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ABSTRACT
Background  In pediatric trauma patients, 60–80% 
of spinal cord injuries involve the cervical vertebrae. 
While the American College of Radiology offers 
guidelines for best imaging practices in the setting of 
acute pediatric trauma, there is a lack of uniformity in 
imaging-decision protocols across institutions. MRI has 
been shown to demonstrate high sensitivity for both 
bony and ligamentous injuries while also avoiding 
unnecessary radiation exposure in the pediatric patient 
population. However, the efficacy of flexion-extension 
(FE) radiography following initial MRI has not been 
evaluated in children. Our hypothesis is that FE 
radiography conducted following an initial MRI does 
not contribute significant diagnostic information or 
reduce time to cervical collar removal and thus can be 
removed from institutional protocols in order to avoid 
unnecessary testing and reduce pediatric radiation 
exposure.
Methods  Trauma data were collected for pediatric 
patients presenting with suspected acute cervical spine 
injury from 2014 to 2021. A total of 108 patients were 
subdivided into 41 patients who received “MRI Only” 
and 67 patients who received both “MRI and FE” 
diagnostic cervical spine imaging. Chi-square testing 
and t-tests were performed to determine differences 
between MRI and FE radiographic detection rates of 
bony and ligamentous injuries in the subgroups.
Results  In patients for whom FE did not find 
any injury, MRI detected bony and ligamentous 
injuries in 9/63 and 12/65 cases, respectively. In 
3/21 (14.3%) cases in which MRI detected a bony 
and/or ligamentous injury and FE did not, patients 
eventually required surgical intervention for c-spine 
stabilization. No patients required surgical fixation 
when FE radiography showed an abnormality and 
MRI was normal. Addition of follow-up FE radiography 
after initial MRI did not have a significant effect on 
overall hospital length of stay (MRI Only vs MRI+FE: 
9.2±12.0 days vs 8.6±13.5 days, p=0.816) or on rates 
of collar removal at discharge or greater than 48 hours 
after imaging (MRI Only vs MRI+FE: 41.5% vs 56.7%, 
p=0.124).
Conclusions  FE radiography following initial MRI 
did not have a significant effect on reducing time 
to cervical collar removal or overall hospital length 
of stay. In addition, in 3 of 6 cases (50.0%) in 
which surgical fixation was required, MRI detected 
ligamentous and/or bony injury while FE radiography 
was normal.

Level of Evidence  This study contributes Level 2b 
scientific evidence consistent with a well-designed cohort 
or case-control analytic study.

INTRODUCTION
In pediatric blunt trauma patients, spinal 
cord injury without radiographic abnormality 
(SCIWORA) more commonly occurs in the 
cervical spine compared with the thoracic and 
lumbar regions.1 Thus, prompt and accurate 
diagnostic imaging is crucial for reducing patient 
morbidity and mortality in cases in which cervical 
spinal cord injury (SCI) is suspected. While the 
American College of Radiology (ACR) Appropri-
ateness Criteria for Suspected Spine Trauma in 
pediatric patients offer guidelines for best imaging 
practices in the setting of acute trauma,2 there is 
a lack of uniformity in imaging-decision proto-
cols across institutions, resulting in variable use of 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The majority of spinal cord injuries in acute 
pediatric trauma patients involve the cervical 
spine. Prompt and accurate diagnostic imaging 
is crucial for reducing patient morbidity and 
mortality; however, rigorous guidelines have 
not yet been established due to insufficient 
evidence.

WHAT THIS STUDY ADDS
	⇒ Our study found that flexion-extension 
radiography following initial MRI had low 
sensitivity for bony and ligamentous cervical 
spine injuries and had no significant role in 
facilitating cervical collar removal or hospital 
discharge.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our study supports the elimination of follow-up 
flexion-extension radiography from institutional 
imaging protocols for cases of suspected 
cervical spine injury in order to reduce radiation 
exposure in this sensitive population. We hope 
our findings will inform larger studies in the 
future aimed at determining optimal imaging 
protocols for the evaluation of acute pediatric 
trauma.
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CT, MRI, plain radiographs (PFs), and flexion-extension (FE) 
radiographs as initial and secondary imaging modalities.

