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Summary: Traumatic, spinal cord injury (SCI) is a potentially
catastrophic event causing major impact at both a personal
and societal level. To date, virtually all therapies that have
shown promise at the preclinical stage of study have failed
to translate into clinically effective treatments. Surgery is
performed in the setting of SCI, with the goals of
decompressing the spinal cord and restoring spinal stability.
Although a consensus regarding the optimal timing of surgical
decompression for SCI has not been reached, much of
the preclinical and clinical evidence, as well as a recent

international survey of spine surgeons, support performing
early surgery (<24 hours). Results of the multicenter, Surgical
Trial in Acute Spinal Cord Injury Study (STASCIS), expected
later this year, should further clarify this important management
issue. The overall goal of this review is to provide an update
regarding the current status of surgical therapy for traumatic
SCI by reviewing relevant pathophysiology, laboratory, and
clinical evidence, as well as to introduce radiologic and clinical
tools that aid in the surgical decision-making process.
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INTRODUCTION

Traumatic spinal cord injury (SCI) is a devastating and
debilitating condition that affects all regions of the world.
In Canada, the annual incidence of SCI among adults is
42 per million and is diagnosed in approximately 5% of
all major trauma victims [1, 2]. Increasing life expect-
ancy of spinal cord injured patients has lead to an
increased worldwide prevalence of SCI, which is now
approaching 2 million [3]. Economic data from the
United States National Institute of Neurological Disor-
ders and Stroke reports that approximately $4 billion
dollars are spent annually in the acute treatment and
chronic care of spinal cord injured individuals [4]. In
spite of the immense impact of SCI at a personal and
societal level, uniform treatment strategies aimed at
attenuating the initial degree of neurologic injury and
reducing patients’ future dependency are lacking [5].

Numerous acute therapies for SCI have appeared
promising at the preclinical stages of study; however,
most of these have failed to translate into clinically
effective treatments [6]. From a pharmaceutical stand-
point, all of the drug therapies tested in clinical efficacy
trials have failed to demonstrate substantive benefit, with
only high-dose methylprednisolone succinate showing
modest success in the landmark National Acute Spinal
Cord Injury Study (NASCIS)-2 trial [7]. However, due to
the potential increased risk of complications with high-
dose methylprednisolone succinate, some clinicians have
expressed concerns regarding this neuroprotective strat-
egy [8, 9]. The Sygen study was a phase III Randomized
Control Trial (RCT) evaluating GM-1, a ganglioside
complex with purported neuroprotective effects gleamed
from preclinical studies [10]. Although the drug showed
promise in improving neurologic recovery at a 3-month
interim analysis, it ultimately failed to demonstrate efficacy
with respect to the primary outcome at 6-months follow-up.
Apart from these, numerous other pharmacologic agents,
as well as cellular neuroregenerative therapies are under
investigation for the treatment of acute SCI. Importantly,
the preclinical models used to develop neuroprotective
treatments all involve decompression of the cord prior to
institution of the treatment, and it is noteworthy that
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surgical decompression was not universally applied in a
standardized fashion on the NASCIS and Sygen studies.
Surgical therapy plays an important role in the care of

spine trauma patients whether or not concomitant SCI
exists. In the setting of SCI, surgery is performed with 2
interrelated goals: 1) to decompress the spinal cord in
patients with neurologic deficit and ongoing spinal cord
compression, and 2) realign the spinal column and
restore spinal stability to facilitate early patient mobi-
lization and eventual rehabilitation. In contrast to
pharmaceutical therapies for SCI, in which several large
well-designed clinical trials have been completed, there
has been only 1 published prospective randomized
control trial investigating surgical management of SCI
[11]. The results of a recently completed prospective,
multicenter trial (STASCIS) are expected this year and
should help to better define the role of surgical manage-
ment in acute traumatic SCI [12].
The overall goal of this review is to provide an update

regarding the current status of surgical therapy for
traumatic SCI by reviewing relevant pathophysiology,
preclinical evidence, and existing and emerging clinical
evidence, as well as to introduce radiological and clinical
tools that aid in the surgical decision making process.

