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ABSTRACT

SCIWORA (Spinal Cord Injury Without overt Radiological Abnormality) is a term first used by Loyd, back in
1907, even though it became more known in 1982 by Pang. The initial term described a condition were signs of
myelopathy were not accompanied by traumatic findings on plain radiographs or on computed tomography and
it was mostly believed to be a medical condition seen in children. Throughout the years it has been shown that
SCIWORA is not only seen in children but it is also seen in adults. Introducing MRI to the diagnostic algorithm
caused controversy about what should be defined as SCIWORA, but it also added to the comprehension of the
pathophysiology of SCIWORA. The aim of this study was to investigate the current trends in diagnosis and
possible treatments of SCIWORA. The reviewed articles were obtained by using the online Pubmed and Google
scholar databases and by following the PRISMA guidelines. While there is no consensus on a protocol, the current
management protocols include immediate bracing, avoiding the administration of corticosteroids and perform-
ing an MRI as the main diagnostic imaging. The decision for surgical intervention seems to be taken based on the
MRI findings and the skills of the practitioner.
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Introduction soon as the injury occurs but cases of late onset SCI-

SCIWORA stands for spinal cord injury without
overt radiologic abnormality. Pang defined it as a spi-
nal cord injury leading to myelopathy without any
findings on radiographs or on computed tomography.
1 At first it was believed to be more frequent in chil-
dren but through the years it has been found that spe-
cific adult groups are also predisposed to SCIWORA.
[1,2,3, 4]

The symptoms consist of transient numbness to even
quadriplegia.[5] Most of times symptoms appear as
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WORA have also been reported in the literature.[6,7]

In the past decades, plain radiography and comput-
ed tomography had been the main diagnostic tools for
spinal cord injuries. Currently MRI is the gold stand-
ard in the imaging of these injuries since it evaluates
not only the bony structures but also the soft tissue
structures as the ligaments, the discs and the spinal
cord. [8] It has been stated that the degree of the dam-
age at the soft tissue is proportional to the severity of
SCIWORA.[9]
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Even though there are no official guidelines for SCI-
WORA, the majority of practitioners seem to agree
on immediate immobilization of the cervical spine.
[10,11,12,13] Administration of corticosteroids (NAS-
CIS protocols) has been debated and even rejected by
some.[9, ] Surgical treatment has also been discussed
as a possibility in patients with deteriorating neurolog-
ical status[22].

The purpose of this study was to investigate the cur-
rent diagnostic and treatment protocols of SCIWORA
and provide the bigger picture on its controversy. For
this reason, a review of the current literature was con-
ducted by using the online Pubmed and Google Schol-
ar databases and following the PRISMA guidelines.
Article titles were searched by using the following key-
words: “SCIWORA” and “SCIWORET”. Studies pub-
lished after 2010, retrospective studies, prospective
studies and clinical studies on surgical treatment were
included in the review. On the contrary, studies pub-
lished in other than English language, review articles,
case reports, studies published before 2010, guidelines
and/or recommendations, articles combining a review
and a case report and articles about spinal cord inju-
ries in general were excluded from this review. Prima-
ry search results included 162 articles. After screening
of titles and abstracts, 33 articles were excluded since
they were generally about Spinal Cord Injuries and not
related to SCIWORA, leaving 129 articles for screen-
ing. From the remaining 129 studies, 90 were rejected
for various reasons (Table 1). Finally, 43 studies were
included in this review.

Discussion

SCIWORA is defined as spinal cord injury without
overt radiological abnormality. The definition’s orig-
inal description included negative plain radiographs
and/or computed tomography.[6] Throughout the
years magnetic resonance imaging became an integral
diagnostic tool for spinal cord injuries helping at un-
derstanding the pathophysiology of the injury but also
causing a controversy on which cases should be real-
ly diagnosed as SCIWORA.[1,2,2,5,3] Since MRI has
been established as the basic imaging method for diag-
nosing SCIWORA, a number of new terms have been
suggested such as SCIWOCTET (Spinal Cord Injury
Without Computed Tomography Evidence of Trau-

ma)[ 15,24], ASCIWORA (Adult SCIWORA)[16,4],
SCIWORET (Spinal Cord Injury Without Radiograph-
ic Evidence of Trauma)[13,17] , Real SCIWORA[5] and
SCIWONA (Spinal Cord Injury Without Neurological
Abnormality) [6].

