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Abstract This is a European cohort study on predictors
of spinal injury in adult (>16 years) major trauma patients,
using prospectively collected data of the Trauma Audit and
Research Network from 1988 to 2009. Predictors for spinal
fractures/dislocations or spinal cord injury were deter-
mined using univariate and multivariate logistic regression
analysis. 250,584 patients were analysed. 24,000 patients
(9.6%) sustained spinal fractures/dislocations alone and
4,489 (1.8%) sustained spinal cord injury with or without
fractures/dislocations. Spinal injury patients had a median
age of 44.5 years (IQR = 28.8-64.0) and Injury Severity
Score of 9 (IQR = 4-17). 64.9% were male. 45% of
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patients suffered associated injuries to other body regions.
Age <45 years (=45 years OR 0.83-0.94), Glasgow Coma
Score (GCS) 3-8 (OR 1.10, 95% CI 1.02-1.19), falls >2 m
(OR 4.17, 95% CI 3.98-4.37), sports injuries (OR 2.79,
95% CI 2.41-3.23) and road traffic collisions (RTCs) (OR
1.91, 95% CI 1.83-2.00) were predictors for spinal frac-
tures/dislocations. Age <45 years (>45 years OR 0.78-
0.90), male gender (female OR 0.78, 95% CI 0.72-0.85),
GCS <15 (OR 1.36-1.93), associated chest injury (OR
1.10, 95% CI 1.01-1.20), sports injuries (OR 3.98, 95% CI
3.04-5.21), falls >2 m (OR 3.60, 95% CI 3.21-4.04),
RTCs (OR 2.20, 95% CI 1.96-2.46) and shooting (OR
1.91, 95% CI 1.21-3.00) were predictors for spinal cord
injury. Multilevel injury was found in 10.4% of fractures/
dislocations and in 1.3% of cord injury patients. As spinal
trauma occurred in >10% of major trauma patients,
aggressive evaluation of the spine is warranted, especially,
in males, patients <45 years, with a GCS <15, concomitant
chest injury and/or dangerous injury mechanisms (falls
>2 m, sports injuries, RTCs and shooting). Diagnostic
imaging of the whole spine and a diligent search for
associated injuries are substantial.

Keywords Spinal cord injury - Spinal fractures/
dislocations - TARN registry - Major trauma - Predictors

Introduction

Civilian trauma accounts for 14% of years of life lost and
10% of death and is the leading cause of death in people
aged 544 years in developed countries [1, 2]. For patients
suffering spinal injuries, the overall mortality has remained
relatively unchanged at 17% over the last 20 years [3]. The
reported annual incidence rates vary from 19 to 88 per
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100,000 persons for spinal fractures [4-6], and 14 to 53 per
million for spinal cord injury [3, 4, 7-9].

About half of severe spine injuries are reported not to be
suspected in the pre-hospital setting [10]. Identification of
spinal injuries during initial trauma evaluation is chal-
lenging, as patients often have a reduced level of con-
sciousness due to other injuries or are under the influence
of sedative and/or analgesic medication. Early detection of
spinal injuries in the Emergency Department is important
in order to initiate further diagnostic testing and treatment
and to avoid additional spinal injury. The prevalence of
spinal cord injury, which represents a small part of all
spinal injuries [3], has been previously well documented,
mainly in studies from the US and Canada [8, 11-13]. Only
a few smaller studies exist on the epidemiology of both
spinal fractures and cord injuries, and possible risk factors
leading to such injuries [4, 5]. We, therefore, present the
largest survey from Europe on the epidemiology of spinal
trauma with the aim of defining predictors for such injuries.

Materials and methods
Patients

This is a cohort study using prospectively collected data from
the Trauma Audit and Research Network (TARN), a Euro-
pean trauma registry [14]. TARN collects data using a web
based data collection and reporting system. Eligible patients
included as follows: those presenting with trauma to one of the
participating hospitals, who either (a) require hospital
admission for >72 h or are transferred into a participating
hospital for specialist care; (b) require high dependency or
intensive care; or (c) die as a result of their injuries within
93 days. Excluded are patients transferred for rehabilitation
only, patients with brain injury unrelated to trauma, simple
skin lacerations, contusions or abrasions and minor pene-
trating injuries resulting in blood loss <20%, patients with
single uncomplicated limb injuries, and patients over 65 years
with isolated fracture of the femoral neck or pubic ramus [15].

