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0.48 and 0.50 for SPWT, �0.42 and �0.36 for SSS, and �0.29

Study Design. Secondary analysis from a randomized con-

trolled trial on nonsurgical interventions for patients with lumbar

spinal stenosis (LSS).
Objective. The aim of this study was to assess the responsive-

ness of the Self-Paced Walking Test (SPWT), Swiss Spinal

Stenosis Questionnaire (SSS), and Oswestry Disability Index

(ODI) and determine their minimal clinically important differ-

ences (MCID) in nonsurgical LSS patients.
Summary of Background Data. Limited information is avail-

able about the responsiveness of these tests in nonsurgical LSS

population.
Methods. A total of 180 participants completed the SPWT, SSS,

and ODI at baseline, 2, and 6 months. Responsiveness was

assessed by distribution-based method, including effect size and

standardized response mean, and anchor-based method, using

the patient global index of change (PGIC) as the external anchor

to distinguish responders and non-responders. Areas under the

curve (AUC) were calculated along with MCIDs for ‘‘minimal’’

and ‘‘moderate improvement’’ subgroups.
Results. The following values represent 2- and 6-month analy-

ses of each outcome measure, respectively. Standard effect sizes:
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and �0.25 for ODI. Spearman correlation coefficients between

PGIC and outcomes were: 0.44 and 0.39 for SPWT, �0.53 and

�0.55 for SSS, and �0.46 and �0.54 for ODI. MCIDs for the

‘‘minimal improvement’’ subgroup were: 375.9 and 319.3 ms

for SPWT, �5.3 and �5.8 points for SSS, and �9.3 and �10.8

points for ODI. AUCs was 0.68 to 0.76. MCIDs for the

‘‘moderate improvement’’ subgroup were: 344.2 and 538.2 m

for SPWT, �5.5 and �7.5 points for SSS, and �9.1 and �13.6

points for ODI. AUCs ranged from 0.68 to 0.76.
Conclusion. The SPWT, SSS, and ODI are responsive outcome

measures to assess nonsurgical patients with LSS. This finding,

along with the reported MCIDs, can help clinicians to monitor

changes in their patients’ walking and physical function over

time and make clinical decisions. They also provide researchers

with reference for future studies in LSS.
Key words: anchor-based, distribution-based, lumbar spinal
stenosis, minimal clinical important difference, non-surgical
patients, outcome measures, responsiveness.
Level of Evidence: 2
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L
umbar spinal stenosis (LSS) is a condition that is
highly associated with disability due to the narrowing
of the lumbar spinal canal and compression of neuro-

vascular structures.1 It occurs mostly as a result of degener-
ative changes, with prevalence between 11% and 39% in
adults presenting clinical symptoms and/or diagnostic imag-
ing findings.2,3 LSS is associated with limited walking
capacity and physical function.4–6 Therefore, evaluating
these patients’ progress during treatment of LSS requires
the administration of outcome measures that are sensitive to
detecting changes over time (responsive) in these domains.

Walking capacity and physical function in LSS can be
measured by patient-reported outcomes (PROs) and perfor-
mance-based tests. PROs address relevant aspects of
patients’ lives through individual items combined in a sum-
mary score that reflects their severity or disability level.
Advantages of PROs include direct response from patients,
low response burden, and ability to compare values across
June 2021
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studies. The Oswestry Disability Index (ODI) and Swiss
Spinal Stenosis Questionnaire (SSS) are often chosen to
measure symptoms and physical limitations associated with
LSS and have shown adequate validity and reliability.7–13

However, most of the studies on LSS have used these PROs
in a population that included surgical patients,14,15 those
who have higher levels of disability.16 As a result, informa-
tion about the responsiveness of these outcome measures in
nonsurgical LSS patients is limited.

Performance-based tests are also commonly used in the
LSS population. These measures provide data directly from
observation of patients’ activities and capture specific fea-
tures of functional skills that are highly relevant to these
patients. The Self-Paced Walking Test (SPWT) is an example
of a performance-based test that has shown good reliability
and validity.17 It has also been considered more accurate in
measuring walking capacity in patients with LSS when
compared to treadmill testing because patients walk at their
individual pace mimicking real-life conditions.18–20 Addi-
tionally, the SPWT is a simple test that does not require any
complex equipment. Nevertheless, the responsiveness of this
test with LSS patients has been presented in only two
previous studies with small sample sizes that included sur-
gical participants.19,21 Thus, the responsiveness of the
SPWT in LSS patients receiving nonoperative interventions
remains unexplored.

