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Abstract 

Background  Knee replacements are increasingly performed in older adults but uncertainty remains regarding 
their benefits in the context of age-related decline in physical function and other comorbidities. This study aimed to 
examine (1) the effect of knee replacement on functional outcomes in the context of age-related decline in physical 
function and (2) the factors associated with minimal important improvement in physical function after knee replace-
ment in community-dwelling older adults aged ≥ 70 years.

Methods  This cohort study was performed within the ASPREE trial, with 889 participants undergoing knee replace-
ment during the trial and 858 age- and sex-matched controls without knee or hip replacement identified from 16,703 
Australian participants aged ≥ 70 years. Health-related quality of life was assessed annually using the SF-12, including 
its physical and mental component summary (PCS and MCS). Gait speed was measured biennially. Multiple linear 
regression and analysis of covariance were used to adjust for potential confounders.

Results  Participants with knee replacement had significantly lower pre- and post-replacement PCS scores and 
gait speed compared with age- and sex-matched controls. Participants with knee replacement had significant 
improvement in PCS score following knee replacement (mean change 3.6, 95% CI 2.9–4.3) while PCS score remain-
ing unchanged in age- and sex-matched controls (-0.02, 95% CI -0.6 to 0.6) during follow-up period. The greatest 
improvements were observed for bodily pain and physical function. Following knee replacement, 53% of participants 
experienced minimal important improvement in PCS score (increased by ≥ 2.7), while 24% experienced worsened 
PCS score (reduced by > 2.7). Participants experiencing improved PCS score postoperatively had significantly lower 
PCS and higher MCS scores pre-surgery.

Conclusions  Although community-based older adults experienced a significant improvement in PCS scores after 
knee replacement, their postoperative physical functional status remained significantly lower than age- and sex-
matched controls. The degree of preoperative physical function impairment was a strong predictor of functional 
improvement, suggesting that this could be an important consideration when identifying older people most likely to 
benefit from knee replacement surgery.
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Background
Knee osteoarthritis is common with increasing age, 
causing pain and functional limitation [1]. Total knee 
replacement (TKR) has been shown to be a cost-effec-
tive intervention for severe osteoarthritis which relieves 
symptoms and restores function [2]. Previous studies 
have consistently demonstrated significant benefits of 
TKR on improving function and quality of life in hos-
pital and arthroplasty registry settings [3–7]. However, 
20–30% of patients continue to experience pain and 
functional limitation after total joint replacement [8], 
and up to one quarter of TKR recipients are dissatisfied 
with their outcomes despite undergoing a technically 
successful procedure [9, 10]. Based on data from differ-
ent countries, the median age at TKR was 69–70 years 
old [11–14], which means that almost half of all TKRs 
for osteoarthritis were performed in older adults aged 
70  years and over. A recent systematic review showed 
improvements of pain, function, and quality of life fol-
lowing TKR in patients aged 65  years and over [15]. 
However, there remains significant uncertainty regard-
ing the effectiveness of knee replacement in older 
adults who also experience age-related decline in physi-
cal function compounded by comorbidities. To date 
there are no data in older adults on how much TKR 
would improve physical functional status towards the 
comparable level of their age- and sex-matched peers. 
For older adults living with osteoarthritis and often a 
greater burden of comorbidity, it is important to iden-
tify the factors associated with clinically important 
improvement in physical function postoperatively 
because there is the potential that a knee replacement 
may have modest benefits in this context. Such evi-
dence is needed to inform clinical decision making 
around a major surgical intervention that is costly and 
entails a lengthy period of recovery, but has the poten-
tial to substantially improve physical function, quality 
of life and independence.

Thus, the aim of our study was (1) to examine the 
effect of knee replacement on functional outcomes in 
older adults aged ≥ 70 years, compared to age- and sex-
matched controls without joint replacement; and (2) 
to identify the factors associated with minimal impor-
tant improvement in physical function in participants 
who had a knee replacement. This study was embedded 
within a large community-based clinical trial of healthy 
community-dwelling older adults aged ≥ 70  years. 
This approach enables the impact of knee replacement 
in older people to be examined in the context of age-
related decline in physical function, which increases 
after the age of 70 years [16, 17].

