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Study Design: Retrospective case series.

Purpose: To clarify the influence of cervical spinal canal stenosis (CSCS) on neurological functional recovery after traumatic cervical
spinal cord injury (CSCI) without major fracture or dislocation

Overview of Literature: The biomechanical etiology of traumatic CSCI remains under discussion and its relationship with CSCS is
one of the most controversial issues in the clinical management of traumatic CSCI.

Methods: To obtain a relatively uniform background, patients non-surgically treated for an acute C3—4 level CSCI without major frac-
ture or dislocation were selected. We analyzed 58 subjects with traumatic CSCI using T2-weighted mid-sagittal magnetic resonance
imaging. The sagittal diameter of the cerebrospinal fluid (CSF) column, degree of canal stenosis, and neurologic outcomes in motor
function, including improvement rate, were assessed.

Results: There were no significant relationships between sagittal diameter of the CSF column at the C3—4 segment and their Ameri-
can Spinal Injury Association motor scores at both admission and discharge. Moreover, no significant relationships were observed
between the sagittal diameter of the CSF column at the C3-4 segment and their neurological recovery during the following period.
Conclusions: No relationships between pre-existing CSCS and neurological outcomes were evident after traumatic CSCI. These re-
sults suggest that decompression surgery might not be recommended for traumatic CSCI without major fracture or dislocation despite
pre-existing CSCS.

Keywords: Cervical spinal canal stenosis; Cervical spinal cord injury without major fracture or dislocation; Magnetic resonance im-
aging; Neurological outcome

Introduction ing adult traumatic cervical spinal cord injuries (CSCI)
without major bony injury or dislocation, using various
Numerous previous studies have been published concern- nomenclature, such as hyperextension dislocation [1],
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Table 1. Neurological status (ASIA impairment score) at admission and discharge

On discharge

On admission

A 10 2
B 1"

C 31

D 6
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ASIA, American Spinal Injuries Association.

spinal cord injury (SCI) without radiographical abnormal-
ity in adults (SCIWORA) [2-6], SCI without radiographi-
cal evidence of trauma (SCIWORET) [7-9], and CSCI
without bony injury [10-11]. Most patients are elderly and
may present with tetraplegia caused by a hyperextension
injury, predominantly at the C3-4 segment, with cord
compression as a result of a stenotic spondylotic canal
[3,7,12-14]. However, the influence of cervical spinal ca-
nal stenosis (CSCS) on neurological recovery after CSCI
remains unclear.

The broad definition of SCTWORA/SCIWORET in-
cludes disc injury, anterior vertebral body tip or spinous
process fracture, or other ligamentous injury. We defined
CSCI with or without those injuries but without spinal ca-
nal bony injury as traumatic CSCI without major fracture
or dislocation. Traumatic CSCI can occur with or without
CSCS and cervical cord compression. The biomechani-
cal etiology of traumatic CSCI without major fracture or
dislocation remains under discussion, and its relationship
with CSCS is one of the most controversial issues in the
clinical management of traumatic CSCL

The aims of the current study were to clarify the influ-
ence of spinal canal stenosis on neurological functional
recovery after traumatic CSCI without major fracture or
dislocation.

Materials and Methods

1. Study population

A total of 101 subjects with traumatic CSCI without ma-
jor fracture or dislocation were treated conservatively in
our facility from 2010 to 2013. All patients underwent
functional plain radiographs including flexion and exten-
sion, computed tomography (CT), magnetic resonance
imaging (MRI), and neurologic examination by a senior

