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ABSTRACT
Objectives To explore patient characteristics recorded 
at the initial consultation associated with a poor response 
to non- surgical multidisciplinary management of knee 
osteoarthritis (KOA) in tertiary care.
Design Prospective multisite longitudinal study.
Setting Advanced practice physiotherapist- led 
multidisciplinary orthopaedic service within eight tertiary 
hospitals.
Participants 238 patients with KOA.
Primary and secondary outcome measures Standardised 
measures were recorded in all patients prior to them receiving 
non- surgical multidisciplinary management in a tertiary 
hospital service across multiple sites. These measures were 
examined for their relationship with a poor response to 
management 6 months after the initial consultation using a 
15- point Global Rating of Change measure (poor response 
(scores −7 to +1)/positive response (scores+2 to+7)). 
Generalised linear models with binomial family and logit link 
were used to examine which patient characteristics yielded the 
strongest relationship with a poor response to management as 
estimated by the OR (95% CI).
Results Overall, 114 out of 238 (47.9%) participants 
recorded a poor response. The odds of a poor response 
decreased with higher patient expectations of benefit (OR 
0.74 (0.63 to 0.87) per 1/10 point score increase) and 
higher self- reported knee function (OR 0.67 (0.51 to 0.89) 
per 10/100 point score increase) (p<0.01). The odds of a 
poor response increased with a greater degree of varus 
frontal knee alignment (OR 1.35 (1.03 to 1.78) per 5° 
increase in varus angle) and a severe (compared with mild) 
radiological rating of medial compartment degenerative 
change (OR 3.11 (1.04 to 9.3)) (p<0.05).
Conclusions These characteristics may need to be 
considered in patients presenting for non- surgical 

multidisciplinary management of KOA in tertiary care. 
Measurement of these patient characteristics may 
potentially better inform patient- centred management and 
flag the need for judicious monitoring of outcome for some 
patients to avoid unproductive care.

INTRODUCTION
Knee osteoarthritis (KOA) is a leading cause 
of disability in the community.1 Patients with 
more advanced pain and functional limita-
tions due to KOA may be referred to tertiary 
hospitals for specialist opinion regarding 

Strengths and limitations of this study

 ► This study was conducted during routine care with-
in an advanced practice physiotherapist- led ortho-
paedic service involving 15 clinicians across eight 
tertiary hospitals, increasing practice representation 
of findings.

 ► Multiple accessible clinical measurement domains 
(patient- reported, physical, radiological) were eval-
uated but only included measures considered to be 
consistently available across sites.

 ► A 17% dropout rate to follow- up potentially impact-
ed the findings.

 ► Findings are directly relevant to comparable ser-
vices managing knee osteoarthritis (KOA) in tertiary 
care settings, with some cautioned relevance to all 
services providing management for KOA.

 ► Further study is required to prospectively evaluate 
the capacity of identified patient characteristics to 
predict a poor outcome in KOA within this service.
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management options, but for many of these patients, 
non- surgical multidisciplinary management is the first 
line of care.2 While evidence supports non- surgical inter-
ventions such as exercise and weight loss for the manage-
ment of KOA,3–7 individual patient responses may vary. 
It would be clinically and economically advantageous to 
identify patients with KOA at risk of a poor response to 
non- surgical multidisciplinary management at the initial 
consultation. Potentially at- risk patients could receive 
additional care to address identified risk factors, and 
their treatment response closely monitored to facilitate a 
timely referral for surgical consultation if not responding. 
However, it is crucial that studies are specific to patient 
populations, service settings and intervention types. 
Potentially interpreting the meaning of risk factors may be 
misguided when models are applied to different patients 
in different health settings (eg, primary vs tertiary) where 
marked variation in patient demographics and interven-
tions may exist.8

Our previous retrospective audit of medical records 
explored patient characteristics associated with a poor 
response to non- surgical multidisciplinary management 
of KOA. This audit was conducted within a multisite 
advanced practice physiotherapist- led multidisciplinary 
orthopaedic service (herein referred to as the ‘service’) 
in tertiary hospitals.8 The service employs experienced 
musculoskeletal physiotherapists (service leader) to 
assess and determine management pathways for non- 
urgent patients within orthopaedic specialist outpatient 
departments.2 Where non- surgical management is appro-
priate, care provided by the service is patient centred 
with an emphasis on progression from supported to non- 
supported self- management and is multidisciplinary (as 
required; physiotherapy, occupational therapy, dietetics 
and/or psychology) to pragmatically address the mix 
of biopsychosocial factors potentially underlying each 
patient’s KOA presentation.7 9 The retrospective audit 
showed that patients who reported lower knee function 
and higher levels of anxiety at their initial appointment 
within the service were at greater odds of a poor response 
to non- surgical multidisciplinary management.8 There 
were marked limitations of this prior study due to its 
retrospective nature and limited patient characteristics 
recorded. In particular, the literature suggests that many 
other potentially relevant risk factors should be consid-
ered such as patient expectations10 and physical exam-
ination findings of the knee,11 which were previously not 
examined due to a lack of standardised recording within 
medical records.8