Given that the majority of LSS patients have mild or
moderate levels of disability and potentially benefit from
non-surgical treatments,22,23 there is an urgency for evi-
dence to guide the selection of responsive outcome measures
for use in this population. Analysis of how well PROs and
performance-based tests detect changes over time will help
clinicians and researchers in the field.24 The aims of this
project are to assess the responsiveness of the SPWT, SSS,
and ODI in patients undergoing nonsurgical interventions
for LSS and to provide minimal clinically important differ-
ence (MCID) values for each of these outcome measures.

METHODS

Study Design
This is a secondary analysis of data derived from a parent
randomized controlled trial (RCT) comparing three differ-
ent nonsurgical interventions for LSS patients, which has
been published.22,25 In this trial, participants were recruited
from November 2013 to June 2016 and treated at the
Physical Therapy—Clinical and Translation Research Cen-
ter at the University of Pittsburgh. Informed consent was
obtained from all participants, and the study was approved
by the University of Pittsburgh Institutional Review Board
(PRO12120422) and registered at ClinicalTrials.gov
(NCT01943435).

Subjects were randomized to one of three nonsurgical
interventions for their LSS delivered over the course of
6 weeks. In one group, patients were followed by a medical
physician to manage their condition with prescription med-
ication, advice to stay active and epidural steroid injection if
Spine
warranted. Another group participated in community-based
exercise classes for older adults supervised by fitness instruc-
tors. The third group had clinic-based manual therapy and
individualized exercises provided by either a chiropractor or
physical therapist. The outcomes were assessed at baseline
(before interventions), 2, and 6 months after enrollment. In
this secondary analysis, data from the three groups were
combined, resulting in a wide variability of change over time
among the outcome measures as recommended for respon-
siveness assessment.26

Participants
Inclusion criteria for the parent RCT were age �60 years,
clinical history and diagnostic imaging evidence of LSS,
ability to read and write English, neurogenic claudication,
ability to engage in mild exercise, availability to participate,
and willingness to be randomized. Exclusion criteria were
history of metastatic cancer, cauda equina symptoms, pre-
vious lumbar decompressive surgery, history of severe
peripheral artery disease, contraindication to exercise, his-
tory of neurologic condition other than LSS that affects the
subject’s ability to walk, inability to complete the SPWT
without an assistive device or for any reason other than
symptoms related to LSS.25

Outcome Measures
Four outcome measures were included in this responsiveness
analysis: SPWT, SSS, ODI, and Patient Global Index of
Change (PGIC). All outcome measures were completed at
baseline, 2, and 6 months, except the PGIC which was not
collected at baseline.

The SPWT is a reliable and valid performance-based test
that measures walking capacity and has been suggested as
the test of choice when measuring this domain in patients
with LSS.18 Participants walk at their own pace on a level
surface without support until they need to stop because of
LSS symptoms, or until 30 minutes have passed.17,18 The
distance walked is recorded in meters.

The SSS is a validated 18-item questionnaire measuring
disability in patients with LSS using three subscales: seven-
item symptom severity (SS), five-item physical functional
(PF), and six-item patient satisfaction with surgery.27,28 This
current analysis used only the first two subscales since the
participants were nonsurgical candidates. The total score of
the combined SS and PF subscales ranges from 12 to 55
points, with higher scores representing worse symptoms and
greater disability.

The ODI is a validated and reliable 10-item questionnaire
evaluating limitations of daily activities caused by low back
pain and has been widely used in LSS studies.7,12,13,20 Each
item is scored on a 6-point Likert scale (0–5 points). The
score is transformed to a 0- to100-point percentage scale,
with higher scores indicating more severe disability.

The PGIC is a self-reported measure of health status often
used in chronic pain research. It is designed to quantify
patients’ change over time to analyze the effect of a particu-
lar intervention.29,30 A 7-point PGIC scale was used to
www.spinejournal.com 789
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quantify the amount of change since the start of treatment.
Patients rated their overall status as ‘‘very much worse,’’
‘‘much worse,’’ ‘‘minimally worse,’’ ‘‘no change,’’ ‘‘mini-
mally improved,’’ ‘‘much improved,’’ or ‘‘very much
improved.’’ The descriptors were given numerical values
from �3 (very much worse) to 0 (no change) to þ3 (very
much improved).

Statistical Analysis
Paired t tests were used to identify whether participants
changed over time for the ODI, SSS, and SPWT at both 2-
and 6-month follow-ups. Responsiveness of the SPWT, SSS,
and ODI was investigated by distribution and anchor-
based methods.

