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Study Design. Multicenter randomized, controlled trial.
Objective. To compare two physical therapy programs

for patients with lumbar spinal stenosis.
Summary of Background Data. Scant evidence exists

regarding effectiveness of nonsurgical management pro-
grams for lumbar spinal stenosis.

Methods. Fifty-eight patients with lumbar spinal ste-
nosis were randomized to one of two 6-week physical
therapy programs. One program included manual physi-
cal therapy, body weight supported treadmill walking,
and exercise (Manual Physical Therapy, Exercise, and
Walking Group), while the other included lumbar flexion
exercises, a treadmill walking program, and subtherapeu-
tic ultrasound (Flexion Exercise and Walking Group). Per-
ceived recovery was assessed with a global rating of
change scale. Secondary outcomes included: Oswestry, a
numerical pain rating scale, a measure of satisfaction,
and a treadmill test. Testing occurred at baseline, 6
weeks, and 1 year. Perceived recovery, pain, and other
healthcare resources used were collected with a long-
term follow-up questionnaire.

Results. A greater proportion of patients in the manual
physical therapy, exercise, and walking group reported
recovery at 6 weeks compared with the flexion exercise
and walking group (P � 0.0015), with a number needed to
treat for perceived recovery of 2.6 (confidence interval,

1.8–7.8). At 1 year, 62% and 41% of the manual therapy,
exercise, and walking group and the flexion exercise and
walking group, respectively, still met the threshold for
recovery. Improvements in disability, satisfaction, and
treadmill walking tests favored the manual physical ther-
apy, exercise, and walking group at all follow-up points.

Conclusions. Patients with lumbar spinal stenosis can
benefit from physical therapy. Additional gains may be
realized with the inclusion of manual physical therapy
interventions, exercise, and a progressive body-weight
supported treadmill walking program.

Key words: lumbar spine, stenosis, spinal stenosis,
physical therapy, rehabilitation, physiotherapy, RCT, clin-
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Lumbar spinal stenosis (LSS) is a prevalent and disabling
condition in the aging population that often results in
substantial physical burden for individuals with the dis-
order, and is associated with significant healthcare
costs.1–4 An estimated 13% to 14% of those patients
who seek help from a specialty physician, and 3% to 4%
who seek care from a general practitioner for low back
pain (LBP), are diagnosed with LSS.1,3,5,6 Just over a
decade ago, LSS was noted as the most common diagno-
sis associated with spinal surgery in patients over 65
years of age, with an estimated total annual inpatient
expense of 1 billion dollars for over 30,000 surgical pro-
cedures performed.2,4,7 A recent report by Deyo et al
reveals that this trend has continued: the number of fu-
sion procedures performed for LSS has continued to
grow steadily into the 21st century.8 As the population
continues to age, providing medical care for patients
with LSS will continue to adversely affect healthcare re-
sources, thus identifying effective treatment options for
these patients is an important research priority.

It has been suggested that patients with LSS should
receive a trial of conservative management before sur-
gery is considered.1,9 However, a recent report revealed
that only 10% of the clinical trials investigating out-
comes from surgery for LSS reported that patients re-
ceived, and did not improve with, a period of conserva-
tive management.1 To date, we have not identified any
randomized clinical trial (RCT) evidence to inform non-
surgical treatment-related decision-making. Of the three
studies specifically investigating nonsurgical clinical out-
comes of care in patients with LSS,10–12 the study with
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the largest cohort of patients10 was limited to short-term
outcomes. Other studies11,12 did report longer-term out-
comes but were retrospective, and interpretation is con-
founded by the use of highly variable interventions. Fur-
ther, these studies failed to incorporate patient-centered
outcome measures. Despite methodologic limitations,
these studies reveal that roughly one half to two thirds of
patients treated nonsurgically either improve or remain
in status quo at the time of follow-up.11,12 Despite a
commonly held belief that patients with LSS may be at
risk for an inevitable decline in health status over time,
the peer-reviewed literature related to nonsurgical man-
agement of these patients does not support this con-
cern.13–17

Given the prevalence and cost associated with LSS,
and the lack of strong evidence for nonsurgical care for
these patients, developing optimal nonoperative man-
agement strategies is a high priority. Therefore, the pur-
pose of this study was to compare the clinical outcomes
achieved by patients receiving two different programs.
Based on preliminary work,18,19 we hypothesized that
patients receiving a program, including manual physical
therapy, exercise, and a body weight supported ambula-
tion program, would achieve better outcomes compared
with the patients receiving lumbar flexion exercises, sub-
therapeutic ultrasound, and a treadmill walking pro-
gram without body weight support.

