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Spinal Immobilization in Children at Risk for CSI

TABLE 1. Patient Characteristics: Injury Mechanisms, Clinical Variables, and Outcomes*
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With CSI G 2 Years Without CSI G 2 Years With CSI 2Y7 Years With CSI 8Y15 Years
Old (n = 16)
Old (n = 66)
Old (n = 78)
Old (n = 221)
Injury mechanism, n (%)
Occupant in motor vehicle collision
Falls
Blunt injury to the head/neck
Diving injury
Sports injury
Pedestrian hit by moving vehicle
Other
Clinical variables
Median GCS score (25th and 75th percentiles)
Substantial head injury, n (%)
Substantial torso injury, n (%)
Outcomes, n (%)
Death
Persistent neurological deficit
Normal

12 (75)
3 (19)
0 (0)
0 (0)
0 (0)
1 (6)
0 (0)

15 (23)
36 (55)
6 (9)
0 (0)
1 (2)
3 (5)
5 (8)

44 (56)
14 (18)
1 (1)
0 (0)
1 (1)
13 (17)
5 (6)

71 (32)
29 (13)
5 (2)
14 (6)
44 (20)
18 (8)
40 (18)

10 (3, 13)
7 (44)
2 (13)

15 (14, 15)
8 (12)
1 (2)

12 (3, 15)
26 (34)
16 (21)

15 (14, 15)
41 (19)
23 (11)

0 (0)
1 (2)
65 (98)

17 (22)
22 (28)
39 (50)

6 (38)
5 (31)
5 (31)

10 (5)
56 (25)
155 (70)

*Percentages, medians, and percentiles are calculated from patients with nonmissing data for the finding.

Patient Characteristics
Injury mechanisms, clinical variables, and outcomes for
the 4 comparison groups are presented in Table 1. Most of the
children (75%) with CSI younger than 2 years were injured
while occupants in motor vehicle collisions. This mechanism of
injury was found in 56% and 32% of the children with CSI 2
to 7 years old and 8 to 15 years old, respectively, and 23% of
children without CSI younger than 2 years. Falls represented a
large portion of the injuries in all groups but particularly among
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children without CSI younger than 2 years. A number of children
8 to 15 years old sustained CSI by other mechanisms or during
sports-related activities, whereas no children with CSI younger
than 2 years reported these injury mechanisms. Children with
CSI younger than 2 years had lower median GCS scores and
sustained substantial injuries to the head more frequently compared with each comparison group. Although a similar percentage
of children with CSI in each age group experienced persistent
neurological deficits, a much larger percentage of children with

“Spinal stabilization is therefore essential for every
child who sustains a suspicious mechanism of injury
(where the head, neck, or spine may be involved),
who has pain or tenderness of the spine, or who has
signs or symptoms of weakness or loss of sensation.”
“Whenever the mechanism of injury, signs, or
symptoms suggests possible spinal injury, the entire
spine must be stabilized. This is best performed with
the patient supine on a rigid spine board and in a
neutral, in-line position.”
Pediatric Education for Prehospital Providers, 3rd e., 2014

540 Children with CSI

FIGURE
2. Rate of of
spinal
immobilization
method
applied by age forinchildren with CSI. Rates are shown as proportions of each age group;
Variability
Prehospital
Spinal
Immobilization
95% confidence intervals are shown for the rate of full immobilization. Kim et al. Pediatr Emer Care 2013;29: 413-418
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Why doesn’t EMS properly
immobilize children?
• EMS uneasiness with young children in general and
their abilities to assess pain?
• EMS perception of limited options for immobilizing
young children?
• Lack of evidence for the efficacy of spinal
immobilization in children?
• Fear that we are causing harm?

“Evolving scientific evidence
demonstrates that some of these current
out-of-hospital care practices cause
harm including airway compromise,
respiratory impairment, aspiration, tissue
ischemia, increased intracranial pressure,
and pain, and can result in increased use
of diagnostic imaging and mortality.”
ACEP Board of Directors, 2015

“Long backboards are commonly used to
attempt to provide rigid spinal immobilization
among emergency medical services trauma
patients. However, the benefit of long
backboards is largely unproven.”
“Spinal precautions can be maintained by
application of a rigid cervical collar and
securing the patient firmly to the EMS
stretcher…”
EMS SPINAL PRECAUTIONS AND THE USE OF THE LONG BACKBOARD
National Association of EMS Physicians and American College of Surgeons Committee on Trauma, 2013

Landscape of adult prehospital
spine immobilization is changing

Landscape of adult prehospital
spine immobilization is changing

Landscape of adult prehospital
spine immobilization is changing

• Chan, et al. Annals Emerg Med. 1994

• Gunshot wound victims should be immobilized less

• Protocols moving toward selective immobilization

• 21 healthy volunteers 10-43y immobilized for 30 minutes. All had
immediate pain; 6 still at 48 hours

• McHugh, et al. Acad Emerg Med. 1998

• 129 patients immobilized. Up to 60% had increased neck and back
pain.

