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A B S T R A C T

Objective: Describe “usual care” patterns of education, exercise, weight management, pain medication and other
nonsurgical treatments for knee osteoarthritis (OA) in people recommended for nonsurgical care by an ortho-
paedic surgeon.
Methods: We used a telephone-administered questionnaire to capture treatments people with knee OA used over
the three to six years after an orthopaedic surgeon recommended nonsurgical care. The primary outcome,
guideline-consistent nonsurgical treatments, was an aggregate measure defined as using education, exercise,
weight management, and at least one recommended medication. Secondary outcomes were first-line (education,
exercise, and weight management) and guideline-inconsistent treatments (orthoses, opioids, hyaluronic acid,
platelet rich plasma, and stem cell therapy). Multivariable robust Poisson regression assessed the association
between participant characteristics and use of guideline-consistent, first-line and guideline-inconsistent
treatments.
Results: 479 people were invited and 250 participated (52%). Participants were 58% female with a mean age 66.2
years. Participants received education by a healthcare professional (64%), exercised regularly (74%), used weight
management (38%), and used recommended pain medications (91%). All guideline-consistent nonsurgical
treatments were used by 19% of participants, 19% of participants used first-line treatments, and 42% used
guideline-inconsistent treatments. Over six years, 34% had another consult then underwent arthroplasty. Older
participants were less likely to use any treatment. People without post-secondary education were less likely to use
first-line treatments (RR 0.54, 95% CI: 0.30–0.96), and females were less likely to use guideline-inconsistent
treatments (RR 0.62, 95% CI:0.47–0.81).
Conclusions: Nonsurgical usual care for people with knee OA was not consistent with international clinical
guidelines.
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e risks; CI, Confidence intervals.
logy Outcomes Research, Department of Community Health Sciences, University of Calgary, 3280 Hospital Drive

.R. Mazzei), jackie.whittaker@ubc.ca (J.L. Whittaker), anna.kania-richmond@albertahealthservices.ca (A. Kania-
. Faris), tracy.wasylak@albertahealthservices.ca (T. Wasylak), Jill.Robert@albertahealthservices.ca (J. Robert), g.
gary.ca (D.A. Marshall).

m 4 March 2022; Accepted 16 March 2022
ier Ltd on behalf of Osteoarthritis Research Society International (OARSI). This is an open access article under the
/licenses/by-nc-nd/4.0/).

mailto:darren.mazzei@ucalgary.ca
mailto:jackie.whittaker@ubc.ca
mailto:anna.kania-richmond@albertahealthservices.ca
mailto:peter.faris@albertahealthservices.ca
mailto:tracy.wasylak@albertahealthservices.ca
mailto:Jill.Robert@albertahealthservices.ca
mailto:g.hawker@utoronto.ca
mailto:g.hawker@utoronto.ca
mailto:damarsha@ucalgary.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ocarto.2022.100256&domain=pdf
www.sciencedirect.com/science/journal/26659131
www.elsevier.com/journals/osteoarthritis-and-cartilage-open/2665-9131
https://doi.org/10.1016/j.ocarto.2022.100256
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ocarto.2022.100256


D.R. Mazzei et al. Osteoarthritis and Cartilage Open 4 (2022) 100256
1. Introduction

Rising incidence of knee osteoarthritis (OA) creates significant
burden on individuals and health systems [1,2]. International clinical
guidelines recommend a stepped treatment approach focused on symp-
tom management [3–8]. All guidelines recommend education, exercise,
and weight management as first-line treatments [3–8], meaning the
primary treatment in standard clinical practice [9], for everyone with
knee OA. Education programs should include knowledge about OA as
well as self-management techniques like goal setting, problem solving
and coping strategies [10]. Exercise recommendations include physical
activity, meaning any bodily movement [11], and therapeutic exercise
which are specific movements prescribed for improving or maintaining
OA symptoms [12]. Guidelines recommend physical activity dosages
similar to general health recommendations [13]. Therapeutic exercise is
more effective at improving symptoms than general physical activity [5].
All aerobic and strengthening therapeutic exercises are recommended
because a superior exercise type or dosage has not been found [12].
Pharmaceutical pain management is provided as an adjunct when
first-line treatments do not adequately relieve symptoms [9]. Cognitive
behavioural therapy and gait aids are additional adjunctive therapies
considered on a case-by-case basis [3]. Total knee replacement (TKR) is
appropriate when nonsurgical (first-line, pharmaceutical, and other ad-
juncts) treatments are not sufficient for symptom management [14].

