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Spinal Cord Injury without Radiological Abnormality in Adults: Clinical and Radiological

Discordance
Ziya Asan
-BACKGROUND: Patients with spinal cord injury without
radiological abnormality (SCIWORA) show varying clinical
prognostic courses independent of radiological findings.
The fact that patients cannot be evaluated using a specific
terminologic standard has led to the emergence of the real
SCIWORA definition. In this study, clinical progressions of
11 patients diagnosed with SCIWORA were analyzed, and
terminologic differences were discussed.

-METHODS: The clinical findings of 11 adults with a
diagnosis of SCIWORA at the time of diagnosis and in the
long term were analyzed according to the ASIA classifi-
cation scheme. The presence of a correlation between
radiological findings from the early and late periods and
the clinical findings was investigated. High-dose methyl-
prednisolone treatment was administered to all newly
diagnosed patients in the early period, and the clinical
response was observed. Clinical, prognostic, and radio-
logical comparisons with SCIWORA cases reported in the
literature were conducted.

-RESULTS: Seven patients received a diagnosis of cervical
SCIWORA, and 4 patients had thoracal SCIWORA. Neuro-
logic findings at the time of diagnosis and in the early and
late periods vary independent of radiological findings. In the
cases where significant neurologic recovery was not
observed within the first 3 days, significant recovery also
was not seen in the later period. In the cases where
neurologic recovery was seen, improvements in sphincter
function and sensory and motor deficits were observed.

-CONCLUSIONS: In patients diagnosed with SCIWORA,
early neurologic response is the determining factor for
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prognosis. Clinical findings and prognosis demonstrate no
correlation with radiological findings.
INTRODUCTION
pinal cord injury without radiological abnormality (SCI-
WORA) was first defined by Pang and Wilberger1 in 1982 in
Schildren. According to their definition, cases in which a

myelopathic effect is present but the spinal fracture or instability
cannot be detected radiographically with direct radiography and
tomography have been evaluated within this terminology.1

Considered the gold standard, magnetic resonance imaging
(MRI) demonstrates the effect on the cord, and cases in which
acute cord injury is detected by MRI are also evaluated with this
definition if the X-ray and computed tomography (CT) scan
findings are normal.2

SCIWORA is identified more frequently in the pediatric age
group. It is argued that cord injuries without fracture or disloca-
tion occur more easily in this age group than in adults, owing to
the weakness of the paravertebral muscle groups and the elasticity
of the spinal column.3 However, SCIWORA also has been
identified in adults.4,5 In these cases, myelopathic findings and
cord edema due to cord injury have been demonstrated on MRI;
however, in rare cases, MRI cannot show the traumatic impact on
the cord. These cases have been evaluated under the definition of
“real SCIWORA”.2,6

METHODS

Eleven adult patients diagnosed with SCIWORA were evaluated.
Nine patients were followed up with a diagnosis of SCIWORA in
the early period after trauma. All patients were started on
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intravenous methylprednisolone in the acute phase. Neurologic
findings at the time of admission and in the early and late treat-
ment periods were recorded according to the American Spinal
Injury Association (ASIA) classification scheme. All cases were
evaluated with CT following trauma at the time of admission, and
in cases with no trauma-related pathology determined in the
spine, MRI was performed immediately. In all cases, control MRI
was performed before discharge. In cases with follow-up in the
later period, additional MRI examinations were performed. The
demographic characteristics and the clinical and radiological
findings of all cases are presented in Table 1. Two patients were
diagnosed with SCIWORA in the later period following trauma
(Figure 1). Patients with acute cord injury detected on MRI were
classified as the “SCIWORA” group, and those who did not
demonstrate acute cord injury were classified as the “real
SCIWORA” group (Table 1).

Ethical Approval
Ethical approval for this study was obtained from Ahi Evran
University’s Clinical Research Ethics Committee (August 8, 2017;
2017-13/142).

