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Purpose: Nocturnal leg cramps are considered to be a symptom of lumbar spinal stenosis (LSS). However, the relationship between
LSS and nocturnal leg cramps in the general population remains unclear. The purpose of this study was to investigate the prevalence
and characteristics of nocturnal leg cramps in LSS in the community.

Patients and Methods: 328 voluntary participants were enrolled in this study. The presence of LSS was assessed by a validated and
self-administered diagnostic support tool. The presence of nocturnal leg cramps and neurological findings were evaluated by one
experienced spine surgeon. To investigate the relationship between leg cramps and anatomical factors, the participants underwent an
MRI scan, and the dural sac cross-sectional area (DCSA) at each lumbar intervertebral disc level was measured.

Results: A total of 214 participants (65.2%) had nocturnal leg cramps, and 94 of 328 participants (28.7%) showed typical LSS
symptoms. In the typical LSS symptom group, 31 participants (33.0%) had nocturnal leg cramps. In the atypical LSS symptom group,
83 participants (35.5%) had nocturnal leg cramps. There was no statistically significant difference in the prevalence of nocturnal leg
cramps between the two groups. The narrowest DCSA (<25 mm?® and 25-49.4mm?) was statistically related to the presence of
nocturnal leg cramp. Statistically significant differences in sensory disturbance and motor weakness were not observed between the
subjects with and those without nocturnal leg cramps. Moreover, impaired PTR was statistically related to the presence of nocturnal
leg cramp.

Conclusion: The prevalence of nocturnal leg cramps did not differ with or without typical LSS symptoms in the community. The
degree of dural tube compression that is determined by DCSA had a direct effect on the presence of nocturnal leg cramps.
Neurological impairment, such as PTR abnormalities, was associated with the presence of nocturnal leg cramps.

Keywords: nocturnal leg cramps, lumbar spinal stenosis, general population, magnetic resonance imaging, sensory disturbance, motor

weakness

Introduction
Lumbar spinal stenosis (LSS) causes various lower extremity symptoms, such as neurogenic intermittent claudication,
radicular leg pain, and leg numbness. In addition to these symptoms, patients with LSS often complain of nocturnal leg
cramps.lf3

Nocturnal leg cramps are recurrent painful muscle cramps, affecting the calf, the thighs, or foot muscles.*® They
occur suddenly and usually last up to 4-5 minutes.” The prevalence of nocturnal leg cramps has been reported as 35-60%
in the general population and 50% in the elderly outpatient population.” "' The exact pathogenesis of nocturnal leg
cramps is still unclear; however, it has been reported that nocturnal leg cramps are associated with medical conditions
such as vascular disease, cirrhosis, hemodialysis, pregnancy, and LSS.**!2

Recently, some studies have reported the relationship between nocturnal leg cramps and LSS. In a questionnaire
survey on leg cramps for patients with LSS, nocturnal leg cramps were more prevalent in LSS patients than in the elderly
population.' Another study has also reported that nocturnal leg cramps were significantly more frequent in LSS patients

than in controls.” However, in those studies, the subjects were hospital patients. The relationship between nocturnal leg
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cramps and LSS in the general population has not yet been clarified. Furthermore, the details of subjects with nocturnal
leg cramps and LSS in the general population have also not yet been elucidated.

On the other hand, it has been reported by a population-based study in Japan that the prevalence of subjects with LSS
aged > 40 years was 5.7%.'> The number of LSS patients will increase in the aging society in the near future. Therefore,
because both have a high prevalence in the general population, it is important to investigate the relationship between
nocturnal leg cramps and LSS. Furthermore, it is also well-known that anatomical stenosis does not always produce
symptoms.m_16

The purpose of the present study was to investigate the prevalence of nocturnal leg cramps in subjects with
symptomatic LSS, and to clarify the relationship between nocturnal leg cramps and symptomatic LSS or anatomical

stenosis on MRI in the community.

Materials and Methods
Ethics

This study was approved by the Ethics Committee of Fukushima Medical University and was conducted in accordance
with the Declaration of Helsinki.

Study Design

The study design was a cross-sectional study. This survey was conducted by the respective local government offices of
Tadami town and Ina village in Fukushima Prefecture, Japan, in 2004.'7 In brief, subjects were recruited from the
respondents to an announcement of assessment of LSS that was part of a public health survey being conducted by their
local governments. All subjects were self-sufficient (living in their own houses without the need for supplemental care,
and able to walk independently with or without support such as a cane or a walker). Subjects were excluded if they were
unable to fill out the questionnaires by themselves, had ever undergone brain or spinal surgery, or had experienced
a fracture of the lower extremities in the year previous to the start of the study period.

