
Introduction

It is well known that many patients with lumbar

spinal canal stenosis（LSCS）complain of abnormal sen-

sations such as tingling, tickling, psychroesthesia and

so on. Furthermore these patients usually have a hy-

pothermal cutaneous area in their lower extremities.

Peripheral cutaneous blood flow is basically deter-

mined by sympathetic nerve activities, so these facts

suggest that facilitation of sympathetic nerve activi-

ties have a considerable relationship with the occur-
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Abstract

The present study aimed to measure sensory nerve conduction velocity（SNCV）and muscle

sympathetic nerve activity（MSA）in both normal subjects and patients with lumbar spinal canal

stenosis（LSCS）, and to determine what sensory and sympathetic nerve systems relate to the de-

velopment of abnormal sensation in the lower limbs of the patients. The study population was 12

patients and 10 age-matched healthy control subjects.

A statistical difference in the mean MSA intervals was found between the LSCS patients

and the normal subjects. There was a fairly large difference between them in the values of the

standard deviations as one of the parameters to determine the degree of fluctuation of MSA.

These results suggest the LSCS patients have shorter MSA intervals and narrower fluctuations

of MSA than normal subjects.

As for the range of fluctuation of the MSA intervals and SNCV, the faster the SNCV, the

wider the range of fluctuation of MSA intervals in the normal subjects. Many patients with LSCS

seem to maintain a correlation between SNCV and MSA intervals. This suggests that even in

cases of LSCS, human homeostasis works to keep the relationship between sympathetic nerve

function and somato sensory nerve function to some extent. A few LSCS patients showed no cor-

relation between MSA and SNCV. These patients were rather old, suffered spinal stenosis in the

relatively higher levels of the spinal canal, and had suffered from the disease for longer than the

mean period of all the patients. When the peripheral nerves or cauda epuina are chronically com-

pressed, the nerve systems can not maintain the relationship between them, which finally results

in failure. It is suggested that the disrupted coordination between sympathetic nerve function

and somato sensory nerve function is one of the reasons why abnormal sensations occur in the

lower extremities of LSCS patients.（J Nippon Med Sch 2001; 68: 376―383）
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rence of such abnormal sensations1, 2.

Microneurography allows researchers to record

sympathetic nerve action potentials directly from the

peripheral nerve3―6. Muscle sympathetic nerve activity

（MSA）and a sympathetic nerve discharge have a di-

rect relationship with active vasoconstriction in the

skeletal muscles7―9. There are a few articles that dis-

cuss the facilitation of MSA in patients with lumbar

spine disease, particularly in those with chronic nerve

compression of the cauda equina10, 11. However , the

mechanism of MSA changes in LSCS has not been

clearly identified, and their clinical symptoms lead to

the possibility of sympathetic nerve impairment. Few

human studies have been reported concerning any in-

teraction between the somatic and sympathetic nerve

systems12―14.

The aim of this study is to record sensory nerve

conduction velocity（SNCV）and MSA in both normal

subjects and LSCS patients, and to determine how the

two nerve systems relate to the development of ab-

normal sensation in LSCS patients.

Materials and Methods

Patient population and clinical findings;

Fifty-three LSCS patients were admitted to Nippon

Medical School Hospital from 1998 to 1999, and 12 of

these 53 were selected for this study. Dysesthesia is a

continuous abnormal sensation that is considered to

be uncomfortable , such as tingling , tickling or psy-

chroesthesia; paresthesia is not a spontaneous sensa-

tion, but is also unpleasant. Both of them can be con-

sidered to be abnormal sensations resulting from sym-

pathetic nerve dysfunction. As we have been pursu-

ing studies involving dysfunction of the sympathetic

nerve, all of the selected patients had definite symp-

toms of dysesthesia and�or paresthesia in their lower
extremities, which was not caused by hypertension,

diabetes mellitus or other diseases.

All patients and volunteers as controls were in-

formed about the purpose of this study and risks in-

volved and gave this consent before entering this

study. This study was carried out with the approval

of the clinical studying ethical review committee of

Nippon Medical School Hospital.

Measurements

The subjects in the prone position were instructed

to relax and not to make any active motions . Both

heartbeat and respiration were continuously moni-

tored during the examination.

