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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 Sl 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% Cl 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% Cl 1.04-9.50; p =0.043). Therefore, we suggest that paramedics should be
more careful when determining the presence of a cervical Sl 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 cases'. 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 States?. The incidence of SI in the trauma population also varied
from 4.58% in China to all trauma patients® and 9.6% in Europe in patients following major trauma*, while some
studies reported only 1-2% of all trauma patients®.
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Despite the relatively low incidence of ST 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)®”. 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 disability®® and is associated
with complications such as respiratory restriction'®!!, elevated intracranial pressure'>'?, pressure ulcers'* and
changing the results of physical examination' 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 wounds'¢%,

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 countries. The variables of PATOS include demo-
graphics, injury epidemiology, prehospital care, emergency department (ED) and hospital care, injury sever-
ity, and clinical outcomes®. 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, S§22.0, $32.0, S32.9; dislocation, subluxation
of vertebrae, traumatic rupture of intervertebral disc $13.0-S13.1, $23.0-523.1, $33.0-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%?', and we could not differentiate whether the disability resulted
from TBI or SL

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 board**?*. 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 x 0.9368) + (SBP coded x 0.7326) + (RR coded x 0.2908)%*.
ISS was calculated by summing the square of the three highest Abbreviated Injury Scale scores for injuries to
different body regions®. We divided the ISS score into three groups: <9, minor injury; 9-15 defined as moder-
ate injury; and > 16, severe injury?®*. 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 first*® and was then widely applied to
measure the disability caused by TBI, general trauma and traumatic SI*-**. 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 outcomes®. Subgroup analyses were performed in different sub-
groups of age (<65 and 2 65 years), RTS (<7 and 27), ISS (<9,29), 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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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.

to consider a patient as an elderly patient and was used according to the guidelines of the Eastern Association for
the Surgery of Trauma®*”. 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 trauma?”*%%,

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

Scientific Reports |

(2022) 12:3492 | https://doi.org/10.1038/s41598-022-07481-0 nature portfolio



www.nature.com/scientificreports/

Total Immobilized | Non-immobilized
N=759 N=438 N=321 P-value

KR 614 (80.9) 362 (82.6) 252 (78.5) 0.077
Country N (%) MY 123 (16.2) 74 (16.9) 49 (15.3)

OTH* 22 (2.9) 2(0.5) 20 (6.2)
Age median (Q1-Q3) 58 (41-72) | 54 (38-67) 65 (49-76) <0.001

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

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)

Others® 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

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
Location of SIN (%) (no vs. yes)

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

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

=7 730 (96.2) 416 (95.0) 314 (97.8)

<9 488 (64.3) 248 (56.6) 240 (74.8) <0.001
ISS N (%) 9-15 190 (25.0) | 137 (31.3) 53 (16.5)

>16 81 (10.7) 53 (12.1) 28 (8.7)

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

Others* 97 (12.8) |73 (16.7) 24 (7.5) <0.001

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

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

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. *Others: Japan and Vietnam. ®Others: hit by person or object, choking or hanging, drowning, physical
overexertion, another mechanism of injury. “Other operations: One patient could have undergone several
operations at the same hospital stay.

