
OPEN

© 2018 Joule Inc. or its licensors CMAJ OPEN, 6(3) E269    

Osteoarthritis is a common, disabling and costly dis-
ease.1–4 When medical management of knee osteoar-
thritis fails, total knee replacement is recommended 

with the intent of alleviating pain and improving function and 
quality of life.5–7 Total knee replacement is one of the fastest-
growing surgical interventions in the developed world.8–10 A 
decade ago, an increase of 139% in the procedure between 
1996/97 and 2006/07 in Canada was reported.11 An increase of 
100% was reported in the United States over a similar period,8 
with a projected increase of 143% by 2050.12 Demand for total 
knee replacement is expected to continue, with resultant ongo-
ing challenges managing wait times for surgery13 and resources 
in health care systems with increasing cost constraints.

Demand for total knee replacement is increasing owing 
to the rising prevalence of knee osteoarthritis from aging of 
the population, obesity and knee injury.14 However, aging of 
the population and obesity account for only about 20% of the 
increased number of total knee replacement operations in the 
United States.8,14 The procedure is being performed in 

younger people: data from the Canadian Joint Replacement 
Registry indicate that the greatest increase in total knee 
replacement volume is among those aged 45–54  years.11 
Other investigators have suggested that total knee replace-
ment is, perhaps inappropriately, being offered to those with 
less severe disease and symptoms.15 We aimed to determine 
whether there were differences in the demographic profile 
and osteoarthritis severity, defined by symptoms and disabil-
ity, of 2 cohorts of patients who had total knee replacement in 
Ontario over a 10-year period.
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Background: It has been suggested that total knee replacement is being performed in people with less-severe osteoarthritis. We 
aimed to determine whether there were differences in the presurgery profile, symptoms and disability of 2 cohorts who underwent 
total knee replacement over a 10-year period.

Methods: Patients aged 18–85 years undergoing primary total knee replacement for osteoarthritis at 1 of 4  sites in Toronto and 
Strathroy, Ontario, were recruited in a cohort study during 2006–2008 (cohort 1) and 2012–2015 (cohort 2). Patients undergoing uni-
compartmental or revision arthroplasty were excluded. Demographic and health (body mass index [BMI], comorbidity) variables and 
osteoarthritis severity, as assessed with the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and the dis-
ability component of the Late-Life Function and Disability Instrument (LLFDI-D), were collected before surgery. We calculated propor-
tions, means and standard deviations with 95% confidence intervals (CIs) for all data. We constructed density plots by tertile score for 
the WOMAC pain and physical function subscales and the LLFDI-D limitation scale.

Results: There were 494 patients in cohort 1 and 251 patients in cohort 2. There were no differences in age, sex, education, living 
status, BMI, comorbidity, pain severity or disability between the cohorts based on overlapping 95% CIs and the density plots. More 
patients in cohort 1 than in cohort 2 were single (176 [35.6%], 95% CI 32.5%–41.1% v. 63 [25.1%], 95% CI 20.3%–31.0%). Patients 
in cohort 2 reported less limitation in higher-demand activities than did those in cohort 1 (mean score on LLFDI-D 62.3 [95% CI 60.7–
63.9] v. 59.2 [95% CI 58.2–60.2]).

Interpretation: The patient profile and reported osteoarthritis severity were similar in 2 cohorts that had total knee replacement over a 
10-year period. This suggests that increasing total knee replacement volumes over this period likely were not driven by these factors.
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Methods

Cohort samples
Cohort 1 was recruited between March 2006 and March 2008, 
and all had their total knee replacement surgery between April 
2006 and April 2008. Cohort 2 was recruited between Novem-
ber 2012 and March 2015 and had their total knee replacement 
surgery between December 2012 and April 2015. Cohort 1 was 
recruited from 4 tertiary care centres in Toronto: the University 
Health Network, Mount Sinai Hospital, St. Michael’s Hospital 
and Sunnybrook Health Sciences Centre. Recruitment sites for 
cohort 2 included 3  sites: the University Health Network, St. 
Michael’s Hospital and Strathroy Middlesex General Hospital 
(a community-based hospital about 250 km from Toronto).

