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Abstract
Background: To evaluate epidemiological, clinical and radiographic features in the development and
prognosis of rapid progressive cervical spondylotic myelopathy (rp-CSM).

Methods: A retrospective study of 175 patient records was performed between March 2011 and January
2017. Patients were divided into rp-CSM group and chronic CSM (c-CSM) group according to the
deterioration time and severity of preoperative neurological dysfunction. After selection, 25 rp-CSM
patients were matched to a control group of 75 patients with c-CSM. The clinical outcomes were
assessed by the Modi�ed Japanese Orthopaedic Association (mJOA) score at six different follow-up time
points. The imaging parameters including Torg-Pavlov Ratio (TPR) on conventional  lateral x-ray and
magnetic resonance images (MRI), intervertebral disc level compression ratio and increased signal
intensity (ISI) on T2W1 were analyzed between the two groups, and predictors for rapid neurological
dysfunction in CSM patients were evaluated using multivariate analysis.

Results: Twenty-�ve patients experienced rp-CSM (18 males; median age 59.04 ± 12.81 years) and were
matched with Seventy-�ve control subjects that with CSM without rapid progression (54 males; median
age 56.88 ± 12.31 years). The average time to develop severe neurological deterioration was 0.8 month in
rp-CSM group and 24 month in c-CSM group (p=0.001), preoperative mJOA were 6 in rp-CSM patients and
12 in c-CSM patients (p=0.014) and rp-CSM patients demonstrated worse outcomes than the controls in
one year after surgery (mJOA improvement rate 54.5% and 80%, p=0.021). There were no differences
between the two groups except the history of diabetes and the long-term smoking in basic condition,
radiographic measurements signi�ed that TPR MRI, intervertebral disc level compression ratio and
increased signal intensity (ISI) on T2W1 were inferior in patients with rp-CSM than patients with c-CSM.
Regression analysis veri�ed that the history of diabetes, TPR MRI < 0.4, compression ratio ≥50%, the
sagittal diameter of ISI ≥50% of spinal canal diameter on T2W1 have signi�cant correlations with the
rapid progressive neurological dysfunction in patients with CSM.

Conclusion: The prognosis of rapid progressive CSM is worse than that of common chronic CSM. The
rapid neurological deterioration can be identi�ed by TPR MRI (< 0.4), compression ratio (≥50%), sagittal
diameter of ISI (≥50% of spinal canal diameter). Besides, a history of diabetes was also a negative factor
for these patients.

Background
Cervical spondylotic myelopathy (CSM) is currently considered to be the most common and major cause
of cervical spinal cord dysfunction in people over 55 years of age [1]. Most patients with CSM usually
present chronic progressive and phased compression, the neurological dysfunction of these patients is
gradually aggravated. Previous studies have shown that 82% and 56% of CSM patients will not
experience severe neurological deterioration 5 years and 10 years after systematic conservative treatment
[2]. However, neurological function of some CSM patients develop to severe dysfunction (such as unable
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to button shirt or walk) in a very short time without any trauma, which called in previous studies as rapid
progressive CSM (rp-CSM) [3-5].

Although the speci�c pathological mechanism of CSM is still unclear, it is closely related to spinal cord
ischemia has widely recognized [6-9]. There have been studies about the natural course of CSM, and the
chronic exacerbation of CCM and it has been reported that rapid neurological deterioration is associated
with increased signal intensity (ISI), advanced age and anterior spondylolisthesis [4,5]. Acute
exacerbation has yet to be studied clearly, it is necessary to carry out further study which combined more
objective clinical scales and radiographic measurement.

In this case-control study, we aimed to investigate different epidemiological, clinical and radiographic
features associated with the development and prognosis of rapid progressive CSM with the prospect of
speci�c interventions in time for patients who are at high risk of rapid severe neurological dysfunction.

Methods
This retrospective study was approved by the Medical Ethical Committee of our hospital. All of the
patients were recruited after providing informed consent for analysis of their clinical data.