Procedures and outcomes

The pre-specified primary outcomes were spinal fractures/
dislocations alone or spinal cord injury with or without
spinal fractures/dislocations. The inclusion criteria were
based on the Abbreviated Injury Scale (AIS) for spinal
fractures/dislocations (i.e. fractures/dislocations of spinal
vertebrae, pedicles, facets, laminae or the odontoid) and for
spinal cord injuries (i.e. cord contusions and lacerations
and incomplete and complete spinal cord syndromes).
Injuries to the brachial plexus, traumatic disc injuries,
fractures of the spinous and transverse processes, spinous

ligament, nerve root injuries and strains of the spine were
classified as other spine injuries. GCS (Glasgow Coma
Score) was determined on admission to the Emergency
Department. Injuries were classified using the AIS. The
Injury Severity Score (ISS) was calculated [16].

Statistical methods

We included all adult TARN patients (>16 years) admitted
to a TARN hospital between January 1988 and December
2009. We excluded patients with missing data for GCS. To
determine the predictors for spinal injury, univariate
regression analyses (UVA) were performed followed by a
multivariate analysis (MVA) including age, gender, GCS,
injury mechanism and associated injuries. Patients were
grouped according to their age (16-24; 25-34; 35-44;
45-54; 55-64; 65-74; >75) and according to their GCS
(15; 13-14; 9-12; 3-8). The injury mechanisms were cat-
egorised as road traffic collisions (RTC), falls <2 m (e.g.
falling off a chair or ladder or trapping over something),
falls >2 m, shooting, stabbing, sports and other injuries
(e.g. blast or crush injuries). Associated injuries were
divided into head injuries (AIS > 3), and chest, abdomen,
extremities and pelvis injuries (AIS > 2 each). Model
performance was assessed using the area under the receiver
operator characteristic curve. In a sensitivity analysis, we
performed multivariable regression analysis after multiple
imputation of missing data in the covariate GCS. Finally,
we compared characteristics of included patients with those
with missing GCS using Mann—Whitney U and y~ tests. All
P values are two-sided. Analyses were performed in SPSS
Release 16 (SPSS Schweiz AG, Ziirich).

Results

250,584 (100%) adult patients were entered into the TARN
data base between January 1988 and December 2009
(Fig. 1). 33,139 (13.22%) suffered spinal trauma. 24,000
(9.58%) of 250,584 patients had spinal fractures/disloca-
tions alone without clinical neurological deficits. 24.50%
(n = 5,879) involved the cervical, 28.06% (n = 6,734) the
thoracic and 37.09% (n = 8,902) the lumbar spine. Mul-
tilevel injury was observed in 2,485 (10.35%) patients with
spinal fractures/dislocations. 4,489 (1.79%) of 250,584
patients had suffered a spinal cord injury with or without a
spinal fractures/dislocations. 45.42% (n = 2,039) of cord
injuries involved the cervical, 29.43% (n = 1,321) the
thoracic and 23.81% (n = 1,069) the lumbar spine. 60
(1.34%) of cord injury patients suffered multiple level cord
injury. 416 (9.27%) of cord injury patients were diagnosed
with spinal cord injury without radiographic (plain radi-
ography and tomographic scans) abnormality.
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Patients with spinal fractures/dislocations or spinal
cord injury had a median age of 44.5 years (IQR =
28.8-64.0). 64.94% (n = 18,502) were male. Median ISS
was 9 (IQR =4-17) and median GCS 15 (IQR =
15-15). In patients with spinal fractures/dislocations
alone, 36.08% of injuries resulted from RTCs, 30.44%
from falls >2 m, 24.38% from falls <2 m and 7.27%
from other injuries (Table 1). A similar pattern was
observed in patients with spinal cord injury with or
without fractures/dislocations (RTC: 40.05%; falls >2 m:
29.90%; falls <2 m: 16.08%; other injuries: 9.56%).
Injuries from sports, shooting or stabbing were rare (<3%
each). 45% of patients with both spinal fractures/dislo-
cations or spinal cord injury suffered associated injuries to
other body regions. A breakdown of associated injuries is
shown in Table 1. 26.05% of spinal fractures/dislocations
patients had associated injuries involving the extremities,
17.78% the chest, 12.32% the head, 4.98% the abdomen
and 3.29% the pelvis. Patients with spinal cord injury had
concomitant injuries to the chest in 24.04% of cases,
extremities in 23.32%, head in 13.59%, abdomen in
5.93% and to the pelvis in 2.92%.

