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Objectives. To explore the feasibility of a newly developed model of stratified exercise therapy
in primary care for patients with knee osteoarthritis (OA).

Design. Mixed method design (process, outcome and qualitative evaluation).

Setting. Six physical therapy practices in primary care around Amsterdam.

Participants. Fifty eligible patients with knee OA, visiting one of the participating physical
therapists (PTs).

Intervention. Patients were allocated to a subgroup based on a simple stratification tool and
received subgroup-specific, protocolized, 4-month, exercise therapy.

Main outcome measures. Feasibility of this model of stratified exercise therapy was explored
by multiple process parameters, outcome measures (physical functioning and knee pain; at
baseline and 4-months follow-up) and experiences from patients and PTSs.

Results. From 97 potentially eligible patients, fifty patients were included and allocated to the
‘high muscle strength subgroup’ (n=17), ‘depression subgroup’ (n=4), ‘obesity subgroup’ (n=6)
or ‘low muscle strength subgroup’ (n=23). Three patients dropped out during the study period.
PTs provided relatively low numbers of sessions (on average 10 sessions), although exceedance
of the recommended maximum number of sessions did occur frequently. We found clinically
relevant improvements on physical functioning and knee pain (p<0.001 for both) for the total
group. In general, the model of stratified exercise therapy was considered to be easily applicable

and of added value for daily practice.

Conclusions. Our model of stratified exercise therapy seems to be feasible in primary care,
although a number of limitations were reported. Future research should determine the (cost-

)effectiveness of an adapted model, compared to usual, non-stratified exercise therapy.



KEY WORDS

Knee osteoarthritis

Exercise therapy

Phenotypes

Subgroups

Feasibility

Physical therapy

INTRODUCTION

Osteoarthritis (OA) is one of the most common chronic health conditions and a leading cause
of pain and disability among adults [1]. Knee OA is a highly heterogeneous disease, with large
differences between patients in disease onset and course, symptoms, and treatment response,
and may need to be differentiated in multiple clinically relevant phenotypes [2-6]. Exercise
therapy by a physical therapist (PT) is recommended as a first-step, conservative treatment for
patients with knee OA [7-9], based on strong, high-quality evidence for its effect on physical
functioning and knee pain, compared to no exercise therapy [10]. Nonetheless, the clinical
effects of exercise therapy are only modest [10-11], which may be attributed to a generic, ‘one-
size-fits-all’ approach of exercise therapy, as illustrated by non-specific recommendations to
provide exercise therapy in current guidelines [7-9]. Because of the large heterogeneity of knee
OA, a stratified approach in exercise therapy, meaning that patients are allocated to subgroups
and receive a subgroup-specific exercise therapy intervention, may be superior over usual

exercise therapy. The added value of stratified exercise therapy has been proven in low back



pain patients [12-14], but has not been tested in other patient groups. As far as we know, no

model of stratified exercise therapy has yet been developed for patients with knee OA.

Recently, we were able to identify five phenotypes of knee OA patients based on
clinically relevant and easily obtainable patient characteristics (i.e., upper leg muscle strength,
body mass index, depressive mood and radiographic OA severity) and replicated this finding to
a large degree in a second cohort as well [15,16]. In these two studies, we identified a ‘minimal
joint disease phenotype’ (16%-28% of the patients), ‘strong muscle phenotype’ (21-22%),
‘severe radiographic phenotype’ (21-31%), ‘obese phenotype’ (15-20%) and ‘depressive
phenotype’ (10-16%). The replication indicates that these phenotypes can be considered as
stable, valid and clinically relevant, and potentially useful for treatment stratification (e.g.,
stratified exercise therapy). Based on these phenotypes, we developed a model of stratified
exercise therapy, as described more in detail in the Methods. In short, in this model, patients
are allocated into the ‘high muscle strength subgroup’, ‘low muscle strength subgroup’
(combination of ‘minimal joint disease phenotype’ and ‘severe radiographic phenotype’),
‘obesity subgroup’ or the ‘depression subgroup’, and treated according to the subgroup-specific

exercise therapy intervention.

We hypothesize that a model of stratified exercise therapy based on these phenotypes,
is superior over usual, ‘non-stratified’ exercise therapy in patients with knee OA. In the present
study, we aim to explore the feasibility of a newly developed model of stratified exercise

therapy in primary care, using an process, outcome and qualitative evaluation.

