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The pathophysiology of cervical spinal cord injury: what are the
differences between traumatic injury and degenerative
disorder
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STUDY DESIGN: Retrospective comparative clinical study.
OBJECTIVE: To establish eligible diagnostic criteria for traumatic cervical spinal cord injury (TCSCI) without major fracture or
dislocation and create a definitive clinical protocol by comparing the pathophysiology of CSCI in both traumatic and degenerative
disorders.
SETTING: Fukuoka, Japan.
METHODS: A total of 21 TCSCI patients and 16 rapid progressive clinical deterioration of cervical spondylotic myelopathy (rp-CSM:
additional cervical spinal cord injury with an existing cervical myelopathy) patients with impairment graded as C or D on the
American Spinal Injury Association (ASIA) Impairment Scale were included in the study. Magnetic resonance (MR) images and ASIA
motor scores were evaluated for all of the patients at the time of admission and 12 months postoperatively.
RESULTS: The T2-weighted MR images for all patients showed an abnormally high intramedullary signal in the area of the injured
segment at the first examination. At 12 months post-surgery, 47.62% of patients with TCSCI and none with rp-CSM had an
abnormally low intramedullary signal change on T1-weighted MR images. The neurological improvement with rp-CSM was
significantly greater than that with TCSCI at 12 months postoperatively.
CONCLUSIONS: Our results suggest that the pathophysiology of CSCI between traumatic injury and degenerative disorder are
similar, but not identical. The most important factor in the early pathophysiological differential diagnosis between these two
pathologies is the presence of an existing cervical myelopathy. We believe that early prognosis with eligible diagnosis for CSCI may
lead to early preparations for social rehabilitation in each case.
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INTRODUCTION
Most patients with traumatic cervical spinal cord injury (TCSCI)
without major fracture or dislocation have pre-existing cervical
spondylotic changes or cervical ossification of the posterior
longitudinal ligament (OPLL), which results in narrowing of the
cervical spinal canal [1]. Hyperextension of the cervical spine has
been postulated to be an important mechanism of TCSCI in the
absence of major bony injuries [1–6].
Numerous controversies exist with regard to the clinical

management of TCSCI. Some authors recommended the surgical
treatment of TCSCI without major fracture or dislocation with
cervical spinal cord compression at the injured segment [7–10]. In
particular, La Rosa et al. [9] reported that early decompression
surgery within 24 h of trauma had a significantly better outcome
when clinically compared with late surgical management. In
contrast, there have been some negative reports [11–13]
regarding the effects of the surgical treatment. Kawano et al.
[12] reported that surgical treatment of TCSCI without major
fracture or dislocation with spinal cord compression, even in the
acute stage, was not found to be superior to conservative

treatment. Therefore, the same pathophysiological diagnosis can
have decisively different clinical protocols and clinical outcomes.
We considered that there might be differences among surgeons in
the pathological diagnostic criteria being used.
We previously reported the pathophysiology of rapid,

progressive, clinical deterioration of cervical spondylotic myelo-
pathy (rp-CSM) [14]. We defined this pathophysiology as
additional cervical spinal cord injury by natural course or from
a minor trauma with an existing cervical myelopathy due to
cervical spondylosis (including cervical OPLL). Diagnostic ima-
ging of rp-CSM revealed cervical cord compression at the
injured segment with an abnormal intramedullary signal change
observed only on T2 weighted magnetic resonance image (MRI).
The apparent pathology of rp-CSM is extremely similar to that of
TCSCI, though this is based on limited medical information. The
diagnostic criteria for TCSCI without major fracture or disloca-
tion are still obscure, and the pathophysiology of rp-CSM might
be included in a broad sense with TCSCI in general. The
pathophysiology of CSCI between traumatic and degenerative
states must be different, and as a matter of course, clinical
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protocols and clinical outcomes must be different between
these two pathophysiologies.
The purpose of this retrospective clinical study was to establish

eligible diagnostic criteria for TCSCI without major fracture or
dislocation and create a definitive clinical protocol by comparing
the pathophysiology of CSCI in both traumatic and degenerative
disorders. We believe that an eligible diagnosis and a certain
treatment of TCSCI may facilitate early preparations for social
rehabilitation in each CSCI case.