1. Etiology

SCIWORA is a traumatic condition of the spinal cord
where there is no compromise of the bony structures of
the spine. There is no evidence of fractures or sublux-
ations on radiographs and/or computed tomography.
SCIWORA'’s etiology seems to differentiate accord-
ing to patients’ age group. [1,3,7] As a matter of fact,
patients with SCIWORA can be divided in two age
groups, children and infants younger than 8 years old
and adults older than 60 years old .[ 1]

Children are anatomically predisposed to SCIWO-
RA due to a series of reasons. Firstly the size of their
head is relatively larger and heavier comparatively
to the size of the adult head resulting in movements
that shift the maximum force to the C2-C3 spinal lev-
el.[8] Furthermore, it has been shown that the pedi-
atric spine is quite elastic in contrast with the spinal
cord: the spine can be stretched by 2" while the cord
can only be stretched by 0.25” before it shows signs
of trauma.[9] This is due to the horizontal and shal-
low facet joints, the stretchable ligaments and the fact
that the uncinated processes are still absent[22]. This
is also supported by cadaver studies which revealed
that flexion injuries to the pediatric spine were capable
of causing subluxation resulting to myelopathy, but
no damage at the bony and ligamentous structures.
[26] Makino et al, reviewed postmortem multidetector
computer tomography scans (MDCT) which were per-
formed within the forensic investigations. Before the
autopsy, an MDCT was performed and the scans were
interpreted by radiologists experienced in forensic ra-
diology. The study came to the conclusion that MDCT
is not capable of replacing autopsy for diagnosing SCI-
WORA. In addition, children younger than 8 years old
have delicate blood vessels supplying the spinal cord,
making them even more prone to such injuries[22].

Adults older than 60 constitute the second high risk
group for suffering SCIWORA. [1] Adult patients di-
agnosed with SCIWORA have been reported to have
a number of anatomic changes on their spine. The re-
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duced diameter of the cervical spinal canal [10] and the
degenerative changes of the spine that are expected in
this age group[11,3] are the main aggravating factors.
Additionally MRI proved that 76% of patients with
SCIWORA had herniated discs. [10,15] Makino’s study
confirmed the existence of disc herniations and disc in-
juries in these patients.[12]

2. Mechanism of injury

A number of different types of injuries can cause
SCIWORA ,and the most common are motor vehicle
accidents and falls.[ 13,20]. Falls from heights is the
next most common cause. Less often, sports related
injuries can cause SCIWORA. Not so common causes
include being stricken by a moving object, penetrating
injuries and assaults. [14 ]

Regardless of the cause of injury, the underlying
mechanism of injury is usually hyperextension move-
ment of the neck.[5] The exact way that hyperexten-
sion causes SCIWORA is still being analyzed but it is
suggested that hyperextension leads to a temporary
occlusion of the vertebral arteries which is followed by
a spontaneous return of the vertebrae to their original
position, resulting to ischemia.[5] Neonates are highly
predisposed to this kind of injury due to the peculi-
arities of the anatomy of their atlanto-occipital articu-
lation. Hyperextension can also force the interlaminar
ligaments forward into the spinal canal, narrowing
it down by even half of its diameter.[7] Apart from
hyperextension, mechanisms of injury also include
flexion, distraction and ischemia. Distraction injuries
are mostly seen in children especially younger than 5
years of age.

3. Symptoms of SCIWORA

As it is described, SCIWORA is a traumatic condi-
tion leading myelopathy where imaging gives little to
no information. The starting point of the diagnostic al-
gorithm is the clinical presentation. Sciwora has a large
range of symptoms which may vary from a transition-
al numbness to a complete quadriplegia. Neurological
deficits as hand and arm numbness, [ 6,15] weakness of
the lower extremities, inability to move[ 33] and even
complete paraplegia has been reported.[ 7] The neuro-
logical deficits may be transient or permanent. Tran-
sient symptoms seem to resolve within 72 hours. [18]