METHODS

Design



A mixed method design based on Reelick et al [17] was used, combining (i) a process evaluation
of multiple process parameters, (ii) an uncontrolled, pretest-posttest design for outcome
measurements, and (iii) a qualitative approach with semi-structured interviews and a focus

group meeting.

Model of stratified exercise therapy.

In the preparatory phase, we developed a model of stratified exercise therapy, consisting of a
simple stratification tool and subgroup-specific interventions. Draft versions of this model were
discussed with PTs from both primary and secondary care, and with our research group in which

multiple relevant disciplines are embedded.

Subgroups. From the five previously identified phenotypes [15,16] (as described in the
Introduction), we decided to develop a model of stratified care with four subgroups. First, a
‘high muscle strength subgroup’ that is characterized by relatively high upper leg muscle
strength and moderate to severe knee joint damage, and presumed to be mostly male, having a
history of knee trauma and/or surgery (‘post-traumatic knee OA’) and a high level of physical
activity. Second, a ‘low muscle strength subgroup’ that is characterized by upper leg muscle
weakness and minimal to severe knee joint damage. This subgroup is a combination of the
previously identified ‘minimal joint disease phenotype’ and ‘severe radiographic phenotype’,
as both phenotypes were characterized by upper leg muscle weakness and only differed in
radiographic OA severity. As radiographic severity has been found to be unrelated to the effect
of exercise therapy [18,19] and the content of the exercise therapy is recommended to be
irrespective of radiographic severity [7-9], the two phenotypes can receive the same
intervention and can therefore be combined in one subgroup. Third, an ‘obesity subgroup’ that

is characterized by (severe) obesity, upper leg muscle weakness and high symptom levels.



Fourth and final, a ‘depressive subgroup’ that is characterized by a depressive mood, upper leg

muscle weakness and high symptom levels.

Stratification tool. Based on the characteristics of the original phenotypes [15,16], we
developed a simple stratification tool with cut-off values in order to allocate patients with knee
OA into one of the four subgroups (see Figure 1). By using this tool, patients are first allocated
to the ‘high muscle strength subgroup’ if quadriceps strength is 0.85 Nm/kg or higher. The
decision for quadriceps strength as the first variable for stratification was based on existing
literature suggesting that beneficial effects of exercise therapy are primarily driven by
improvements in quadriceps strength [20-22], implying that above a certain value of quadriceps
strength, exercise therapy is unlikely to be beneficial. The cut-off value was based on previous
research by our group on a threshold in the relationship between upper leg muscle strength and
physical functioning. This threshold suggests that in patients with muscle strength above this
threshold, an increase in muscle strength is not likely to improve physical functioning, whereas
in patients with levels of muscle strength below this threshold, an increase in muscle strength
is likely to improve physical function [23]. Second, patients with quadriceps strength lower
than 0.85 Nm/kg are allocated to the ‘depression subgroup’ if the score on the depression
questionnaire (Hospital Anxiety and Depression Scale; HADS) was equal or higher than 8 (i.e.,
indicative for a possible depressive mood) [24]. Third and final, from all remaining patients,
those with BMI equal or higher than 35 kg/m? (i.e., severe obesity) are allocated to the ‘obesity
subgroup’ and all others to the ‘low muscle strength subgroup. This tool allocates each patient

into only one subgroup.

Subgroup-specific exercise therapy. Based on exercise programs that were previously

developed and proven to be effective by our research groups [25-27], we developed protocols



of exercise therapy interventions that were matched to each of the four subgroups (see Table

1),

For the ‘high muscle strength subgroup’, the intervention was minimal and comprised 3-4
sessions, consisting of (i) patient education and advice focusing on self-management and
avoidance of knee overloading, and (ii) instructions to perform home exercises to sustain

adequate level of muscle strength and physical activity.

For the ‘depression subgroup’, the intervention comprised 12-18 sessions, consisting of (i)
patient education and advice focusing on pain behavior and active lifestyle, (ii) supervised
exercise therapy focusing on improving upper leg muscle strength, aerobic capacity and
performance of daily activities, and (iii) instructions to perform home exercises. The exercise
therapy was specifically adapted to depressive knee OA patients (e.g., by integrating behavioral
graded activity and incorporating elements of pain coping skills training), based on the
depression-protocol from the COOA-study (COmorbidity and OsteoArthritis), which has been
found to be feasible [26] in this subgroup. In addition, (iv) patients were advised to visit their

general practitioner to consider additional care for their possible depressive mood.

