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Rapid progressive clinical deterioration of cervical
spondylotic myelopathy

Y Morishita1, A Matsushita1, T Maeda1, T Ueta1, M Naito2 and K Shiba1

Study Design: Retrospective clinical study.
Objective: To elucidate the pathophysiology of rapid progressive clinical deterioration following the onset of cervical myelopathy.
Setting: Spinal Injuries Center, Fukuoka, Japan.
Methods: A total of 43 cervical spondylotic myelopathy (CSM) patients were treated surgically by a senior surgeon. All patients
showed intramedullary intensity changes on magnetic resonance (MR) imaging. Overall, eight patients suffered rapid progressive
clinical deterioration; four of them had obvious anamnesis of minor trauma. We assessed the responsible injured segment by MR
T2-weighted images. Clinical instabilities at the focal segment were evaluated using functional sagittal plain radiographs.
Neurological evaluations were performed preoperatively and at 12 months postoperatively using American Spinal Injury Association
(ASIA) motor scores and Japanese Orthopaedic Association (JOA) scores for cervical myelopathy. Intraoperatively, we evaluated the
presence of adhesive scar tissue on the dura mater at the focal segment.
Results: The responsible injured segment was C3-4 in 75% of the rapid progressive (rp)-CSM and in 28.57% of the conventional
CSM subjects. One with rp-CSM showed sagittal translational segmental instability. Preoperative ASIA motor scores and JOA scores in
the rp-CSM were significantly lower than those in the conventional CSM subjects. Postoperative ASIA motor scores between the
subjects showed no significant differences; however, postoperative JOA scores in the rp-CSM subjects were significantly lower.
Moreover, an epidural membrane was observed in 62.5% of rp-CSM and 11.4% of conventional CSM subjects.
Conclusions: We hypothesized that the pathophysiology of rp-CSM might be additional cervical cord disorder following the onset of
cervical myelopathy. Early decompression surgery is recommended in such patients.
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INTRODUCTION

The etiologies of cervical spondylotic myelopathy (CSM) include
spinal cord compression, dynamic factors and ischemia of the spinal
cord. Several anatomical structures in the cervical motion segment
can be involved in cervical spinal cord compression. The spondylotic
changes in anterior structures, such as bulging, ossified or herniated
discs, as well as anterior osteophytic spurs are generally responsible
for cord compression in CSM. Disorders in posterior structures, such
as hypertrophy, or rarely, ossification/calcification of the ligamentum
flavum (CLF) or facet joints may also contribute to cord compression.
Compression of the spinal cord within a narrow spinal canal is
believed to cause neural injury and ischemia. The cord and its
vascular supply have the ability to adapt to a chronic, slowly
progressing compression; therefore, dynamic compression may be
more important than static compression in the development of
myelopathy symptoms. Patients with canal stenosis also have limited
cord excursion, and spinal column motion may increase the strain
and shear forces on the spinal cord.1

CSM is a relatively slowly progressive disorder. However, we rarely
encounter CSM patients with rapidly progressive clinical deterioration
following the onset of cervical myelopathy in the clinical setting. We
assumed that there might be certain differences in the pathophysiol-
ogy between conventional cervical myelopathy and rapid progressive
clinical deterioration following the onset of cervical myelopathy.

CSM is a disorder that is typically treated surgically. Early
treatment before the onset of permanent cord injury is recom-
mended.2 Therefore, it is important for physicians to recognize the
pathophysiology of CSM. Numerous studies have reported the
pathogenesis of CSM. However, to the best of our knowledge, few
reports have thus far referred to the state of rapid progressive clinical
deterioration following the onset of cervical myelopathy. The purpose
of this retrospective clinical study was to elucidate the
pathophysiology of rapid progressive clinical deterioration of CSM.

