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Purpose: The pathological mechanism of lumbar spinal stenosis is reduced blood 
flow in nerve roots and degeneration of nerve roots. Exercise and prostaglandin E1 
is used for patients with peripheral arterial disease to increase capillary flow around 
the main artery and improve symptoms; however, the ankle-brachial index (ABI), 
an estimation of blood flow in the main artery in the leg, does not change after treat-
ment. Lumbar spinal nerve roots contain somatosensory, somatomotor, and unmy-
elinated autonomic nerves. Improved blood flow by medication with prostaglandin 
E1 and decompression surgery in these spinal nerve roots may improve the function 
of nerve fibers innervating muscle, capillary, and main vessels in the lower leg, re-
sulting in an increased ABI. The purpose of the study was to examine whether these 
treatments can improve ABI. Materials and Methods: One hundred and seven pa-
tients who received conservative treatment such as exercise and medication (n=56) 
or surgical treatment (n=51) were included. Low back pain and leg pain scores, 
walking distance, and ABI were measured before treatment and after 3 months of 
conservative treatment alone or surgical treatment followed by conservative treat-
ment. Results: Low back pain, leg pain, and walking distance significantly im-
proved after both treatments (p<0.05). ABI significantly increased in each group 
(p<0.05). Conclusion: This is the first investigation of changes in ABI after treat-
ment in patients with lumbar spinal stenosis. Improvement of the spinal nerve roots 
by medication and decompression surgery may improve the supply of blood flow to 
the lower leg in patients with lumbar spinal stenosis.
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INTRODUCTION

Compression of spinal nerve roots by lumbar spinal stenosis (LSS) is a major clin-
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blood flow on the surface of compressed and damaged spi-
nal nerves or that functional recovery of spinal nerves could 
be achieved by decompression surgery. Subsequently, these 
therapies should improve the function of somatosensory, 
motor and autonomic nerves innervating the main artery in 
the lower leg and lead to an increase in ABI. However, after 
therapy for lumbar spinal stenosis, improvement of blood 
flow in the main artery in the lower leg has not been previ-
ously examined. Therefore, the purpose of this study was to 
investigate the effects of these therapies on symptoms of 
lumbar spinal stenosis and on ABI.

MATERIALS AND METHODS
　　　

The ethics committee at our institution approved the proto-
col for the human procedures used in this study. Informed 
written consent was obtained from each subject.

Patients
One hundred and seven patients with low back and leg pain 
that had continued for at least 1 month were included. Pa-
tients who had previously undergone spinal surgery were 
excluded from the study. We also excluded patients with spi-
nal tumor, infection, or trauma. Lumbar spinal stenosis was 
diagnosed using X-rays, magnetic resonance imaging (MRI) 
and by physical examination by spine surgeons. In the MRI, 
the degree of spinal stenosis varied from slight to severe. In 
addition, central stenosis, stenosis of the lateral recess, and 
foraminal stenosis were apparent. Patients with monoradic-
ulopathy, polyradiculopathies, or cauda equine syndrome 
were included in the study. 

Study design
Patients were divided into groups that received conserva-
tive and surgical treatment, respectively. Conservative ther-
apy group was applied in patients who did not undergo any 
therapy before visiting hospital. Surgery was used for pa-
tients in whom previous conservative treatment was inef-
fective. Therefore, seriously impaired patients underwent 
surgery and the less impaired patients underwent conserva-
tive care.

In the conservative therapy group, treatment included exer-
cise (walking, walking in a pool, muscle training, and muscle 
stretching), medication, and an epidural block. Without the 
help of a therapist, patients walked above ground and in a 
pool. Muscle training and stretching were performed for the 

ical problem associated with intermittent claudication, pain, 
numbness, and lack of normal sensitivity. Such compres-
sion has been shown to induce neurophysiologic dysfunc-
tion, degeneration, and reduced blood flow in nerve roots in 
animal models and humans.1,2

Reduced blood flow in nerve roots induces neurogenic 
intermittent claudication, and drugs for the improvement of 
blood flow in nerve roots have been developed. Prostaglan-
din E1 (PGE1) causes vasodilation in both arterioles and 
venules.3,4 In a clinical study, intravenous lipo-PGE1 ad-
ministered for 10 consecutive days to 40 patients produced 
symptomatic improvement for a limited period in the treat-
ment of neurogenic intermittent claudication associated with 
lumbar spinal stenosis.5 An investigation of 25 cases of 
lumbar spinal stenosis by myeloscopy revealed that the di-
ameters of blood vessels in the cauda equina differed signif-
icantly from those in a control group.6