PATHOPHYSIOLOGY

The currently accepted model of SCI pathology involves
a 2-hit hypothesis with both primary and secondary injury
mechanisms leading to neural tissue destruction [13–15].
The primary injury consists of the initial traumatic
compressive force applied to the spinal cord causing
laceration and or intramedullary hematoma formation
[14]. The compressive force is typically caused by bone
or disc material that enters the spinal canal as a conse-
quence of vertebral fracture or dislocation. Although
primary preventive efforts aim to reduce the incidence of
primary injuries, little can be performed from a therapeutic
standpoint to repair this component of the injury once it has
occurred. As a result of the initial mechanical event and
persistent compression of the spinal cord, a cascade of
secondary injury mechanisms are initiated that exacerbate
the degree of tissue destruction. These processes, beginning
immediately after the primary injury, include free radical
formation, cellular ionic imbalance, cell membrane lipid
peroxidation, release of excitotoxic glutamate, as well as
vascular phenomenon, such as vasospasm and perfusion
reperfusion injury [16–19]. The end result is the gradual
expansion of the initial lesion, in a rostro-caudal direction
from the epicenter of the initial force, furthering gray matter
loss and white matter degeneration, at the expense of
neurologic function [20]. Because the temporal evolution
of secondary injury unfolds for a duration of several weeks,
a therapeutic time window exists, during which mitigation

of the aforementioned processes can lead to reduced neural
tissue destruction and improved clinical outcomes.

PRECLINICAL EVIDENCE FOR SURGICAL
DECOMPRESSION

Based on existing preclinical studies, it is clear that
ongoing compression of the spinal cord represents a form
of secondary injury that can be attenuated by decom-
pressive surgery [21–31]. It is also evident that the
degree of neural injury is directly related to the duration
of spinal cord compression and inversely related to the
time elapsed from injury to surgical decompression.
Support for this relationship was demonstrated by Dimar
et al. [24], when rats underwent weight drop induced SCI
followed by persistent spinal cord compression of
variable durations (i.e., at 0, 2, 6, 24, and 72 hours).
The results indicated that for the 6-week recovery period
the motor scores were consistently better for the rats with
shorter duration of spinal cord compression. Additionally,
portmortem histological analysis showed more severe
neural tissue damage as the time until decompression
increased. Summarizing the relevant literature on this topic,
Furlan et al. [32] recently completed a systematic review of
the available preclinical studies that have evaluated the role
of surgical decompression in animal models of SCI with
persistent cord compression [32]. Of the 19 included
studies, 11 indicated a time-dependent effect of spinal cord
compression in behavioral recovery, spinal cord blood
flow, electrophysiological recovery, and extent of histopa-
thological lesion. Based on the results of these and other
studies, there is compelling biologic rationale to offer
surgery in the case of traumatic SCI with persistent spinal
cord compression. Furthermore, it seems that the strength
of the neuroprotective effect seen with decompression is
time dependent, with waning effectiveness as the duration
of compression increases. Unfortunately, given the hetero-
geneity of these animal study models, it is difficult to
extrapolate to clinical practice, a single efficacy cutoff time
beyond which decompression becomes ineffective.

CLINICAL EVIDENCE FOR SURGICAL
DECOMPRESSION

One of the largest challenges in translating the
promising results of spinal cord decompression in animal
studies into clinical practice has been to define a
therapeutic time window during which performing
decompression results in improved clinical outcomes.
As for any therapy with purported neuroprotective
effects, the earlier in the disease course therapy is
instituted, the greater the potential for tissue preservation.
Balanced with this biologic rationale for expedient
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therapy are the practical realities of trauma medicine,
which in the real world setting, pose barriers to performing
surgery in a timely fashion. In a feasibility study of surgical
timing, the Toronto team (including the senior author)
demonstrated that of those patients with traumatic SCI who
underwent surgery, 24% of individuals had surgery by
24 hours and 40% of individuals had surgery by 48 hours
[33]. In a similar European study, 51% of patients received
surgery prior to 24 hours [34]. Factors that can potentially
increase the elapsed time from injury to surgery include
pre-hospital transport time, time for diagnostic evaluation,
and time for medical stabilization.
Taking these points into consideration, much attention

