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Study Design: Gait analysis of patients with cervical spondylotic myelopathy (CSM) by using a sheet-type gait analysis system.
Purpose: The aim of this study was to compare the gait patterns of patients with CSM, evaluated by the Nurick grades, and to deter-
mine the threshold values of gait parameters predicting the occurrence of a fall by using a gait recorder.
Overview of Literature: Gait disorder due to CSM may progress to severe paraplegia, following even a minor trauma such as a fall. 
The indications for the surgery of CSM without severe paralysis remain controversial. The quantitative gait analysis and the decision 
for decompressive surgery in patients with CSM are important in order to prevent severe paraplegia from a fall.
Methods: One hundred thirty-two subjects (normal, 34; CSM, 98) underwent gait analysis by using a sensor sheet. Measurements of 
gait cycle parameters included the step and stride length, step width, foot angle, swing phase, and stance phase. CSM was assessed 
by Nurick grade.
Results: Although the clinical symptoms were lacking, Nurick grade 1 had significant abnormalities in the parameters of velocity, 
step length, and step angle (p<0.05). Regarding the Nurick grade and walking phase, the length of the stance phase was increased to 
more than 70% of the entire walking cycle in Nurick grade 4.
Conclusions: Gait analysis was an objective tool for evaluating the gait stability. Our results suggested that when the percentage of 
the stance phase in the gait cycle increases to above 70%, the CSM patients have an increased fall risk.
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Introduction

The total population of Japan is predicted to decrease by 
2050, and a substantial increase is expected in the popula-
tion of age 85 years and above [1]. With the rapid increase 
in the elderly population, the number of patients with lo-
comotive syndrome has increased in Japan [2,3]. Locomo-
tive syndrome increases the societal burdens with respect 
to mortality, quality of life, and economic costs. Cervical 
cord compression was present in 5% to 7% of asymp-
tomatic subjects and was associated with physical perfor-
mances in elderly people. It is suggested that locomotive 

syndrome involves the early stages of cervical spondylotic 
myelopathy (CSM). Especially in the elderly people, the 
gait impairment can be due to CSM which could aggra-
vate the symptoms of cervical cord injury from a relatively 
minor trauma, such as a fall from a height, or even prog-
ress to severe quadriparesis. However, to the best of our 
knowledge, there are no objective criteria for the evalua-
tion of gait analysis. The number of studies for gait analy-
sis in CSM patients is small, and the indications for the 
surgery of CSM without severe paralysis still remain con-
troversial [4-9]. Quantitative gait analysis and the decision 
for decompressive surgery in the patients with CSM are 
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important, in order to prevent severe paraplegia resulting 
from a fall. The objective of our study is to compare the 
gait patterns in patients with CSM, which is evaluated by 
the Nurick grades, and to determine the threshold values 
of gait parameters predicting the occurrence of a fall by 
using a gait recorder.

Materials and Methods

The participants had a clinical diagnosis of CSM con-
firmed by magnetic resonance imaging findings. CSM 
was defined as a constellation of symptoms and signs 
supported by appropriate radiological findings, includ-
ing symptoms (numb clumsy hands, impairment of gait, 
bilateral arm paresthesia) and signs (corticospinal distri-
bution motor deficits, atrophy of hand intrinsic muscles, 
hyperflexia, positive Hoffman sign, upgoing plantar re-
sponses, lower limb spasticity, broad-based unstable gait). 
One hundred thirty-two subjects (normal, 34; CSM, 98) 
underwent gait analysis by using a sheet-type gait analysis 
system. All subjects provided written informed consent 
after receiving explanation of the experimental protocol, 
and this study was approved by the Institutional Review 
Board of our institution. The patient characteristics are 
summarized in Table 1. Patients with the following condi-
tions were excluded from this study: hip, knee, and ankle 
joint disease; other spinal disease; and scoliosis of more 
than 10°. Participants with clear clinical and radiological 
evidence of CSM were included in this study.

The walking test was performed by using a 2.4 m long 
thin-type sensor sheet (Sheet Type Gait Analyzer Walk 
Way MW-1000, Anima, Tokyo, Japan).

