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Study Design: Prospective cohort study with questionnaire.

Purpose: To compare the treatment outcome of nocturnal leg cramps in lumbar spinal canal stenosis (LSCS) patients on conserva-
tive treatment with historical surgical cohorts and to determine the sensitivity and specificity as well as positive predictive value and
negative predictive value of knee flexion test suggested for LSCS patient.

Overview of Literature: True prevalence of nocturnal leg cramps in LSCS patients as well as the clinical outcome of its surgical
treatment have been reported.

Methods: A questionnaire suggested from previous study with minor modifications was used in this study. Clinical data was col-
lected. Knee flexion test was performed in two groups.

Results: The prevalence of nocturnal leg cramp was higher in the LSCS group compared to the control group (second group). In LSCS
patients, 38 (88%) had improved leg cramps after the conservative treatment, 3 (6.97%) remained unchanged, and 2 (4.6%) had wors-
ened leg cramps. Of the 43 patients, 21 (48.8%) had no disturbance to their activities of daily living. In the LSCS group, the sensitivity
and specificity of the knee flexion test was 53.5% and 33.3%, respectively. The knee flexion test in the LSCS group had a positive
predictive value and a negative predictive value of 65.71% and 23.1%, respectively.

Conclusions: Our study demonstrated that nocturnal leg cramps were significantly more frequent in LSCS patients than in the

control group.
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Introduction

Lumbar spinal canal stenosis (LSCS) has variable pre-
sentation: the most common presentation is neurogenic
claudication followed by leg pain and back pain. Restless
leg sensation, chilliness and paraesthesia are other symp-
toms often less attended by spinal care professionals. One

the few noticed symptoms, such as leg cramps, are often
ignored or less noticed in patients with LSCS. Leg cramps
are acute involuntary painful contractions of the muscles
in the lower extremities. These cramps affect athletes,
pregnant women, and the elderly population [1-6]. A
majority of these patients can be treated conservatively;
if the conservative treatment ultimately fails, surgery is
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performed done. Previous general population surveys
have reported that leg cramps occur in 38% to 50% of the
elderly population [1-4]. Despite the fact that its etiology
remains unknown, leg cramps have been reported to be
associated with various diseases like diabetes, neuro-
muscular diseases, hyperthyroidism, hypertension, hy-
pocalcaemia, hypokalaemia, vascular diseases, and some
medications including diuretics, statins, steroids, and
nifedipine-blockers, etc. [2,5,7].

The term ‘nocturnal cramp’ has been given due its oc-
currence mostly at night is actually a ‘misnomer; because
in our experience these occur during different times of
the day. Another study [8], has looked into the possible
relationship between leg cramps and surgical interven-
tions that have an impact on leg cramps in patients with
LSCS. Our hypothesis is that leg cramps can be treated
conservatively and surgical intervention should be done
in selected cases after failed conservative treatment. The
other purpose of this study was to look into the variations
in patterns with respect to time of and site of occurrence.
The knee flexion test previously suggested by Demircan
et al. [9] for the clinical diagnosis of these cramps was
evaluated for its sensitivity, specificity, positive predictive
value and negative predictive value.

Materials and Methods

We prospectively assessed and treated sixty-one patients
with LSCS from April 2013 to June 2013. Our study also
included patients already being conservatively managed
for more than a month. The diagnosis was confirmed by
clinical examination, radiological assessment by mag-
netic resonance imaging (MRI), or spine fellows and the
chief of spine services examining previous case records.
After a thorough clinical assessment, a questionnaire was
recorded by the spine fellow.

1. Inclusion criteria

Group 1 included patients with LSCS who satisfied the
following criteria: 1) Patients with typical signs and symp-
toms of LSCS (leg pain, neurogenic claudication) that
was confirmed on MRI; 2) Patients without any history
of previous lumbar spine surgeries; 3) Patients without
severe scoliosis (Cobb angle >20°) or spondylolisthesis (%
slip >20%), which required instrumented fusion; and 4)
Patients without any history of neuromuscular diseases

such as cerebral palsy, congenital, and acquired my-
opathy, etc. Group II was a control group of 46 subjects
selected from the general population; the subjects had
no history of back surgery. The subjects had undergone a
general health check-up and completed the questionnaire
for low back pain.