has been paid in the literature to defining an ideal cutoff
time, at which surgery provides neuroprotection and
improved clinical outcomes within the practical time
constraints of the real world. From this perspective, the 2
most intensively investigated cutoff points are 24 and
72 hours from the time of SCI [35]. Of studies using the 24-
h cutoff, the majority of the evidence is of low quality [32].
One systematic review, considered class 2 evidence,
concluded that early surgery (<24 h) results in better
neurological outcome than delayed surgery (>24 h) for
patients with incomplete injuries [36]. In studies of lower
methodological quality, surgery prior to 24 h has also been
shown to improve neurological outcomes and to reduce
complications, as well as certain measures of resource use,
such as overall length of hospital stay and length of
intensive care unit stay [37–39]. Conversely, studies of
similar low methodological quality, using the same time
cutoff, have failed to demonstrate a positive effect with
respect to neurologic outcome [40, 41]. In examining
studies using a 72-h cutoff to define early vs late surgery,
a similar dichotomy in outcomes exists. In the only
randomized controlled trial on this topic to date, Vaccaro
et al. [11] randomized patients to either early surgery
(<72 h) or late surgery (>72 h), and found no difference in
neurologic recovery or length of hospital stay between
these groups. As a result of the large number of patients in
this study that were lost to follow-up (20 of the original 62),
this study is considered to provide class 2 evidence. In
contrast to the findings of Vaccaro et al. [11], several other
nonrandomized surgical series have demonstrated
improved neurologic recovery and survival, as well as
decreased length of hospital stay, when decompressive
surgery was performed prior to 72 hours after SCI [42, 43].
Although there is no clear consensus from the older

clinical literature regarding the optimal timing of surgery
post-SCI, it is evident that early decompression is not
associated with harm or increased complication rates.
Furthermore, those clinical studies, which have found
improvement in neurological recovery with early decom-
pression, are supported by numerous preclinical studies
demonstrating the time-dependent neuroprotective effects
of decompressive surgery.

International consensus and emerging evidence
Interestingly, in spite of a clear answer on the topic of

surgical timing for traumatic SCI, it is evident that the spine
surgery community has embraced the concept of early
surgery. As an addendum to the systematic review completed
by the senior author’s team, through the use of a modified
Delphi process, a panel of 10 experts recommended that
“surgical decompression of the injured spinal cord be
performed within 24 hours when medically feasible” [32].
Furthermore, regarding this point, Fehlings et al. [44]
performed a survey study in which orthopedic and neuro-
surgical spine surgeons were asked case-based questions
regarding the optimal surgical management of traumatic
SCI, with evidence of ongoing spinal cord compression. Of
the 971 respondents, approximately 80% preferred to
decompress the spinal cord within 24 h of injury, within
every clinical scenario, except for central cord syndrome. In
the case of an incomplete SCI, 72.9% of respondents would
prefer to perform decompressive surgery within 6 h. These
results implicate that although we lack a final answer
regarding the relative efficacy of early surgery, a large
proportion of the international spine community consider it
a priority based on the available preclinical and clinical
evidence combined with their own personal experience.
To provide a definitive answer regarding the optimal

timing of decompressive surgery for SCI, a large scale,
multicenter, prospective trial, STASCIS, is underway. The
primary study objective is to evaluate the effects of early
(<24 h after injury) vs late (≥24 h after injury) decom-
pressive surgery on neurologic recovery after cervical SCI.
As secondary questions, the impact of surgical timing on
rates of acute inpatient complications, as well as overall
survival, will also be considered. With patient enrollment
finishing in 2009, complete study results are anticipated in
the coming year, with preliminary data ostensibly suppor-
tive of the hypothesis that decompression before 24 h
results in improved neurologic recovery [12].

SURGICAL PATIENT SELECTION
AND OPERATIVE APPROACH

Radiologic criteria
The potential benefit of surgical decompression in the

setting of traumatic SCI is contingent on the existence of
ongoing spinal cord compression. Hence, having access
to a reliable quantitative method for radiographically
assessing the degree of spinal canal narrowing and spinal
cord compression is critical when determining patients’
potential for benefit from surgical intervention. Conven-
tional X-ray, computed tomography (CT) and magnetic
resonance imaging (MRI) have all been evaluated for
their usefulness in this regard. To determine spinal canal
compromise measures, such as anteroposterior (AP) canal
diameter, transverse canal diameter, canal area, and the ratio
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of AP diameter to transverse diameter have been used
[45–49]. Similarly, to quantify spinal cord compression,
measures examined to date include AP cord diameter,
transverse cord diameter, cord area, cord circumference,
and cord circularity [50–53]. Unfortunately the use of
these measures are limited because there are few assess-
ments of their individual psychometric properties or
values for their sensitivity and specificity [54].
To provide a reliable means to interpret imaging in the