In addition to medication, several therapies may increase 
blood flow into spinal nerves. In animal studies and clinical 
trials, lumbar spinal canal stenosis has been treated by elec-
trical acupuncture on the pudendal nerve and at the nerve 
root.7 After stimulation, immediate and sustained pain relief 
was observed in patients and an increase in sciatic nerve 
blood flow was observed.7 Changes in the microcirculation 
in the L5 and S1 nerve roots have also been examined in pa-
tients with lumbar spinal stenosis during lumbar interbody 
fusion surgery by endoscopy.8 Blood flow significantly de-
creased after nerve compression and stretching. These find-
ings indicate that damage of spinal nerve roots induces de-
creased blood flow into the nerve roots, and results in pain.8 

Patients with peripheral arterial disease (PAD) may be 
asymptomatic or may present with a spectrum of symptoms 
including atypical leg pain, classic claudication, rest pain, 
and critical limb ischemia with gangrene.9 PAD is diagnosed 
based on the ankle-brachial blood pressure index (ABI), a 
rapid and simple non-invasive diagnostic technique.9 ABI 
reflects blood flow in the main artery in the leg. Exercise 
and drugs such as PGE1 improve the symptoms of PAD,9 
generally by increasing flow in capillary vessels without 
having an effect on the main arterial tract. Thus, most re-
ports have shown that these therapies improve symptoms, 
but do not influence ABI.10,11

The lumbar spinal ventral nerve roots include somatic and 
autonomic nerves such as the unmyelinated sympathetic and 
parasympathetic nerves that innervate the lower leg.12-14 
Therefore, we hypothesized that treatment with therapies 
such as exercise, medication, and surgery would increase 
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a Doppler probe. The maximum ankle arterial pressure was 
divided by the maximum brachial arterial pressure to calcu-
late the ABI. ABI was measured according to the Transat-
lantic Inter Society Consensus (TASC II) guidelines for 
management of PAD.15

Evaluation of outcome
This study was performed to investigate the effects of differ-
ent therapies on symptoms of lumbar spinal stenosis and on 
ABI, but not to investigate differences in the effects among 
therapies. Therefore, comparisons before and after treatment 
were performed in each group, but a comparison between 
the conservative and surgical groups was not performed.

Statistical analysis
A paired t-test, Wilcoxon test, and McNemar test were used 
to compare pain scales and ABI before and after treatment. 
p<0.05 was considered statistically significant.

RESULTS
 

Patient characteristics
Patient characteristics are shown in Table 1. Age ranged from 
39 to 80 years old, with average ages of 68.04±9.11 and 
67.00±9.03 years old in the conservative and surgical groups, 
respectively (mean±SD). Among all patients, 19.6% in the 
conservative group and 17.6% in the surgical group were 
smokers. Complications included diabetes, hyperlipidemia, 
hypertension, and vascular occlusion (cerebral, coronary, 

abdominal and lower extremities with the assistance of phys-
ical therapists. Medication included NSAIDs, vitamins, mus-
cle relaxants, and PGE1, as determined by the personal phy-
sician for each patient. A transforaminal or caudal epidural 
block was administered in some patients, and exercise, drugs, 
and blocks were used in some cases. ABI was measured be-
fore and 3 months after conservative treatment. Before mea-
suring ABI, patients had not received therapy.

For the surgery group, ABI was measured before and 3 
months after surgery. Before surgery, patients had under-
gone exercise therapy, medication, and epidural block. Af-
ter surgery, these patients also received exercise therapy 
and medication, but were not given an epidural block. 

Evaluation of pain scores and walking distance before 
and after treatment
The JOA Back Pain Evaluation Questionnaire (JOABPEQ: 
including low back pain, lumbar function, walking ability, 
social life function and mental health) and a visual ana-
logue scale (VAS; from 0 to 100, 100=worst pain) were 
evaluated for each patient. The range of the JOABPEQ 
score for each domain is 0 to 100, with higher scores indi-
cating a better condition. The five functional scores were 
used independently. Maximum walking distance without 
rest, total walking distance in a day, low back pain, and leg 
pain were evaluated before and 3 months after treatment.

Determination of ABI
Systolic blood pressures in the brachial, anterior and poste-
rior tibial arteries were measured using inflatable cuffs and 

Table 1. Demographic Characteristics in Patients Who Received Conservative and Surgical Treatment
Item Conservative Surgical
Number of patients 56 51
Sex (male/female) 30/26 27/24
Height (cm) 159.63 160.35
Weight (kg)   61.43   62.44
BMI   24.07   24.16
Age: mean±SD (range) (yrs) 68.04±9.11 (40-80) 67.00±9.03 (39-80)
Symptom duration, mean (range) (months) 3.2 (1-24) 3.1 (1-24)
Smoking (%) 19.6 17.6
Other complications (n) 30 30
    Diabetes (%) 17.5 17.6
    Hyperlipidemia (%) 12.5   9.8
    Hypertension (%) 39.3 51.0
Vascular occlusion
    Cerebral (%)   3.6   7.8
    Coronary (%)   5.4 11.8
    Peripheral (%)   7.1   2.0
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were no perioperative complications. In the conservative 
group, no patients underwent surgery for severity of symp-
toms during the 3-month study period.