To address limitations of our previous retrospective 
audit, this study prospectively explored the relationship 
between a broader selection of patient characteristics 
and a poor outcome to non- surgical multidisciplinary 
management of KOA in the service. Based on our 
previous findings8 and others,10 11 we hypothesised that 
a mix of patient- reported, physical and radiological 
patient characteristics may be associated with a poor 
outcome.

METHODS
Study design
A prospective longitudinal study was conducted across 
eight tertiary hospital service sites in Queensland, 
Australia. Service leader engagement ensured selected 
measures and equipment (eg, questionnaires, goniom-
eters, radiological findings) were accessible across sites. 
This manuscript follows the Strengthening the Reporting 
of Observational Studies in Epidemiology reporting 
guidelines.12

Patient and public involvement
No patient involved.

Participants
Participants were recruited within the service at partici-
pating hospitals between January 2014 and December 
2016 (follow- up completed July 2017). Potential partici-
pants had been triaged from the specialist orthopaedic 
outpatient waiting list by the medical consultant and/
or service leader to undergo non- surgical management 
within the service for their knee condition. At the initial 
service consultation, potential participants were further 
screened for study eligibility based on an accepted clin-
ical and radiological diagnosis of KOA.13 Specifically, 
participants had to report persistent knee pain (pain on 
most days for at least a month or longer in the past year), 
limited morning stiffness (less than 30 min) and func-
tional limitations (self- reported functional impairment, 
eg, knee muscle weakness), as well as demonstrate radio-
logical evidence of KOA on imaging (determined from 
a radiological report or medical consultant notes within 
the medical records). Participants were excluded if they 
presented with a potentially serious medical condition 
(red flags), knee pain of lumbar spine or hip origin, an 
active inflammatory condition (eg, rheumatoid arthritis), 
severe symptoms likely to be aggravated by therapies, 
significant or unstable neurovascular involvement, or if 
the referring medical practitioner or patient requested 
specialist medical consultation specifically.

Criteria for a poor response to non-surgical multidisciplinary 
management (dependent variable)
A poor response to management for each patient case 
was determined with a 15- point Global Rating of Change 
(GROC).14–16 Patients rated their overall perception of 
change since beginning treatment on a scale ranging from 
−7 (a very great deal worse) to zero (about the same) to 
+7 (a very great deal better). Investigators dichotomised 
(binary outcome) responses between −7 (a very great 
deal worse) and +1 (almost the same, hardly any better 
at all) as a poor response, and responses between +2 (a 
little better) and +7 (a very great deal better) as a posi-
tive response. This decision was based on the generally 
high level of KOA presentation severity seen within this 
specialty tertiary service, where marginal improvements 
in baseline function may for some patients be considered 
a positive response. Therefore, scores between −7 and 
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+1 representing worsening or negligible change in the 
disorder were considered a poor response. This outcome 
was assessed at 6 months after entry to the service as this is 
a conservative timeframe for decision- making regarding 
the potential impact of non- surgical management for 
these patients based on our previous study.8

Potential explanatory patient variables assessed for their 
relationship with outcome (independent variables)
Patient characteristics recorded at the initial consultation 
with the service leader included routine demographic 
and clinical information from the patient interview, self- 
report questionnaires capturing condition specific, as 
well as general health and psychosocial information (that 
had been premailed and completed by patients prior to 
the initial session as is the standard procedure in these 
clinics), information from standardised physical tests and 
radiological imaging findings. In cases of a referral for 
bilateral KOA, participants were asked to nominate the 
most severe/problematic knee, which, for the purposes 
of this study, was recorded as the affected knee.

Variables included:
Demographic and social measures: This includes age (years), 

sex (% male), English first language (% yes), education 
level (% yes; school incomplete, completed secondary 
school, completed Technical and Further Education/
trade/university), work status (% yes; employed (full or 
part- time), unemployed, retired), marital status (% yes; 
married/defacto, single), dependents (% yes).