Sensory nerve activities were recorded with a sil-

ver disc electrode of 8 mm in diameter from the inter-

mediate dorsal cutaneous branch of the superficial

peroneal nerve at room temperature（22～25℃）ac-

cording to Jabre’s method15（Fig. 1）. A pick-up elec-

trode was fixed at 2 cm medial to the lateral malleolus,

where the nerve runs underneath the skin, and an-

other one on the lateral as a reference electrode. A

stimulating bipolar electrode was positioned 12 cm

proximal from the recording electrode. A ground elec-

trode was also positioned between the recording and

stimulating electrodes on the anterior aspect of the

fibula. An electrical stimulation was applied antidro-

mically, at the intensity of supramaximum, rectangu-

lar pulse of 0.5 msec and 1 Hz of frequency. Then, the

latency of the averaged potentials was determined

and SNCV was calculated. As the obtained potentials

were very small in amplitude, ten acquired discharges

were averaged.

MSA was induced directly from the common per-

oneal nerve at the popliteal fossa of the knee using a

mono-polar microelectrode made of tungsten and 43～

53 µm in diameter with an uninsulated top（2～5 MΩ

impedance）. The electrode was inserted percutane-

ously into the nerve manually, and a reference silver

disc electrode was positioned 1.5～2.0 cm proximally

to the detection microelectrode（Fig. 2）. When the

Fig. 1 A silver disc electrode of 8 mm in diameter for
the measurement of sensory nerve activities
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Table 1　Characteristics of patients and controls

controlsLSCS patients

1012Number
6：48：4Male : female
58.9 ± 6.266.7 ± 9.0Age（years）

（mean ± S.D.）

LSCS, lumbar spinal canal stenosis
Age expressed as mean ± S.D. The ages of patients 
and controls were very similar, and did not have any 
statistical significance.

microelectrode was inserted into the nerve bundle

correctly, spontaneous nerve action potentials were

acquired and local dysesthesia appeared simultane-

ously in the lower limbs. Throughout the examination,

all procedures were performed on the patients while

they were awake and without any anesthesia.

MSA consisted of grouped spontaneous discharges,

repeated either at irregular intervals or in a rhythmi-

cal fashion. According to the characteristics of MSA

firing patterns, it shows spontaneous, regular pulse-

synchronous burst impulses, and increases as blood

pressure decreases or on application of Valsalva’s ma-

neuver. MSA was integrated to identify it clearly for

practical use（Mano’s6 and Delius’s3 criteria）（Fig. 3）.

Data analysis

Each original MSA was rectified and integrated

through a filter with a time constant of 0.1 sec. on a

Neuropack 8（MEM-4200, Nihon Kohden）.

The data were analyzed statistically by Student’s

t-test, Mann-Whitney’s U test and simple regression.

Statistical significance was fixed at a level of 0.05％.

Results

The examined patients consisted of 8 males and 4

females with an average age of 66.7（ranging from 51

to 77）. Ten age-matched healthy volunteers（ranging

from 49 to 71 years old, mean age 58.9）were also used

in this study. It takes a long time to examine MSA,

and it is very difficult to detect clear MSA during the

examination. Furthermore, the examination is uncom-

fortable for the patients. For these reasons, only 12 of

the 53 patients consented to be involved in this study

（Table 1）. The examination was performed on the

patients an average of 14.2 months（ranging from 1 to

36 months）after their symptoms initially occurred

（Table 2）.

1．Sensory nerve conduction velocity:

The mean and standard deviation values of SNCV

were 46.4±10.3 m�sec in the LSCS patients, and 52.0
±4.6 m�sec in the normal subjects. The difference in
the mean values of SNCV was statistically significant

by Mann-Whitney’s U test（P<0.05）（Table 3）.

Fig. 2 Schematic diagram of the test equipment for
the measurement of muscle sympathetic
nerve activity

Fig. 3 Muscle sympathetic nerve activity in a nor-
mal subject
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Table 2　Detailed characteristics in the LSCS patie-
nts

level of stenosisdisease period
（month）sexageNo.

L2, 3, 424Ｍ77 1
L3, 4, 5, S112Ｆ54 2
L3, 4, 536Ｆ74 3

L3, 4, 5, S1 3Ｍ77 4
L3, 4, 524Ｆ75 5
L4, 5 3Ｍ73 6
L4, 524Ｍ68 7
L4, 5 2Ｆ67 8
L4, 5 1Ｍ65 9
L4, 536Ｍ6110
L4, 5 3Ｍ5811
L4, 5, S1 2Ｍ5112

 14.266.7mean

LSCS, lumbar spinal canal stenosis ; M, male ; F, 
female ; L, lumbar ; S, sacral
There were a few patients（No. 1, 2, 3）whose correla-
tion of SNCV and the range of fluctuation of MSA int-
ervals seemed to be disrupted. These patients were 
relatively old in the patients group, suffered spinal 
stenosis in the relatively higher levels of the spinal 
canal, and had suffered from the disease for longer 
than the mean period of all the patients.

