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Abstract:
Introduction: Several studies have demonstrated improvement in low back pain (LBP) after decompression surgery for
lower extremity symptoms in lumbar spinal stenosis (LSS); however, the influence of neuropathic disorders on LBP is uncertain. Aim of this study is to identify the features of motion-induced and walking-induced LBP in patients with LSS and
to assess whether neuropathic LBP develops.
Methods: In total, 234 patients with LSS including L4/5 lesion were asked to identify their LBP. Subjects were classified
into three groups: walking-induced LBP that aggravated during walking (W group), motion-induced LBP that aggravated
during sitting up (M group), and no LBP (N group). Cross-sectional areas of the dural sac, lumbar multifidus, and the erector spinae were measured. Intramuscular oxygenation was evaluated with near-infrared spectrophotometer. Surface electromyography (EMG) and mechanomyography (MMG) were performed on the lumbar multifidus. Morphological, hemodynamic, and electrophysiological differences in the onset of LBP were evaluated.
Results: The prevalence of W, M, and control groups was 31.2%, 32.1%, 36.8%, respectively. Concordance between the
laterality of LBP and leg symptoms including pain and numbness was 86.3% in the W group and 47.0% in the M group.
Dural sac area was lower in the W group than in the M and control groups. In the hemodynamic evaluation, the oxygenated
hemoglobin level was significantly lower in the W group than in the M and N groups. In electrophysiological evaluation of
lumbar multifidus, the mean power frequency in EMG was significantly higher in the W group than in the N group. Amplitude in MMG was significantly lower in the W group than in the N group.
Conclusions: Neurologic disturbance in patients with LSS may be attributed to “neuropathic LBP.” Neuropathic multifidus disorder plays a role in walking-induced LBP.
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Lumbar spinal stenosis (LSS) is a degenerative disorder
defined as a narrowing of the spinal canal, resulting in lower
extremity disability and neurogenic intermittent claudication
caused by entrapment and compression of cauda equina and/
or nerve roots. Typically, when walking, patients with LSS
stoop forward due to leg pain, numbness, and weakness.
Low back pain (LBP), a symptom in nearly all patients with
LSS, often presents particularly in the earlier stages of the
disorder1). The presence of LBP is of less practical importance for diagnosing LSS than are leg symptoms. Degenera-

tive LSS is defined as a clinical syndrome of gluteal and/or
lower extremity pain and/or fatigue, which may occur with
or without back pain2). In contrast, several studies have demonstrated significant improvement in LBP after posterior decompression surgery for lower extremity symptoms in
LSS3,4). Jolles et al. suspected that the extended lumbar spine
after decompression surgery reduced LBP4). However, the influence of decompression on LBP is uncertain, and greater
back pain is associated with a significantly worse outcome
after decompression5). It is well documented that paraspinal
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denervation occurs in subjects with LSS6,7); however, the relationship between lumbar paraspinal denervation and LBP
remains unclear. Thus, the occurrence of “neuropathic LBP”
is still not well appreciated. As with the intermittent claudication seen in the patients with LSS, “motion-induced intermittent LBP” by walking and/or maintaining an upright
standing position can be elicited by back muscle dysfunction8). While patients with LSS frequently present walkinginduced LBP and are asymptomatic at rest, it remains unclear whether these LBPs are explicable as a neurogenic disorder, as well as intermittent claudication. Physiological
analysis of LBP accompanied with LSS is not previously reported. In this study, we investigated the features of
walking-induced LBP in patients with LSS as a marker for
neuropathic LBP.