Assessment
Written informed consent was obtained from all participants.

Definition of Typical LSS Symptoms
To examine the presence or absence of lower extremity symptoms caused by LSS, the physicians used a diagnostic support
tool for LSS, which is a self-administered, self-reported history questionnaire (LSS-SSHQ) (Supplementary Data 1). The

LSS-SSHQ consists of 10 yes/no question items,'® and each item requires a response of either “1 = yes” or “0 = no”. A total
score of 4 for Q1-Q4, or a score > 1 for Q1-Q4 combined with >2 for Q5-Q10, indicated the presence of LSS.'® The
sensitivity and specificity of the LSS-SSHQ have been confirmed to be 0.855 and 0.791, respectively, in the derivation data,
and 0.843 and 0.781, respectively, in the validation data.'® The area under the receiver operating characteristic curve was
0.797 in the derivation data set and 0.782 in the validation data set.'"® This questionnaire is suitable for epidemiological

studies because it can eliminate differences in diagnosis due to different attending physicians.'**

Evaluation of Nocturnal Leg Cramps

To evaluate of the presence or absence of nocturnal leg cramps, all participants were interviewed by one board-
certificated spine surgeon who asked them if they had experienced cramps in their legs at night within the previous
month. In the present study, we investigated only the presence or absence of nocturnal leg cramps, and did not examine
the frequency or the details of the site of onset.

Neurological Findings

All participants received neurological examinations from one board-certificated spine surgeon in order to investigate
sensory disturbance and motor weakness of the lower extremities. These diagnoses were made after examination of
superficial sensation and a manual muscle testing. To assess sensory disturbance, the physician performed light touch
stimulation of the lower extremities, and the participants judged the intensity of the sensation. In the manual muscle
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testing, motor weakness was categorized when the result was < 4 on a grading scale of 0-5. In addition, the patellar
tendon reflex (PTR) and the Achilles tendon reflex (ATR) were examined for muscle stretch reflexes in the lower
extremities. In the present study, in order to evaluate the effect of LSS on the muscle stretch reflex as an objective
finding, a difference between the left and right side or the disappearance of both sides was considered as impairment, and
the other cases were considered normal.

The Imaging Studies by MRI

To evaluate anatomical factors, MRI was performed on all participants. The dural sac cross-sectional area (DCSA) at
each lumbar intervertebral disc level from the first lumbar vertebra to the first sacral vertebra was calculated from
transverse-slice lumbosacral MRI (T2 weighted image) (Supplementary data 2) using the formulae reported by

Hamanishi et al.?' The narrowest cross-sectional area of the lumbar dural tube was used for analysis. Furthermore, the
number of dural tubes with cross-sectional areas of < 50 mm?” was used for analysis. If they were < 50 mm?, then the
subject was morphologically diagnosed with typical LSS.*

Statistical Analysis

The chi-square test was used to compare all of the subject items except for age, and the Mann—Whitney U-test was used to
compare age between the positive and the negative nocturnal leg cramp group. The crude analysis was done using single-
variate logistic regressions to evaluate the statistical association between the presence of nocturnal leg cramps as the dependent
variable and each explanatory variable such as gender (male, female), age (continuous variable), presence of typical LSS
symptoms (positive, negative), narrowest DCSA (< 25 mm?, 25-49.9, 50-74.9, 75-99.9 and > 100), number of DCSA <
50 mm? (continuous variable), sensory disturbance (positive, negative), motor weakness (positive, negative), PTR (normal,
impaired) and ATR (normal, impaired). In addition, multivariate logistic regression analysis was performed, adjusting for age
and gender and including all explanatory variables. A p value of < 0.05 was considered statistically significant. All statistical
analyses were performed using the STAT View software package (version 5.0, SAS Institute Inc., Cary, NC).

Results

Participant Characteristics
The participant characteristics are shown in Table 1. A total of 328 subjects (105 males and 223 females) were enrolled in
this study. Their age ranged 28-86 years old, and most subjects were in their 70s. One hundred fourteen participants
(34.8%) had nocturnal leg cramps, and 94 (28.7%) of whom showed typical LSS symptoms.

On MRI evaluation, 113 participants had a narrowest DCSA of < 50 mm2. Neurological findings showed sensory
disturbance in 39 participants (11.9%), motor weakness in 51 (15.6%), PTR impairment in 44 (13.6%), and ATR
impairment in 107 (32.9%).