Fig. 1 Flow chart of major
trauma patients (1988-2009). /
Patients with fractures/
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multivariate analysis (MVA) of patients with spinal frac-
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Spinal fractures/dislocations

Odds ratios (OR) for spinal fractures/dislocations were
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Table 1 Study population

All spine injuries
n = 28,489 (n [%])

Fractures/dislocations
n = 24,000 (n [%])

Cord injuries
n = 4,489 (n [%])

Age (years)

16-24 5,147 (18.07) 4,223 (17.60) 924 (20.58)
25-34 4,812 (16.89) 3,970 (16.54) 842 (18.76)
35-44 4,426 (15.54) 3,623 (15.10) 803 (17.89)
45-54 3,878 (13.61) 3,249 (13.54) 629 (14.01)
55-64 3,313 (11.63) 2,801 (11.67) 512 (11.41)
65-74 2,685 (9.42) 2,328 (9.70) 357 (7.95)
75 and above 4,228 (14.84) 3,806 (15.86) 422 (9.40)
Gender
Male 18,502 (64.94) 15,207 (63.36) 3,295 (73.40)
Female 9,987 (35.06) 8,793 (36.64) 1,194 (26.60)
GCS
3-8 1,528 (5.36) 1,213 (5.05) 315 (7.02)
9-12 594 (2.09) 462 (1.93) 132 (2.94)
13-14 1,841 (6.46) 1,526 (6.36) 315 (7.02)
15 19,631 (68.91) 17,029 (70.95) 2,602 (57.96)

Injury mechanism

RTC 10,457 (36.71) 8,659 (36.08) 1,798 (40.05)
Fall >2 m 8,648 (30.36) 7,306 (30.44) 1,342 (29.90)
Fall <2 m 6,572 (23.07) 5,850 (24.38) 722 (16.08)
Shooting 54 (0.19) 27 (0.11) 27 (0.60)
Stabbing 74 (0.26) 26 (0.11) 48 (1.07)
Sports 511 (1.79) 388 (1.62) 123 (2.74)

GCS Glasgow Coma Score, Other 2,173 (7.63) 1,744 (1.27) 429 (9.56)

RTC road traffic collision Body region®

* Total of patients greater than Head 3,567 (12.52) 2,957 (12.32) 610 (13.59)

total of injured body regions as Chest 5,346 (18.77) 4,267 (17.78) 1,079 (24.04)

only patients with injuries with

a severity of AIS > 2 (chest, Abdomen 1,460 (5.12) 1,194 (4.98) 266 (5.93)

abdomen, extremities, pelvis) Extremities 7,299 (25.62) 6,252 (26.05) 1,047 (23.32)

and AIS > 3 (head), Pelvis 921 (3.23) 790 (3.29) 131 (2.92)

respectively, are displayed

increased for thoracic (OR 1.37, 95% CI 1.33-1.42) and
pelvic injuries (OR 1.44, 95% CI 1.33—1.55), but results
were not robust when adjusting for covariates. Limb injuries
were associated with a very low OR for spinal fractures/
dislocations in the crude (OR 0.20, 95% CI 0.19-0.20) and
adjusted model (OR 0.13,95% CI 0.13-0.13). Indeed, in the
adjusted model all associated injuries reduced the OR of
spinal fractures/dislocations (Table 2).

Multilevel injuries were found in 10.35% (n = 2,485) of
patients, and predominantly involved the thoracic and lumbar
spine. 197 (7.9%) of these patients suffered fractures/dislo-
cations at non-consecutive levels. 76 (3.05%) of 2,485 patients
sustained fractures/dislocations at all three levels (Fig. 1).