International evidence suggests first-line treatments for knee OA are
underused in primary care while pharmaceutical and surgical treatments
are overused [15–19]. Previous research investigated use of nonsurgical
treatments over short periods [15,16,18,19], but knee OA is a chronic
disease and long-term use of these services are unknown. In addition,
prior research evaluated nonsurgical treatment use before referral to the
orthopaedic surgeon, not people with knee OA who attend a consultation
regarding TKR who are not surgical candidates (approximately 40% of
those referred [20]). First-line and pharmaceutical treatments would
typically be suggested to manage symptomatic knee OA for people who
are not surgical candidates, but actual use of these services after
consultation is unknown. We filled this knowledge gap by evaluating
long-term use of nonsurgical treatments after an orthopaedic surgeon
consultation.

Understanding what treatments people choose and how these stra-
tegies align with clinical guidelines can help heath systems design and
implement new services to fill these evidence-practice gaps. We describe
“usual care” patterns (the mixture of treatments that people attempt) in a
cohort with knee OA who were not surgical candidates then conduct
exploratory data analysis to identify participant characteristics associ-
ated with nonsurgical treatment use.

2. Methods

We followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for reporting cross-
sectional studies [21].

2.1. Study and design

This cross-sectional study was nested within a prospective cohort
study (BEST-Knee) [22,23]. Participants attended a TKR consultation at a
high-volume bone and joint central intake clinic with 25 orthopaedic
surgeons in Edmonton, Alberta, Canada between October 27, 2014 and
September 30, 2016. An orthopaedic surgeon confirmed knee OA as the
primary diagnosis, but did not recommend TKR during this initial
consultation. Participants were re-engaged between October 28, 2019,
and February 3, 2020 and invited to participate in a survey capturing
nonsurgical treatments used for OA symptom management since the
initial orthopaedic consultation.
2

2.2. Participants

Participants were enrolled if they previously consented to participate
in the BEST-Knee Study [22,23], had an orthopaedic surgeon diagnosis of
knee OA, deemed inappropriate for surgical intervention during the
initial orthopaedic consultation, were�30 years of age, had the ability to
read and comprehend English, and understand and provide written
consent to participate.

2.3. Data collection

We designed a telephone-administered questionnaire on REDCap, a
secure web-based application designed to support data capture for
research studies [24,25]. The questionnaire asked about
socio-demographics, comorbidities, health professional visits, and OA
treatments used after their initial orthopaedic consultation. Participants
were asked, “what interventions have you tried to helpmanage your knee
pain?” then selected from the following list: “medications,” “joint in-
jections,” “strategies to manage your weight,” “exercise,” “physio-
therapy,” “education about how to manage your knee without surgery,”
“the use of a walking aid (i.e. cane, walker, Nordic walking poles, etc.),”
“the use of joint protection (i.e. knee brace, orthotics, assistive devices),”
“mental health supports,” “saw a different surgeon,” “other,” and
“nothing.” Follow-up questions asked specific details about each type of
intervention and current use. Comorbidities were identified by
answering yes or no to the following list of conditions: “heart disease”,
“heart attack (myocardial infarction)”, “high blood pressure”, “high
cholesterol or lipids”, “stroke”, “asthma”, “chronic bronchitis”,
“emphysema or chronic obstructive pulmonary disease”, “diabetes”,
“kidney disease”, “liver disease”, “intestinal or stomach ulcer”, “rheu-
matoid arthritis”, “depression”, “low back pain”, and “other physical
impairment which limits your activity”. Participants were contacted
chronologically starting with the most recent orthopaedic surgeon
consultation.

2.4. Outcomes

The primary outcome, guideline-consistent nonsurgical knee OA
treatment use (yes or no), was an aggregate measure defined as having
used education, exercise, weight management (if body mass index �25
kg/m2), and at least 1 recommended medication (oral or topical anti-
inflammatory, acetaminophen, or corticosteroid injection) unless
gastrointestinal or cardiovascular contraindications are reported. This
treatment definition used the 2014 Osteoarthritis Research Society In-
ternational (OARSI) guidelines for nonsurgical treatment of knee OA [3]
to align with evidence-based recommendations that existed during the
participant's initial orthopaedic consultation. Our definition also aligns
with the 2019 OARSI guidelines because nonsurgical recommendations
did not change from 2014 to 2019. If statements with Boolean operators
(and/or) were used to create conditional expressions for the primary
outcome and coding was verified by visually inspecting the dataset.
Participants had guideline-consistent education if they reported that a
registered healthcare professional (orthopaedic surgeon, family doctor,
physiotherapist, chiropractor, naturopath, or other registered health
professional) provided formal instruction about OA and self-management
techniques. Guideline-consistent exercise was defined as self-reported
use of any amount of any exercise requiring muscular contraction for
health benefits or managing knee OA symptoms. Two definitions were
used to define an adequate dose of exercise. A minimum exercise dosage
to maintain physical function was defined as 55 min or more of moder-
ate�to�vigorous intensity physical activity per week which aligns with
evidence suggesting this dosage best predicts disability-free status over
four years in people with knee OA [26]. A minimum exercise dosage for
general health maintenance was defined as 150 min or more of moder-
ate�to�vigorous intensity physical activity per week which aligns with
current Canadian Society of Exercise Physiologist guidelines [27,28].