For the ‘obesity subgroup’, the intervention comprised 12-18 sessions, consisting of (i)
patient education and advice focusing on active lifestyle (especially physical activities that lead
to fat loss) and avoiding knee overloading, (ii) supervised exercise therapy focusing on upper
leg muscle strength, aerobic capacity and daily activities, and (iii) instructions to perform home
exercises. The exercise therapy was specifically adapted to the presence of (severe) obesity
(e.g., by initially performing non-weight bearing exercises and providing a slow gradual
increase in training intensity), based on the obesity-protocol from the COOA-study, which has
been found to be feasible [26] and effective [27] in this subgroup. In addition, (iv) patients were

advised to visit a dietician for diet advice.



For the ‘low muscle strength subgroup’, the intervention comprised 8-12 sessions, consisting
of (i) patient education and advice focusing on active lifestyle, (ii) instructions to perform home
exercises focusing on upper leg muscle strengthening, and (iii) supervised exercise therapy
focusing on upper leg muscle strengthening, aerobic capacity and daily activities. This
intervention is based on the protocol from the Stability-study, which was been found to be

effective [25], irrespective of severity of MRI-detected knee joint damage [18].

In general, PTs could individualize the treatment, based on patient’s symptoms and
preferences. All sessions were individually provided in 30-minute sessions. PTs were instructed
to use the following exercise intensity and volume, with a weekly gradual increase if possible:
3 series of 10 repetitions in 60 to 80% of 1RM (1 repetition maximum) for strengthening
exercises, 3 series of 10 repetitions for functional exercises, and 60 to 80% of maximal heart
rate for aerobic exercises. Patients were additionally instructed to perform at least three of these

exercises at home on three days a week.

Participants

Fourteen PTs from six practices in primary care around Amsterdam, with specific expertise in
rheumatic diseases and regularly treating patients with knee OA were recruited and trained.
Study eligibility was evaluated by the PTs during intake. Patients with persistent knee pain (>
3 months) as a reason to visit the PT, age < 80 years, meeting American College for
Rheumatology (ACR) criteria for knee OA [28] and providing informed consent were included.
Exclusion criteria were other reasons for knee pain than knee OA (e.g. rheumatoid arthritis,
gout), severe knee pain in past week (i.e., Numeric Rating Scale (NRS) > 8/10), physical or

mental comorbidity severely affecting daily life, suspicion of chronic widespread pain based on



ACR-criteria for fibromyalgia [29], total knee arthroplasty (TKA) or on waiting list for TKA
for most painful knee, and insufficient comprehension of Dutch language. All participants
provided written informed consent. We aimed at including 50 eligible patients in total, based

on an a priori power calculation.

Measurements

Process evaluation. The process evaluation aimed at collecting information on (i) inclusion and
follow-up, (ii) subgroup allocation; and (iii) treatment fidelity, as recommended by Reelick et
al [17]. The researcher (JK) continuously documented process parameters (i.e., number of
participants from eligible patients, number of excluded patients and drop-outs, allocation,
reasons for exclusion and drop-out). PTs registered number of attended sessions and protocol

violations (i.e., referral, additional PT-interventions) in the electronic patient files.

Outcome evaluation. Outcome variables were assessed at baseline and 4-months follow-up.
Primary outcome variables were: (i) physical functioning, assessed by the Dutch translation of
the Knee Injury and Osteoarthritis Outcome Score (KOOS) questionnaire subscale function in
daily living (ADL; score between 0 and 100; 0= maximal problems; 100= no problem) [30,31]
and (ii) knee pain severity, assessed by a NRS for knee pain on average during walking in the
past week (score between 0 and 10; 0= no pain; 10= worst pain imaginable) [32].

Secondary outcome variables were all other KOOS subscales, NRS knee pain severity
on average in the past week and at the moment and global perceived effect (GPE; 7-item scale).
In addition, secondary outcome variables included subgroup variables (knee extension strength,
depressive mood and BMI) as well. Isometric knee extension strength of the most painful knee
was measured by the PT using a hand-held dynamometer (MicroFET 2; Hoggan Health
Industries Inc., USA/ Biometrics Motion BV, Netherlands). To decrease the measurement error,

a frame that was based on the ‘dynajig’ from Fleeton et al [33] was used to fix the dynamometer
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against the wall instead of the assessor’s hand. Participants were seated with the tested knee at
60 degrees flexion and their lower leg positioned at 90 degrees to the axis of this frame, crossed
their arms over their chest, and then performed three attempts of maximal, isometric knee
extension. The distance between the knee anterior joint line and the center of the point of
application of the hand-held dynamometer (approximately 10 centimeters above malleolus) was
measured in meters. The best of three attempts, which were conducted in approximately two
minutes in total, was recorded and expressed in Newton meters (Nm) standardized for body
mass (Nm/kg). Depressive mood was assessed by the Dutch translation of the HADS
questionnaire subscale depression, which consists of 7 items on a 4-point scale, resulting in a
total score between 0 and 21 [24,34]. BMI was calculated by dividing body weight (in kilogram;

measured by the PT) by squared body length (in meters; measured by the PT).