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 216 (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 I1SS<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 29 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
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Favorable functional Unfavorable functional
outcome outcome Univariable Univariable | Multivariable Multivariable
N=658 N=101 OR (95% CI) P-value OR (95% CI) P-value
KR 551 (83.7) 63 (62.4) Ref Ref Ref Ref
Country N (%) MY 89 (13.5) 34 (33.7) 0.30 (0.19-0.48) <0.001 0.37 (0.20-0.71) | 0.002
OTH? 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
Female 308 (46.8) 31(30.7) Ref Ref Ref Ref
Sex N (%)
Male 350 (53.2) 70 (69.3) 0.50 (0.32-0.79) 0.003 0.76 (0.46-1.27) | 0.296
§ to H time (median, 22 (15.8-31) 23 (14-34.5) 1.00 (0.99-1.01) | 0.992
Q1-Q3)
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
0
Others® 74 (11.2) 8(7.9) 1.85 (0.84-4.06) 0.13
Prehospital management N .
(%) (no vs. yes) Fluid (IV, 1I0) | 29 (4.4) 20 (19.8) 5.36 (2.90-9.91) <0.001 0.39 (0.19-0.84) | 0.016
Location of SIN (%) Cervical SI 168 (25.5) 33(32.7) 0.69 (0.41-1.16) 0.158
Thoracic SI 173 (26.3) 24 (23.8) 1.24 (0.67-2.31) 0.493
(no vs. yes) 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
ini 0y
E;Jr;gsl)mury N (%) (no 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
<7 17 (2.6) 12 (11.9) Ref Ref Ref Ref
RTS N (%)
>7 641 (97.4) 89 (88.1) 5.08 (2.35-11.00) | <0.001 3.41(1.41-8.25) | 0.007
<9 450 (68.4) 38 (37.6) Ref Ref Ref Ref
ISSN (%) 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
Spine 39(5.9) 22(21.8) 0.23 (0.13-0.40) <0.001 0.21(0.11-0.41) | <0.001
Operation N (%) (no vs. yes)
Others® 75 (11.4) 22(21.8) 0.46 (0.27-0.79) <0.001 0.89 (0.47-1.68) | 0.715

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. *Others: Japan and
Vietnam. ®Others: hit by person or objects, choking or hanging, drowning, physical overexertion, another
mechanism of injury. ‘Other operations: One patient could have undergone several operations during the same
hospital stay.

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 SI*%.
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 disability***?. Toscana et al.*?
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.”® 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;
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UBErOUR ,itcome/Total(%) ° ? “value
ISS <9 450/488 (92.2%) 0.68(0.3-1.53)  0.350 ——
ISS 29 208/271(76.8%) 1.75(0.77-3.94) 0.179 °

Age <65 396/472(83.9%) 1.15(0.59-2.26) 0.684
Age 265 262/287 (91.3%) 0.75(0.24-2.31) 0.616

RTS <7 17/29 (58.6%)  NJA** N/A
RTS 27 641/730 (87.8%) 1.16(0.65-2.05) 0.616 R

CervicalSI  168/201 (83.6%) 3.14(1.04-9.50) 0.043

Thora

LumbarSl  357/401 (89.0%) 0.50(0.20-1.26) 0.141 ——r

cicSI 173/197 (87.8%) 0.82(0.22-3.03) 0.769

0 1 2 3 4 5
Adjusted odds ratio

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.

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 SI?!. Severe TBI can cause severe functional disability or death; approximately 38% of patients die** and, as
estimated, 43% are discharged with long-term disability**. Moreover, spinal immobilization could also increase
intracranial cerebral pressure in immobilized patients, which could worsen the situation of TBI'?. Excluding
patients with concomitant TBI decreased the influence of brain injury and helped us focus on the effects of SCI
and SL

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 population®. The percentage of patients
with cervical SI and other locations of SI were also similar to those reported in previous studies>*, indicating
the generalizability of our findings. The incidence data for Europe and Canada were relatively high, at 9.6%
and 23.2%, respectively**¢, 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 studies®>*’. 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%)*°. 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 Asia***. 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 motion®*-*2. The
combinations of tools also affect the spine movement®->>. Previous cadaver studies have revealed greater neck
motion while using cervical collar alone compared with cervical collar with a backboard or vacuum mattress®*°.
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 spine®>*’, which could also worsen the SI.
Spine board with spider straps or vacuum mattress with headblock may also help achieve neck motion restriction
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compared with a spine board combined with a cervical collar®. 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
error’®’. 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-research/.

Received: 16 July 2021; Accepted: 18 February 2022
Published online: 03 March 2022

References

1. Sundstrem, T., Asbjornsen, H., Habiba, S., Sunde, G. A. & Wester, K. Prehospital use of cervical collars in trauma patients: A critical
review. J. Neurotrauma 31, 531-540. https://doi.org/10.1089/neu.2013.3094 (2014).

2. Lee, B. B, Cripps, R. A,, Fitzharris, M. & Wing, P. C. The global map for traumatic spinal cord injury epidemiology: Update 2011,
global incidence rate. Spinal Cord 52, 110-116. https://doi.org/10.1038/s¢.2012.158 (2014).