Prior studies provided mixed evidence to support the use 
of either MRI or CT in the setting of acute pediatric trauma. 
However, MRI has demonstrated high sensitivity for both 
osseous and ligamentous injuries while also avoiding unnec-
essary radiation exposure in the pediatric patient population.3 
Although initial MRI cervical spine evaluation in adult patients 
has been associated with a false-positive rate of between 25% 
and 40%,4 the effectiveness of MRI as an initial imaging 
modality for acute trauma followed by FE radiography has not 
been evaluated in the pediatric population. In this study, we 
assessed detection rates of bony and ligamentous injuries in 
both initial MRI evaluation and subsequent FE radiography 
in pediatric patients presenting with risk factors for cervical 
spinal cord injury in the setting of acute trauma. We also deter-
mined the subsequent impact of imaging findings on time to 
patient cervical collar clearance and time to hospital discharge. 
Our hypothesis is that FE radiography does not contribute 
significant diagnostic information following initial MRI or 
reduce time to cervical collar removal or discharge and thus 
can be removed from institutional protocols in order to avoid 
unnecessary testing and reduce pediatric radiation exposure.

METHODS
Following Institutional Review Board approval, we conducted 
a retrospective chart review of patients aged 18 years or 
younger who had been admitted to the pediatric intensive care 
unit (PICU) or pediatric medical floor for Level 1 or Level 
2 acute trauma between January 1, 2014 and December 31, 
2021. Only pediatric patients for whom a cervical collar was 
placed on or prior to admission for suspected cervical spine 
injury were included in this study. Trauma data were provided 
by our institution’s Trauma Report Database, which is affili-
ated with our Level 1 American College of Surgeons accredited 
trauma program. Information related to patient demographics 
(age, weight, height, insurance coverage), characteristics on 
presentation (Glasgow Coma Score (GCS), Injury Severity 
Score (ISS), emergency department (ED) symptoms), operative 
management (if any), and discharge disposition was collected. 
ISS is a widely used scoring system created by the Association 
for the Advancement of Automotive Medicine which assigns 
points based on injury severity and the body part affected. 
Both total ISS score and Head ISS scores were collected 
for each patient for whom scores were available. Radiology 
reports were identified for each patient for trauma-related 
imaging, including plain film radiography, flexion-extension 
radiography, CT, and MRI. Report details related to each 
patient were recorded for imaging modality, time and date of 
examination, indication for imaging, and injury type detected 
(if any) on imaging. The time duration from patient injury to 
imaging and the lengths of PICU (if applicable) and hospital 
stays were manually calculated from information provided in 
the patients’ charts. Cervical collar placement, removal, and 
duration were also recorded.

Patients were assigned unique identification numbers and 
personal identifiers were removed prior to statistical analysis. 
Chi-square testing and t-tests were performed to determine 
statistically significant differences between PF, FE, CT, and 
MRI detection rates of bony and ligamentous injuries. Pearson 
correlation coefficients were calculated for continuous vari-
ables; Spearman correlation coefficients were calculated for 
discrete variables. Continuous data are presented as mean±SD. 

Ordinal data are presented as median and IQR (defined as 
third quartile value minus first quartile value).