Spinal cord injury

In patients >44 years, ORs for spinal cord injury gradually
decreased with increasing age, in the UVA and MVA

(Table 2). Females had a lower OR for cord injury then
males in the UVA (OR 0.54, 95% CI 0.51-0.58) and MVA
(OR 0.78, 95% CI 0.72-0.85). The OR for spinal cord
injury increased with decreasing GCS, before and after full
adjustment (Table 2). Injury mechanisms associated with
higher ORs for spinal cord injury were sports injuries,
followed by falls >2 m, RTCs and shooting injuries in the
MVA (sports: OR 3.98; falls >2 m: OR 3.60; RTCs: OR
2.20; shooting: OR 1.19). Chest (OR 1.94, 95% CI
1.81-2.08), abdominal (OR 1.24, 95% CI 1.09-1.40) and
pelvic injuries (OR 1.22, 95% CI 1.02-1.45) were related
to increased odds ratio for spinal cord trauma in the UVA,
but only the effect of associated chest injuries (OR 1.10,
95% CI 1.01-1.20) was robust to full adjustment. Limb
injuries showed a low association with spinal cord trauma
in the UVA (OR 0.20, 95% CI 0.18-0.21) and MVA (OR
0.17, 95% CI 0.15-0.18). Patients with head injuries had no
increased OR for spinal cord trauma in the crude analysis
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Table 2 Univariate and
multivariate regression analyses

OR (95% CI)

Fractures/dislocations (n = 24,000)

Cord injury (n = 4,489)

Univariate

Multivariate

Univariate®

Multivariate®

Age (years)

16-24 1.00 (reference)
25-34 1.00 (0.96-1.05)
35-44 1.04 (0.99-1.09)
45-54 0.96 (0.92-1.01)
55-64 0.79 (0.75-0.83)
65-74 0.91 (0.86-0.96)
75 and older 0.93 (0.89-0.97)
Gender
Male 1.00 (reference)
Female 0.86 (0.83-0.88)
GCS
3-8 0.95 (0.89-1.01)
9-12 0.79 (0.72-0.87)
13-14 1.07 (1.01-1.13)
15 1.00 (reference)
Injury mechanism
RTC 1.98 (1.92-2.05)
Fall >2 m 4.66 (4.49-4.84)
Fall <2 m 1.00 (reference)
Shooting 0.46 (0.31-0.67)
Stabbing 0.09 (0.06-0.14)
Other 0.73 (0.69-0.78)
Sports 3.55 (3.17-3.98)

Body region

Head 0.74 (0.71-0.77)
Chest 1.37 (1.33-1.42)
Abdomen 1.03 (0.97-1.10)
RTC road traffic collision Extremities 0.20 (0.19-0.20)
# After imputation for missing Pelvis 1.44 (1.33-1.55)

GCS

1.00 (reference)
1.02 (0.97-1.08)
1.03 (0.97-1.09)
0.90 (0.85-0.96)
0.83 (0.78-0.89)
0.90 (0.84-0.96)
0.94 (0.88-1.00)

1.00 (reference)
1.01 (0.98-1.05)

1.10 (1.02-1.19)
0.76 (0.68-0.85)
0.98 (0.92-1.05)
1.00 (reference)

1.91 (1.83-2.00)
4.17 (3.98-4.37)
1.00 (reference)
0.29 (0.19-0.44)
0.04 (0.03-0.06)
0.50 (0.46-0.53)
2.79 (2.41-3.23)

0.29 (0.27-0.31)
0.76 (0.73-0.80)
0.66 (0.61-0.71)
0.13 (0.13-0.13)
0.83 (0.76-0.92)

1.00 (reference)
0.97 (0.88-1.07)
1.05 (0.95-1.15)
0.86 (0.77-0.95)
0.67 (0.60-0.75)
0.65 (0.57-0.73)
0.47 (0.42-0.53)

1.00 (reference)
0.54 (0.51-0.58)

1.62 (1.44-1.82)
1.51 (1.26-1.80)
1.44 (1.28-1.62)
1.00 (reference)