Materials and Methods

Patients with a clinical presentation consistent with LSS were
recruited from referral sources within medical centers in San
Antonio, TX. Referring clinicians ordered lumbar spine MRIs
of potential study participants, who were subsequently
screened for eligibility by one of two physician specialists
within the orthopedic and neurosurgery departments to estab-
lish a diagnosis of LSS based on the clinical examination and
MRI findings. These physician specialists also provided MRI
readings, including information regarding degrees of central
and foraminal stenosis, anterolisthesis and retrolisthesis, and
degree of scoliosis. Inclusion criteria included: pain in the lum-
bopelvic region and lower extremities, �50 years of age, MRI
findings consistent with LSS (evidence of compression of lum-
bar spinal nerve root(s) by degenerative lesions of the facet
joint, disc, and/or ligamentum flavum), and patient rating of
sitting as a better position for symptom severity than standing
or walking.

Patients meeting any of the following criteria were ex-
cluded: severe vascular, pulmonary, or coronary artery disease
limiting participation in a walking tolerance test or walking
program (including presence of absolute contraindications to
submaximal exercise testing)20; previous lumbar spinal surgery
that included fusion; history of spinal tumors or infection, or
lumbar vertebral fractures other than spondylolysis or spon-
dylolisthesis; contraindications for lumbar spine MRI; and
signs/symptoms suggestive of potential nonbenign or patho-
logic condition as the origin of symptoms. All patients provided
informed consent before participation. The study was ap-
proved by the Institutional Review Boards at Wilford Hall
Medical Center and Brooke Army Medical Center in San An-
tonio, TX.

All baseline information was obtained before randomiza-
tion. Research assistants (experienced physical therapists) con-
firmed satisfaction of inclusion/exclusion criteria, obtained
informed consent, collected self-report questionnaires, com-
pleted historical examinations, and conducted treadmill walk-
ing tolerance tests.21 All research assistants received individual
training and written instruction on all procedures by the pri-
mary investigator. Patients were assigned to a treating physical
therapist, and that therapist completed baseline physical exam-
inations. Random assignment to treatment groups was per-
formed using a computer-generated randomization scheme
prepared in blocks of 20 patients. Before beginning the study,
opaque, sequentially numbered sealed envelopes were prepared
indicating the group assignment. After completion of the phys-
ical examination, the treating therapist opened the envelopes
revealing the results of randomization. Research assistants,
blinded to group allocation, readministered self-report ques-
tionnaires and treadmill tests at completion of the treatment
period and at 1 year.

In addition to the 6-week and 1-year follow-up testing ses-
sions, a long-term follow-up questionnaire was sent to patients
in the spring of 2004 to collect information regarding subse-
quent utilization of health care and medication, current pain
levels, and perceived recovery. For patients not responding to
the first mailing and for those who had not yet completed their
treatment programs at the time of the first mailing, repeat ques-
tionnaires were sent in the spring of 2005. A research assistant
who was blind to group allocation attempted to contact re-
maining nonresponders via telephone.

Interventions. Patients were scheduled for twelve 45- to 60-
minute physical therapy sessions over 6 weeks (twice weekly).
In addition to the physical therapy visits, all patients were
asked to take a daily walk at a pace and distance that did not
irritate lower extremity symptoms and to perform a home ex-
ercise program. The patients completed exercise logs during the
6-week treatment duration, and also provided a self-report of
their exercise compliance during both the 6-week intervention
period and from 6 weeks to 1 year. The eight treating physical
therapists in this study were experienced manual physical ther-
apists, 7 of whom were Fellows of the American Academy of
Orthopedic Manual Physical Therapists. These therapists per-
formed all interventions except for the treadmill walking pro-
grams, which were supervised by Physical Therapy Assistants
who were trained in study procedures.