RESULTS

Seven patients were diagnosed with cervical SCIWORA (Figure 2),
and 4 patients had thoracic SCIWORA. No pathological structures
associated with cord injury were demonstrated on radiological
examinations. Neurologic examinations revealed no dermatomal
or myotomal symmetry associated with sensory and motor
deficits. As lateral findings, asymmetries encompassing 1 or 2
levels were detected. Dynamic X-ray images were obtained. No
patient demontrated effects of instability, such as dislocation
Table 1. Characteristics of the SCIWORA Cases

Case
Age

(Years)/Sex
Accident
Type

Affected
Level

AIS Grade
(At Admission)

1 81/Male TA Cervical A

2 35/Male FFH Thoracic B

3 54/Female TA Thoracic B

4 55/Female FFH Cervical D

5 47/Female TA Cervical D

6 45/Female FDS Cervical D

7 28/Male FFH Thoracic C

8 54/Female FDS Cervical D

9 50/Female FFH Thoracic C

10 47/Female TA Cervical C

11 54/Male FFH Cervical C

SCIWORA, spinal cord injury without radiographic abnormality; AIS, American Spinal Injury Assoc
from high; FDS, fall down the stairs.

*Clinical improvement begins at day 2e3.
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and listhesis, requiring a cervical collar or corset for
stabilization of the spinal column. Nine hospitalized patients
were started on intravenous methylprednisolone therapy.
No patient showed neurologic improvement in the first 48

hours. Four patients demonstrated neurologic recovery starting at
the 48th hour, which lasted until the 72nd hour. However, total
neurologic recovery did not occur in any patient who demon-
strated signs of recovery. In 5 patients, no improvement in
neurologic function was seen in the early period.
Sphincter dysfunction was detected in 3 patients, and neuro-

logic recovery was seen first in sphincter functions, followed by
improvement of sensory loss and then improvement of motor
functions. Sensory deficits did not show complete recovery in any
patient.
In the follow-up period, 1 patient who had been diagnosed with

cervical SCIWORA died on day 10 following trauma. Respiratory
insufficiency developed on 3rd day in the patient in whom cord
injury was not detected on MRI. Intercostal withdrawals were
observed, and mechanical ventilation support was provided by
intubation. Pulmonary embolism was not detected. The patient
showed no signs of neurologic recovery during 10 days of follow-up.
Two patients were diagnosed with SCIWORA in the late period

after trauma, one 3 weeks later and the other 3 months later. In
both patients, cord injury was detected on MRI, and the diagnosis
was corroborated, but methylprednisolone therapy was not
administered. No motor deficits were detected in either patient.
Along with a diagnosis of cervical SCIWORA was a sensory level
affecting the C6 and C7 dermatomes. Sensory evoked potential
findings were within normal limits in both patients. In 2 patients,
no response was obtained when low-dose pregabalin therapy was
administered, and the pregabalin treatment was also terminated
after 3 months.
Clinical
Improvement
(Early Period)

Clinical Improvement
with Rehabilitation

(Late Period)
Real SCIWORA
(Normal MRI)

No/10 days (AIS A) No/10 days (exitus) Yes

No/7 days (AIS B) No/22 months (AIS B) Yes

Yes/11 days (AIS D)* No/14 months (AIS D) Yes

Yes/8 days (AIS E)* Yes/27 months (AIS E) No (SC edema)

No/12 days (AIS D) No/17 months (AIS D) Yes

? Yes/16 months (AIS E) No (SC cavitation)

No/11 days (AIS C) No/34 months (AIS C) Yes

? No/4 months (AIS D) No (SC contusion)

No/13 days (AIS C) No/6 months (AIS C) No (SC contusion)

Yes/12 days (AIS D) Yes/3 months (AIS E) Yes

Yes/11 days (AIS D)* No/7 months (AIS D) Yes

iation Impairment Scale; MRI, magnetic resoance imaging; TA, traffic accident; FFH, falling
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Figure 1. Cord contusion at the C3-4 level detected in the late period
after trauma.
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Complete neurologic recovery was not observed in 7 patients
who demonstrated no cord damage on MRI and who were
followed up according to the ASIA classification, and thus no
correlation could be drawn between radiological findings and
neurologic recovery. In these patients, the clinical course was
good if neurologic recovery was observed within the first 3 days,
but poor if no significant early recovery occurred (Table 1).
Figure 2. (A) Sagittal T2-weighted magnetic resonance imaging showing
cord contusion at the C2 level at the time of admission. (B) Cord edema at
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DISCUSSION