3.15 (2.88-3.43)
5.66 (5.16-6.20)
1.00 (reference)
3.82 (2.59-5.64)
1.48 (1.10-1.99)
1.49 (1.32-1.68)
7.89 (6.48-9.60)

0.85 (0.78-0.93)
1.94 (1.81-2.08)
1.24 (1.09-1.40)
0.20 (0.18-0.21)
1.22 (1.02-1.45)

1.00 (reference)
0.98 (0.87-1.09)
1.08 (0.96-1.21)
0.90 (0.79-1.01)
0.81 (0.71-0.93)
0.78 (0.67-0.91)
0.60 (0.52-0.70)

1.00 (reference)
0.78 (0.72-0.85)

1.93 (1.66-2.23)
1.57 (1.30-1.89)
1.36 (1.20-1.54)
1.00 (reference)

2.20 (1.96-2.46)
3.60 (3.21-4.04)
1.00 (reference)
1.91 (1.21-3.00)
0.48 (0.34-0.67)
0.83 (0.71-0.96)
3.98 (3.04-5.21)

0.29 (0.25-0.33)
1.10 (1.01-1.20)
0.65 (0.56-0.76)
0.17 (0.15-0.18)
0.81 (0.66-1.00)

(OR 0.85, 95% CI 0.78-0.93) and the OR further dropped
in the MVA (OR 0.29, 95% CI 0.25-0.33).

In 60 (1.33%) of 4,489 patients we observed cord
injuries to more than one level. 9 (15.0%) of these patients
suffered cord injury to non-consecutive levels (Fig. 1).

Table 3 indicates that patients with spinal fractures/
dislocations alone and missing GCS (n = 3,770, 15.71%)
showed a slightly lower age and higher ISS and were more
often male. However, the differences were not clinically
significant. Patients with spinal cord injury with or without
fractures/dislocations (n = 1,125, 25.06%), who were
excluded due to missing GCS had a higher ISS and were
more often male. After multiple imputation for missing
GCS in patients with spinal cord injury (Table 2), the effect
of GCS was more pronounced than before imputation
(GCS 3 to 8: OR 1.93, 95% CI 1.66-2.23; GCS 9-12: OR

@ Springer

1.57, 95% CI 1.30-1.89; GCS 13-14: OR 1.36, 95% CI
1.20-1.54). All other variables were similar after
imputation.

Model fit for the multivariable analysis was good with
an area under the receiver operator characteristic curve of
0.80 for patients with spinal fractures/dislocations alone
and 0.79 for patients with spinal cord injury.

Discussion
Summary of findings
We observed spinal fractures/dislocations alone in 9.6%

and spinal cord injury with or without fractures/disloca-
tions in 1.8% of trauma registry patients. Our study
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Table 3 Characteristics of patients with complete data compared to excluded patients due to missing Glasgow Coma Score
Fractures/dislocations P value Cord injury P value
Complete data Missing GCS Complete data Missing GCS
(n = 20,230) (n = 3,770) (n = 3,364) (n = 1,125)
Age (median/[IQR]) 45.3 (29.0-65.7) 45.0 (28.8-63.9) 0.070 40.6 (27.0-57.9) 40.4 (27.0-59.2) 0.452
Male (n [%]) 12,749 (63.0) 2,458 (65.2) 0.011 2,456 (73.0) 839 (74.6) 0.311
GCS (median/[IQR]) 15 (15-15) NA 15 (15-15) NA
ISS (median/[IQR]) 8 (4-13) 9 (4-22) <0.001 20 (16-26) 24 (16-30) <0.001

Presented are numbers and percentages, or medians and interquartile
NA not available

suggests that, at initial assessment in the emergency
department, further evaluation and special precautions for
spinal injuries are warranted, especially, in patients with a
lowered level of consciousness and in patients with dan-
gerous injury mechanisms (falls >2 m, sports injuries,
RTCs and shooting). Young patients had increased ORs of
both fractures/dislocations and cord injuries. Females had a
lower OR for spinal cord injury than males. In 10.4% of
patients fractures/dislocations occurred at more than one
level, strongly indicating that evaluation of the whole spine
is important. Almost half of patients suffered concomitant
injuries at a severity of AIS > 2 and therefore, assessment
of further injuries in patients with spinal trauma is impor-
tant. However, the presence of these associated injuries per
se did not increase the OR for spinal trauma when the
aforementioned predictors were considered. Except for
patients with concomitant chest injury, who have an
increased risk for spinal cord involvement and merit
careful consideration.