Distribution-based responsiveness was determined by
first obtaining the mean change scores for each outcome
measure (follow-up score minus baseline score) from the
entire sample. Standardized effect sizes and the standardized
response means were calculated for each outcome measure
at both timepoints. Standard effect size is the mean change
score divided by the standard deviation of the baseline score
and standard response mean is the mean change score
divided by the standard deviation of the change score.26,31

According to Cohen, effect sizes of 0.2 are considered small,
0.5 medium, and 0.8 large.32

Anchor-based analysis selected the PGIC as the external
anchor.33 Spearman correlation coefficients (Rho) were
then calculated between the mean change in each outcome
measure and the PGIC scores at both follow-ups. Rho values
can be interpreted as low for values below 0.3, moderate for
values between 0.3 and 0.6, and strong for values >0.6.34

Based on the PGIC, we defined two subgroups of respond-
ers. The ‘‘minimal improvement’’ subgroup included
patients who responded at least ‘‘minimally improved’’
when asked about their overall status (PGIC �1). The
‘‘moderate improvement’’ subgroup included patients
who responded at least ‘‘much improved’’ to the same
question (PGIC �2).

Mean changes of the outcome measures were calculated
at 2 and 6 months for responders and nonresponders in each
previously described subgroup.35 MCID is the smallest
amount of change that represents a clinically meaningful
improvement.31 In this analysis, we selected two methods to
derive each MCID to examine their consistency. The first
method (MCID1) corresponded to the mean improvement of
the responders. The second method (MCID2) refers to the
difference between the mean changes of the responders and
non-responders.36–38

Receiver-operating characteristic (ROC) curves, their
respective Area Under the ROC Curves (AUC), and their
95% confidence intervals were calculated26,39 to quantify
the ability of each outcome measures to distinguish patients
who responded to an intervention over time from those who
did not, based on the PGIC.39 AUC values can be interpreted
as acceptable discrimination between 0.7 and 0.8, excellent
discrimination between 0.8 and 0.9, and outstanding
790 www.spinejournal.com
discrimination when �0.9.35 All analyses were conducted
in SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS
Two hundred fifty-nine subjects were enrolled in the parent
clinical trial. Of these, we analyzed the data from the subset
of 180 subjects who had completed the SPWT, SSS, ODI,
and PGIC at all timepoints as described previously. Partic-
ipants’ characteristics are presented in Table 1. Their mean
changes from baseline to 2 and 6 months were an increase of
214 and 223 m for the SPWT, a decrease of 2.5 and 2.1
points for the SSS, and a decrease of 3.7 and 3.2 points for
the ODI, respectively (Table 2). The changes over time in all
outcome measures were significant (P<0.01). The magni-
tude of effect sizes ranged from small to medium, being 0.48
and 0.50 for the SPWT, �0.42 and �0.36 for the SSS, and
�0.29 and �0.25 for the ODI, at 2 and 6 months, respec-
tively (Table 3).

The correlations between the PGIC and each outcome
measure were moderate (Rho: 0.39–0.54). For the ‘‘mini-
mal improvement’’ subgroup at 2 months, the MCIDs1 and
MCIDs2 were 331 and 376 m for the SPWT,�4.2 and�5.3
points for SSS, and �6.6 and �9.3 points for ODI, respec-
tively. At 6 months, the MCIDs1 and MCIDs2 were 346 and
319 m for the SPWT, �4.4 and �5.8 points for SSS, and
�7.4 and �10.8 points for ODI, respectively. For the
‘‘moderate improvement’’ subgroup at 2 months, the
MCIDs1 and MCIDs2 were 436 and 344 m for the SPWT,
�6.1 and�5.5 points for SSS, and�9.6 and�9.1 points for
ODI, respectively. At 6 months, the MCIDs1 and MCIDs2

were 621 and 538 m for the SPWT, �7.1 and �7.5 points
for SSS, and �13.3 and �13.6 points for ODI, respectively
(Table 4). The AUCs are presented in Figure 1.

DISCUSSION
Walking capacity and physical function are the most fun-
damental parameters for determining the clinical progress
and treatment effectiveness in nonsurgical LSS, highlighting
the importance of having responsive instruments to measure
these outcomes. To our knowledge, this is the first study to
assess the responsiveness of the SPWT, SSS, and ODI in
nonsurgical LSS patients with moderate disability. The
results suggest that all outcome measures analyzed exhibit
an adequate level of responsiveness in this population.