Changes in pain scores and walking distance 
In the conservative group, VAS scores for low back pain, 
buttock pain, and leg pain showed significant improvements 
after treatment (p<0.01) (Table 3). JOABPEQ scores in all 
five categories (low back pain, lumbar function, walking 
ability, social life function, and mental health) (Table 3) also 
significantly improved after 3 months of conservative treat-
ment (low back pain: p<0.001, lumbar function; p=0.004, 
walking ability: p=0.001, social life function: p<0.001, and 
mental health: p<0.001). There was also a significant im-
provement in maximum walking distance without rest after 

and peripheral) in both groups. 

Treatment
Treatment given over 3 months in the two groups is shown 
in Table 2. In the conservative group, the patients received 
exercise therapy (35%), medications (100%), and epidural 
block (22%). PGE1 was the most common drug (96.5%) 
and NSAIDs, vitamins, and muscle relaxants were also 
used. A transforaminal (17.9%) or caudal (3.6%) epidural 
block was administered for low back pain or leg pain. In 
the surgical group, patients received exercise therapy (50%) 
and medication (100%) during the 3 months after surgery. 
Epidural block (20%) was given only before surgery. Forty 
patients underwent decompression surgery and 11 under-
went decompression and posterior fusion surgery. There 

Table 2. Treatment Options in Patients Who Received Conservative and Surgical Treatment
Item Conservative Surgical
Surgery (n)    0   51
Exercise (%)  35   50
    Walking     14.3      51.0
    Walking in a pool        1.8        2.0
    Muscle training      16.1      41.2
    Muscle stretching        8.9      21.6
Medication (%) 100 100
    NSAIDs      55.4      56.9
    Vitamins     30.4      33.3
    Muscle relaxants       5.4        3.9
    Prostaglandin E1     96.5      23.5
Epidural block (%) 22  20
    Transforaminal epidural block   17.9     17.6
    Caudal epidural block     3.6       2.0

In the surgical group, exercise therapy and medications were given before and after surgery. Epidural block was given only before surgery.

Table 3. Pain Scores, Walking Distance and ABI Before and After 3 Months of Conservative Treatment
Before After 3 months p value

VAS
    Low back pain 35.59±34.47 23.07±28.37   0.026
    Buttock pain 44.61±32.97 20.83±23.88 <0.001
    Leg pain 67.08±21.57 39.38±30.15 <0.001
JOABPEQ
    Low back pain 58.99±35.65 73.02±34.40 <0.001
    Lumbar function 63.78±31.87 71.79±27.52   0.004
    Walking ability 41.04±31.55 55.18±32.92   0.001
    Social life 43.56±20.11 55.22±24.15 <0.001
    Mental health 42.92±16.59 52.43±15.52 <0.001
Walking distance (m)
    Maximum walking distance without rest 492.02±672.78 977.89±974.10   0.009
    Walking distance in one day 1251.30±1533.58 1494.35±1366.85   0.058
ABI 1.08±0.12 1.11±0.14   0.003

ABI, ankle-brachial index; VAS, visual analogue scale.
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in 66 patients in a randomized control trial. After eight 
weeks, subjects receiving limaprost had better scores on the 
Standard Form-36 subscales for physical function, physical 
role, bodily pain, vitality, and mental health, and greater im-
provements for walking distance, leg numbness, and pa-
tient satisfaction.17 In the current study, surgical treatment 
also improved symptoms. Kovacs, et al.18 reviewed RCTs 
comparing any form of conservative and surgical treatment 
based on a search of the CENTRAL, Medline, EMBASE 
and TripDatabase databases. In patients with symptomatic 
LSS, implantation of a specific device or decompressive 
surgery, with or without fusion, were found to be more ef-
fective than continued conservative treatment when the lat-
ter had failed for 3-6 months. In the current study, we did 
not compare conservative treatment with surgical treat-
ment; however, both improved symptoms after a 3-month 
period.

PAD is diagnosed by assessment of ABI, and ABI re-
flects blood flow in the main artery in the leg.8 Exercise and 
drugs such as PGE1 and cilostazol improve the symptoms 
of PAD8 and also improve the maximal walking distance by 
40% to 60%.19,20 These therapies generally increase flow in 
capillary vessels and do not affect the main arterial tract. 
For this reason, most reports have shown that these drugs 
do not improve ABI.10,11 However, Mohler, et al.21 found 
that treatment of PAD with cilostazol significantly improved 
ABI, although with the conclusion that the mechanism was 
unclear. In the current study, ABI increased after conserva-
tive and surgical treatment for lumbar spinal stenosis. We 
propose the following explanation of these results. Symp-
toms in lumbar spinal stenosis are caused by compression of 

treatment (p=0.009) (Table 3). In the surgical group, the 
VAS scores for low back pain, buttock pain, and leg pain 
showed significant improvements after surgery (p<0.001) 
(Table 4). JOABPEQ scores in all categories were also sig-
nificantly improved at 3 months after surgery (p<0.001), 
and there was a significant improvement in walking dis-
tance in one day (p=0.003) (Table 4).