Methods
Study population and setting
This cohort study was performed within the ASPirin 
in Reducing Events in the Elderly (ASPREE) trial [18, 
19], a randomised, placebo-controlled trial determin-
ing whether 100  mg/d aspirin extended disability-
free survival in 19,114 healthy, community-dwelling 
individuals from Australia (aged ≥ 70  years) and the 
USA (aged ≥ 65  years). The ASPREE study was con-
ducted in accordance with the Declaration of Helsinki 
1964 as revised in 2008, the NHMRC Guidelines on 
Human Experimentation, the federal patient privacy 
(HIPAA) law and ICH-GCP guidelines and the Inter-
national Conference of Harmonisation Guidelines for 
Good Clinical Practice. ASPREE exclusion criteria 
included history of diagnosed cardiovascular events, 
dementia or presence of physical disability (major dif-
ficulty with performing independently any one of six 
basic activities of daily living), resulting in a relatively 
‘healthy’, independently-living cohort at enrolment. 
The study was approved by Ethics Committees in Aus-
tralia and the USA, and registered on Clinicaltrials.gov 
(NCT01038583, registered 24/12/2009). All partici-
pants provided written informed consent. The median 
follow-up period was 4.7 years. The sample for the pre-
sent study was drawn from the 16,703 Australian par-
ticipants. The study was approved by site-specific ethics 
committees including the Royal Australasian College 
of General Practitioners Ethics Committee (NREEC 
02/22b), the Monash University Human Research Eth-
ics Committee (2006/745MC), the Human Research 
Ethics Committee (Tasmanian) Network (H0008933), 
ACT Health Human Research Ethics Committee 
(11/07.997), and The University of Adelaide Human 
Research Ethics Committee (H-250–2011). Australia 
has a universal healthcare system providing publicly-
funded access to joint replacement, with subsidised 
access available through private health providers.

Identification of participants with knee replacement 
and controls
Clinical documentation relating to hospitalisations 
for knee and hip joint surgical procedures during the 
ASPREE trial was reviewed, and participants with any 
knee replacement procedure (> 95% with the indica-
tion recorded as osteoarthritis) were identified. The first 
recorded in-trial knee replacement was used to confer 
status as having a knee replacement. Participants with 
knee replacement were matched 1:1 by age at time of 
knee replacement (± 1  year) and sex with controls (age 
at study entry) without knee or hip replacement during 
the trial (Fig. 1). Baseline was defined as the pre-surgery 
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study visit for participants with knee replacement and 
the ASPREE baseline study visit for controls.

Outcome measures
Health-related quality of life was assessed annually using 
the Medical Outcomes Study Short Form 12 Health Sur-
vey Version 2 (SF-12v2) [20], a generic health profile 
instrument consisting of 12 items that measure 8 health 
domains to assess physical and mental health: physical 
functioning, role physical, bodily pain, general health, 
vitality, social functioning, role emotional, and mental 
health. The scores of these domains can be weighted and 
summarised into two composite scores: physical compo-
nent summary (PCS) score and mental component sum-
mary (MCS) score [21]. The scores of PCS, MCS, and the 
8 domains range 0–100 with higher values indicating bet-
ter health status [21]. This scale has been used in older 
people undergoing TKR [22, 23].

Gait speed, a simple, objective indicator of physical 
function and mobility [24, 25], was measured at the ran-
domisation visit and thereafter biennially, as the time in 
seconds to walk 3 m at participant’s usual walking pace 
from a standing start, with a gait aid, if used. Time on the 
faster of two walks was the final gait speed measure [26].

For participants with knee replacement, the pre-knee 
replacement measure was selected as the study visit 
assessment undertaken immediately prior to the hos-
pitalisation (maximum 12  months from study visit to 
hospitalisation); the post-knee replacement measure 
was taken as the first available study visit assessment at 
least 6  months after the hospitalisation. For controls, 
outcomes were examined at study baseline, and then at 

1 year for physical and mental health and 2 years for gait 
speed after randomisation.

Covariates
Weight and height were measured, and data on date of 
birth, sex, years of education, and comorbidities (diabe-
tes, dyslipidemia, hypertension, chronic kidney disease, 
and cancer) were collected using questionnaires as previ-
ously described [18]. Body mass index (BMI) was calcu-
lated from weight/height2. Self-reported history of joint 
replacement prior to study enrolment was obtained from 
a questionnaire in a sub-study, the ASPREE Longitudinal 
Study of Older Persons [27].

Statistical analysis
Characteristics of participants with knee replacement 
and age- and sex-matched controls were compared using 
independent samples t-tests or chi-square tests, when 
appropriate. For aim 1 comparisons of changes in physi-
cal and mental health and gait speed between partici-
pants with knee replacement and controls, independent 
samples t-tests were used for unadjusted analyses, and 
multiple linear regression models were fitted with knee 
replacement vs control as the independent variable and 
change in functional outcomes as the dependent variable, 
adjusted for baseline BMI and time between outcome 
measures. For aim 2, participants with knee replace-
ment were categorised into three groups based on the 
minimal important change in PCS score which was 2.7 
points after TKR [28]: worsened (> 2.7 reduction), stable 
(change ≥ -2.7 and < 2.7), and improved (≥ 2.7 increase) 
physical function. To compare participant characteris-
tics among the physical function categories, analysis of 

Fig. 1  Participants with knee replacement and age- and sex-matched controls
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variance (ANOVA) was used for unadjusted analyses and 
analysis of covariance (ANCOVA) was used to adjust for 
covariates.

