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ABSTRACT 

 

The purpose of this study was to evaluate if lumbar angulation load reduction 

from a custom rolling walker can improve walking performance in patients with lumbar 

spinal stenosis. A cross sectional study with two different treadmill conditions was 

conducted on fifteen chronic lumbar stenosis patients from the Veterans Affairs Medical 

Center in Miami, Florida. Participants completed two treadmill walks in randomized 

order; one walk was unaided and the other walk used the Oliver Static Measuring 

Apparatus (OSMA), a custom angle load reduction rolling walker. During the OSMA 

walk, the device was adjusted to the participant’s most comfortable angle. The participant 

then walked until they reached a severe pain level or the point which the participant 

would normally stop walking. We measured the time it took to initiate first symptoms 

(IFS) and total walking time (TWT). In addition, we measured baseline pain with the 

Numeric Rating Scale (NRS), fatigue with the Fatigue Severity Scale (FSS), and 

disability severity with the Oswestry Disability Index (ODI). The OSMA walk showed a 

significantly greater IFS and TWT. Also, participants who reported higher NRS, FSS, 

and ODI scores showed significantly lower walking abilities. Finally, the lumbar angle 

measurements were consistent within the sample. We concluded that patients with lumbar 

stenosis have reduced walking abilities due to pain and fatigue. The OSMA device was 

shown to be effective in enhancing walking time and delaying the onset of pain. 

 

INTRODUCTION 

 

Patients with lumbar spinal stenosis (LSS) are most often at least 50 years of age 

with prolonged histories of chronic low back pain that radiates to the lower extremity 

(Miyamoto, 2008). The symptoms, which are posture dependent, are worsened with 

extension of the lumbar spine or with weight bearing and decreased with flexion or non-

weight bearing (Miyamoto, 2008). This postural and load dependent nature of lumbar 

spinal stenosis has important implications regarding the appropriate endurance exercises 

to be prescribed and tolerated (Larequi-Lauber, 1997). A comprehensive rehabilitation 

program emphasizing endurance exercises may reduce the inactivity that exacerbates 

symptoms. Axial loading (walking) and spinal extension (erect) both decrease the 

diameter of the central spinal canal and may cause nerve compression and lower 

extremity symptoms (Long, 1996). Therefore, with lumbar flexion combined with spinal 

unloading there is less compression of the joints together with an increase in the space 

available within the spinal canal. 

Surgical treatments that reduce the compression in the spine continue to be a 

popular treatment over the use of non-surgical treatments. But, results from surgical 

treatments in LSS patients have been ambiguous.  On the other hand, studies have shown 

that more than half of LSS patients who participated in nonoperative treatment 

demonstrated no barriers to activities of daily living and reported improvement of 

symptoms at follow-up (Miyamoto, 2008 & Simotas, 2000).  Larequi-Lauber et al, found 

that 38% of the LSS patients examined, surgical intervention was inappropriate due to the 

little consideration conservative treatment could have provided. Sinikallio et al, studied 

the pain and happiness in 102 LSS patients, two years after surgery, and found that 18 

percent reported more pain and more severe symptoms.  However, patients with severe 
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spinal stenosis who underwent surgical treatment demonstrated better surgical outcomes 

(Jonsson, 1997 & Atlas, 1996). Therefore, patients with chronic mild or moderate LSS 

may be the best candidates for non-surgical treatments.  

Oguz et al, studied 80 patients with LSS on a treadmill using a decline or incline 

adjustment in position as well as an unloading station and loading vests set at a fixed 

walking speed of 1.2km/h.  The examination was stopped after 20 min or at the onset of 

severe symptoms defined as the level of discomfort that would make the patients stop 

walking in usual life situations.  The initiation time of first symptoms (ITS) or time until 

the participant’s pain increased from baseline as well as total walking time (TWT) was 

longer when unloaded using a 20% reduction of body weight compared to no reduction.  