General and global health measures: This includes body 
mass index (k/m2), disability benefits (% yes), smoking 
status (% yes), comorbidities (number/18 listed condi-
tions), total body pain areas (number/18 segmented 
body chart), health- related quality of life (utility score/1) 
measured with the Assessment of Quality of Life question-
naire (AQoL- 6D).17

Psychological measures: General psychological distress 
was evaluated with the Depression, Anxiety and Stress 
Scale (DASS-21) with each of the three dimensions of 
depression (score/42), anxiety (score/42) and stress 
(score/42) scored separately.18 Pain- related psycholog-
ical measures included the Pain Self- Efficacy Question-
naire (score/60)19 and the Örebro Musculoskeletal Pain 
Screening Questionnaire (ÖMPSQ–short) (score/100).20 
The patient’s expectation of benefit (score/10) from the 
non- surgical management approach was also recorded 
using a visual analogue scale anchored by the terms ‘No 
benefit’ and ‘Extreme benefit’.

Condition- specific symptoms and signs: The Knee Injury 
and Osteoarthritis Outcome Score (KOOS) including 
separate scores for symptoms and stiffness (score/100), 
pain (score/100), function and daily living (score/100) 
and quality of life (score/100).21 22 Participant- nominated 
functional deficits were evaluated with the Patient Specific 
Functional Scale (score/10).23 24 The potential presence 
of neuropathic pain was evaluated with the Leeds Assess-
ment of Neuropathic Symptoms and Signs (S- LANSS) pain 
scale (% yes, score of ≥12 points).25 Other self- reported 

information regarding the condition included symptom 
duration (% yes; >12 months), traumatic onset (% yes), 
previous surgery (% yes) for the same condition and the 
presence of associated symptoms such as bilateral knee 
pain (% yes), instability/giving way (% yes), true locking 
(% yes), swelling (% yes) and joint noises (% yes).

Physical examination measures conducted by the 
advanced physiotherapist included knee flexion and 
extension (lack) range of motion (°) measured with a 
goniometer, observed lateral thrust of the affected knee 
during the examination of gait (% yes)26 and a reli-
able weight- bearing frontal knee alignment measure in 
standing using a goniometer.27 In this method, the goni-
ometer axis is positioned over the centre of the patella 
with arms aligned to the anterior superior iliac spine and 
the centre of the ankle joint with the resultant knee angle 
recorded as either a valgus (–°), neutral (0°) or varus (+°) 
angle.28 Findings from four knee ligament stress tests 
(valgus, varus, anterior, posterior) were judged (normal 
or altered) and individually recorded (% altered). A 
measure of symptom modification during the initial 
examination was also evaluated.29 In this test, patients 
rated any perceived improvement (%) (taking all things 
into consideration such as pain, mobility, effort) in the 
replication of a self- nominated problematic activity (eg, 
squatting), comparing the overall experience before and 
then during a modification of the activity guided by the 
therapist (eg, corrected movement pattern instructions, 
manual assistance from therapist, use of strapping tape). 
Up to three modification trials were permitted with 
improvement needing to be repeatable over at least two 
repetitions.

Radiological findings (X- ray, MRI, CT) of degenerative 
change in the medial, lateral and patellofemoral compart-
ments of the knee were recorded based on either a specific 
radiological report or radiological findings specified in 
the medical notes by the medical consultant. Degenera-
tive change was recorded as either absent, mild, moderate 
or severe. This approach was based on consensus by the 
service leaders that these ratings were consistently used in 
radiological reporting for imaging across all sites. Rele-
vance of the imaging with regard to how recently it was 
taken was at the service leader’s discretion.

Procedure
All potential explanatory patient characteristics were 
recorded during the initial consultation with the service 
leader following screening and consent procedures. 
Participants then underwent their normal care within the 
service at the respective sites. Each patient’s management 
(duration of management period, disciplines consulted) 
was pragmatically based on the initial examination find-
ings of the service leader and the clinical discretion of 
the involved discipline- specific treatment providers. The 
study research officer contacted the participant at the 
6- month follow- up period and mailed them the clinical 
outcome measure (GROC) independently of the service 
at all sites. Participants may or may not have been still 
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receiving management within the service at this time 
point, according to their individual treatment plan.

Sample size estimation
It was estimated that 224 cases would be required to iden-
tify explanatory variables with a strong relationship to a 
poor response based on an expected 50% non- responder 
rate,8 the inclusion of up to seven explanatory variables in 
a final multivariable (logistic family) model and a conser-
vative number of non- responders (n=16) per variable 
based on prior simulations.30 To account for up to 15% 
dropout, it was estimated that a minimum number of 264 
participants were required to be recruited for this study.