Stratified analyses by age category and sex were per-
formed. Sensitivity analyses were undertaken excluding 
participants who self-reported a history of joint replace-
ment at baseline. Additional adjustment for education 
was performed. To reduce the risk of type 1 error, adjust-
ment for multiple comparisons was undertaken and 
alpha set at 0.005 for this study. All analyses were under-
taken using STATA 16 (College Station, Texas USA).

Results
There were 889 participants with knee replacement 
and 858 age- and sex-matched controls (Fig. 1). Partici-
pant characteristics at ASPREE baseline are presented 
in Table  1. Participants with knee replacement had sig-
nificantly higher BMI and lower PCS score than controls. 
The scores of physical function, role physical, bodily 
pain, general health, vitality, and mental health were sig-
nificantly lower in participants with knee replacement 
compared with controls. Presence of comorbidities, edu-
cation, MCS score, scores of social functioning and role 
emotional, and gait speed did not differ significantly 
between participants with knee replacement and con-
trols. The median time between baseline and follow-up 

outcome measures was 464  days (range 238–1115) for 
participants with knee replacement and 361 days (range 
236–716) for controls.

Knee replacement and PCS
Prior to knee replacement, participants had significantly 
lower PCS score than age- and sex-matched controls 
(40.4 vs 47.7, p < 0.0001) (Table  2; Supplementary Fig.  1 
A). There was a significant improvement in PCS score 
following knee replacement (mean change 3.7, standard 
deviation [SD] 10.1), while no significant change was 
observed for controls over that time (-0.1, SD 7.5). Post-
knee replacement PCS score remained significantly lower 
than for controls (44.1 vs 47.6, p < 0.0001) (Table 2; Sup-
plementary Fig.  1 A). In analyses adjusted for BMI and 
time between outcome measures, significant improve-
ment in PCS score was observed in participants follow-
ing knee replacement but not in controls (mean change 
3.6 vs -0.02), with a significant between-group difference 
(3.6, 95% confidence interval [CI] 2.7, 4.6) (Table 2).

Knee replacement and MCS
Participants had a slightly higher MCS score prior to 
knee replacement than age- and sex-matched controls 
(56.7 vs 55.9, p = 0.04) (Table  2; Supplementary Fig.  1 
B). There was a decline in MCS score following knee 

Table 1  Characteristics of participants with knee replacement and matched controls at ASPREE baseline

Data presented as mean (standard deviation) for continuous variables, and no (%) for categorical variables

Participants with knee 
replacement
n = 889

Age- and sex-matched controls
n = 858

P

Age (matched), years 77.4 (4.2) 77.4 (4.2) 0.94

Females, n (%) 545 (61.3) 529 (61.7) 0.88

Education > 12 years, n (%) 323 (36.3) 357 (41.6) 0.02

Body mass index, kg/m2 29.9 (4.9) 27.8 (4.4)  < 0.0001

Diabetes, n (%) 85 (9.6) 83 (9.7) 0.94

Dyslipidemia, n (%) 626 (70.4) 584 (68.1) 0.29

Hypertension, n (%) 694 (78.1) 652 (76.0) 0.30

Chronic kidney disease, n (%) 208 (25.3) 224 (28.3) 0.18

Cancer, n (%) 166 (18.7) 164 (19.1) 0.35

Physical component summary score of SF-12 43.9 (9.6) 47.6 (9.0)  < 0.0001

Mental component summary score of SF-12 56.0 (7.6) 55.8 (7.0) 0.59

Physical function 43.5 (10.4) 47.3 (9.6)  < 0.0001

Role physical 47.1 (9.2) 49.5 (8.3)  < 0.0001

Bodily pain 44.9 (10.5) 49.2 (10.1)  < 0.0001

General health 50.4 (8.0) 51.8 (7.6) 0.0003

Vitality 53.5 (8.5) 54.8 (8.3) 0.001

Social functioning 52.8 (7.6) 53.5 (7.3) 0.04

Role emotional 50.7 (8.1) 51.4 (7.2) 0.049

Mental health 53.7 (8.3) 54.9 (7.9) 0.002

Gait speed, m/sec 1.02 (0.22) 1.03 (0.23) 0.55
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replacement (mean change -0.9, SD 8.5) which was not 
observed in controls (-0.1, SD 7.0), resulting in very 
similar MCS score at follow-up (55.8 vs 55.8, p = 0.94) 
(Table  2; Supplementary Fig.  1 B). In adjusted analyses, 
participants with knee replacement had a decline in MCS 
score which was not seen in controls (mean change -1.0 
vs 0.02), with little between-group difference (-1.0, 95% 
CI -1.8, -0.1) (Table 2).