2. Questionnaire

All participants in both groups filled in the question-
naire regarding the following issues: 1) Experience of leg
cramps; 2) Frequency and time of day of cramp attack;
3) Area of cramps; and 4) Walking ability. Only LSCS pa-
tients filled in the questionnaire regarding the following
issues; 5) Changes in cramps before and after conserva-
tive treatment; 6) Residual sciatica (evaluated by visual
analogue scale, 0-10 points) and numbness in the legs
and feet; 7) Activities of daily living (ADL) disturbance
by leg cramps; 8) Satisfaction with conservative treatment
modality [10]; 9) New modified the Oswestry disability
index (ODI); 10) treatment for leg cramps. This question-
naire was used in a previous study [8], and changes were
made from the previous questionnaire for question 11:
in addition to a more qualitative (subjective) assessment
of leg cramps, we also added a question where the effect
of leg cramps on ADL was expressed as a percentage. As-
sociation of diabetes mellitus and hypertension, which
are the most common comorbidities of elderly people
and which have been reported to be associated with leg
cramps [6,7,11], were also investigated. For LSCS pa-
tients, demographic data was collected that included age,
sex, comorbidities, medications (known to cause noctur-
nal cramps), and history of previous spine surgery. The
modification in ODI was given to all sections. If patient
disability was not due to pain in any section, then a score
of zero was given. Of all the patients, 72.09% in the LSCS
group and 48.14% in the control group, patients had no
comorbidities such as diabetes, hypertension, cardiac
diseases, etc. Average follow-up was recorded at 3, 6, 12,
24, and >24 months. 47 patients had a minimum follow
up of 1-3 months, 9 patients had 4-6 months follow-up.
The maximum follow up in LSCS group was only for one
year with minimum follow-up for 3 months. The rest of
the socio-demographic data is given in Tables 1, 2. The
results of X’ test between group I and group II for age and
modified ODI is given in Tables 1, 2. Age and gender was
matched between group I and group II; the p-value for
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Table 1. Profiles of LSCS patients (group |) and control subjects (group 1)
Characteristic

No. of patients
Cramps+

Age (yr), mean+SD (range)

Group | (LSCS)
61 46

43 27
58.18+11.81 (30-80)

Group Il (control)

53.63+14.28 (21-74)

Gender
Male 37 20
Female 26 26
Modified ODI, mean+SD 33.05+9.61 17.61£13.67
Mean follow-up
1-3mo 47 (1 mo 9 day) 3 (1 mo 3 day)
4—6 mo 9(5mo 1 day) 5 (6 mo)
7-12 mo 5(9 mo 2 day) 9(11 mo 1 day)
13-24 mo None 7 (20 mo 5 day)
>24 mo None 22 (109 mo)

LSCS, lumbar spinal canal stenosis; ODI, Oswestry disability index; SD, standard deviation.

Table 2. Profiles of LSCS patients (group I) and control subjects (group Il)

Characteristic

Comorbid+/medications

No comorbid

Leg cramps in group | and comorbid/medications
Cramps+
No cramps

Leg cramps in group Il and comorbid/medications
Cramps+

No cramps

31 12
15 3
13 14
16 3

LSCS, lumbar spinal canal stenosis.

age is 0.074 and gender is 0.250 (p-value>0.05) respec-
tively; this means there was no significant differences
between the groups in age or gender.

3. Knee flexion test

The clinical test was performed by holding the leg of the
patient against forceful knee flexion. The test was consid-
ered positive if a disturbing cramp was produced in the
leg or thigh region.