Fritz et al used a harness to support and unload pressure in a treadmill test to 

assess walking performance. She found decreases in disability/back pain and increases in 

walking ability after six weeks of using this spinal unloading harness in lumbar stenosis 

patients (Fritz, 1997).  In another study, Fritz measured ITS, TWT, and recovery time 

after a patient walked on different leveled surfaces (Fritz, 1997). Walking on an inclined 

treadmill has been shown to increase spinal flexion (Deen, 1998).  She found that 

inclined walking surfaces decreased the onset of pain symptoms and increased walking 

ability (Fritz, 1997).   

Many studies have shown that both spinal unloading and lumbar flexion are 

effective independent methods in reducing pain in patients with lumbar stenosis. There 

are no current studies that have combined both of these effects, which have the potential 

to decrease pain and walking capacity in chronic lumbar stenosis patients. The purpose of 

this study was to evaluate a combined spinal unloading and lumbar flexion treadmill 

mounted device on walking performance and pain in patients with lumbar spinal stenosis.  

The study used a lumbar angulation load reduction rolling walker, the Oliver Static 

Measuring Apparatus (OSMA) with individualized angle settings mounted on a treadmill. 

The study is worthwhile to determine if the product is efficient at reducing pain 

measures. If all results fail to support the hypothesis, the data collected would still show 

which angle is the best at reducing lumbar pressure and pain in LSS patients. 

 

MATERIALS AND METHODS 

 

Setting and Design   

This cross sectional study involved two random order treadmill conditions with 

veterans from the Miami Veterans Affairs Hospital. The Miami VA approved the study. 

 

Participants  

Participants were recruited from outpatient clinics at the Miami VA. To be 

considered for inclusion in the study, the participants must have lumbar stenosis for 6 

months or more (confirmed by MRI or CT scans). In addition, the participant must be 

able to walk a minimum of 50 feet unassisted. Participants were excluded from the study 

if they had a BMI greater than 40, Mini Mental State Examination score of less than 24, 

Pulmonary/Vascular/Neurological Diseases, cognitive illness, neoplastic conditions, or 

undergone lumbar surgery. Of the 20 patients who were recruited for the study, only 15 

met the criteria needed. All of the 15 participants agreed to participate after explanation 

and signing an informed consent. 
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Procedure 

All participants completed two treadmill walks during one visit. One treadmill 

walk used the Oliver Static Measuring Apparatus (OSMA) and the other walk did not. 

The device is shown in Figure 1. The order was randomized to reduce confounding 

variables (fatigue and pain). The treadmill was set at a walking speed of 1.2km/h with no 

inclination (Deen, 2000). The Precor C936i treadmill was used for this experiment. The 

participants were instructed to walk until their pain was severe, defined as the level of 

discomfort that a person would stop walking in normal situations (Oguz, 2007). After 20 

minutes, if the participant was still walking, they were asked to stop. Each participant 

received a 15 minute break between each treadmill condition for recovery. 

  For the treadmill condition with the OSMA, the experimenter adjusted and 

tightened the device to the participant’s most comfortable angle. We then used a Denali 

Digital angle protractor, adjusted for height to match the 4th-5th vertebrae in each patient 

using a telescoping Quik-Lok extension pole, to measure the amount of lumbar spinal 

flexion. Tekscan’s F-Scan System pressure sensors were used to measure forearm peak 

force and pressure distribution. 

___________________________ 

 

Figure 1 

___________________________ 

 

To determine the reliability of the self-selected spinal angle on the Denali 

protractor, we had the participant complete a two-minute treadmill walk with the OSMA 

device following completion of both treadmill conditions. This reconfirmed the accuracy 

of the subjective spinal angle. The consistency of the spinal angle is fundamental in 

assessing if the subjective comfortable angle is an effective and reliable measure.    