Eligibility criteria were the same for the 2  cohorts. All 
patients were deemed surgical candidates based on the sur-
geon’s usual criteria of radiographic severity, clinical findings, 
and patient symptoms and functional difficulties. All had 
agreed to primary total knee replacement for osteoarthritis. 
Additional eligibility criteria included age 18–85 years and suf-
ficient fluency in English to complete questionnaires and con-
sent. Exclusion criteria included total knee replacement for a 
condition other than osteoarthritis (e.g., injury or malignant 
disease), and unicompartmental or revision arthroplasty.

Data collection
Consenting patients completed questionnaires within 
1 month before surgery at their preadmission clinic visit. The 
questionnaire elicited demographic (age, sex, education level, 
marital status, living alone or with others) and health (body 
mass index, comorbidity) information and patient-reported 
outcomes of symptoms and functional limitations. Comorbid-
ity was evaluated with the disease listing (no/yes) of the Amer-
ican Academy of Orthopaedic Surgeons Comorbidity Ques-
tionnaire, which has been shown to be reliable and valid.16,17 
Participants recorded pain severity and functional limitations 
(e.g., walking, getting up from a chair, climbing up and down 
stairs, dressing) using the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), which has been 
shown to be reliable and valid.18,19 Higher-demand functional 
activities (i.e., participating in instrumental activities of daily 
living), personal roles (e.g., managing personal health, run-
ning errands, taking care of household business) and social 
roles (e.g., visiting friends/family, social activities, active recre-
ation and exercise) were evaluated with the limitation scale of 
the disability component of the Late-Life Function and Dis-
ability Instrument (LLFDI-D), which has been shown to be 
reliable and valid.20,21 The WOMAC and LLFDI-D subscales 
were scored 0–100, with higher scores representing less pain 
and functional limitation.

Statistical analysis
We calculated proportions, means and standard deviations 
with 95% confidence intervals (CIs) for all data for the 
2  cohorts. We constructed density plots for the WOMAC 
pain subscale, the WOMAC physical function subscale and 
the LLFDI-D limitation scale by tertile for both cohorts.

Ethics approval
Written informed consent was obtained from each participant 
in accordance with the ethics review board that approved the 
study at each participating site.

Results

The derivation of the analytic sample from among patients 
initially enrolled or approached about the study is shown in 
Figure 1. The analytic sample size of cohorts 1 and 2 was 494 
and 251, respectively. In both cohorts, the patients were on 
average 65 years of age, and both included more women than 
men (Table 1). Most had high school or greater education, 
and about 23% lived alone. A total of 176 patients (35.6%) in 
cohort 1 were single, compared to 63 (25.1%) in cohort 2; this 
was the only demographic variable for which the 95% CIs did 
not overlap, although the CIs for sex overlapped by only 
0.3  percentage points.

There were no differences in health variables between the 
2 cohorts. A total of 407 patients (82.4%) in cohort 1 and 194 
(77.3%) of those in cohort  2 were overweight or obese. 
Eighty percent of patients in both cohorts reported at least 
1 comorbid condition.

Osteoarthritis severity
There was no difference in disease severity between the 
cohorts based on the mean scores for the pain and physical 
function subscales of the WOMAC. The mean score on the 
LLFDI-D limitation scale was 59 for cohort  1 and 62 for 
cohort 2, and the CIs did not overlap. The density plots for 
each subscale are shown in Figure 2, Figure 3 and Figure 4. 
The plots for WOMAC pain and physical function across ter-
tiles of scores showed similar distributions for the 2 cohorts. 
The plots for the lower and upper tertile of LLFDI-D limita-
tion showed similar distributions for the cohorts, but the mid-
dle tertile for cohort 1 had a more restricted score range and 
higher density than that for cohort 2. Specifically, the middle 
tertile scores for cohort 1 ranged from 50 to 65, with peak 
density of 17, whereas the scores for cohort 2 ranged from 50 
to 70, with peak density of 12.