Fig. 1. Participant flow diagram.
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Guideline-consistent weight management was defined as attempted
weight management reported by people with body mass index �25
kg/m2 as per the conventional cut-off point between normal and over-
weight categories [29]. All people <25 kg/m2 were defined as receiving
guideline-consistent weight management if they did or did not report
attempting weight management.

Secondary outcomes evaluated prior use of first-line treatments and
guideline-inconsistent treatments. First-line treatments are a subset of
the primary outcome measure and defined as education, exercise, and
weight management (if body mass index �25 kg/m2). Guideline-
inconsistent treatments are defined as knee braces, foot orthotics, other
orthoses, opioid use, and injections (hyaluronic acid, platelet rich
plasma, and stem cell therapy) because 2014 guidelines suggested these
interventions lack evidence, are of limited efficacy, and/or have an
unfavourable risk profile (2019 guidelines made a similar statement).
Knee braces, foot orthotics, and other orthoses were included in the
definition for guideline-inconsistent treatments because these biome-
chanical interventions were the only interventions included in the 2014
guidelines [30], but removed in 2019 guidelines [3] due to inadequate
efficacy and poor-quality evidence.

2.5. Sample size

King et al. found 39% of participants in the BEST-Knee study had not
attempted all nonsurgical treatments prior to surgical referral to
centralized clinics [20]. We estimated that a sample size of 250 partici-
pants would provide 90% power to detect a 20% minimum difference in
participant characteristics, such as age and sex, between those who used
and did not use guideline-consistent nonsurgical treatments if 40% of our
sample used nonsurgical treatments and p-value was set at < 0.05.

2.6. Statistical methods

Participant characteristics were summarized using frequencies, me-
dians and interquartile ranges or means and standard deviations, as
appropriate. Continuous variable distributions were assessed for
normality. Characteristics for respondents/non-respondents, the entire
sample, and those who used or did not use guideline-consistent nonsur-
gical treatments, first-line treatments, and guideline-inconsistent
nonsurgical treatments were compared using the Chi-square test,
Fisher's exact test, or Student's t-test, as appropriate.

This study evaluates the combination of sex and gender using the
term sex because pre-consult questionnaires did not separate gender (i.e.,
man, woman, and gender diverse people) from sex at birth (i.e., male or
female). A race-based analysis was not possible because 91% of the
sample identified as Caucasian.

Robust Poisson regression models enabled us to express associations
between participant characteristics and health outcomes as relative risks
[31] (RR)(the risk of a health event in one group divided by the risk of a
health event in another group [32]). The following variables were
assessed individually for association with primary and secondary out-
comes: sex, age, level of education (post-secondary vs less), household
income (> and < $60,000/year), marital status (married vs divorce/se-
parated/widowed), living arrangement (living alone vs living with
spouse/family/relatives), specific comorbidities (yes/no), number of
comorbidities (0, 1, 2, and 3þ), reason for nonsurgical recommendation
reported by the orthopaedic surgeon (symptoms not severe enough, pa-
tient declined surgery, another treatment should be tried first and other
reason), and whether the participant proceeded to surgery at a later date.
Specific comorbidities were evaluated as some (i.e., heart disease, kidney
disease, and gastrointestinal disease) may contraindicate use of
guideline-consistent pharmaceuticals. The number of comorbid condi-
tions was assessed to evaluate the overall burden of comorbidity. Vari-
ables were excluded from the model if sample size in either group was
below 10. Robust Poisson regression models were built with all hy-
pothesized variables and variables with statistically significant (p-value
3

<0.05) association in univariate analysis. Variables were entered in the
model using stepwise selection based on p-value (low-to-high). Likeli-
hood ratios were assessed to determine which nested model performed
best. Models produced similar results, so we reported models with all
hypothesized variables. All RR in the robust Poisson regression are pre-
sented with 95% confidence intervals (CI) and two-sided p-value of 0.05
was considered statistically significant. A small fraction (4%) of our data
was missing. We are reporting observed data only because we cannot
conclude that our data was missing at random and exploratory multiple
imputation made no appreciable difference to the primary outcome
results.