Statistical analysis
Analyses were conducted using Stata V.13 (StataCorp, 
2013, Stata Statistical Software: Release 13, College 
Station, Texas, USA: StataCorp LP). Participant charac-
teristics and outcomes were described using conventional 
descriptive statistics with number (%) for categorical data, 
mean (SD) for normally distributed data and median 
(IQR) for non- normally distributed data. Generalised 
linear models with binomial family and logit link with site 
as a random effect were used to examine the association 
between potential explanatory variables with patients 
being classified as either having a poor response (GROC 
score ≤1) or positive response (GROC score 2–7) to multi-
disciplinary non- surgical management in this sample. To 
select the most appropriate explanatory variables to carry 
forward to a multivariable model, univariate analyses 
were initially conducted, and an unadjusted OR (95% 
CI) was calculated for each variable’s relationship with 

a poor response. Due to the high number of potential 
explanatory variables and the study’s intention to identify 
a clinically relevant and preferably quantifiable parsimo-
nious selection of explanatory variables associated with a 
poor response, only explanatory variables that displayed 
a univariate relationship of p≤0.1 with the reference score 
(GROC score ≤1) were considered for the multivariable 
analyses.31 Eligible variables were then further screened 
as to their relative level of potential clinical impact and 
priority to take to the final model. This was particularly 
the case if multiple variables from a similar domain (eg, 
psychological measures, physical measures) were eligible. 
Potential multicollinearity issues between eligible explan-
atory variables were then evaluated with a Spearman’s rho 
(rs) correlational coefficient as it is appropriate for both 
continuous and discrete ordinal variables.32 If variables 
were shown to have significant moderate (rs=0.4–0.6) 
or strong (rs=0.7–0.9) correlations,33 34 only one vari-
able was selected (investigators choice based on clinical 
reasoning) to be carried forward for the final model. 
After accounting for potential non- independence associ-
ated with site by including site as a random effect, and the 
aforementioned variable selection process to avoid multi-
collinearity, we did not detect any breaches of model 
assumptions in the final model. The c- statistic was also 
calculated for the final model, and in the final model, 
ORs were expressed per 5° for range of motion variables, 
per 10 points on the KOOS and per 10% for symptom 
modification test. In addition, to examine whether find-
ings were robust against this variable selection process 
which included investigator judgement, any correlated 
variables that were not selected were substituted into the 
multivariable analysis in place of the selected variable as 
sensitivity analyses to determine if findings were impacted 
by the choice of included variable.

RESULTS
The flow of participants through the study is depicted in 
figure 1. Of the 375 patients deemed eligible following 
screening and invited to participate, 286 participants 
completed written consent forms and baseline measures. 
At the 6- month follow- up period, GROC measures were 
received from 238 participants representing a 17% 
dropout rate; however, exploratory independent t- tests 
suggest that those who did/did not complete their 
outcomes were not different in their baseline level of 
knee disability (KOOS Function—Daily Living, p=0.43), 
suggesting the completers were a representative sample.

For the 238 patients who completed the 6- month 
follow- up GROC measure, the median (IQR) GROC 
score was +2 (–2 to +4) with the range of scores from −7 
to +7. Overall, 114 (47.9%) patients fitted the criteria 
as a poor responder. The characteristics of participants 
classified as poor responders or positive responders are 
described in table 1.

Twenty potential explanatory variables demonstrated a 
univariate relationship (p≤0.1) with a poor response to 

Figure 1 Participant flow diagram for patients with knee 
osteoarthritis (KOA) and Global Rating of Change (GROC) 
completions.
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Table 1 Means (±SD) (normally distributed continuous data), medians (IQR) (non- normally distributed continuous data) and 
row participant percentages (n) (categorical data) for the independent variables grouped for participants dichotomised as a 
poor response (GROC ≤+1) or a positive response (GROC ≥+2) to the non- surgical multidisciplinary management of KOA

Variables
Poor response
(n=114)

Positive response 
(n=124)

Unadjusted OR
(95% CI) P value

Demographic and social measures

Age (years) 63.45±9 62.27±12.17 1.01 (0.99 to 1.04) 0.31

Sex: Male (% yes (n)) 54% (46) 46% (40) 1.5 (0.87 to 2.6) 0.15

English first language (% yes (n)) 49% (110) 51% (116) 2.03 (0.57 to 7.22) 0.28

Education level

  School incomplete (% yes (n)) 52% (53) 48% (49) Referent

  Completed secondary school (% yes (n)) 40% (23) 60% (34) 0.64 (0.33 to 1.24) 0.18

  Completed TAFE/Trade/ University (% yes (n)) 48% (33) 52% (36) 0.88 (0.47 to 1.64) 0.68

Work status

  Employed (% yes (n)) 48% (54) 52% (59) Referent

  Unemployed (% yes (n)) 50% (5) 50% (5) 1.04 (0.28 to 3.85) 0.95

  Retired (% yes (n)) 45% (44) 55% (53) 0.89 (0.51 to 1.56) 0.69

Marital status: Married/de facto (% yes (n)) 51% (64) 49% (62) 1.34 (0.79 to 2.26) 0.28