Interpretation

Although there were minor differences in marital status and 
presurgery ability to perform higher-demand activities 
between our 2  cohorts of patients who had total knee 
replacement for osteoarthritis, demographic characteristics, 
obesity and comorbidity, and severity of osteoarthritis symp-
toms and disability were consistent between the cohorts even 
though they were recruited at different times over a 10-year 
period. It is, however, important to note that the CI for sex 
overlapped by less than 1%, and the CIs for both marital sta-
tus and limitation in high-demand activities missed overlap-
ping by only 1%. The reason for this trend toward a larger 
proportion of men in the cohort recruited in the later period 
is not clear, but research suggests that men are more likely 
than women to access orthopedic surgeons in Ontario.22 
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Marital status is unlikely to influence whether a patient has 
total knee replacement, and, although the mean score for 
LLFDI-D limitation in high-demand activities was 3 points 
lower in the earlier cohort than in the later cohort, this differ-
ence is not clinically meaningful.21 There were no differences 
in scores on the WOMAC pain and physical function sub-
scales between the cohorts. Our findings from these samples, 
therefore, do not support that increased total knee replace-
ment volumes are in part due to those with less osteoarthritis 
severity having this surgery.

There was a 4-year gap in recruitment of our 2  cohorts, 
and the cohorts had 2 recruitment sites in common. The sam-
ple characteristics of our cohorts are similar to those of other 
total knee replacement cohorts, including an Ontario cohort 
of 1578 patients undergoing total knee replacement described 
in 2008.23 Patients undergoing total knee replacement gener-
ally are in their 60s, are overweight or obese, and have 
comorbidities.

Symptom and disability severity and the timing of total 
knee replacement for people with osteoarthritis are subject to 
debate. As with other cohorts,23 our data show that pain and 
disability scores before knee replacement largely reflect the 
available score range of the WOMAC and LLFDI-D. Some 
investigators have suggested that such data indicate that 
patients with too little pain and disability are having total knee 
replacement.15 However, osteoarthritis pain is known to fluc-
tuate; there is a constant, less-intense pain accompanied by 
more severe intermittent pain.24 This suggests that a single 
pain rating based on the prior week may not reflect the pain 
experience for a patient. In addition, Judge and colleagues25 
showed that patients with less severe osteoarthritis symptoms 
and disability benefit from and are just as satisfied with their 
outcome as those with more severe symptoms and disability. 
Research also shows that, although patients with severe symp-
toms and disability benefit, they do not achieve the gains from 
total knee replacement of those who report less pain and 
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Figure 1: Flow diagram showing derivation of the analytic cohorts. Note: LLFDI-D = Late-Life Function and Disability Instrument disability com-
ponent, WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
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functional limitations.23 These data with low-quality evidence 
for appropriateness,26 in sum, may contribute to the less than 
satisfactory application of appropriateness criteria for total 
knee replacement to date.15,27 Decisions to offer and proceed 
with total knee replacement are much more complex.28 There 

is increasing recognition of the need to consider the patient’s 
response (or lack thereof) to adequate conservative manage-
ment, including weight management, exercise and pharmaco-
therapy,29–32 as well as pain and disability and their impact on 
quality of life.

Table 1: Presurgery characteristics and osteoarthritis severity of 2 cohorts of patients who 
underwent total knee replacement

Variable

No. (%) of patients*

Cohort 1 (earlier)
n = 494

Cohort 2 (later)
n = 251

Age, yr

    Mean ± SD (95% CI) 64.9 ± 10.2 (64.0–65.8) 65.1 ± 9.2 (63.9–66.2)

    Range 35–87 43–90

Male sex; 95% CI 171 (34.6); 30.6–38.9 112 (44.6); 38.6–50.1

Education; 95% CI

    High school or greater 326 (66.0); 62.2–70.6 180 (71.7); 66.4–77.5

    Missing 4 (0.8) 2 (0.8)

Marital status; 95% CI†

    Single 176 (35.6); 32.5–41.1 63 (25.1); 20.3–31.0

    Missing 14 (2.8) 2 (0.8)

Living status; 95% CI

    Lives alone 121 (24.5); 20.9–28.5 49 (19.5); 15.7–25.8

    Missing 0 (0) 9 (3.6)