RESULTS
Patient demographics
A total of 110 pediatric trauma patients meeting study criteria 
were included in our analysis. Data related to injury type 
(n=103), trauma level (n=57), length of PICU stay (n=54), 
time from injury to C-spine MRI (n=47), and time from injury 
to C-spine FE radiography (n=27) were only available for a 
specified subset of patients. For patients for whom data were 
available, the majority of patients presented following acci-
dental trauma (n=91, 88.4%) and were admitted as a Level 
1 trauma (n=32, 56.1%). The most common symptoms 
found on presentation to the ED were symptoms of neck pain 
(n=60, 54.5%) and neurological deficits (n=60, 54.5%), 
which included limb weakness, sensory changes, and word-
finding difficulty. Of the patients admitted to the hospital, 67 
patients (60.9%) were placed in the PICU. The mean length of 
PICU stay was found to be 208.0 hours (8.7 days); the mean 
length of overall hospital stay was also 8.7 days. The majority 
of patients were eventually discharged home (n=88, 80.0%). 
The mortality rate for this sample of hospitalizations was deter-
mined to be 2.7% (n=3). No significant correlation between 
the type of insurance that patients had on admission (“Insur-
ance Type”) and the type of imaging patients received while 
inpatient was found (p=0.681). Patient demographics are 
presented in table 1.

Comparison of MRI versus FE radiography injury detection 
rates
Of the 110 pediatric patients included in our study, 108 (98.2%) 
of them underwent MRI for further evaluation of their suspected 
cervical spine injury. This group of 108 patients was subdivided 
in our analysis into patients who only received MRI (“MRI 
Only,” n=41, 38.0%) and those who received both MRI and FE 
cervical spine imaging (“MRI+FE,” n=67, 62.0%).

In patients for whom FE did not find any injury, MRI detected 
bony and ligamentous injuries in 9/63 and 12/65 cases, respec-
tively. These differences were found to be significant for bony 
injuries (χ2=9.43, p=0.002) but not significant for ligamentous 
injuries (χ2=0.45, p=0.502). These findings are depicted in 
table 2. In 3/21 (14.3%) cases in which MRI detected a bony 
and/or ligamentous injury and FE did not, the patient eventu-
ally required surgical intervention for cervical spine stabilization. 
No cases of surgical fixation were found when FE radiography 
showed an abnormality and MRI was normal (table  3). Using 
MRI findings as our diagnostic gold standard, we calculated the 
sensitivity of FE radiography to detect ligamentous or bony inju-
ries to be 12.5% (3/24) and the specificity of FE radiography to 
be 93.0% (40/43) in our study.

Mean length of overall hospital stay between the “MRI Only” 
and “MRI+FE” groups was not found to be significantly different 
between the two groups (MRI Only vs MRI+FE: 9.2±12.0 days 
vs 8.6±13.5 days, p=0.816). Proportions of patients who had 
their cervical collar remain in place at discharge or more than 48 
hours after imaging are reported in table 4 for each subgroup of 
MRI and FE radiography results. Rates of cervical collar clear-
ance at the time of discharge or more than 48 hours after imaging 
were not found to be significantly different between the “MRI 
Only” group and the “MRI+FE” group (“Removed,” MRI Only 
vs MRI+FE: 41.5% vs 56.7%, p=0.124).
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Patient characteristics associated with MRI and FE 
radiography injury detection rates
Correlations were determined between the detection of bony 
or ligamentous injuries on MRI and FE radiography and the 
following patient characteristics recorded on presentation to 
the emergency department: age (years), weight (kg), ISS, and 
GCS. No strong correlations were found between the detection 
of bony or ligamentous injuries on FE and MRI and any of the 
tested characteristics (table 5).

DISCUSSION
While pediatric patients comprise an estimated 5% of total cases 
of SCI,5 the vast majority of injuries in this age group (60–80%) 

