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Early MRI finding in adult spinal cord injury without
radiologic abnormalities does not correlate with the
neurological outcome: a retrospective study

Q Liu1, Q Liu2, J Zhao1, H Yu1, X Ma1 and L Wang3

Study design: Adult spinal cord injury without radiologic abnormalities (SCIWORA) is evidenced to be underreported. Some
abnormalities that were not present on computed tomography (CT) were identified on magnetic resonance imaging (MRI), but the
diagnostic reliability of early MRI remains considerable disagreement.
Objective: The present study was retrospectively designed to assess a potential correlation between clinical and imaging findings in
adults experiencing SCIWORA.
Setting: A total of 2964 adult patients (age 418 or older) with acute cervical spine injury presented to the single institution between
January 2009 and June 2014.
Methods: Fifty-nine patients with SCIWORA were included in the study. Initial MRI findings at admission were analyzed, and a
6-month follow-up was performed.
Results: On admission, complete spinal cord injury was found in 32 patients, incomplete spinal cord injury in 20 patients and central
cord syndrome in seven patients. MRI findings showed varying degrees of degenerative or spondylotic changes in 45% of the patients
(n=27). The cord contusion was shown in 12 patients, cord edema in 7, cord hemorrhage in 2 and ligamentum flavum bulging in
4 patients. In all, two of these patients had no positive findings on the initial MRI, but presented with positive abnormalities on repeat
MRI 72 h after trauma. At discharge, most of the patients presented with complete remission, but some of the patients presented with
partial remission. After 6 months, all patients significantly improved, and only two patients did not show full recovery.
Conclusions: Early use of MRI added little in the determination of stability of the cervical spine in the presence of a negative CT.
Our study suggested that the neurological outcome did not correlate with early MRI findings.
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INTRODUCTION

Acute traumatic cervical spinal cord injury (ATCSCI) is a common
form of spinal cord injury, associated with neurological impairments.1

Most of the patients with ATCSCI are associated with spinal canal
narrowing,2–4 and they often present with cord hemorrhage, soft tissue
and ligamentous injury, hematoma and herniated disk. The most
important in the clinical practice is to exclude abnormalities of the
cervical spine in trauma patients, as initiation of treatment within 24 h
of injury can significantly improve neurologic outcome.5

A combination of plain X-ray, computed tomography (CT) and
magnetic resonance imaging (MRI) is common means for the
evaluation of the bony and ligamentous structures of the cervical
spine. It has been proposed that the utility of CT scan is superior to
plain radiographs, but the optimal method for excluding cervical spine
injury remains controversial, as some abnormalities that are not
present on CT show on MRI. Furthermore, the availability of more
advanced MRI has made it possible to accurately characterize the
underlying spinal cord injury even when radiographs and CT scan are
normal. Therefore, most studies indicate that MRI evaluation can help
determine the cause and extent of the neurological deficit, the

probable mechanism of injury and the presence of spinal instability,
and immediately diagnosis and assess the degree of spinal cord damage
and possible neurological recovery in spinal cord injuries.
On the other hand, although MRI is an important tool in

diagnosing and excluding cervical spine injury, some of the spinal
cord abnormalities and its surrounding connective tissue are not
detectable by MRI. Spinal cord injury without radiologic abnormalities
(SCIWORA) was initially described in children,6 and then in adult
patients.7,8 A recent study9 reported about MRI in adult SCIWORA,
but this study lacked follow-up. Thus, our present study retro-
spectively examined the characteristics of adult patients experiencing
SCIWORA, and evaluated clinical and radiological correlations in
terms of their neurological deficits and morphological abnormalities
detected by early MRI.

PATIENTS AND METHODS
Patients with ATCSCI who presented to our hospital between January 2009 and

June 2014 were retrospectively analyzed. The hospital is a university teaching

institution specializing in the orthopedic and traumatic treatment. The study

protocol was approved by the institutional ethics committee.
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A total of 2964 adult patients (age 418 or older) with ATCSCI were
collected, and then evaluated for SCIWORA. The SCIWORA was defined as
spinal cord injury with clinical neurological deficit, but it had no evidence of
trauma shown on plain X-ray or CT scan.10 Exclusion criteria were age o18
years, an associated traumatic brain injury and dementia (Table 1).
A total of 98 patients met the criteria of SCIWORA. The causes of injury

included traffic accidents (n= 58), sports injuries (n= 28) and falls (n= 12).
Immediate immobilization of the cervical spine was performed using a
Philadelphia collar in the prehospital setting. On admission, all patients were
treated according to the Advanced Trauma Life Support protocols, and
underwent immediate plain X-ray or CT scan of the cervical spine with
coronal, sagittal and axial reformatting.
All patients were assessed and treated by our interdisciplinary team consisting

of radiologists, neurosurgeons, orthopedic surgeons and emergency physicians.
The patients (n= 39) presented with complete neurological remission within
24 h, and did not undergo MRI. The remaining 59 patients (41 men and 18
women) with a mean age of 41.1 years (ranging 21–68 years) underwent the
entire spine examination by MRI. All MRIs were performed with a 3-T MR
scanner (Verio, Siemens, Henkestr, Germany) within 24 h after the injury.
The neural injuries were classified with the American Spinal Injury