Statistical analyses were performed using STATA (v15.1. College
Station, Texas, USA). The study was approved by the Research Ethics
Boards at the University of Calgary (REB 14-1294).

3. Results

3.1. Participants

Of 563 people who were not candidates for surgical intervention
during the initial orthopaedic consultation, we attempted to contact 479,
and 250 agreed to participate (52% response rate) (Fig. 1). All participant
characteristics in Table 1 were similar between respondents (58% fe-
male, mean age 66.2 year, 95% CI, 65.1 to 67.2) and non-respondents
(61% female, mean age 64.1 year, 95% CI, 62.7 to 65.4) except the or-
thopaedic surgeon selected “other” as the reason for not recommending
TKR in significantly less respondents than non-respondents (n ¼ 11 vs n
¼ 36, p¼ 0.001). We could not identify a pattern in the written responses
that accompanied the “other” classification.

Participants were 58% female, mean age of 66.2 years (95% CI, 65.1
to 67.2) and 55% had attended post-secondary education (Table 1).
Orthopaedic surgeons did not recommend TKR during the initial
consultation because: symptoms were not severe enough (56%), recom-
mended trying another treatment first (20%), co-morbidities made



Table 1
Participant characteristics.

Overall n
¼ 250

Use of recommended nonsurgical
treatments

Used All n
¼ 46

Did Not Use
All n ¼ 191

P-
value

Demographics
Female 146 (58.4) 34 (73.9) 112 (58.0) 0.047*
Age, years, mean (SD)a 66.2 (8.3) 63.3 (7.8) 66.9 (8.3) 0.008*
Working 48 (19.2) 13 (28.3) 34 (17.6) 0.103
Retired 178 (71.2) 29 (63.0) 140 (72.5) 0.297
Post-secondary 137(54.8) 33(71.7) 104(54.5) 0.033*
Annual income >

$60,000
157 (62.8) 27(58.7) 124(64.3) 0.265

Married 172 (68.8) 28 (60.9) 136 (70.5) 0.171
Living w/spouse 166(66.4) 32(69.6) 126(65.3) 0.426
Proceeded to surgery at
later date

85 (34.0) 18 (39.1) 64 (33.2) 0.443

Co-Morbidities
BMI, kg/m2, mean
(SD)a

33.5 (6.7) 34.7 (7.3) 33.2 (6.6) 0.2527

BMI �25 kg/m2

(overweight or
obese)a

221 (88.4) 37 (80.4) 184 (95.4) 0.213

Heart disease 43 (17.2) 5 (10.9) 37 (19.2) 0.280
Hypertension 136 (54.4) 21 (45.7) 109 (56.5) 0.192
High cholesterol 87 (34.8) 11 (23.9) 73 (37.8) 0.087
Stroke 5 (2.0) – 5 (2.6) 0.586
Asthma 18 (7.2) 8 (16.7) 10 (5.2) 0.001*
Lung disease 18 (7.2) 2 (4.2) 16 (8.4) 0.538
Diabetes 55 (22.0) 12 (26.1) 42 (21.8) 0.558
Kidney disease 11 (4.4) – 10 (5.2) 0.216
Liver disease 4 (1.6) – 4 (2.1) 1.0
Gastrointestinal disease 11 (4.4) 1 (2.2) 8 (4.2) 1.0
Rheumatoid arthritis 4 (1.6) 1 (2.1) 3 (1.6) 0.577
Depression 35 (14.0) 9 (19.6) 23 (11.9) 0.226
Low back pain 123 (49.2) 17 (35.4) 100 (52.4) 0.032*
Other physical
impairment

67 (26.8) 12 (26.1) 51 (26.4) 0.963

Number of Co-Morbidities
0 34 (13.6) 9 (19.6) 24 (12.4)
1 61 (24.4) 14 (30.4) 43 (22.3) 0.246
2 50 (20.0) 9 (19.6) 40 (20.7) 0.861
3a 105 (42.0) 14 (30.4) 86 (44.6) 0.081
Missing 11(4.4)

Reason for Non-Surgical Diagnosis
Symptoms are not
severe enough

140 (56.0) 27(58.7) 110 (57.0) 0.834

Another treatment
should be tried first

50 (20.0) 8 (17.4) 40 (20.7) 0.612

Co-morbidity 35 (14.0) 6 (13.0) 26 (13.5) 1.00
Patient declined
surgery

14 (5.6) 2 (4.3) 10 (5.2) 0.816

Other 11 (4.4) 3 (6.5) 7 (3.6)
Missing 11(4.4)

Note: values represent n (%) unless otherwise stated. Thirty-four different uni-
variate analyses with p-value of 0.05 suggests there is an 83% chance that a
statistically significant finding is a false positive.
*¼ p-value< 0.05 when evaluating participant characteristic between those who
used and did not use guideline-consistent nonsurgical treatments.

a during initial orthopaedic consultation.