Change in ABI
The average ABI was improved significantly by both the 
conservative and surgical treatment groups (1.08±0.12 vs. 
1.11±0.14, p=0.003 in the conservative group; 1.08±0.12 vs. 
1.12±0.14, p=0.018 in the surgical group) (Table 3 and 4).

DISCUSSION

In the current study, both conservative and surgical treat-
ment improved low back pain, leg pain, walking difficulty 
that originated from lumbar spinal stenosis, and increased 
ABI. These findings suggest that conservative and surgical 
treatment increase blood flow in the anterior and posterior 
tibial arteries.

Most patients treated conservatively received PGE1, a va-
sodilator that increases blood flow and inhibits platelet ag-
gregation.3 Intravenous PGE1 is primarily used for chronic 
peripheral arterial occlusive diseases in the United States 
and Europe.3 PGE1 also increases blood flow at the surface 
of spinal nerve roots. Thus, PGE1 analogs have been devel-
oped to treat symptoms of lumbar spinal stenosis.3,16 Matsu-
daira, et al.17 compared limaprost with etodolac, an NSAID, 

Table 4. Pain Scores, Walking Distance and ABI Before and at 3 Months After Surgical Treatment
Before After 3 months p value

VAS
    Low back pain 55.23±34.71 14.20±20.86 <0.001
    Buttock pain 54.11±31.11 10.61±19.16 <0.001
    Leg pain 70.97±22.85 19.83±27.05 <0.001
JOABPEQ
    Low back pain 41.56±34.56 79.55±30.09 <0.001
    Lumbar function 49.63±29.25 69.81±26.90 <0.001
    Walking ability 26.83±26.47 64.92±32.94 <0.001
    Social life 32.01±21.07 54.47±25.75 <0.001
    Mental health 39.91±18.56 55.20±21.00 <0.001
Walking distance (m)
    Maximum walking distance without rest 107.75±251.90   666.83±1502.65   0.085
    Walking distance in one day   659.41±1277.35 1868.07±3053.83   0.025
ABI 1.08±0.12 1.12±0.14   0.018

ABI, ankle-brachial index; VAS, visual analogue scale.
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the spinal nerve roots in animal models and humans.1,2 Spi-
nal ventral nerve roots contain unmyelinated nerve fibers as-
sociated with sensory and autonomic nerves, and myelinat-
ed nerve fibers associated with motor fibers.12-14 In addition, 
somatosensory, somatomotor, and autonomic nerve fibers 
run on the surface of spinal nerves and the dura mater.14 
Animal and human cadaver studies have shown that lumbar 
and sacral spinal ventral nerve roots contain many unmy-
elinated nerve fibers and sympathetic and parasympathetic 
nerves that innervate blood vessels in the lower leg,12,13 with 
no significant difference in the proportions of unmyelinated 
nerve fibers among sympathetic (T11-L2), parasympathetic 
(S2) and other (C4-T10 and L3-S1) segments.13 These sym-
pathetic and parasympathetic nerve fibers innervate the 
main artery in the lower leg. Sympathetic and parasympa-
thetic nerve fibers may be damaged and compressed in pa-
tients with lumbar canal stenosis. This dysfunction is im-
proved after conservative therapy or surgery, and this results 
in functional recovery the autonomic nervous system. Thus, 
this may explain the increase in ABI after treatment in the 
current study.

There were several limitations in the study. First, we did 
not compare conservative and surgical treatment. Second, a 
normal ABI falls in the range of 0.91-1.30, while a low ABI 
at rest (<0.90) indicates a high risk of PAD.22 In the current 
study, most patients had ABI in the normal range and the 
clinical significance of an increase of ABI in this population 
is questionable. Third, in the surgical group, patients used 
PGE1 and other drugs after surgery, so there was possibility 
that PGE1 and other drugs influenced the outcome in the 
surgical group. Therefore, further studies are needed to test 
our hypothesis more rigorously.

In conclusion, ABI was measured before and 3 months 
after treatment in 107 patients with LSS. ABI was signifi-
cantly increased after both conservative and surgical treat-
ment. We concluded that improved function of sympathetic 
and parasympathetic nerves in spinal nerve roots innervat-
ing the lower leg may increase blood flow in the main ar-
tery of the leg.
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