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ABSTRACT 

Study Design: A clinical trial of 30 consecutive patients with cervical spondylotic myelopathy (CSM). Objectives: To 
evaluate the effect of directed physical exercise in patients with CSM and to measure severity of myelopathy before and 
after an exercise program. Setting: Christian Medical College and Hospital, India. Participants: Thirty patients with 
CSM (mean age = 54.1 years) with Nuricks Grade 2 and 3. Background: Myelopathy of the spinal cord can be caused 
by degenerative process of the cervical vertebrae and it is the most common type of dysfunction of the spinal cord in 
adult population. CSM usually develops insidiously and the natural history is not well understood, there is debate over 
the indication for operative vs non operative management. Method: Patients participated in a 6-week exercise program, 
consisting of active exercises to upper and lower extremities, scapulothoracic muscles, and gentle stretches, sub maxi- 
mal isometric exercises of the deep neck flexors, relaxation and immobilization with a cervical hard collar. Main Out-
come Measures: The mJOA (modified Japanese orthopaedic association score) and ASIA motor and sensory scoring. 
The results were processed by using Wilcoxon sign rank test. Results: After comparing the values at the beginning and 
end of the program a satisfactory neurological result (sensorimotor/motor and sensory) was obtained in all thirty pa-
tients. Conclusion: The exercise program had a positive impact for most of the variables of the study. Exercise inter-
vention with neck immobilization may be a treatment of choice in early stages of CSM. Future randomized controlled 
studies would provide insight into the effectiveness and clinical relevance of this intervention. 
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1. Introduction 

Myelopathy of the spinal cord can be caused by degene- 
rative processes of the cervical vertebrae [1-4]. This disease 
is called cervical spondylotic myelopathy (CSM), and it 
is the most common type of dysfunction of the spinal cord 
in adult population [5,6]. White and Panjabi divide the 
mechanical factors involved in the pathogenesis of cer- 
vical spondylotic myelopathy into two groups: static and 
dynamic [7]. 

Static factors include congenital spinal canal stenosis 
(<13 mm anterior-posterior diameter), disc herniation, oso- 
phyte formation in the vertebral bodies, degenerative 
osteophytosis of the uncovertebral and facet joints, hyper- 
trophy of the ligamentum flavum and posterior longitu- 
dinal ligaments [8-10]. Dynamic factors are abnormal forces 
placed on the spinal column and spinal cord during fle- 
xion and extension of the cervical spine under normal phy- 
siologic loads [8-10]. 

Cervical spondylotic myelopathy usually develops in- 

sidiously and the natural history of which is not well un- 
derstood, hence there is debate over the indications for 
operative treatment due to long term hospitalization, medi- 
cation, medical and surgical cost and complication involved 
[11-14]. Non-operative treatment can be helpful in the early 
period but current literature offers little research in physio- 
therapy treatment intervention [15]. There is a dearth of 
conclusive studies demonstrating the effect of exercise in 
CSM. 

2. Methods 

2.1. Case Description 

Consecutive patients referred by their neurologist to Phy- 
siotherapy services of Christian medical college and hos- 
pital, diagnosed with CSM, were examined for eligibility 
criteria. Inclusion criteria for this case series included 
Nuricks grade of 2 and 3 presenting with walking diffi- 
culty (Table 1). Exclusion criteria included the presence 
of any medical red flags (i.e., tumor, fracture, metabolic 
diseases, rheumatoid arthritis, osteoporosis, neoplastic *Corresponding author. 
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disease), sustained major trauma, evidence of central nervous 
system involvement (positive Hoffman’s sign), and prior 
surgery for the condition. The study protocol was appro- 
ved by the research committee of the Institution. Post in- 
tervention data were collected for 30 subjects and one pa- 
tient had fever with recurrent infection hence left out from 
study. The data were collected by a single observer blind 
to the clinical details. The study comprised 21 men and 9 
women (N = 30; mean age = 54 years, SD = 10.01). 

 
Table 1. Grading of cervical spondylotic myelopathy (Nu-
ricks, 1972). 

Grade 0 
Signs and symptoms of root involvement without spinal 
cord disease. 

Grade 1 Signs of spinal cord disease without difficulty in walking.

Grade 2 
Slight difficulty in walking, which did not prevented 
full-time employment. 

Grade 3 
Difficulty in walking which did not prevent full time 
employment or the ability to do all housework, but which 
is not so severe as to require someone else’s help to walk.

Grade 4 
Able to walk only with someone else’s help 
or with the aid or frame. 

Grade 5 Chair bound or bedridden. 

According to the baseline neurological analysis of the 
symptoms and signs, 28 patients had only myelopathy with- 
out radiculopathy, while 3 had radiculomyelopathy. 