MATERIALS AND METHODS

Study population
Between January 2010 and December 2012, a total of 43 CSM patients (27 men

and 16 women; average age, 70.9 years; range, 44–92 years) were treated

surgically by a senior spine surgeon. All patients showed cervical cord

intramedullary intensity changes on magnetic resonance (MR) T2-weighted

images (Figure 1a), and demonstrated long tract signs, such as fine motion

disturbances in the fingers, gait disturbance and deep tendon hyperreflexia in

the lower limbs. Regarding clinical manifestations, 35 CSM patients presented

with cervical spondylosis, while 8 presented with cervical ossification of the

posterior longitudinal ligament (OPLL). CSM patients who were treated with

anterior decompression and fusion or who had a history of any spinal surgery

before or after the cervical surgery were excluded from the study.

Overall, 8 of 43 CSM patients (4 males and 4 females), including 1 patient

with cervical OPLL, with an average age of 73.5 years suffered rapid progressive
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clinical deterioration (rp-CSM); none of these patients could maintain

standing posture without support within 4 weeks of the onset of symptoms

because of deterioration of the existing cervical myelopathy. Of these, four

subjects had obvious anamnesis of minor trauma, such as stumbling over or

minor falls, before clinical deterioration. Thus, 35 of 43 CSM patients (23

males and 12 females), including 7 patients with cervical OPLL, with an

average age of 70.3 years demonstrated conventional cervical myelopathy

(CSM).

The study was approved by our Institutional Review Board, and informed

consent was obtained from all the patients.

Radiographic analysis
We assessed the responsible injured segment by examining intramedullary

intensity changes on MR T2-weighted images. The clinical instabilities at the

focal cervical segment were evaluated using functional sagittal plain radio-

graphs as defined by White et al.3 (more than 3.5 mm of dynamic translation

or 111 greater angulation than that in the adjacent segment) (Figure 2).

Neurological evaluations
The clinical assessments (upper and lower limb functions) were performed

preoperatively and at 12 months postoperatively on the basis of American

Spinal Injury Association (ASIA) motor scores (upper limb: range, 0–50; lower

limb: range, 0–50; total: range, 0–100)4 and Japanese Orthopaedic Association

(JOA) scores for the evaluation of cervical myelopathy (upper limb: range, 0–6;

lower limb: range, 0–6; total: range, 0–17).5

Surgical treatment: intraoperative findings
All of the patients underwent French-door cervical laminoplasty.6 Using the

threadwire saw to perform the sagittal split in the spinous process, the

hydroxyapatite blocks were placed as a strut to maintain the patency of the

hinged hemilaminae (Figure 3).7

Intraoperatively, we evaluated each patient for the presence of CLF or

adhesive scar tissue on the dura mater (epidural membrane) at the focal

segment.

Statistical analysis
The Mann–Whitney U test was used for all statistical analyses. Po0.05 was

considered statistically significant.

RESULTS

There was no significant difference in age between the rp-CSM and
CSM subjects. Moreover, gender and the presence of cervical OPLL
did not appear to affect the condition of cervical myelopathy.

Radiographic analysis
Among the rp-CSM subjects, the responsible injured segment was C3-
4 in six patients (75%); C4-5 in one patient (12.5%); and C5-6 in one
patient (12.5%). Among the CSM subjects, the responsible injured
segment was C3-4 in 10 patients (28.57%); C4-5 in 15 patients
(42.86%); and C5-6 in 10 patients (28.57%). Only one subject with
rp-CSM showed sagittal dynamic translational instability on the
functional plain radiographs (3.75mm of dynamic translational
instability) (Figure 2). Two CSM subjects demonstrated more than
3.5mm (5.35 and 6.9mm) of translational anterior slip on flexion
radiographs; however, these subjects showed less than 3.5mm of
dynamic translational instability.

Neurological evaluations
Table 1 shows the ASIA motor scores for rp-CSM and CSM subjects
examined preoperatively and at 12 months postoperatively. All of the
scores for the rp-CSM and CSM subjects, except the lower limb score
for CSM, significantly improved at 12 months postoperatively. The
preoperative scores, including the upper limb, lower limb and total
scores, for rp-CSM subjects were significantly lower than those for
CSM subjects; however, no significant differences were observed in the
scores at 12 months postoperatively between the subjects. Table 2
shows the JOA scores and JOA score recovery ratio for rp-CSM and
CSM subjects examined preoperatively and at 12 months post-
operatively. All of the scores for rp-CSM and CSM subjects
significantly improved at 12 months postoperatively. However, all
the preoperative and postoperative scores for rp-CSM subjects were
significantly lower than the corresponding scores for CSM subjects.

