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Abstract The objective of this study was to assess the

correlation between neurogenic intermittent claudica-

tion (NIC) in LSS and different positions as well as

loading status, using the treadmill device. The study was

a prospective clinical trial on lumbar spinal stenosis

(LSS) using a treadmill equipment. The study popula-

tion comprised of 80 LSS patients with a mean age of 61.

The equipment included a treadmill, unloading station

and loading vests. The patients were instructed to walk

in five different positions. The initiation time of symp-

toms and total walking time were recorded. The exam-

ination was stopped after 20 min or at the onset of severe

symptoms. In order to obtain pretest demographic data

on subjects, visual analog scale, Roland–Morris ques-

tionnaire, pain disability index, and Beck depression

index were used. The initiation time of symptoms (ITS)

and total walking time (TWT) were measured during the

test. Unloading provided a longer and loading a shorter

ITS and TWT. Decline or incline positions did not affect

ITS or TWT. The changes in posture had no correlation

with the appearance of symptoms in LSS patients with

NIC on a treadmill in this study, rather ITS and TWT

were determined by axial loading and unloading.

Keywords Lumbar spinal stenosis � Posture �
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Introduction

Lumbar spinal stenosis (LSS) is a common condition in

the elderly. Patients with LSS are most often at least

50 years of age with prolonged histories of low back

pain and recent onset of unilateral or bilateral lower

extremity pain [1, 17, 22]. The symptoms, which are

posture-dependent, are worsened with extension of the

lumbar spine or with weight bearing and decreased

with flexion or nonweight bearing [5, 19, 21]. Neuro-

genic intermittent claudication (NIC) defined as pain,

paresthesia, and cramping of the lower extremities,

brought on by walking and relieved by sitting, fre-

quently accompanies LSS [1, 22].

LSS has been attributed to structural narrowing of

the spinal canal by facet joint arthrosis and hypertro-

phy, thickening and bulging of the ligamentum flavum,

outward bulging of the intervertebral disk, and anterior

displacement of the superior articulating process of the

vertebral body due to lumbar spinal instability [8, 9, 18,

20]. Symptomatic LSS cannot be attributed solely to

structural narrowing of the canal dimensions, however,

as evidenced by the high prevalence of narrowing seen

on magnetic resonance imaging (MRI) in individuals

who have no symptoms, and by the poor correlation

found between the severity of findings from imaging

studies and the symptoms of patients with symptomatic

LSS [1, 15].

There is a need to objectively define an LSS pa-

tient’s status both before and after treatment; however,

traditional measures including clinical examination,

radiographic findings, and questionnaires can neither

accurately fulfill nor correlate with the symptoms of

the patient [1, 11]. In this regard, treadmill testing was

used and found to hold promise to produce symptoms,
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quantify them, detect responses to varying positions,

and determine changes with treatment [2, 5]. However,

these studies focused on position and the response to

loading has never been studied using the treadmill

device. With these characteristics in mind we under-

took a study to assess the correlation of NIC in LSS

with different positions and loading status by a prac-

tical method using the treadmill device.

Materials and methods

The study population comprised of 80 patients (17 men

and 63 women) with a mean age of 61.55 ± 6.34 years.

All had the clinical diagnosis of degenerative LSS

confirmed by MRI, with intractable NIC defined as leg

pain or paresthesias precipitated by walking and re-

lieved by sitting or lying down. Each subject underwent

a standardized examination including an assessment of

subjective complaints and relevant medical history,

lower-extremity flexibility, neurological status, gait

abnormalities, and condition of soft tissues.

Patients were excluded if they presented with LSS

secondary to neoplastic or metabolic causes, had lum-

bar spine or lower extremity surgery within last year, or

were candidates for urgent low back or lower extremity

surgery. Patients with peripheral vascular disease were

excluded by means of clinical examination of periph-

eral pulses and noninvasive vascular studies, as indi-

cated. No patient had a cardiopulmonary condition

that would limit exercise capacity during the treadmill

examination. The arthritis of the hip and knee limiting

walking and the presence of diabetes mellitus were also

among the exclusion criteria.

