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Abstract
Purpose  The Oswestry Disability Index (ODI) plays a significant role in lumbar spinal stenosis research and is used to assess 
patient’s walking limitations. The World Health Organisation describes the constructs of walking capacity and performance 
and recommend measuring both to fully describe patient’s walking ability. Objective methods to assess walking capacity 
and performance is being investigated and used alongside the traditional use of PROs. This review of the literature was made 
to provide an overview of relations between the ODI and outcome measures of walking capacity and performance in spinal 
stenosis research, and to provide a strategy for improving such measures in future research.
Methods  The review was conducted according to the Prisma Statement. In February 2017, a search was performed in Pub-
med, Embase and Cochrane database. Authors independently screened articles by title, abstract, and full text, and studies 
were included if both authors agreed. Articles with correlation analysis between the ODI, walking capacity and performance 
measures by accelerometer or GPS were included.
Results  The results support a correlation between the ODI and walking capacity measures. The available studies using ODI 
and accelerometers were too few to reach a conclusion regarding correlation between ODI and walking performance. No 
articles with GPS measure were identified.
Conclusions  The ODI should not stand alone when evaluating walking limitations in patients with lumbar spinal stenosis. 
To enable a comprehensive assessment of walking ability, a walking test should be used to assess walking capacity and 
accelerometers should be investigated and standardized in measuring walking performance.

Graphical abstract  These slides can be retrieved under Electronic Supplementary Material. 
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Introduction

In addition to pain in the lower back and legs, limitations 
in walking is the primary complaint of patients suffer-
ing from lumbar spinal stenosis [1]. Not surprisingly 
then, much of the clinical research into lumbar stenosis 
is focused on such limitations in walking [2] and it fol-
lows that the appropriateness of outcome measures used 
to quantify walking has direct impact on the quality of the 
research findings [3, 4].

Walking can be divided into the constructs of walking 
capacity—the patient’s ability to walk on a single occasion 
in a controlled environment, and walking performance—
the patients actual walking activity in his or her everyday 
life [5]. The World Health Organization (WHO) describes 
walking performance as a construct built on a biopsycho-
social model, as it is deeply linked with the patients unique 
social situation, psyche and environment. In other words, 
walking performance is not solely a measure of physical 
function. They recommend measuring both walking capac-
ity and performance to fully describe the patients walking 
ability [6].

Walking capacity is often measured using the Self-
Paced Walking Test (SPWT), which has been described 
as the gold standard of walking capacity measurement in 
patients with spinal stenosis [7]. Other walking tests used 
are the Motorized Treadmill Test (MTT) and Shuttle Walk 
Test (SWT). Both have been shown to be reproducible 
but to underestimate walking capacity [7–9]. These walk-
ing tests have been developed for lumbar spinal stenosis 
and produce objective and detailed continuous data, but 
are time consuming to perform. Quicker walking tests are 
available but have not been investigated for lumbar spinal 
stenosis [10–12].

Accelerometers are considered valid and reliable for 
measuring physical activity in older adults [13–16] and 
some studies have used accelerometers to monitor patients 
walking activity for several consecutive days, thus meas-
uring walking performance [17–22]. There are also small 
scale attempts to monitor patients walking performance by 
GPS tracking [23–25].

Patients walking ability are also evaluated using Patient 
Reported Outcome measurements (PROs) [26–29]. Several 
scales are used for this purpose, the most common being 
the Oswestry Disability Index, measuring back specific 
function with reference to “today” [30]. It contains, among 
other questions about physical function, one question 
about walking ability, question four. The questionnaire 
is considered valid, responsive and reliable [31–35]. It is 
easy to use, economical and assesses several areas besides 
walking. Nevertheless, it is not specific for lumbar spi-
nal stenosis, provides ordinal data, and gives only a crude 

approximation of walking disability. Being a subjective 
test it provides inherently uncertain data, due to psycho-
logical factors such as response shift and depression [3, 
36, 37]. The ODI is an essential outcome measurement and 
is included in a core outcome set (COS) recommended to 
be reported in all clinical trials on low back pain (LOW) 
and non-specific low back pain [38]. When measuring a 
patient’s walking ability with the ODI it is important to 
recognize that there is no consensus, whether the scale 
measures walking capacity, walking performance, neither 
of the two, or both.