Materials and Methods
In this prospective study, all patients (n=234; 129 men
and 105 women, mean age 72.6±6.9 years) were enrolled
consecutively, between 2011 and 2014, at a single institution
(National Center for Geriatrics and Gerontology). The enrolled patients were planned to undergo surgery for LSS including L4/5 lesion, because of their leg pain and/or numbness. All patients were asked to identify their LBP, according to the criteria present above: walking-induced intermittent LBP that aggravated during walking and was silent at
rest (W group), motion-induced LBP that aggravated during
sitting up from bed or in the sitting position (M group), and
no LBP (N group). When the patients had both walking and
motion-induced LBP, greater type of induced pain was
adopted. Moreover, patients completed visual analogue
scales (VASs; 0-10) for LBP and leg pain. They also completed a validated Japanese version of the Roland Morris
Disability Questionnaire (RDQ)9), and Euroqol quality of life
scale (EQ-5D)10) that comprises a health state classification
(health problems by severity in five domains). Patients with
motor weakness of the lower extremities and history including previous back surgery were excluded from this study.
Ethical approval was granted by the institutional review
board, and all patients provided written informed consent.
Nerve involvement classification in LSS11)
The impairment patterns in LSS were classified into
cauda equine type, radicular type, and mixed type. Cauda
equine type is characterized by numbness and burning sensation in the bilateral legs, associated with urinary dysfunction. The most significant manifestation of radicular type is
unilateral leg pain and/or numbness that may lead to neurologic intermittent claudication when patients are standing
or walking.
X-ray image analysis
Antero-posterior and lateral X-ray images of the spine
were taken. The lumbar scoliosis and lordosis angle by
Cobb method between the superior edge of L1 and S1, S1
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inclination angle, the presence of spondylolisthesis (anterior
slip >3 mm), and the lumbar range of motion defined as the
difference in lumbar lordosis angle between flexion and extension were measured.
Magnetic resonance imaging (MRI) analysis
Axial T2-weighted slices at L1/2 and L4/5 were obtained
to measure the cross-sectional area of the dural sac, the lumbar multifidus and the erector spinae muscles for each level.
Paraspinal muscle cross-sectional areas for both the right
and left side were added together for each subject. Vertebral
endplate degeneration was evaluated according to Modic
change12).
Hemodynamic evaluation of the lumbar multifidus
Intramuscular oxygenation was evaluated noninvasively
using a near-infrared spectrophotometer (NIRS; NIRO-120Ⓡ,
Hamamatsu Photonics K.K., Hamamatsu, Japan). The probe,
combined with a light transmission fiber and two detectors,
was positioned with a bandage on the left posterior aspect
of the lumbar multifidus muscle at the level of L4/5. The
lumbar spine was extended gradually 30° backward and forward for 15 s each and oxygenated hemoglobin (Oxy-Hb)
increase in the lumbar multifidus during lumbar extension
and decrease during flexion were evaluated13). Oxy-Hb was
evaluated as relative changes (μmol/L) from differences between lumbar extension/flexion and baseline at resting position. The accuracy and reliability of the NIRS were confirmed by 10 measurements made on five healthy males, and
the intraclass correlation coefficients of Oxy-Hb were 0.950
as considered being highly satisfactory.
Electrophysiological study
Surface electromyography (EMG; WEB-9500, Tokyo, Japan) and mechanomyography (MMG; MPS110, MEDi
SENS. Inc., Tokyo, Japan) were evaluated simultaneously on
the right posterior aspect of the lumbar multifidus muscle at
the level of L4/5, in parallel with NIRS measurement in a
similar manner. The lumbar spine was extended gradually
30° backward and forward for 15 s, and the EMG and
MMG signals were analyzed with Trend Viewer software
(KISSEI COMTEC CO., Nagano, Japan). Power spectrums
were obtained using the fast Fourier transform, and the root
mean square (RMS) and mean power frequency (MPF) were
computed. MMG has been used to evaluate muscle function
noninvasively, and signals are generated by lateral muscle fiber oscillations14). MMG has been defined as the recording
of lateral oscillations of muscle fibers that occur during a
contraction14), whereas the amplitude of the EMG signal reflects the number of active motor units and their firing
rates15). The EMG signal was detected by a bipolar, Ag-AgCl
surface electrode with 10 mm diameter, and MMG signal
was detected by a transducer: an accelerometer with a frequency response of DC up to 1 kHz. The EMG and MMG
signals were digitized at a sampling rate of 1,000 Hz, and
were bandpass filtered at 20-500 Hz.
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Clinical Features of Each Group of Patients at Baseline Evaluation.
W group (n=73)

Age (years)
Gender (male: female)
Height (cm)
Body weight (kg)
BMI
Systolic pressure (mmHg)
Smoking index
Diabetes (%)
Duration of pain (weeks)
Hb
CPK
ABI
TBI
Clinical symptom
VAS (LBP)
VAS (leg pain)
RDQ
EQ5D
Concordance (%)
Radiographic findings
Presence of slippage (%)
Lumbar scoliosis (L1-S1) (°)
Lordoic angle (L1-S1) (°)
Sacral inclination (°)
Lumar range of motion (°)

M group (n=75)

N group (n=86)

72.5±7.2
39/36
156.1±9.4
59.2±11.7
24.2±3.2
135.1±20.5
278.2±297.3
22.6
228.2±392.6
13.3±1.8
133.2±98.9
1.12±0.10
0.77±0.13