Comparison of Characteristics Between with and without Nocturnal Leg Cramps
Gender and Age

Among the males, 40 participants (38.1%) experienced nocturnal leg cramps. Among the females, 74 participants
(33.2%) had nocturnal leg cramps. Thus, there was no statistically significant difference in the prevalence of nocturnal
leg cramps by gender (p = 0.3835). Similarly, there was no significant difference in age (p = 0.2924) (Table 2).

LSS Symptoms

In the typical LSS symptom positive and negative groups, 31 (33.0%) and 83 (35.5%) participants, respectively, had
nocturnal leg cramps. Therefore, there was no statistically significant difference in the prevalence of nocturnal leg cramps
between the two groups (p = 0.6683) (Table 2).

Anatomical Factors

There was no statistically significant difference between the presence of nocturnal leg cramps and the narrowest DCSA
(p = 0.2949). Similarly, there was no statistically significant difference between the presence of nocturnal leg cramps and
number of DCSAs that were < 50 mm? (p = 0.2494) (Table 2).
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Table | Participant Characteristics

N %
Gender Male 105 320
Female 223 68.0

Age (years old) <40 13 4.0
40-49 13 4.0
50-59 48 14.6
60-69 109 332
70-79 121 36.9

= 80 24 73
Nocturnal leg cramp Positive 114 348
Negative 214 65.2
Typical LSS symptoms Positive 94 28.7
Negative 234 71.3
Narrowest DCSA (mm?) <25 35 10.7
25-49.9 78 23.8
50-74.9 8l 24.7
75-99.9 52 15.9
= |00 82 25.0
Number of DCSA < 50mm? 0 213 64.9
| 69 21.0
2 35 10.7

3 I 34
Sensory disturbance Positive 39 1.9
Negative 288 88.1
Motor weakness Positive 51 15.6
Negative 276 844
PTR Normal 279 86.4
Impaired 44 13.6
ATR Normal 218 67.1
Impaired 107 329

Neurological Findings

In the positive and negative sensory disturbance groups, 16 (41.0%) and 98 (34%) participants, respectively, had
nocturnal leg cramps. Thus, there was no statistically significant difference in the prevalence of nocturnal leg cramps
between the two groups (p = 0.3894). Similarly, there was no statistically significant difference between motor weakness
and the presence of nocturnal leg cramps (p = 0.5692). On the other hand, in the PTR normal and PTR impairment
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Table 2 Comparison of Characteristics Between Participants with and without Nocturnal Leg Cramp

Nocturnal Leg Cramp p value
Positive Negative
N (%) N (%)

Total 114 (34.8) 214 (65.2)

Gender Male 40 (35.1) 65 (30.4) 0.3835
Female 74 (64.9) 149 (69.6)

Age (average * S.D.) 67.0 = 10.1 65.6 = 12.1 0.2924

Typical LSS symptom Positive 31 (27.2) 63 (29.4) 0.6683
Negative 83 (72.8) 151 (70.6)

Narrowest DCSA (mm?) <25 16 (14.0) 19 (8.9) 0.2949
25-49.9 29 (25.4) 49 (22.9)
50-74.9 21 (18.4) 60 (28.0)
75-99.9 19 (16.7) 33 (15.4)
= |00 29 (25.4) 53 (24.8)

Number of DCSA < 50mm? 0 69 (60.5) 144 (67.2) 0.2494
| 31 (27.2) 38 (17.8)
2 I (9.6) 24 (11.2)
3 3 (2.6) 8 (3.7)

Sensory disturbance Positive 16 (14.0) 23 (10.7) 0.3894
Negative 98 (86.0) 190 (88.8)

Motor weakness Positive 16 (14.0) 35 (16.4) 0.5692
Negative 98 (86.0) 178 (83.2)

PTR Normal 89 (78.1) 190 (88.8) 0.0034
Impaired 24 21.1) 20 (9.3)

ATR Normal 69 (60.5) 149 (69.6) 0.0921
Impaired 44 (38.6) 63 (29.4)

groups, 89 (31.9%) and 24 (54.5%) participants, respectively, had nocturnal leg cramps. There was a statistically
significant difference in the prevalence of nocturnal leg cramps between the two groups (p < 0.05). Similarly, in the
ATR normal and ATR impairment group, 44 (41.1%) and 69 (31.7%) participants, respectively, had nocturnal leg cramps,
but the difference was not significant (p = 0.0921) (Table 2).