involve the cervical region.6 This injury pattern is in contrast to 
adult SCI, in which only 30–40% of cases show damage to the 
cervical vertebrae.7 These differences in presentation between 
pediatric and adult patient populations are thought to be due to 
increased movement within the pediatric cervical spine caused 
by a combination of incomplete vertebral ossification, ligament 
laxity, weaker cervical musculature, and an increased head-
to-torso ratio which transmits shearing forces to the cervical 
region during traumatic impact.7 Because of this increased flex-
ibility, pediatric patients are much more likely to present with 
SCIWORA injuries, requiring admitting physicians to maintain 
a high level of suspicion in order to determine further clinical 
management. Presenting symptoms that would necessitate addi-
tional cervical spine evaluation have generally been thought of 
as those involving neck pain, decreased level of consciousness, 
neurological deficits, or distracting injuries. Due to biomechan-
ical changes in the spine throughout maturation, spinal injuries 
in children above the age of 8 (when the pediatric cervical spine 
begins to take on characteristics of an adult cervical spine) often 
occur with simultaneous ligamentous or soft-tissue injury.7 Such 
injuries have been shown to be a source of significant morbidity 
and increased mortality. The rate of inpatient mortality for pedi-
atric patients presenting with SCI has been estimated to be 7.3%8 
and those patients who survive often have persistent motor 

Table 1  Patient demographics and discharge disposition

Population 
(n=110)

Age (mean±SD) (years) 9.6±5.6

Male (n, %) 69 (62.7)

Female (n, %) 41 (27.3)

BMI (mean±SD) 23.2±18.2

Time from injury to C-spine MRI (mean±SD) (hours) 22.2±19.4

Time from injury to C-spine FE radiography (mean±SD) (hours) 605±905.9

Length of PICU stay (mean±SD) (hours) 208.0±267.2

Length of hospital stay (mean±SD) (days) 8.7±12.8

Injury type (n=103)

 � Accidental (n, %) 91 (88.4)

 � Non-accidental (n, %) 12 (11.7)

Trauma level (n=57)

 � Level 1 (n, %) 32 (56.1)

 � Level 2 (n, %) 25 (43.9)

ED presentation

 � GCS (median, IQR) 15.0, 3.5

 � Injury Severity Score (median, IQR) 9, 13

 � Head Injury Severity Score (median, IQR) 5, 3

Neurological deficit (n, %) 60 (54.5)

Neck pain (n, %) 60 (54.5)

Skull fracture (n, %) 30 (27.3)

Loss of consciousness (n, %) 22 (20.0)

Tracheostomy placement (n, %) 4 (3.6)

Other bodily injury (n, %) 47 (42.7)

Discharge disposition

 � Home (n, %) 88 (80.0)

 � Rehabilitation (n, %) 10 (9.1)

 � Death (n, %) 3 (2.7)

 � Other (n, %) 9 (8.2)

Insurance type

 � Private (n, %) 82 (74.5)

 � Medicaid (n, %) 12 (10.9)

 � No fault (n, %) 4 (3.6)

 � Other (n, %) 8 (7.3)

 � Self-pay (n, %) 4 (7.3)

Patient demographics at presentation and discharge disposition. Rates of injury type 
(n=103), trauma level (n=57), and length of PICU stay (n=54) were calculated for 
the specified number of patients for whom data were provided. Time from injury to 
C-spine MRI (n=47) and to C-spine FE radiography (n=27) were calculated for those 
patients for whom an estimated time of initial injury was provided. Continuous data 
are presented as mean (±SD); ordinal data are presented as median and IQR (3rd 
quartile–1st quartile).
BMI, body mass index; C-spine, cervical spine; ED, emergency department; FE, 
flexion-extension; GCS, Glasgow Coma Score; PICU, pediatric intensive care unit.

Table 2  MRI and FE radiographic detection of bony and ligamentous 
injuries

MRI bony injury

Yes No Total

FE bony injury Yes 3 1 4

No 9 54 63

Total 12 55 67

MRI ligamentous injury

Yes No Total

FE ligamentous injury Yes 0 2 2

No 12 53 65

Total 12 55 67

Detection of bony and ligamentous injuries by MRI vs FE radiography. P value for 
χ2 analysis of bony injuries was 0.002; p value for analysis of ligamentous injuries 
was 0.502.
FE, flexion-extension.

