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A B S T R A C T

Objective: People with knee or hip osteoarthritis (OA) can experience comorbid lumbar spinal stenosis (LSS), but
the impact on treatment outcomes is unknown. The aim of this study was to investigate associations between
comorbid LSS symptoms and changes in pain, function, and quality of life following a patient education and
exercise therapy program.
Design: This was a longitudinal analysis of 6813 participants in the Good Life with osteoArthritis in Denmark
(GLA:D®) program; a structured patient education and exercise therapy program for knee and hip OA. Partici-
pants were classified as having comorbid LSS symptoms based on self-report symptom items. Linear mixed models
were used to assess differences in change in pain, function, and quality of life outcomes (0 worst to 100 best) at 3-
and 12-month follow-up.
Results: 15% and 23% of knee and hip OA participants had comorbid LSS symptoms, respectively. Knee partici-
pants with comorbid LSS symptoms had smaller improvement in pain at 3-months (�1.7, 95% CI -3.3 to �0.1)
and hip participants with comorbid LSS symptoms had greater improvement in function at 3- (2.5, 95% CI 0.5 to
5.0) and 12-months (3.8, 95% CI 0.9 to 6.6), when compared to those without LSS symptoms. These differences
were not clinically significant and no differences in other outcomes were observed.
Conclusion: Knee or hip OA patients with comorbid LSS symptoms should expect similar improvements in knee- or
hip-related pain, function, and quality of life outcomes when undergoing a patient education and exercise therapy
program compared to those without LSS symptoms.
1. Introduction

Both degenerative lumbar spinal stenosis (LSS) and knee and hip
osteoarthritis (OA) are prevalent conditions in the aging population [1,
2]. Like knee and hip OA, LSS is a result of age-related changes to joint
structures [1]. These changes narrow the spinal canal leading to
compression and/or ischemia of the spinal nerves and the resultant
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clinical symptomology [1,3]. Symptomatic LSS presents as pain and
numbness in the legs radiating from the spine, typically exacerbated with
walking, standing, and spinal extension, and relieved with flexion of the
lumbar spine [4,5].

The shared degenerative etiology between LSS, knee, and hip OA [6,
7] has led to suggestions that LSS can be considered as lumbar spine OA
with resultant neurological symptomology in one or both lower
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extremities [8]. Therefore, co-occurrence with knee or hip OA as part of a
multi-joint or generalized OA presentation could be expected. A recent
review found the prevalence of comorbid LSS was 17–54% (depending
on case definition) in people with knee OA, but no studies reporting
comorbid LSS in people with hip OA were identified [9]. However, co-
morbid symptomatic hip OA was found in 17–35% of people with LSS
[9], supporting the notion that LSS and hip OA co-occur.

Previous studies suggest patients with comorbid LSS or other
degenerative disorders of the lumbar spine may have worse outcomes
after total knee or hip replacement [10–15]. So far however, no studies
have looked at how co-occurrence of LSS and OA might affect outcomes
after commonly applied and recommended primary care treatments [9],
such as patient education and exercise therapy [16]. This information is
needed to determine if those with comorbid LSS represent a clinically
distinct group of patients with knee or hip OA requiring additional or
different treatment, or if they are likely to experience similar benefits
from patient education and exercise therapy as those without coexisting
LSS symptoms.

The Good Life with osteoArthritis in Denmark (GLA:D®) program – a
structured primary care patient education and exercise therapy inter-
vention for people with knee and hip OA – is well-suited to study the
impact of comorbid LSS symptoms on patient outcomes. A previous
GLA:D® study found up to 40% of participants with knee OA and 50% of
participants with hip OA reported symptoms commonly attributed to LSS
[17], but the impact on patient outcomes has not been evaluated.
Therefore, the objective of this study was to investigate associations
between comorbid LSS symptoms and changes in pain, function, and
quality of life following participation in GLA:D® for knee and hip OA
patients. We hypothesized that comorbid LSS symptoms would be asso-
ciated with less improvement in outcomes.