Some researchers have tried to classify the neurolog-
ical status into categories according to the motor and
sensory findings[8]. Diagnosis of SCIWORA in very
young children may be challenging because the invol-
untary reflex movements of the lower limbs mimic the
normal movements.[22] In case of upper thoracic inju-
ries the red flag symptoms may be pulmonary compli-
cations because of the impaired function of respiratory
muscles. [22]Other symptoms that have been reported
are neck pain or tenderness, altered mental status and
torticollis.[23]

The onset of the symptoms may also differ. Some
patients have stated that they only experienced the
symptoms at the exact moment of the injury.[5] It has
been shown that the time period between the injury
and the appearance of the symptoms can range from
30 minutes to even 4 days.[7,29] This delayed onset of
symptoms seems to have no obvious correlation with
the mechanism of injury or with the age of the patient.
[29] This phenomenon is called late onset SCIWORA.
Some of the patients who were diagnosed as late onset
SCIWORA cases reported that they actually had some
transient neurological symptoms at the time of the in-
jury, such as lightning sensation, numbness or pares-
thesia.5 There was no incident of a second trauma be-
tween the time of injury and the final development of
the symptoms.[ 29]However, it is not to be missed that
some of the patients who were deemed late onset SCI-
WORA cases might had symptoms at the time of the
injury which were missed in the initial examination.[7]

Recurrent SCIWORA is another phenomenon de-
scribed in the literature. It is described as a second
injury to the spinal cord after the initial injury in the
following 3 days to 10 weeks [6]. It is believed that the
post traumatic period is a vulnerable period for the
spine and according to the reported cases, the second
injury is always more severe than the first one.[6,7]

4. Diagnosis of SCIWORA

Diagnosing SCIWORA begins with the arrival of the
patient at the emergency room, containing a carefully
taken history and clinical evaluation.[6] The majority
of the clinical practitioners use the ASIA score to cate-
gorize the patient’s status according to the neurologi-
cal deficits.[16] The imaging evaluation used to consist
of radiographs of the cervical spine and even an open
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mouth view of the odontoid.[6] It is obvious that in
the era of using only plain radiographs the diagnosis
of SCIWORA was done by exclusion. A number of
practitioners have discussed the use of dynamic radio-
graphs. Plain radiographs performed with the cervical
spine in flexion and extension can indicate the stability
of the spine.[31] The timing of their performance has
also been discussed as in the acute period of the injury
the muscle spasm can change the results, concluding to
performing the dynamic radiographs around a week
after the injury. [6, 36] However it is not a common
tactic anymore as researchers have concluded that the
existing instability can cause even more damage to the
already injured spinal cord.[17,36] Computed tomog-
raphy has been used in order to exclude fractures and
dislocations as it is the most precise examination when
it comes to diagnosing bony abnormalities.[5] MDCT
has even been suggested to be part of the investigation
of traumatic deaths as it has been shown that there is
an interesting correlation between post mortem results
and autopsy findings.[28]

In the 80s, somatosensory evoked potentials (SSEPs)
were performed usually within 24 hours of patient’s
admission.[6] However it was soon considered to be
a special test rather than a routine test for diagnosing
SCIWORA.[7] SSEPs’ possible uses could be the de-
tection of subtle posterior column dysfunction, evalu-
ating patients who are comatose or head injured and
it could also provide a baseline MRI examination for
comparison.[12]

MRI was definitely a breakthrough for diagnosing
SCIWORA as it can show the actual damage of the
spinal cord when plain radiographs and sometimes
even CTs seem normal.[18] In the literature, it is stat-
ed that occult instability in SCIWORA was not proven
until MRI was added on the tests that were performed
on patients.[7] MRI is argued to be the only imaging
option when it comes to imaging the damages of the
spinal cord.[23] MRI abnormalities can be categorized
as extra neural and neural.[1,7] Extra neural abnormal-
ities consist of soft tissue damage as disc herniation,
intradiscal hemorrhages and ligamentous damages.
[7] On the other hand, neural abnormalities shown on
MRI contain disruption of the spinal cord, cord hem-
orrhage and edema.[7] MRI can also be prognostic of
the outcome.[17,25] Most practitioners agree that MRI