This study is novel because previous studies on LSS have
investigated outcome measurements responsiveness in
patients with greater level of disability, having surgery as
a reasonable intervention. Based on this, it becomes difficult
to extrapolate responsiveness findings from these studies to
nonsurgical LSS patients. For example, our mean baseline
ODI score of 37.8 points is considerably lower than the
corresponded value of 45.3 points obtained in the as-treated
analysis of patients with LSS undergoing surgery in the Spine
Patient Outcomes Research Trial.15,40

The ability of the SPWT and PROs to monitor clinically
important changes over time is consistent with results from
June 2021



TABLE 1. Baseline Characteristics

Characteristic (n¼180) Value

Age, y, Mean � SD 73.1�7.6

Female, n (%) 97 (54)

BMI, kg/m2, Mean � SD 30.6�6.3

Smoking status, n (%)
Never 75 (42)

Former 90 (50)

Current 11 (6)

Race, n (%)
White 142 (79)

Black 37 (21)

Other 1 (1)

Married, n (%) 99 (55)

Household income >$40,000/
y, n (%)

89 (49)

Education, n (%)
High school 27 (15)

Any college or technical
training

145 (81)

No. of comorbidities, Mean �
SD

4.5� 2.2

Duration of back symptoms, n (%)
�6 mo 19 (11)

>6 mo 161 (89)

Duration of leg symptoms, n (%)
�6 mo 47 (26)

>6 mo 133 (74)

Diagnostic imaging results�, n (%)
Central canal stenosis 97 (54)

Lateral recess stenosis 144 (80)

Foraminal stenosis 150 (83)

Spondylolisthesis present 109 (62)

BMI indicates body mass index.
�Percentages do not add to 100 because participants could have more
than one diagnostic imaging result.

TABLE 3. Distribution-based Responsiveness
(n¼180)

SPWT� SSSy ODIy

Standardized effect sizez

Baseline to 2 mo 0.48 �0.42 �0.29

Baseline to 6 mo 0.50 �0.36 �0.25

Standardized response mean§

Baseline to 2 mo 0.44 �0.45 �0.33

Baseline to 6 mo 0.37 �0.34 �0.27

ODI indicates Oswestry Disability Index; SD, standard deviation; SPWT,
Self-Paced Walking Test; SSS, Swiss Spinal Stenosis Questionnaire.
�Positive values represent improved physical function.
yNegative values represent improved physical function.
zStandardized Effect Size was calculated as: mean change/SD baseline.
§Standardized Response Mean was calculated as: mean change/SD
change.

RANDOMIZED TRIAL Responsiveness of Outcome Measures � Carlesso et al
some related clinical trials. The SPWT in this study pre-
sented MCIDs ranging from 319 to 376 m, which are
comparable to one study on surgical LSS patients reporting
TABLE 2. Outcomes Over Time (n¼180)

Timepoints SPWT

Baseline, mean � SD 446.3� 449.4

2 mo, mean � SD 660.4� 639.7

6 mo, mean � SD 669.7� 700.9

Change D SPWT�

Baseline to 2 mo � SD (95% CI) 214.2�489.3 (142.2 to 286.1)

Baseline to 6 mo � SD (95% CI) 223.4�598.6 (135.4 to 311.4)

95% CI indicates 95% confidence interval derived from paired t-test; ODI, Oswe
grater disability/severity); SD, standard deviation; SPWT, Self-Paced Walking Test
Questionnaire (score ranges from 12 to 55. Higher scores indicate grater disability
�Positive values represent improved physical function.
yNegative values represent improved physical function.

Spine
387 m21 and to another study on surgical and non-surgical
patients showing 363 m19 as their MCID. The SSS was able
to differentiate responders and nonresponders in our analy-
sis (AUCs: 0.76–0.83) by using the first two subscales,
which was also reported in a study of surgical LSS patients
(AUC: 0.83) using a similar anchor.41 This fact lends credi-
bility to the MCIDs we derived for the SSS to be used with
nonsurgical patients. The ODI in our study presented
MCIDs ranging from a reduction of 6.6 to 13.3 points,
which are values comparable to a reduction of 5.3 and 9.5
points found in two studies of patients with nonspecific
chronic low back pain undergoing conservative ther-
apy.42,43

Although these results indicate that the SPWT and PROs
are similarly responsive, there were some slight variations
between them. The SPWT demonstrated larger effect sizes in
the distribution-based method, whereas the PROs presented
a slightly higher correlation with the PGIC and larger AUCs.
These minor differences can be explained by the distinct
methods used to assess responsiveness. The larger associa-
tion between the PROs and the external anchor might be
related to the fact that they are all self-reported measures
SSS ODI

31.1�6.0 37.8� 12.9

28.6�6.5 34.1� 14.8

29.0�6.7 34.6� 14.5

SSSy ODIy

�2.5�5.6 (�3.3 to �1.7) �3.7� 11.3 (�5.4 to �2.1)