Finally, general patient characteristics (i.e., age, gender, duration of knee symptoms,
history of knee surgery, presence of comorbidities and use of pain medication and health care
in past 4 months) were assessed by self-report at baseline. Use of pain medication and health

care in the past 4 months were also assessed at 4-months follow-up.

Qualitative evaluation. Post-treatment, semi-structured interviews (with all participating
patients and those PTs who included at least two patients) were performed by the researcher to
collect qualitative information on experiences with the model of stratified care, as
recommended by Reelick et al [17]. A topic list was used to structure the interviews. In addition,
a focus group meeting with participating PTs was organized to discuss the study results and to

reach consensus on the suggested adaptations in the model.

Statistical analysis

10



Process parameters, qualitative information and baseline patient characteristics were analyzed
descriptively. In addition, ANOVA-tests were performed to determine baseline differences in
patient characteristics between subgroups. Primary and secondary outcome measures were
analyzed using paired sample t-tests and within-group effect sizes (i.e., mean difference
between baseline score and follow-up score, divided by the standard deviation of baseline score)
for all patients included in the study (n=50), as well as for each subgroup. In addition, number
of patients with a minimal clinically important difference (MCID) were calculated for the
primary outcome variables (i.e., improvement >10 points for KOOS [35]; reduction >2 points
or >33% on NRS pain [36]). For drop-outs, missing data at follow-up were replaced by baseline
score. Sensitivity analyses were performed with only those patients who completed the
intervention and those without any protocol deviation. As our study was not powered for this
purpose, we did not perform between-group analyses. All analyses were performed using SPSS
software, version 18.0 (SPSS, Chicago, IL), with statistical significance accepted at p-values of

less than 0.05.

RESULTS

Process evaluation

Inclusion and follow-up. In a period of twelve months, 97 patients visited a participating PT
because of knee complaints and were screened for eligibility, of which 50 patients (52%) could
be included. Reasons for not being included were: unwilling to participate (n=16), knee
complaints < 3 months (n=8), age > 80 year (n=7), absence of clinical diagnosis of knee OA
(n=5), insufficient comprehension of Dutch language (n=4), TKA planned (n=3), suspicion of

chronic widespread pain (n=2), severe comorbidity (n=1) and pain severity > 8 (n=1). Three

11



out of 50 participants dropped out of the study, as they decided to quit the intervention due to

insufficient pain relief (n=2) or illness of partner (n=1).

Subgroup allocation. Based on our stratification tool, patients were allocated to a subgroup as
follows: 46% to the ‘low muscle strength subgroup’, 34% to the ‘high muscle strength
subgroup’, 12% to the ‘obesity subgroup’, and 8% to the ‘depression subgroup’. The subgroups
significantly differed from each other on each of the three subgroup variables and on history of

knee surgery (i.e., higher prevalence in ‘high muscle strength subgroup’) (see Table 2).

Treatment fidelity. The number of treatment sessions was on average 10, ranging from on
average 6 sessions for the ‘high muscle strength subgroup’ (recommended number of sessions:
3 to 4), 12 for the ‘low muscle strength subgroup’ (8 to 12),13 for the ‘obesity subgroup’ (12
to 18) and 16 for the ‘depression subgroup’ (12 to 18). In addition to the supervised sessions,
patients performed home exercises on 4 days a week on average (SD: 2) and physical activities
like walking, bicycling, or sports on 4 days a week as well (SD: 2). Protocol deviations were
reported in 28 patients, mainly consisting of exceedance of the recommended maximum
number of sessions in the ‘high muscle strength subgroup’ (n=10) or in the ‘low muscle strength
subgroup’ (n=9). Additional interventions from the PT (dry needling; n=2) or from other health

care professionals (intra-articular injection; n=1) were hardly reported (see Table 3).