Strengths and weaknesses

The strengths of this study include the multicentre design,
the large sample of patients and the appropriate adjustment
for potential confounders. The registry-based nature of the
study means that some data are inevitably missing. Nev-
ertheless, the main analysis accounted for missing data in
analysed covariates using multiple imputation. Finally,
adjustment for different types of associated injuries may
have introduced co-linearity and, therefore, may have
biased our results towards underestimation of associations.
However, patients with more than one associated injury
with a severity of AIS > 2 were rare. TARN includes
patients of different European hospitals, the majority of
them belonging to the UK (England and Wales 241,758
[96.48%], Republic of Ireland 4,770 [1.90%], Denmark
3,503 [1.40%], Switzerland 553 [0.22%] patients). To
ensure uniform data collection all participating hospitals
have trained personnel, who are responsible for TARN data
collection and are subject to the TARN procedures manual.

ranges (IQR)

Context

In a study of 942 Irish patients with spinal fractures and/or
cord injury, Lenehan et al. [4] report that males are con-
sistently at a higher risk across all aetiologies of spinal
injuries. This contrasts with our results, where no gender
difference for spinal fractures/dislocations alone was
observed after adjustment. However, we found an
increased OR for spinal cord injury with or without frac-
tures/dislocations in younger males. A higher incidence of
spinal cord injury in young males is also reported in prior
studies [8—10, 17]. RTCs and falls are in general described
as major risk factors for spinal cord injury [3, 9, 17]. But,
whereas in the USA, spinal cord injuries resulting from
interpersonal violence are frequent (9.8-19.8%) [8, 17],
this type of injury mechanism was rare (0.6%) in our study
population. However, the MVA revealed shooting as a
predictor for spinal cord trauma. Only few data exist on
associated injuries in patients with spinal trauma. Two
studies from Taiwan reported extra-spinal injuries in
almost 30% of patients [18, 19], compared to 45% in our
patients. Wang et al. [19] reports 52% of spinal cord injury
patients suffering concomitant chest injuries. This supports
our finding, that patients with chest injuries have a higher
OR for underlying cord trauma. An analysis from the
German Trauma Registry in 772 spinal trauma patients
showed that 96% of severe injuries of the chest were
associated with injury to the thoracic spine. Although,
median GCS in spinal injury patients was 15, we observed
that patients presenting with lowered levels of GCS showed
increased ORs for spinal injury. Lowered levels of con-
sciousness are generally reported as associated with head
and cervical spine trauma [10, 20, 21].

Implications
Our data has important implications for the management of
patients with spinal trauma. Males, patients <45 years,

with a lowered level of consciousness on admission, sus-
pected chest injury and/or dangerous injury mechanisms
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have increased ORs for spinal trauma and should, there-
fore, be triaged to specialised trauma centres. Compared to
the United States, trauma centres in Europe are usually not
formally graded and trauma care might be divided
according to surgical sub-specialities between different
hospitals. Careful consideration should be given, not only
to the experience and available infrastructure of a trauma
care centre, but also to the specialisation of the centre with
respect to suspected spinal injury.

Conclusions

We present the largest study from Europe of predictors for
spinal injuries in adult major trauma patients. Spinal
trauma occurred in around 10% of patients. Aggressive
evaluation of the spine and special precautions are war-
ranted, especially in males, patients <45 years, with a
lowered GCS, concomitant chest injury and/or dangerous
injury mechanisms (falls >2 m, sports injuries, RTCs and
shooting). Almost half of our patients with spinal injuries
suffered extra-spinal trauma and more than 10% suffered
spinal injury at multiple levels, indicating that diagnostic
imaging of the whole spine and a diligent search for
associated injuries are substantial.
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