The patients were examined 3 times, and the average 
of those results were taken. Measurements of gait cycle 
parameters included the step angle, step length, step 
width, and gait velocity. Outward rotation of the feet was 

measured as a positive angle (Fig. 1). The gait cycle con-
sists of a swing phase and a stance phase. Generally, the 
stance phase and swing phase account for 60% and 40%, 
respectively (Fig. 2) [10]. The clinical gait disturbance in 
patients with CSM was evaluated according to the Nurick 
grade (Table 2) [11].

A medical statistical consultant performed the statisti-
cal analyses using the JMP software package, ver. 8.0 (SAS 
Institute Inc., Cary, NC, USA). The Tukey-Kramer HSD 
test was used to analyze the differences in the gait pa-
rameters among Nurick grades. The correlations among 
the variables of gait parameters were examined using the 
Spearman’s rank correlation coefficient. The gait param-

Table 1. Subjects

Nurick grade Number Age (yr) Height (cm) Weigt (kg) Sex (male:female)

0 34 52.7±16.5 165±8.4   59.2±10.5   18:16

1 32 67.0±16.9     16±16.9 64.8±9.5 32:0

2 14 52.7±15.9   165±8.19   59.6±10.5 14:0

3 22 58.2±10.8   167±7.82   65.6±8.91 22:0

4 30 67.0±16.9   159±7.54   61.9±10.6   12:18

Values are presented as mean±standard deviation.   
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Fig. 1. Definitions of gait parameters.
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eters and risk factors in the patients with Nurick grade 4 
were evaluated by logistic regression analysis. A p-value 
of less than 0.05 was considered to indicate a statistically 
significant difference.

Results

Gait analysis without any subjective gait disturbance in 
patents with CSM.

In order to assess the subclinical findings, we compared 
Nurick grade 0 and 1. Although clinical symptoms were 
lacking, grade 1 had significant abnormalities in the pa-
rameters of velocity, step length, and step angle (p<0.05) 
(Fig. 3). The gait velocity and step length decreased as 
symptoms progressed. In contrast, step angle and step 
width increased (Fig. 3).

1. Gait analysis and CSM severity

For the Nurick grades 1, 2, 3, and 4, the gait parameters 
were as follows, respectively (Figs. 4, 5): gait velocity (cm/
sec) 107.7±2.5, 94.5±2.7, 92.2±4.0, 76.3±4.1; step length 
(cm) 59.0±1.2, 52.9±1.3, 48.4±1.7, 44.3±1.7, 32.0±2.9; step 
width (cm) 7.73±2.0, 9.1±2.2, 9.8±2.1, 11.3±2.1, 12.5±3.0; 
step angle (°) 7.57±2.1, 10.5±1.6, 11.9±2.1, 14.5±1.6, 
23.5±2.2; stance phase (%) 64±4.4, 67±4.4, 67±3.4, 
73±4.4. When the grade of Nurick classification became 
worse, the velocity and step length decreased, and the step 
width and step angle increased (Fig. 4).

Table 2. Nurick grades

Grade Description 

0 No evidence of cord involvement

1 Signs of cord involvement normal gait

2 Mild gait involvement able to be employed

3 Gait abnormality prevents employment

4 Able to ambulate only with assistance

5 Chair bound or bedridden     ➞    Exclude 

Modified from Nurick [11]. 

Fig. 2. Gait cycle.
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Fig. 3. Nurick grade 0 vs. grade 1. *p<0.05
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Regarding the Nurick grade and walking phase, the 
length of the stance phase increased in more than 70% of 
the entire walking cycle in the patients with Nurick grade 
4. There were no changes in the swing phase (Fig. 5).

2. The evaluation of fall risk

We established that grade 4 patients, who were able to am-
bulate only with assistance, were at the great risk for a fall.
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Fig. 4. Nurick grade and gait parameters.
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Fig. 5. Nurick grade and walking phase.
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Logistic regression analysis revealed that the stance 
phase was a risk factor for falls in the patients with Nurick 
grade 4 (odds ratio=4.1; p<0.002) (Table 3). Our results 
suggested that the threshold value of the stance phase for 
increasing risk of falls was likely to be about 70% of the 
gait cycle.