context of acute SCI, Fehlings et al. [55] performed a
multicenter study defining the optimal radiologic method
for assessing spinal cord compression and spinal canal
compromise [55]. In this study, 2 radiologists evaluated
the acute admission imaging (X-Ray, CT, and MRI) of 71
patients with cervical SCI. For purposes of standardiza-
tion, maximal spinal canal compromise was calculated
by comparing the AP canal diameter at the level of
maximum injury with the AP canal diameter at nearest
normal levels above and below (Table 1). Similarly,
maximal spinal cord compression was calculated by
comparing the AP cord diameter at the level of maximum
injury with the AP cord diameter at nearest normal levels
above and below (Table 1). Using these methods, sagittal
CT and T1-weighted MRI were most effective at
evaluating spinal canal compromise, whereas sagittal
T2-weighted MRI was most effective at evaluating spinal
cord compression. Interobserver correlations of measure-
ments between study radiologists were consistently
strong and statistically significant. Interestingly, the
presence of >25% canal compromise on sagittal CT
predicted the MRI presence of cord compression in
100% of cases; however, in those with <25% canal
compromise on CT, the majority continued to exhibit
MRI evidence of cord compression. This finding illustrates
the high sensitivity, but very poor specificity of canal
compromise visualized on CT in predicting spinal cord
compression. Overall, this study has provided a stand-
ardized and reliable method for quantifying the degree of
canal compromise and cord compression, to be used as a

benchmark in the clinical realm and for incorporation into
future and current surgical studies in SCI.

Clinical algorithms to aid in surgical decision-making
The presence of spinal cord compression and neuro-

logic deficit are important considerations when assessing
if a patient with spinal trauma requires surgery. However,
additional concepts, such as mechanism of injury,
biomechanical stability, osteo-ligamentous integrity and
fracture morphology also define the nature and severity
of a given spine injury and help to guide therapeutic
decision-making. Several authors have attempted to
incorporate some or all of these elements, to create a
comprehensive spinal trauma classification system, for
use in the clinical realm. These have included the 2-
column model of Holdsworth [56], the 3-column model
of Denis [57], the AO thoracolumbar injury classification
and the McCormack load-sharing classification [56–
59]. Although each of these offers a unique profile of
advantages and disadvantages, no single system has
gained widespread use for several reasons. First, the
majority of these are complex, nonintuitive, and cum-
bersome for use in an everyday clinical setting. Second,
most systems fail to incorporate modern day diagnostic
imaging modalities, such as MRI, which are capable of
assessing the integrity of soft-tissue structures critical for
maintaining spinal stability. Such structures include the
posterior ligamentous complex in the thoracolumbar
spine and disco-ligamentous complex in the cervical
spine. Third, most systems fail to guide clinical treat-
ment decisions based on specific injury characteristics.
Of particular interest would be the development of
objective standardized criteria, which would dictate
the need for operative vs conservative management for
a specific case. Finally, few systems consider SCI or the
pattern of neurologic deficit in their classification,
features which obviously impact the need for and
urgency of surgical treatment.
To overcome the recognized deficiencies of the existing

systems, members of the Spine Trauma Study Group
(STSG) have recently participated in the development of
2 novel classification systems for spinal trauma [60, 61].
The STSG is a working group dedicated to the study of
traumatic conditions of the human spine, consisting of 50
surgeons from 12 countries around the world. The first
classification system, known as the Subaxial Injury
Classification (SLIC), addresses injuries to the subaxial
cervical spine [60]. Based on a review of the literature and
survey of the STSG expert committee, clinical and radio-
graphic variables were identified as candidates for incor-
poration into SLIC. Ultimately, the classification system
consists of 3 main categories: 1) injury/fracture morphol-
ogy, 2) integrity of disco-ligamentous complex, and 3)
neurological status (Table 2). Injury morphology is
subdivided into: 1) compression injuries, 2) distraction

Table 1. Standardized Formulas for Determining Maximal
Canal Compromise And Maximal Cord Compression.