spine surgeon at the time of admission. All patients wore
a Philadelphia collar for 4 weeks and started their reha-
bilitation from sitting exercise immediately without caus-
ing any discomfort if their general conditions were stable.
Of these patients, 58 had the injury at C3-4 (57.4%); 1 at
C2-3 (1.0%); 26 at C4-5 (25.7%); 12 at C5-6 (11.9%); and
4 at C6-7 (4.0%). In the study, we focused on the subjects
with responsible injured segment at the C3-4 segment
who were admitted to our facility within 48 hours follow-
ing trauma and had evidence of cervical cord injury with
cervical cord intensity change on T2-weighted MRI at the
C3-4 segment. A total of 58 subjects (52 men, 6 women;
average age, 63.8 years [range, 42-89 years]) were includ-
ed in the study. Of the 58 patients, 34 showed central cord
syndrome, 20 showed transverse, 2 showed anterior cord
syndrome, and 2 showed Brown-Sequard syndrome. The
average period of hospitalization was 258 days (range, 61
to 550). The neurologic status of the patients at the time
of admission and discharge are summarized in Table 1.
Patients with the following conditions were excluded from
the study: multiple segmental cervical cord injury, cervi-
cal myelopathy before trauma, apparent herniated disc at
the injured segment, severe instability on functional ra-
diographs as defined by White et al. [15] (dynamic trans-
lation >3.5 mm or 11° greater angulation than that in the
adjacent segment) or indication of spontaneous reduction
of dislocation at C3-4 segment, or ankylosing spondylitis.

Institutional Review Board approval was granted and
informed consent was obtained from all patients included
in the study.

2. Measurement of sagittal diameter of the CSF column
We used a T2-weighted mid-sagittal MRI scan obtained

at the time of admission to measure the sagittal diam-
eters of the cerebrospinal fluid (CSF) column at the C3-4
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intervertebral disc level and C3 pedicle level. The rate of
spinal canal stenosis was calculated using the following
equation: (A-B)/Ax100 (Fig. 1).

3. Neurological status (ASIA motor score)

The American Spinal Injuries Association (ASIA) motor

Fig. 1. T2-weighted midsagittal magnetic resonance im-
aging. A is the diameter of the cervical cord at the non-
compression level and B is the diameter of the cervical
cord at the injured level.
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score (range, 0 to 100) was documented at the time of
admission and discharge for each patient. Neurological
recovery was evaluated as an improvement rate (%) calcu-
lated as (motor score at discharge-motor score at admis-
sion)/(100-motor score at admission)x100.

4. Statistical analysis

Statistical analysis was performed using the Spearman
rank-correlation coefficient to evaluate the relationships
between neurological status and CSCS. p<0.05 was con-
sidered statistically significant.

Results

The average value of the sagittal diameters of the CSF col-
umns at the C3-4 intervertebral disc and C3 pedicle level
was 6.5 mm and 8.9 mm, respectively. The average period
of hospitalization was 258 days (range, 61 to 550 days).
The average value of ASIA motor score at the time of ad-
mission and discharge was 28.5 and 67.7, respectively, and
the improvement rate was 61.1%. The average value of the
spinal canal stenosis ratio was 25.7%.

Fig. 2 shows the relationships between the sagittal diam-
eter of the cervical CSF column at the C3-4 intervertebral
disc level and ASIA motor score, which reflects neurologi-
cal status at the time of admission and discharge. There
were no significant relationships between the sagittal di-
ameter of the cervical CSF column and ASIA motor scores
both at the time of admission (p=0.773) and discharge
(p=0.138) for the subjects with traumatic CSCL

Fig. 3 shows the relationship between the sagittal diam-
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Fig. 2. The sagittal diameter of the cervical cerebrospinal fluid (CSF) column and American Spinal Injuries Association motor score

(A) at admission and (B) at discharge.
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Fig. 3. Sagittal diameter of the cervical cerebrospinal fluid (CSF) column and the improvement rate according to the (A) subtraction

score and (B) improvement rate (%).
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Fig. 4. The rate of spinal cord stenosis and American Spinal Injuries Association motor score (A) at admission and (B) at dis-

charge.

eter of the cervical CSF column at the C3-4 intervertebral
disc level and the improvement rate, which reflects neuro-
logical recovery at the time of discharge. We defined the
subtraction score as (motor score on discharge)-(motor
score on admission). There was no significant relationship
between the sagittal diameter of the cervical CSF column
and neurological recovery at the time of discharge (sub-
traction score; p=0.155, improvement rate; p=0.111).

Fig. 4 shows the relationships between the rate of spi-
nal canal stenosis and ASIA motor scores. There were no
significant relationships between the rate of spinal canal
stenosis and ASIA motor scores both at the time of admis-
sion (p=0.897) and discharge (p=0.315).