Knee replacement and SF‑12 health domains
Prior to knee replacement, participants had significantly 
lower scores than age- and sex-matched controls in phys-
ical function, role physical, bodily pain, general health, 
vitality, social functioning, and role emotional (Table  2; 
Supplementary Fig.  1 C-J). Participants continued to 
have significantly lower scores after knee replacement 
than controls in physical function, role physical, bodily 
pain, general health, and vitality (all p ≤ 0.001) (Table 2; 
Supplementary Fig. 1 C-J). In adjusted analyses, partici-
pants had significant improvement in physical function, 
role physical, and bodily pain following knee replace-
ment, while controls experienced no significant change in 
any domains. Between-group differences were significant 
for physical function and bodily pain (Table 2).

Knee replacement and gait speed
Gait speed was significantly lower in participants 
pre-knee replacement compared with age- and sex-
matched controls (0.97 vs 1.04 m/s, p < 0.0001) (Table 2). 
Gait speed declined in both participants with knee 

replacement (mean change -0.04 m/s, SD 0.18) and con-
trols (-0.05  m/s, SD 0.18) of a similar magnitude over 
the follow-up period. Post-knee replacement gait speed 
remained significantly lower than that of controls (0.93 
vs 0.99  m/s, p < 0.0001) (Table  2). In adjusted analyses, 
participants with knee replacement and controls expe-
rienced declines in gait speed of a similar magnitude 
(mean change -0.04 m/s vs -0.05 m/s), with no between-
group difference (0.01, 95% CI -0.01, 0.03) (Table 2).

Similar results were observed for males and females, 
with male participants experiencing a greater improve-
ment than female participants postoperatively in PCS 
(4.2 vs 3.2), physical function (4.5 vs 2.2), and bodily 
pain (6.0 vs 4.0) (Supplementary Tables  1 and 2). Simi-
lar results were also seen in analyses additionally adjusted 
for education, or stratified by age category. The results 
did not change in sensitivity analyses excluding par-
ticipants with self-reported joint replacement before 
ASPREE trial (Supplementary Table 3).

Factors for minimal important change in PCS score 
after knee replacement
Baseline characteristics of participants with knee replace-
ment were compared among groups with worsened, 
stable, and improved PCS score based on the minimal 
important change (Table 3). Following knee replacement, 
316 (53%) participants experienced improved PCS score, 
and 145 (24%) experienced worsened PCS score. Partici-
pants who experienced improved PCS score were slightly 
younger, had significantly lower preoperative scores of 

Table 2  Baseline and follow-up measures and change in physical and mental health and gait speed in participants with knee 
replacement and controls

SD Standard deviation, CI Confidence interval, PCS Physical component summary score of SF-12, MCS Mental component summary score of SF-12
a  n = 455 for participants with knee replacement and n = 746 for controls
b  Adjusted for baseline body mass index and days between outcome measures

Participants with knee replacement
N = 596

Age- and sex-matched controls
N = 812

Difference between 
groups

Baseline Mean 
(SD)

Follow-up Mean 
(SD)

Changeb

Mean (95% CI)
Baseline
Mean (SD)

Follow-up
Mean (SD)

Changeb

Mean (95% CI)
Changeb

Mean (95% CI)
P

PCS 40.4 (10.6) 44.1 (10.3) 3.6 (2.9, 4.3) 47.7 (8.9) 47.6 (9.3) -0.02 (-0.6, 0.6) 3.6 (2.7, 4.6)  < 0.001

MCS 56.7 (8.3) 55.8 (8.1) -1.0 (-1.6, -0.3) 55.9 (7.0) 55.8 (7.1) 0.02 (-0.6, 0.6) -1.0 (-1.8, -0.1) 0.02

Physical function 40.6 (11.3) 44.0 (11.3) 3.4 (2.6, 4.2) 47.4 (9.4) 47.4 (10.2) 0.2 (-0.5, 0.9) 3.1 (2.1, 4.2)  < 0.001

Role physical 45.0 (10.0) 46.6 (9.4) 1.4 (0.6, 2.2) 49.6 (8.2) 49.5 (8.7) 0.1 (-0.6, 0.7) 1.3 (0.3, 2.3) 0.01

Bodily pain 41.1 (11.1) 46.2 (11.1) 4.9 (3.9, 5.8) 49.3 (9.9) 49.3 (10.1) -0.02 (-0.8, 0.7) 4.9 (3.7, 6.1)  < 0.001