Table 2
Use of nonsurgical treatments over three to six years post consult.

Overall
n(%)
n ¼ 250

All guideline-consistent treatmentsa with any volume of self-
reported exercise

46 (19.3)

All guideline-consistent treatments with �55 min/wk exercise
threshold

39 (16.3)

All guideline-consistent treatments with �150 min/wk exercise
threshold

31 (13.0)

First-line treatmentsb 48 (19.2)
Guideline-inconsistent treatmentsc 105 (42.0)
Educationd 150 (60.0)
All self-reported exercisee 185 (74.0)
�55 min/wk exercise threshold 158 (63.2)
�150 min/wk exercise threshold 124 (49.6)

Weight managementf 89 (37.2)
Medicationsg 228 (91.2)
Used at least 1 guideline-consistent therapy 247 (98.8)

a used education, exercise, weight management (if body mass index �25 kg/
m2), and at least 1 recommended medication (oral or topical anti-inflammatory,
acetaminophen, or corticosteroid injection) unless gastrointestinal or cardio-
vascular contraindications are reported.

b education, exercise, and weight management (if body mass index �25 kg/
m2).

c joint protection, opioid use, and injections (hyaluronic acid, platelet rich
plasma, and stem cell therapy).

d reported that a registered health professional (orthopaedic surgeon, family
doctor, physiotherapist, chiropractor, massage therapist, naturopath, or other
registered health professional) provided formal instruction about OA and self-
management techniques.

e participants self-reported use of any amount of any exercise requiring
muscular contraction for the purpose of health benefits or managing knee OA
symptoms.

f attempted weight management by people with body mass index �25 kg/m2.
All people <25 kg/m2 were defined as receiving guideline-consistent weight
management if they did or did not report attempting weight management.

g used any dose of oral or topical anti-inflammatory, acetaminophen, or
corticosteroid injection.
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surgical risk outweigh the benefits (14%), patient declined surgery (6%),
and other reason (4%). Over 6 years, 34% of participants proceeded to
TKR (these participants reported use of nonsurgical treatments between
the initial and second orthopaedic consultation).
3.2. Primary outcome

Guideline-consistent nonsurgical treatments were used by 19% of
participants following their initial orthopaedic consultation (Table 2).
4

Participants received education from at least one health professional
(60%, n ¼ 150), exercised regularly (74%, n ¼ 185), used weight man-
agement techniques (37%, n ¼ 89), and used guideline-consistent pain
medications (91%, n ¼ 228). Almost everyone (99%) reported using at
least one guideline-consistent nonsurgical treatment. Participants
received education from an orthopaedic surgeon (40%, n ¼ 101), family
doctor (31%, n ¼ 77), physiotherapist (8%, n ¼ 20), chiropractor (<2%,
n¼<5), naturopath (<2%, n¼<5), education class (6%, n ¼ 15), friends
(10%, n¼ 26), internet (10%, n¼ 27), other source (9%, n¼ 23) or have
not learned anything about OA (20%, n ¼ 50). Participants reported
regularly exercising by walking (52%, n ¼ 129), biking (18%, n ¼ 44),
strength training (12%, n ¼ 31), take the GLA:D program [33] (4%, n ¼
9), swimming (6%, n ¼ 14), aquacise (7%, n ¼ 18), deep water workouts
(<2%, n¼<5), or other (9%, n¼ 23). The average active person reported
exercising for 343 min per week (95% CI, 299.5 to 386.8) over 3.7 days
per week (95% CI 3.0 to 4.3), but 15% did not meet the minimum dosage
to maintain their functional status (n ¼ 27) and 33% did not meet the
minimum dosage to maintain overall health (n ¼ 61). Participants re-
ported taking acetaminophen (46%, non-prescription and 8% prescrip-
tion, n ¼ 116 and n ¼ 19 respectively), topical non-steroidal
autoinflammatory (NSAIDs) (8%, non-prescription and 18% prescrip-
tion, n¼ 19 and n¼ 46 respectively), oral NSAIDs (23%, n¼ 55), opioids
(10%, n ¼ 26), anti-depressant (7%, n ¼ 18), chondroitin (3%, n ¼ 7),
risedronate (<2%, n¼<5), or other medication (12%, n ¼ 29). Most
participants received at least one corticosteroid injection (65%, n¼ 163).