Association (ASIA) Impairment Scale (AIS).11 The score system is based on a
100-point scale (0 is the lowest score and 100 is the highest score): 0, total
paralysis; 1, visible contraction; 2, active movement gravity eliminate; 3, active
movement against gravity; 4, active movement against some resistance; and 5,
active movement against full resistance. Ten muscle groups, five upper
extremity and five lower extremity, are scored on a 0–5 scale with a possible
50 points on each side.
The classification described previously by Kulkarni12 was used at the time

of admission and the follow-up to classify the neural injuries. Pattern I
(hemorrhage) is defined as a large central area of hypointensity surrounded by a
thin rim of hyperintensity, pattern II (edema) as an area of hyperintensity and
pattern III (cord contusion) as a thin area of central hypointensity and thick
rim of hyperintensity.
For the purpose of this study, the neural injuries were classified as either

‘Normal’ or ‘Abnormal’. Preexisting degenerative or spondylotic changes were
considered ‘normal’.
All patients were followed up at 6 months post discharge. The period of 6-

month follow-up was based on the recommendations by the NASCIS and
Sygen trials,13 as a majority of neurological recovery occurs during this period.

RESULTS

In our study, SCIWORA was accounted for ~ 2% of patients (n= 59).
The average length of hospital stay was 7.4 days (1–23 days).
On admission, 40 patients had neurological deficiencies at the

thoracic level, and 19 patients at the cervical level. Complete spinal
cord injury was found in 32 patients, and incomplete spinal cord
injury was found in 20 patients. Of the incomplete spinal cord injury
patients, three (14%) were AIS ‘A’, four (21%) were AIS ‘B’ and 13
(65%) were AIS ‘C’. Central cord syndrome was present in seven
patients. MRI examination showed varying degrees of degenerative or
spondylotic changes in 45% of the patients (n= 27) (Table 2). In the
abnormal 25 identified on MRI, the cord contusion (pattern III) was

shown in 12, cord edema (pattern II) in 7, cord hemorrhage (pattern
I) in 2 and ligamentum flavum bulging in 4. Interestingly, two patients
classified as normal on initial MRI had clinical evidence of neurologic
deficits, but the positive abnormalities were presented on repeat MRI
72 h after trauma, and underwent the surgical intervention (Table 3).
At discharge, 36 (61%) patients presented with complete recovery,

and 23 (39%) patients presented with partial recovery. Of these
patients with partial remission, intramedullary edema was detectable
in five patients who presented with sensory deficit at cervical spinal
levels, cord contusion in two patients who presented with weakness in
the left ankle and foot muscles and cervical spinal disc pathologies in
16 patients, in whom the neurological dysfunction was confined to the
thoracic level, but without relevant narrowing of the spinal channel or
compression of the spinal cord.
At the 6-month follow-up, the significant neurologic improvement

was measured in all patients. In 23 patients with partial remission
measured at discharge, only two patients did not show full recovery.
One was a 58-year-old man with intramedullary edema associated
with multiple-level disc bulges. He improved from AIS ‘C’ to AIS ‘D’
and continues to have weakness in the left ankle and foot muscles. The
other one was a 32-year-old man with cord contusion also associated
with disc bulges. MRI was done at the 6-month follow-up, and it
showed that the contusion had significantly decreased in size, and
there was focal myelomalacia. This patient had complete cord injury at
admission (AIS ‘A’) and improved to AIS ‘C’.

DISCUSSION

SCIWORA was initially defined as neurologically evident spinal cord
injury without a detectable radiological abnormality. The early
reported SCIWORA was mainly emphasized on children because they
were more susceptible to trauma in the developing spinal column and
it was more difficult to perform accurate radiographic assessment of
the pediatric spine.14,15 Some recent publications have reported

Table 1 Inclusion and exclusion criteria of the present study

Inclusion criteria Exclusion criteria

(1) Age 418 or older (1) Age o18 years

(2) Male or female (2) Associated traumatic brain injury

(3) Positive history of trauma (3) Dementia

(4) Confirmed SCIWORA (4) Unable to provide consent for enrollment

(5) Neurological level of injury

between C2 and T1

(5) Pregnant females

(6) Arrival at the hospital 424 h after injury

Abbreviation: SCIWORA, Spinal cord injury without radiologic abnormalities.