Baseline pain measurements were collected using the Numerical Rating Scale 

(NRS) prior to the start of each treadmill condition.  During each treadmill condition, 

NRS ratings were then collected when the participant experienced a pain rating increase 

of one unit and at the time they completed the treadmill conditions. The Oswestry 

Disability Index (ODI) and the Fatigue Severity Scale (FSS) were used to obtain data to 

assess participant’s disability and fatigue during the rest break between the two treadmill 

conditions. 

  

Measures 

Walking time was measured by two measures; initiation time of first symptoms 

(ITS) and total walking time (TWT) (Oguz, 2007).  ITS is defined as the amount of time 

before a participant’s pain rating increased by one unit from baseline.  TWT is defined as 

the total time a participant walked on the treadmill before they reached the level of 

discomfort that the participant would stop walking in normal situations, or a maximum of 

20 minutes. 

Pain was measured with the Numerical Rating Scale (NRS) using a 1 to 10 rating 

scale with 1 representing the absence of pain and 10 representing the maximum amount 

of pain.  The Numerical Rating Scale (NRS) has been shown to have good accuracy in 

assessing pain (Ornetti, 2010).   
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Disability severity was measured using the Oswestry Disability Index (ODI).  The 

ODI is one of the most commonly used measures for individuals with low back pain.  It 

has good consistency, a high test-retest reliability and is a “valid, reliable and responsive 

condition-specific assessment tool that is suited for use in clinical practice” (Vianin, 

2008).  Each of 10 items is rated on a 0 to 5 scale and a percentage of disability can be 

calculated by dividing the total score by 50 (the maximum score).  A higher percentage is 

indicative of greater disability. 

The Fatigue Severity Scale (FSS) is the most frequently used fatigue scale.  It has 

a high consistency and is a “good utility for repeated measures research” (Armutlu, 

2007).  The FSS questionnaire contains 9 statements that rate the severity of fatigue 

symptoms using a number from 1 to 7, with a possible score range of 7 to 63.  Higher 

scores are indicative of greater fatigue, with scores greater than 36 being clinically 

significant.   

 

Statistical Analysis 

 For all sample size calculations we used a significance level of alpha=. 05 and 

power= .80. All sample size calculations were computed with the software Sample Power 

2.0. We also used a conservative medium effect size of .3, which is a best estimate for 

our sample size of 15. This is necessary for using a paired t-test for the variables of 

interest.    

The primary independent variable for the study is the OSMA custom angle load 

reduction condition vs. the treadmill alone. The primary dependent variables are ITS and 

TWT. Descriptive statistics including mean and standard deviation were computed for all 

measures.  Pearson correlations were computed between ODI and FSS scores with ITS 

and TWT. The paired t-test was used for comparison of ITS, TWT, pain scores and other 

measures. A level of significance of P<0.05 (2 tail) was the level of significance for this 

study.  

 

RESULTS 

 

Participants 

The participants included 2 females and 13 males. Participant’s ages ranged from 

39 to 68 with a mean of 58 years. NRS scores ranged from 1 to 7 with a mean of 4.9 ± 

2.1, indicating a moderate level of baseline pain. FSS scores ranged from 24 to 63 with 

an average of 46 ± 12, indicating significant levels of baseline fatigue for the majority of 

participants in the study. ODI scores ranged from 16% to 80% with an average of 48% ± 

18%, indicating moderate levels of disability. 

 

Walking Data 

A paired t-test was used to compare ITS and TWT for the two treadmill 

conditions. ITS was significant for the OSMA condition, which averaged 757 seconds ± 

419 compared to the unaided condition of 141 seconds ± 66 (t = 5.5; p < .001), this 

means that an increase in pain level was delayed significantly by use of the OSMA 

device. TWT data was similar, as there was significantly greater walking time in the 

OSMA condition 892 ± 404 compared to the unaided condition 403 ± 295 (t = 5.01; p < 

.001). Figures 2 and 3 show this data graphically. 
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___________________________ 

 

Insert Figure 2 About Here 

___________________________ 

___________________________ 

 

Insert Figure 3 About Here 

___________________________ 

 

To determine the relationship between ITS and TWT and the variable measures 

for each condition, we calculated the correlations between each. TWT for the unaided 

treadmill condition was significantly associated with the Fatigue Severity Scale (r = -.81; 

p < .001), baseline pain (r = -.79; p < .001), and severity of disability (r = .74; p < .01). 