Table 3
Relationship between participant characteristics and use of nonsurgical
treatments.

Use of Recommended
Nonsurgical Treatmentsa

Adjusted RR (95% CI) n ¼ 237

Age, per yr increase 0.97 (0.94–0.99)*
Low back pain 0.59 (0.31–1.11)
Did not attend post-secondary education (attended
post-secondary reference)

0.58 (0.33–1.04)

Female sex (male reference) 1.50 (0.81–2.77)
3 or more co-morbidities 0.78 (0.39–1.59)
Not married (married reference) 1.37 (0.83–2.28)
Obeseb (non-obese reference) 0.85 (0.45–1.59)
Depression 1.29 (0.67–2.42)
Working (not working reference) 1.05 (0.77–1.44)
Had surgery later (did not have surgery reference) 1.48 (0.74–2.06)
Reference: age, no reported low back pain,
attended post-secondary education, male,< 3 co-
morbidities, married, not obese, no reported
depression,

not working, and did not have surgery at a later date

1.00

Log likelihood ¼ �112.50, AIC ¼ 1.04, BIC ¼ �1102.77.
Note: values are derived from a Poisson regression model.
RR ¼ Risk Ratio, the risk of a health event in one group divided by the risk of a
health event in another group [22]; adjusted for age, low back pain,
post-secondary education, sex, three or more comorbidities, marital status,
obesity, depression, work status and proceeded to surgery after a subsequent
orthopaedic consultation.
*¼ p-value < 0.05.

a used education, exercise, weight management (if body mass index �25 kg/
m2), and at least 1 recommended medication (oral or topical anti-inflammatory,
acetaminophen, or corticosteroid injection) unless gastrointestinal or cardio-
vascular contraindications are reported.

b Obese defined as � 30.0 kg/m.2.

Table 4
Relationship between participant characteristics and use of first-line treatments.

Use of Recommended First-
Line Treatmentsa

Adjusted RR (95% CI) n ¼ 237

Age, per yr increase 0.97 (0.94–0.99)*
Did not attend post-secondary education (attended
post-secondary reference)

0.54 (0.30–0.96)*

Low back pain 0.60 (0.32–1.11)
3 or more co-morbidities 0.72 (0.36–1.44)
Female sex (male reference) 1.44 (0.80,–2.60)
Working (not working reference) 1.14 (0.89–1.47)
Depression 1.23 (0.65–2.33)
Obeseb (non-obese reference) 0.87 (0.48–1.57)
Not married (married reference) 1.27 (.78–2.07)
Reference: age, attended post-secondary education,
no reported low back pain,

<3 co-morbidities, male, not working, no reported
depression, non-obese, and married

1.00

Log likelihood ¼ �115.65, AIC ¼ 1.06, BIC ¼ �1105.95.
Note: values are derived from a Poisson regression model.
RR ¼ Risk Ratio, the risk of a health event in one group divided by the risk of a
health event in another group [22]; adjusted for age, post-secondary education,
low back pain, three or more comorbidities, sex, work status, depression, obesity
and marital status.
*¼ p-value < 0.05.

a education, exercise, and weight management (if body mass index �25 kg/
m2).

b Obese defined as � 30.0 kg/m2.

Table 5
Relationship between participant characteristics and use of guideline-
inconsistent treatments.

Use of Recommended Guideline-
Inconsistenta Treatments
Adjusted RR (95% CI) n ¼ 237

Age, per yr increase 0.97 (0.96–0.99)*
Female sex (male reference) 0.62 (0.47–0.81)*
Working (not working reference) 0.97 (0.81–1.17)
Did not attend post-secondary education
(attended post-secondary reference)

0.86 (0.64–1.14)

Had surgery later (did not have surgery
reference)

0.88 (0.65–1.20)

Reference: age, male sex, not working,
attended post-secondary education, and did
not proceed to surgery at a later date

