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Abstract
Background  People with nonspecific low back pain (NSLBP) can also experience overlapping symptoms of lumbar 
spinal stenosis (LSS), but the impact on treatment outcomes is unknown. This study investigated differences in 
treatment outcomes for disability, back pain intensity, and leg pain intensity following an education and exercise 
therapy program for NSLBP patients with and without comorbid LSS symptoms.

Methods  This was a longitudinal analysis of 655 Danish participants in the GLA:D® Back program; an education 
and exercise therapy program for people with persistent NSLBP. Participants were classified as having comorbid LSS 
symptoms based on self-report. Linear mixed models were used to assess differences in change in disability (Oswestry 
Disability Index [0-100]) and back and leg pain intensity (Numeric Rating Scale [0–10]) at 3-, 6-, and 12-months 
between those with and without LSS symptoms.

Results  28% of participants reported LSS symptoms. No certain differences in change in disability or back pain 
intensity improvement were observed at any time-point between those with and without LSS symptoms. Participants 
with LSS symptoms had slightly greater improvement in leg pain intensity at 6- (-0.7, 95% CI -1.2 to -0.2) and 
12-months (-0.6, 95% CI -1.2 to -0.1).

Conclusion  Compared to those without LSS symptoms, patients with persistent NSLBP and LSS symptoms can 
expect similar improvements in disability and back pain intensity, and slightly greater improvements in leg pain 
intensity with treatment. Therefore, education and exercise therapy programs designed for NSLBP are likely helpful for 
those also experiencing LSS symptoms.
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Background
Like nonspecific low back pain (NSLBP), lumbar spinal 
stenosis (LSS) is a common condition in the aging popu-
lation [1], including in primary care settings [2]. Also like 
NSLBP, most patients with LSS can be managed at the 
primary care level with interventions including patient 
education and exercise therapy [1, 3]. At present a sig-
nificant proportion of people seeking care for NSLBP 
have symptoms typically attributed to LSS [4], even if 
they have no formal LSS diagnosis, due to the well-doc-
umented overlap in symptoms and diagnostic uncer-
tainty between NSLBP and LSS symptoms [5–10] and 
lack of commonly accepted diagnostic standards for LSS 
[1]. It is therefore of interest to know whether primary 
care patients with LSS symptoms benefit from programs 
designed for patients with NSLBP, or if they require 
interventions tailored specifically for LSS [11].

The GLA:D® Back program and patient registry pres-
ents the unique opportunity to evaluate the impact of 
LSS symptoms on outcomes following education and 
exercise therapy for people with NSLBP. GLA:D® Back is 
a standardised care package delivered across Denmark 
comprised of group-based patient education and exer-
cise therapy aimed at improving self-management abili-
ties [12, 13]. An objective of the GLA:D® Back research 
program is to identify subgroups of people who do not 
benefit sufficiently from the intervention [12] and previ-
ous work has found that 71% of participants in GLA:D® 
Back report “sometimes having pain or numbness in one 
or both legs or buttocks”; a symptom commonly attrib-
uted to LSS [4]. Other common LSS symptoms ranged in 
prevalence from 11 to 58% in these participants [4], but 
the impact on GLA:D® Back treatment outcomes has not 
been evaluated.

The objective of this study was to investigate differ-
ences in treatment outcomes for disability, back pain 
intensity, and leg pain intensity following an education 
and exercise therapy program (GLA:D® Back) for NSLBP 
patients with and without comorbid LSS symptoms. We 
hypothesised that LSS symptoms would be associated 
with less improvement in all outcomes.

Methods
Study design
Longitudinal analysis of registry data from the GLA:D® 
Back program for NSLBP [12]. GLA:D® Back consists of 
two patient education sessions and 8 weeks of supervised 
group exercise sessions [12, 14]. Detailed information 
on program content is available elsewhere [12–14]. This 
report conforms to the STROBE statement for reporting 
observational studies. As part of the larger GLA:D Back 
research program [12], ethical approval for this analysis 
was not required according to the Regional Commit-
tees on Health Research Ethics for Southern Denmark 

(S-2017000-93), but was conducted in accordance with 
the Declaration of Helsinki. All participants provided 
informed consent prior to enrolment in GLA:D® Back.