Body mass index; 95% CI

    Underweight 2 (0.4); 0.1–1.5 1 (0.4); 0.1–2.3

    Normal 83 (16.8); 13.8–20.4 49 (19.5); 15.5–25.5

    Overweight 184 (37.2); 33.2–41.8 76 (30.3); 25.7–37.2

    Obese 223 (45.1); 40.9–49.6 118 (47.0); 24.2–54.6

    Missing 2 (0.4) 7 (2.8)

≥ 1 comorbid condition; 95% CI 394 (79.8); 76.0–83.1 201 (80.1); 74.2–84.5

Hypertension; 95% CI 242 (49.0); 44.6–53.4 121 (48.2); 42.1–54.4

Cardiovascular disease; 95% CI 31 (6.3); 4.5–8.8 21 (8.4); 5.5–12.5

Diabetes; 95% CI 71 (14.4); 11.5–17.4 37 (14.7); 10.9–19.7

WOMAC pain‡

    Mean score ± SD (95% CI) 47.8 ± 17.8 (46.2–49.4) 49.3 ± 20.0 (46.8–51.8)

    Range 0–100 0–100

    Missing 11 (2.2) 3 (1.2)

WOMAC physical function‡

    Mean score ± SD (95% CI) 50.3 ± 18.5 (48.6–51.9) 50.3 ± 19.4 (47.9–52.7)

    Range 0–96 0–99

    Missing 8 (1.6) 5 (2.0)

LLFDI-D limitation†‡

    Mean score ± SD (95% CI) 59.2 ± 11.0 (58.2–60.2) 62.3 ± 12.9 (60.7–63.9)

    Range 23–100 19–100

    Missing 47 (9.5) 5 (2.0)

Note: CI = confidence interval, LLFDI-D = Late-Life Function and Disability Instrument disability component, SD = standard 
deviation, WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
*Except where noted otherwise.
†95% CIs do not overlap.
‡Scored 0–100, with higher scores indicating less pain and better function.



OPEN

 CMAJ OPEN, 6(3) E273

Research

0.10

0.08

0.06

0.04

0.02

0.00

0.10

0.08

0.06

0.04

0.02

0.00

Tertile 1 Tertile 2 Tertile 3

Cohort 1

Cohort 2D
en

si
ty

WOMAC pain score

0 25 50 75 100 0 25 50 75 100 0 25 50 75 100

Figure 2: Density plots showing distribution of presurgery Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) pain scores for cohorts 1 and 2 by tertile. 0 = no pain, 100 = extreme pain.
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Figure 3: Density plots showing distribution of presurgery Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) physical function scores for cohorts 1 and 2 by tertile. 0 = extreme difficulty, 100 = no difficulty.
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Limitations
Thirty percent of cohort 2 had incomplete outcome measures 
or did not complete 1 of the outcome measures, which pre-
cluded their inclusion in the study. The reasons for this are not 
clear, but we cannot discount that the exclusion of these 
patients limits the generalizability of our findings. Our sample 
included only patients fluent in English owing to the need to 
complete the questionnaires, and, therefore, the results must be 
interpreted in the context of this patient group. A large propor-
tion of people in both cohorts were highly educated, and our 
cohort may differ from others in this regard. However, Canada 
has been reported to have the highest proportion of people 
with higher education (i.e., more than high school), with Cana-
dian women accounting for the highest proportion,33 so gener-
alizability to the Canadian population is likely less problematic. 
In addition, although the age distribution of our cohorts does 
not support a shift to increased numbers of younger people 
having total knee replacement, younger people may have 
declined to participate in the study. Finally, our data are based 
on 2 cohorts recruited largely in tertiary centres in Toronto. 
Although the outcomes of patients in community and academic 
centres are similar,34 the presurgery profile of patients having 
surgery in community versus academic centres may differ.

Conclusion
Our data indicate that the demographic profile and symptom 
and disability severity of people who had total knee replace-

ment for osteoarthritis were unchanged over a 10-year period. 
Thus, it is unlikely that these factors are related to the 
increased volumes of total knee replacement procedures. 
Although this work needs to be replicated in other regions 
and with larger samples, tackling the rising volumes and asso-
ciated costs of total knee replacement likely needs a multifac-
eted strategy that addresses prevention of knee osteoarthritis 
and access to and delivery of evidence-based conservative 
management that may limit or delay the progression of knee 
osteoarthritis symptoms and disability.
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