72.3±6.5
55/31
158.3±8.3
60.9±9.4
24.3±3.0
136.4±18.6
318.3±424.9
19.0
146.0±220.9
13.5±1.5
147.6±128.1
1.14±0.11
0.79±0.12

5.79±2.48**,*
6.11±2.63
14.1±4.4†
0.55±0.13**
86.3†

4.73±2.81*
6.57±2.41
13.8±5.5†
0.48±0.23
47.0

2.12±0.33
6.51±2.60
3.0±0.7
0.54±0.22
-

35.6
5.3±6.1
32.8±13.3
27.8±8.8
52.5±24.2

33.3
4.3±3.5
31.6±13.4
27.5±9.5
50.2±24.9

23.8
5.2±6.0
34.7±12.2
28.7±9.0
55.9±20.9

73.1±7.2
35/38
155.3±8.9
59.6±12.9
24.6±4.2
134.2±19.6
265.43±439.6
36.9*
244.3±387.9
13.3±1.8
132.4±129.0
1.18±0.54
0.76±0.14

*p<0.05 (compared with N group)
**p<0.05 (compared with M group)
†
p<0.01 (compared with N group)
W group: walking-induced intermittent low back pain, M group: motion-induced low back pain, N
group: no low back pain
BMI: body mass index, Hb: hemoglobin, CPK: creatine phosphokinase, ABI: Ankle Brachial Pressure Index, TBI: Toe Brachial Pressure Index, VAS: visual analogue scale, RDQ: Roland Morris Disability Questionnaire, EQ5D: Euro QOL 5 dimension, Concordance: Concordance between the laterality of LBP and leg symptoms, including pain and numbness.

Statistics
The statistical analyses were performed using SPSS 12.0
(SPSS, Chicago, USA). All data were expressed as mean ±
SD. Differences in NIRS, EMG, and MMG between the
three groups were examined for statistical significance using
one-way analysis of variance. A p-value <0.05 denoted the
presence of a statistically significant difference. In the NIRS
measurement, all data were corrected by thickness of fat tissue at the level of L4/5 on MRI.

Results
Clinical evaluations were performed by two spine surgeons (YS and AH). They revealed that 73 patients (31.2%)
had walking-induced intermittent LBPs (W group), 75
(32.1%) had motion-induced LBPs (M group), and 86
(36.8%) had no LBPs (N group). There were no statistically
significant differences between three groups in age, height,
weight, blood pressure, smoking index, or blood chemistry
84

measurements including hemoglobin and creatine phosphokinase, and ankle and toe brachial pressure index. Diabetic
patients were more numerous in the W group. No significant
differences were seen in duration of back and/or leg pain
among the three groups. VAS scores of LBP in the W group
were significantly higher than those in the M group (p<
0.05); however, no significant differences were seen in VAS
scores of leg pain among the three groups. There was no
significant difference in the RDQ scores between the W and
M groups; however, EQ5D in the M group was significantly
lower than that in the W group (p<0.05). The concordance
between the laterality of LBP and leg symptoms including
pain and numbness were 86.3% in the W group and 47.0%
in the M group, with a significant difference (p<0.01). There
were no statistically significant differences between radiographic findings of the three groups (Table 1). There was no
statistical significance in nerve involvement classification
among the three groups; however, dural sac area (ratio of
L4/5 to L1/2) on MRI was significantly lower in the W
group than in the M and N groups (p<0.05) (Fig. 1). In the
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Figure 1. Nerve involvement classification and dural sac area in each group
There is no statistical significance in nerve involvement classification among the three
groups. Spinal canal area (ratio of L4/5 to L1/2) was significantly lower in the W group.
(p<0.05)
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Figure 2. Comparison of the cross sectional area at the lumbar multifidus and erector spinae
There is no significant difference in the cross sectional area at the lumbar multifidus and
erector spinae among the three groups.

trunk muscle atrophy at the level of L4/5 measured by MRI,
there was no significant difference in the cross sectional area
at the lumbar multifidus and erector spinae among the three
groups (Fig. 2). No significant difference was seen in degeneration of the end plate (Modic change) among the three
groups (Fig. 3). In hemodynamic measurement using NIRS,
relative change in oxy-Hb during lumbar extension was significantly lower in the W group compared with the M and N
groups (p<0.01; Fig. 4). In electrophysiological evaluation
of the lumbar multifidus muscles, MPF in EMG during lumbar extension was significantly higher in the W group than
in the N group (p<0.05). RMS in MMG during lumbar extension was significantly lower in the W group than in the
N group (p<0.01; Fig. 5).