Subtle movements of the hand were affected to various 
degrees in 29 (96.6%) subjects. The patients with myelo- 
pathy had difficulty with finger escape and grip release. 
All 30 (100%) patients had hyperreflexia of the lower ex- 
tremities, as well as a mild to moderate disturbance in 
gait. The decrease in motor function of the lower extre- 
mities was mild to moderate (Nuricks grade 2 in 18 (60%) 
patients, grade 3 in 12 (40%) patients). Sensory loss in the 
upper extremities was found in all 30 (100%) patients, 26 
(86.6%) patients noted sensory loss in the trunk and 
lower extremities. 

2.2. Outcome Measures 

All subjects underwent a standardized examination with 
ASIA motor and sensory scoring and completed the mJOA 
(severity of myelopathy scale) at baseline and at 6 weeks 
after the intervention. As the traditional custom in our cul-
ture are different as people do not usually eat with forks 
and knife hence we adapted the Modification of Modi-
fied Japanese orthopaedic association scoring [16] (Wil-
liam et al.) as shown in Table 2. 

 
Table 2. Modification of modified JOA scoring (William et al.) 

I. Motor dysfunction score of the upper limb Grade

 Unable to feed oneself 0 

 Unable to button and unbutton his clothes, tie and untie the strings of his pajayamas, clips his nails 1 

 Able to button and unbutton his clothes, knot and unknot the strings of his pajayamas, clips his nails with slight difficulty 2 

 Able to button and unbutton his clothes, knot and unknot the strings of his pajayamas, clips his nails with much difficulty 3 

 Able to button and unbutton his clothes, knot and unknot the strings of his pajayamas, clips his nails with great difficulty 4 

 Normal 5 

II. Motor function score of the lower extremity  

 Complete loss of motor and sensory function 0 

 Sensory preservation without ability to move legs 1 

 Able to move legs but unable to walk 2 

 Able to walk on flat floor but with walking aids 3 

 Able to walk up or down with handrails 4 

 Moderate to significant lack of stability but able to walk up and/or downstairs without hand rails 5 

 Mild lack of stability but walks with smooth reciprocation unaided 6 

 No dysfunction 7 

III. Sensory dysfunction score of the upper extremity  

 Complete loss of hand sensation 0 

 Severe sensory loss or pain 1 

 Mild sensory loss 2 

 No sensory loss 3 

 Sphincter dysfunction score  

 Inability to micturate voluntarily 0 

 Marked difficulty in micturation 1 

 Mild to moderate difficulty in micturation 2 

 Normal micturation 3 

Total score = 18. 
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2.3. Intervention 

Training session lasted for 45 minutes ± 10 min per day, 
4 days per week for 6 weeks with adequate warm up and 
cold down periods. We selected a 3-day rest in order to 
avoid over-stressing. Patients were instructed and performed 
exercises focusing on strengthening of the deep neck 
flexors, scapulothoracic muscles, upper and lower limb 
muscles depending of their strength levels. The patients 
performed deep neck flexor strengthening exercises as 
described by Petersen [17], without the use of a biofeed- 
back unit. The patient was supine, with the cervical spine 
in neutral, and instructed to flatten the curve of the neck 
by nodding the head. This position was held for 10 seconds 
and repeated for 10 times. Scapulothoracic exercise includes 
serratus anterior and both middle and lower trapezius mus- 
cle strengthening, as described by Flynn et al. [18]. All 
patients were instructed to perform all strengthening exer- 
cises at home. Depending on individual tolerance, the 
length of the sessions was progressively increased to one 
hour of exercise and locomotor training. Each locomotor 
training session was 10 - 15 min in duration and the sub- 
ject walked on a motorized treadmill. Depending on the 
need, one therapist was positioned near to the patient to 
help stabilize the patient posture. Subjects were encour- 
aged to arm swing when possible (1 or 2) and horizontal 
bars positioned at chest level were used to aid in balance 
control. Subjects walked at own pace enabling them to con- 
centrate on voluntarily activating their muscles during 
walking. Rest periods were taken when needed. 

3. Analysis and Results 

3.1. Statistical Analysis 

The Wilcoxon sign rank test was used to compare the nu- 
meric variables obtained from pre and post intervention. 
The level of significance was set at p < 0.05. The analy- 
sis was performed using SPSS. 

3.2. Results 

Over-all, as assessed by the classification of the mJOA 
and ASIA scoring, all patients were improved neurologi- 
cally. The average scores of mJOA improved from 9.60 
at baseline to 14.90 post intervention and ASIA motor 
scores improved from 75.10 to 83.60, sensory score (pin 
prick) from 61.23 to 98.23, sensory score(light touch) 
from 66.47 to 102.46. There is life-altering impact, asso- 
ciated with recovery of motor and sensory improvements 
which could have markedly alter the daily functional abili- 
ties (See Table 3). 

Exercise intervention increases the mJOA score, motor 
and sensory score and thus the quality of life and active- 
ties of daily living. The over-all results were evaluated ac- 
cording to the rate of recovery and were graded according 

to the criteria outlined by Hirabayashi et al. with use of 
the following equation [19]: rate of recovery (percent) = 
post intervention score – pre intervention score ÷ 18 (full 
recovery) – pre intervention score × 100. Recovery rates 
in our study were 63.09%. 

