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Abstract
Purpose Paediatric spine trauma is uncommon and is managed differently from adults due to the anatomical differences of the
paediatric spine. The paediatric spine is less ossified, with lax ligaments and a higher fulcrum in the c-spine which results in a
different pattern of injuries. The aim of this study is to provide a contemporary audit of paediatric spinal trauma.
Methods A retrospective review was conducted using the Trauma and Audit Research Network database at a major trauma
centre (2011–2018). All patients < 18 years old with a spine injury underwent case note and radiology review.
Results A total of 72 patients (37, 51.4% male with an average age of 13.3 (± 5.9) years old) were identified. The most common
mechanism of injury was road traffic collisions (n = 39, 54.2%). The most common sporting cause was motocross accidents (n =
6, 8.3%), and a further 6 (8.3%) patients had a suspected inflicted injury. Eight patients (11.1%) sustained a spinal cord injury.
Twenty-seven (37.5%) patients underwent surgical intervention to treat their spinal injury.
Conclusion This series demonstrates the profile of injury mechanisms causing paediatric spinal injuries. Paediatric spine injuries
continue to have the potential for lifelong disability and require careful, specialist management. This series also highlights certain
causes such as motocross accidents and suspected inflicted injury which are more frequent than expected and raise potential public
health concerns.
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Introduction

Paediatric spinal trauma occurs rarely and represents 2.7–9%of all
spinal injuries [1]. However, the significance of the injuries must
not be overlooked as they often affect the cervical spine and result
in devastating medical and socioeconomic consequences [2, 3].

The paediatric and adult spines have different biomechan-
ical properties resulting in different injury profiles. In young
children (0–4 years), their head is much larger relative to their
body size which leads to occipito-atlantal instability and a
susceptibility to spinal injuries between C0 and C2 [4, 5].

By the age of 14, the spine has developed such that the injury
pattern is similar to adults, with the majority of injuries affect-
ing the lower cervical and thoracolumbar region [6].

Patient age influences not only the type of injury but also the
aetiology. Whilst the most common cause for paediatric spine
trauma in all ages is road traffic collision (RTC), as children
grow older, trauma caused by falls decreases and spinal trauma
caused by sport increases [7]. Unfortunately, there also remains
a cohort of very young paediatric patients who suffer from
spinal trauma after suspected inflicted injury [8].

Previous studies investigating paediatric spinal trauma
have often focused on specific types and/or severities of injury
[9–12]. The aim of this study was to present a cohort of all
paediatric spinal trauma patients who presented to a UKmajor
trauma centre over an 8-year period and determine the demo-
graphics, management, and outcomes of this cohort.

Method

A retrospective review was conducted using the Trauma and
Audit Research Network (TARN) database to identify patients
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who presented to a single tertiary neurosurgical centre. This
neurosurgical centre is located in the South of England and
covers a population of approximately 3 million people. The
inclusion criteria were children < 18 years old at the time of
presentation who were admitted between January 2011 and
December 2018 with a spine Abbreviated Injury Scale (AIS)
score ≥ 2. Both isolated spinal injuries and polytrauma were
included. Polytrauma was defined as spine injury (AIS ≥ 2)
plus injury to a non-spine region with an AIS ≥ 2. Paediatric
patients within the catchment area of the neurosurgical centre
who remained in their district general hospital were not
included.

The TARN database provided data on demographics,
mechanism of injury, injury intent, injuries sustained, Injury
Severity Score (ISS), Glasgow Coma Score (GCS), length of
stay (LOS), and Glasgow Outcome Score (GOS) at discharge
and at 3 months after injury. The mechanism of injury was
classified as follows: fall < 2 m, fall > 2 m, RTC, blow, and
other. A blow includes being stuck by any blunt object includ-
ing weapons or body parts. Injury intent was classified as
follows: non-intentional, sport, suspected high-risk behaviour,
suspected child abuse, suspected self-harm, and intent uncer-
tain, as per the TARN database. High-risk behaviour includes
any intentional activity with a foreseeable risk of sustaining
injury above routine day-to-day activities.

The hospital’s electronic record system was also reviewed
for details on neurological examination, management of the
spinal injury, and complications. Additionally, the Picture
Archive and Communication System was reviewed and the
spinal injury and neurological injury were classified according
to the AOSpine tool (Tables 1 and 2) [13, 14].