Discussion
LBP may present in nearly all patients with LSS with or
without neurological claudication, particularly in the earlier
stages of the disorder1). However, not only neuropathic LBP
but also pathophysiology of LBP accompanied with LSS has
been less studied. Amundsen et al. reported that LBP usually lasts before the start of pain in the legs, and their data
concerning the presence of LBP related to various positions
of the body and to ambulation revealed that LBP was most
common, 76% during standing and 75% during walking16).
Kalichman et al. reported in the Framingham Study that the
presence of absolute LSS evaluated by computed tomography was associated with LBP, with an odds ratio of 3.1617).
The present study revealed that LBP in surgical patients
with LSS was seen in 63.2%, of which 67.9% developed it
85
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Figure 3. Degeneration of the end plate (Modic change) and fat degeneration of
the lumbar multifidus (Kjaer classification) in MRI
No significant difference was seen among the three groups, in degeneration of the
end plate (Modic change) and in fat degeneration of the lumbar multifidus (Kjaer
classification).
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Figure 4. Hemodynamic change at the lumbar multifidus during lumbar extension and
flexion using NIRS
Relative change in oxy-Hb during lumbar extension was significantly lower in the W group
compared with the M group and N group.
NIRS, near-infrared spectroscopy; oxy-Hb, oxygenated hemoglobin; deoxy-Hb, deoxygenated hemoglobin. *p<0.01.

during walking. Patients with LSS complain of discomfort
and/or pain in the lower extremities as neurological claudication when walking, and consequently, LBP during walking
may have potential for “neuropathic pain.” Takahashi et al.
defined the LBP induced by walking and/or maintaining an
upright standing position as “motion-induced intermittent
LBP,” and it seemed that fatigue of the back muscles could
be the generator in LBP8). Aoki et al. demonstrated using a
new detailed VAS system that nonspecific LBP in elderly
patients was present in motion, besides during standing and
sitting18). Recently, LBP in motion was related to an increase
in the nerve growth factor level in the intervertebral disc,
which led to discogenic LBP19). Some authors reported that
walking-induced LBP20) and the LBP with the neuropathic
86

component21) had better response to pregabalin known as a
therapeutic agent for neuropathic pain. Thus, previous investigations regarding differences in characteristics of LBP suggest the possibility of varying pathogenesis. Therefore, this
study focused on neuropathic LBP and aimed to investigate
the pathophysiological condition of the multifidus muscles.
This muscle is innervated segmentally by the lumbar nerve
roots and is important for elucidating the pathogenesis of
walking-induced intermittent LBP, in contradiction to
motion-induced LBP. Thus, there were no statistical differences between walking-induced and motion-induced LBP in
atrophy and fatty degeneration of multifidus muscles, nor
vertebral end plate degeneration. Concordance between the
laterality of LBP and leg symptoms including pain and
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Figure 5. Electromyographical and mechanomyographical findings
MPF in EMG during lumbar extension was significantly higher in the W group than in the N group. RMS in
MMG during lumbar extension was significantly lower in the W group than in the N group.
EMG, electromyography; MMG, mechanomyography; MPF, mean power frequency; RMS, root mean
square.

numbness and hemodynamic decline of oxy-Hb in multifidus muscles was seen in walking-induced LBP. Thus, we
suspected neuropathic LBP as the neurologic dysfunction
caused by LSS affected hemodynamic change in multifidus
muscles innervated by lumbar nerve roots.
Regarding insufficient blood supply in LBP, postmortem
lumbar angiographic findings revealed that atherosclerotic
lumbar arterial narrowing was related to a history of LBP
for 3 months or longer22). Lumbar compartment syndrome of
the paraspinal muscles has been proposed as an important
role in the etiology of LBP23,24). It is considered the cause of
intermittent LBP during exercise25) and lumbar flexion26). Papers focused on hemodynamic aspects of the lumbar muscle
related to LBP are sporadic. Recently, more studies are investigating the cause of LBP in terms of oxygen consumption and hemodynamics besides our previous study13,27,28).
Several clinical studies have tried to identifying whether
oxygen consumption and dynamics change play an important role in the pathology of LBP at the level of paraspinal
muscles. Regarding the differences in oxygen consumption
at the lumbar muscle between healthy and LBP individuals,
Kovac et al. suggested using NIRS that the patients with
muscular LBP did not use the available oxygen during exercise and that there is an inability to consume oxygen due to
mitochondrial damage caused by their muscle damage27).
Kell et al. investigated hemodynamics in healthy and