On the other hand, TWT was only correlated with baseline pain in the OSMA condition 

(r = .64; p < .05). No significant correlations were found for ITS for either treadmill 

condition. Table 1 shows the correlations between ITS and TWT and the variable 

measures. 

________________________ 

 

Insert Table 1 About Here 

________________________ 

 

Flexion Angle 

The spinal flexion angle measured during the OSMA treadmill condition ranged 

from 15 to -1.6 degrees from the vertical axis with a mean of 7.3 degrees. A Pearson 

correlation showed that the angle selected by study participants was highly reliable with r 

= .96 (p < .001). Spinal flexion angle had non-significant correlations with baseline pain 

(r = -.03) or severity of disability (r = -.12).  However, the spinal flexion angle was 

significantly correlated with fatigue (r = -.52; p < .05). This suggests that participants 

who walked at a higher degree of flexion reported higher levels of fatigue.  No significant 

correlations were found between spinal flexion angle and OSMA condition ITS or TWT. 

 

Unloading Force 

 Peak force for the right and left forearms were measured in pounds per square 

inch during the OSMA condition to see if walking distance was significantly effected by 

combined spinal unloading and lumbar flexion. No significant correlations were found 

between unloading force and ITS (r = .16) or TWT (r = .12) for the OSMA treadmill 

condition.  

 

 

DISCUSSION 

 

Findings 

Position (erect or extension) and axial loading (weight-bearing) are the two major 

factors that contribute to narrowing and subsequent discomfort in the vertebral canal in 
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lumbar stenosis (Oguz, 2007). In this study, we found in patients with lumbar stenosis 

that ITS and TWT were increased when using the OSMA, a custom angle load reduction 

rolling walker mounted on treadmill. However, we were unable to fully attribute 

improvements in ITS or TWT to the unloading (using pressure sensors) or spinal flexion 

angle (Denali protractor measurements) independently, the two factors hypothesized to 

be corrected by the OSMA device. 

Studies have shown that there is a reduction of the spinal compression while 

patients are in slight extension (Penning, 1992).  Lumbar stenosis patients compensate for 

symptoms by flexing forward. Pua et al, compared the effectiveness of cycling versus 

treadmill walking with spinal unloading factors and found no difference between the 

groups in reduction of disability or pain.  In our study, the use of the OSMA device is 

effective in alleviating pain symptoms, which ultimately led to an increase in walking 

performance and delayed onset of pain. As discussed before, Fritz et al, suggested that 

the postural nature of the pain is the most important element. The OSMA device 

addresses this postural nature of pain in lumbar stenosis patients as seen in the results: 

decreased onset of higher levels of pain and increased walking time was confirmed while 

using the device. 

Oguz et al, concluded that unloading using a harness support as opposed to 

treadmill incline provided a longer ITS and TWT. However, in his study, posture was 

assessed using treadmill inclination changes which may not actually provide lumbar 

spinal flexion. Participants subjectively stated that the forearm rests directly alleviated 

pain by means of spinal unloading but no statistical significance was shown.  

The spinal flexion angle, 7.3 degrees, we found remains unclear to have any 

statistical research value. Although each individual showed high consistency in their 

angle, an average variation of 2 degrees, there was no significance when compared to the 

different measures.  Fritz et al, suggested that 10 degrees of inclination was found to be 

appropriate for patients with lumbar stenosis because of long term physical inactivity. 

Though this study did not prove or disprove his hypothesis, it demonstrated that an 

increase in spinal flexion was correlated with increased fatigue severity. This implies that 

patients who are more fatigued walk at an increased spinal flexion angle or more 

specifically, the device prolonged the period of fatigue which resulted in an increase in 

TWT.  