4. Statistical analyses

The chi-squared (X°) test and logistic regression analysis
were used to compare the prevalence and treatment out-
come of leg cramps between group I and II. A p-value less
than 0.05 was considered statistically significant. Levene’s

test for equality of variance for logistic regression analy-
ses using age, gender, and comorbidities as independent
variables between group I and group II. The Pearson chi-
square and Fisher exact test, along with linear by linear
association, was established. The knee flexion test was
evaluated for its sensitivity, specificity, positive predictive
value, and negative predictive value in both groups.

Results

Prevalence of leg cramps between group I (LSCS) and
group II (control) was highly significant (i.e., p-value
<0.001), when matched for occurrence with respect to
the frequency (daily/weekly/monthly/yearly). The treat-
ment outcome in group I was significant with a p-val-
ue<0.0001.
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Tahle 3. Descriptive pattern of occurrence of the leg cramps, clinical features, activities of daily living and treatment received

Group | (LSCS) Group Il (control)
A. How often
More than once a day 33 0
Weekly 7 0
Several/monthly 3 9
Yearly None 18
B. When
During sleep only (midnight to dawn) 15 17
n the morning only 2 7
In the afternoon only 1 2
In the evening only 2 1
Mixed pattern 23 None
Night>morning 10
Sleep (midnight to dawn)>morning>afternoon>evening 3
Morning>sleep>afternoon>evening 5
Sleep>afternoon>morning>evening 1
Sleep>afternoon>morning>evening 1
Evening>sleep>morning>afternoon 1
Afternoon>sleep>morning>evening 1
Morning>afternoon>evening>sleep 1
Could not remember (control group) only 3
C. Where
Calf only 32 27
Shin only 0
Anterior thigh only 0
Posterior thigh only 0
Foot only 0 6
Mixed pattern 11 0
Calf>foot 4 0
Calf>shin 1 0
Calf>posterior thigh>foot 2 0
Calf>posterior thigh>anterior thigh 1 0
Calf>shin>anterior thigh>posterior thigh>foot 1 0
Calf>Shin>anterior thigh>posterior thigh 1 0
Calf>anterior thigh>posterior thigh>foot 1 0
D. Walking/standing/sitting ability
>1,500 m 1
100-500 m 24
<100 m 36
Sitting time (min) 50.57
Standing time (min) 19.18

(Continued to the next page)
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Table 3. Continued

Group | (LSCS) Group Il (control)

E. Residual sciatic leg pain
Yes (if yes, mark on visual analogue scale)
No
F. Numbness
Yes
No
Side
Right
Left
Both
@G. Activity of daily livings
Extremely disturbed (75%—100%)
Moderately disturbed (50%—75%)
Slightly disturbed (25%-50%)
Not so disturbed (<25%)
Not disturbed (0%)
H. Treatment has you had for leg cramps—
Medications
Massage
None
>0ne treatment

26
35

38
23

10

14
19

18

23

LSCS, lumbar spinal canal stenosis.

Table 4. Treatment outcomes of LSCS patients for conservative versus
historical surgical cohorts

Outcome Conservative Surgical cohort
Improvement 38(88.4%) 18.2%
Worse 2 (4.6%) 26.1%
Unchanged 3(6.97%) 45.5%

LSCS, lumbar spinal canal stenosis.

1. Occurrence and pattern

Of all study subjects, 70.5% of patients with LSCS and
58.6% in the control population experienced leg cramps.
A detailed description of the occurrence and pattern of
leg ramps is provided Table 3. Among the mixed pattern
of cramps, the most prevalent pattern was night>morning
occurrence of cramps. 58.6% of patients experienced
cramps at some point of time in the control group. 62.9%
of patients experienced these cramps at night. There was
significant difference in ODI in LSCS and control groups

with mean 33.05+9.61 and 17.61+13.67, respectively.