Participants
People seeking care for persistent or recurrent NSLBP 
are eligible for GLA:D® Back if they are 18 years of age or 
older, understand Danish, and have a need for improved 
self-management based on shared decision-making by 
participant and enrolling clinician [12, 14]. Clinicians are 
given guidance in the GLA:D® Back training course on 
who may be best suited for the program, but are free to 
follow their best clinical judgement in a dialogue with the 
patient. Therefore, although the program was designed 
for NSLBP, clinicians can enrol patients with symptoms 
that overlap with symptoms of LSS and/or radiculopathy, 
when they deem the program relevant to these patients.

Self-report symptom items associated with LSS were 
included in the routinely collected electronic baseline 
survey in the GLA:D® Back registry. Participants with 
complete baseline LSS symptom data, who were enrolled 
between May and October 2019, were included in this 
analysis. This data collection period was selected to 
ensure only participants completing the treatment pro-
gram (approximately 3 months) prior to the COVID-19 
pandemic were included.

LSS symptoms (exposure)
Participants were classified as having LSS symptoms 
(yes/no) if they reported all of the following: (1) “some-
times feeling pain or numbness in one/both legs or but-
tocks”; (2) one or more symptom-worsening activities 
(walking, standing for a while); (3) one or more symp-
tom-relieving activities (bending forwards, sitting, rid-
ing a bicycle, bending over a shopping cart); and (4) were 
aged 60 years or older. While not diagnostic, these items 
are commonly-used in the self-report of LSS and are able 
to adequately differentiate leg pain from LSS from other 
sources of back-related leg pain [5]. Similar LSS defini-
tions have been used in recent LSS studies [15–18].

Outcomes
The primary outcome was the difference in mean change 
in disability between those with LSS symptoms and those 
without from baseline to 3-, 6-, and 12-months based on 
the Oswestry Disability Index (ODI) version 2.1 [19]. The 
ODI is scored from 0 (best) to 100 (worst) and is a valid 
and reliable measure in Danish people with NSLBP [19]. 
Although not specific to LSS, the ODI was selected as 
the primary outcome measure as it was relevant to both 
NSLBP and LSS.

Secondary outcomes were differences in mean change 
in back pain intensity and leg pain intensity, respectively, 
from baseline to 3-, 6-, and 12-months on the Numeric 
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Rating Scale (NRS). The NRS is scored from 0 (best) to 10 
(worst) for both back pain intensity and leg pain intensity 
[20].

Analysis
Multiple imputation
Under the assumption of data missing at random, miss-
ing data for baseline covariates (confounders described in 
main analyses) and outcomes at all follow-up times were 
imputed using multiple imputation with chained equa-
tions [21]. The imputation model included all outcomes 
at each time point, LSS symptom status (exposure), and 
all confounders. Predictive mean matching was used to 
impute all continuous data, logistic regression for binary 
data, and ordered logistic regression for ordered categor-
ical data. 52 imputed data sets were generated to match 
the proportion of missing data for the primary outcome 
at 12-months [21].

Main analyses
The primary outcome (difference in mean change in dis-
ability) from baseline to 3-, 6-, and 12-month follow-up) 
was estimated using a linear mixed model (restricted 
maximum likelihood ratio), where LSS symptom sta-
tus and follow-up time were entered as fixed effects and 
participants nested within clinics were random effects. 
Unadjusted and adjusted differences in change with 95% 
confidence intervals (CI) were combined across imputed 
data sets using Rubin’s rules [22]. Potential confound-
ers in the adjusted model included age (continuous), 
sex (binary), BMI (continuous), education level (ordered 
categorical), STarT Back Screening Tool classification 
(ordered categorical), and episode duration (ordered cat-
egorical). The same analysis approach was used for the 
secondary outcomes (difference in mean change in back 
pain intensity and leg pain intensity, respectively) from 
baseline to 3-, 6-, and 12-month follow-up. All analyses 
were performed in Stata 17.0.

Sensitivity analyses
In the first sensitivity analysis, the impact of missing data 
was explored by conducting a complete-case analysis, 
where only participants with completed outcomes were 
included. Adjusted differences (same controlled covari-
ates as main analyses) in mean change in all outcomes 
from baseline to 3-, 6-, and 12-month follow-up were 
estimated.

Second, the impact of the selected age cut-point (≥ 60 
years) in the LSS symptom definition was evaluated by 
repeating the analysis using an alternate cut-point of 50 
years or older. This cut-point was selected since some 
LSS diagnostic studies suggest a cut-point as low as > 48 
years [8] and 50 years old has been used in an analysis 
with similar LSS symptom items [6]. Adjusted differences 

(same controlled covariates as main analyses) in mean 
change in all outcomes from baseline to 3-, 6-, and 
12-month follow-up were estimated.