The equipment included a treadmill, unloading sta-

tion, and loading vests (Fig. 1). The subjects performed

a 5–10 min trial session of ambulation on the treadmill

using various inclination, loads, and unloading to

optimize the limits. The vest had anterior and posterior

pouches to accept up to 10 kg of weight distributed

equally. The unloading station involved the use of a

traction harness and the application of vertical traction

intended to reduce the gravitational force on the spine

while the patient ambulated on a treadmill, which was

adjusted to unload 1/5 of patient’s weight. The walking

speed was fixed at 1.2 km/h. The patients were not

allowed to hold on to the handrail during examination.

The examination was stopped after 20 min or at the

onset of severe symptoms. Severe symptoms were de-

fined as the level of discomfort that would make the

patient stop walking in usual life situations. No one was

encouraged or prompted to continue walking beyond

this point. A long rest (2 h) was permitted between

trials to allow symptoms to return to baseline levels.

The initiation time of symptoms (ITS) and total

walking time (TWT) were recorded. Treadmill proto-

col was as follows:

1. Walking at 0� ramp incline

2. Walking at +10� ramp incline

3. Walking at –10� ramp incline

4. Walking at 0� ramp incline with 1/5 of body weight

unloaded

5. Walking at 0� ramp incline loaded with 10 kg

The tools used to obtain basic data to reflect the

pretrial condition of the patients were the visual analog

scale (VAS) to assess level of pain (0 = no pain,

100 = worst pain imaginable), Roland–Morris ques-

tionnaire (RMQ) [16] to assess patient’s functional

status, pain disability index (PDI) [7] to determine

disability of the patient, and Beck depression index

(BDI) [23] to assess depressive symptoms.

Fig. 1 Line drawing of
treadmill device and its
equipments
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Statistical analysis

Statistical evaluations were performed with the soft-

ware program SPSS 11.0. The data were expressed as a

mean ± standard error of the mean. The data were

compared by using a repeated-measure analysis of

variance and paired t test as appropriate. Statistical

significance was set at 0.005 by using the Bonferroni

correction.

Results

The treadmill examination was well tolerated, and

there were no complications or patient complaints.

The data on patient demograhics and study findings

are summarized in Tables 1 and 2, in Figs. 2 and 3.

The data on ITS revealed the following:

1. There were no differences between walking at 0�
ramp incline and walking at +10� ramp incline or

walking at –10� ramp incline (P > 0.05 and

P > 0.05).

2. There was no difference between walking at +10�
ramp incline and walking at –10� ramp incline

(P > 0.05).

3. Walking at 0� ramp incline with 1/5 of body weight

unloaded provided a longer ITS compared to

walking at 0� ramp incline (P < 0.001).

4. Walking at 0� ramp incline loaded with 10 kg

shortened ITS compared to walking at 0� ramp

incline (P < 0.001).

5. Walking at 0� ramp incline with 1/5 of body weight

unloaded prolonged ITS compared to walking at

+10� ramp incline (P < 0.001).

6. Walking at 0� ramp incline loaded with 10 kg

shortened ITS compared to walking at +10� ramp

incline (P < 0.001).

Table 1 Data on patients

Age (year) 61.55 ± 6.34
Weight (kg) 79.4 ± 11.90
Body mass index (kg/m2) 32.11 ± 9.89
VAS (mm) 70.29 ± 11.67
Oswestry low back pain disability questionnaire

(OPQ)
27.39 ± 7.68

Pain disability index 36.84 ± 11.56
Roland Morris functional capacity index 16.83 ± 4.12
Beck depression index 13.85 ± 7.16
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Fig. 2 Time for initiation of symptoms according to different
walking types, n = 80. 1 Walking at 0� ramp incline, 2 walking at
+10� ramp incline, 3 walking at –10� ramp incline, 4 walking with
1/5 of body weight unloading, 5 walking loaded with 10 kg. s
Second
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Fig. 3 Total walking time according to different walking types,
n = 80. 1 Walking at 0� ramp incline, 2 walking at +10� ramp
incline, 3 walking at –10� ramp incline, 4 walking with 1/5 of body
weight unloading, 5 walking loaded with 10 kg. s Second