In the field of spinal research, novel objective methods 
to assess walking is being investigated and used alongside 
the traditional use of PROs. There appears to be little agree-
ment on how they should be applied and interpreted and no 
recommendations whether these outcome domains should be 
included in a COS for clinical trials or research in patients 
with spinal stenosis.

This review of the literature was made to provide an 
overview of outcome measurements of walking capacity 
and performance in spinal stenosis research, and to provide 
a strategy for improving such measures in future research. 
To this end the following questions are addressed (a) what 
is the relation of the ODI to spinal stenosis patients walking 
capacity and performance? and (b) what are the possibilities 
and benefits in the field of walking capacity and performance 
measurement?

Materials and methods

Design

This is a systematic critical literature review.

Search

The review was conducted in accordance with the Prisma 
Statement [39]. The databases PudMed, Embase, and 
Cochrane were searched on the 2nd of February 2017. The 
search was performed by the authors, assisted by a research 
librarian, Johan Wallin, University of Southern Denmark. 
The search was focused strictly on spinal stenosis and the 
ODI combined with the three objective measures—walking 
tests, accelerometers and GPS. The exact search string in 
PubMed is provided in supplementary appendix I.

Identifying articles

Authors independently screened all articles returned by the 
databases search by title and abstract. In cases where the 
authors reached different conclusions based on the initial 
screening, the article was read in full text. Articles retained 
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after initial screening were reviewed in full and included if 
both authors agreed. Articles were excluded if older than 
1980, case-report, protocol, review or not in English.

The inclusion criteria were determined using the PICO 
system:

Participants Patients diagnosed with lumbar spinal ste-
nosis (LSS).

Intervention Walking capacity measured by walk test in a 
clinical setting and walking performance measured by accel-
erometer or GPS (monitoring of activities of daily living 
and variables representing walking drawn from the accel-
erometer data).

Comparison Self-reported physical activity measured 
with the Oswestry Disability Index (ODI).

Outcome Studies performing a statistical analysis of cor-
relation between intervention and comparison. The authors 
have chosen to use the cut points for interpreting correlation 
coefficients recommended by Munro et al. when interpret-
ing correlation coefficients between essentially different 
outcome measures with different units: ± 0.1 weak to non-
existent ± 0.3 moderate or typical ± 0.5 substantial [40–42].

Definition of checklist items

Included articles were reviewed according to two checklists 
(A) descriptive and (B) quality. The article quality was quan-
tified as a quality score. The quality items were defined by 
the authors and were considered essential for this review. 
No quality checklists appropriate for cross-sectional and 
cohort studies assessing objective outcome measurements 
were found, the authors therefore used the COSMIN check-
list [43] and a critical appraisal tool for diagnostic studies 
from the University of Oxford [44], to decide on important 
sources of bias. Refer to Table 1 for the items of the qual-
ity checklist. Data were independently extracted by authors, 
reaching consensus on diverging items. The following were 
reviewed:

(A)	 Descriptive list

Study characteristics: objectives, design and setting.

Eligibility criteria
Objective measurements
Analysis
Results

(B)	 Quality list

Hypothesis
Appropriate study population
Measurements: valid ODI and clear description of 
objective measurements.
The authors defined the objective measurements as 
clearly described when all subheadings in the relevant 
descriptive list column could be filled out.
Blinding
Recording of data
Confounding
Statistical methods: non-parametric methods, appro-
priate for ordinal data, were considered as correct.