MATERIALS AND METHODS
Study population
A total of 21 patients with TCSCI without major fracture or dislocation
(admitted within 48 h after trauma, 15 men and six women; average age
63.0 years) and 16 patients with rp-CSM (11 men and five women; average
age 75.1 years) were included in the study. All patients had motor
impairment grades of C or D per the American Spinal Injury Association
(ASIA) Impairment Scale. Patients with a history of any past spinal surgery
or neuropathic disease were excluded from the study. All patients were
treated surgically by means of French-door cervical laminoplasty by
experienced spine surgeons.
Institutional Review Board approval was granted and informed consent

was obtained from all patients.

Radiographic analysis (MRI)
MRIs included T1- and T2-weighted sagittal images were evaluated at the
time of admission and 12 months postoperatively. We assessed the injured
cervical cord segment by examining the intramedullary signal changes as
determined on T2-weighted MRIs. The injured segment involved in the
TCSCI and rp-CSM are shown in Table 1. Both groups had a high frequency
of injuries at the C3-4 segment.

Neurological evaluation
Clinical assessments of upper and lower limb function were performed
preoperatively and 12 months postoperatively using the ASIA motor scores
(upper limb: range, 0–50; lower limb: range, 0–50; total: range, 0–100). The
neurological improvement ratio during the 12 months post-surgery was
defined as {(12 months postoperative ASIA motor score) – (preoperative
ASIA motor score)/(50 or 100)− (preoperative ASIA motor score)} × 100.

Statistical analysis
The Mann–Whitney U test was used for all statistical analyses. A P value of
less than 0.05 was considered statistically significant.

RESULTS
The average age of the patients with rp-CSM was significantly
higher than those with TCSCI (p < 0.001). Sex did not appear to
affect the condition between two subjects.

Radiographic analysis (MRI)
All patients had cervical cord a blurred, high intramedullary signal
area at the injured segment only on T2-weighted MRIs at the first
examination (Fig. 1). However, at 12 months postoperatively, the
blurred high signal area converged to a localized point. Moreover,
10 out of 21 (47.62%) patients with TCSCI and none (0%) of the
patients with rp-CSM showed a localized abnormal intramedullary
low signal change at the injured segment on T1-weighted MRIs
(Fig. 2).

Neurological evaluation
The ASIA motor scores for all patients preoperatively and
12 months postoperatively are shown in Table 2. All of the ASIA
motor scores (upper limb, lower limb, and total) significantly
improved over the 12 months after surgery (p < 0.001 for all
scores).
Significant differences were observed between the two groups

for all ASIA motor scores both preoperatively and 12 months
postoperatively (p < 0.001 for all). With respect to the neurological
improvement ratio, significant differences were observed for both
the lower limb and total ratios (p < 0.01 and p < 0.05, respectively),
however, there was no significant difference in the score for the
upper limb.

Table 1. The number of the response cervical spinal cord injured
segment.

TCSCI rp-CSM

C3-4 15 (71.43%) 12 (75%)

C4-5 5 (23.81%) 3 (18.75%)

C5-6 1 (4.76%) 1 (6.25%)

Fig. 1 T1 and T2-weighted MR images before decompression surgery. Abnormal, blurred intramedullary high-signal area at the injured
segment was seen only on T2-weighted MR images.
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DISCUSSION
MRI is a noninvasive method used to monitor the pathologic
features of spinal cord lesions. MR images can provide various
types of diagnostic information and has become essential as the
gold standard for diagnosing spinal cord injury (SCI). The existence
of intramedullary signal intensity and signal location, as well as the
effacement of the spinal cord compression, on the images helps
us to diagnose patients with SCI. In our series, the C3-4 segment
was the most commonly injured segment in patients with TCSCI
without major fracture or dislocation or rp-CSM diagnosed by T2-
weighted sagittal MR images in the early stage.
It has been reported in several histopathologic studies of CSCI

that a blurred intramedullary high-signal area on the T2-weighted
MR image is thought to represent edema or petechial hemor-
rhage. In contrast, a low-signal area on the T1-weighted MR image
is thought to indicate necrosis, myelomalacia, or an intramedullary
cyst [15, 16]. Ohshio et al. [15] reported that severe spinal cord
injuries were characterized by abnormal intramedullary signal
intensities that were low on T1-weighted MRIs and high on the T2-
weighted MRIs. In the gray matter, an abnormally high intensity
on a T2-weighted MRI is regarded as the first sign of nerve
alteration, and an abnormally low intensity on a T1-weighted MRI
is regarded as a secondary sign that indicates severe nerve
alteration. In our series, all of the patients with TCSCI without
major fracture or dislocation and rp-CSM had abnormally high
signals in the area of the injured segment on T2-weighted images.
However, on the T1-weighted MRIs, 47.62% of the patients with