Results
Sample characteristics
A total of 861 participants were enrolled in GLA:D® Back 
during the study period. A total of 206 participants were 
excluded due to missing baseline LSS symptom data. The 
excluded sample could not be compared with the analytic 
sample since the majority (99%) of excluded participants 
provided no baseline data. Accordingly, 655 participants 
were included in the analytic sample, of which 185 (28%) 
were classified as reporting LSS symptoms. Participants 
with LSS symptoms were substantially older, more often 
had a longer episode duration, and had worse disability, 
back pain, and leg pain scores when compared to those 
without LSS symptoms (Table 1).

Missing outcome data
The proportion of missing ODI data was 32%, 42%, and 
52% at 3-, 6-, and 12-month follow-up for the ODI. 
Proportion of missing back and leg pain NRS data was 
slightly less at each time-point. Participants with missing 
primary outcome data (ODI) at 12-months were younger, 
and had: a higher STarT Back classification (i.e., greater 
risk of chronicity), a longer episode duration length, and 
worse ODI and back and leg pain intensity scores (Addi-
tional File 1). A smaller proportion of participants with 
missing primary outcome data were classified as having 
LSS symptoms (24% versus 33%).

Disability
In the adjusted analysis, we found disability scores slightly 
improved over time regardless of LSS symptom status, 
but those with LSS symptoms had slightly worse scores at 
baseline, 3-, and 6-months, but not at 12-months (Fig. 1). 
There was no certain difference between those with and 
without LSS symptoms in change in disability scores 
from baseline to 3- (0.4, 95% CI -1.4 to 2.3), 6- (0.1, 95% 
CI -2.0 to 2.2), or 12-month follow-up (-0.8, 95% CI -3.1 
to 1.5) (Table 2). Unadjusted results were similar (Addi-
tional File 1).

Back pain intensity
The adjusted analysis found back pain intensity scores 
improved over time regardless of LSS symptom status 
and no certain differences in back pain intensity scores 
were found at any time-point (Fig. 2). There was no cer-
tain difference between those with and without LSS 
symptoms in change in back pain intensity scores from 
baseline to 3- (-0.1, 95% CI -0.5 to 0.4), 6- (-0.2, 95% CI 
-0.7 to 0.3), or 12-month follow-up (0.0, 95% CI -0.5 to 
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0.5) (Table  2). Unadjusted results were similar (Addi-
tional File 1).

Leg pain intensity
The adjusted analysis found leg pain scores intensity 
scores improved over time regardless of LSS symptom 
status, but those with LSS symptoms had worse leg pain 
intensity scores at all time-points (Fig. 3). There was no 
certain difference between those with and without LSS 
symptoms in change in leg pain intensity scores from 
baseline to 3-month follow-up (-0.3, 95% CI -0.8 to 0.2), 
but participants with LSS symptoms had slightly greater 
improvement from baseline to 6- (-0.7, 95% CI -1.2 to 
-0.2) and 12-month follow-up (-0.6, 95% CI -1.2 to -0.1) 
(Table  2). Unadjusted results were similar (Additional 
File 1).

Sensitivity analyses
Results of the complete case sensitivity analysis (Addi-
tional File 1) and the alternate age cut-point sensitivity 

analysis (Additional File 1) confirmed that no certain 
difference in change in disability scores was observed 
between those with and without LSS symptoms at any 
time-point. Likewise, both sensitivity analyses confirmed 
the main analysis results for between-group differences in 
change in back and leg pain intensity scores, respectively.

Discussion
Our findings suggest that regardless of LSS symptom 
status, patients with persistent or recurrent NSLBP can 
expect similar, small improvements in disability and 
moderate improvements in back pain intensity for up to 
a year following a structured education and exercise ther-
apy program. However, patients with LSS symptoms can 
expect slightly greater improvement in leg pain intensity 
compared to those without LSS symptoms. Irrespective 
of differences in improvement, patients with LSS symp-
toms do experience slightly worse absolute disability and 
moderately worse absolute leg pain intensity scores both 
before and after treatment.