General health 49.4 (9.1) 50.0 (8.8) 0.6 (-0.004, 1.3) 51.9 (7.4) 51.6 (8.6) -0.3 (-0.9, 0.2) 1.0 (0.1, 1.8) 0.03

Vitality 52.1 (9.4) 52.9 (9.2) 0.6 (-0.1, 1.4) 54.8 (8.3) 54.6 (8.4) -0.1 (-0.7, 0.5) 0.7 (-0.2, 1.7) 0.15

Social functioning 51.7 (8.8) 52.5 (8.3) 0.8 (0.03, 1.5) 53.5 (7.2) 53.3 (7.4) -0.2 (-0.8, 0.5) 0.9 (-0.05, 1.9) 0.06

Role emotional 50.2 (8.8) 50.5 (8.8) 0.3 (-0.5, 1.0) 51.5 (7.1) 51.6 (7.6) 0.2 (-0.3, 0.8) 0.001 (-0.9, 0.9) 1.00

Mental health 54.2 (8.3) 54.3 (8.2) -0.005 (-0.7, 0.7) 55.0 (7.9) 55.0 (7.8) 0.1 (-0.5, 0.6) -0.1 (-1.0, 0.8) 0.86

Gait speed (m/
sec)a

0.97 (0.21) 0.93 (0.20) -0.04 (-0.06, -0.02) 1.04 (0.22) 0.99 (0.22) -0.05 (-0.06, -0.04) 0.01 (-0.01, 0.03) 0.29
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PCS, physical function, role physical, bodily pain, general 
health, and vitality, and significantly higher preoperative 
MCS score. There were no significant differences among 
the PCS status groups in sex, education, BMI, presence 
of comorbidities, scores of social functioning, role emo-
tional, and mental health, or gait speed. Similar results 
were observed when adjustment for these covariates was 
performed.

Discussion
In a large cohort of healthy, community-dwelling older 
Australians, although participants receiving knee 
replacement experienced significant improvement in 
PCS score, their postoperative overall physical func-
tional status remained significantly lower than for age- 
and sex-matched controls. The greatest improvements 
were observed for bodily pain and physical function, as 
expected after knee replacement surgery. Knee replace-
ment had a modest negative impact on mental function. 
Worse preoperative physical function was the major pre-
dictor of minimal important improvement in PCS score 

following knee replacement. These findings suggest that 
the level of physical function is important for identify-
ing older adults who have the greatest capacity to benefit 
from knee replacement surgery. Those who are already 
functioning well are less likely to benefit from this major 
surgery, and the risk–benefit ratio should be carefully 
considered.

There are limited data about the effect of knee replace-
ment on functional outcomes in community-based older 
populations. Much of the available data are subject to 
bias conferred by population selection, such as samples 
drawn from hospital settings with single or multiple 
healthcare provider sites [3–7] or from clinical trials with 
strict eligibility criteria and standardised post-opera-
tive care and rehabilitation protocols [29]. In our study, 
participants received knee replacement as part of rou-
tine healthcare and decision making rather than being 
restricted by trial procedures or selection bias, reflecting 
the real-world situation. Furthermore, provision of knee 
replacement spanned both public and private health sys-
tems and importantly, was not restricted to single clinical 

Table 3  Baseline characteristics of participants with knee replacement based on minimal important change in self-reported physical 
function

Data presented as mean (standard deviation) for continuous variables, and no (%) for categorical variables

PCS Physical component summary score of SF-12, MCS Mental component summary score of SF-12

Worsened PCS 
(PCS change < -2.7)
n = 145

Stable PCS 
(PCS change -2.7 to 
2.7)
n = 135

Improved PCS 
(PCS change ≥ 2.7)
n = 316

P

Age at joint replacement, years 77.6 (4.8) 77.1 (3.8) 76.5 (3.9) 0.02

 < 75 years, n (%) 53 (36.6) 50 (37.0) 139 (44.0) 0.20

 ≥ 75 years, n (%) 92 (63.4) 85 (63.0) 177 (56.0)