2. Methods

2.1. Study design

This was a longitudinal analysis of registry data from the GLA:D®
program for knee and hip OA. GLA:D® consists of two patient education
sessions and 12 supervised group exercise sessions delivered over an 8-
week period [18,19]. Detailed information, including the content of
the education and exercise program, is available elsewhere [18–20].

This report conforms to the STrengthening the Reporting of Obser-
vational studies in Epidemiology (STROBE) statement for reporting of
observational studies [21]. Ethics approval of GLA:D® studies are not
needed according to the ethics committee of the North Denmark Region.
The GLA:D® registry has been approved by the Danish Data Protection
Agency (SDU; 10.084). All participants provided informed consent prior
to enrolment in the GLA:D® program. According to the Danish Data
Protection Act, patient consent was not required for this study as personal
data was processed exclusively for research and statistical purposes.
2.2. Participants

People seeking care due to knee or hip pain and/or functional limi-
tations associated with OA are screened for eligibility for GLA:D® by
enrolling clinicians. Participants are eligible if they: 1) do not have rea-
sons other than OA for their joint symptoms; 2) do not have other
symptoms that are more pronounced than their OA symptoms; and 3) can
understand Danish.

Items assessing symptoms associated with LSS were included in the
routinely collected baseline questions in the GLA:D® registry. In this
study, participants enrolled in GLA:D® between January 2019 and
November 2019 with completed baseline LSS symptom data were
included, to ensure only participants completing the 8-week program
prior to the COVID-19 pandemic (March 2020) were included. Two co-
horts of participants were constructed at baseline: 1) primary knee
2

complaint (knee OA cohort); and 2) primary hip complaint (hip OA
cohort).

2.3. Comorbid LSS symptoms (exposure)

Participants were classified as having comorbid LSS symptoms if they
reported: 1) “sometimes feeling pain or numbness in one/both legs or
buttocks (meaning other symptoms than from the knee or hip joint)”; 2)
at least one symptom-worsening activity (walking or standing for a
while); at least one symptom-relieving activity (bending forwards;
sitting; riding a bicycle; or bending over a shopping cart); 3) not having
diabetes; and 4) were aged 60 years or older (see Supplementary File for
full details on classification). The individual LSS symptom items are
commonly used self-report items that distinguish other types of leg pain
from LSS [22]. The age cut-point of 60 years or older was selected to
decrease the probability of leg pain due to lumbar disc herniation and has
been used in previous criteria for LSS [23,24]. The no diabetes criteria
was included to ensure participants with diabetic neuropathy, an
important differential diagnosis for symptomatic LSS in people over 60,23

were not included. Low back pain was not included in the LSS symptom
definition because it is not considered a key feature of LSS or necessary
for diagnosis, due to the fact many individuals with LSS do not report
back pain [5,22,25]. The LSS symptom items and diabetic status were
collected at baseline via electronic self-report questions and age was
calculated using the 10-digit person-unique Central Person Registry
number assigned to all people residing in Denmark.

2.4. Outcomes

The primary outcome was difference in mean change in pain between
those with LSS symptoms and those without from baseline to immedi-
ately following completion of GLA:D® (approximately 3 months), and
from baseline to 12months. Change in pain was measured using the Knee
injury and Osteoarthritis Outcome Score 12 item short form (KOOS-12)
pain subscale [26] in the knee OA cohort, and by the Hip disability and
Osteoarthritis Outcome Score 12 item short form (HOOS-12) pain sub-
scale [27] in the hip OA cohort. On both measures, pain is assessed on
four items and scored from 0 (worst) to 100 (best). Both measures have
demonstrated adequate validity and reliability in people with knee or hip
OA [26,27].

Secondary outcomes were the difference in mean change for those
with LSS symptoms and those without in function and joint-related
quality of life from baseline to 3- and 12-month follow-up. Change in
function and quality of life was measured on the function and quality of
life subscales of the KOOS-12 and HOOS-12 in the knee and hip cohorts,
respectively. Function and quality of life subscales are scored 0 (worst) to
100 (best) on both measures [26,27]. All outcomes at each follow-up
were collected by electronic self-report questionnaire.