Table 3  MRI and FE radiography results requiring surgical 
intervention

N Surgical intervention

MRI normal 53 0

MRI abnormal 55 7

FE normal 55 3

FE abnormal 12 3

Only MRI 41 1

MRI+FE 67 6

MRI normal, FE normal 34 0

MRI abnormal, FE abnormal 9 3

MRI normal, FE abnormal 3 0

MRI abnormal, FE normal 21 3

Distribution of n=108 patients by findings on MRI and/or FE radiography. The 
number of patients requiring surgical intervention for cervical spine stabilization 
was recorded for each subgroup. An “Abnormal” result was defined as a bony and/
or ligamentous injury detected on imaging.
FE, flexion-extension.
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deficits associated with significant developmental challenges 
as well as increased risk for long-term pneumonia-associated 
mortality secondary to respiratory muscle weakness.9

In patients older than 16 years, the ACR Appropriateness 
Criteria recommends the use of cervical spine CT without intra-
venous contrast as the initial imaging modality in cases of acute 
traumatic injury, followed by MRI without intravenous contrast 
when cervical spinal cord or nerve root injury are suspected.10 
While a number of adult studies11–13 have suggested that CT is 
sufficient for the initial assessment of cervical SCI, the use of CT 
in younger pediatric patients is controversial due to the desire 
to reduce radiation exposure in this population.14 It has been 
estimated that the rate of fatal cancer development in children 
exposed to CT imaging may be as high as 1 patient for every 
1000 scans.15 In pediatric patients aged 3 to 16 with at least one 
risk factor for cervical spine injury (based on Pediatric Emer-
gency Care Applied Research Network or National Emergency 
X-ray Utilization Study criteria) and in patients younger than 

3 years of age with Pieretti-Vanmarcke weighted score of greater 
than or equal to 2 to 8 points, the ACR recommends plain radi-
ography for initial evaluation.2 However, it has been suggested 
that in patients under the age of 5, the majority of cervical spine 
injuries occur in the upper cervical spine, where radiographs are 
prone to misdiagnosing C2/3 pseudo-subluxations, variability in 
epiphyseal growth centers, and unfused synchondroses as acute 
trauma-related injuries.16 Although these guidelines acknowl-
edge the limitations of radiography for visualization of soft-
tissue injuries, the use of CT without contrast and MRI without 
contrast in the pediatric population are both currently placed 
at a lower level of recommendation (“May be Appropriate”) 
in cases of ambiguous radiographic findings due to insufficient 
evidence for which imaging technique may be superior.

In order to limit pediatric radiation exposure, the imaging 
protocol for evaluating acute cervical spine injury in pediatric 
patients at our institution involves initial PF radiography in 
the ED, followed by MRI and possible FE radiography if MRI 
results are inconclusive. In our study, we found that 67 of 108 
(62.0%) patients receiving initial MRI later received follow-up 
FE radiography to further evaluate for cervical spine insta-
bility and facilitate cervical collar removal (if negative). While 
a preponderance of adult studies have increasingly shown that 
FE radiography has no role in the acute setting if initial PF or 
CT images are normal,4 17–21 it is currently unclear what role FE 
radiography has in follow-up cervical spine evaluation in pedi-
atric patients, especially following initial MRI. FE radiography 
in pediatric patients has already been noted by the ACR guide-
lines to be unlikely to yield additional information following 
negative CT results due to muscle spasms in the acute setting 
which limit the proper patient positioning required for adequate 
imaging to take place.2 In addition, cervical FE imaging in the 
acute setting is frequently complicated by limited patient motion 
due to altered consciousness, soft-tissue swelling and tenderness, 
and focal neurological symptoms. A review by Oh and Asha in 

Table 4  Proportions of failed cervical collar clearance by MRI and FE 
results

MRI normal MRI abnormal

FE normal 12/34 (35.3%) 8/21 (38.1%)

FE abnormal 2/3 (66.7%) 7/9 (77.8%)

MRI only MRI+FE Total

Removed 17 (41.5%) 38 (56.7%) 55

Not removed 24 (58.5%) 29 (43.3%) 53

Total 41 67 108

Distribution of patients with cervical collar remaining at discharge or greater than 
48 hours after MRI and/or FE radiographic imaging. Fractions were expressed as 
patients with failed cervical collar clearance divided by total subgroup population. 
An “Abnormal” result was defined as a bony and/or ligamentous injury detected on 
imaging. P value for χ2 analysis of collar removal was 0.124.
FE, flexion-extension.