4. Discussion and Conclusions 

4.1. Discussion 

Concurrent with previous findings, the results of this study 
indicate that upper and lower extremity muscle strength 
scores are significantly associated with myelopathic scores. 

Firstly the results presented here indicate that volun-
tary physical activity can prime adult sensory and motor 
neurons for enhanced axonal regeneration after subse- 
quent injury [20]. Previous works have showed that exer- 
cise regulates gene expression in the spinal cord [21-24]. 
The increased motor and sensory scores after exercise in 
the current study now demonstrates a direct functional out- 
come of exercise-dependent change. Activity-dependent 
increase in BDNF and NT3 is one means by which exer- 
cise could trigger the increased axonal growth potential 
in neurons thereby facilitating recovery [25-27]. 

Secondly, maximum weight bearing of the lower limbs 
is important during stance [28]. Several animal studies have 
demonstrated that an increase in loading increases ex- 
tensor motoneuron activity and facilitates locomotion; a 
response that can be mediated by the lumbosacral spinal 
cord in isolation of descending drive [29-31]. Similar re- 
sults have been demonstrated in humans during locomo- 
tion [32]. The locomotor training we conducted is based 
on 2 assumptions. First, the spinal cord has the ability to 
respond to appropriate afferent information to generate 

 
Table 3. Outcome measure at pre and post intervention levels. 

 Mean SD 
95% CI for 
the median 

Inter quartile 
range 

p value

Muscle power 

Pre 75.10 14.849 73 - 77.8 72 - 79 

Post 83.60 11.091 81.18 - 86 80 - 87 
<0.0001

Sensation (Pin prick) 

Pre 61.23 24.04 58 - 62.8 57 - 64 

Post 98.23 13.10 97 - 101 95 - 103 
<0.0001

Sensation (Light Touch) 

Pre 66.47 26.906 63 - 68 61 - 69 

Post 102.46 13.920 98 - 102.8 97 - 104 
<0.0001

Modified JOA 

Pre 9.60 3.455 9 -10 9 - 11 

Post 14.90 2.614 14 - 15.8 14 -16 
<0.0001
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stepping. Second, activity-dependent plasticity occurs in 
the neural circuitry responsible for locomotion at both 
spinal and supraspinal levels [33-42]. Using these prince- 
ples as the foundation for locomotor rehabilitation hypo- 
thesizes that the nervous system adapts to specific activity 
and that recovery requires relearning the task of walking 
by providing the spinal cord with the appropriate sensory 
information. 

Thirdly, perhaps the most dramatic demonstration of 
reversing “learned non-use” has come from the results of 
training people with SCI. In 1992, Wernig and Muller re- 
ported that treadmill locomotion improved walking in peo- 
ple after severe SCI [43]. Dietz and colleagues suggest 
that two forms of adaptations occur after injury that may 
contribute to improved locomotor function: development 
of spastic muscle tone and activation of spinal locomotor 
centers induced by treadmill training [44]. Building on 
this work, additional groups have shown that a distal dis- 
connected region of the spinal cord is capable of “learn- 
ing” and that early gait training might promote improved 
gait, endurance, and energy consumption, enhanced ground 
speed walking, and, in a minority of individuals with in-
complete SCI, improved over ground walking [45,46]. Thus, 
a growing body of work supports the activity-based re- 
covery hypothesis. 

Study findings have divided the possible benefits of 
patterned neural activity into two categories: physical and 
regeneration/recovery of function. This study suggested 
that the physical benefits provide sufficient reason for 
participating in an activity-based recovery program. The 
subjects experienced a number of physical benefits, in- 
cluding increased motor and sensory recovery, improve- 
ments in hand functions and gait and an improved overall 
quality of life. The benefits associated with these changes 
are overwhelming based on reduction of sick days, im- 
proved gainful employment days, reduction of prolonged 
hospitalisation, reduced medication and medical costs; 
however, the psychological benefits of feeling predicta-
bly well are perhaps even more meaningful. The limita-
tions of our study were the lack of a control group. Fu-
ture randomized control studies would provide further 
insight into the effectiveness and clinical relevance of 
exercise program on CSM. 

4.2. Conclusions 

CSM can be treated effectively with physiotherapy in- 
tervention. Nevertheless, careful patient selection remains 
one of the most critical factors to physiotherapy man-
agement as older individuals with prohibitive co morbidi- 
ties or fixed long-term neurological deficits may not be 
benefited by the same. 

Our directed exercise program had a positive impact in 
most of the measures of physical function in this study. 
Therefore, we recommend that this type of activity be in- 

cluded in conventional rehabilitation programs in CSM. 
Future long term research is needed to determine whether 
exercise indeed is the treatment of choice for early CSM, 
and if so under which circumstances. 
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