2.5. Statistical analysis

2.5.1. Multiple imputation
Missing values for the outcomes at all time points and baseline

covariates (confounders described below) were imputed using multiple
imputation with chained equations [28], under the assumption of data
missing at random. The imputation model included all outcomes at each
time point, comorbid LSS symptom status (exposure), and the con-
founders in the main analyses (see main analyses below). Predictive
mean matching was used to impute outcomes at all time points
(continuous data). Missing covariate data was imputed using predictive
mean matching for continuous variables, ordered logistic regression for
ordered categorical variables, and logistic regression for binary variables.
40 imputed data sets were generated to approximate the proportion of
missing observations for the primary outcome at 12-month follow-up
[28].



Fig. 1. Participant flow diagram.
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2.5.2. Main analyses
The primary outcome (difference in mean change in pain scores from

baseline to 3- and 12-month follow-up) was analysed using a linear
mixed regression (restricted maximum likelihood estimation) separately
for the knee and hip OA cohort. Comorbid LSS symptom status and
follow-up time were entered as fixed effects and participants nested
within clinics as random effects. Unadjusted and adjusted differences in
change with 95% confidence intervals (CI) were combined across
imputed data sets using Rubin's rules [29]. Models in the adjusted ana-
lyses were controlled for age (continuous), sex (male/female), BMI
(continuous), education level (ordered categorical), symptom duration
(continuous), additional joint (knee or hip) symptoms (yes/no), and
comorbid back pain intensity (continuous). Potential confounders
(described in Supplementary File) were selected based on previous
literature investigating the association of these variables with GLA:D®
outcomes [30,31], OA outcomes in general [32–34], and LSS [35,36].

The same analysis approach was used for the secondary outcomes
(difference in mean change in function and quality of life scores from
baseline to 3- and 12-month follow-up).

2.5.3. Sensitivity analyses
Two sensitivity analyses were conducted. First, the impact of missing

data was explored by conducting a complete-case analysis where par-
ticipants with missing outcome data at any time point were excluded.
This was conducted for adjusted differences (same controlled covariates
as main analysis) in mean change in pain, function, and quality of life
scores in both cohorts separately.

Then the impact of the age cut-point (�60 years) was investigated by
repeating the analysis using an alternate age criterion, where a cut-point
of 50 years or older was used. This alternate definition was tested since
previous LSS diagnostic literature has suggested an age cut-point as low
as 48 years old [37] and 50 years old has been used with similar LSS
symptom items [38]. The same linear mixed regression analyses outlined
in the main analyses were conducted, using comorbid LSS symptoms
(based on alternate LSS definition) and follow-up time as fixed effects.
Adjusted differences (same controlled covariates as main analysis) in
mean change in pain, function, and quality of life scores were combined
across imputed data sets using Rubin's rules [29], in both cohorts sepa-
rately. All analyses were performed in Stata 17.0.

3. Results

A total of 8286 participants were enrolled in GLA:D® during the study
period (Fig. 1). 1473were excluded due to missing baseline LSS symptom
data. Excluded participants were similar to those included, but were
slightly older and more often male (Supplementary Table S1).

A total of 4930 participants with knee OA and 1883 participants with
hip OA were included. 15% of knee OA and 23% of hip OA participants
had comorbid LSS symptoms. Cohort baseline characteristics by comor-
bid LSS symptom status are presented in Tables 1 and 2.

3.1. Missing outcome data

In both cohorts, all participants completed the primary and secondary
outcomes at baseline.

In the knee OA cohort, the proportion of missing data was 28% and
39% at 3- and 12-month follow-up for all outcomes, respectively. Par-
ticipants with missing primary outcome data at 12-months had a greater
mean BMI and comorbid back pain intensity, were less educated, and had
a smaller proportion of participants with comorbid LSS symptoms, but
the differences were small (Supplementary Table S2).