The de�nition of rapid progressive cervical spondylotic myelopathy

The patients were divided into rp-CSM group and c-CSM group according to the rp-CSM de�ned by
Morishita [3] and categorization of mJOA described by Fehlings [10]. In brief, rp-CSM means that CSM
patients develop rapid and severe neurological dysfunction without history of trauma within the �rst
month after diagnosis, and preoperative mJOA score was from 0-11. While c-CSM refers to the slow
deterioration of neurological dysfunction, preoperative mJOA score was from 12-17 (table 1).

Table 1
Comparison of clinical features of rapid progressive and chronic CSM

Clinical features rapid progressive CSM chronic CSM

Time to severe ND ≤ 1 month > 1 month

A history of trauma none possible

Conservative treatment poor effect effective in the early

Preoperative mJOA score from 0 to 11 from 12 to 17

Upper limb symptoms inability to button shirt able to button shirt

Lower limb symptoms unable to walk able to walk

CSM: rapid progressive cervical spondylotic myelopathy;

ND: neurological dysfunction.
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Inclusion and exclusion criteria

Patients diagnosed cervical spondylotic myelopathy through clinical symptoms, imaging data and
clinical physical examination older than 18, and meet the de�nition of rp-CSM. Excluding the patients
with vertebral nodules, tumors, severe osteoporosis, congenital fusion, mandatory spondylitis and other
differential diagnoses, a history of cervical trauma and surgery. Patients who were required to change
their surgical method, patients who lost contact after surgery, patients who suffered from other serious
systemic diseases, and patients who died.

Participant

A total of 175 patients with CSM were treated in our department from March 2011 to January 2017.
According to whether or not these patients conform to the de�nition of rp-CSM and c-CSM, 100 patients
were selected into this study (�gure 1). All 100 patients with CSM were treated with surgical
decompression by the same experienced surgeon. Various clinical and imaging characteristics were
compared between the two groups, and logistic regression analyses were performed to determine the
independent risk factors for rapid neurological deterioration in patients with rp-CSM and to explore the
prognosis of these patients.

Operative procedure

All patients underwent unilateral open-door cervical expansive laminoplasty plus centrepiece titanium
plate �xation. The paravertebral muscles were stripped to remove the C7 spinous process and the
interspinous ligament from C7-T1. The inner plate of the medial edge of the articular process of the
lamina was removed with 1 mm grab-type bone biting forceps. The junction between the lamina and
articular process of the open-door axis side was used as the hinge to lift the C3-C7 laminae gradually. The
screw holes were made with the magic drill, and 4 screws were placed into each titanium plate. The
spinous processes and laminae were removed to form granulated bone and placed on the left hinge. The
wound was rinsed and sutured layer by layer, and a negative drainage tube was placed.

Clinical outcome Measures

The Modi�ed Japanese Orthopaedic Association (mJOA) scoring system was measured at before
operation,1 week, 1 month, 3 months, 6 months, 12 months after surgery to evaluate the neurological
function.

Imaging measurements

On the preoperative MR images, the following parameters were measured: 1) the sagittal diameter of the
vertebral body; 2) the sagittal outer diameter of the subarachnoid space at the midpoint of the vertebra
(midvertebral canal diameter); 3) the sagittal outer diameter of the subarachnoid space at the level of the
intervertebral disc (disc-level canal diameter), and 4) the sagittal diameter of the spinal cord at the levels
C2 and T1 (�gure 2), The median of the two values was used for spinal cord compression ratio at the
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level of the intervertebral disc .The spinal canal to vertebral body ratio (Torg-Pavlov Ratio, TPRMRI) was
calculated by dividing the midvertebral canal diameter (ie, outer diameter of the subarachnoid space at
the midpoint of the vertebra) by the diameter of the vertebral body [11]. The ratio of the sagittal diameter
of ISI on spinal canal was calculated by using intramedullary high signal diameter and spinal canal
diameter ( diameter of ISI larger than 50% of spinal canal diameter was considered signi�cant in this
study).

On the lateral radiographs, the sagittal diameter of the vertebral body and the developmental sagittal
diameter of the spinal canal[12]. The TPRCR was calculated by dividing the spinal canal diameter by the
vertebral body diameter [13] (�gure 3).