Flexion Exercise and Walking Group (FExWG). Treat-
ment for this group included lumbar flexion exercises, perfor-
mance of a progressive treadmill walking program, and sub-
therapeutic ultrasound. Specifically, patients received 10
minutes of 3 MHz, 0.1 W/cm2 intensity, pulsed ultrasound
with the intention of minimizing the possible therapeutic effects
of the treatment22 and mitigating the potential for an attention
effect to occur. Flexion exercises included three 30-second
bouts of both single- and double-knee-to-chest exercises per-
formed during physical therapy visits and as part of the home
exercise program. This program also included a level treadmill
walking session during each visit. Patients were encouraged to
maintain a self-selected comfortable walking pace for the du-
ration of the session and were advised to stop walking when
symptoms reached the point that would typically cause them to
stop walking during normal community ambulation. The du-
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ration of each treadmill session was based on that patient’s
tolerance on that specific day and could extend up to 45
minutes.

Manual Physical Therapy, Exercise, and Walking Group
(MPTExWG). Patients in this group received manual physi-
cal therapy to the thoracic and lumbar spine, pelvis, and lower
extremities. The manual therapy was eclectic and included
techniques such as those described by Maitland,23 Greenman,24

and Whitman et al.18 Selection of specific manual physical ther-
apy interventions and exercise techniques was based on the
underlying impairments identified by the treating physical ther-
apist, and included both thrust and nonthrust manipulation of
the spine and lower extremity joints, manual stretching, and
muscle strengthening exercises. Therapists instructed patients
in specific exercises to address impairments in mobility,
strength, and/or coordination, including instruction in the
same flexion exercises for the lumbopelvic region as prescribed
for the FEXWG. Exercises were performed in the clinic and as
part of a home exercise program. The typical dosage for exer-
cises addressing mobility was three bouts of 30 seconds, and
typical dosage for stretching exercises was 3 repetitions of 30
seconds of stretching. Strengthening exercises were tailored to
fit the individual patient’s needs. Finally, patients participated
in a body-weight supported (BWS) treadmill ambulation pro-
gram. BWS systems use a cable and trunk harness system to
unload a specific amount of weight from the patient while the
patient walks on a treadmill. Compressive forces, or axial load-
ing, has been demonstrated to decrease the cross-sectional area
(CSA) of the neuroforamen and central spinal canal and non–
weight-bearing positions have been demonstrated to increase
CSAs.25–30 Because BWS systems decrease the downward ex-
cursion of the center of gravity and decrease the ground reac-
tion forces associated with gait,31,32 BWS should theoretically
decrease axial compression forces, increase CSAs, and improve

walking tolerance. We included BWS treadmill walking based
on this theoretical background, preliminary evidence from two
small case series,18,19 and based on our clinical experience with
this intervention. The amount of support used for each tread-
mill session was the minimum amount of unloading required to
minimize the patient’s symptoms and to allow the patient to
walk as comfortably as possible. The overall goal was to de-
crease the amount of body weight support used over the dura-
tion of the study and gradually increase walking pace and dis-
tance.

All patients were allowed to continue with previously pre-
scribed medications or over-the-counter medications for their
symptoms associated with LSS but were advised not to change
the dosage of these medications in the 6 weeks before the base-
line testing or during the 6-week treatment period. No epidural
steroid injections were performed from 6 weeks before the
baseline testing session through the end of the treatment pe-
riod. Any cointerventions were recorded by research assistants
at the 1-year follow-up testing session and by the patients in
their long-term follow-up questionnaires. See the online Ap-
pendix (flash file) for further description and video illustration
of the intervention programs used in this study.

Outcome Measures. Data regarding perceived recovery, dis-
ability, pain, satisfaction, and function were collected at base-
line, at the end of the treatment program (6 weeks), and at 1
year. Long-term follow-up questionnaires were used to collect
data regarding healthcare utilization, medication usage, pain,
and perceived recovery. The patient global rating of change
scale (GRC) as described by Jaeschke et al, served as the pri-
mary outcome measure.33 The GRC is a 15-point Likert scale
whereby patients rate their own perceived amount of improve-
ment.33 The scale ranges from �7 (“a very great deal worse”)
to zero (“about the same”) to �7 (“a very great deal better”).