In the hip OA cohort, the proportion of missing data was 27% and
40% at 3- and 12-month follow-up for all outcomes, respectively. Par-
ticipants with missing primary outcome data at 12-months had a greater
mean comorbid back pain intensity and were less educated, but the dif-
ferences were small (Supplementary Table S3).
3

3.2. Primary outcome

In the knee OA cohort, adjusted analysis (Table 3), pain scores
improved over time regardless of LSS symptom status, while those with
comorbid LSS symptoms had slightly worse scores at each time-point
(Fig. 2). Participants with comorbid LSS symptoms had slightly smaller
pain improvement from baseline to 3-month follow-up (�1.7, 95% CI
-3.3 to�0.1), but no certain difference was observed between LSS groups
at 12-month follow-up (�0.3, 95% CI -1.9 to 1.3). Unadjusted results
were similar (Supplementary Table S4).

In the hip OA cohort adjusted analysis (Table 4), pain scores also
improved over time regardless of LSS symptom status, while those with
comorbid LSS symptoms had slightly worse scores at baseline, but not at
3- and 12-months (Fig. 2). There was no certain difference between
groups in change in pain scores from baseline to 3-month (1.9, 95% CI
-0.6 to 4.3) or 12-month follow-up (1.6, 95% CI -1.4 to 4.6). Unadjusted
results were similar (Supplementary Table S5).

3.3. Secondary outcomes

In the knee OA cohort adjusted analysis (Table 3), function scores
improved over time regardless of LSS symptom status, while those with
comorbid LSS symptoms had slightly worse scores at each time-point
(Fig. 3). There was no certain difference between groups in change in
function scores at 3-month (�0.2, 95% CI -1.8 to 1.4) or 12-month
follow-up (0.4, 95% CI -1.2 to 2.0). Likewise, quality of life scores
improved over time regardless of LSS symptom status, but those with
comorbid LSS symptoms had slightly worse scores at each time-point
(Fig. 4). There was no certain difference between groups in change in
quality of life scores at 3-month (�0.2, 95% CI -1.7 to 1.3) or 12-month
follow-up (0.2, 95% CI -1.4 to 1.7). Unadjusted results were similar
(Supplementary Table S4).

In the hip OA cohort adjusted analysis (Table 4) function scores
improved over time regardless of LSS symptom status, but those with
comorbid LSS symptom status had slightly worse scores at baseline and 3-



Table 2
Hip osteoarthritis cohort baseline characteristics.

Overall (n ¼ 1883) Comorbid LSS symptoms (n ¼ 424) No comorbid LSS symptoms (n ¼ 1459)

Age (years), mean (95% CI) 66.8 (66.4–67.3) 69.8 (69.1–70.4) 66.0 (65.5–66.5)
Missing, n 0 0 0

Female, % (95% CI) 69.7 (67.6–71.8) 69.1 (64.7–73.5) 69.9 (67.6–72.3)
Missing, n 0 0 0

BMI (kg/m2), mean (95% CI) 27.2 (27.0–27.4) 27.4 (27.0–27.9) 27.1 (26.9–27.4)
Missing, n 19 7 12

Education level, % (95% CI)
Primary school 17.8 (16.1–19.6) 20.0 (16.3–24.2) 17.2 (15.3–19.2)
Secondary school 11.6 (10.2–13.1) 12.5 (9.5–16.0) 11.3 (9.7–13.0)
Short-term education 20.7 (18.9–22.6) 18.6 (15.0–22.7) 21.2 (19.2–23.4)
Middle-term education 38.8 (36.6–41.1) 38.4 (33.8–43.3) 38.9 (36.4–41.5)
Long-term education 10.8 (9.5–12.3) 10.3 (7.6–13.7) 11.0 (9.4–12.7)
Missing, n 5 0 5

Symptom duration (months), mean (95% CI) 27.6 (25.9–29.4) 29.7 (25.3–34.1) 27.0 (25.2–28.9)
Missing, n 1 0 1

Additional joint symptoms, % (95% CI) 54.8 (52.5–57.1) 58.3 (53.4–63.0) 53.8 (51.2–56.4)
Missing, n 0 0 0

Comorbid back pain, mean (95% CI) 3.1 (3.0–3.3) 3.9 (3.6–4.2) 2.9 (2.8–3.0)
Missing, n 0 0 0