1.00

Log likelihood ¼ �181.99, AIC ¼ 1.59, BIC ¼ �1105.14.
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No participants reported using disease modifying anti-rheumatic drugs.
Capsaicin, diacerein, and rosehip powder were recommended in the
2014 guidelines, but not used by any participants. Medications were
taken as needed (48%, n¼ 96), daily (44%, n¼ 88), weekly (6%, n¼ 12),
monthly (<3%, n¼<6), or other (<3%, n¼<6). Participants spoke with
their family doctor about weight management (4%, n ¼ 9), saw a dieti-
cian (11%, n¼ 36), followed the Canada Food Guide [34] (<2%, n¼<5),
attended a weight loss program (4%, n ¼ 11), ate less (16%, n ¼ 40), or
other (10%, n ¼ 24). People were 3% less likely to use
guideline-consistent treatments for each additional year of age (RR 0.97,
95% CI 0.94 to 0.99) (Table 3).
Note: values are derived from a Poisson regression model.
*¼ p-value < 0.05.
RR ¼ Risk Ratio, the risk of a health event in one group divided by the risk of a
health event in another group [22]; adjusted for age, sex, work status,
post-secondary education, and proceeded to surgery after a subsequent ortho-
paedic consultation.

a joint protection, opioid use, and injections (hyaluronic acid, platelet rich
plasma, and stem cell therapy).
3.3. Secondary outcomes

First-line treatments were used by 19% of participants after their
initial orthopaedic consultation (Table 2). People were 3% less likely to
use first-line treatments for each additional year of age (RR 0.97, 95% CI
0.94 to 0.99) and 45% less likely to use first-line treatments if they did
not attend post-secondary education (RR 0.54, 95% CI 0.30 to 0.96)
(Table 4).

Guideline-inconsistent treatments were used by 42% of participants
after their initial orthopaedic consultation (Table 2). Participants re-
ported using knee braces (31%, n¼77), foot orthotics (<2%, n¼<5),
other orthoses (<2%, n¼<5), opioid use (10%, n¼26), hyaluronic acid
(9%, n¼24), platelet rich plasma (<2%, n¼<5), and stem cell therapy
(<2%, n¼<5) over the study period. People were 3% less likely to use
guideline-inconsistent treatments for each additional year of age (RR
0.97, 95% CI 0.96 to 0.99) and 39% less likely to use guideline-
inconsistent treatments if they were female (RR 0.62, 95% CI 0.47 to
0.81) (Table 5).
5

4. Discussion

Only one in five people reported using all guideline-consistent
nonsurgical treatments and first-line treatments after an orthopaedic
surgeon suggested nonsurgical treatment. However, two in five people
reported using treatments which do not align with current clinical
guidelines. Older participants were 3% less likely to report using
guideline-consistent, first-line and guideline-inconsistent treatments per
year of age which is equivalent to 26% less likely over a 10-year age span.
Meanwhile, people who did not attend post-secondary education were
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45% less likely to use guideline-consistent treatments and females were
38% less likely to use guideline-inconsistent treatments. We assume these
results are best interpreted as gender differences, rather than sex, because
sociocultural factors (i.e., family, caregiving, or care-receiving roles) are
more likely to impact use of treatments than biology. Our results show a
wide gap between what guidelines recommend and what treatments
people use to manage their knee OA before surgery is indicated.

Clinical guidelines have recommended education, exercise, and
weight management for 25 years [35], but use remains low. Our results
showed that 80% of participants have not used all the
guideline-consistent treatments after an orthopaedic consultation. These
findings are lower than two systematic reviews [16,18] that showed 60%
of community-based participants have not received appropriate first-line
OA care in the USA, UK, Norway, Canada, and Australia. Our results may
have been different because our aggregate measure and sample were
more specific than the cumulative quality indicators and broad sample of
community-based participants in both systematic reviews [16,18]. Our
results were also lower than King et al. [20] who observed that 40% of
people with knee OA have not attempted first-line treatments before
proceeding to TKR. Our study and King et al. both evaluated people with
knee OA referred to the same clinic, but King et al. evaluated nonsurgical
treatments before consultation in people who proceeded to surgery while
we evaluated nonsurgical treatments after consultation in people who
did not proceed to surgery. These two populations may have different
treatment preferences, but our results combined with King et al. suggests
people are not using optimal nonsurgical OA care before or after an or-
thopaedic consultation. Our results can be generalized to people with
symptomatic knee OA who are not currently eligible for TKR, but our
sample was younger, had higher income and were more highly educated
than a population-level cohort in Ontario Canada [36]. Low uptake of
first-line treatments aligns with global trends showing these safe, effec-
tive, and appropriate treatments are underused in clinical practice
[15–19]. Barriers to optimize use of first-line treatments include service
availability, time, cost, referral patterns, and beliefs held by patients and
health care professionals which may not align with current evidence [37,
38]. We also observed that age, education, and gender-related differences
might be associated with barriers to access care. In a forthcoming pub-
lication, we report on our qualitative study which explored access bar-
riers in a subset of participants from this study.