2. Site and side of occurrence and pattern; residual sci-
atic pain; activities of daily living; treatment

The calf was the most common site of occurrence; a ma-
jority of the patients did not have residual sciatic pain and
ADL was not as much affected. The treatment outcome is
illustrated in Table 4.

3. Knee flexion test

The knee flexion test in the LSCS group was not signifi-
cant with a p-value of p>0.254. The sensitivity and speci-
ficity of the test was 53.5% and 33.3%, respectively. The
above test in LSCS group had positive reductive value of
65.71% and negative predictive value of 23.1%. The preva-
lence of the disease was 70.5%. Group II sensitivity and
specificity was 22.2% and 84.2%, respectively. The predic-
tive value and negative predictive value was 66.7% and
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Table 5. Outcome of knee flexion test in LSCS and control group for
leg cramps

Characteristic Knee flexion+ Knee flexion test—

Group | (LSCS)
Cramps+ 23 20
Cramps— 12 6
Group Il (control)
Cramps+ 6 21
Cramps— 3 16

LSCS, lumbar spinal canal stenosis; +, denotes present; —, denotes absent.

43.2%, respectively. The values are displayed in Table 5.

Discussion

This is the first study that assesses outcomes of cramps
following a conservative treatment regimen and com-
pared the outcome from historical cohorts treated sur-
gically. This is also the first study to study that looked
into the pattern, timing, and site occurrence of cramps.
This also first study to compare these cramps analys-
ing between LSCS group and control group with similar
age, gender, and comorbidities. Similar to the previous
study, our findings confirmed these cramps have a higher
prevalence in patients with LSCS than the general el-
derly population. However, the authors noticed several
disparities in terms of our findings compared to previ-
ous studies. Matsumoto et al. [8] reported that cramps
disturbed ADL in almost one-half of the patients and
seldom improved after surgery, or even became worse in
26% of the patients. This was contrary to our findings in
which 48% of our patients (21 out of 43) reported only
25% of their ADL was affected (G in Table 3). The same
study reported that conservative treatment resulted in
85% of patients having complete resolution of cramps. In
our study, the claudication distance showed improvement
in only 50% of the patients. Looking into the pattern, we
conclude that the word “nocturnal cramps” is a misno-
mer because these cramps do occur at other times than
night time. Matsumoto et al. [8] also reported this pat-
tern. Amyotrophic lateral sclerosis, poliomyelitis, periph-
eral neuropathy, lumbar spinal radiculopathy; metabolic
disorders including diabetes, pregnancy, uremia, liver
cirrhosis, and hypothyroidism; acute extracellular volume
depletion including excessive perspiration, hemodialysis,

diarrhea, and diuretic therapy; hereditary disorders; and
medications including diuretics, antidepressants, calcium
blockers, -blockers, statins, and steroid, diseases or disor-
ders reported to be associated with cramps; lower motor
neuron disorders including and so on. The exact causal
mechanism of leg cramps is yet to be established [11-13].
Electromyographic studies have suggested that abnor-
malities in the motor units including motor neurons,
neuromuscular junctions, and muscles can cause cramps
[11-13]. Other hypotheses also exist such as changes in
hydrostatic pressure and ionic shift across the cell mem-
brane in the calf muscles in a recumbent position leading
to hyper excitability of the motor neurons [11], accu-
mulation of metabolites and focal ischemia could be the
pathomechanism behind their occurrence. Disturbance
in the functions of the lumbar spinal nerves controlling
the tonus of the muscles innervated by them [13] was
suggested as the possible etiology for the high incidence
of leg cramps in patients with lumbar radiculopathy. The
cause of these cramps in elderly has been attributed to the
loss of motor neurons [14]. In LSCS patients, we filed all
medications administered to the patients, and evaluated
the prevalence of leg cramps with stratification by medi-
cations to investigate their possible association with leg
cramps, but we found no difference in the prevalence be-
tween patients with such medications and those without,
similar to the previous study [8].