HOOS-12 pain, mean (95% CI) 49.1 (48.4–49.9) 44.8 (43.5–46.2) 50.4 (49.5–51.2)
Missing, n 0 0 0

HOOS-12 function, mean (95% CI) 59.1 (58.2–60.0) 53.1 (51.3–54.9) 60.8 (59.8–61.8)
Missing, n 0 0 0

HOOS-12 quality of life, mean (95% CI) 48.7 (48.0–49.5) 44.6 (43.2–46.0 49.9 (49.0–50.8)
Missing, n 0 0 0

n: number, BMI: body mass index (kg/m2), HOOS-12: Hip disability and Osteoarthritis Outcome Score 12 item short form (0–100, worst-best) Comorbid back pain:
Numeric Pain Rating Scale (0–10, best-worst).

Table 1
Knee osteoarthritis cohort baseline characteristics.

Overall (n ¼ 4930) Comorbid LSS symptoms (n ¼ 755) No comorbid LSS symptoms (n ¼ 4175)

Age (years), mean (95% CI) 65.7 (65.4–66.0) 70.0 (69.5–70.4) 64.9 (64.6–65.2)
Missing, n 0 0 0

Female, % (95% CI) 69.6 (68.3–70.9) 72.7 (69.5–75.9) 69.0 (67.6–70.4)
Missing, n 0 0 0

BMI (kg/m2), mean (95% CI) 29.0 (28.8–29.1) 29.1 (28.7–29.4) 29.0 (28.8–29.1)
Missing, n 40 5 35

Education level, % (95% CI)
Primary school 18.6 (17.5–19.8) 23.3 (20.3–26.5) 17.7 (16.6–18.9)
Secondary school 11.3 (10.4–12.2) 9.8 (7.8–12.1) 11.5 (10.6–12.5)
Short-term education 20.3 (19.2–21.4) 18.7 (16.0–21.6) 20.6 (19.4–21.8)
Middle-term education 38.7 (37.3–40.1) 38.4 (34.9–42.0) 38.8 (37.3–40.3)
Long-term education 11.1 (10.2–12.0) 9.8 (7.8–12.1) 11.3 (10.3–12.3)
Missing, n 7 0 7

Symptom duration (months), mean (95% CI) 32.3 (30.8–33.8) 35.8 (31.6–40.0) 31.7 (30.1–33.2)
Missing, n 4 0 4

Additional joint symptoms, % (95% CI) 57.6 (56.2–59.0) 67.4 (63.9–70.8) 55.8 (54.3–57.3)
Missing, n 1 0 1

Comorbid back pain, mean (95% CI) 2.5 (2.5–2.6) 3.6 (3.4–3.8) 2.3 (2.3–2.4)
Missing, n 0 0 0

KOOS-12 pain, mean (95% CI) 50.0 (49.5–50.4) 45.6 (44.5–46.6) 50.7 (50.2–51.3)
Missing, n 0 0 0

KOOS-12 function, mean (95% CI) 56.4 (55.9–57.0) 50.2 (49.0–51.5) 57.6 (57.0–58.1)
Missing, n 0 0 0

KOOS-12 quality of life, mean (95% CI) 45.8 (45.4–46.3) 42.0 (41.0–43.1) 46.5 (46.0–47.0)
Missing, n 0 0 0

n: number, BMI: body mass index (kg/m2), KOOS-12: Knee injury and Osteoarthritis Outcome Score 12 item short form (0–100, worst-best), Comorbid back pain:
Numeric Pain Rating Scale (0–10, best-worst).
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months, but not at 12-months (Fig. 3). Participants with comorbid LSS
symptoms had slightly greater improvement in function scores at 3-
month (2.5, 95% CI 0.5 to 5.0) and 12-month follow-up (3.8, 95% CI
0.9 to 6.6). Likewise, quality of life scores improved over time regardless
of LSS symptom status, but those with comorbid LSS symptoms had
slightly worse scores at each time-point (Fig. 4). There was no certain
difference between groups in change in quality of life scores at 3-month
(1.7, 95% CI -0.6 to 4.0) or 12-month follow-up (1.3, 95% CI -1.6 to 4.2).
Unadjusted results were similar (Supplementary Table S5).
4

3.4. Sensitivity analyses

The complete case analyses generally supported the main results for
both cohorts. In the knee OA cohort (Supplementary Table S6), the
slightly smaller improvement in pain from baseline to 3-month follow-up
in participants with comorbid LSS symptoms was not confirmed (�1.5,
95% CI -3.1 to 0.1). All results were confirmed in the hip OA cohort
(Supplementary Table S7).