�2.1�6.3 (�3.1 to �1.2) �3.2� 12.1 (�5.0 to �1.5)

stry Disability Index (Score ranges from 0 to 100. Higher scores indicate
(distance in meters walked up to 30 minutes); SSS, Swiss Spinal Stenosis
/severity).

www.spinejournal.com 791
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Figure 1. Receiver-operating characteristics curves (ROC) of outcome measures at 2 and 6 months. ODI indicates Oswestry Disability Index;
SPWT, Self-Paced Walking Test; SSS, Swiss Spinal Stenosis Questionnaire. §Patients who responded at least ‘‘minimally improved’’ on the
Patient Global Index of Change (PGIC �1). jjPatients who reported at least ‘‘much improved’’ on the Patient Global Index of Change (PGIC
�2). (A) Minimal Improvement Subgroup assessed at 2 months (responders¼124). (B) Minimal Improvement Subgroup assessed at 6 months
(responders¼111). (C) Moderate Improvement Subgroup assessed at 2 months (responders¼64). (D) Moderate Improvement Subgroup
assessed at 6 months (responders¼47).

RANDOMIZED TRIAL Responsiveness of Outcome Measures � Carlesso et al
and represent patients’ perception of their own health status.
Therefore, how patients perceive their changes affects the
PROs and PGIC evenly, whereas the SPWT represents a
direct observation of the patient’s walking performance.

The AUCs of all outcome measures show acceptable to
excellent discrimination between responders and non-
responders at both follow-ups. Two methods of deriving
Spine
MCIDs were included to check whether their values were
consistent. The first method (MCID1) was considered the
mean change of the responders, whereas the second method
(MCID2) was calculated by taking the difference between
the mean changes of the responders and nonresponders. We
expected both methods to provide consistently larger MCID
values for the ‘‘moderate’’ versus ‘‘minimal improvement’’
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subgroups. However, the MCID2 provided a smaller value
of 344 m for the ‘‘moderate improvement’’ subgroup com-
pared to the value of 376 m for the ‘‘minimal improvement’’
subgroup. This happened because the nonresponders in the
‘‘minimal improvement’’ subgroup walked an average of
45 m less at 2 months than at baseline (due to some extreme
values). Therefore, we recommend using the MCID1 values
as more consistent estimates of MCIDs for all outcome
measures.

Limitations of this study include the inability to use the
entire sample from the parent RCT (n¼259) because of
dropouts, which led to incomplete data collection required
for the analysis. We cannot rule out the possibility that the
180 participants included in this analysis may represent
those who experienced better outcomes and were more
cooperative with returning for their follow-ups. Another
limitation is the inability to derive MCIDs based on the AUC
(e.g., Youden index) because the ROC curves did not
provide data points with an adequate level of sensitivity
and specificity.

Despite limitations, this analysis provides corroboration
for responsiveness of three commonly used outcome mea-
sures in a large sample of patients with LSS undergoing
different non-surgical interventions. Having different conser-
vative approaches combined in the analysis enhances the
generalizability of our results, which may beneficially affect
both clinical and research settings. Our findings provide
scientific evidence for clinicians to use the SSS or ODI as
measures of self-reported disability, and the SPWT as an
objective measure of walking performance to monitor the
clinical progress of their LSS patients. Clinicians can use the
reported MCIDs as reasonable estimates of clinical progress
to support modifications of their interventions and in the
decision-making process for surgical consultation when a
patient has not achieved the MCID within a reasonable
period. Researchers may also find these MCIDs and effect
sizes to be useful as reference points for sample size and power
calculations for future studies involving patients with LSS.

CONCLUSION
The SPWT, SSS, and ODI exhibit an adequate level of
responsiveness as outcome measures to assess nonsurgical
patients with LSS. We presented MCIDs for each of these
outcome measures derived from both distributional and
anchor-based methods, which may be of benefit in both
clinical and research settings.
79
Key Points
4

This study aimed at providing evidence about the
responsiveness of outcome measures in a
nonsurgical LSS population to fill this gap of
knowledge existing in the current literature.

The SPWT, SSS, and ODI are responsive outcome
measures to assess nonsurgical patients with LSS.
ww
w.spinejournal.com
Clinicians and researchers can use these outcome
measures with their nonsurgical LSS patients.

Clinicians may use the MCIDs provided as
estimates of clinical progress to monitor changes
over time and support decision-making related to
their patients.

Researchers may use these MCIDs, along with the
effect sizes, as reference for empowering future
studies in this population.
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