We found a significant gap between “usual care” and clinical guide-
lines. People might use a combination of treatments that manage their
symptoms and fit their preferences, but using all treatments could pro-
vide significant health benefits [39,40]. We could not separate thera-
peutic exercise for OA from general exercise. However, 32% of
participants reported seeing a physiotherapist so we can assume that only
a small subset of our active participants were actually prescribed thera-
peutic exercise. Half our sample did not meet the Canadian Physical
Activity Guidelines and 37% were not physically active enough to
maintain their mobility. This level of sedentarism was surprising since
exercise improves OA-related health outcomes [41] and prevents 35
chronic conditions [42,43]. Also, 87% of participants had at least one
co-morbidity where exercise was recommended as standard treatment
[42] which means increasing physical activity in the OA population is an
opportunity to produce multi-system health benefits. Almost 90% of
participants were overweight or obese (� 25 kg/m2), but only 37% of
participants attempted to manage or reduce their weight. Reducing body
weight by 5–10% can improve OA-related health outcomes [39,40,44],
but people may not believe weight management will have a meaningful
impact on their OA symptoms and disease progression [45]. Increasing
use of weight management programs is critical because the combination
of diet and exercise produces better clinical improvements than exercise
or diet alone [39,40]. Almost every participant used guideline-consistent
pain medications which is similar to previous findings [19], suggesting
pharmaceuticals are people's primary method of managing knee OA
instead of lifestyle interventions. Low opioid use is noteworthy. Only
10% of participants reported using opioids which is lower than King
6

et al.’s finding where 30% reported currently using opioids [46]. How-
ever, participants in King et al. were taking opioids before consultation
and proceeded to surgery so they might have had more severe disease
than our sample who reported after consultation use of opioids and did
not proceed to surgery following the initial orthopedic consultation.

First-line treatments are safe [30], appropriate [30], effective [41],
and efficient [47], but these proven treatments continue to be underused.
Increasing use of first-line treatments could improve health outcomes for
people living with OA and lead to better health system performance. A
randomized controlled trial evaluating knee replacement observed that
68% of surgical candidates randomized to an education and exercise
program have not proceeded to surgery two years after the intervention
[48]. This programwould pay for itself if 8% of people avoided TKR [49].
An efficient health insurance provider would offer coverage for low-cost
services before committing to high-cost care. For example, US Centers for
Medicare and Medicaid Services provides coverage for lifestyle change
programs [50] shown to reduce diabetes incidence by 58% [51]. Inte-
grating structured education, exercise, and weight management pro-
grams into standardized clinical pathways could ensure first-line
treatments are exhausted before surgical referral. Customizing in-
terventions to address sociocultural factors related to age, education, and
gender may help improve use of proven therapies in these sub-
populations. Future research should implement and evaluate referral
pathways and structured first-line therapy programs in health systems
and health insurance plans. Developing implementation guidelines,
health professional training programs, resources, models of care and
frameworks for quality monitoring have been identified as global prior-
ities [52].

Our study has limitations. Long duration between initial orthopaedic
consultation and telephone interview could lead to recall bias, although
the three to six year time period after orthopaedic consultation allowed
us to capture treatments for multiple years as this population manages
their chronic disease. Self-reported data can also be over or under-
reported, potentially leading to systematic bias [53,54]. However,
alternative data sources such as administrative data were not possible
because most education programs, exercise therapy, physiotherapy, and
dietician consultations are paid privately in the Canadian health system.
Second wave data collection, which was used in our study, is known to
produce lower response rates than the initial data collection [55]. Our
response rate (52%) could bias results, but similar respondent and
nonrespondent characteristics would suggest non-response bias is un-
likely. The nonsurgical treatment suggestions made by the orthopaedic
surgeon were not recorded during the initial consultation. A measure of
disease severity was not collected over the telephone. We estimated a
priori that 40% of our sample would use guideline-consistent nonsurgical
treatments, but only 20% met the case definition. Fewer participants
meeting the case definition meant our regression analyses were under-
powered and limited our ability to evaluate associations between
participant characteristics and use of nonsurgical treatments. Lastly, our
analysis was unable to separate the influence of sex (i.e., biological fac-
tors) and gender (i.e., sociocultural factors).

5. Conclusions

Only one in five participants used guideline-consistent nonsurgical
treatments to manage their knee OA within six years of orthopaedic
surgeon consultation, while two in five people used treatments not
consistent with clinical guidelines over the same time period. Increasing
use of education, exercise, and weight management could improve health
outcomes for people living with OA, reduce wait times for joint
replacement and increase value for money in the health system. Findings
may help inform decision-makers planning future OA service delivery to
optimize nonsurgical care.
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