Discussion

The Japanese Orthopedic Association (JOA) has pro-
posed the term “locomotive syndrome”. This syndrome 
is caused by weakening of the musculoskeletal organs 
such as bones, joints, and muscles [2,3]. It is suggested 
that locomotive syndrome involves the early stages of 
CSM. Culhane et al. [12] demonstrated that the falls are 
a major source of morbidity and mortality in the elderly 
population. Falls occurring in the patients with CSM 
are particularly likely to result in a permanent, severe 
quadriparesis. It was reported that the injury in CSM, 
associated with ossification of the posterior longitudinal 
ligament, is a poor prognostic factor; and in 15/156 pa-
tients (9.6%), CSM became worse by even a minor exter-
nal injury [13].

1. Gait analysis

Gait impairment is a primary symptom of CSM. Previous 
studies have identified the reduction in knee flexion, in 
the early stages of the disease; and in more severe stages 
of the disease, decreased ankle plantar flexion at the ter-
minal stance and reduced knee flexion during loading 
response were found [13]. However, little is known about 
the specific kinetic and kinematic gait parameters.

2. ‌�Changes in gait parameters without subjective symptoms

It has been stated that CSM patients have an unstable gait 
due to spasticity of the gastrocnemius at the time of gait 
grounding [14]. However, the gait pattern of patients with 
early stage CSM is unclear. Our results suggested that 
in CSM patients without subjective symptoms, the gait 
analysis showed significant changes in the step length, step 
width, and step angle, as compared with healthy persons. 
Gait analysis could be reflecting the subclinical conditions.

3. ‌�The differences among gait parameters according to 
Nurick grade

When the grade of Nurick classification worsened, the 
velocity and step length were decreased, and the step 
width and step angle were increased, so as to maintain a 
stable walk. The differences among those parameters were 
remarkable, especially between the grades 3 and 4 (Fig. 
4). Regarding the risk factors among gait parameters in 
the patients with Nurick grade 4, the stance phase was 
remarkable in the odds ratio. This feature may be an ex-
pression of the myelopathy and may serve as a protective 
mechanism from falls.

4. The evaluation of fall risk and treatment

We established that the patients with grade 4, who are 
able to ambulate only with assistance, are at great risk for 
a fall. Our results suggested that the threshold value of 
the stance phase for preventing falls might be about 70%. 
A recent study has recommended that regarding the tim-
ing of operations for CSM, patients with Nurick grade 2 
CSM were most likely to improve from surgery [15]. The 
gait analysis using a sheet-type gait analysis system was 
a useful tool for catching a gait abnormality in the initial 
stage of CSM without gait disturbance. The compensa-
tion mechanism for unstable gait in the patients with 
CSM was reduction of the velocity and prolongation of 
the stance phase by a greater step angle and a smaller step 
length. A previous paper mentioned that at a self-selected 
speed, the CSM patients walked slowly, with shorter stride 
lengths and longer double support durations [4]. When 
the protective mechanism was beyond control, a fall could 
occur with a smaller step angle and step width. The ex-
tension of stance phase more than 70% in the total cycle 
period may be a threshold of falls. This study has some 

Table 3. Risk factors in Nurick grade 4 patients

Odds ratio p-value

Velocity 2.8   0.001

Step length 2.1 <0.001

Step width 1.2 0.02

Step angle 1.3 <0.001

Stance phase 4.1 <0.001

Swing phase   0.04   0.006

Gait cycle 1.2 <0.001

Logistic regression analysis showed that the stance phase and swing 
phase were risk factors for falls for Nurick grade 4 patients (odds ra-
tio=4.1; p<0.002).
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limitations. There are some differences between the males 
and females, in the factors including height and weight. 
However, these may have little influence on the gait cycle, 
and more complex measurements (e.q., three dementional 
analysis) were not performed. 

Another limitation of this study was that the investi-
gation of the direct link between gait disorder and the 
resulting occurrence of actual falls in CSM patients could 
not be carried out for the obvious ethical reasons. For 
future research, when gait disorder worsens by the aggra-
vation of spastic paralysis, we should consider the break-
down of these protective mechanisms and facilitate the 
prevention of falls by implementing safety protocols.

Conclusions

Gait analysis was an objective tool for evaluating the gait 
stability, even when the CSM patients had no subjective 
gait disturbance. The compensation mechanism for un-
stable gait in the patients with CSM was the reduction of 
velocity and prolongation of the stance phase by a greater 
step angle and smaller step length. When the stance phase 
in the gait cycle increases to above 70% of the total cycle 
period, the CSM patients may have an increased fall risk.
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