Quality score

The authors decided on cutpoints for credibility as excellent 
(76–100%), good (51–75%), moderate (26–50%) and poor 
(0–25%).

Results

Search results

Database search yielded 180 articles, all of which were 
screened for eligibility and ten articles were included in the 
review. A flowchart of the search and the review process is 
provided in Fig. 1.

Description of included studies

Six studies used walking test as the objective outcome meas-
urement [45–50], two articles used accelerometers [51, 52] 
and two reported both [53, 54]. No articles with GPS meas-
urement were identified. The included articles are summa-
rized in supplementary appendix II.

Population characteristics

Seven studies were from North America (Canada four [45, 
46, 49, 51], three from USA [47, 53, 54]), one study from 
Germany [52]) and one from India [50]. Sample size ranged 
from 12 to 50 participants. One study had a mean age of 
45.7 years [50]; the remaining had a mean age between 66 
and 70 years. About half of the participants were male in 

Table 1   Quality checklist

1 Were hypotheses regarding correlations formulated a priori?
2 Was diagnosis made with the help of MRI?
3 Was a valid version of the ODI stated as used?
4 Were the objective measurement(s) clearly described?
5 Was the test-assessor stated as blinded from the ODI results?
6 Were drop outs accounted for?
7 Did they consider confounding and moderating factors?
8 Was correct statistical method used to calculate the correla-

tion between the ODI and the objective measurement?
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eight of the studies, the other studies had 35% [45], respec-
tively, 75% [54] male participants.

Outcome measurement characteristics

ODI

Three articles did not clearly indicate which version of 
the ODI that was used [45, 50, 54] and one study used the 
revised ODI [51]. Two studies used version 1.0 [48, 49], 
two studies version 2.0 [46, 47] and one study a validated 
German version [52].

Walking tests

Six studies performed the SPWT [45–47, 49, 53, 54] and 
three studies the MTT [47, 48, 50]. All SPWTs were con-
ducted at self-selected pace, on a flat surface and discontin-
ued when the participant were stopped by symptoms or after 
30 min. One of the treadmill tests were done at desired pace 
[47], one at 0.5 m/s [48] and one at 2 km/h (0.56 m/s) [50]. 
When the MTT was discontinued were determined differ-
ently in the three studies.

Accelerometer

Four accelerometer studies had a monitoring duration of 
7 days in a community setting [51–54]. They used an Acti-
graph GT1M in two studies [53, 54]. The other studies used 
Biotrainer Pro [51] and StepWatch3 Activity Monitor [52]. 
All studies placed the accelerometer around the waist, except 
one which placed it on the ankle [52].

These four studies analyzed the raw accelerometer data 
using units per day, such as activity counts per day and gait 
cycles per day [51–54]. Three studies also performed analy-
sis by registering continuous accelerometer activity in com-
munity setting, for example, maximum time of continuous 
activity per day [51, 53, 54].

GPS

No studies were found with GPS monitoring.

Quality assessment

Four studies used MRI to verify the diagnosis of spinal ste-
nosis [48, 50, 53, 54]. The other six studies used CT instead 

Fig. 1   Review process
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of MRI for some patients. One study described that the 
examiner did not influence the patient during the walk test; 
no other studies reported such procedures [48]. All studies 
considered confounders such as comorbidities and modify-
ing factors, except a lack of information on gender in one 
study [51].

The most noted inadequacies related to unclear/lack of 
formulated hypothesis and uncertainty of blinding between 
the ODI results and objective measurements.

Quality score

The quality score of each study is shown in Table 2. Five 
studies were classified as good [45, 48, 49, 52, 54] and five 
as moderate [46, 47, 50, 51, 53].

Results of the review

A summary of the results is shown in Table 3. Three studies 
rated as being of good quality showed a substantial cor-
relation between the ODI and walk tests [45, 48, 49], two 
of these were statistically significant and also showed a 
substantial statistically significant correlation between the 
walking distance item of the ODI and walking tests [45, 49].