Table 2 Data on walking time at different posture and loading conditions

0� incline +10� incline –10� incline 1/5 unloading at 0� incline 10 kg loading at 0� incline

ITS (s) 141.06 ± 98.71 147.78 ± 106.27 141.00 ± 103.39 232.45 ± 182.13 112.40 ± 82.68
TWT (s) 265.51 ± 171.35 249.22 ± 167.44 255.54 ± 162.72 359.95 ± 258.88 197.27 ± 120.27

ITS Initiation time of first symptoms; TWT total walking time; s second
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7. Walking at 0� ramp incline with 1/5 of body weight

unloaded prolonged ITS compared to walking at –

10� ramp incline (P < 0.001).

8. Walking at 0� ramp incline loaded with 10 kg

shortened ITS compared to walking at –10� ramp

incline (P < 0.005).

The data on total walking time revealed the fol-

lowing:

1. Walking at 0� ramp incline had no difference

compared to walking at +10 and –10� ramp incline

(P > 0.05).

2. TWT was shorter with walking at 0� ramp incline

compared to walking at 0� ramp incline with 1/5 of

body weight unloaded (P < 0.001).

3. TWT was longer with walking at 0� ramp incline

compared to walking at 0� ramp incline loaded

with 10 kg (P < 0.001).

4. Walking at +10� ramp incline decreased the TWT

compared to walking at 0� ramp incline with 1/5 of

body weight unloaded and increased TWT com-

pared to walking at 0� ramp incline loaded with

10 kg (P < 0.001). Walking at +10� ramp incline

had no difference from other walking types

(P > 0.05).

5. Walking at –10� ramp incline decreased the TWT

compared to walking at 0� ramp incline with 1/5 of

body weight unloaded and increased the TWT

compared to walking at 0� ramp incline loaded

with 10 kg (P < 0.001).

As a summary, for both ITS and TWT variables, the

results were similar. Both variables in the loaded

condition were significantly shorter than they were in

the other four conditions. In the unloaded condition

they were significantly longer than the other four

conditions. There were no significant differences be-

tween the 0, +10 and –10� incline conditions.

Discussion

In LSS patients with NIC, initiation time of first

symptoms (ITS) and total walking time (TWT) were

influenced more by the loading/unloading status more

than the inclination in our study.

The pathophysiology of symptoms in LSS is poorly

known, but it has become apparent that it is multifac-

torial. There are two major factors believed to act on

the diameter/surface area of the vertebral canal in LSS.

They are position and loading.

The patients with NIC frequently complain of pos-

ture-related pain, saying that they are more comfort-

able walking in a stooped-posture and that when they

can no further continue walking they will bend for-

ward, lean against a wall, or fasten a shoe-lace until the

symptoms settle. Often, they are more comfortable

walking uphill than downhill in lordosis [4]. In a nor-

mal spine, the cross-sectional area is reduced by 9%

during extension, but the reduction increases to 67%

with severe stenosis [18]. The changes with motion in

the dimensions of stenotic subarachnoid space have

been shown by dynamic computerized tomography–

myelography and support the above mentioned find-

ings [10, 19]. There are also studies with contrast

findings like the Iversen’s [11], in which the most

common activity associated with pain in the lower

extremities was walking uphill. Although the posture

assumed for this activity is generally one of flexion, this

increase in patients with uphill walking may result from

increased compressive forces on the spine [18, 20].

These controversies indicate the role of many dynamic

factors in the pathogenesis of NIC.

In addition to lumbar extension, loading of the spine

through the compressive force associated with a

weight-bearing posture reduces the cross-sectional area

of the spinal canal. Schonstrom et al. [20] found that

compressive loading had a slightly greater effect on

decreasing the dimensions of the canal than did lumbar

extension. In another study, in 66 of the investigated 84

patients, there was a statistically significant reduction

of the dural sac cross-sectional area in at least one site

during axial compression in slight extension. In 11

patients investigated with MRI, there was narrowing of

the lateral recess in 13 sites, during axial compression

in slight extension [24].