Statistical Analysis

The statistical analysis software SPSS (version 20.0) was used for data analysis. The chi-square and
Fisher exact tests were used to compare test was used to compare the enumeration data, and the results
are expressed as cases (percentages). The Mann-Whitney U-test was conducted for ranked data, the
measurement data were �rst tested for normality, and an independent sample t test was used when it
conformed to a normal distribution. The results are expressed as the mean ± standard deviation.
Variables that exhibited a signi�cant difference in the univariate analysis were entered into a multivariate
logistic regression analysis.. P-values of less than 0.05 were considered signi�cant in this study.

Results
Twenty-�ve in the rp-CSM group and seventy-�ve in the c-CSM group. The proportion of smokers were
signi�cantly higher in rp-CSM group than that in c-CSM (p = 0.04). There were no signi�cant differences in
other demographic data between two groups (p < 0.05, Table 2).

Table 2
Demographic and baseline data between two groups

Group rp-CSM group c-CSM group P value

No. of patients 25(25%) 75(75%)  

Age (y) 59.04 ± 12.81 56.88 ± 12.31 0.772

Gender (F/M) 7/18 21/54 0.06

BMI index 23.70 ± 2.99 24.33 ± 2.50 0.334

Smoking 12 (48%) 20 (26.7%) 0.04

Alcohol 10 (40%) 24 (32%) 0.352

44% and 12% patients have a history of diabetes in rp-CSM group and c-CSM group, respectively, and the
difference was signi�cant (P = 0.001). There were no signi�cant differences between the two groups in
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other comorbidities, including the history of hypertension and cardiovascular disease (p > 0.05, Table 3) .

Table 3
Comparison of comorbidities between two groups

Group rp-CSM group c-CSM group P value

Diabetes (%) 44% 12% 0.001

Hypertension (%) 20% 34.7% 0.170

Cardiovascular disease(%) 20.8% 18.7% 1.103

The mJOA scores in rp-CSM group and c-CSM group were 6 and 12 before surgery, 8 and 14 at 1 week, 9
and 14 at 1 month, 10 and 15 at 3 month, 12 and 15 at 6 month and 12 and 15 at 1 year after surgery,
respectively. The mJOA scores at each follow-up time points in rp-CSM were signi�cantly lower than
those in c-CSM group (p < 0.05, Table 4).

Table 4
Comparison of mJOA score between two groups

  rp-CSM c-CSM p Value

mJOA score      

preoperative 6 12 0.014

1 week 8 14 0.018

1 month 9 14 0.022

3 month 10 15 0.030

6 month 12 15 0.035

1 year 12 15 0.032

Improvement rate 54.5% 80% 0.021

As presented in Table 5, the TPR MRI averaged 0.21 in the rp-CSM group and 0.64 in the c-CSM group (P = 
0.030). The TPR CR averaged 0.33 in the rp-CSM group and 0.54 in the c-CSM group (P = 0.061), and the
compression ratio averaged 84% in the rp-CSM group and 32% in the c-CSM (p = 0.010), and ISI ≥ 50% on
T2W1 was 63% in the rp-CSM group and 17% in the c-CSM group.
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Table 5
Radiological data

Group rp-CSM group c-CSM group P value

TPR MRI 0.21 0.64 0.030

TPR CR 0.33 0.58 0.061

Compression ratio 84% 32% 0.010

ISI ≥ 50% on T2W1 60% 16% 0.000

Results from the univariate analysis revealed that a history of diabetes (p = 0.040), TPRMRI (p = 0.020),
compression ratio (p = 0.004), ISI ≥ on T2W1 (p = 0.026) were signi�cantly associated with rapid
progressive neurological dysfunction in patients with CSM. Furthermore, results of multivariate logistic
regression also con�rmed that CSM patients with diabetes, TPRMRI <0.4, compression ratio ≥ 50% and ISI 
≥ 50% on T2W1 were liable to have rapid neurological deterioration (Table 6).
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Table 6
Correlations of various variables and rapid deterioration of neurological dysfunction