Maximal Canal
Compromise (%)

Maximal Cord
Compression (%)

((1–Di)/(Da+Db/2)) x 100% ((1–di)/(da+db/2)) x 100%

Modified from: Fehlings MG, Rao SC, Tator CH, et al. The optimal
radiologic method for assessing spinal canal compromise and cord
compression in patients with cervical spinal cord injury part 2:
results of a multicenter study. Spine 1999;24:605-613.
Di = anteroposterior (AP) canal diameter at the level of maximal injury;
Da = AP canal diameter at nearest normal level above level of injury;
Db = AP diameter at nearest normal level below level of injury; di = AP
diameter of the cord at the level of maximal injury; da = AP diameter of
cord at nearest normal level above level of injury; db = AP diameter of
the cord at nearest normal level below level of injury.
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injuries, and 3) translation/rotation injuries. Integrity of
disco-ligamentous complex is assessed to be either 1) intact,
2) indeterminate (interspinous spreading, or soft tissue T2
hyperintensity), or 3) disrupted (facet dislocation or disc
space widening). Neurological status is classified as: 1)
intact, 2) radiculopathy, 3) incomplete SCI, or 4) complete
SCI. Within the 3 categories, each variable is assigned a
weighted score depending on how it contributes to the
overall injury severity. For a given injury, summing the
weighted scores across each category leads to an overall
injury severity score (SLIC score). The authors have
recommended that patients with a SLIC score of less than
4 should be treated nonoperatively, those with an SLIC
score greater than 4 should be treated operatively, and those
with an SLIC score of exactly 4 can be managed with or
without surgery at the discretion of the clinical management
team. The reliability of the overall SLIC classification is
substantial with intra-rater intraclass correlation and inter-
rater intraclass correlation measurements of 0.83 and 0.71,
respectively.
The second classification system contributed by the

STSG, known as the Thoracolumbar Injury Classification
and Severity Score (TLICS), addresses spinal injuries at the
thoracolumbar junction based on an algorithm virtually
identical to SLIC (Table 3) [61]. As with the SLIC, the
TLICS evaluates injuries on 3 categories, each of which
have weighted subdivisions that contribute to an overall
severity score. Study authors provided the recommendation
that injuries evaluated to have a TLICS score less than 4
should be managed nonoperatively, those with a score
greater than 4 should be managed operatively, and those
with a score of exactly 4 might be managed with or without
surgery. Similar to the SLIC, TLICS has shown good to

excellent inter-rater and intra-rater reliability in assessment
of its psychometric properties.
These classifications have provided a standardized,

reproducible and reliable means of classifying cervical
and thoracolumbar trauma. Moreover, they provide
clinicians with a systematic way of determining the
optimal treatment strategy for a given patient based on
individual injury characteristics.

Operative approach
When the combination of clinical and radiologic infor-

mation for a given patient with SCI dictate the need for
surgical therapy, many questions remain for the surgeon
involved. These decision points include choice of operative
approach (anterior vs posterior vs combined), number of
levels to be included in decompression or fusion, use of
bone graft (autograft, allograft, synthetic), use of instrumen-
tation, use of supplements, such as bone cement or bone
morphogenic protein, and use of intraoperative aids, such as
neurophysiology or neuronavigation. Regarding the oper-
ative approach, conventional wisdom dictates that a decision
to approach anteriorly or posteriorly should be based on the
location of the primary pathology. Hence, in the case of a
cervical spinal cord injury with a large protruding disc
compressing the spinal cord from the anterior, the choice to
decompress and fuse from an anteriorly directed surgical
approach is intuitive. Conversely, in treating some injuries,
there appears to be equipoise in the choice of approach,
with neither anterior nor posterior seeming intuitively
superior. To address such injuries, Brodke et al. [62]
randomized 52 patients with subaxial cervical spine
injuries, with concomitant SCI, to either anterior or
posterior stabilization and fusion. Patients requiring a

Table 2. The Subaxial Cervical Spine Injury Classification
System.