Table 1. Baseline Variables: Demographics, Outcome Measures, and Physical Impairments

Variable

Flexion Exercise
and Walking Group

(n � 29)

Manual Physical Therapy,
Exercise, and Walking Group

(n � 29)
Significance

(P)

Age (yr) 70.0 (7.2) 68.9 (8.7) 0.60
Female �n (%)� 17 (56.7) 10 (33.3) 0.06*
Race �n (%)� 0.15*

White 26 (89.8) 20 (69.0)
Black 1 (3.4) 3 (10.3)
Hispanic 2 (6.9) 6 (20.7)

Body mass index (kg/m2) 27.60 (4.38) 28.27 (4.51) 0.63
Median duration LBP (mo) 108 (0–804) 60 (6–744) 0.69†
Median duration LE symptoms (mo) 48 (3–804) 24 (3–744) 0.40†
Patients with bilateral LE symptoms �n (%)� 16 (55.2) 16 (55.2) 1.00
Modified Oswestry Disability Index 39.3 (13.6) 35.8 (13.8) 0.40
Numeric Pain Rating Scale (for Lower Extremity Pain) 5.48 (2.11) 5.05 (2.45) 0.49
SSS_Symptom Severity Subscale 3.10 (0.48) 3.08 (0.55) 0.83
SSS_Function Subscale 2.40 (0.52) 2.24 (0.51) 0.33
Beck Depression Inventory 7.12 (4.25) 6.10 (4.92) 0.40
Treadmill walking distance (m) 639.30 (457.88) 673.05 (436.93) 0.74
Standing total flexion range of motion (°) 82.0 (22.2) 79.8 (18.8) 0.68
Standing extension range of motion (°) 16.1 (6.6) 17.5 (6.3) 0.42
Average straight leg raise (°) 64.7 (16.6) 63.3 (12.8) 0.73
Abnormal neurologic findings (L4, L5, or S1) �n (%)� 16 (55.2) 16 (55.2) 1.00

Mean (SD) reported unless otherwise stated.
*�2 test.
†Mann-Whitney U test; Modified Oswestry Disability Index: range, 0%–100%; higher scores represent higher levels of disability. Numeric Pain Rating Scale:
range, 0–10; 0 � “no pain”; 10 � “worst pain imaginable.” SSS � Spinal Stenosis Scale. Symptom Severity Subscale: range, 1–5; lower scores represent lower
levels of symptoms. Function Subscale: range, 1–4; lower scores represent greater levels of function.
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We dichotomized scores on the GRC based on “perceived re-
covery,” with scores of �3 (“somewhat better”) or greater
defining “improvement.”

Secondary outcomes included the Modified Oswestry Dis-
ability Index (OSW),34 the Satisfaction Subscale of the Spinal
Stenosis Scale (SSS),35,36 a Numerical Pain Rating Scale
(NRPS)37 for average thigh/leg pain, a walking tolerance test,
and other healthcare resources used. The SSS Satisfaction Sub-
scale was modified from the original scale35,36 by replacing the
word “surgery” with the word “treatment” in each question.
For the measure of walking tolerance, patients walked at a
self-selected pace for up to 15 minutes on a level surface, rested
for 10 minutes in a seated posture, then walked again for up to
15 minutes at a 15% grade incline. The combined distance
walked was used as a marker of walking tolerance. Because the
OSW, SSS, and NPRS have not been validated in this popula-
tion of patients treated with nonsurgical intervention strate-
gies, these self-report questionnaires were not used as primary
outcomes.

Sample Size Determination and Statistical Analysis. Sam-
ple size was calculated based on the dichotomized score of the
primary outcome measure, “perceived recovery.” A difference
of 30% or more in success rate (“perceived recovery”) was
considered to be clinically important. Power was set a priori at
0.8, alpha � 0.05, a minimum of 30 patients per treatment
group was required to achieve significance using a one-tailed
Pearson �2 test. All analyses were performed using SPSS statis-
tical software, version 11.5 (SPSS Inc., Chicago, IL). All pa-
tients meeting inclusion/exclusion criteria were included in all
analyses according to intention-to-treat principles (last avail-
able score forward). Baseline status of the treatment groups
and compliance with the home exercise program were com-
pared using two-tailed independent samples t tests, �2 tests of
independence, and Mann-Whitney U tests as indicated. A one-
tailed Pearson �2 test was used to identify significant associa-
tions between group membership and perceived recovery at
6-week, 1-year, and long-term follow-up. Alpha was set at 0.05
for all analyses. To further illustrate the value of our findings to
clinicians, we calculated number needed to treat statistics for
perceived recovery at 6-week, 1-year, and at the long-term fol-
low-up. Mean improvements and differences between groups
with 95% confidence intervals were calculated for each of the
secondary outcome measures.