• Bauer, et al. Annals of Emerg Med. 1988

• 15 healthy volunteers had decreased pulmonary function
immediately post immobilization

• Terje Sundstrøm, et al. Journal of Neurotrauma. 2014

• Ill fitting c-collars may worsen CSI, add difficulty to airway
management, cause pressure ulcers, lead to increased radiological
studies from pain

• Haut et al. J Trauma. 2010; 68:115.
• Those immobilized were twice as likely to die
• Number Needed to Treat = 1032; NNHarm = 66

• Many protocols moving toward selective
immobilization

• Mental status, intoxication, distracting injury, neurologic
exam, and midline c-spine tenderness
• NEXUS. Hoffman et al. NEJM. 2000. 343:94-9. 34,069
patients; 818 c-spine injuries

• The Canadian C-Spine Rule for radiography in alert and
stable trauma patients. Stiel et al. JAMA. 2001.
286:1841-8. 8924 patients; 151 c-spine injuries

• Alternatives to rigid longboards
vacuum spine board
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TABLE 1. Characteristics of Children with and without
Spinal Immobilization

How appropriate is this
shift in practice to
pediatric prehospital spine
immobilization?
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Characteristic

Age—median
(range), years∗
Gender—male, %
(95% CI)
Mechanism of
injury, % (95%
CI)
Motor vehicle
collision∗
Fall∗
Other
EMS arrival, %
(95% CI)∗
Glasgow Coma
Scale
score—median
(range)
Pediatric Trauma
Score—median
(range)

Spine-Immobilized
Prior to Evaluation
(n = 173)

Not Spine-Immobilized
but Met ACS Guidelines for
Spinal Immobilization (n = 112)

11.3 (0.02–17.9)

7.6 (0.03–18.5)

49.1 (41.4–56.8)

58.9 (49.2–68.1)

48.6 (40.9–56.3)

34.8 (26.1–44.4)

20.8 (15.0–27.6)
30.6 (23.9–38.0)
94.5 (90.0–97.5)

42.0 (32.7–51.2)
23.2 (15.8–32.1)
34.7 (24.0–46.5)

15 (12–15)

15 (13–15)

11 (6–12)

11 (7–12)

∗
p < 0.05.
ACS = American College of Surgeons; CI = confidence interval; EMS = emergency medical services.

potential harmful effects, if present, may outweigh any
potential benefit for the vast majority of children. Our
study documents that children who are immobilized
following trauma report more pain and are much more
likely to undergo radiographic evaluation of the cervical spine and be admitted to the hospital following
trauma as compared with children who are not immobilized, regardless of markers of injury severity.
A pain syndrome has been associated with spinal
immobilization in adults.14–18 Pain associated with immobilization may be confused with pain due to injury
and lead to unnecessary testing.19 Our study indicates
that children placed in immobilization have increased
pain at presentation to the ED. The exact causal associ-
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ation between immobilization and pain cannot be determined by our study. It may be that children who
are cared for by EMS in the prehospital setting have
more painful injuries despite comparable GCSs and
PTSs and are thus more likely to be immobilized and
to report higher pain on presentation to the ED. To further ensure that children with similar severity of injury
were compared in this study, we stratified the analysis
of the primary outcomes by ED disposition. Regardless of ED disposition, immobilization was related to
higher reported pain. Given these findings, it is likely
that spinal immobilization is a contributing factor to
the reported pain on presentation to the ED.
Our study provides evidence of an association between immobilization and the frequency of radiographic clearance that is independent of markers of
severity of injury. Immobilized children in our study
were much more likely to undergo cervical spine imaging than nonimmobilized children. This increase in
imaging could be due to the increase in reported pain
among the immobilized or prompted by the immobilization itself. Future investigation should focus on determining whether spinal immobilization is interfering
with the cervical spine examination or whether clinicians are relying on imaging to evaluate the cervical
spine for injury once the child is immobilized.28
To our knowledge, no prior studies have investigated the relationship between spinal immobilization
and ED throughput time and disposition. We surmised
that the clearance procedures for spinal immobilization would lengthen the ED stay. This was not the case
in our study. Injured children, regardless of immobilization status, had similar lengths of stay in the ED.
While the immobilized group had a higher rate of diagnostic evaluation, it is likely that any increased time
due to higher rates of testing in this group was offset by
an expediency of care that is triggered by arriving via
EMS in spinal immobilization. Children who were immobilized were less likely to be discharged home from
the ED, regardless of their PTS or GCS. This finding
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Potential Adverse Effects of Spinal Immobilization in
Children. Leonard, et al. Prehospital Emergency Care
2012;16:513–518