findings in SCIs can be classified to four patterns; nor-
mal MR, single level edema, multilevel edema and a
mix of hemorrhage and edema.[20] Following that,
attempts were made to find a correlation between the
MRI findings and the clinical presentation in order for
MRI to be prognostic and not only diagnostic.[33,12]
However MRI is not diagnostic in all cases since it has
been documented that patients with persistent neuro-
logic deficits may present with normal MRL[5] The
timing of performing the MRI seems to be related with
the findings as it has been shown that sometimes early
performed MRIs do not always correlate with the neu-
rological outcome.[8] According to some authors, the
best time for performing an MRI is 24-72 hours after
the injury.[ 9] The initial MRI can sometimes show no
abnormalities so it has been suggested to perform an-
other MRI in the following 24 and 72 hours.[8] A study
by Ouchida et al, compared the MRI results performed
within 48 hours and two weeks after the injury. The
practitioners concluded that the delayed MRI reflect-
ed the severity of the neurological deficits much more
precisely than the acutely performed MRIL.The MRI
performed right after the injury could not show the
increased signal intensity or the prevertebral hyper-in-
tensity as they really were.[19] A quite controversial
subject is the advanced MRI sequences such as the SWI
and the DTI. These are more accurate on imaging hem-
orrhage but unfortunately they are very sensitive to
breathing motion and to artifacts caused by bones.[ 20]
Specifically, DWI has been suggested as an imaging
way to evaluate the integrity of white matter tracts in
spinal cord due to its ability to depict the microscopic
motion of water protons. In summary DWI could be
used in order to evaluate the severity of the injury.[20]
A few years back, Zhang and Xia suggested that dur-
ing the surgical intervention of corpectomy and fusion
discs that are suspicious for injuring the cord could be
injected with iohexol, under C-arm monitoring, in or-
der to check the integrity of the disc. The patients en-
rolled in the study suffered neurological deficits such
as weakness and numbness in their upper and lower
limbs. The MRI findings consisted of swollen soft tis-
sue and disc degeneration. The patients underwent an-
terior cervical surgery. During the surgery the suspect-
ed discs were injected. As a result the leakage revealed
the degenerated discs. These discs would be removed
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and replaced with a cage filled with bone graft.[21]

5. Treatment

There is no universal consensus about the treatment
options of SCIWORA. There is an ongoing controversy
about whether and when to operate, while the admin-
istration of corticosteroids is most likely to be aban-
doned by the majority of the practitioners.

The treatment of SCIWORA and every spinal cord
injury in general begins at the sight of the accident
with the placement of a hard collar. Immediate im-
mobilization with a hard collar is the common tactic
as well as the use of a fracture board if the thoracic
spine is compromised too.[6] The immobilization is
continued throughout the management of the patient
at the emergency room. In fact, it is stated that the col-
lar should only be removed once the patient is sedated
and intubated and the immobilization is then accom-
plished with sand bags keeping the neck in a neutral
position.[34]

The period of immobilization and whether the treat-
ment should remain conservative are the main reasons
for debate. Before 1985 a Philadelphia collar was placed
for 8 weeks and after it was removed the stability of the
spine was checked by dynamic radiographs.[6] After
1985 a Guildford brace was worn for 12 weeks. Addi-
tionally, sports were strictly prohibited for 3 months.7
Others suggest avoiding high risk activities for months
in order to decrease the possibility of a new injury.[5]
Another suggestions was immobilization by halter
traction and minimal weight for 3 weeks.2

Along with immobilization, the administration of
corticosteroids is being discussed extensively. Practi-
tioners seem to be divided in those who have rejected
the NASCIS protocols and those who still administrate
corticosteroids combined or not with surgical inter-
vention.[1] It is stated that corticosteroids should be
administrated to patients with persistent neurologic
deficits.[36] Administrating corticosteroids can lead to
anumber of complications such as infections of the pul-
monary system and gastrointestinal bleeding. Howev-
er, if administrated in the right dosage, corticosteroids
can provide an improvement. This applies in cases that
the patient needs to be transferred to another medical
unit before a possible surgical intervention.

Recently, it has been suggested that stem cell thera-
py could be effective in pseudo complete SCIWORA

injuries.[22] This means that patients who have axons
that are non-functional but they still react to stimulus
can benefit from both stem cell therapy and supportive
cell therapy. Regeneration of the axons could be sup-
ported by the transplantation of neurotrophic factors.
These have an anti inflammatory effect over the axons
and additionally promote their regeneration.