Dependents (% yes (n)) 38% (11) 62% (18) 0.62 (0.28 to 1.38) 0.25

General and global health measures

Body mass index (k/m2) 34.84±7.7 33.68±8.22 1.02 (0.98 to 1.05) 0.35

Disability benefits (% yes (n)) 46% (22) 54% (26) 0.83 (0.43 to 1.61) 0.58

Smoking status (% yes (n)) 57% (17) 43% (13) 1.44 (0.65 to 3.17) 0.36

Comorbidities (number) 2 (1–3) 2 (1–3) 1.03 (0.89 to 1.2) 0.65

Total body pain areas (number/18 body regions) 5 (3–8) 4 (2–6) 1.1 (1.01 to 1.19) 0.02*

Quality of Life (utility score/1) 0.63 (0.45–0.74) 0.69 (0.51–0.8) 0.2 (0.05 to 0.82) 0.03*

Psychological measures

DASS-21

  Depression score (score/42) 6 (2–16) 6 (2–14) 1.02 (0.99 to 1.05) 0.19

  Anxiety score (score/42) 6 (2–14) 4 (0–10) 1.04 (1.01 to 1.08) 0.03*

  Stress score (score/42) 10 (2–16) 8 (2–14) 1.01 (0.98 to 1.04) 0.56

Pain Self- Efficacy Questionnaire (score/60) 32.09±13.37 37.91±13.12 0.97 (0.95 to 0.99) 0.003*

ÖMPSQ (score/100) 59.81±15.13* 52.52±13.35 1.04 (1.02 to 1.06) <0.001*

Patient expectations of benefit (score/10) 4.29±2.63* 6.2±2.25 0.74 (0.65 to 0.83) <0.001*

Condition specific symptoms and signs

KOOS

  Symptoms and stiffness (score/100) 39.52±17.24* 51.05±18.8 0.97 (0.95 to 0.98) <0.001*

  Pain (score/100) 38.02±16.02* 50.41±16.21 0.95 (0.94 to 0.97) <0.001*

  Function—Daily Living (score/100) 45.72±16.13* 55.97±16.31 0.96 (0.94 to 0.98) <0.001*

  Quality of life (score/100) 22.8±17.14* 32.31±16 0.97 (0.95 to 0.98) <0.001*

Patient Specific Functional Scale (score/10) 3.83±1.74 4.45±1.56 0.79 (0.67 to 0.94) 0.01*

S- LANSS pain score (% ≥12 points (n)) 51% (30) 49% (29) 1.24 (0.67 to 2.27) 0.49

Symptom Duration (% >12 months (n)) 53% (94) 47% (85) 2.02 (1.08 to 3.78) 0.03*

Traumatic onset (% yes (n)) 44% (40) 56% (51) 0.76 (0.44 to 1.3) 0.32

Previous surgery (% yes (n)) 51% (29) 49% (28) 1.19 (0.65 to 2.19) 0.57

Associated symptoms

  Bilateral knee pain (% yes (n)) 51% (35) 49% (33) 1.16 (0.63 to 2.14) 0.63

  Instability/giving way (% yes (n)) 54% (56) 46% (47) 1.54 (0.89 to 2.66) 0.13

  True locking (% yes (n)) 50% (10) 50% (10) 1.05 (0.41 to 2.67) 0.92

  Swelling (% yes (n)) 51% (49) 49% (48) 1.15 (0.68 to 1.97) 0.6

Continued
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non- surgical management of KOA, as shown in table 1. Of 
these 20 variables, 9 were retained in the final multivari-
able model following exclusion of variables based on likely 
clinical utility/priority and potential multicollinearity (or 
both). The specific rationale for excluding the following 
variables was KOOS subscales (symptoms and stiffness; 
pain; quality of life) were moderate to strongly correlated 
with the KOOS Function—Daily Living subscale (rs=0.6–
0.8, p<0.001) which was retained as it was considered 
most clinically informative based on its measure of pain- 
related function; PSFS was excluded as it was moderately 
correlated (rs=0.4,<0.001) with the KOOS Function—
Daily Living subscale which already provided a measure 
of function; the QOL, PSEQ and ÖMPSQ measures were 

moderately correlated with the KOOS Function—Daily 
Living subscale (rs=0.4–0.5, p<0.001)); the DASS Anxiety 
subscale was excluded as findings for the poor responder 
group (median score 6/42 points) was below the lowest 
end of the mild anxiety category (8–9 points))18; flexion 
knee range was excluded on the basis of the very small 
difference between poor/positive responders and negli-
gible OR (95% CI) (OR 0.97–1); the quantifiable frontal 
knee alignment measure was maintained instead of the 
clinician- rated measures of gait lateral thrust and valgus 
stress test. Additionally, findings of the valgus stress test 
were considered to reflect pseudolaxity associated with 
medial compartment degenerative change as supported 
by their weak but significant correlation (rs=0.17, p<0.02). 