Table 3　Data of sensory nerve conduction velocity

SNCV（m/sec）

ControlsNo.LSCS patientsNo.

50.8 134.1 1
51.7 228.8 2
53.1 369.0 3
61.2 441.4 4
52.2 548.4 5
48.0 646.9 6
56.6 746.9 7
45.5 849.6 8
53.6 945.1 9
47.21040.710

56.111
50.312

52.0 ± 4.62 ＊46.4 ± 10.25 ＊（Mean ± S.D.）

SNCV, sensory nerve conduction velocity ; LSCS, 
lumbar spinal canal stenosis
There was a statistically significant difference betw-
een the LSCS patients and the controls（＊ p ＜ 0.05）.

2．MSA discharge intervals:

The bursts of MSA were often“pulse-synchro-

nous”, and they tended to appear periodically during

certain phases of the respiratory cycle and heartbeat.

As the intervals of MSA fluctuated during the experi-

ments, the obtained MSA series was divided into 3 to

4 sections in each time unit of 30 seconds along the

time course to gain a better understanding of the

function of sympathetic nerve activity.

The mean interval of the MSA in each 30-second

unit was 36.9±18.4 msec in the LSCS patients , and

60.3±71.6 msec in the normal subjects. We took the

standard deviation of MSA intervals as one of the pa-

rameters to determine the degree of fluctuation of

MSA. The value of the standard deviation was 29.2±

20.2 msec in the LSCS patients, and 45.9±54.2 msec in

the normal subjects.

A statistical difference in the mean of the MSA in-

tervals was found between the LSCS patients and the

normal subjects by Student’s t-test（Table 4）: the in-

tervals in the LSCS patients were clearly shorter than

those in the normal subjects. There was a fairly large

difference in the values of the standard deviations in

the LSCS patients and control subjects, but no consid-

erable difference was acquired statistically . To sum

up, LSCS patients have shorter MSA intervals and

narrower fluctuations of MSA than normal subjects.

3．Sensory nerve conduction velocity and the

range of fluctuation of MSA intervals in indi-

vidual cases:

The range of SNCV and standard deviations of

MSA in the LSCS patients were 28.8～69.0 m�sec and
6.8～65.6 msec, respectively. On the other hand, in the

normal subjects, they were 45.5～61.2 m�sec and 12.6
～139.8 msec, respectively（Table 5）. The only statis-

tically positive correlation was found in the normal

subjects（r=0.684）（Fig. 4）. It is suggested that the

faster the SNCV, the wider the range of fluctuation of

MSA intervals in normal subjects. There was no sig-

nificant correlation in LSCS patients（r=0.031）.

Discussion

MSA is one of the impulses running through the

sympathetic nerves and has the effect of a vasocon-

strictor. Senma11 reported that MSA recorded from

patients with low back pain was considerably in-

creased in comparison with other subjects. Iwase et
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Table 4　Mean interval and the standard deviation of the MSA intervals of each 30-second unit and 
SNCV in the LSCS patients and the normal subjects

normal subjectsLSCS patients

SNCV（m/s）S.D.（ms）Mean interval（ms）SNCV（m/s）S.D.（ms）Mean interval（ms）

No.No.
50.821.9332.44 134.143.8841.14 1
50.827.4236.7534.16.92838
50.832.8730.434.110675
50.839.9845.1434.157.3563.6
51.7190.9157 228.86.13822.55 2
51.769.66928.85.64423.64
51.735.1363.3328.83.54521.69
51.712228.810.2322.43
53.129.9935.71 36943.5939 3
53.111.17236922.925.5
53.138.3552.33697.2314.53
53.122.7625.17699.64418.2
61.211.5514.67 441.422.4131.11 4
61.2103.4103.641.421.7523.14
61.231041.411.7317.29
61.246.242.541.413.424
52.234.0632.86 548.415.8814.6 5
52.226.0746.5748.416.623.27
52.264.636548.453.5546.86
52.238.2557.6748.419.7720
4841.2837.5 646.924.7632 6
4822.4722.8346.932.0255
4814.0832.646.934.4243.43
482446.976.7987.33
56.6101.658.8 746.916.5733.09 7
56.636.5819.3846.945.4847.6
56.654.864946.921.6646
56.636446.949.356
45.525.3549.6 849.621.6419.71 8
45.53974.549.648.7135.5
45.541.815349.640.15100
45.513.3333.5649.651.751.2
53.615.4522.75 945.131.131.67 9
53.648.0729.0845.129.2648
53.612.8715.445.117.2925.67
53.6289.710145.155.2449.67
47.29.2912.891040.732.2741.1410
47.28.3211.7540.717.7226
47.211.2815.540.78.22617.75
47.220.8819.8840.711.8420.71