To allow for subgroup analysis, age groups were split
into infants and toddlers (0–4 years), young children (5–
13 years), and teenage children (14–18 years). These age
groups were used to maintain consistency with previous
case series and reflect the different stages of development
of the paediatric spine [5, 9]. The GOS was dichotomised

into favourable outcome (GOS 4–5) and unfavourable
outcome (GOS 1–3).

Statistical analysis used a combination of descriptive
methods (mean, standard error, frequency, and percentages)
and quantitative analysis using t test and chi-squared tests.
Statistical significance was set at p < 0.05. All data was
analysed using IBM SPSS Statistics (Version 25).

Results

Demographics

The search of the TARN database found 72 eligible patients
who attended the University Hospital Southampton between
January 2011 and December 2018. The average age was 13.3
(± 5.9) years old and 37 (51.4%) of the patients were male.
The age distribution of the cohort was skewed towards teen-
age years with 51 patients (67.7%) aged 14–18 years old
(Fig. 1).

Mechanism of injury

The most common mechanism of injury was RTC (n = 39,
54.2%), followed by fall > 2 m (n = 14, 19.4%), fall < 2 m
(n = 10, 13.9%), blow(s) (n = 6, 8.3%), and other (n = 3,
4.2%). The most common age group in RTCs was children
aged 14–18 years old (n = 32, 82.1%). Eleven of the patients
involved in an RTC were pedestrians or cyclists. The most
common age group to be injured following blow(s) was chil-
dren aged 0–4 years old (n = 4, 66.7%) (Fig. 1). There was a
difference (p < 0.0001) in the distribution of mechanisms be-
tween genders with female patients sustained more spinal
trauma from falls and male patients sustained more spinal
trauma from RTC and blow(s) (Table 3).

The majority of the intent were either non-intentional (n =
45, 62.5%) or the result of sport (n = 11, 15.3%). The other

Table 1 AOSpine classification of spinal injuries [13, 14]

Fracture code Fracture description

A0 Minor, non-structural fractures

A1 Wedge compression

A2 Split

A3 Incomplete burst

A4 Complete burst

B1 Transosseous tension band disruption,
e.g. Chance fracture

B2 Posterior tension band disruption

B3 Hyperextension

C Displacement or dislocation

Table 2 AOSpine classification of neurological injury [13, 14]

Neurological injury
code

Neurological injury description

N0 Neurologically intact

N1 Transient neurologic deficit, which is no longer
present

N2 Radicular symptoms

N3 Incomplete spinal cord injury or any degree
of cauda equina injury

N4 Complete spinal cord injury

NX Neurologic status is unknown due to sedation
or head injury

+ Continued spinal cord compression
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intents were suspected child abuse (n = 6, 8.3%), self-harm
(n = 5, 6.9%), and high-risk behaviour (n = 5, 6.9%) (Fig. 2).
The most common sport to cause injury was motocross (n =
6), followed by trampolining (n = 3), cycling (n = 2), and rug-
by (n = 2). The most common age group for injury caused by
sports was 14–18 years old (n = 11, 84.6%). Suspected child
abuse was only seen in children aged 0–4 years old (n = 6,
100%) (Fig. 3).

Spinal injuries

Sixty-three patients had a total of 150 fractures consisting of
the following: one fracture (n = 26, 36.1%), two fractures (n =
15, 20.8%), three fractures (n = 9, 12.5%), four fractures (n =
6, 8.3%), five fractures (n = 4, 5.6%), seven fractures (n = 1,
1.4%), and eight fractures (n = 2, 2.8%). The most common
region of the spine to sustain a fracture was thoracic (n = 82,
54.7%) followed by lumbar (n = 36, 24.0%), subaxial (C3–7)
cervical (n = 29, 19.3%), and upper (C1–2) cervical (n = 3,
2.0%) (Fig. 4). The relationship between the spinal injury
present and the resulting neurological injury classified by the
AOSpine system is shown in Table 4.

Three patients had ligamentous injuries without bony frac-
ture, all of which affected the upper cervical spine resulting in

atlanto-axial subluxation. These three patients had a younger
mean age than those with fractures (n = 3, 4.5 years vs n = 63,
14.25 years, p = 0.012). Only one of the three had an MRI
with the others having their injury identified on CT, and none
of the three required surgical intervention. Six patients suf-
fered from an isolated subdural haematoma of the spine, all
of which were the result of suspected child abuse. In these
patients, the spinal subdural haematomas were found in con-
junction with traumatic brain injuries.