Outcome evaluation

Physical functioning (KOOS-ADL) improved from 61 at baseline to 74 at 4-months follow-up
(p<0.001; within-group effect size: 0.7), whereas knee pain severity during walking (NRS)
reduced from 5.7 at baseline to 3.6 at 4-months follow-up (p<0.001; within-group effect size:
1.1) (see Table 4 and 5). Based on MCID’s for KOOS®*? and NRS pain®3, 54% and 67% of the

participants improved on physical functioning and knee pain, respectively. Statistically

12



significant improvements were also found on all secondary outcome variables, except for BMI.
Pain medication usage in the past 4 months reduced from 38% of the patients at baseline to 30%
at 4 months follow-up. During the treatment period, orthopedic surgeons were consulted by

21% of the patients, GPs by 21% and other health professionals by 10%.

Qualitative evaluation

Interviews with 48 out of 50 patients and 9 out of 14 PTs and a focus group meeting with
participating PTs revealed that our model of stratified care was considered to be easy to apply

and to have added value for daily practice, in general.

Experiences with the stratification tool were highly positive, with two exceptions. First,
the isometric strength measurement by a hand-held dynamometer was reported to be difficult
to perform adequately by patients and difficult to test reliably by PTs. On the other hand, most
of the PTs did consider this test as valuable, especially to demonstrate to patients their (change
in) level of strength over the course of the treatment. Second, PTs reported that a limitation of
the stratification tool was that not all patients with (severe) obesity were allocated to the

‘obesity subgroup’.

Experiences with the subgroup-specific interventions were positive as well. Patients
were specifically positive about the tailored patient education and easy-to-perform exercises.
PTs appreciated the applicability of the treatment protocols, but reported three limitations. First,
the maximum number of four sessions for the ‘high muscle strength subgroup’ was considered
too low in many patients. Second, PTs reported that the behavioral approach in exercise therapy
and advice to visit a GP for the ‘depression subgroup’ were considered unnecessary in most of
the patients within this subgroup, as the depressive mood hardly affected patient’s daily life.

Third, PTs reported that the interdisciplinary consult with a dietician for the ‘obesity subgroup’

13



could not always take place because of problems with contacting a dietician, while 3 out of 5

patients from this subgroup refused to visit a dietician.

DISCUSSION

Because of the high and further increasing prevalence of and costs related to knee OA, it is of
key importance to optimize the content and usage of exercise therapy. A stratified approach
may optimize overall effectiveness of exercise therapy, as proven for low back pain [12-14].
Our model of stratified exercise therapy, which is the first one developed for knee OA, seems
to be feasible in primary care. In general, patients and PTs were positive about the applicability
and added value of the model. Furthermore, clinically relevant improvements on physical
functioning and knee pain and low numbers of treatment sessions provided by PTs were found.
The present study also revealed several limitations of the model, which needs to acknowledged

in an adapted version of the model.

Three of our four subgroups (i.e., ‘high muscle strength subgroup’, ‘depression
subgroup’ and ‘low muscle strength subgroup’) improved substantially in physical functioning
and knee pain. In comparison to previously reported mean improvements of exercise therapy
compared to ‘no exercise’ in knee OA (i.e., 10 points on 0-100 scale for physical function and
1.2 points on 0-10 scale for knee pain [10]), the mean improvements in our study are higher
(12.5 points on 0-100 scale for physical function and 2.1 points on 0-10 scale for knee pain).
This suggests that our stratified approach could optimize current exercise interventions, but this
will need to be confirmed in a future randomized controlled trial (RCT). Remarkably, for the
‘depression subgroup’, exercise therapy was not only effective in physical functioning and knee

pain, but also in depressive mood. This is even more surprising as PTs reported that in most

14



patients from this subgroup, depressive mood was only mildly present, therefore adaptations to
the exercise therapy as described in the protocol (i.e., behavioral approach, advice to visit GP)
were considered unnecessary. In contrast, treatment effects were substantially lower in the
‘obesity subgroup’, with no effect at all on BMI. This suggests that obesity-adapted exercise
therapy combined with advice to visit a dietician, being ignored by three of the five patients, is
probably insufficient. Possibly, a more extensive intervention, aiming at weight loss and active
lifestyle, with a stronger collaboration between PT and dietician, is necessary in this subgroup.
Recent studies from the group of Messier et al [37,38] provided evidence for effects of such an
extensive (18-month), combined intervention on clinical symptoms, body weight and
inflammatory markers. However, to implement such an intervention in primary care, access to
dieticians and interdisciplinary collaboration between PTs and dieticians may need to further

improved.