Females, n (%) 92 (63.5) 76 (56.3) 181 (57.3) 0.38

Education > 12 years, n (%) 52 (35.9) 41 (30.4) 117 (37.0) 0.39

Body mass index, kg/m2 30.1 (5.1) 29.7 (4.7) 30.0 (4.9) 0.77

Diabetes, n (%) 19 (13.1) 12 (8.9) 29 (9.2) 0.38

Dyslipidemia, n (%) 99 (68.3) 88 (65.2) 228 (72.2) 0.31

Hypertension, n (%) 113 (77.9) 105 (77.8) 253 (80.1) 0.80

Chronic kidney disease, n (%) 37 (27.4) 37 (30.1) 72 (24.8) 0.53

Cancer, n (%) 30 (20.7) 25 (18.5) 65 (20.6) 0.95

PCS 45.7 (9.0) 44.7 (10.0) 36.1 (9.6)  < 0.0001

MCS 55.0 (8.2) 55.7 (8.1) 57.9 (8.2) 0.0004

Physical function 45.1 (10.7) 44.2 (11.0) 37.0 (10.4)  < 0.0001

Role physical 48.9 (8.9) 48.2 (9.2) 41.9 (9.7)  < 0.0001

Bodily pain 45.8 (9.9) 44.7 (11.4) 37.5 (10.2)  < 0.0001

General health 51.0 (7.8) 51.2 (8.9) 47.8 (9.4) 0.0001

Vitality 53.1 (9.5) 54.5 (9.3) 50.7 (9.1) 0.0002

Social functioning 52.9 (7.6) 52.3 (8.6) 50.8 (9.3) 0.03

Role emotional 50.5 (8.7) 50.3 (8.4) 50.0 (9.1) 0.81

Mental health 53.2 (8.4) 53.8 (9.1) 54.8 (7.8) 0.15

Gait speed, m/sec 0.98 (0.21) 0.97 (0.23) 0.97 (0.21) 0.92
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sites. This may explain the higher pre-surgery PCS scores 
in our study compared with the previous studies [3–7], 
emphasising that highly-selected study populations and 
clinical samples of people undergoing knee replacement 
do not represent average community-dwelling older 
individuals.

As older people tend to experience decline in physical 
function related to ageing [16, 17], the impact of knee 
replacement on functional outcomes needs to be consid-
ered in this context. In the current study we were able to 
compare functional outcomes in participants following 
knee replacement with age- and sex-matched controls 
who had a similar likelihood of age-related decline over 
time. This is not possible for large-scale arthroplasty reg-
istry studies given the absence of a comparator group 
that does not receive surgery, nor hospital-based clini-
cal studies where the focus is on postoperative improve-
ment. Previous studies, using propensity score matching, 
reported improved physical functional status in older 
persons receiving TKR compared with controls without 
the surgery [30–32]. In our study, as expected, and sup-
porting the findings from a previous nested cases-control 
study [33], participants with knee replacement had signif-
icantly worse PCS score and gait speed pre-knee replace-
ment compared with matched controls; this likely reflects 
the indications for and decision to undergo surgery. How-
ever, although participants experienced improved PCS 
score after knee replacement, their PCS score remained 
significantly lower than for age- and sex-matched con-
trols, with approximately half the pre-surgery differ-
ences persisting which was clinically significant [28]. 
In terms of the SF-12 health domains, bodily pain and 
physical function showed the most prominent improve-
ments, with 12% and 8% improvement of their preopera-
tive scores, respectively. These results suggest that knee 
replacement might improve physical function mainly by 
reducing pain. Although our study was unable to exam-
ine joint-specific pain, we found that knee replacement 
produced significant benefits through reducing bodily 
pain. With both participants with knee replacement and 
controls experiencing clinically nonsignificant decline in 
gait speed of a similar magnitude, gait speed remained 
significantly lower in participants following knee replace-
ment than in age- and sex-matched controls.

In line with previous studies [34, 35], our study showed 
associations between worse preoperative physical func-
tion and minimal important functional improvement 
after knee replacement, as well as an association between 
better preoperative mental health and minimal impor-
tant functional improvement after knee replacement. 
These data highlight the need for careful pre-surgery 
selection of patients based on their physical and mental 
health to identify those most likely to benefit from knee 

replacement surgery. Although knee arthritis is com-
mon in older adults, this does not mean the individual 
inevitably has significant functional impairment, as seen 
in our study. As knee replacements are aimed at improv-
ing physical function, the degree to which knee arthritis 
limits physical function would be a key criterion to deter-
mine the potential for benefit from this major surgery 
[34, 35]. Despite knee arthritis, the individual’s function 
might be limited by other joint disease or comorbidi-
ties [36, 37]. It may be supposed that mental health is 
adversely affected by severe arthritis and associated 
symptoms. However, we did not find that pre-surgery 
MCS score was significantly lower in participants with 
knee replacement than controls, rather there was a ten-
dency to the converse with a reduction in MCS score 
post-knee replacement such that MCS score was similar 
in participants post-knee replacement and controls. We 
found that 24% of participants with knee replacement 
had worsened PCS score postoperatively, consistent with 
previous findings that about one quarter of individuals 
with technically successful TKR are dissatisfied with the 
outcomes [9, 10].