Independent variable Response Total patients

(n = 100)

With rapid deterioration

(n = 25)

P value

Age ≥ 50 76 18 0.073

  < 50 24 7  

Diabetes Yes 20 11 0.040

  No 80 14  

Smoking Yes 32 12 0.350

  No 68 13  

TPR MRI ≥ 0.4 69 6 0.020

  < 0.4 31 19  

TPR CR ≥ 0.4 72 11 0.352

  < 0.4 28 14  

Compression ratio

ratio

≥ 50% 45 21 0.004

  < 50% 55 4  

ISI on T2W1 ≥ 50% 27 15 0.026

  < 50% 73 10  
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Table 7
Results of logistic regression analysis of confounding factors for rapid

progressive neurological dysfunction
Group Response Wald P OR 95% CI

Diabetes Yes 0.836 0.041 2.368 0.309– 1.750

  No        

TPR MRI ≥ 0.4 4.201 0.020 0.705 2.317–7.574

  < 0.4        

Compression ratio ≥ 50% 3.827 0.016 9.100 1.486– 4.920

  < 50%        

ISI ≥ 50% on T2W1 ≥ 50% 12.905 0.025 4.261 1.350– 7.603

  < 50%        

Discussion
In the study of Kadanka et al, 15% of the patients had deteriorated or remained unchanged at or below a
mJOA score of 14 at the 1-year follow-up, 34% at 2 years, and 27% at 3 years [7]. Tachibana has been
reported that 18.60% patients with CSM suffered rapid progressive clinical deterioration within 4 weeks of
the onset of symptoms [5]. However, they mainly included patients with a clear history of trauma, the
difference is that we mainly focused on the patients that rapid neurological dysfunction without any
trauma. Besides some anatomical changes have not been discussed with objective assessment , such as
vertebral body ratio and compression rate on MRI.

The prognosis of patients with rapid progressive CSM is quite different among previous studies,
Morishita reported that the preoperative JOA score is 5.4 and 9.6 at 1 year after surgery, which were
signi�cantly lower than in chronic CSM which were 10.1 and 12.9, respectively, and they concluded that
prognosis of rp-CSM group was inferior than those in c-CSM group [3]. However, in the study of Takasawa
[4] , JOA score was 5.7 preoperative and 12.9 after one year surgery (improvement rate was 64.5%) in rp-
CSM group and 10.1 preoperative and 12.8 after one year surgery (improvement rate was 40.7%) in c-
CSM, they reached a conclusion that patients with rp-CSM can get better recovery than those in c-CSM. In
present study, The mJOA scores in rp-CSM group and c-CSM group were 6 and 12 before surgery, 8 and
14 at 1 week, 9 and 14 at 1 month, 10 and 15 at 3 month, 12 and 15 at 6 month and 12 and 15 at 1 year
after surgery, respectively ,the mJOA scores at each follow-up time points in rp-CSM were signi�cantly
lower than those in c-CSM group. Furthermore, the improvement rate was higher in c-CSM (80%) than
those in rp-CSM (80%).

Although correlation between T2 hypersignal and acute spinal cord injury (SCI) have been reported in
some previous articles, in the clinical practice, it is very common to observe patients with some degree of



Page 10/16

T2 hyperintensity in the spinal cord and very mild (or even no) symptoms of CSM. Simply categorizing
patients in a dichotomous fashion based on the presence or absence of T2WI hyperintensity in the spinal
cord seems to be a quite rudimentary method of analyzing such an important radiological parameter.
Therefore, the ratio of the sagittal diameter of ISI was calculated by using intramedullary high signal
diameter and spinal canal diameter, and in order to decrease the effect of T2 high signals not associate
with rapid neurological deterioration, we consider the diameter of ISI larger than 50% of spinal canal
diameter was considered signi�cant in this study.