The alternate age criteria analyses also generally supported the main



Table 3
KOOS-12 subscale differences at baseline, and changes at 3- and 12-month follow-up in participants with knee osteoarthritis.

Baseline score 3-month follow-up 12-month follow-up

KOOS-12 pain adjusted
model

Mean (95% CI) Mean (95% CI) Mean change from baseline (95%
CI)

Mean (95% CI) Mean change from baseline (95%
CI)

No comorbid LSS symptoms
(reference)

50.4 (49.8–51.0) 60.9 (60.3–61.6) 10.5 (9.9–11.2) 64.6 (63.9–65.3) 14.2 (13.6–14.9)

Mean difference
(95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Comorbid LSS symptoms �3.2 (�4.7 to �1.8) �5.0 (�6.6 to �3.4) �1.7 (�3.3 to �0.1) �3.6 (�5.2 to �2.0) �0.3 (�1.9 to 1.3)

KOOS-12 function adjusted
model

Mean (95% CI) Mean (95% CI) Mean change from baseline (95%
CI)

Mean (95% CI) Mean change from baseline (95%
CI)

No comorbid LSS symptoms
(reference)

57.1 (56.6–57.7) 66.4 (65.8–67.1) 9.3 (8.7–9.9) 68.7 (68.1–69.4) 11.6 (11.0–12.2)

Mean difference
(95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Comorbid LSS symptoms �5.0 (�6.5 to �3.5) �5.2 (�6.9 to �3.5) �0.2 (�1.8 to 1.4) �4.6 (�6.3 to �2.9) 0.4 (�1.2 to 2.0)

KOOS-12 quality of life
adjusted model

Mean (95% CI) Mean (95% CI) Mean change from baseline (95%
CI)

Mean (95% CI) Mean change from baseline (95%
CI)

No comorbid LSS symptoms
(reference)

46.3 (45.8–46.9) 52.9 (52.3–53.5) 6.6 (6.0–7.2) 56.6 (56.0–57.3) 10.3 (9.7–10.9)

Mean difference
(95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Comorbid LSS symptoms �3.4 (�4.8 to �2.0) �3.6 (�5.2 to �2.1) �0.2 (�1.7 to 1.3) �3.2 (�4.9 to �1.6) 0.2 (�1.4 to 1.7)

KOOS-12: Knee injury and Osteoarthritis Outcome Score 12 item short form (0–100, worst-best).

Fig. 2. Changes in KOOS-12 and HOOS-12 pain scores at each time-point.
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results for both cohorts. Again, in the knee OA cohort (Supplementary
Table S8), the slightly smaller improvement in pain from baseline to 3-
month follow-up in participants with comorbid LSS symptoms was not
confirmed (�1.1, 95% CI -2.5 to 0.3). All results were confirmed in the
hip OA cohort (Supplementary Table S9).

4. Discussion

These are the first findings exploring the impact of comorbid LSS
symptoms in people with knee or hip OA on outcomes in a primary care
treatment program. Even though comorbid LSS symptoms were associ-
ated with smaller improvement in pain at 3-months in participants with
knee OA and greater improvement in function at 3- and 12-months in
participants with hip OA, the differences were small and unlikely to be
clinically relevant. Therefore, our findings suggest that patients with
knee or hip OA can expect similar benefits in key outcomes when
participating in a structured patient education and exercise therapy
program, regardless of the presence of comorbid LSS symptoms. How-
ever, participants with comorbid LSS symptoms should expect worse,
albeit small, absolute pain, function, and quality of life scores before and
after the program, despite similar levels of improvement.