Table 2 Patient demographics and injury characteristics

Characteristics Normal

on MRI

Abnormal

on MRI

Total

number

Neurological deficiencies (n=59)
Thoracic level 12 28 40

Cervical level 11 9 19

Spinal cord injuries (n=59)
Complete 9 23 32

Incomplete 2 18 20

Syndrome 6 1 7

Degenerative changes, MRI (n=27) 27 0 27

Abbreviation: MRI, magnetic resonance imaging.

Table 3 Spinal cord injury classification identified on MRI

Injury classification Normal on MRI Abnormal on MRI Total

Cord contusion (pattern III) 0 12 12

Cord edema (pattern II) 2a 7 9

Cord hemorrhage (pattern I) 0 2 2

Ligamentum flavum bulging 0 4 4

Abbreviation: MRI, magnetic resonance imaging.
aTwo patients had clinical evidence of neurologic deficits at admission, but positive findings did
not present on initial MRI. The positive abnormalities presented on repeat MRI after 72 h of
trauma.
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SCIWORA in adult patients.16 Although many studies advocate that
CT scan alone is sufficient to clear the cervical spine,17,18 a substantial
proportion of adults experiencing spinal cord injury exhibits a
clinicoradiologic mismatch.19 These reports are supported by our
present study. In our series, approximately 59 patients experiencing
spinal cord injury had no positive evidence of injury on CT scan.
Some studies have refined SCIWORA as the radiographic evidence

of spinal cord injury visualized by MRI without signs of fractures and
subluxations by plain X-ray and/or CT scan.20,21 However, this
definition ignores the clinical signs or symptoms of spinal cord injury,
which has no any imaging abnormality visualized by MRI. Therefore,
relevant patients of spinal cord injury might be missed for this
reason.22

MRI has been proposed to have a more value in diagnosing injuries
that are not seen on CT scan;8,22,23 however, some studies showed that
MRI had little effect on adding value to diagnosing and managing an
obtunded trauma patient.24–26 The most recent study by Boese et al.9

addressed that a substantial proportion of patients with soft tissue
protrusions into the spinal canal had no signs of spinal cord
compression, and had no any detectable MRI abnormalities. Their
study lacked follow-up, and did not address a long-term outcome. The
findings from our study, in addition to 2% patients with positive MRI
after a negative CT scan, indicated that negative abnormalities in
extraneural and neural tissues on MRI were not predictive of a good
outcome. Notably, two patients with clinical evidence of neurologic
deficits, which required surgery, had no positive findings on initial
MRI. The positive abnormalities were observed on repeat MRI
performed after 72 h of trauma. This initially missed diagnosis could
be associated with the timing of MRI.
When to perform MRI after spinal cord injury is critical in terms of

diagnosis. Performing MRI within 24 h of injury is recommended in
patients displaying a clinicoradiologic mismatch.19 In our hospital,
MRI is routinely performed within 24 h of injury in order to clear the
obtunded trauma patient with a negative CT scan. An early MRI might
contribute to the abnormalities not shown on the initial MRI. It has
been indicated that if no positive abnormality is found on early MRI, a
repeat MRI may be done days later.27,28 Our two patients were
repeated at 72 h after trauma, in which the positive findings were
found. However, the optimal timing for a repeat MRI has yet to be
proven.19

The pathophysiology of adult SCIWORA is different from that of
pediatric patients. Most adult patients are due to hyperextension injury
to the spine, which may have resulted from rear end motor vehicle
collisions or direct anterior craniofacial trauma.29 Preexisting cervical
spondylosis predisposes to cord injury even with trivial trauma.9

Elderly patients with spondylosis have posterior vertebral spurs and
ligamentum flavum bulging owing to decreased vertebral body height.
Hyperextension injury in such cases, even if trivial, can result in a
central cord syndrome.30

The limitation of the study was that a period of 6-month follow-up
was not long enough for the retrospective setting, compared with the
previously reported studies based on multicenter registry data, but our
data included a relatively large size of sample, and those patients
received homogeneous diagnostic techniques.

CONCLUSION

In the traumatic cervical spinal cord injury patients with a negative
CT, early use of MRI added little in the determination of stability of
the cervical spine in the presence of a negative CT. Our study
suggested that the neurological outcome did not correlate with early

MRI findings. A repeat MRI may be necessary if no positive
abnormality is found on early MRI.
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