One study showed substantial to moderate correlation 
between the ODI and walking tests, and weak to moderate 
correlation between multiple change scores [47]. The study 
was rated as being of moderate quality. Two more studies 
rated as being of moderate quality presented from substantial 
to weak, to non-existent correlation, between walking test 
and the ODI [46, 50].

One accelerometer study analyzing the data in units per 
day (acc. count/day) and continuous activity showed they 
had a weak to non-existent relationship with the ODI [54]. 
It was rated a good quality study.

A study analyzing gait cycles [52] showed a weak to non-
existent correlation with the ODI, and a moderate correlation 

with the walking distance item of the ODI. It was rated a 
good quality study.

A study presented a substantial correlation between units 
per day (volume cal/kg/day) and the ODI, and moderate to 
substantial correlation between continuous activity (bout 
length) and the ODI. It was rated as being of moderate qual-
ity [51].

Discussion

This review supports a substantial correlation between the 
ODI and walking tests in patients with lumbar spinal ste-
nosis patients. There were too few accelerometer studies to 
draw any conclusions and there are no studies with statistical 
test of correlation between the ODI and GPS measurement.

The results support the notion that the ODI relates to 
walking capacity. The total sum score of the ODI correlates 
remarkably strong with walking tests; from a theoretic per-
spective, it should be limited to correlation with the walk-
ing item of the questionnaire. Arguably, diminished walking 
capacity could be influencing the answer to several ques-
tions asked by the ODI, or a third factor is determining both. 
There are several confounding factors regarding outcome 
measurements of walking. Aalto et al. describes a negative 
effect of depression, cardiovascular comorbidity, disorder 
influencing walking ability, and scoliosis on walking ability 
[55]. It is not described how and which confounders affect 
the results of objective walk tests.

Would the ODI then be able to replace a walking test 
when measuring walking capacity? We cannot recommend 
that the ODI stand alone when measuring walking capacity. 
First, the evidence presented is not wholly conclusive, and 
second, the ODI only describes it in coarse subjective cat-
egories, negatively impacting the specificity and reliability 
of research results. As Rainville et al. writes, we believe that 
subjective and objective outcome measurements are different 
but of equal importance. Subjective outcome measurements 

Table 2   Quality assessment and 
quality score of the included 
articles

a No gender

Study 1 2 3 4 5 6 7 8 Score (%) Classification

Barz et al. [48] 0 1 1 1 0 – 1 1 71 Good
Tomkins-Lane et al. [49] 1 0 1 1 0 1 1 1 75 Good
Tomkins-Lane et al. [45] 1 0 0 1 0 1 1 1 63 Good
Rainville et al. [47] 0 0 1 1 0 1 1 0 50 Moderate
Prasad et al. [50] 0 1 0 1 0 1 1 0 50 Moderate
Tomkins-Lane et al. [46] 0 0 1 1 0 – 1 0 38 Moderate
Conway et al. [54] 1 1 0 1 0 – 1 1 71 Good
Schulte et al. [52] 0 0 1 1 0 1 1 1 63 Good
Tomkins-Lane et al. [53] 0 1 0 0 0 1 1 0 38 Moderate
Pryce et al. [51] 0 0 0 1 0 – 1a 0 29 Moderate
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Table 3   Summary of results

Study Objective outcome measurement Quality Correlation coefficients

Barz et al. [48] Walk test (MTT) Good Correlation coefficient: treadmill—ODI: − 0.51
Tomkins-Lane et al. [49] Walk test (SPWT) Good Correlation coefficient: ODI-SPWT 0.52 (P < 0.05)

ODI walk-SPWT 0.83 (P < 0.01)
Tomkins-Lane et al. [45] Walk test (SPWT) Good Correlation coefficients between changes: SPWT-ODI: − 0.70 

(− 0.93 to − 0.25) (P < 0.01)
SPWT-ODI walking distance item: − 0.78 (− 1.04 to − 0.50) 