56.134.6339.6711
56.136.8148
56.117.3529.11
56.151.6755.33
50.323.3530.8912
50.323.2522
50.323.132
50.325.8840.67

（Mean ± S.D.）
45.85 ± 54.1860.30 ± 71.62 ＊29.17 ± 20.1736.89 ± 18.37 ＊

SNCV, sensory nerve conduction velocity ; MSA, muscle sympathetic nerve activity ; LSCS, lumbar spinal 
canal stenosis. There was a statistically significant difference in the mean intervals of the patients and the 
normal controls（＊ p ＜ 0.05）.

al.8 reported that MSA obtained from the tibial nerve

at rest had significantly higher frequency in elderly

subjects（aged 65～75 years）who do not have any dis-

tinguishable diseases than in young subjects（aged 18

～25 years）. In this study, age-matched healthy volun-

teers were used as controls, because aging is a very

important factor in analyzing MSA data from LSCS

patients, who are usually from the older generation16.
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Table 5　Mean interval and the standard deviation of the MSA and  SNCV in 
individual cases in the LSCS patients and the normal subjects

normal subjectsLSCS patients

SNCV
（m/s）

S.D.
（ms）

Mean interval
（ms）

SNCV
（m/s）

S.D.
（ms）

Mean interval
（ms）

No.No.
50.829.2937.31 134.165.5755.71 1
51.783.9586.67 228.86.6122.45 2
53.125.8032.11 369.019.9721.17 3
61.2101.0480.15 441.417.4322.81 4
52.238.5748.42 548.426.0022.11 5
48.033.8129.85 646.939.3946.70 6
56.658.5635.68 746.932.3443.57 7
45.532.2549.18 849.643.0437.20 8
53.629.3322.15 945.132.7236.13 9
47.225.5029.941040.716.4822.6910

56.134.7241.4811
50.323.9530.6312

SNCV, sensory nerve conduction velocity ; MSA, muscle sympathetic nerve activity ; 
LSCS, lumbar spinal canal stenosis.
The mean value of the MSA intervals throughout the individual experiments was 
proposed for regression analysis with the value of SNCV.

According to the individual discharges of MSA dur-

ing this study, the intervals of MSA in the LSCS pa-

tients were shorter than those in the normal group.

The shorter MSA intervals took the place of a much

larger number of MSA discharges . Short-interval

MSA is probably associated with simultaneous high

activity of the cutaneous sympathetic nerve. Though

there was no statistical difference in the standard de-

viations of MSA intervals, the LSCS patients had nar-

rower standard deviations than the normal controls.

Larger standard deviations suggest a large variety of

sympathetic nerve functions . It seems that in the

LSCS patients, who have narrow standard deviations,

the regulatory mechanism for the nervous systems

was unable to regulate their sympathetic nerve func-

tions promptly to maintain a healthy condition.

Taylor17 and Matsumoto et al.10 proposed that SNCV

in most peripheral nerves becomes markedly slower

after the age of 50 years old. Robertson et al.18 noted

that the slowing of SNCV in the sciatic nerve of mice

was associated with a loss of large myelinated fiber

and atrophy of the axons. In contrast, the small myeli-

nated and unmyelinated fibers showed no histopa-

thological changes19. In our study, SNCV in the patient

group was slower than in the controls, which would

indicate that chronic compression of the nerve roots

and cauda equina cause strong atrophy and degenera-

tion of axons and demyelination of the nerves.

The correlation between SNCV and the standard

deviation of MSA intervals reveals a relationship be-

tween the somatic and sympathetic nervous systems.

There has not been any strong evidence to indicate a

relationship between these nervous systems until

now, but a positive correlation between them was

clearly shown in the regression analysis of our study:

the faster the SNCV, the wider the range of fluctua-

tion of MSA intervals in normal subjects. This may be

partly a reflection of central nervous regulatory

mechanisms. In subjects with fast SNCV, more affer-

ent impulses are conducted in a certain time to the

spinal cord and the supraspinal center than in sub-

jects with slow SNCV. It would not be efficient for the

autonomic nervous system to respond to each im-

pulse. And to decrease the vast amount of energy re-

quired to respond to them, the sympathetic nervous

system may protect itself by maintaining a wide

range of fluctuation. This means that it organizes a

tolerance against each stimulus conducted through

the peripheral nerves.