Injury Variable Weighted
Severity Points

Morphology:
No abnormality 0
Compression 1
Distraction 3
Rotation/Translation 4
Disco-ligamentous complex integrity:
Intact 0
Indeterminate 1
Disrupted 2
Neurologic status:
Intact 0
Root injury 1
Complete cord injury 2
Incomplete cord injury 3
Cord Compression with neurodeficit +1

Modified from: Vaccaro AR, Hurlbert J, Patel AA, et al. The
subaxial cervical spine injury classification system: a novel
approach to recognize the importance of morphology, neurology,
and inegrity of the disco-ligamentous complex. Spine
2007;32:2365-2374.

Table 3. The Thoracolumbar Injury Classification and
Severity Score.

Injury Variable Weighted
Severity Points

Morphology:
No abnormality 0
Compression 1
Translation/Rotation 3
Distraction 4
Posterior Ligamentous Complex integrity:
Intact 0
Indeterminate 2
Disrupted 3
Neurologic status:
Intact 0
Root injury 2
Conus, cord injury:
Incomplete cord injury 3
Complete 2
Cauda equina 3

Modified from: Vaccaro AR, Lehman RA, Hurlbert RJ, et al. A
new classification of thoracolumbar injuries: the importance of
injury morphology, the integrity of the posterior ligamentous
complex, and neurologic status. Spine 2005;30:2325-2333.
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specific approach for decompression or reduction were
excluded. Between the two approaches, there were no
significant differences in spinal fusion rates, alignment,
neurologic recovery, or long-term complications.
Practically, for questions of approach or other operative

related issues, it is up to the surgeon to combine the best
available evidence with their own anecdotal experience to

create a treatment plan tailored to the patient and the
specifics of the clinical scenario.

Illustrative clinical case
A 20-year-old male driver was involved in a motor

vehicle rollover accident while unrestrained. His neuro-
logical examination on arrival at hospital demonstrated

FIG. 1. Preoperative T2-weighted cervical spinal magnetic resonance image demonstrating spinal cord compression at level C6-C7 with
concomitant hyperintense signal changes within the cord. Based on the formula from Table 1, the degree of spinal cord compression is (1 -
[0.4/(0.8+0.7)/2])×100%=53%.

FIG. 2. Postoperative T2-weighted cervical spinal magnetic resonance image at 1-year postinjury demonstrating complete decom-
pression of the spinal cord and restoration of normal cervical spinal alignment.
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an incomplete, ASIA C SCI with a neurologic level of
injury at C7. A cervical CT scan with 3-dimensional
reconstructions was performed showing a flexion/dis-
traction injury with facet dislocation and anterior trans-
lation of C6 vertebral body with respect to C7. An MRI
scan of the cervical spine demonstrated spinal cord
compression at the C6–C7 level with associated T2
hyperintensity in the spinal cord at this level. FIG. 1
illustrates the degree of spinal cord compression (53%)
on the preoperative MRI, as measured by the standardized
method just previously described. Given the ongoing spinal
cord compression and a calculated SLIC score of 10
(morphology+4, disco-ligamentous complex+2, neuro-
logic status+3, cord compression+1), the patient under-
went surgical management after closed reduction was
achieved 12 h after the injury. A C7 corpectomy with
autologous bone graft placement followed by a posterior
lateral mass fixation was performed. At 1-year postinjury,
the patient had improved to an ASIA D injury severity
status with follow-up MRI demonstrating normal cervical
alignment with no evidence of spinal cord compression or
spinal canal compromise (FIG. 2).

CONCLUSIONS

With descriptions appearing in ancient Egyptian
medical texts more than 4,000 years old, SCI, as a
clinical entity, has perplexed clinicians and scientists
alike for centuries. In spite of the large volume of basic
science and clinical research that has accumulated on this
topic to date, a major therapeutic breakthrough has
remained elusive. Although far from a cure, the preclinical
and existing clinical evidence evaluating early surgical
decompression for traumatic spinal cord injury appears
promising. We look forward to providing a definitive
answer on this topic once the STASCIS data has been fully
analyzed. Ultimately, we believe that the solution to
optimizing clinical outcomes in SCI is complex and will
involve a combinatorial approach that may include surgery,
in addition to other neuroprotective and cellular regener-
ative therapies. Based on a critical analysis of the best
available data, in concert with surveys of current surgical
opinion, we strongly recommend the early application of
surgical decompression and spinal stabilization within 24 h
of SCI when medically feasible.
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