3. Liu, P. et al. Spinal trauma in mainland China from 2001 to 2007: An epidemiological study based on a nationwide database. Spine
(Phila Pa 1976) 37, 1310-1315. https://doi.org/10.1097/BRS.0b013e3182474d8b (2012).

4. Hasler, R. M. et al. Epidemiology and predictors of spinal injury in adult major trauma patients: European cohort study. Eur. Spine
J. 20, 2174-2180. https://doi.org/10.1007/s00586-011-1866-7 (2011).

5. Kreinest, M., Gliwitzky, B., Goller, S. & Miinzberg, M. Praklinische Immobilisation der Wirbelsaule. Notfall Rettungsmedizin 19,
41-47. https://doi.org/10.1007/s10049-015-0118-5 (2016).

6. Subcommittee ATLS, American College of Surgeons’ Committee on Trauma, International ATLS Working Group. Advanced
Trauma Life Support, 10th ed. (2018).

7. National Association of Emergency Medical Technicians (U.S.), Pre-Hospital Trauma Life Support Committee, American College
of Surgeons, Committee on Trauma. PHTLS: Prehospital Trauma Life Support. 9th ed. (2018).

8. Hood, N. & Considine, J. Spinal immobilisaton in pre-hospital and emergency care: A systematic review of the literature. Australas
Emerg. Nurs. J. 18, 118-137. https://doi.org/10.1016/j.aen;j.2015.03.003 (2015).

9. Purvis, T. A., Carlin, B. & Driscoll, P. The definite risks and questionable benefits of liberal pre-hospital spinal immobilisation.
Am. J. Emerg. Med. 35, 860-866. https://doi.org/10.1016/j.ajem.2017.01.045 (2017).

Scientific Reports |

(2022) 12:3492 | https://doi.org/10.1038/s41598-022-07481-0 nature portfolio


http://lems.re.kr/eng/patos-research/
http://lems.re.kr/eng/patos-research/
https://doi.org/10.1089/neu.2013.3094
https://doi.org/10.1038/sc.2012.158
https://doi.org/10.1097/BRS.0b013e3182474d8b
https://doi.org/10.1007/s00586-011-1866-7
https://doi.org/10.1007/s10049-015-0118-5
https://doi.org/10.1016/j.aenj.2015.03.003
https://doi.org/10.1016/j.ajem.2017.01.045

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Totten, V. Y. & Sugarman, D. B. Respiratory effects of spinal immobilization. Prehosp. Emerg. Care 3, 347-352. https://doi.org/10.
1080/10903129908958967 (1999).

Bauer, D. & Kowalski, R. Effect of spinal immobilization devices on pulmonary function in the healthy, nonsmoking man. Ann.
Emerg. Med. 17,915-918. https://doi.org/10.1016/s0196-0644(88)80671-1 (1988).

Mobbs, R. J., Stoodley, M. A. & Fuller, J. Effect of cervical hard collar on intracranial pressure after head injury. ANZ J. Surg. 72,
389-391. https://doi.org/10.1046/j.1445-2197.2002.02462.x (2002).

Nuiez-Patifio, R. A., Rubiano, A. M. & Godoy, D. A. Impact of cervical collars on intracranial pressure values in traumatic brain
injury: A systematic review and meta-analysis of prospective studies. Neurocrit. Care 32, 469-477. https://doi.org/10.1007/s12028-
019-00760-1 (2020).

Ham, W. H., Schoonhoven, L., Schuurmans, M. J. & Leenen, L. P. Pressure ulcers, indentation marks and pain from cervical spine
immobilization with extrication collars and headblocks: An observational study. Injury 47, 1924-1931. https://doi.org/10.1016/j.
injury.2016.03.032 (2016).

March, J. A, Ausband, S. C. & Brown, L. H. Changes in physical examination caused by use of spinal immobilization. Prehosp.
Emerg. Care 6, 421-424. https://doi.org/10.1080/10903120290938067 (2002).