Variables
Poor response
(n=114)

Positive response 
(n=124)

Unadjusted OR
(95% CI) P value

  Joint Noises (% yes (n)) 54% (80) 46% (69) 1.88 (1.05 to 3.36) 0.03*

Physical findings

Knee extension lack (- ve value denotes flexion°) −4.87±6.34 −2.88±6.11 0.95 (0.91 to 0.99) 0.02*

Knee flexion range (°) 111.39±17.89 115.45±18.29 0.98 (0.97 to 1) 0.06*

Gait lateral thrust (% yes (n)) 59% (30) 41% (21) 1.71 (0.9 to 3.24) 0.1*

Frontal knee alignment (valgus (-) to varus (+)°) 1.84±7.5* −2.11±6.86 1.09 (1.05 to 1.14) <0.001*

Ligament stress tests

  Valgus stress test (% altered (n)) 63% (43) 37% (25) 2.63 (1.41 to 4.9) 0.002*

  Varus stress test (% altered (n)) 51% (22) 49% (21) 1.2 (0.61 to 2.37) 0.6

  Anterior stress test (% altered (n)) 60% (12) 40% (8) 1.73 (0.67 to 4.49) 0.26

  Posterior stress test (% altered (n)) 80% (4) 20% (1) 5.74 (0.59 to 55.54) 0.13

Symptom modification test (% improvement) 20 (5–60) 30 (7.5–75) 0.99 (0.98 to 1) 0.1*

Radiological findings

Medial compartment degenerative change

  Absent (% yes (n)) 33% (7) 67% (14) Referent

  Mild (% yes (n)) 24% (10) 76% (32) 0.66 (0.2 to 2.16) 0.49

  Moderate (% yes (n)) 51% (43) 49% (42) 2.15 (0.77 to 6.05) 0.15

  Severe (% yes (n)) 65% (52)* 35% (28) 4.36 (1.5 to 12.69) 0.01*

Lateral compartment degenerative change

  Absent (% yes (n)) 47% (43) 53% (49) Referent

  Mild (% yes (n)) 54% (34) 46% (29) 1.39 (0.72 to 2.69) 0.33

  Moderate (% yes (n)) 48% (25) 52% (27) 1.07 (0.53 to 2.15) 0.86

  Severe (% yes (n)) 48% (10) 52% (11) 1.09 (0.41 to 2.86) 0.87

Patellofemoral joint degenerative change

  Absent (% yes (n)) 38% (8) 62% (13) Referent

  Mild (% yes (n)) 41% (28) 59% (41) 1.09 (0.4 to 3.01) 0.86

  Moderate (% yes (n)) 56% (53) 44% (41) 2.08 (0.78 to 5.55) 0.14

  Severe (% yes (n)) 52% (23) 48% (21) 1.84 (0.63 to 5.39) 0.27

Each variable’s relationship with the dependent variable of a poor response (GROC ≤+1) is presented as an unadjusted OR and 95% CI and p 
value. OR reflects either an increased (OR >1) or a decreased (OR <1) odds of a poor response associated with higher scores (continuous measures 
expressed as a one unit increase in measure) or presence of patient characteristics (categorical measures).
*Variables with a univariate relationship (p≤0.1) with a poor response in outcome that were considered for the final analysis.
DASS-21, Depression, Anxiety and Stress Scale; GROC, Global Rating of Change; KOA, knee osteoarthritis; KOOS, Knee iInjury and Osteoarthritis 
Outcome Score; ÖMPSQ–Short, Örebro Musculoskeletal Pain Screening Questionnaire; S- LANSS, Leeds Assessment of Neuropathic Symptoms and 
Signs; TAFE, Technical and Further Education.

Table 1 Continued
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In addition, when the variables that were not selected (eg, 
other subscales of KOOS, ÖMPSQ, PSEQ) were substi-
tuted into the multivariable model as sensitivity analyses, 
findings were consistent regardless of which of the vari-
ables were used (not presented).