Fig. 5 shows the relationship between the rate of spinal
canal stenosis and improvement rate. There was also no
significant relationship between the rate of spinal canal
stenosis and neurological recovery at the time of discharge

(subtraction score; p=0.441, improvement rate; p=0.277).

Discussion

The number of CSCI without major fracture or disloca-
tion has been increasing as the population ages [16].
However, the clinical management of traumatic CSCI is
contentious.

Some authors recommend surgery for patients with
pre-existing canal stenosis, as persistent cord compression
may hinder neurological improvement [17-19]. La Rosa et
al. [17] reported that early decompression surgery within
24 hours after trauma had a significantly better outcome
compared with late surgical management. Chen et al. [18]
recommended surgical treatment to achieve rapid neu-
rological recovery and shorter hospitalization despite the
level of functional recovery in the surgical and conserva-
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Fig. 5. The rate of spinal cord stenosis and the improvement rate according to the (A) subtraction score and (B) improvement rate (%).

tive treatment groups. Yamazaki et al. [19] reported that
the canal diameter was a reliable predictor of recovery and
recommended early decompression surgery. However,
these studies were retrospective comparisons with small
data sets and so likely had an inherent selection bias for
surgical management.

In contrast, other researchers have reported no ad-
ditional benefit with surgery compared to conservative
treatment [20-22]. For example, Itoh et al. [20] reported
no significant difference in neurological improvement
between surgical and conservative management of CSCI
without major bony injury; a higher frequency of postop-
erative complications was observed in subjects who were
treated surgically. Kawano et al. [21] reported that surgical
treatment was not superior to conservative treatment for
CSCI without major bony injury with spinal cord com-
pression in the acute phase. Although this study is not a
comparison of conservative and operative treatment, our
results propound prudence for surgical decompression
until unequivocal evidence demonstrating improved neu-
rological recovery or the prevention of delayed deteriora-
tion through surgery is presented.

In our facility, CSCI patients without major fracture or
dislocation have consistently been treated conservatively
and rehabilitated as early as possible, thus providing an
appropriate study cohort to examine whether cervical ca-
nal stenosis is a risk factor for a deteriorative neurological
course. We focused on the subjects with CSCI injured at
C3-4 segment because of its high frequency (57.4%). Sev-
eral studies have reported the frequent incidence of trau-
matic CSCI at the level of C3-4 segment. However, under
the circumstances, this remains a matter of debate. In the
study, there were no significant relationships between

sagittal C3-4 cord diameters and ASIA motor scores both
at the time of admission and discharge. Moreover, no
significant relationship between CSCS and neurological
recovery was seen in CSCI subjects. These results ap-
pear to be unreasonable, since pathophysiology is closely
related with stenotic factors, especially in degenerative
cervical myelopathy [23,24]. Yet, careful consideration of
the mechanism of traumatic SCI could provide account-
able interpretations. At the moment of traumatic injury,
the unphysiological and instantaneous dynamic stenosis
would most significantly affect the neurological outcomes
[16]. In the present study, what we consider to be most
important finding is that canal stenosis on radiographs
is a different condition from the unphysiological stenosis
at the moment of injury. For this reason, the neurologi-
cal outcome varies greatly, even among patients with the
same canal diameter. Our data are consistent with those
of earlier studies that showed that motor deficit severity
does not statistically correlate with spinal canal stenosis
degree [16,25,26]. Our results suggest that decompression
surgery might not be necessary for CSCI without major
fracture or dislocation with asymptomatic pre-existing
stenosis in the acute phase.

Nevertheless, some questions remain unanswered even
after the current study and so this study can only serve as
a pilot study for further research using larger populations,
which may help resolve several issues not addressed in
this study and further clarify the clinical management of
traumatic CSCI without major fracture or dislocation.

Conclusions

Our results showed no relationships between pre-existing
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CSCS and neurological outcomes after traumatic CSCI.
These results suggested that decompression surgery might
not be recommended for traumatic CSCI without major
fracture or dislocation despite pre-existing CSCS.
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