TCSCI had abnormally low signal change at the sub-acute or
chronic stages, and none of the patients with degenerative CSCI
had abnormal signal changes. Our results suggest that the T1-
weighted MRIs are the most reliable quantitated tool to
discriminate between traumatic and degenerative states of CSCI.
However, abnormal signal changes on the T1-weighted MRIs
appear in the sub-acute or chronic stages after injury, and
unfortunately, we cannot reference the differences of causative
mechanism of these abnormal signal changes between traumatic
and degenerative state of CSCI in this retrospective study.
Therefore, these images cannot be a valuable diagnostic tool for
an early differential diagnosis between the traumatic and
degenerative states of CSCI.
In the series, preoperative neurological status in the patients

with TSCSI was significantly more severe than for those with
degenerative CSCI; however, significant improvement in the
neurological findings in both the upper and lower limbs following
decompression surgery was observed for both traumatic and
degenerative CSCI. Regarding to the neurological improvement
ratio12 month postoperatively, the patients with degenerative CSCI
had a significantly higher improvement ratio in the lower limbs
and in total function than those with TCSCI. Our previous study
demonstrated that the natural neurological course of the TCSCI
gradually improved within three months post-injury with or
without surgical treatment, and surgical intervention for decom-
pression does not affect the clinical outcome at 12 months
postoperatively [12]. Of course, if there was a severe cervical cord

Fig. 2 T1 and T2-weighted MR images at 12 months postoperatively. Localized, abnormal intramedullary low-signal are on T1-weighted
and a high-signal area on T2-weighted MR images.

Table 2. The average values of ASIA motor scores.

TCSCI rp-CSM

Upper Lower Total Upper Lower Total

Pre 10.86 ± 6.97 13.33 ± 12.53 24.19 ± 18.14 36.25 ± 5.84¶¶¶ 40.25 ± 6.55¶¶¶ 76.38 ± 9.81¶¶¶

*** *** *** *** *** ***

Post 27.81 ± 13.12 32.71 ± 15.55 60.52 ± 26.98 44.75 ± 2.2¶¶¶ 48.69 ± 1.54¶¶¶ 93.44 ± 2.63¶¶¶

Ratio 45.7 ± 25.68 58.33 ± 32.47 50.7 ± 26.26 56.95 ± 20.83 87.72 ± 14.76¶¶ 68.73 ± 15.95¶

Mann–Whitney’s U Test.
pre Preoperative, post 12 months postoperative, ratio Improvement ratio.
Compared with preoperative and postoperative: ***p < 0.001, Compared with TCSCI and rp-CSM: ¶p < 0.05, ¶¶p < 0.01, ¶¶¶p < 0.001.
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compression at the injured segment, the indication of decompres-
sion surgery should be considered. However, there is no evidence
of efficacy of early decompression surgery for genuine TCSCI [12].
Therefore, general or neurological status of TCSCI should be
considered cautiously for elective surgical management. In
contrast, in the degenerative CSCI, natural neurological course
gradually deteriorated after injury, and early surgical decompres-
sion greatly affect the clinical outcome [14]. Our results suggest
that these two pathophysiologies are similar, but not identical.
Based on our results, the most important factor in the early

pathophysiological differential diagnosis between traumatic and
degenerative CSCI is the presence of an existing cervical
myelopathy. A detailed clinical history to determine of presence
of existing cervical myelopathy is important. We believe that early
prognosis with eligible diagnosis for CSCI may lead to early
preparations for social rehabilitation in each case.
Certain issues remain unaddressed in the current study. The

preoperative age and neurological status were significantly
different between the patients with traumatic and degenerative
CSCI. Therefore, using the current investigation as a pilot study,
further research using a larger patient population and long-term
follow-up may help in resolving several remaining unclear issues.
Moreover, the pathophysiological difference between traumatic
and degenerative CSCI needs to be clarified in greater detail.

CONCLUSIONS
Our results suggested that the pathophysiologies of TCSCI and
degenerative CSCI are similar, but not identical. T1-weighted MR
images are the most reliable quantitated method to discriminate
between traumatic and degenerative CSCI at the sub-acute or
chronic stages. For an early pathophysiological diagnosis between
traumatic and degenerative CSCI, determining the presence of an
existing cervical myelopathy before the trauma is the most
important factor. A detailed clinical history of existing cervical
myelopathy is necessary.

DATA AVAILABILITY
All data supporting the findings of this study are available within the article and its
Supplementary Materials.
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