Of the nine variables retained in the final model, only 
four were observed to be independently associated with a 
poor response to the non- surgical management of KOA, 
as shown in table 2. Patient characteristics associated 
with a lower odds of a poor response included higher 
patient expectations of benefit with the OR 0.74 (0.63 
to 0.87) per 1/10 point score increase (p<0.001), indi-
cating the odds of a poor response reduces with higher 
patient expectations; higher self- reported knee function 
(KOOS Function—Daily Living) with the OR 0.67 (0.51 
to 0.89) per 10/100 point score increase (p<0.01), indi-
cating the odds of a poor response reduced with higher 
self- reported knee function. Patient characteristics asso-
ciated with greater odds of a poor response included 
greater varus frontal knee alignment in standing with 
the OR 1.35 (1.03 to 1.78) per 5° increase in varus angle 
(p=0.03), suggesting increased odds of a poor response 
with greater recording of knee varus angle; and reported 
severe medial compartment degenerative change on 
imaging with the OR 3.11 (1.04–9.3) (p=0.04), suggesting 
a severe rating on imaging is associated with greater odds 
of a poor response than a reported mild degenerative 

rating. Service site was not a significant factor in the 
model (p=0.64).

DISCUSSION
Study findings support our hypothesis that a mix of patient 
characteristics including cognitive (expected benefit of 
management, perceived daily function), physical (frontal 
knee alignment) and radiological (degenerative severity) 
characteristics may be associated with a poor response 
to non- surgical multidisciplinary management of KOA 
within the tertiary care service under study. Collectively, 
these findings describe poor responders within a biopsy-
chosocial context as generally being more severely 
disabled, matched by more severe knee pathology, and 
more negative outlook regarding their likely capacity to 
benefit from non- surgical management. These findings 
provide clinicians within these tertiary settings some 
scope to identify patients at the initial consultation who 
may be more unlikely to benefit from this line of care. 
This knowledge provides opportunity for early manage-
ment planning that may include more finely tailored 
non- surgical interventions to specifically address identi-
fied risk factors, or earlier referral for specialist medical 
consultation if not benefitting.

We evaluated the patient’s perceived expected benefit 
from the recommended multidisciplinary management 
using a simple visual analogue scale. With higher patient 

Table 2 Patient characteristics in final model (c- statistic=0.82) demonstrating a relationship with reporting a poor response 
(GROC ≤+1) to the non- surgical multidisciplinary management of KOA

Variables Adjusted OR (95% CI) P value

General and global health measures

Total body pain areas (per 1/18 additional reported painful body regions) 1.08 (0.97 to 1.21) 0.17

Psychological measures

Patient expectations of benefit (per 1/10 points increase in score) 0.74 (0.63 to 0.87) <0.001

Condition- specific symptoms and signs

KOOS Function—Daily Living (per 10/100 points increase in score) 0.67 (0.51 to 0.89) <0.01

Frontal knee alignment (per 5° increase in varus angle) 1.35 (1.03 to 1.78) 0.03

Medial compartment degenerative change

  Absent 1.27 (0.29 to 5.64) 0.75

  Mild Referent

  Moderate 2.39 (0.84 to 6.79) 0.1

  Severe 3.11 (1.04 to 9.3) 0.04

Symptom duration (%>12 months (n)) 1.26 (0.53 to 3.01) 0.6

Associated symptoms—Joint noises (% yes (n)) 1.28 (0.59 to 2.75) 0.54

Knee extension lack (per 5° increase in extension range) 0.95 (0.71 to 1.27) 0.71

Symptom modification test (per 10% improvement) 1.06 (0.95 to 1.20) 0.29

ORs reflect either an increased (OR >1) or a decreased (OR <1) odds of a poor response associate higher scores (continuous measures) or 
presence of patient characteristics (categorical measures). Specifically, higher patient expectations of benefit and reported daily knee function 
(KOOS) reduced the odds of a poor response (OR <1), while a higher degree of varus frontal knee alignment and radiologically reported 
severe medial compartment degenerative change increased the odds of a poor response (OR >1).
GROC, Global Rating of Change; KOA, knee osteoarthritis; KOOS, Knee Injury and Osteoarthritis Outcome Score.
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expectation of benefit, the odds of patients reporting a 
poor response to management is reduced (OR 0.74 (0.63 
to 0.87) per 1 point increase). These findings are consis-
tent with previous studies in KOA10 and other condi-
tions35–40 showing negative/positive patient expectations 
about treatment benefits to influence outcomes. An indi-
vidual’s cognitive actions in response to recommended 
treatments are thought to reflect his or her beliefs about 
the potential benefits of recommended management 
approaches,41 potentially impacting his or her motivation 
to engage in interventions.42 43 Older adults with KOA 
have been reported to have low expectations of benefit 
from non- surgical interventions such as exercise.44 
Patient expectancy may be shaped by multiple factors 
including psychological variables such as fear avoidance, 
disease severity and X- ray findings, confidence in exercise 
capacity, and pain and disability level.44 45 Lower reported 
knee function at initial consultation was associated with 
a poorer response in both this current study and our 
previous study in KOA.8 This current study suggests that 
the odds of a poor response reduced (OR 0.67 (0.51 
to 0.89) per 10 point increase) with higher Daily Knee 
Function (KOOS) score signifying a better level of knee 
function. While lower perceived knee function may 
simply reflect a more severe disorder, cognitively it may 
also reduce the patient’s expectations that an activity- 
based management approach (such as that provided by 
the multidisciplinary service under study) will be bene-
ficial. While factors influencing patient expectations 
vary between individuals, findings support recommenda-
tions for determining patient expectations in the initial 
examination as it may impact patient–therapist commu-
nication.46 Skilled clinicians may communicate manage-
ment options with patients engaging them on a personal 
level, collaboratively problem solving personal perceived 
barriers to recovery and providing reassurance, and ulti-
mately improving the patients’ motivation to participate 
in recommended management approaches.