We found that 15% of patients with knee OA had comorbid LSS
5

symptoms. These patients had slightly worse baseline scores for pain,
function, and quality of life, but experienced similar improvements in all
outcomes, except for smaller pain improvement from baseline to 3-
months. The magnitude of this difference (1.7 points on a 100-point
scale) is unlikely to be clinically relevant. While no studies have inves-
tigated what constitutes a meaningful between-group difference on the
KOOS-12 pain subscale, a minimum clinically important within-group
change of at least 15 points following joint replacement surgery [39]
suggests the observed difference in our study is far from meaningful. The
absence of a clinically or statistically significant association at the
3-month follow-up in both sensitivity analyses further supports this
interpretation.

We found a higher proportion of patients with hip OA had comorbid
LSS symptoms than in the knee OA cohort, but we observed similar re-
sults in the hip OA cohort. Here, those with comorbid LSS symptoms had
worse baseline scores for pain, function, and quality of life, but experi-
enced similar improvements in all outcomes. We did find that those with
hip OA and comorbid LSS symptoms had greater improvements in
function at both follow-up points. This difference may be attributed to a
lower baseline function score and thus greater potential for improve-
ment, but the magnitude of this difference (2.5 points at 3-months and
3.8 points at 12-months on a 100 point scale) is also not likely clinically



Table 4
HOOS-12 subscale differences at baseline, and changes at 3- and 12-month follow-up in participants with hip osteoarthritis.

Baseline score 3-month follow-up 12-month follow-up

HOOS-12 pain adjusted
model

Mean (95% CI) Mean (95% CI) Mean change from baseline (95%
CI)

Mean (95% CI) Mean change from baseline (95%
CI)

No comorbid LSS symptoms
(reference)

50.0 (49.0–51.0) 57.6 (56.4–58.7) 7.6 (6.4–8.7) 62.4 (44.3–47.9) 12.4 (11.0–13.7)

Mean difference
(95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Comorbid LSS symptoms �3.9 (�5.9 to �1.8) �2.0 (�4.3 to 0.2) 1.9 (�0.6 to 4.3) �2.3 (�5.2 to 0.6) 1.6 (�1.4 to 4.6)

HOOS-12 function adjusted
model

Mean (95% CI) Mean (95% CI) Mean change from baseline (95%
CI)

Mean (95% CI) Mean change from baseline (95%
CI)

No comorbid LSS symptoms
(reference)

60.3 (59.2–61.3) 66.2 (65.0–67.3) 5.9 (4.8–7.1) 69.3 (68.0–70.6) 9.0 (7.7–10.3)

Mean difference
(95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Comorbid LSS symptoms �5.4 (�7.5 to �3.2) �2.8 (�5.2 to �0.4) 2.5 (0.5–5.0) �1.6 (�4.4 to 1.2) 3.8 (0.9–6.6)

HOOS-12 quality of life
adjusted model

Mean (95% CI) Mean (95% CI) Mean change from baseline (95%
CI)

Mean (95% CI) Mean change from baseline (95%
CI)

No comorbid LSS symptoms
(reference)

49.7 (48.7–50.7) 53.2 (52.2–54.3) 58.6 (57.4–59.9)

Mean difference
(95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Mean difference
(95% CI)

Difference in change from
baseline (95% CI)

Comorbid LSS symptoms �4.3 (�6.3 to �2.3) �2.6 (�4.7 to �0.4) 1.7 (�0.6 to 4.0) �3.0 (�5.7 to �0.2) 1.3 (�1.6 to 4.2)

HOOS-12: Hip disability and Osteoarthritis Outcome Score 12 item short form (0–100, worst-best).

Fig. 3. Changes in KOOS-12 and HOOS-12 function scores at each time-point.

Fig. 4. Changes in KOOS-12 and HOOS-12 quality of life at each time-point.
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meaningful, since the minimum meaningful within-group change on the
HOOS-12 function subscale is estimated to be at least 24 points [39]. The
small difference in functional improvement was confirmed in both
6

sensitivity analyses, supporting the notion that no clinically significant
difference exists.