Neurological injury

No neurological injury (N0) was reported for 29 patients
(40.3%) following their spinal trauma, with a further 8 patients
(11.1%) suffering from transient neurology (N1) and 15 pa-
tients (20.8%) suffering from radicular symptoms only (N2).
Eight patients (11.1%) suffered from a spinal cord injury. In
12 (16.7%) patients, it was not possible to establish the neu-
rological injury immediately after injury because of sedation
or head injury (NX). Of these patients, three were never
assessed due to death and the remainder had GOS 5 (n = 2),
GOS 4 (n = 3), and GOS 3 (n = 4) at a 3-month follow-up. The
distribution of the most severe neurological deficit of each
patient, and its corresponding spinal injury, is shown in
Table 4.

Associated injuries

Twenty patients (27.8%) had a clinically isolated spine injury,
and the remaining patients (n = 52, 72.2%) had an injury to at
least one other body part. Based on the AIS, in 32 of the
patients with polytrauma (61.5%), their most severely injured
body region was not the spine. These patients had the most
severe injuries to the head (n = 23), multiple areas (n = 10),
and chest (n = 6).

Fig. 1 Age distribution of this
cohort (years)

Table 3 Distribution of injury mechanisms by patient gender

Mechanism of injury Male (%) Female (%)

Fall <2 m 0 (0) 10 (100)

Fall >2 m 4 (28.6) 10 (71.4)

Road traffic collision 27 (69.2) 12 (30.8)

Blow(s) 4 (66.7) 2 (33.3)

Other 1 (33.3) 2 (66.7)
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The mean ISS was 22.0 ± 13.4 and the mean GCS at pre-
sentation was 12.9 ± 4.2. The mean LOS was 17.6 days ±
26.5 days, and 38 (52.8%) patients were admitted to the in-
tensive care unit during their time in hospital. The patients
with an isolated spine trauma (n = 20) had a significantly low-
er ISS score than the polytraumas (9.7 ± 4.2 vs 27.2 ± 12.1,
p < 0.001). The isolated spinal injury group also had a signif-
icantly higher GCS at presentation compared to patients with
polytrauma (15.0 ± 0.2 vs 12.0 ± 4.8, p < 0.001).

Management

Forty-one patients (56.9%) were managed conservatively, 27
patients (37.5%) were treated surgically, and four patients
(5.6%) were treated palliatively due to associated catastrophic
brain injury. Patients who had thoracic or lumbar fractures

underwent surgical fixation via posterior screw/rod instru-
mentation (n = 21, 77.8%). The patients with fractures in the
cervical spine underwent either anterior cervical discectomy
and fusion (n = 4, 14.8%), corpectomy with strut graft (n = 1,
3.7%), or corpectomy with iliac graft and lateral mass screws
(n = 1, 3.7%).

Outcome

Thirty-five (48.6%) patients achieved a GOS of 5 at the 3-
month follow-up. The remaining outcomes were GOS 4
(n = 21, 29.2%), GOS 3 (n = 12, 16.7%), and GOS 1 (n = 4,
5.6%). Of the 16 patients with an unfavourable outcome (GOS
1–3), 15 patients suffered from polytrauma and one patient
had suffered from isolated spinal injury. Unfavourable out-
come was significantly more likely in polytrauma (p =

Fig. 2 Frequency of injury intents
(as described in TARN) resulting
in paediatric spine trauma in this
series

Fig. 3 Frequency of the
mechanisms of injury resulting in
spinal trauma in this cohort
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0.021). Additionally, the need for surgical intervention was
not associated with a lower rate of favourable outcomes com-
pared to patients managed conservatively (n = 22, 81.4% vs
n = 33, 80.5%; p = 0.92).

There is a trend that patients in the youngest age group (0–
4 years) had the lowest GOS scores; however, it was not
possible to confirm this with statistical methods due to low
patient numbers in this group (Fig. 5). All 6 patients with
suspected child abuse and a spinal injury were in the 0–
4 years age group and had an outcome of GOS 1 (n = 3),
GOS 3 (n = 1), GOS 4 (n = 4), and GOS 5 (n = 1) (Table 5).

At 3 months post-injury, 48 (66.7%) patients were able to
walk unaided and seven (9.7%) patients ambulated with assis-
tance. Ten (13.9%) patients were using a wheelchair and one
(1.4%) patient was bed bound. It was not possible to assess the
effect of spinal injury on ambulation status in six (8.3%) pa-
tients due to death, significant lower limb trauma, or severe
head injury.