(P < 0.01)
Rainville et al. [47] Walk test (SPWT) Moderate Correlation coefficients: SPWT time—ODI walk item: − 0.47

SPWT dist—ODI walk item: − 0.49
MTT time—ODI walk item: − 0.63
MTT dist—ODI walk item: − 0.54
(P < 0.01)
Correlation coefficients of change score: SPWT time—ODI walk 

item: 0.17 (P > 0.05)
SPWT dist—ODI walk item: 0.23 (P > 0.05)
MTT time—ODI walk item: 0.48 (P < 0.01)
MTT dist—ODI walk item: 0.35 (P > 0.05)

Prasad et al. [50] Walk test (MTT) Moderate Correlation coefficient: MWD—preoperative ODI: − 0.16
Measured walking distance—ODI score: − 0.21 preoperatively, 

− 0.32 postoperatively
P value not stated

Tomkins-Lane et al. [46] Walk test (SPWT) Moderate Correlation coefficient: ODI-SPWT: 0.52 (− 0.26 to − 0.77) 
(P < 0.01)

Conway et al. [54] Accelerometer and walk test (SPWT) Good Correlation coefficients: SPWT distance—maximum time of con-
tinuous activity: 0.629 (P < 0.05)

SPWT distance—activity count/day: 0.527
SPWT distance to first symptoms—activity count/day: − 0.075
ODI—SPWT dist: − 0.595 (P < 0.05)
ODI—SPWT distance to first symptoms: − 0.310
ODI—maximum time of continuous activity/day: − 0.07
ODI—acc. count/day: − 0.148

Schulte et al. [52] Accelerometer Good Correlation between accelerometer variables and the ODI
 G.c/day
  Baseline − 0.075
  3 months − 0.284
  12 months − 0.278
 G.c/h
  Baseline − 0.046
  3 months − 0.214
  12 months − 0.278
 Gait intensity > 40 g.c/min
  Baseline − 0.121
  3 months − 0.223
  12 months − 0.289 (P < 0.05)
Correlation between accelerometer variables and the ODI walking 

distance item
 Gait cycles per day
  Baseline: –
  3 months: − 0.375 (P < 0.017)
  12 months: − 0.444 (P < 0.004)

Tomkins-Lane et al. [53] Accelerometer and walk test (SPWT) Moderate There were no significant relations between demographic variables 
(age, sex, height, weight, or body mass index) and change in 
performance or self-reported outcomes
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assess important areas such as pain. Aspects of function are 
best evaluated objectively when a feasible objective test 
is available, as is the case with walking capacity in walk-
ing tests. Out of the available evidence we recommend the 
SPWT. For future studies, one of the quicker walking tests 
should be validated against the SPWT to make walking 
capacity feasible to evaluate in clinical trials and clinical 
practice.

Some studies suggest that accelerometer outcomes also 
can relate to walking capacity. The accelerometer study of 
Papadakis et al. [56] resembles a test of walking capacity, 
and correlates substantially with the ODI, as the above-
mentioned walking tests. Conway et  al. [54] perform a 
correlation analysis between an accelerometer outcome 
and a walking test, and the result is a substantial correla-
tion. The accelerometer thus shows promise as being able 
to assess both walking capacity and walking performance. 
The accelerometer could help to investigate whether the eve-
ryday environment has allowed the patient to walk better 
than what data about walking capacity would predict, or 
the other way around. The reviewed articles report a col-
lection of accelerometer variables, each made to represent 
walking performance. We recommend that the accelerometer 
is further investigated and standardized for the purpose of 
measuring both walking performance and walking capacity 
in spinal stenosis patients.