Results

Sixty patients were enrolled over a 43-month period
(June 2001 to December 2004). The mean time of fol-
low-up for the long-term follow-up questionnaire was
29 months (�10.5) for the FExWG and 27.4 months
(�10.1) for the MPTExWG. No significant baseline dif-
ferences were identified for demographics, baseline phys-
ical impairment, or outcomes (Table 1). Patient self-
reported health status and comorbidities are reported in
Table 2, and baseline MRI findings for central and fo-
raminal stenosis are reported in Tables 3 and 4. At the
baseline examination, 32 subjects were noted to have
scoliosis (7 subjects �10°; 21 subjects 11°–30°; 4 sub-
jects 30°–50°), 12 subjects had identified lumbar spine
retrolisthesis (4 in the FExWG, 8 in the MPTExWG),
and 24 had lumbar anterolisthesis (9 in the FExWG, 15
in the MPTExWG). Finally, there was no difference in
self-reported home exercise compliance between groups
during the 6-week treatment period or in the time period
between the 6-week and 1-year follow-up session.

Table 2. Self-Reported Demographics General Health
and Comorbidities at Baseline

Variable

Flexion Exercise
and Walking

Group
(n � 29)

Manual Physical
Therapy, Exercise,
and Walking Group

(n � 29)

Self-reported general
health

Poor 2 (6.9) 1 (3.4)
Fair 7 (24.1) 7 (24.1)
Good 18 (62.1) 21 (72.4)
Excellent 1 (3.4) 0 (0)
Not reported 1 (3.4) 0 (0)

Hypertension 21 (72.4) 21 (72.4)
Diabetes 6 (20.7) 5 (17.2)
Cancer 4 (13.8) 7 (24.1)
Cerebrovascular accident

or transient ischemic
attack

3 (10.3) 2 (6.9)

Chronic obstructive
pulmonary disease or
asthma

5 (17.2) 5 (17.2)

Prior cardiac procedures 6 (20.7) 9 (31.0)
History of falls 6 (20.7) 5 (17.2)
Hip or knee osteoarthritis 18 (62.1) 12 (41.4)
Hip or knee replacement 3 (10.3) 1 (3.4)
Prior lumbar spine surgery

(laminectomy)
0 (0) 1 (3.4)

Values are n (%).

Table 3. No. of Patients With Central Spinal Stenosis at Each Spinal Level

Flexion Exercise Walking Group
(n � 28)

Manual Physical Therapy Exercise Walking Group
(n � 28)

Mild Stenosis
(12–15 mm)

Moderate Stenosis
(10–12 mm)

Severe Stenosis
(�10 mm)

Mild Stenosis
(12–15 mm)

Moderate Stenosis
(10–12 mm)

Severe Stenosis
(�10 mm)

L1–L2 6 (20.7) 1 (3.4) 0 (0) 6 (20.7) 1 (3.4) 0 (0)
L2–L3 7 (25.0) 5 (17.9) 2 (7.1) 2 (7.1) 7 (25.0) 3 (10.7)
L3–L4 5 (17.9) 7 (25.0) 8 (28.6) 9 (32.1) 7 (25.0) 4 (14.3)
L4–L5 6 (21.4) 5 (17.9) 12 (42.9) 1 (3.6) 10 (35.7) 15 (53.6)
L5–S1 7 (25.0) 3 (10.7) 5 (17.9) 7 (25.0) 3 (10.7) 4 (14.3)