chronic LBP subjects using NIRS, and identified differences
in paraspinal muscle blood flow and oxygenation responses
during dynamic incremental work28). However, whether the
muscle blood flow impairment represents the cause of LBP
or it is a secondary change due to LBP remains controversial. According to previous results, oxygenation does not always depend on intramuscular pressure29,30), and therapeutically increased muscle blood flow has not been linked to
LBP improvement31). In contrast, involvement of LBP in
LSS has been reported with various results, from 66.2% to
95%4,16,32). Kalinchman et al. demonstrated that the prevalence of absolute LSS was associated with LBP, with an
odds ratio of 3.1617), and Kleinstück reported that greater
back pain relative to leg pain at baseline was associated with
a significantly worse outcome after lumbar decompression
surgery for LSS5). The fact that decompression surgery for
LSS improves not only the leg symptoms but also LBP provides the idea of neuropathic LBP that may be caused by
ischemic nerves and blood flow disturbance3,4,33,34). However,
the pathophysiological mechanism of LBP accompanied
with LSS has not been identified. The present study revealed
that LBP including walking-induced intermittent and
motion-induced LBP was seen in 63.2% of patients with
LSS and no significant differences were seen among type of
neural involvement in LSS (cauda equine, radicular, and
mixed type). However, differences in the onset of LBP
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showed that the concordance between the laterality of LBP
and leg symptoms was significantly higher in walkinginduced LBP than in motion-induced LBP. Furthermore, patients with walking-induced LBP showed narrower crosssectional area of the dural sac in MRI, lower oxygenation in
mutifidus hemodynamic, and lower amplitude in MMG during lumbar extension. These results indicate that the multifidus dysfunction due to neurological involvement is responsible for clinical LBP manifestation in LSS. While the lumbar
portion of erector spinae muscle is supplied by the lateral
divisions of the L1-L4 dorsal rami, dorsally and laterally
through the muscle35), each fasciles in the lumbar multifidus
is innervated by the medial branch of the dorsal ramus, with
the same segmental number as the nerve36). Namely, the major difference between lumbar multifidus and the erector spinae muscle is that the former is innervated by single nerve,
whereas the latter by many nerves with segmental control.
This means that neuropathic disorder with LSS at the level
of L4/5 has potential for impairment of the lumbar multifidus at L4/5. Present study demonstrated that there are no
significant differences in the paraspinal muscle crosssectional areas, including the multifidus and erector spinae
muscle, between both LBP groups. In the same time, patients with LSS with the walking-induced intermittent LBP
revealed significantly lower relative change in oxy-Hb and
amplitude in MMG during lumbar extension. Reduced oxygenation is thought to be caused by less circulation of the
blood flow; however, low paraspinal muscle blood flow was
regarded not as cause of LBP but result31). Thus, we considered that reduced multifidus contraction lead to decline the
multifidus oxygenation as clinical feature in the walkinginduced LBP. Study results in cross-sectional area of the
muscle and dural sac on MRI indicated the reduced multifidus contraction is attributable to nerve compression but not
muscle atrophy. In addition to these results, the concordance
between the laterality of LBP and leg neuropathic symptoms
suggests the possibility of neuropathic multifidus dysfunction as the cause of the walking-induced intermittent LBP.
The major limitation of the present study was that the
subjects were patients with LBP with LSS and we had no
control LBP subjects without neuropathic disorders. The
main objective of this study was to evaluate neuropathic
LBP by analyzing a limited number of patients with LBP
with LSS; therefore, the results of the present study are not
necessarily applicable to general, non-specific LBP. Moreover, measured side of hemodynamic and electrophysiological procedures was fixed on the back muscle. Thus, the results in differences seen in laterality of LBP were somewhat
unconvincing. Further investigations may be expected to elucidate the pathogenesis of neuropathic LBP.
In summary, walking-induced intermittent LBP and
motion-induced LBP in patients with LSS were seen in
31.2% and 32.1% of patients, respectively. In walkinginduced intermittent LBP, concordance between the laterality
of LBP and leg neuropathic symptoms and canal stenosis
was significantly higher, while the oxygenation in the multi88
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fidus muscle and muscle contraction was lower compared
with motion-induced LBP. Neuropathic multifidus disorder
is considered to play a role in LBP.
Conflicts of Interest: The authors declare that there are no
conflicts of interest.
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