Quality of the review

This is the first systematic critical review regarding correla-
tion between the ODI and objective outcome measurements 
of walking capacity and performance. The quality of the 
studies could be underestimated since authors were not con-
tacted regarding missing quality items. There is heterogene-
ity of the studies and the study objectives which weakens the 

conclusions drawn from a summary of results. In an attempt, 
to provide a clear overview only the ODI were included leav-
ing other potentially interesting PROs out, such as the Swiss 
Spinal Stenosis Questionnaire (SSSQ) and the Roland Mor-
ris Disability Questionnaire (RMDQ).

Quality of the included studies

The review demonstrates methodological issues with most 
of the studies. These concern the attention to psychometric 
properties such as content and construct validity regarding 
the ODI and the objective measurements. Not all studies 
specify which version of the ODI is used. The absence of 
hypothesis regarding correlations indicates that construct 
validity have not been part of the study design. Blinding of 
data collectors is crucial to ensure unbiased assessment of 
outcomes. Since blinding appears to be non-existent in the 
included studies, reported correlation coefficients may be 
overestimated.

The quality of the studies may be too harshly scored. 
We included studies with patients clinically diagnosed with 
lumbar spinal stenosis, and chose to put MRI, the “golden 
standard” of imaging verification, as a quality item. CT is 
also frequently used, and how it performs in comparison to 
MRI is subject of discussion [57–60]. The impact of CT on 
the accuracy of the diagnosis may not have a big influence 
on the results of our review. The diagnoses in the studies 
were already quite certain, with the use of adequate inclu-
sion and exclusion criteria.

Perspective

The ODI plays a significant role in spinal stenosis research, 
as it have been used for almost four decades. But maybe it 
is time to develop new measurements of walking capacity 

Table 3   (continued)

Study Objective outcome measurement Quality Correlation coefficients

Pryce et al. [51] Accelerometer Moderate Correlation between the ODI and accelerometer variables
 Physical intensity
  Volume: − 0.52
  Intensity: − 0.35
  Duration: − 0.39
 Meaningful intensity
  Bout length: − 0.30
 Maximum bout length: − 0.46
  Moderate intensity
   Bout length: − 0.49
 Maximum bout length: − 0.55
  Sedentary behavior:
   Duration: − 0.14
   Bout length: 0.25
 Maximum bout length: 0.30
P < 0.5 = r > 0.35
P < 0.01 = r > 0.45
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and performance to bring spinal stenosis research to the next 
level, guiding us on how best to help patients walk freely 
again. The accelerometer holds promise of being more than a 
walking performance measurement. Besides walking capac-
ity measurement, it has been investigated as a motivational 
tool [61] and for assessing gait characteristics [62]. The 
latter could potentially be useful in the diagnosis of spinal 
stenosis and monitoring disease progression. For the same 
reasons, monitoring over several days could enable clini-
cians to identify variation of movement during the day, pos-
sibly distinguishing between the disease characteristics of, 
for example, spinal stenosis and hip arthrosis.

GPS technology has yet to be implemented in spinal ste-
nosis research, but there is research on vascular claudication 
which experiments with GPS monitoring [63]. GPS technol-
ogy gives a spatial dimension to monitoring [25, 64]. Study-
ing walking performance in the light of spatial dimension 
enables us to objectively evaluate how far a patient’s walking 
performance can carry them, whether they can participate 
fully in the community.

Sensors are becoming increasingly wearable. Accelerom-
eters are being incorporated into plasters [65], and maybe a 
wearable device, such as a watch, could hold both an accel-
erometer and a GPS like today’s mobile phones. Worn before 
a doctor visit and after treatment, it could aid in both diag-
nosis and follow up on walking ability.

We therefore encourage the COS developers to consider 
the objective outcome measurement tools that captures 
capacity and performance as a future standard in patients 
with spinal stenosis.

So how walking limitations should be evaluated in 
patients with lumbar spinal stenosis? The ODI should not 
stand alone when evaluating walking limitations. To enable a 
comprehensive assessment of walking ability, a walking test 
should be used to assess walking capacity and accelerom-
eters should be investigated and standardized in measuring 
walking performance.
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