Intraoperative findings
Overall, 3 of 35 CSM subjects but none of the rp-CSM subjects
demonstrated CLF at the focal segment. However, intraoperative

Figure 1 Intramedullary cervical cord intensity changes on MR T2-weighted images at the C3-4 segment. (a) Preoperative image. (b) Postoperative image.
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Figure 3 French-door laminoplasty using hydroxyapatite blocks at the C3 and C4 laminar surface: postoperative image.

Figure 2 Functional sagittal plain radiographs with flexion and extension images. The images showed 3.75mm of dynamic translational instability at the

C3-4 segment.

Table 1 ASIA motor scores

Preoperative Postoperative

Upper Lower Total Upper Lower Total

rp-CSM 35.2±2.4 41.8±2.3 77±4.5 45±2.8*** 48.8±1.1*** 93.8±2.9***

ww ww ww ns ns ns

CSM 43.3±5.2 48.5±3.3 91.8±6.4 46.8±3.6* 49±2.7 95.8±4.7*

Abbreviations: ASIA, American Spinal Injury Association; CSM, cervical spondylotic myelopathy; ns, not significant; rp-CSM, rapid progressive cervical spondylotic myelopathy.
Comparison between preoperative and postoperative scores: *Po0.05, **Po0.01, ***Po0.001.
Comparison between rp-CSM and CSM patients: wPo0.05, wwPo0.01, wwwPo0.001.

Rapid progressive clinical deterioration of CSM
Y Morishita et al

410

Spinal Cord



findings revealed adhesive scar tissue on the dura mater (epidural
membrane) at the focal segment in 5 of 8 (62.5%) rp-CSM subjects
and 4 of 35 (11.4%) CSM subjects (Figure 4).

DISCUSSION

CSM is the development of long tract signs secondary to degenerative
changes in the cervical spinal column. MR imaging (MRI) can
provide various diagnostic information and has become essential as
the gold standard in diagnosing CSM.8 In particular, the existence of
intramedullary intensity changes as well as the effacement of the
subarachnoid space and spinal cord compression on MRI helps us to

diagnose patients with CSM.9 Intramedullary intensity changes on
MRI have been reported to reflect irreversible changes in the spinal
cord, to be related to pyramidal signs, and to be indicative of the
prognosis, although this remains controversial.10–13 However, the
extent of spinal cord compression, even with intramedullary intensity
changes on MRI, does not necessarily correlate with that of clinical
symptoms.
The natural history of cervical myelopathy most frequently involves

a stepwise deterioration in neurological function, with stable plateau
periods. Oshima et al.14 reported that 82% and 56% of CSM patients
were still conservatively followed without serious neurological
deterioration at 5 and 10 years after the initial treatment,
respectively. They also reported that large cervical ROM, segmental
kyphosis or presence of a slip in the maximum compression segment
significantly affected the prognosis. Although there are several
possible courses of development for CSM, including the
stabilization of symptoms, this disease often presents with
progressive clinical deterioration and may lead to severe disability.15

In our series, eight CSM subjects demonstrated rapid progressive
clinical deterioration within 4 weeks of symptomatic onset, and four
of eight subjects suffered clinical deterioration with obvious minor
trauma as a trigger. On the basis of our results, we consider that the
age, gender or existing OPLL at the focal segment might not affect the
development of neurological deterioration. However, the responsible
injured segment in cervical myelopathy being C3-4 might predispose
the patient to rapid progressive clinical deterioration.
Dynamic instability at the focal segment was observed in one of the

eight rp-CSM patients and in none of the conventional CSM patients.
We consider that the clinical instabilities at the focal segment might
be an important factor in the progressive clinical deterioration of
cervical myelopathy. In such patients, the cervical cord might be
exposed to major dynamic stresses in addition to static compression.
Preoperative clinical assessments using ASIA motor and JOA scores