The utility of exercise treadmill test in the diagnosis

of LSS has also been described and found useful in the

confirmation of NIC and walking capacity in LSS [3, 5,

12, 14]. Following the introduction of treadmill test

into clinical practice, several issues have aroused: the

speed and inclination of the device as well as its effect

on lumbar lordosis and the variables to measure. Sev-

eral protocols used various speeds and the conclusion

was that NIC could better be demonstrated by ambu-

lation at a slow and constant speed. Increases in speed

emphasized cardiopulmonary function over neuro-

musculoskeletal performance and patients had to stop

walking before they experience leg pain, rendering the

test ineffective for LSS.

Accordingly, a walking speed of 1.2 km/h was

adopted in most of the latest studies [2]. In a study,

two-staged treadmill test was used and the patients

walked in both extension (on level) and in flexion (15�
inclined). The symptoms started earlier in extension

and the walking distance was improved with flexion [5].

In Dong et al.’s study [4], subjects were conducted to
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walk in 30� flexion posture and 8 out of 19 patients had

no improvement in walking tolerance. Only 15.8% of

their patients with NIC had less symptoms walking

uphill than downhill. So, the limits for the inclination

that would help the symptoms to disappear are not

clear. We utilized 10� of inclination, which was found

to be more appropriate for our deconditioned LSS

patients because of long-term physical inactivity. Most

of the patients had to quit before the appearance of

symptoms and the end of time limit in the trial session

of ambulation at 15�. The query for the degree of

inclination or the lumbar flexion that will improve

symptoms is not very well clear and yet brings out

another issue to be answered: Does the inclination of

the treadmill really provide lumbar flexion? Fritz et al.

[5] demonstrated that both stenotic and nonstenotic

subjects walked in greater spinal flexion, by an average

of 8�, when walking on an inclined treadmill at a 15�
grade. In another study, walking on an inclined tread-

mill was shown to increase spinal flexion [3]. The

relation between lumbar flexion in LSS patients and

inclination of the treadmill can be dealt within two

categories based on a number of different dynamic

factors that are important in the pathogenesis of NIC.

In some patients who have LSS and degenerative

changes that has stabilized the spinal segments, bend-

ing forward will take place largely at the hips, and

flexion of the lumbar spine will be more apparent than

real. The posture then is not likely to affect the space

within the vertebral canal, and stooping forward will

not improve claudication distance. Other LSS patients,

however, may have some segmental instability in the

sagittal plane, when lumbar extension is likely to

aggravate the stenosis. For these patients, posture will

influence walking distance to a variable degree. As we

are trying to establish a universal test applicable to all

LSS patients we cannot propose pretest determination

of lumbar flexibility and include only the patients with

motion in lumbar region. Our study results showing the

irrelevancy between NIC and inclination of the tread-

mill can be explained by the above-mentioned factors,

relating the lack of lumbar flexibility and the reaction

to inclined treadmill testing.

In our study, 20% reduction of body weight by way

of traction provided a longer, whereas, addition of

10 kg resulted in a shorter walking time. Lumbar

traction provides distraction of vertebral bodies, wid-

ening of intervertebral foramina, decreased venous

congestion, and increased axoplasmic flow. Thus, the-

oretically we may expect a decrease in the symptoms of

LSS patients if we could decrease the compressive

forces on the lumbar spine and an increase in total

walking distance. The harness-supported treadmill

ambulation or unloading’s use in LSS rehabilitation

has only been reported in a case report [6]. The current

study is the first to incorporate unloading as well as

loading to treadmill testing. Fritz et al. [6] proved this

hypothesis by demonstrating improvement in the

functional status of two patients with LSS after a

course of treadmill exercise using unloading. For sub-

jects with increased pain symptoms with walking and

relief of symptoms with sitting the recommended

amount of unloading is 13–25% of body weight [13].

So, an average value of 20% unloading was used in our

study. On the other hand, we did not have previous test

values for loading in LSS, in the literature. That is why

we used 10 kg of loading in this study, as it was the

average maximum tolerated weight by the subjects in

the trial session of ambulation on the treadmill [13].

In LSS patients with NIC axial-loading decreases

while unloading increases the walking time. On the

other hand, postural changes in small degrees do not

affect the walking time. The impact of axial loading is

more profound than changes in posture on NIC.
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