Our subgroup-specific exercise therapy interventions were based on exercise programs
that we previously developed [25,26] and were proven to be effective in clinical trials [25, 27].
We also followed the training intensity parameters for strength training (i.e., at 60-80% of one-
repetition maximum) and aerobic training (i.e., at 60-80% of maximal heart rate) as
recommended in the American College of Sports Medicine (ACSM) guideline [39]. In addition,
patients were instructed to perform at least three home exercises on three days a week, in
addition to the supervised exercise sessions, as recommended in the ACSM guideline [39] as
well. Therefore, we are convinced that our subgroup-specific interventions are adequately

designed to achieve training effects as large as possible.

Unexpectedly, the process evaluation revealed that from our study group, only a small
minority could be allocated to the ‘obesity subgroup’ (12%) or the ‘depression subgroup’ (8%).

This finding is in contrast to the proportions in our previous phenotype-studies [15,16], and

15



may indicate that these patients do not visit a PT in primary care, prefer a specialized treatment
in secondary care, or do not visit any health care professional at all. These low proportions can
also be partly attributed to the order of subgroup variables in our stratification tool. This order
resulted in four out of ten patients with severe obesity being allocated to other subgroups than
the ‘obesity subgroup’, and two out of six patients with possible depressive mood allocated to
other subgroups than the ‘depression subgroup’. Second, our process evaluation revealed mixed
results on treatment fidelity. On the one hand, usage of other (not recommended) interventions
than exercise therapy was almost absent and average number of sessions was generally within
the recommended range. On the other hand, exceedance of the recommended maximal number
of sessions did occur regularly, especially in the ‘high muscle strength subgroup’ (in 10 out of
17 patients). Apparently, many PTs preferred to provide some additional supervised sessions,
in order to ensure adequate exercise performance and to increase exercise adherence.
Nevertheless, the overall average number of treatment sessions remained substantially lower
than the nationwide average as provided by Dutch PTs in OA patients (10 vs. 17 sessions [40]),

which suggests that health care costs could be saved by using our model.

This preliminary study identified several limitations of our model that should be
acknowledged in an adapted version, as agreed by our participating PTs in our final focus group
meeting. First, because of the reported limitations by both patients and PTs of the handheld
dynamometer for measuring muscle strength, we will replace it for a functional strength
measurement, namely the 30-second chair stand test (30s-CST). This test is recommended by
the OARSI as a core outcome measurement in OA [41] and strongly correlated to isometric
muscle strength [42], and in contrast to the handheld dynamometer, the 30s-CST is more easy
to perform in daily practice and costless. Second, to avoid obese patients being allocated to

subgroups other than the ‘obesity subgroup’, we will change the order of allocating patients to
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subgroups (i.e., BMI as first step in the stratification tool) and reduce the cut-off value on BMI
for allocation to the ‘obesity subgroup’ from 35 to 30. Third and final, because of the low
prevalence of patients allocated to the ‘depression subgroup’, the low level of depressive mood
and minor (behavioral) adaptations in applying exercise therapy in this subgroup, this subgroup
could be removed from our model. Thereby, an adapted model will differentiate patients into
three large subgroups, that should receive minimal (‘high muscle strength subgroup’), average
(‘low muscle strength subgroup’) or extensive exercise therapy combined with a diet/weight
loss intervention (‘obesity subgroup’). Patients with severe somatic or psychological
comorbidities will not be included in our model, as they should be referred to specialized PTs
or multidisciplinary care. This adapted model can be expected to be superior in clinical
effectiveness with a reduced number of treatment sessions, compared to usual, non-stratified
exercise therapy. If so, this model might be included in clinical guidelines, in order to better

specify the current (‘generic’) recommendations on the usage of exercise therapy in knee OA.

This preliminary study has some methodological limitations that needs to be addressed.
First, as we used an uncontrolled design without a control group in a relatively low sample size,
our results should be interpreted with caution. Second, as we only included PTs with specific
expertise in knee OA and patients that fulfilled our study criteria, our results are only applicable
to this group. Third, we lacked information on the content of the dietician-delivered (in ‘obesity
subgroup’) and GP-delivered treatment (in ‘depression subgroup’). Fourth, because this was a
pilot-study to explore feasibility, we used a short follow-up period (i.e., directly post-treatment)
and a relatively small set of measurements including only one physical test. In a planned large-
scale RCT, we will evaluate the (cost-)effectiveness of our (adapted) model of stratified
exercise therapy compared to usual exercise therapy, using a longer follow-up period (i.e., one

year) and a larger set of both physical and self-reported measurements.
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To conclude, our model of stratified exercise therapy, which is the first one developed
for knee OA, seems to be feasible in primary care, based on a process, outcome and qualitative
evaluation, although a number of limitations of the model were reported. Future research using
a fully powered RCT should determine the (cost-) effectiveness of an adapted version of our
model, in which the reported limitations have been acknowledged, compared to usual, non-

stratified exercise therapy.