Related Factors with Prevalence of Nocturnal Leg Cramps
In multivariate logistic regression adjusted for age and gender, the narrowest DCSA (< 25 mm? and 25-49.4 mm?) and

PTR impairments were determined to be statistically related to the presence of nocturnal leg cramps (Table 3).
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Table 3 Associations of Individual Factors with Prevalence of Night Cramp

Crude Analysis Adjusted Analysis
OR 95% CI p value OR 95% CI p value
Gender Male Ref. Ref.
Female 0.807 0.498-1.308 | 0.3839 0.833 0.497-1.396 0.4887
Age 1.011 0.991-1.032 | 0.2923 1.007 0.985-1.030 0.5245
Typical LSS symptom Positive 0.895 0.539-1.486 | 0.6684 0.733 0.403-1.353 0.3082
Negative Ref. Ref.
Narrowest DCSA (mm?) <25 1.539 0.688-3.441 | 0.2935 4.239 1.013-17.747 0.0480
25-49.9 1.082 0.568-2.061 | 0.8I15 2.148 0.699-6.601 0.1818
50-74.9 0.640 0.327-1.253 | 0.1927 0.624 0.310-1.255 0.1857
75-99.9 1.052 0.510-2.170 | 0.8903 1.051 0.497-2.225 0.8956
2 100 Ref. Ref.
Number of DCSA less than 50mm? 1.046 0.793-1.379 | 0.7522 0.534 0.275-1.035 0.0632
Sensory disturbance Positive 1.349 0.681-2.670 | 0.3907 1.296 0.585-2.874 0.5228
Negative Ref. Ref.
Motor weakness Positive 0.83 0.437-1.576 | 0.5695 0.725 0.348-1.512 0.391
Negative Ref. Ref.
PTR Normal Ref. Ref.
Impaired 2.562 1.345-4.881 | 0.0042 2.46 1.238-4.890 0.0102
ATR Normal Ref. Ref.
Impaired 1.508 0.934-2.436 0.929 1.419 0.835-2.411 0.196
Notes: The crude analysis used single-variate logistic regressions. The adjusted analysis used multivariate logistic regression including all explanatory
variable.
Discussion

The epidemiological studies on nocturnal leg cramps that have been reported so far have been mainly conducted on
outpatients and not on community residents. The prevalence of nocturnal leg cramps has been reported to be 35-60%.” !
The etiology of the cramps was classified into lower motor neuron disorders, metabolic disorders, acute extracellular
volume depletion, medication, hereditary disorders and no apparent cause (ex. nocturnal leg cramp in the elderly,
exercise-related).'® According to these classifications, nocturnal leg cramp associated with LSS is considered to belong
to lower motor neuron disorders. From the viewpoint of nerve root compression, Nishant et al proposed the pathogenesis
of leg cramps in LSS. However, a variety of etiologies have been considered for the pathogenesis of nocturnal leg
cramps, and its high prevalence suggests that the pathogenesis of nocturnal leg cramps is complex. Therefore, LSS seems
to be just one of the pathogeneses of nocturnal leg cramps.

In the present study, we set out to clarify the prevalence and characteristics of nocturnal leg cramps with LSS in the
community. Several previous studies have reported on the relationship between leg cramps and LSS.' However, in all
of these studies, the subjects were in the hospital setting. To our knowledge, this is the first study to investigate the

relationship between nocturnal leg cramps and LSS in the community.
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In the present study, nocturnal leg cramp was not significantly higher in the typical LSS symptom group in the
community (33.0% in the typical LSS symptoms group, 35.5% in atypical LSS symptoms group). On the other hand,
Matsumoto et al and Nishant et al reported that nocturnal leg cramps are more prevalent in postoperative or conserva-
tively treated LSS patients than in the general elderly population.'* One of the reasons for this discrepancy was that these
studies were hospital-based and the symptoms of LSS should be more serious than those of our study. Furthermore, there
was no statistically significant difference in the prevalence of nocturnal leg cramps by gender or age evaluated by single-/
multivariate logistic regression analysis in the study. According to a general population survey, the prevalence of rest
cramps was substantially higher in older subjects than in younger subjects.® Another study has also reported that high
frequency of nocturnal leg cramps was due to female predominance and age distribution.® In general, nocturnal leg
cramps are considered to be slightly more common in females, and the prevalence increases with age.*” There is
currently no logical explanation for the discrepancy between this study and previous studies, and further research is
needed to resolve it.

In the present study, the relationship between nocturnal leg cramps and anatomical factors measured by MRI of the
cross-sectional area of the lumbar dural tube showed that nocturnal leg cramps increased with the degree of anatomical
stenosis. Several studies have reported that nerve root compression may be an underlying cause of nocturnal leg
cramps.>%?*?> Ohtori et al also reported that the prevalence of nocturnal leg cramps is associated with spinal nerve
compression and symptom severity in patients with LSS.? The results of the current study regarding this are consistent
with those of previous reports. Moreover, in the present study, DCSA of < 50 mm” was shown for the first time to be an
independent factor in the development of nocturnal leg cramps, regardless of typical LSS symptoms, by multivariate
logistic analysis, which is considered to be statistically more robust than univariate analysis.