Patients with a severe radiological rating of medial knee 
compartment degeneration had, on average, greater than 
three times the odds (OR 3.11 (1.04 to 9.3)) of reporting a 
poor response to management compared with those with 
a mild rating (table 2). Although the wide CIs suggest this 
relationship may be variable between patients. Tradition-
ally, radiological degenerative severity has not been shown 
to be strongly associated with knee symptom level47 48 and 
functional impairment.49 However, more recent studies, 
including one incorporating five different racial/ethnic 
populations, have shown radiographic knee osteoarthritis 
to be strongly associated with the presence and severity of 
knee pain.50 51 This current study lends support to this more 
recent literature with a more severe level of medial knee 
degeneration increasing the odds of a poorer response. 
However, this was only for the medial compartment, as the 
severity of degenerative change was not related to response 
for the lateral or patellofemoral knee compartments. 
Furthermore, consistent with the wide 95% OR CIs for this 
measure (1.04–9.3), table 1 shows that 24% of participants 

who recorded a positive response to management also 
had a severe rating of medial degenerative change. This 
is important in the interpretation of findings as a severe 
rating of medial knee degeneration should not exclude 
a patient from a trial of non- surgical multidisciplinary 
management.

The radiological findings also complement the observed 
relationship between greater varus knee angle and poorer 
outcome. Degenerative changes and varus malalignment 
are thought to affect knee biomechanics, load distribution 
and quadriceps muscle strength, although the relationship 
between these variables and their impact on knee function 
is not entirely clear.52–56 We included the frontal knee align-
ment measure because of literature suggesting local knee 
mechanics may impact the therapeutic effect of interven-
tions such as exercise.57 58 Our findings support this propo-
sition. For every 5° increase in varus knee angle measured 
at the initial examination, the odds of later reporting a 
poor response increased notably (OR 1.35 (1.03 to 1.78)) 
(table 2). This rudimentary clinical measure of frontal 
plane knee alignment (recorded using a goniometer in 
standing) has been previously shown to be significantly 
related to radiological measures of alignment (r=0.67, 
p<0.0001).28 Although this clinical measure of frontal 
knee alignment is obviously influenced by other factors 
than just radiological knee alignment, it provides an acces-
sible method of evaluating a potentially valuable aspect of 
frontal knee mechanics associated with a patient’s response 
to management, which does not rely on costly and prob-
ably clinically inaccessible motion analysis or radiological 
measures.

Limitations
This study has limitations. The 17% dropout rate from 
baseline may have affected results, although baseline levels 
of knee disability were similar between completers/non- 
completers. Findings are also specific to patients within 
the service studied, patient characteristics recorded and 
outcome used (ie, GROC). Patients referred to this tertiary 
care service may represent those at the more severe end 
of the clinical spectrum and findings may be different in 
patients managed in other settings (eg, primary care). The 
large number of service leaders collecting measures across 
sites potentially increased the likelihood of measurement 
error, but we attempted to minimise this by providing a 
training manual and training session before the commence-
ment of the study. Radiological findings were limited to 
clinical descriptors (absent, mild, moderate, severe, degen-
erative change) to ensure measurement consistency across 
imaging types and service sites. Other radiological variables 
(eg, meniscus tear) requiring imaging techniques other than 
X- ray were not included as they were inconsistently available 
(ie, X- ray findings noted in 83% of participants, compared 
with MRI (21%) and CT (2%)). Other patient characteris-
tics (eg, medication use) may have been relevant but were 
beyond the scope of this study to record in enough detail to 
not be potentially misleading.
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CONCLUSIONS
This study identified four patient characteristics assessed 
at the initial consultation associated with a poor response 
to non- surgical multidisciplinary management of KOA in 
a tertiary care service. While low patient expectations, low 
self- reported knee function, a greater knee varus angle and 
severe radiological knee degeneration do not nullify a trial of 
non- surgical multidisciplinary management, their presence 
may signal to clinicians the need to further individualise care 
and judiciously monitor outcomes to avoid unproductive use 
of health resources and burden to the patient.
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