Values are no. of patients with findings at respective spinal levels (percentage of sample in parentheses).
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Two patients were excluded in the first week of en-
rollment due to detection of previously missed exclusion
criteria as the primary source of their symptoms (periph-
eral vascular disease, cancer). These patients were con-
sidered to have not enrolled in the study and were not
included in any analyses. Three patients who met the
inclusion/exclusion criteria dropped out after the 6-week
follow-up for reasons unrelated to the study (2 from the
FExWG, 1 from the MPTExWG). For the long-term fol-
low-up questionnaire, 3 patients in each group were lost
to follow-up, 2 patients in the MPTExWG had died, and

1 patient failed to respond to the mailing and phone
contact. See Figure 1 for the CONSORT diagram regard-
ing patient flow through the study.38

Several patients did not perform the treadmill (TM)
testing portion of the testing sessions. One patient re-
quested not to complete TM testing due to concerns
about hypertension. Two patients did not perform the
6-week or 1-year TM tests due to: 1) seasonal allergy
exacerbation and 2) unrelated grand mal seizure. Nine
other patients did not perform the TM test at 1 year: 1
died, 3 developed cardiac conditions classified as abso-

Table 4. No. of Patients With Lateral Foraminal Stenosis at Each Spinal Level

Flexion Exercise and Walking Group
(n � 20)

Manual Physical Therapy, Exercise, and Walking Group
(n � 24)

Mild Stenosis Moderate Stenosis Severe Stenosis Mild Stenosis Moderate Stenosis Severe Stenosis

L1–L2 left 1 (5.0) 0 (0) 0 (0) 1 (4.2) 0 (0) 1 (4.2)
L1–L2 right 1 (5.0) 0 (0) 0 (0) 1 (4.2) 0 (0) 0 (0)
L2–L3 left 5 (25.0) 1 (5.0) 0 (0) 3 (12.5) 3 (12.5) 0 (0)
L2–L3 right 6 (30.0) 0 (0) 0 (0) 3 (12.5) 2 (8.3) 1 (4.2)
L3–L4 left 2 (10.0) 4 (20.0) 3 (15.0) 7 (29.2) 6 (25.0) 0 (0)
L3–L4 right 5 (25.0) 3 (15.0) 3 (15.0) 6 (25.0) 7 (29.2) 0 (0)
L4–L5 left 4 (20.0) 2 (10.0) 4 (20.0) 7 (29.2) 6 (25.0) 4 (16.7)
L4–L5 right 6 (30.0) 1 (5.0) 5 (25.0) 5 (20.8) 9 (37.5) 3 (12.5)
L5–S1 left 4 (20.0) 3 (15.0) 5 (25.0) 8 (33.3) 2 (8.3) 6 (25.0)
L5–S1 right 4 (20.0) 4 (20.0) 2 (10.0) 7 (29.2) 2 (8.3) 5 (20.8)

Values are no. of patients with findings at respective spinal levels (percentage of sample in parentheses).

Baseline Assessment followed by randomized assignment to treatment groups
( n = 60)

Subjects included in analyses
(n=58)

Excluded from Analysis: n=2, did not meet inclusion/exclusion criteria
Reasons: 1 removed after 1 treatment due to detection of prostate cancer as etiology of
symptoms, 1 removed before any treatment sessions were completed due to detection of
peripheral vascular disease as etiology of symptoms

Flexion Exercise & Walking Group
(n = 29)

6 Week Follow-Up
(n = 29)

Manual Physical Therapy, Exercise, & Walking Group
(n = 29)

6 Week Follow-Up
(n = 29)

1 Year Follow-Up
(n = 28)

1 dropout
• Subject moved to a different region of the country after completing 1/2 of

his treatment sessions

Lost to follow-up: n=2, unable to contact
Dropouts: n = 3 (2 death, 1 refused participation)

1 Year Follow-Up
(n = 27)

2 dropouts
•  1 subject died secondary to myocardial infarction while mowing his lawn
•  1 subject was diagnosed with prostate cancer and chose to pursue medical
    interventions for the cancer

Long Term Phone/Mail Follow-Up
(n = 24)

 Lost to follow-up: n = 3, unable to contact

Long Term Phone/Mail Follow-Up
(n = 23)

Figure 1. Flow chart depicting the flow of subjects through the trial.
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lute contraindications per ACSM guidelines,16 and 5 re-
fused (1 unknown reason, 1 to stay with terminally ill
wife, 1 with recent injury, 1 receiving care for prostate
cancer, 1 did not want to exacerbate his LBP).