A strength of our study is the large community-
dwelling, well-characterised cohort from which the 
study sample was drawn. The primary outcome of the 
ASPREE trial was disability-free survival, thus inclu-
sion and exclusion criteria resulted in the cohort being 
free of chronic disability at enrolment. The approach 
of comparing participants with knee replacement with 
age- and sex-matched controls embedded in a large 
community-based clinical trial of older adults enables 
the investigation of knee replacement outcomes in the 
context of an ageing population with similar likelihood 
of age-related functional decline over time. The PCS 
and MCS scores in our study sample were compara-
ble to the wider ASPREE cohort in which PCS scores 
declined while MCS scores tended to be stable with 
increasing age [38]. Being a trial conducted across mul-
tiple Australian states, knee replacements were under-
taken across major public and private hospitals, and 
participants and their healthcare providers made deci-
sions about knee replacement. There are limitations in 
our study. While 80.6% of the participants had com-
pleted SF-12 data, age, sex, baseline BMI, PCS, MCS, 
gait speed, and comorbidities were not significantly dif-
ferent between participants with completed data and 
those without. The time between baseline and follow-
up outcome measures was longer for participants with 
knee replacement than for controls. We adjusted for 
this in the analyses and the results did not change com-
pared with the results from unadjusted analyses. Joint-
specific data were not collected in the ASPREE trial 
as the study focused on overall measures of wellbeing. 
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We were unable to determine the type of knee replace-
ment which could have been primary or revision knee 
replacement. Sensitivity analysis excluding participants 
with self-reported pre-trial joint replacement did not 
change the results. As voluntary participants in a long-
term clinical trial, the ASPREE cohort may have greater 
interest in their health.

Conclusions
In this community-based cohort of older adults, although 
those having knee replacement experienced significant 
improvements in PCS score, their postoperative overall 
physical functional status remained significantly lower 
than for age- and sex-matched controls. The greatest 
improvement was observed for bodily pain and physi-
cal function. The degree of preoperative physical func-
tion impairment was a strong predictor of functional 
improvement after knee replacement, suggesting that 
this could be an important consideration when identi-
fying older people most likely to clinically benefit from 
knee replacement surgery. Care is needed in recom-
mending knee replacement surgery for older adults who 
have good physical function, as they are less likely to ben-
efit from this major surgery. The timing and risk–benefit 
ratio of knee replacement need to be carefully considered 
in older adults.

Abbreviations
ANCOVA	� Analysis of covariance
ANOVA	� Analysis of variance
ASPREE	� ASPirin in Reducing Events in the Elderly
BMI	� Body mass index
CI	� Confidence interval
MCS	� Mental component summary
PCS	� Physical component summary
SD	� Standard deviation
SF-12	� Medical Outcomes Study Short Form 12 Health Survey
TKR	� Total knee replacement

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12877-​023-​03925-y.

Additional file 1: Supplementary Figure 1. Baseline and follow-up 
measures of self-reported physical and mental function in participants 
with knee replacement and age- and sex-matched controls, data pre-
sented as mean (standard deviation). Supplementary Table 1. Baseline 
and follow-up measures of health status and gait speed by gender in 
participants with knee replacement and age- and sex-matched controls. 
Supplementary Table 2. Changes in health status and gait speed from 
baseline to follow-up by gender in participants with knee replacement 
and age- and sex-matched controls. Supplementary Table 3. Baseline, 
follow-up, and changes in health status and gait speed in participants 
with knee replacement and age- and sex-matched controls excluding 
participants with self-reported joint replacement prior to ASPREE trial.

Acknowledgements
Not applicable.

Authors’ contributions
Concept and design: YW, AO, AF, SL, JJM, FMC; Acquisition, analysis, or 
interpretation of data: All authors; Statistical analysis: YW, FMC; Drafting of the 
manuscript: YW, AO, FMC; Critical revision of the manuscript for important 
intellectual content and approval of the final manuscript: All authors; Study 
supervision: RLW, JJM, FMC; Funding acquisition and project administration: 
RLW, JJM. FMC acts as guarantor who accepts full responsibility for this work, 
has full access to the data and takes responsibility for the integrity of the data 
and the accuracy of the data analysis.

Funding
The ASPREE study is supported by grants (U01AG029824 and U19AG062682) 
from the National Institute on Aging and the National Cancer Institute at the 
US National Institutes of Health, by grants (334047 and 1127060) from the 
National Health and Medical Research Council of Australia (NHMRC), and 
by Monash University and the Victorian Cancer Agency. YW is the recipient 
of NHMRC Translating Research into Practice Fellowship (APP1168185). IA is 
the recipient of a Victorian Health and Medical Research Fellowship from the 
Victorian Government. AEW is the recipient of the Royal Australian College 
of Physicians Fellows Career Development Fellowship. FMC is the recipient 
of NHMRC Investigator Grant (APP1194829). The funder of the study had no 
role in the study design and conduct of the study; collection, management, 
analysis and interpretation of the data; preparation, review, or approval of the 
manuscript; and decision to submit the manuscript for publication.