The mean length of follow-up after injury was 5.7 months
± 4.7 months. Six (8.3%) patients did not attend follow-up due
to either death (n = 4) or lack of symptoms on discharge (n =
2). The majority of patients were discharged to their usual
residence (n = 43, 59.7%), with the remaining patients being
discharged to neurorehabilitation services (n = 16, 22.2%), re-
patriated to a local hospital for further care (n = 5, 6.9%),
referred to Child and Adolescent Mental Health Services
(CAMHS) (n = 2, 2.8%), and other (n = 2, 2.8%) (Fig. 6).

Discussion

Spinal trauma is uncommon in children and is estimated to
represent only 2.7–9.0% of all spinal injuries [1]. Spinal trau-
ma in children carries significant morbidity and mortality for
affected children [2, 3]. Given the uncommon nature of pae-
diatric spinal trauma, the current literature is limited to case

Table 4 Relationship between
spinal injury and neurological
injury using the AOSpine
classifications

N0 N1 N2 N3 N4 NX

Atlanto-axial subluxation 2 1 0 0 0 0

Spinal subdural haematoma 0 0 0 0 0 6

A0 9 (12.5) 1 (1.4) 0 0 0 4 (5.6)

A1 14 (19.4) 3 (4.2) 5 (6.9) 0 1 (1.4) 1 (1.4)

A2 1 (1.4) 0 0 1 (1.4) 0 1

A3 0 0 2 (2.8) 1 (1.4) 0 0

A4 0 0 0 0 1 (1.4) 0

B1 1 (1.4) 2 (2.8) 5 (6.9) 3 (4.2) 0 0

B2 0 1 (1.3) 1 0 0 0

B3 0 0 0 0 0 0

C 2 (2.8) 1 (1.4) 2 (2.8) 0 1 (1.4) 0

Total 29 9 14 5 3 12

% shown in parenthesis
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Fig. 4 Anatomical distribution of
the 150 fractures in this cohort
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series often focussing on a particular type of injury [11, 15,
16]. The aim of this study was to describe the injuries, man-
agement, and outcome of paediatric spinal trauma in a single
UK major trauma centre.

The most common age group in this study population was
children in their teenage years (14–18 years old). In this age
group, children act independently often without adult super-
vision and have access to road traffic vehicles. Subsequently,
the most common cause of spinal trauma was RTCs, particu-
larly males aged 14–18 years old. In developed countries,
safer cars (crumple zones, air bags, and three-point seat belts),
safer roads, mandatory licencing tests, and alternative
methods of transport have led to an overall decrease in adult
spinal injury from RTCs [17]. In a study describing paediatric
spinal trauma between 1988 and 1998, 61% of injuries were
due to RTCs [15]. This is similar to the proportion of spinal
trauma caused by RTCs observed in this contemporary study.
It has previously been shown that the majority of spinal trau-
ma caused by RTCs occurs in children aged 16–17 who are
occupants in the vehicle and seated in either the driver’s or

front-passenger seat [12]. It is legal to drive from the age of 17
in the UK, and therefore, it is possible that more stringent
driving tests and safety regulations are required to reduce pae-
diatric spinal trauma caused by RTCs.

Sports-related paediatric spine trauma was most commonly
due to motocross or gymnastics. In the UK, children as young
as 7 years old can participate in motocross which is high risk
for injuries when you combine high speeds, risk of falling
onto a hard surface, and immature spinal development. In light
of the high proportion of paediatric injuries due to a single
sport, the safety guidelines may need reviewing. All three
cases of gymnastics involved children using a trampoline,
which is a known risk of paediatric spinal trauma, especially
when there is no protective netting [16]. Spinal trauma from
team sports such as rugby occurred less frequently. In recent
years, organised sport has benefitted from an increase in safety
measures such as teaching safe tackling technique from an
early age in rugby [18]. Future targeted prevention strategies
may be appropriate in reducing injuries from organised sport,
and longitudinal studies will show the impact of these rules in
reducing paediatric sporting spine injuries.

There was a group of patients in this cohort with spinal
trauma caused intentionally which has scarcely been de-
scribed in the literature. Intentional intent causing spinal trau-
ma observed in this study was due to suspected inflicted inju-
ry, self-harm, and high-risk behaviour such as jumping from
large heights. In all children below the age of 1 year, spinal
trauma was caused by suspected inflicted injury. This is con-
sistent with a previous study which showed that child abuse
disproportionately affects young children below 2 years old
[19]. As a result, clinicians should suspect inflicted injury in
young child with spinal trauma to identify children at risk.