Few studies have explored the impact of co-occurring LSS on
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treatment outcomes in people with knee or hip OA. Clinical reports
suggest that comorbid LSS can negatively affect outcomes after total hip
replacement [40], but provide insufficient data to assess these claims. We
are aware of only one study comparing outcomes after total knee
replacement between patients with and without comorbid LSS [10]. Like
in our study, patients with comorbid LSS improved after surgery, but had
significantly worse function and objective scores compared to those
without comorbid LSS [10]. These findings match the general trends
observed in other studies assessing the impact of other degenerative
lumbar spinal disorders on total knee and hip replacement outcomes
[11–15]. We are not aware of any other studies investigating the impact
of LSS on outcomes for non-surgical interventions, which is problematic
considering that most patients with knee or hip OA rely on non-surgical
interventions for their OA [41] and the likely differential impacts on
surgical and non-surgical interventions. Studies investigating the impact
of comorbid LSS on treatment outcomes, both surgical and non-surgical,
are needed to better inform expectations and clinical decision-making for
patients with knee and hip OA.

The main limitation of this study is our case definition for LSS
symptoms. Currently, there is no consensus criterion standard for the
diagnosis of LSS [1,5,25] and thus, varying LSS case definitions have
been used in previous studies [42], none of which have been validated.
The specific symptom items used in this study were derived from a re-
view of commonly used self-report LSS screening items [22] and include
those most likely to identify LSS [25]. We expect that the term “numb-
ness” in the symptom items is distinct and therefore noticeably different
for people with knee or hip OA, therefore improving one's ability to
differentiate LSS symptoms from knee- or hip-related symptoms. We also
classified all individuals with diabetes as not having LSS symptoms to
prevent leg diabetic neuropathy symptoms from being attributed to LSS,
and used an age cut-point of 60 years or older to reduce the chance of
patients having leg symptoms related to lumbar disc herniation and not
LSS. Our definition also closely resembles those used in a recent trial and
prevalence study [43,44] and our findings were confirmed in the sensi-
tivity analysis using an alternate age cut-point. An ideal case definition
should also include imaging confirmation, but our approach represents a
pragmatic real-world primary care approach sufficient for the first esti-
mates in this field.

There is also a potential selection bias in GLA:D® participants,
whereby those with more severe LSS are excluded from the program
since GLA:D® clinicians are trained to enrol patients with knee or hip
dominant symptoms and not those with other more pronounced symp-
toms, such as from comorbid LSS. This bias is likely to underestimate the
impact of comorbid LSS on outcomes. There was also a large proportion
of missing outcome data, which is an unavoidable consequence of real-
world implementation programs like GLA:D®. However, results were
similar for the imputed and complete case analyses and participants with
missing data were relatively similar to those with complete outcome
data, increasing confidence in our results. Due to potential unmeasured
confounding, between group differences may be smaller than our
observed results. For example, inclusion of additional parameters related
to LSS, such as number of stenotic levels (based on imaging) and LSS
symptom duration or severity, may alter our findings. Finally, we were
unable to assess if comorbid LSS is a moderator of the effectiveness of a
patient education and exercise therapy program due to the single-arm
design of this study.

Strengths of this study include the pragmatic and resource-efficient
approach to providing the first data investigating associations between
comorbid LSS symptoms in a large, real-world primary care sample.
Future research should examine the relationship between comorbid LSS
symptoms and outcomes across the range of treatments, both surgical
and non-surgical, recommended for knee and hip OA. Existing datasets,
such as surgical registries, could be explored for this purpose. However,
these datasets will likely suffer from similar LSS case definition limita-
tions as our study. Therefore, all future research will benefit from a
standardized LSS definition. Ideally, subgroup powered randomized
7

trials will help determine if comorbid LSS is a moderator of treatment
effect if observational designs show a potential effect.

5. Conclusion

Our findings suggest patients with knee or hip OA and comorbid LSS
symptoms do not differ on knee- or hip-related pain, function, and quality
of life status compared to those without LSS symptoms and should expect
similar improvements with treatment. Therefore, patient education and
exercise therapy programs designed for people with knee or hip OA are a
viable option for those who also have LSS symptoms.
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