Lumbar stenosis patients who are experiencing pain symptoms, fatigue, or an 

increased level of disability have decreased walking capacity. This study also showed 

that unaided walking performance was associated with fatigue and disability severity. 

Baseline pain was measured prior to the treadmill walks, suggesting a moderate level of 

pain for lumbar stenosis patients. Our results suggest that baseline pain scores were 

associated with TWT in both treadmill conditions. The main difference is that the 

baseline pain scores had a stronger association in the unaided treadmill condition 

compared to the OSMA condition. This suggests that the OSMA device may have had a 

role in mitigating symptoms in the baseline pain scores.  

 

Significance 

There are many related treatments for patients with lumbar spinal stenosis to 

improve function including cycling, body weight supported treadmill walking, aggressive 

walking to the point of intense pain, muscle stretching, and training. There are also many 
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controversial views regarding surgical vs. non-surgical outcomes. One of these views, 

supported by Goldman et al, explains that a full-time 3-day use of a rollator walker might 

reduce symptoms of lumbar stenosis, as well as increase quality of life and decrease 

costs. The OSMA device used in this study represents a prototype of a conservative non-

surgical treatment option that appears to be safe and effective in increasing walking 

performance, prolonging the onset of pain when waking, and increase motivation to stay 

in shape. 

 

Limitations and Generalizability 

Spinal unloading peak force was measured by sensors that measured forearm 

pressure exerted after the first minute of walking. One limitation of the study, and 

possibly the reason that spinal unloading was not found to be correlated with increase in 

TWT and ITS, relates to the approach this factor was measured.  An increase in fatigue or 

pain might have caused the participant to provide a peak pressure or unloading 

measurement later in the walk, rather than at the beginning (within the first minute). In 

addition, the results may have been affected by a participants BMI or distribution of pain 

(left or right).   

The self-selected spinal angle was not found to be correlated with walking 

performance. It is possible that the relationship is not linear (this can explain the low 

correlation). Instead, future studies should try to find if there is a threshold or analyze this 

relationship in a different way.  

The sample size was relatively small and has moderate generalizability to the 

entire population. In addition symptoms of lumbar stenosis may be categorized as mild, 

moderate, or severe. There is no way to discriminate between patients’ threshold for pain 

and the symptoms presented. Different results may have been found if the study sample 

was restricted to those with severe spinal stenosis, as defined by a specific degree of 

stenosis.  

Generally, patients with lumbar stenosis have limited walking capacity due to 

pain and fatigue. An increase in lumbar spinal flexion usually accompanies increased 

fatigue severity. Overall, the OSMA device used in this study was shown to be effective 

and immediate in significantly increasing walking time and prolonging the onset of pain 

while walking.   
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FIGURES 

 

 
Figure 1. Oliver Static Measuring Apparatus (OSMA), a custom angle load  

reduction rollator mounted on treadmill. 
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Figure 2. Initiation Time of Symptoms (ITS) per subject for OSMA and Unaided 

treadmill conditions 

Note.  ITS with OSMA significantly longer compared to ITS unaided (t = 5.5 ; p < .001). 
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Figure 3. Total Walking Time (TWT) per subject for OSMA and Unaided treadmill 

conditions 

Note.  TWT with OSMA significantly longer compared to TWT unaided (t = 5.01 ; p < 

.001). 
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 ITS TWT ITS TWT 

Baseline Pain -.26 -.64* -.32 -.79** 

Fatigue Severity 

Score 

-.11 -.38 -.26 -.81*** 

Oswestry Disability 

Questionnaire  

-.20 -.43 -.28 -.74** 

*. Correlation is significant at the 0.05 level 

**. Correlation is significant at the 0 .01 level 

***. Correlation is significant at the 0 .001 level 

 

 

Table 1. Data on walking performance with the OSMA and Unaided walking trial related 

to baseline pain, fatigue and disability severity. 
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