Table 1  Overall participant baseline characteristics and by lumbar spinal stenosis symptom status
All LSS symptoms No LSS symptoms
(n = 655) (n = 185) (n = 470)

Age (years), mean (95% CI) 58.9 (57.9 to 60.0) 69.2 (68.3 to 70.1) 54.9 (53.8 to 56.1)

  Missing, n 0 0

Sex (female), % (95% CI) 71.8 (68.2 to 75.3) 70.7 (63.5 to 77.1) 72.3 (68.0 to 76.3)

  Missing, n 9 1 8

BMI (kg/m2), mean (95% CI) 27.8 (27.4 to 28.2) 28.0 (27.2 to 28.8) 27.7 (27.2 to 28.2)

  Missing, n 5 0 5

Education level, % (95% CI)

  No qualifying education 15.4 (12.7 to 18.4) 15.7 (10.8 to 21.7) 15.3 (12.2 to 18.9)

  Vocational training 27.3 (23.9 to 30.9) 28.6 (22.3 to 35.7) 26.8 (22.9 to 31.1)

  Higher education (2–4 years) 40.6 (36.8 to 44.5) 40.0 (32.9 to 47.4) 40.9 (36.4 to 45.4)

  Higher education (> 4 years) 9.8 (7.6 to 12.3) 8.1 (4.6 to 13.0) 10.4 (7.8 to 13.5)

  Other 4.7 (3.2 to 6.7) 4.9 (2.2 to 9.0) 4.7 (3.0 to 7.0)

  Missing, n 14 5 9

STarT Back classification, % (95% CI)

  Low 43.8 (40.0 to 47.7) 34.1 (27.3 to 41.4) 47.7 (43.1 to 52.3)

  Medium 25.3 (22.1 to 28.9) 31.4 (24.7 to 38.6) 23.0 (19.2 to 27.1)

  High 28.1 (24.7 to 31.7) 31.9 (25.2 to 39.1) 26.6 (22.7 to 30.8)

  Missing, n 18 5 13

Episode duration, % (95% CI)

  <4 weeks 7.6 (5.7 to 9.9) 4.9 (2.2 to 9.0) 8.7 (6.3 to 11.6)

  4–12 weeks 11.5 (9.1 to 14.1) 7.6 (4.1 to 12.4) 13.0 (10.1 to 16.4)

  3–12 months 20.8 (17.7 to 24.1) 18.9 (13.5 to 25.3) 21.5 (17.9 to 25.5)

  >12 months 59.5 (55.7 to 63.3) 68.6 (61.4 to 75.3) 56.0 (51.3 to 60.5)

  Missing, n 4 0 4

ODI, mean (95% CI) 26.0 (25.0 to 26.9) 30.2 (28.3 to 32.1) 24.3 (23.1 to 25.4)

  Missing, n 12 3 9

Back pain, mean (95% CI) 5.6 (5.4 to 5.8) 6.0 (5.7 to 6.3) 5.5 (5.2 to 5.7)

  Missing, n 2 0 2

Leg pain, mean (95% CI) 3.3 (3.1 to 3.6) 4.8 (4.4 to 5.1) 2.8 (2.5 to 3.0)

  Missing, n 1 1 0
BMI = body mass index; ODI = Oswestry Disability Index (0 best to 100 worst); CI = confidence interval
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We found 28% of patients enrolled in primary care 
program for NSLBP also had LSS symptoms, which is 
in line with prevalence estimates in primary care set-
tings [2]. These patients experienced similar magni-
tudes of improvements in all outcomes compared to 
patients without LSS symptoms, except for even greater 
leg pain intensity improvement from baseline to 6- and 
12-months. However, it is unclear if the magnitude of 
these between-group differences (0.7 and 0.6 points on a 
10-point scale, respectively) represent a clinically mean-
ingful difference. While no studies have investigated what 
constitutes a meaningful between-group difference in leg 

pain intensity, previous studies suggest a minimum clini-
cally important within-group change on the back pain 
NRS to range from 1.0- to 2.0-points in NSLBP popula-
tions [23, 24]. Since the 95% CI for both these between-
group estimates include a 1.0-point change, there may be 
indication that a clinically meaningful difference in leg 
pain intensity improvement exists. The findings in both 
sensitivity analyses support this interpretation.

We are not aware of any previous studies that have 
investigated the impact of LSS symptoms in samples 
of patients participating in an education and exercise 
therapy program for persistent or recurrent NSLBP. 