CONTRIBUTION OF THE PAPER

e This preliminary study revealed promising results of a new, phenotype-based, stratified
approach of exercise therapy for patients with knee OA, suggesting that by using this
intervention, the current modest effects of exercise therapy can be optimized with
potential cost-savings.

e We also revealed some limitations of our model of stratified care, based on both
quantitative and qualitative information, which needs to be acknowledged in an adapted
version of the model.

e Future research using a fully powered randomized controlled trial (RCT) should
determine the (cost-)effectiveness of our (adapted) model, compared to usual, non-

stratified exercise therapy.
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FIGURE 1. Stratification tool

‘Low muscle strength subgroup’
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TABLE 1: Subgroup-specific exercise therapy

High muscle | Depression Obesity Low muscle
strength subgroup subgroup strength
subgroup subgroup
A. Exercise therapy by PT:
I. patient education X X X X
ii. home exercises X X X X
iii. supervised exercise program Xt X? X3
Recommended  number  of 3-4 12-18 12-18 8-12
sessions
B. Advice to visit GP X
C. Advice to visit dietician X

Lhased on COOA/depression-protocol [26]; 2 based on COOA/obesity-protocol [27]; 2 based on Stability-protocol [25]
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TABLE 2. Baseline characteristics of study sample

Total group | High muscle | Depression Obes
(n=50) strength
(n=17) (n=4) (n=t
General patient characteristics:
Female, n (%) 29 (58%) 8 (47%) 2 (50%) 3 (50
Age (years), mean (SD) 64 (9) 62 (9) 60 (7) 64 (
Duration of knee symptoms (years), mean (SD) 7 (10) 11 (12) 3(5) 5 (4
History of knee surgery, n (%) 18 (36%) 10 (59%) 1 (25%) 0 (O
Presence of comorbidity, n (%) 31 (62%) 9 (53%) 2 (50%) 5(83
Use of pain medication, n (%) 19 (38%) 5 (29%) 2 (50%) 3 (50
Subgroup variables:
Isometric quadriceps muscle strength (Nm/kg), mean | 0.84 (0.34) 1.22 (0.29) 0.64 (0.16) 0.68 (C
(SD)
BMI, mean (SD) 29.3 (5.6) 29.5 (5.4) 30.2 (3.8) 38.6 (
Presence of severe obesity (BMI>35), n (%) 10 (20%) 3 (18%) 1 (25%) 6 (1
HADS depression (0-21), mean (SD) 3.4(3.1) 3.5(3.3) 10.3 (2.2) 3.2 (2
Presence of possible depressive mood (>8), n (%) 6 (12%) 2 (12%) 4 (100%) 0
Primary outcome variables:
KOOS ADL (0-100), mean (SD) 61.1(18.2) | 62.3(17.9) | 46.3(18.0) 61.0 (2
NRS pain severity during walking (0-10), mean (SD) 5.7 (1.9) 5.6 (2.2) 5.8 (1.7) 6.7 (1

SD = standard deviation; BMI = body mass index; HADS = Hospital Anxiety and Depression Scale; KOOS = Knee Injury and Oste

living; NRS = numeric rating scale.
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TABLE 3: Treatment fidelity for each subgroup

Total High Depression | Obesity Low
group muscle (n=4) (n=6) muscle
(n=50) strength strength
(n=17) (n=23)
Sessions, mean (min, max) 10 (2-24) 6 (3-19) 16 (8-24) 13 (8-21) | 12 (2-24)
Protocol deviations, total (n) 28/47 11/17 214 4/5 11/21
More than max. no. of sessions (n) 21/47 10/17 1/4 1/5 9/21
Less than min. no. of sessions (n) 2147 0/17 0/4 1/5 1/21
Other PT-interventions (n) 2147 0/17 0/4 1/5 1/21
Refused to visit dietician (n) 3/47 n/a n/a 3/5 n/a
Refused to visit GP (n) 2147 n/a 214 n/a n/a
Other interventions (n) 1/47 0/17 0/4 0/5 1/21
Drop-outs, n 3/50 0/17 0/4 1/6 2/23
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TABLE 4. Changes in outcome during 4-month treatment period (n=50)