 The Torg-Pavlov Ratio (TPR) [13] is one of the most popular and commonly used method to measure the
spinal stenosis, and previous studies have been proved that it can effectively evaluate the degree of
spinal canal stenosis. However, poor predictive value caused by vertebral size and malformation may
results false positive that affect the accuracy of the measurement [13-17]]. Furthermore, spinal canal
stenosis caused by soft tissue cannot be observed on conventional X-ray radiographs. Previous studies
have revealed that MR image parameters are reliable for predicting the occurrence and course of cervical
spinal neurapraxia in athletes suffering from sports traumata [15,18]. However, the relevance of MR
image parameters for predicting the course of rapid progressive cervical spondylotic myelopathy without
a trauma has not been established.

Based on the present results, compared with other parameters, spinal cord compression ratio (at the level
of the intervertebral disc) and TPRMRI presented the highest correlation with the rapid neurological
dysfunction, and CSM patients with spinal canal compression ratio ≥50% and TPRMRI<0.4 are at risk of
acute neurological dysfunction without a minor trauma. However, the clinical value of this �nding should
be interpreted cautiously, because when the two indicators are applied, false‐positive and false‐negative
cases may be encountered, besides the sensitivity is still insu�cient. In our study, 21 of 45 patients with
spinal canal compression ratio ≥50% and 19 of 31 patients with TPRMRI<0.4 presented rapid neurological
dysfunction, while the other 24 and 12 patients did not experience rapid deterioration of neurological
function, respectively. Whether these two indicators have critical predictive value in patients with rapid
progressive CSM without trauma will need to be con�rmed additional in other large, and high-quality
studies.

Limitations of the study

The limitations of this study were the retrospective case-control study design and the small sample size.
The de�nition of rp-CSM was mainly based on the clinical features like symptoms and mJOA scores, the
imaging and biological proofs were not considered. However, the previously mentioned �ndings [3,9,19].
support the pathophysiology of rp-CSM de�ned in this study. In order to eliminate temporary spinal cord
edema, we regard the change of MR T2- hyperintensity signal sagittal diameter larger than 50% as
meaningful, this approach may bring a disadvantage that it may miss the permanent neuronal changes
with a smaller diameter. Future studies should examine the characteristics and pattern of the MR signal
changes to promote an understanding of the pathophysiology of rp-CSM. The optimal operation time and
preoperative drug treatment after rapid neurological deterioration have not been fully discussed, Thus,
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next, we will conduct larger population-based prospective study which will focus on the treatments in
patients with rapid progressive CSM.

Conclusion
The prognosis of rapid progressive CSM is worse than that of common chronic CSM. The rapid
neurological deterioration can be identi�ed by TPRMRI (< 0.4), compression ratio at intervertebral disc (≥ 
50%), sagittal diameter of ISI (≥ 50% of spinal canal diameter). Besides, a history of diabetes was also a
negative factor for these patients.
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Figure 1

Measurement for the calculating the Torg-Pavlov ratio on lateral lateral radiograph of cervical spine in a
patient with rapid progressive cervical spondylotic myelopathy . (a) Developmental sagittal diameter of
the spinal canal as the shortest distance from the midpoint of the posterior surface of the vertebral body
to the spinolaminar line [12]. (b) Sagittal diameter of the vertebral body measured between the midpoints
of the anterior and posterior surfaces [13].
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Figure 2

A. Sagittal view of the cervical spine with the parameters measured on T2-weighted magnetic resonance
images of a patient who was diagnosed as rapid progressive cervical spondylotic myelopathy. (a)
Sagittal outer diameter of the subarachnoid space at the midpoint of the vertebra (midvertebral canal
diameter). (b) Sagittal diameter of the vertebral body measured between the midpoints of the anterior and
the posterior surfaces. (c) Sagittal diameter of the spinal cord at C2. (d) sagittal diameter of the spinal
cord at T1. B. Regional enlarged drawing of ISI on T2-MRI. (A) Sagittal diameter of the spinal canal at the
midpoint of C6/7 intervertebral disc was 0.34 mm, and the sagittal diameter of intramedullary signal
increased (ISI) was 0.26mm, the ratio of the sagittal diameter of ISI on spinal canal was 76.5%.
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Figure 3

Consort diagram of patient �ow.