Table 5  Correlations between patient demographics and injuries detected on MRI or FE radiography

ISS GCS at presentation MRI bony injury FE bony injury

ISS 1.000

GCS at presentation −0.641 1.000

MRI bony injury 0.060 0.112 1.000

FE bony injury −0.103 0.186 0.369 1.000

Age Weight MRI bony injury FE bony injury

Age 1.000

Weight 0.846 1.000

MRI bony injury −0.215 −0.129 1.000

FE bony injury 0.138 0.162 0.369 1.000

ISS GCS at presentation MRI ligamentous injury FE ligamentous injury

ISS 1.000

GCS at presentation −0.652 1.000

MRI ligamentous injury 0.093 0.008 1.000

FE ligamentous injury −0.056 −0.111 −0.085 1.000

Age Weight MRI ligamentous injury FE ligamentous injury

Age 1.000

Weight 0.889 1.000

MRI ligamentous injury 0.054 −0.002 1.000

FE ligamentous injury −0.080 −0.131 −0.085 1.000

Correlation coefficients calculated between patient characteristics on presentation to the ED and detection of bony or ligamentous injury by MRI or FE radiography. Pearson 
correlation coefficients were calculated for continuous variables; Spearman correlation coefficients were calculated for discrete variables.
FE, flexion-extension; GCS, Glasgow Coma Score; ISS, Injury Severity Score.
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2016 of both adult and pediatric patients reported that various 
studies had found that between 30% and 95% of FE imaging 
were inconclusive due to restricted range of motion and poor 
visualization of the cervical spine.22 Similarly, a study conducted 
by Dwek and Chung in 2000 including 247 pediatric trauma 
patients did not find a diagnostic benefit to conducting FE radi-
ography following negative cervical PF radiographs, noting that 
patient swallowing was the source for a number of false positives 
that had been misdiagnosed as soft-tissue edema.23

Our study did not find a diagnostic benefit for utilization of 
follow-up FE radiography after initial cervical spine MRI in 
acute pediatric trauma patients. Sensitivity and specificity of FE 
radiography following MRI was found to be 12.5% and 93.0%, 
respectively, for cervical spine injuries found in our study. It was 
notable that all patients in our study who required surgical fixa-
tion for cervical spine stabilization had their injuries detected 
on MRI, while FE was only abnormal in 3 out of 6 (50.0%) of 
these cases for which both MRI and FE were performed. In 3 
of 6 cases (50.0%) in which surgical fixation was required, MRI 
found ligamentous and/or bony injury while FE radiography was 
found to be normal. In addition, FE radiography was not found 
to have a statistically significant role in reducing hospital length 
of stay or in facilitating faster cervical collar removal. Limita-
tions of our study include smaller subgroup population sizes, 
an inability to perform appropriate matching between “MRI 
Only” and “MRI+FE” patients, and a lack of grading to assess 
the adequacy or inadequacy of FE films from which data were 
drawn for our analysis. While the results of our study do not 
demonstrate a meaningful role for FE radiography in the evalu-
ation of cervical SCI, we would suggest that larger, multi-center 
studies are necessary in the future to determine the most appro-
priate and efficient imaging protocol for pediatric patients in the 
setting of acute trauma.

CONCLUSIONS
FE radiography following initial MRI did not have a significant 
effect on reducing time to cervical collar removal or time to 
hospital discharge. In addition, FE radiography missed half of 
cases in which surgical fixation for cervical spine instability was 
indicated and detected on MRI.
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