Brown, J. B. et al. Prehospital spinal immobilization does not appear to be beneficial and may complicate care following gunshot
injury to the torso. J. Trauma 67, 774-778. https://doi.org/10.1097/TA.0b013e3181b5f32e (2009).

Haut, E. R. et al. Spine immobilization in penetrating trauma: More harm than good?. J. Trauma 68, 115-120. https://doi.org/10.
1097/TA.0b013e3181c9ee58 (2010) (discussion 120-111).

Vanderlan, W. B. et al. Neurologic sequelae of penetrating cervical trauma. Spine (Phila Pa 1976) 34, 2646-2653. https://doi.org/
10.1097/BRS.0b013e3181bd9df1 (2009).

Sun, K. M. et al. Comparison of emergency medical services and trauma care systems among Pan-Asian countries: An international,
multicentre, population-based survey. Prehosp. Emerg. Care 21, 242-251. https://doi.org/10.1080/10903127.2016.1241325 (2017).
Kong, S. Y. et al. Pan-Asian Trauma Outcomes Study (PATOS): Rationale and methodology of an international and multicenter
trauma registry. Prehosp. Emerg. Care 22, 58-83. https://doi.org/10.1080/10903127.2017.1347224 (2018).

Pandrich, M. J. & Demetriades, A. K. Prevalence of concomitant traumatic cranio-spinal injury: A systematic review and meta-
analysis. Neurosurg. Rev. 43, 69-77. https://doi.org/10.1007/s10143-018-0988-3 (2020).

Del Rossi, G., Rechtine, G. R., Conrad, B. P. & Horodyski, M. Are scoop stretchers suitable for use on spine-injured patients?. Am.
J. Emerg. Med. 28, 751-756. https://doi.org/10.1016/j.ajem.2009.03.014 (2010).

Krell, J. M. et al. Comparison of the Ferno Scoop Stretcher with the long backboard for spinal immobilization. Prehosp. Emerg.
Care 10, 46-51. https://doi.org/10.1080/10903120500366375 (2006).

Champion, H. R. et al. A revision of the Trauma Score. J. Trauma 29, 623-629. https://doi.org/10.1097/00005373-198905000-00017
(1989).

Baker, S. P, O'Neill, B., Haddon, W. Jr. & Long, W. B. The injury severity score: A method for describing patients with multiple
injuries and evaluating emergency care. J. Trauma 14, 187-196 (1974).

Copes, W. S. et al. The Injury Severity Score revisited. J. Trauma 28, 69-77. https://doi.org/10.1097/00005373-198801000-00010
(1988).

Rozenfeld, M. et al. ISS groups: Are we speaking the same language?. Inj. Prev. 20, 330-335. https://doi.org/10.1136/injuryprev-
2013-041042 (2014).

van Swieten, J. C., Koudstaal, P. J., Visser, M. C., Schouten, H. J. & van Gijn, J. Interobserver agreement for the assessment of
handicap in stroke patients. Stroke 19, 604-607. https://doi.org/10.1161/01.str.19.5.604 (1988).

Chen, C.-H. et al. Association between prehospital time and outcome of trauma patients in 4 Asian countries: A cross-national,
multicenter cohort study. PLoS Med. 17, €1003360. https://doi.org/10.1371/journal.pmed.1003360 (2020).

Kohli, A. et al. Factors associated with return to work postinjury: Can the modified rankin scale be used to predict return to work?.
Am. Surg. 82,95-101 (2016).

Momenyan, S. et al. Predictive validity and inter-rater reliability of the persian version of full outline of unresponsiveness among
unconscious patients with traumatic brain injury in an intensive care unit. Neurocrit. Care 27, 229-236. https://doi.org/10.1007/
$12028-016-0324-0 (2017).

Sadaka, F, Patel, D. & Lakshmanan, R. The FOUR score predicts outcome in patients after traumatic brain injury. Neurocrit. Care
16, 95-101. https://doi.org/10.1007/s12028-011-9617-5 (2012).

Hsieh, S. L. et al. Association between the time to definitive care and trauma patient outcomes: Every minute in the golden hour
matters. Eur. J. Trauma Emerg. Surg. https://doi.org/10.1007/s00068-021-01816-8 (2021).