It is not possible to predict the prognosis based on the early
findings of SCIWORA cases. Yucesoy et al.2 reported a correlation
between radiological findings and clinical progression and
suggested a more favorable prognosis in cases without cord
injury detected on MRI. However, the prognosis did not follow
a favorable course in 4 patients in whom MRI did not reveal
cord injury. Moreover, there was no significant correlation
between the severity of the clinical findings in patients with
cord injury detected on MRI. Similarly, no correlation between
MRI findings and clinical progression could be established.
A cervical collar and corset are recommended to support stabi-

lization in diagnosed cases.7,8 Because SCIWORA is encountered
more frequently in childhood, and because spinal stabilization is
not as strong in children as in adults, the use of cervical collars or
corsets is recommended in the pediatric age group.1,9

In patients with SCIWORA with instability detected on dy-
namic radiographs, daily activities may cause recurrent cord
injury. However, spinal elasticity differs between adults and
children, and thus the effectiveness of collar and corset use is
questionable. If a mobile disk is suspected, dynamic MRI
examination can help to confirm the diagnosis. Thin-section and
high-magnetic field MRI examinations can reveal lesions not
detected on routine MRI scans. Sagittal fluid-sensitive sequences,
which can identify edema (on the basis of a high T2 signal) and
hemorrhage (on the basis of a low T2 signal), have been shown
to have the most significant prognostic value in cases of SCI-
WORA.10,11 Because cord edema cannot be detected in the early
period, the diagnosis should be supported by MRI examination
on subsequent days (Figure 3). In addition, sensory evoked
potential examination can help determine the level of cord
effect and can provide auxiliary data.
Respiratory failure may emerge in patients with cervical SCI-

WORA from possible intercostal muscle dysfunction starting on
the third day due to the impaired innervation of intercostal
day 8 at the same level. (C) Hyperintensity at the posterior cord at month 4.
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Figure 3. (A) Magnetic resonance imaging at the time of admission without cord injury. (B) Cervical cord edema on
day 9.
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muscles. In addition, the possibility of pulmonary embolism due
to immobilization should be considered in patients with severe
neurologic dysfunction.
The clinical manifestations of SCIWORA are similar to those of

spinal concussion. Torg et al.12 first described cervical concussion
in 1986. In these cases, characterized as mild cord effect, the
neurologic deficits recover entirely within the first 72 hours. The
course of these cases, which are defined as cord neuropraxia, is
similar to that of cerebral concussion, which is seen after mild
traumatic brain injury. Given that the progression of the
neurologic condition is revealed within 3 days of follow-up in
both SCIWORA and spinal concussion cases, all cases in which no
cord damage is detected, including on MRI, should be considered
cases without a definitive diagnosis within the first 3 days.
Therefore, the definitive diagnosis of SCIWORA can be made only
after the third day, because neurologic recovery is not complete
before then.
Given that MRI is a radiological examination, patients in

SCIWORA-related series who had injuries detected by examina-
tions other than MRI are evaluated using this terminology.
However, there are cases that match the definition of SCIWORA
even though cord injury is not detected even on MRI. For this
reason, some studies have evaluate these cases under the “real
e1150 www.SCIENCEDIRECT.com WORLD NE
SCIWORA” terminology.2,6 Moreover, MRI is superior to CT
regarding imaging of traumatic cord injury and is the gold stan-
dard for revealing the extent of cord injury. Moreover, injuries that
cannot be detected by routine MRI can be revealed through
high-magnetic field and thin-section MRI examination. It is
foreseen that with the advances in MRI technology in the coming
years, cases currently defined as real SCIWORA may be evaluated
with positive MRI findings.
CONCLUSIONS

MRI cannot determine which tract is affected to what extent in
either the SCIWORA group or the real SCIWORA groups. In
patients diagnosed with SCIWORA and those diagnosed with real
SCIWORA, early neurologic response is the determining factor for
prognosis. Thus, no definite correlation between radiological
findings and clinical prognosis can be established.
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