents (41.9%), which is consistent with 
previous studies2,47. The rate of cervical SI combined with thoracic or lumbar SI in our study was 3.1%, which 
was lower than previous studies (approximately 10%)4,6. Patients with lower trauma severity in our study may 
have been the cause. The rate of non-implementation of spinal immobilization among spine injury patients was 
relatively high (42%) compared with that reported in Western countries. However, this rate seems compatible 
with that reported in previous studies in Asia48,49. In patients in the immobilized group, statistically significant 
higher trauma severity (ISS, RTS), higher percentage of combined torso injury, prehospital fluid management, 
and SI were noted than non-immobilized groups. It is reasonable that severely injured patients would receive 
more treatment at the scene. Subgroup analysis using ISS and RTS was performed to reduce the impact of injury 
severity, and the association between favorable functional outcome and prehospital spinal immobilization was 
not significant in the subgroup with ISS < 9, ISS ≥ 9, and RTS ≥ 7. The scene-to-hospital time was not significantly 
different between the immobilized and non-immobilized groups, although the immobilized group received more 
treatment out of the hospital. This might be due to the familiarity of the procedure from paramedics, and only 
47% (N = 206) of patients received full spine immobilization in the immobilized group.

The tools used in prehospital immobilization at the scene may also influence the results. Different types of 
cervical collar and different shapes and angles of the mandible may influence the degree of neck motion50–52. The 
combinations of tools also affect the spine movement53–55. Previous cadaver studies have revealed greater neck 
motion while using cervical collar alone compared with cervical collar with a backboard or vacuum mattress54,55. 
This finding may raise the concern that cervical collar alone may not be sufficient for patients with cervical SI. 
Hence, full spine immobilization should be performed in these patients. Furthermore, the insertion of a cervi-
cal collar may also increase the neck motion in an unstable cervical spine56,57, which could also worsen the SI. 
Spine board with spider straps or vacuum mattress with headblock may also help achieve neck motion restriction 

Figure 2.   Subgroup analysis for favorable neurologic outcome, ISS < 9, ISS ≥ 9, age ≥ 65, age < 65, adjusted 
multivariable logistic regression. aOR adjusted odds ratio, SI spinal injury. *All subgroups except RTS < 7 
were adjusted by country, age, sex, scene-to-hospital time, mechanism, prehospital fluid management, cervical 
spinal injury, thoracic spinal injury, lumbar spinal injury, torso injury, revised trauma score, ISS, received spine 
operation, and received other operations. **Due to the small subgroup size, multivariable logistic regression was 
not applicable.
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compared with a spine board combined with a cervical collar55. Hence, it can be another consideration when 
applying immobilization to patients with cervical SI.

We have requested information regard the prehospital immobilization protocol, tool, technique, and quality 
from the data stakeholders of the studied countries (Korea, Malaysia, Japan, and Vietnam). Korea and Japan 
have their own prehospital immobilization protocol, which is similar to the NEXUS criteria. EMTs in Malaysia 
and Vietnam do provide a written indication for prehospital spinal immobilization, but their training includes 
the determination of patients who require spinal immobilization.

As for the tools, adjustable Ambu or Laerdal stiff collar and long spinal board were mostly used as immo-
bilization tools in four countries. EMTs in Japan have sometimes used a scoop stretcher (Ferno Scoop 65 EXL) 
instead of a long spinal board. No vacuum mattress was used in any of the four countries. The use of the same 
type of immobilization tool minimized the bias of different countries.

Regarding the immobilization technique and quality, the log-roll technique with a patient’s head fixed is the 
most widely used technique to move patients on the backboard. As for the cervical collar, one paramedic fixes the 
patient’s head while another EMT inserts an appropriately sized C-collar into the back of the patient’s head and 
fixes the front side under the chin. The quality assessment of the immobilization is also crucial for immobiliza-
tion, as previous studies revealed that only 11–12% of EMTs applied the backboard and cervical collar without 
error58,59. However, there are no recorded data on the routine quality or technique assessment in our database. 
We could not determine how the differences among countries would influence our results, and we could not 
adjust for this unavailable confounder; hence, our analysis was adjusted for the countries included.

Limitation.  There are several limitations to this study. First, this retrospective study had to address the prob-
lem of missing data. Some countries did not record some confounding variables, and we had to exclude them 
from the analysis, which may have caused selection bias. Although we included many variables in the logistic 
regression analysis, other unknown factors could influence the functional outcomes, such as limited prehospital 
information from EMS, the quality of each EMS team, bystander management of the patients, the quality and 
technique of prehospital immobilization at the scene, the neurologic status of patients at the scene, the quality 
of in-hospital care, and subsequent rehabilitation programs, but these data cannot be included in our analysis 
because of incomplete data or non-recording of the variables in the registry. Second, The baseline characteristics 
of the two groups were different; the immobilized group had higher trauma severity (ISS and RTS) and higher 
percentage of combined torso injury, prehospital fluid management, and SI. This may be a selection bias; we 
adjusted the differences using univariable, multivariable logistic regression, and subgroup analyses to minimize 
the influence. Third, the registry data of PATOS were voluntary and could not be considered a representative 
sample of the included countries. Fourth, the sample size was relatively small. However, considering the rela-
tively low incidence rate of SI and SCI, we believe that these findings are still informative to the knowledge gap.

Conclusion
Prehospital spinal immobilization was not associated with favorable functional outcomes in traumatic patients 
with SI; however, subgroup analysis revealed that it may be beneficial for patients with cervical SI without TBI. 
Based on our findings, we suggest that paramedics should be more judicious when determining the presence of 
a cervical SI and should apply full spine immobilization if possible. Prospective trials are needed in the future.

Data availability
The data that support the findings of this study are available from Pan-Asia Trauma Outcomes Study (PATOS) 
but restrictions apply to the availability of these data, which were used under license for the current study, and 
so are not publicly available. Data are however available from the authors upon reasonable request and with 
permission of PATOS. For more detailed information of PATOS, following website is available, http://​lems.​re.​
kr/​eng/​patos-​resea​rch/.
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