The decision for surgical intervention in SCIWORA
cases is not an easy decision to make since the level
of instability is not always obvious. Furthermore sur-
gical intervention always comes with all the possible
complications of surgery, including the second hit
syndrome. There is no guideline in the literature for
when to operate and when to remain conservative so
the decision is upon the physician. It seems that pedi-
atric patients have a good outcome with conservative
treatment while adult patients usually respond better
to surgical intervention, probably due to the increased
disc injury and the bulging of the ligamentum flavum.
[13]

Researchers have categorized the SCIWORA injuries
in four types. Type I means that there is no detectable
MRI findings, type Ila means that there are intraneural
abnormalities, type IIb means that there are extra neu-
ral abnormalities and type Ilc means that are both in-
traneural and extra neural abnormalities are idetified.
Some researchers decide whether to operate or not
according to what type of SCIWORA the patient suf-
fers from. Type llc which combines both intraneural
and extra neural abnormalities is usually treated surgi-
cally.[28] In general, surgery is indicated for unstable
injuries, dislocations, progressive deformities and for
cases where decompression is needed.

A quite commonly followed operative treatment
is expansive laminoplasty which can be combined
with fusion if the spine is kyphotic or has degen-
erative spondylolisthesis.[35] Mazaki et al, studied
the neurological status as well as the complications
of patients, of which some were treated conserva-
tively and some were operated.[14] The pratition-
ers concluded that the group of patients that un-
derwent laminoplasty did not show any significant
improvement in paralysis. However, the operated
group seemed to have high rates of complications,
especially of the urinary and respiratory system. An-
other operative option is anterior discectomy with
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interbody fusion using a cervical cage.[23] This sur-
gical option is described as a common technique in
spinal cord injuries but it is only recently applied
on SCIWORA cases. This procedure begins with an
anterior approach, a discectomy and decompres-
sion followed by the positioning of the cervical cage
which is usually filled with cancellous autograft. In
Huang's study, the outcome was rather positive,
improving by one level on the Frankel scale and
encountering no postoperative complications.[37]
Alongside with laminectomy a durotomy and duro-
plasty has also been described in the literature.16
According to Zhu's study, durotomy can contribute
to the decompression of the spinal cord and improve
the neurological status as a result. As he describes,
the patients underwent posterior laminectomy and
durotomy. The extent of the durotomy was decided
upon the segment with edema. The procedure in-
cluded removal of the hematoma, rinsing with sa-
line and finally suturing the dura. The results of the
follow up were rather positive as the practitioners
reported that even some patients with spinal cord
hemorrhage or contusion marked improvement after
surgery. This could mean that early decompression
plays some role on the neurological improvement.

Another critical question to be answered is when to
operate. The timing of the operation is very important
for the neurological outcome. A recent study came to
the conclusion that the optimal timing of operation is 3
to 7 days after the injury.[24]

Apart from the surgical procedures that aim to im-
mediate decompress the cord there are also other pro-
cedures that are done afterwards in order to correct
deformities. It is known that pediatric patients that

suffer from SCIWORA develop neuromuscular sco-
liosis. These long scoliotic curves that are sometimes
combined with pelvic obliquity should be treated to
improve pelvic balance and hip containment.[25] The
followed technique is using pedicle screws.

6. Prognosis

It has been stated that the initial neurologic status
is probably the most important prognostic factor. [32]
This means that MRI can provide prognostic infor-
mation according to the signal changes and the area
of extension.[1] With further investigation, it has been
shown that age over 45 years, the presence of degener-
ative changes of the spine and severe initial neurologi-
cal deficit, are factors that contribute to poor outcome.
[1] On the other hand, cord edema and age under 45
years seem to be connected with better prognosis.[13]
Additionally, the time of surgical treatment is connect-
ed to the outcome as it has been shown that the most
ideal time to operate is 3-7 days after the injury.[38]

Conclusion

SCIWORA is a rather controversial injury. Throughout
the years, researchers have proposed a series of other
possible acronyms to be more precise with the diagnosis
and findings of SCIWORA. There is not yet a consensus
for the treatment, although there have been some stud-
ies supporting surgical treatment against conservative.
The administration of corticosteroids tends to be aban-
doned by most practitioners even though some still use
them on specific cases. Due to the rarity of the condition
there are still many questions that need to be answered
in order to have the best possible outcome for patients
diagnosed with SCIWORA.
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