Factors Associated With Cervical Spine Injury in
Children After Blunt Trauma. Leonard, et al. Ann
Emerg Med. 2011;58:145-155

285 patients presenting to ED = 173 immobilized +
112 not immobilized; 1 CSI

• Case-control study of children younger
than 16 years, from 17 hospitals
presenting after blunt trauma, and who
received cervical spine radiographs
• 540 children with cervical spine injury

TABLE 2. Effects of Spinal Immobilization in Children
Spine-Immobilized
Prior to Evaluation
(n = 173)

Pain score—median (range)
Cervical spine imaging, % (95% CI)†
ED length of stay—median (range), hours
ED disposition, % (95% CI)
Home
Floor or transfer
ICU or OR

Not Spine-Immobilized
but Met ACS Guidelines
for Spinal Immobilization (n = 112)

3 (0–4)
56.6 (49.0–64.2)
2.8 (0.3–15.1)

2 (0–4)
13.4 (7.6–21.1)
2.8 (0.3–10.8)

58.4 (50.7–65.8)
31.8 (24.9–39.3)
9.8 (5.8–15.3)

85.7 (77.8–91.6)
11.6 (6.3–19.0)
2.7 (0.6–7.6)

Odds Ratio/
Hazard Ratio
(95% CI)

2.2 (1.4–3.4)∗
8.2 (4.5–15.4)‡
0.96 (0.76–1.2)

Reference
4.0 (2.1–7.8)‡
5.3 (1.5–19.0)∗

• Having 1 or more factors was 98%
sensitive and 26% specific for cervical
spine injury
• Would have identified 98% of children
with cervical spine injury and reduced
exposure to spinal immobilization and
radiation for the non–cervical spine
injury children by more than 25%

∗
p < 0.05.
†
Adjusted for Glasgow Coma Scale (GCS) score.
‡
p < 0.0001.
ACS = American College of Surgeons; CI = confidence interval; ED = emergency department; ICU = intensive care unit; OR = odds ratio.

Emergency Transport and Positioning of Young Children Who
Have an Injury of the Cervical Spine: The standard backboard
may be dangerous. Herzenberg, et al. Journal of Bone and Joint
Surgery, 1989.

Emergency Transport and Positioning of Young Children Who
Have an Injury of the Cervical Spine: The standard backboard
may be dangerous. Herzenberg, et al. Journal of Bone and Joint
Surgery, 1989.

8 factors associated with cervical spine injury
(adjusted odds-ratio 95% CI)
•
•
•
•

Altered mental status
Focal neurologic findings
Neck pain
Torticollis

3.0 (2.1-4.3)
8.3 (5.6 -12.2)
3.2 (2.3-4.4)
1.8 (1.1-2.9)

• Substantial torso injury
1.9 (1.1-3.4)
• Conditions predisposing to
cervical spine injury
15.0 (2.9-78.0)
• MVC
2.5 (1.8-3.6)
• Diving

73.0 (9.6-555.6)

NASEMSO-National Model EMS
Guideline for Spinal Care, 2014
• Cervical collar for any of the following:
• Patient complains of midline neck or spine
pain
• Any midline neck or spinal tenderness with
palpation
• Any abnormal mental status (including
extreme agitation) or neurologic deficit
• Any evidence of alcohol or drug intoxication
• Another severe or painful distracting injury is
present
• Torticollis in children
• A communication barrier that prevents
accurate assessment

• Long boards
• Patients should not routinely be transported on
long boards, unless the clinical situation warrants
long board use
• Long spine board should be reserved for patient
movement in non-ambulatory patients who
meet immobilization criteria and should be
removed as soon as is practical
• When securing pediatric patients to a spine
board, the board should have a recess for the
head, or the body should be elevated
approximately 1-2 cm to accommodate the
larger head size and avoid neck flexion when
immobilized

• If none of the above apply, patients should not
have a cervical collar placed

There is a desperate need for
the development and
validation of a pediatric
cervical spine injury risk
assessment tool. That work is
underway.

Thank you.
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