Ko, J. Y. et al. The comparison of recovery patterns between ischemic spinal cord injury and traumatic spinal cord injury from
acute to chronic phase. J. Spinal Cord Med. 44, 288-298. https://doi.org/10.1080/10790268.2019.1658338 (2021).

Rangaraju, S., Haussen, D., Nogueira, R. G., Nahab, F. & Frankel, M. Comparison of 3-month stroke disability and quality of life
across modified rankin scale categories. Interv. Neurol. 6, 36-41. https://doi.org/10.1159/000452634 (2017).

Bonne, S. & Schuerer, D. J. Trauma in the older adult: Epidemiology and evolving geriatric trauma principles. Clin. Geriatr. Med.
29, 137-150. https://doi.org/10.1016/j.cger.2012.10.008 (2013).

Jacobs, D. G. et al. Practice management guidelines for geriatric trauma: The EAST Practice Management Guidelines Work Group.
J. Trauma 54, 391-416. https://doi.org/10.1097/01.Ta.0000042015.54022.Be (2003).

Huang, Y.-T., Huang, Y.-H., Hsieh, C.-H., Li, C.-]. & Chiu, I. M. Comparison of Injury Severity Score, Glasgow Coma Scale, and
revised trauma score in predicting the mortality and prolonged ICU stay of traumatic young children: A cross-sectional retrospec-
tive study. Emerg. Med. Int. 2019, 5453624. https://doi.org/10.1155/2019/5453624 (2019).

Jeong, J. H. et al. The new trauma score (NTS): A modification of the revised trauma score for better trauma mortality prediction.
BMC Surg. 17, 77. https://doi.org/10.1186/s12893-017-0272-4 (2017).

Davis, . W, Phreaner, D. L., Hoyt, D. B. & Mackersie, R. C. The etiology of missed cervical spine injuries. J. Trauma 34, 342-346.
https://doi.org/10.1097/00005373-199303000-00006 (1993).

Platzer, P. et al. Delayed or missed diagnosis of cervical spine injuries. J. Trauma 61, 150-155. https://doi.org/10.1097/01.ta.00001
96673.58429.2a (2006).

Toscano, J. Prevention of neurological deterioration before admission to a spinal cord injury unit. Paraplegia 26, 143-150. https://
doi.org/10.1038/sc.1988.23 (1988).

Hauswald, M., Ong, G., Tandberg, D. & Omar, Z. Out-of-hospital spinal immobilization: Its effect on neurologic injury. Acad.
Emerg. Med. 5, 214-219. https://doi.org/10.1111/j.1553-2712.1998.tb02615.x (1998).

Mclntyre, A., Mehta, S., Aubut, J., Dijkers, M. & Teasell, R. W. Mortality among older adults after a traumatic brain injury: A
meta-analysis. Brain Inj. 27, 31-40. https://doi.org/10.3109/02699052.2012.700086 (2013).

Selassie, A. W. et al. Incidence of long-term disability following traumatic brain injury hospitalization, United States, 2003. J. Head
Trauma Rehabil. 23, 123-131. https://doi.org/10.1097/01.Htr.0000314531.30401.39 (2008).

Pirouzmand, F. Epidemiological trends of spine and spinal cord injuries in the largest Canadian adult trauma center from 1986 to
2006. J. Neurosurg. Spine 12, 131-140. https://doi.org/10.3171/2009.9.spine0943 (2010).

Ning, G. Z., Wu, Q,, Li, Y. L. & Feng, S. Q. Epidemiology of traumatic spinal cord injury in Asia: A systematic review. J. Spinal Cord
Med. 35, 229-239. https://doi.org/10.1179/2045772312y.0000000021 (2012).