The fractures seen in the study population predominately
occurred in the thoracic and lumbar spine, whilst subluxation/
dislocation injuries occurred in the cervical spine. Some

Table 5 Glasgow Outcome Score (GOS) at 3 months after injury dis-
tributed by initial neurological condition

Variable GOS 1 (%) GOS 3 (%) GOS 4 (%) GOS 5 (%)

Polytrauma 4 (5.6) 11 (15.3) 15 (20.8) 22 (30.6)

Isolated spine 0 1 (1.4) 6 (8.3) 13 (18.1)

N0 0 3 (4.2) 5 (6.9) 21 (29.2)

N1 0 0 3 (4.2) 5 (6.9)

N2 0 2 (2.8) 7 (9.7) 6 (8.3)

N3 0 1 (1.4) 3 (4.2) 1 (1.4)

N4 1 (1.4) 2 (2.8) 0 0

NX 3 (4.2) 4 (5.6) 3 (4.2) 2 (2.8)

Fig. 5 Glasgow Outcome Score
(GOS) distributed by patient age
at 3 months after injury
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previous studies have reported the cervical spine as the most
common region [5, 20]; however, in studies with similar age
distributions to the present one, i.e. older teenagers, thoracic
and lumbar fractures were also the most common [1, 2]. As a
result of the teenage population with mature, adult-like spines,
the fractures that occurred in the study were predominantly
compression fractures which are not typically associated with
severe neurological injury [21].

Due to the elasticity of the bony-ligamentous spine, chil-
dren less than 8 years old may also sustain a Spinal Cord
Injury Without Radiological Abnormality (SCIWORA). The
term SCIWORA was originally applied to the absence of in-
jury on plain radiographs, tomography, or myelography in the
pre-MRI era [22]. In this series, 3 patients had signs of only
ligamentous injury but none of the patients was diagnosed
with SCIWORA. The addition of MRI to the assessment of
traumatic spinal cord injuries is likely to find a radiological
abnormality not visible with x-rays resulting in the diagnosis
of SCIWORA becoming much less common in the modern
era. Higher resolution CT scanning can also identify
malalignment which signifies underlying ligamentous injury,
and the use of CT alone may be appropriate in low energy
mechanisms. There is limited evidence to support the choice
of MRI or CT to rule out spine injury, and the current NICE
guidelines (NG41) suggest a combination of the Canadian C-
spine rules and clinical judgement on an individual patient
basis to guide the decision upon whom to perform an MRI.

When deciding on the management of fractures, a system-
atic approach was taken considering the stability of the frac-
ture, the severity of neurological injury present, the burden of
associated injuries, and the propensity for healing. In this
study, the majority of spinal trauma was managed conserva-
tively (n = 43, 57.3%) which is consistent with previous stud-
ies [4, 10, 23]. In a 47-year follow-up of thoracic and lumbar
vertebral fractures, Karlsson et al. observed that a fractured
growing spine has the capacity to remodel and reduce fracture

deformities [24]. This is in stark contrast with adult spinal
fractures that are at risk of developing post-traumatic kyphosis
[21]. There was no significant difference between the out-
comes of surgically and conservatively managed patients.

The majority of patients had a GOS showing a good or
moderate recovery 3 months after the initial injury. Patients
in the youngest age group (0–4 years) appeared to have worse
outcomes than older children and a strong association with
child abuse. NAI is often accompanied by traumatic brain
injury and thus high mortality.

The limitations of the study are that it is a retrospective
analysis of cases from a single trauma centre. Minor paediatric
spine injuries managed in district general hospitals will not be
represented, and thus, the results skewed towards more severe
injuries. As a single-centre series, it may not be a representa-
tive of other regions in the UK and the results affected by local
management preferences.

Conclusion

This study describes paediatric spinal trauma in heterogenous
population that presented to a single tertiary neurosurgical
centre. RTCs were the principal cause of spinal trauma, which
disproportionately affected children aged 14–18 years old.
The majority of spinal fractures occurred in the thoracolumbar
region and were managed conservatively with good out-
comes, 3 months after injury. Patients with isolated spinal
trauma had significantly better short- and long-term outcomes
than patients with polytrauma.
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