In the lower lumbar spine, the cauda equina and
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nerve roots do not make a direct connection to sym-

pathetic fibers20. Many patients with LSCS still main-

tain a correlation between SNCV and the standard de-

viation of MSA, but in a few patients with LSCS, the

correlation between both parameters seemed to be

disrupted. These patients were among the older of

the patients , and their spinal stenoses were in the

relatively higher levels of the spinal canal . Further-

more, their disease had generally lasted longer than

the mean period of the disease（Table 2）. Even

though there are no direct transmissions to the sym-

pathetic nerves from the cauda equina or nerve roots,

when stenosis levels are very close to the level where

there is direct connection between them , co-

ordination between the two nervous systems is ob-

structed. Suffering from the disease for long periods

could also have an unfavorable effect on the regular-

ity of the two systems.

In animal models of chronic nerve compression ,

Wall et al.14 noted that chronic dorsal root compres-

sion enhanced spontaneous excitability of dorsal root

ganglion（DRG）cells in rats, resulting in the occur-

rence of ectopic firing. Howe et al.7 found that rabbits

with sciatic nerve injuries showed spontaneous ec-

topic firings and hypersensitization for mechanical

stimuli . These findings lead to the hypothesis that

when the cauda equina or peripheral nerves are

chronically compressed in humans , the ectopic dis-

charges generated impair these nerves. These ectopic

discharges might reflect sympathetic nerve activity

by increasing the discharges of MSA. Furthermore,

nervous system dysfunctions such as increasing

adrenosensitivity in impaired sensory nerve fibers

have been reported1,14 . This is probably due to the

physiological changes in the nerve membrane. It has

also been reported that in squid, ephaptic transmis-

sion is sometimes organized in the peripheral nerves21.

We do not have any clear evidence in humans to de-

scribe these special connections between disordered

peripheral nerves. However, it is still worthwhile to

propose a hypothesis that in chronically compressed

nerves the physiological and anatomical membrane

condition changes gradually, and that finally ephaptic

transmission or pseudosynapse is produced between

the somatic and sympathetic nerves. Sympathetic in-

nervation of DRG following nerve injury2 has also

been reported. These facts contribute to increased af-

ferent impulses, disruption of the interaction between

the sympathetic nervous system and the sensory

nervous system, and finally to an increase in MSA.

We conclude that the high activity of these sympa-

thetic nerve functions may result in the clinical symp-

toms in LSCS patients in terms of abnormal sensa-

tions（dysesthesia and paresthesia: tingling, tickling

and psychroesthesia）.

In summary, we examined SNCV and MSA in both

LSCS patients and normal subjects . The LSCS pa-

tients had shorter MSA intervals and narrower fluc-

tuations of MSA than the normal subjects. As for the

range of fluctuation of the MSA intervals and SNCV,

the faster the SNCV, the wider the range of fluctua-

tion of MSA intervals in the normal subjects . How-

ever, many patients with LSCS seem to maintain a

correlation, as among the normal subjects. It was sug-

gested that in some LSCS patients who were rather

old, whose spinal stenosis was in the relatively higher

levels of the spinal canal, and whose disease periods

Fig. 4 Correlation between the SNCV and the stan-
dard deviations of MSA discharge intervals in
individual LSCS patients and normal subjects

Open circle, LSCS（n=12）; cross, control（n=
10）
The solid line is the regression line of the nor-
mal subjects.
SNCV , sensory nerve conduction velocity;
MSA , muscle sympathetic nerve activity;
LSCS, lumbar spinal canal stenosis

A positive correlation was found in the normal
subjects（r=0.684, p=0.029）. There was no sig-
nificant correlation in the LSCS patients（r=
0.031）. Patient No. 1, 2 and 3 were far out of
the normal regression line.
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were longer, the correlation between the sympathetic

nervous systems and somatic nervous systems was

disrupted. If the nerve roots and cauda equina are

chronically compressed , coordination between the

sympathetic nerve and somatic nerve systems is dis-

rupted. We believe that this disrupted coordination is

one of the reasons why abnormal sensations occur in

the lower extremities of LSCS patients.
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