Scientific Reports |

(2022) 12:3492 | https://doi.org/10.1038/s41598-022-07481-0 nature portfolio


https://doi.org/10.1080/10903129908958967
https://doi.org/10.1080/10903129908958967
https://doi.org/10.1016/s0196-0644(88)80671-1
https://doi.org/10.1046/j.1445-2197.2002.02462.x
https://doi.org/10.1007/s12028-019-00760-1
https://doi.org/10.1007/s12028-019-00760-1
https://doi.org/10.1016/j.injury.2016.03.032
https://doi.org/10.1016/j.injury.2016.03.032
https://doi.org/10.1080/10903120290938067
https://doi.org/10.1097/TA.0b013e3181b5f32e
https://doi.org/10.1097/TA.0b013e3181c9ee58
https://doi.org/10.1097/TA.0b013e3181c9ee58
https://doi.org/10.1097/BRS.0b013e3181bd9df1
https://doi.org/10.1097/BRS.0b013e3181bd9df1
https://doi.org/10.1080/10903127.2016.1241325
https://doi.org/10.1080/10903127.2017.1347224
https://doi.org/10.1007/s10143-018-0988-3
https://doi.org/10.1016/j.ajem.2009.03.014
https://doi.org/10.1080/10903120500366375
https://doi.org/10.1097/00005373-198905000-00017
https://doi.org/10.1097/00005373-198801000-00010
https://doi.org/10.1136/injuryprev-2013-041042
https://doi.org/10.1136/injuryprev-2013-041042
https://doi.org/10.1161/01.str.19.5.604
https://doi.org/10.1371/journal.pmed.1003360
https://doi.org/10.1007/s12028-016-0324-0
https://doi.org/10.1007/s12028-016-0324-0
https://doi.org/10.1007/s12028-011-9617-5
https://doi.org/10.1007/s00068-021-01816-8
https://doi.org/10.1080/10790268.2019.1658338
https://doi.org/10.1159/000452634
https://doi.org/10.1016/j.cger.2012.10.008
https://doi.org/10.1097/01.Ta.0000042015.54022.Be
https://doi.org/10.1155/2019/5453624
https://doi.org/10.1186/s12893-017-0272-4
https://doi.org/10.1097/00005373-199303000-00006
https://doi.org/10.1097/01.ta.0000196673.58429.2a
https://doi.org/10.1097/01.ta.0000196673.58429.2a
https://doi.org/10.1038/sc.1988.23
https://doi.org/10.1038/sc.1988.23
https://doi.org/10.1111/j.1553-2712.1998.tb02615.x
https://doi.org/10.3109/02699052.2012.700086
https://doi.org/10.1097/01.Htr.0000314531.30401.39
https://doi.org/10.3171/2009.9.spine0943
https://doi.org/10.1179/2045772312y.0000000021

www.nature.com/scientificreports/

48. Kim, Y.J., Ahn, K. O, Song, K. J., Shin, S. D. & Suh, G. J. Validity of clinical spine clearance criteria for selective pre-hospital spine
immobilization. J. Korean Soc. Emerg. Med. 17, 300-307 (2006).

49. Park, J.-S. & Cho, K.-J. A study on the current status and the obstacles to prehospital spinal motion restriction performed by 119
paramedics to major trauma patients. Korean J. Emerg. Med. Serv. 24, 89-106 (2020).

50. Jung, M. K. et al. Analysis of remaining motion using one innovative upper airway opening cervical collar and two traditional
cervical collars. Sci. Rep. 11, 20619. https://doi.org/10.1038/s41598-021-00194-w (2021).

51. Jung, M. K,, Griitzner, P. A, Schneider, N. R. E., Keil, H. & Kreinest, M. Cervical spine immobilization in patients with a geriatric
facial structure: The influence of a geriatric mandible structure on the immobilization quality using a cervical collar. Geriatr.
Orthop. Surg. Rehabil. 12,21514593211021824. https://doi.org/10.1177/21514593211021824 (2021).

52. Rao, P. ], Phan, K., Mobbs, R. J., Wilson, D. & Ball, J. Cervical spine immobilization in the elderly population. J. Spine Surg. 2,
41-46. https://doi.org/10.21037/js5.2016.02.02 (2016).

53. Nolte, P. C. et al. Analysis of cervical spine immobilization during patient transport in emergency medical services. Eur. J. Trauma
Emerg. Surg. 47, 719-726. https://doi.org/10.1007/s00068-019-01143-z (2021).