At 6 weeks, there was a significant association be-
tween treatment group and perceived recovery (P �

0.0015) (Figure 2), with 79% of patients in the
MPTExWG meeting the threshold for perceived recov-
ery compared with 41% of patients in the FExWG. At 1
year, 62% of the MPTEXxG and 41% of the FExWG
continued to report recovery, and 38% and 21% of the
MPTExWG and FExWG, respectively, still met the
threshold for recovery at long-term follow-up. However,
there was no longer a significant association between
group and perceived recovery at either time period. The
number needed to treat for benefit for perceived recovery
was 2.6 (confidence interval [CI], 1.8 to 7.8) at 6 weeks,
4.8 (CI, �2.3 to 21.3) at 1 year, and 4.4 (CI, �2.1 to
22.7) at the long-term follow-up. All of the secondary
outcomes favored the MPTExWG at 6 weeks and 1 year
except improvements in NPRS for lower extremity
symptoms from baseline to 1 year; however, these differ-
ences were not statistically significant (Figure 3; Table 5).
Lastly, Table 6 shows the healthcare utilization data
acquired from the long-term follow-up question-
naires.

All patients who met the inclusion/exclusion criteria
were included in all analyses regardless of their drop-
out status or completion of TM testing per intention-to-
treat principles by carrying the last available value
forward.
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Figure 3. Changes in secondary outcomes over the course of the study. OSW � Modified Oswestry Disability Questionnaire: range 0–100,
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Discussion

To our knowledge, this is the first randomized clinical
trial comparing nonsurgical intervention programs for
patients with lumbar spinal stenosis. Our results suggest
that patients treated with nonsurgical physical therapy
programs may achieve clinically important improve-
ments at 6 weeks and 1 year. However, patients receiving
a program of manual physical therapy, exercise, and
BWS treadmill walking reported greater rates of per-
ceived recovery following treatment than those receiving
a program of flexion exercises, walking, and subthera-
peutic ultrasound. The number needed to treat for ben-
efit with the MPTExWG was 2.6 at 6 weeks, indicating

that only about 3 patients need to be treated with this
program to prevent 1 patient from not achieving per-
ceived recovery based on the GRC scale.

The results of this trial are encouraging and lend sup-
port to the premise that patients with LSS can achieve
clinically important improvements with a physical ther-
apy management program. We think that the study re-
sults are generalizable, as our patients had similar levels
of baseline status (age, sex, duration/location of symp-
toms, general health status, disability, etc.) as reported in
other studies for patients with LSS.16,39,40 Additionally,
we had a high follow-up rate, increasing the stability of
our findings. Only 2 patients dropped from the study
during the 1-year study period, both for reasons unre-
lated to the research study. Finally, because of the mor-
bidity and mortality rates associated with surgical inter-
ventions for patients in this population,9,39,41 it is
promising that physical therapy may be a viable lower
risk alternative form of care for older adults with LSS.

There are many avenues for continued research in the
area of nonsurgical interventions for patients with LSS,
especially continued work to identify the most optimal
and cost-effective intervention programs. Further work
should identify the components of the physical therapy
intervention that result in the greatest reduction in symp-
toms and improvement in function. Nonsurgical treat-
ment programs should be compared with pharmacologic
or medical management programs or natural history, es-
pecially since the natural history of LSS has not been
well established. A preliminary report of patients treated
with a physical therapy program with a more defined
strengthening program, aerobic exercise, and flexion ex-
ercises suggests that perhaps the addition of a more de-
veloped strengthening program could be important.42

Although an initial RCT did not demonstrate long-term
advantages of epidural steroid injections,43 preliminary

Table 5. Mean Improvement From Baseline and Difference of Mean Improvement Between Groups for
Secondary Outcomes

Secondary Outcomes

Flexion Exercise
and Walking Group

(n � 29)
(95% CI)

Manual Physical
Therapy, Exercise,
and Walking Group

(n � 29)
(95% CI)

Between-Group Differences
(95% CI)

Mean improvement in OSW
Baseline to 6-week follow-up 6.55 (1.87 to 11.23) 10.48 (6.5 to 14.4) 3.93 (�2.07 to 9.93)
Baseline to 1-year follow-up 5.03 (1.71 to 8.35) 7.14 (1.5 to 12.8) 2.10 (�8.50 to 4.32)