Baseline | 4-month FU| Mean difference | P-value | Effect %
mean (SD)| mean (SD) | mean (95% CI) size* | change
Primary outcome variables:
KOOS ADL, 100-0 61.1(18.2) | 73.6 (19.2) 12.5(7.2to <0.001 0.7 +20%
17.7)
NRS, pain  during | 5.7 (1.9) 3.6 (2.5) -2.1(-2.8101.3) | <0.001 1.1 -37%
walking in past week, 0O-
10
Secondary outcome variables:
KOOS, 100-0
Symptoms 60.7 (19.5) | 67.8(18.9) | 7.1(1.4t012.9) | 0.016 0.4 +12%
Pain 55.0 (16.6) | 68.1(19.1) | 13.1(7.2t018.9)| <0.001 0.8 +24%
Sports and recreation 23.0(18.8) | 35.1(24.8) | 12.1(5.1t019.2)| 0.001 0.6 +53%
Quality of life 42.6 (13.9) | 51.6(19.2) | 9.0(4.7t0 13.3) | <0.001 0.6 +21%
NRS, pain in past week, | 5.5(2.0) 34(23) |-21(-2.8t0-1.3)| <0.001 1.1 -37%
0-10
NRS, pain at the moment, | 4.9 (2.4) 2.9 (2.7) -1.9 (-2.8to-1.1)| <0.001 0.8 -41%
0-10
GPE, number (%)** n/a n/a n/a n/a n/a
Very much improved 7 (15%)
Much improved 15 (32%)
Slightly improved 18 (38%)
No difference 5 (11%)
Slightly worsened 1 (2%)
Much worsened 1 (2%)
Very much worsened 0 (0%)
Subgroup variables:
Isometric quadriceps | 0.84 (0.34) | 1.12 (0.41) |0.29 (0.20 to 0.37) <0.001 0.9 +33%
muscle strength, Nm/kg
BMI, kg/m? 29.3(5.6) | 29.2(5.6) | -0.1(-0.4t00.1)| 0.213 0.0 0%
HADS depression, 0-21 3.4(3.1) 2.4 (2.5) -1.0(-1.6t0 0.4) | 0.002 0.3 -29%

30




* within-group effect sizes (t0 — t1 / SD at t0); ** n=47; SD = standard deviation; Cl = confidence interval; KOOS = Knee
Injury and Osteoarthritis Outcome Score; ADL = function in daily living; NRS = numeric rating scale; GPE = global

perceived effect; BMI = body mass index; HADS = Hospital Anxiety and Depression Scale.
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TABLE 5. Changes in outcome for each subgroup during 4-month treatment period (n=50)

High muscle
strength
(n=17)

Depression
(n=4)

Obesity
(n=6)

Low muscle strength
(n=23)

Mean (SD) %

Mean (SD) %

Mean (SD) %

Mean (SD) %

Primary outcome variables:

KOOS ADL, 100-0

133 (18.7) | +21%

18.8 (15.7) | +41%

3.4(22.7) | 6%

14.9 (16.6) | +24%

MCID?, n (5)

9 (53%)

3 (75%)

3 (50%)

12 (52%)

NRS, pain during walking in
past week, 0-10

213.1) |-37%

2.0(34) | -35%

1.0 (26) | -15%

24(22) | -45%

MCID?, n (%)

11 (65%)

3 (75%)

2 (33%)

17 (74%)

Subgroup variables:

Isometric quadriceps muscle

strength, Nm/kg

0.24 (0.36) | +20%

0.33(0.17) | +48%

0.18 (0.16) | +26%

0.34 (0.32) | +56%

HADS depression, 0-21

1021 | -32%

43(5.1) | -42%

-0.7(0.8) | -22%

04 (11) | -18%

BMI, kg/m?

0.3(05) | -1%

0.7(13) | 2%

0.1(0.8) | 0%

0.0 (0.7) 0%

! Improvement > 10 points on 0-100 scale (based on Roos & Lohmander [35]).

2 Reduction > 2 points on 0-10 scale or > 33% (based on Salaffi et al [36]).
SD = standard deviation; KOOS = Knee Injury and Osteoarthritis Outcome Score; ADL = function in daily living; MCID = minimally clinically

important difference; NRS = numeric rating scale; HADS = Hospital Anxiety and Depression Scale; BMI = body mass index.
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