Table 2  Adjusted difference in change in disability, back pain intensity, and leg pain intensity from baseline to 3-, 6-, and 12-month 
follow-up

Baseline to 3-month follow-up Baseline to 6-month follow-up Baseline to 12-month follow-up
Mean change Difference in 

mean change
Mean change Difference in 

mean change
Mean change Difference in 

mean change
ODI

  No LSS symptoms
  LSS symptoms

-6.0 (-6.9 to -5.0)
-5.5 (-7.1 to -4.0)

---
0.4 (-1.4 to 2.3)

-5.6 (-6.7 to -4.5)
-5.5 (-7.2 to -3.7)

---
0.1 (-2.0 to 2.2)

-4.9 (-6.0 to -3.7)
-5.7 (-7.5 to -3.9)

---
-0.8 (-3.1 to 
1.5)

Back NRS

  No LSS symptoms
  LSS symptoms

-1.8 (-2.1 to -1.6)
-1.8 (-2.2 to -1.5)

---
-0.1 (-0.5 to 0.4)

-1.6 (-1.9 to -1.4)
-1.8 (-2.3 to -1.4)

---
-0.2 (-0.7 to 0.3)

-1.6 (-1.9 to -1.3)
-1.5 (-2.0 to -1.1)

---
0.0 (-0.5 to 0.5)

Leg NRS

  No LSS symptoms
  LSS symptoms

-1.0 (-1.2 to -0.7)
-1.3 (-1.7 to -0.9)

---
-0.3 (-0.8 to 0.2)

-0.9 (-1.1 to -0.6)
-1.6 (-2.0 to -1.1)

---
-0.7 (-1.2 to 
-0.2)*

-0.7 (-1.0 to -0.4)
-1.3 (-1.8 to -0.8)

---
-0.6 (-1.2 to 
-0.1)*

All results presented as mean and 95% confidence intervals. All models adjusted for age, sex, BMI, education level, STarT Back Screening Tool classification, and 
episode duration. ODI = Oswestry Disability Index (0 best to 100 worst); NRS = Numeric Rating Scale (0 no pain to 10 worst pain). * = between-group difference in 
change significant at 0.05 level

Fig. 1  Change in disability scores at each time-point
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Therefore, the findings of this study should be considered 
alongside relevant LSS literature [25] to guide treatment 
selection through a shared-decision making process by 
patients and clinicians. Our findings suggest that a pro-
gram designed for patients with persistent or recurrent 
NSLBP can be helpful for patients with LSS symptoms, 

especially where primary care programs tailored for 
patients with LSS are not available. Treatment decision-
making would benefit from trials making direct com-
parisons of programs like GLA:D® Back to LSS-specific 
programs that also include education and exercise, [16, 

Fig. 3  Change in leg pain intensity scores at each time-point

 

Fig. 2  Change in back pain intensity scores at each time-point
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26] as well as other conservative treatment options for 
LSS [11].

The main study limitation is the LSS symptom case 
definition. There is no widely accepted diagnostic stan-
dard for LSS [1, 27] and varying definitions have been 
used in previous studies [8, 28]. We used symptom items 
identified in a review of self-report LSS screening items 
that found these items were able to differentiate leg pain 
due to LSS from other back-related causes of leg pain 
[5]. These items also include those most likely to identify 
LSS [8] and our definition resembles definitions used in 
a recent LSS trial and prevalence study [15, 16]. Confir-
mation of our results using the alternate age cut-point 
increases confidence in our findings. We were unable to 
include imaging confirmation of LSS since this is not col-
lected in GLA:D® Back, but our approach is sufficient for 
preliminary estimates in this field [17, 18], considering 
LSS is a clinical diagnosis [27].

There was also a large proportion of missing baseline 
and outcome data, which is unavoidable in real-world 
implementation programs like GLA:D® Back. However, 
results were similar when analysing imputed outcomes 
and complete cases only, but the impact of differing base-
line characteristics between the analytic and excluded 
samples are unknown. A selection bias in GLA:D® Back 
participants may also exist since enrolling clinicians are 
likely to recommend alternative treatments to patients 
with more severe clinical presentations of LSS, which 
may underestimate the impact of LSS symptoms on 
treatment outcomes. Conversely, between-group differ-
ences may be smaller than our observed results due to 
unmeasured confounding, for example from differences 
in comorbid pain sites and imaging characteristics such 
as LSS severity and number of affected levels.

Conclusion
Compared to those without LSS symptoms, patients 
with persistent or recurrent NSLBP and LSS symptoms 
can expect similar improvements in disability and back 
pain intensity, and slightly greater improvements in leg 
pain intensity with treatment. Therefore, education and 
exercise therapy programs designed for people with 
NSLBP are likely helpful for those also experiencing LSS 
symptoms.
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