Modified SSS_Satisfaction Subscale
6-week follow-up �mean (SD)� 2.03 (1.8 to 2.31) 1.57 (1.36 to 1.78) 0.46 (0.09 to 0.82)
1-year follow-up �mean (SD)� 1.99 (1.71 to 2.27) 1.73 (1.49 to 1.97) 0.26 (�0.09 to 0.62)

Mean improvement in treadmill walking distance (m)
Baseline to 6-week follow-up 176.5 (�9.5 to 362.4) 339.7 (218.4–461.0) 163.1 (�55.6 to 381.8)
Baseline to 1-year follow-up 130.4 (�55.3 to 316.2) 209.8 (67.5 to 352.1) 79.3 (�150.7 to 309.4)

Mean improvement in NPRS for lower extremity symptoms
Baseline to 6-week follow-up 1.1 pts (0.2–2.0) 1.5 pts (0.5 to 2.5) 0.34 (�0.97 to 1.66)
Baseline to 1-year follow-up 1.2 pts (0.4 to 1.9) 1.0 pts (�0.2 to 2.2) 0.19 (�1.56 to 1.19)
Baseline to long-term follow-up 1.8 pts (0.6 to 3.0) 2.0 pts (0.7 to 3.4) 0.47 (�1.23 to 2.18)

OSW � Modified Oswestry Disability Index: range, 0–100; higher scores represent higher levels of disability. SSS � Spinal Stenosis Scale: range on satisfaction
subscale, 1–4; lower scores represent greater levels of satisfaction. Treadmill walking distance: distances for up to 15-minute level treadmill walking plus up to
15 minutes inclined treadmill. NPRS � Numeric Pain Rating Scale: range, 0–10; higher scores represent higher levels of pain.

Table 6. Healthcare Resources Used for Lumbar Spinal
Stenosis After 6-Week Physical Therapy Program

Intervention for LSS FExWG MPTExWG

Epidural steroid injection 9 5
Surgery 2 2
Other medical providers (from end of

physical therapy treatment until
long-term follow-up questionnaire)

General practitioner 2 0
Physical therapist 2 0
Chiropractor 1 0
Physiatrist 0 1
Orthopaedic surgeon 0 1
Pain clinic 3 1

Frequency of medication use at time of
long-term follow-up

None 8 8
Weekly or every couple of days 4 6
At least once daily 12 9

FExWG � Flexion Exercise and Walking Group; MPTExWG � Manual Physical
Therapy, Exercise, and Walking Group. Information compiled from both 1-year
follow-up and long-term follow-up for epidural steroid injection and surgery.
Data for other medical providers and medication usage collected from long-
term follow-up questionnaire. The sample sizes for the long-term follow-up
questionnaires are: FExWG, n � 24; MPTExWG, n � 23. The 1-year sample
sizes were: FExWG, n � 27; MPTExWG, n � 28.
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work by Hunter et al42 suggests that combining ESI and
physical therapy may be promising. Ultimately, RCTs
comparing a well-designed, comprehensive nonsurgical
treatment programs to surgical interventions and cost-
analysis studies are needed.

Conclusion

The results of our study suggest that patients with LSS
can benefit from a course of physical therapy, which
includes lumbar flexion exercises and a walking pro-
gram. Furthermore, additional gains may be realized
with the inclusion of manual physical therapy interven-
tions, exercise, and a progressive body-weight supported
treadmill walking program.

Key Points

● Patients with lumbar spinal stenosis can benefit
from physical therapy interventions.
● Additional improvements may be realized with
the inclusion of manual physical therapy interven-
tions, exercise, and a progressive body-weight sup-
ported treadmill walking program (MPTExWG).
● In this study, a greater proportion of patients
receiving MPTExWG reported recovery at 6 weeks
compared with those receiving flexion exercises
and a walking program (FExWG) (P � 0.0015).
● Only about 3 patients need to be treated with the
MPTExWG program to prevent 1 patient from not
achieving perceived recovery at 6-weeks (NNT �
2.6).
● Improvements in disability, satisfaction, and
treadmill walking tests favored the MPTExWG at
all follow-up points.
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