54. Rahmatalla, S., DeShaw, J., Stilley, J., Denning, G. & Jennissen, C. Comparing the efficacy of methods for immobilizing the cervical
spine. Spine (Phila Pa 1976) 44, 32-40. https://doi.org/10.1097/brs.0000000000002749 (2019).

55. Uzun, D. D. et al. Remaining cervical spine movement under different immobilization techniques. Prehosp. Disaster Med. 35,
382-387. https://doi.org/10.1017/s1049023x2000059x (2020).

56. Liao, S. et al. Motion and dural sac compression in the upper cervical spine during the application of a cervical collar in case of
unstable craniocervical junction-A study in two new cadaveric trauma models. PLoS One 13, e0195215. https://doi.org/10.1371/
journal.pone.0195215 (2018).

57. Prasarn, M. L., Conrad, B., Del Rossi, G., Horodyski, M. & Rechtine, G. R. Motion generated in the unstable cervical spine during
the application and removal of cervical immobilization collars. J. Trauma Acute Care Surg. 72, 1609-1613. https://doi.org/10.1097/
TA.0b013e3182471d9f (2012).

58. Kreinest, M. et al. Application of cervical collars—An analysis of practical skills of professional emergency medical care providers.
PLo0S One 10, e0143409. https://doi.org/10.1371/journal.pone.0143409 (2015).

59. Peery, C. A,, Brice, J. & White, W. D. Prehospital spinal immobilization and the backboard quality assessment study. Prehosp.
Emerg. Care 11, 293-297. https://doi.org/10.1080/10903120701348172 (2007).

Acknowledgements

The authors acknowledge all participating PATOS sites for excellent collaboration, as well as the data quality
assurance of the PATOS coordination center at Seoul National University Hospital, to improve prehospital and
in-hospital care for trauma patients in Asia. The authors also like to thank the staff, Dr. Chin-Hao Chang, of the
National Taiwan University Hospital Statistical Consulting Unit for help in statistical consultation.

Author contributions

J.T.S. designed the study. S.D.S., S.EJ., D.N.S., K.J.H. and H.T. collected and investigated data source. H.A.C.,
S.T.H., J.T.S. and W.C.C. carried out analysis and interpretation. H.A.C. and W.C.C. performed the statistical
analysis. H.A.C. and S.T.H. drafted the paper. J.T.S. and W.C.C. drafted and supervised the study. All authors
reviewed the manuscript. J.T.S. and W.C.C. take responsibility for the paper.

Fundin

This studyg was funded by the Taiwan Ministry of Science and Technology (MOST 108-2314-B-002-130-MY3 and
MOST 105-2314-B-002-200-MY3 and MOST 109-2314-B-002 -154-MY2) and Far Eastern Memorial Hospital
(FEMH-2021-C-074). The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-07481-0.

Correspondence and requests for materials should be addressed to J.T.S. or W.C.C.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:3492 | https://doi.org/10.1038/s41598-022-07481-0 nature portfolio


https://doi.org/10.1038/s41598-021-00194-w
https://doi.org/10.1177/21514593211021824
https://doi.org/10.21037/jss.2016.02.02
https://doi.org/10.1007/s00068-019-01143-z
https://doi.org/10.1097/brs.0000000000002749
https://doi.org/10.1017/s1049023x2000059x
https://doi.org/10.1371/journal.pone.0195215
https://doi.org/10.1371/journal.pone.0195215
https://doi.org/10.1097/TA.0b013e3182471d9f
https://doi.org/10.1097/TA.0b013e3182471d9f
https://doi.org/10.1371/journal.pone.0143409
https://doi.org/10.1080/10903120701348172
https://doi.org/10.1038/s41598-022-07481-0
https://doi.org/10.1038/s41598-022-07481-0
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A multicenter cohort study on the association between prehospital immobilization and functional outcome of patients following spinal injury in Asia
	Methods
	Study design and setting. 
	Study population. 
	Definition of exposure. 
	Outcome measurements. 
	Statistical methods. 
	Ethics approval and consent to participate. 

	Results
	Characteristics of study objects. 
	Association between prehospital spinal immobilization and favorable functional outcome. 
	Subgroup analysis. 

	Discussion
	Limitation. 

	Conclusion
	References
	Acknowledgements