Few studies on the association between leg cramps
and lumbar spinal diseases have been published. Rish
[15] reported that leg cramps were frequent in patients
with lumbar radiculopathy [16]. In a retrospective study,
Haskell and Fiebach [17] used quinine sulphate for treat-
ment of nocturnal leg cramps in comparison with age-
matched controls, and concluded that peripheral vascular
disorders and peripheral neurologic deficits were more
common in patients than in the controls. A close associa-
tion between LSCS and peripheral vascular disease has
been reported. Explanation for the failure of any form of
treatment is supported by literature [9] and is due to irre-
versible ischemic changes. This leads to irreversible dam-
age to nerves, which explains the failure of conservative
or surgical treatment to alleviate the symptoms of cramps
(Fig. 1) [18-23].

Prolonged compression leads to irreversible damage
to the lumbar nerve roots more often observed in pa-
tients with residual numbness after surgery as reported
by Kobayashi et al. [24] in a dog nerve root compression
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Lumbar spinal canal stenosis

4

Accumulation of voltage gated sodium and calcium channels [18]

4

Decrease tissue oxygen supply as suggested by theory of stagnant anoxia [19,20]

4

Decrease oxygen pressure of nerve roots induces ectopic firing in drg [21]

4

Development of cramps - continued stenosis > ischemia of nerves and vessels fibrosis > demyelination

> axonal degeneration > irreversible changes [23].

Fig. 1. Suggested pathophysiology cramps in lumbar spinal canal stenosis.

model. This dysfunction of the motor neurons extends
beyond the site of degeneration at the compression to the
motor neurons within the lumbarspinal cord as a result of
the axonal reaction. This pathology results in motor defi-
cits that would not resolve immediately after surgery. The
process of reinnervation of the affected muscles can en-
hance the hyperexcitability of the motor units [11,12,24].
The theory of accumulation of metabolites leading to
these cramps and fatigue can be disapproved as suggested
by the previous study [8] and our study since most of
our patients improve in walking ability after conserva-
tive treatment without surgical intervention. Proposed
remedies for leg cramps are stretching, massage, intake
of vitamins B and E, magnesium, quinine, and anticon-
vulsants such as carbamazepine [18,25-29]. Quinine is an
antimalarial drug, and has been reported to be effective
for leg cramps by decreasing the excitability of the motor
endplate, thereby reducing the muscle contractility [19].
In our study, comparison between the conservative treat-
ment and historical surgical cohort’s shows that neuro-
tropic are quite effective to alleviate the symptoms of the
leg cramps and conservative treatment was successful in
85% of these patients.

Demircan et al. [9] reported that knee flexion test was
reported positive in 72% of patients with lumbar disc
herniation. The sensitivity, specificity, positive predictive
value and negative predictive value of this test was low
and did not show a higher relevance as compared to con-
trol group as reported by the previous study. The gait load
test reported by Kim et al. [30] is still the standard test for
objective and quantitative assessment of neurogenic clau-
dication and is also applicable to legs cramps.

Our study has a few limitations. The small number

of study subjects could possibly alter some of the find-
ings such as the pattern of occurrence of leg cramps and
their distribution. Secondly, there was no blinding in the
study and bias could not be ruled out. Thirdly, existence
of preclinical stages of peripheral vascular disease cannot
be made solely by pulse examination. The test could be
positive in patients with established or preclinical stages
of peripheral vascular disease. There is minimal litera-
ture regarding association of peripheral vascular disease
with LSCS. Henceforth, the vascular theory regarding
the occurrence of these cramps cannot be disapproved
completely and needs further studies to study relation-
ship between relationship of these cramps in LSCS and
Peripheral vascular disease.

Conclusions

Nocturnal leg cramps are more prevalent in LSCS pa-
tients than in the general elderly population. Indeed, leg
cramps should be recognized as one of the symptoms
of LSCS, which may disturb a small percentage of LSCS
patients’ quality of life that can be effectively managed
conservatively.
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