Looking at the relationship between nocturnal leg cramps and neurological findings, the presence of sensory
disturbance or motor weakness in the lower extremities did not make a significant difference in the prevalence of
nocturnal leg cramp. In the muscle stretch reflexes, PTR impairment has often been reported to be associated with
nocturnal leg cramps. Haskell et al reported the prevalence of peripheral neurological deficit showing one of the most
striking differences between patients with cramps and the control group.?® The results of the present study and those of
previous reports suggest that some neurological dysfunctions are associated with the presence of nocturnal leg cramps.*
However, the question arises as to why the impairment of PTR, not ATR, was related to be statistically associated with
nocturnal leg cramps. In general, the neurological finding of LSS is that ATR is more compromised than PTR.?’
However, similarly, in the general population, ATR is more severely impaired than PTR with aging, especially in people
aged > 60.2%?° Therefore, since ATR impairment is strongly affected by aging as well as LSS, PTR impairment that are
less affected by aging compared with ATR may be detected as non-aging neurological abnormalities.

In the present study, 33.0% of residents with positive nocturnal leg pain showed typical LSS symptoms and 39.8%
had a DCSA < 50 mm? (Table 2). Approximately 30—40% of the residents who complain of nocturnal leg cramps had
typical LSS symptoms or anatomical LSS with a DCSA of < 50 mm®, suggesting that it is reasonable to consider the
presence of symptomatic LSS or anatomical LSS when seeing elderly patients who complain of nocturnal leg cramps, but
not a screening tool to suspect typical LSS symptoms or anatomical LSS. In other words, a reasonable interpretation
would be to recognize that the presence of typical LSS symptoms and asymptomatic anatomical LSS is one of the
relevant factors in the development of nocturnal leg cramps. In clinical practice, LSS-specific treatments may be effective
for some patients who complain of nocturnal leg cramps, rather than traditional treatments such as drugs and stretching
exercises. Further study into this issue is needed.

This study has some limitations. Firstly, as an epidemiological study, the number of subjects was relatively small.
Secondly, other comorbidities were not investigated. It has been reported that nocturnal leg cramps are associated with
other medical conditions;* however, the exact mechanism of nocturnal leg cramps is still unclear. Therefore, it might be
difficult to exclude all other comorbidities that are possible causes of nocturnal leg cramps. For example, electrolyte
status, including serum calcium, which has been implicated in nocturnal cramps, has not been investigated. Furthermore,
in addition to comorbidities, cold stimulation to the leg muscles may also induce leg cramp. It is difficult to exclude this
factor because it is difficult to interview all possible cold exposures as well. Thirdly, the LSS-SSHQ was used as
a screening tool for LSS. Not all subjects with LSS symptoms were found by LSS-SSHQ. Due to the sensitivity and
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specificity of the LSS-SSHQ, it is impossible to evaluate all forms of LSS, including asymptomatic LSS, in this study.
Regarding the specificity of the LSS-SSHQ, approximately 20% of subjects diagnoses with typical LSS symptoms were
suspected to be a false positive. And it did not examine whether leg symptoms were unilateral or bilateral. Fourthly, this
study measured at the DCSA on MRI images and did not consider the lumbar disc herniation or foraminal stenosis. The
assessment of radiological LSS in this study was limited to central LSS. Fifthly, the survey area was based in the
countryside of Japan and all of the participants in this study were volunteers. Therefore, the data might not extrapolate
completely to the general Japanese population and there might be a selection bias. The prevalence of LSS defined by
LSS-SSHQ in this study was 28.7%. This rate is much higher than other cohorts in the general population.'**° This
might be due to the fact that the countryside has a high aging population, and subjects were recruited who wanted to be
surveyed for LSS. Finally, since it was a cross-sectional study, it was shown that there was a relationship between typical
LSS symptoms and nocturnal leg pain, but it was not possible to clarify whether the presence of typical LSS symptoms
was responsible for the presence of nocturnal leg pain.

Conclusion

Nocturnal leg cramps were not more frequent in subjects with typical LSS symptoms than in those without typical LSS
symptoms in the community. The degree of dural tube compression, which is determined by DCSA, had a direct effect on
the presence of nocturnal leg cramps. Furthermore, neurological disturbance, such as PTR impairment, was associated
with the presence of nocturnal leg cramps.
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