for the rp-CSM subjects were significantly lower than those for the
conventional CSM subjects. However, all of the scores, except the
lower limb score for conventional CSM evaluated with ASIA motor
scores, significantly improved at 12 months postoperatively. More-
over, all of the postoperative ASIA motor scores, which reflect the
limbs’ motor functions, showed no significant differences between rp-
CSM and conventional CSM subjects. High positive postoperative
reaction to surgical decompression, such as adhesiotomy and
laminoplasty, was observed not only for the conventional CSM
subjects but also for the rp-CSM subjects. With respect to JOA
scores, which reflect the activity of daily living (ADL) functions,
although significant improvements were observed in each score for
both rp-CSM and conventional CSM subjects at 12 months post-
operatively, the postoperative scores in the rp-CSM subjects were
significantly lower than those in the conventional CSM subjects.

Figure 4 Intraoperative findings. (a) Adhesive scar tissue on the dura mater

at the focal segment. (b) After adhesiotomy.

Table 2 JOA scores for cervical myelopathy

Preoperative Postoperative

Upper Lower Total Upper Lower Total

rp-CSM 0.8±0.6 1.1±0.7 5.4±1.1 2.8±0.4*** 2.2±0.4*** 9.6±0.5***

www www www w ww ww

CSM 2.4±0.7 3.5±1.2 10.1±1.8 3.7±0.6*** 4.4±1.3* 12.6±1.9**

Abbreviations: CSM, cervical spondylotic myelopathy; JOA, Japanese Orthopaedic Association; rp-CSM, rapid progressive cervical spondylotic myelopathy.
Comparison between preoperative and postoperative scores: *Po0.05, **Po0.01, ***Po0.001.
Comparison between rp-CSM and CSM patients: wPo0.05, wwPo0.01, wwwPo0.001.
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These results suggested that surgical treatment might induce improve-
ments in limb motor function; however, cervical myelopathy symp-
toms that affect the patient’s ADL may remain severe for rp-CSM
subjects. Any additional cervical cord disorder by minor trauma to
the cervical cord with existing cervical myelopathy might lead to rapid
progressive neurological deterioration. From our results, early decom-
pressive surgical treatment is recommended in patients with rapid
progressive clinical deterioration following the onset of cervical
myelopathy.
Several studies have reported that a pathological epidural mem-

brane is located at approximately the most damaged spinal segment
in CSM, which may reflect greater degenerative changes in the neural
tissue and its surroundings under continuous static and dynamic
compression at this segment.16–18 Miyauchi et al.16 hypothesized that
during the formation of such a pathological epidural membrane at
the most damaged segment, active metabolism may occur because of
repetitive tissue damage and repair under continuous mechanical
stresses at this segment. In our series, the evidence of CLF at the focal
segment did not involve the development of neurological
deterioration of cervical myelopathy. However, the presence of an
epidural membrane at the focal segment was observed in 62.5% of the
rp-CSM subjects. Histopathological examination of tissue sections
revealed fibro-collagenous tissue without atypical cells or
inflammatory infiltration. We also hypothesized that repetitive
tissue damage and repair or occasional bleeding from the epidural
venous plexus following continuous mechanical stresses at the focal
segment may lead to the formation of adhesive scar tissue on the dura
mater at the focal segment. Additional dynamic stresses on the
entrapped cervical spinal cord with the presence of the epidural
membrane may play an important role in the development of rapid
progressive clinical deterioration of cervical myelopathy. The
pathophysiology of rapid progressive clinical deterioration of CSM
might thus be additional cervical cord disorder on a cervical cord
with existing cervical myelopathy.
Certain issues remain unaddressed in the current study. We have

only discussed mid-term surgical outcomes. Early recovery of motor
functions, including those of the upper and lower limbs, evaluated
using ASIA motor scores were observed in the rp-CSM subjects.
However, with respect to JOA scores for cervical myelopathy that
reflect ADL functions, the rp-CSM subjects demonstrated signifi-
cantly lower scores as compared with corresponding scores for the
conventional CSM subjects. The natural course of ADL functional
recovery in the long term in CSM patients remains unclear. 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 pathophysiology of
rapid progressive clinical deterioration following the onset of cervical
myelopathy needs to be clarified in greater detail.
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