Availability of data and materials
The data generated from this study will not be deposited in a public reposi-
tory due to privacy and consent restrictions. De-identified, coded data can 
be made available from the corresponding author upon reasonable request, 
subject to a data sharing agreement.

Declarations

Ethics approval and consent to participate
The participants of the present study were drawn from the Australian partici-
pants of the ASPREE study, all of whom provided written informed consent, 
with study approval obtained from site-specific ethics committees including 
the Royal Australasian College of General Practitioners Ethics Committee 
(NREEC 02/22b), the Monash University Human Research Ethics Committee 
(2006/745MC), the Human Research Ethics Committee (Tasmanian) Network 
(H0008933), ACT Health Human Research Ethics Committee (11/07.997), and 
The University of Adelaide Human Research Ethics Committee (H-250–2011).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 School of Public Health and Preventive Medicine, Monash University, 553 
St Kilda Road, Melbourne, VIC 3004, Australia. 2 Alfred Hospital, Melbourne, 
Australia. 

Received: 7 June 2022   Accepted: 24 March 2023

References
	1.	 Ackerman IN, Graves SE, Wicks IP, Bennell KL, Osborne RH. Severely com-

promised quality of life in women and those of lower socioeconomic sta-
tus waiting for joint replacement surgery. Arthritis Rheum. 2005;53:653–8.

	2.	 Daigle ME, Weinstein AM, Katz JN, Losina E. The cost-effectiveness of total 
joint arthroplasty: a systematic review of published literature. Best Pract 
Res Clin Rheumatol. 2012;26:649–58.

https://doi.org/10.1186/s12877-023-03925-y
https://doi.org/10.1186/s12877-023-03925-y


Page 9 of 9Wang et al. BMC Geriatrics          (2023) 23:261 	

	3.	 Perneger TV, Hannouche D, Miozzari HH, Lubbeke A. Symptoms of 
osteoarthritis influence mental and physical health differently before 
and after joint replacement surgery: a prospective study. PLoS One. 
2019;14:e0217912.

	4.	 Mandzuk LL, McMillan DE, Bohm ER. A longitudinal study of quality of life 
and functional status in total hip and total knee replacement patients. Int 
J Orthop Trauma Nurs. 2015;19:102–13.

	5.	 Dowsey MM, Nikpour M, Choong PF. Outcomes following large joint 
arthroplasty: does socio-economic status matter? BMC Musculoskelet 
Disord. 2014;15:148.

	6.	 Keurentjes JC, Blane D, Bartley M, Keurentjes JJ, Fiocco M, Nelissen RG. 
Socio-economic position has no effect on improvement in health-related 
quality of life and patient satisfaction in total hip and knee replacement: a 
cohort study. PLoS One. 2013;8:e56785.

	7.	 Choi JK, Geller JA, Yoon RS, Wang W, Macaulay W. Comparison of total hip 
and knee arthroplasty cohorts and short-term outcomes from a single-
center joint registry. J Arthroplasty. 2012;27:837–41.

	8.	 Osteoarthritis: a serious disease, submitted to the U.S. Food and Drug 
Administration; 2016. https://​oarsi.​org/​sites/​oarsi/​files/​docs/​2016/​oarsi_​
white_​paper_​oa_​serio​us_​disea​se_​121416_​1.​pdf.

	9.	 Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD. Patient 
satisfaction after total knee arthroplasty: who is satisfied and who is not? 
Clin Orthop Relat Res. 2010;468:57–63.

	10.	 Kahlenberg CA, Nwachukwu BU, McLawhorn AS, Cross MB, Cornell CN, 
Padgett DE. Patient satisfaction after total knee replacement: a systematic 
review. HSS J. 2018;14:192–201.

	11.	 Australian Orthopaedic Association National Joint Replacement Registry 
(AOANJRR). Hip, knee & shoulder arthroplasty: 2022 annual report. 
Adelaide: AOA; 2022. p. 1–487. Accessed from: https://​aoanj​rr.​sahmri.​
com/​annual-​repor​ts-​2022.

	12.	 Evans JT, Walker RW, Evans JP, Blom AW, Sayers A, Whitehouse MR. How 
long does a knee replacement last? A systematic review and meta-analy-
sis of case series and national registry reports with more than 15 years of 
follow-up. Lancet. 2019;393:655–63.

	13.	 Robertsson O, Bizjajeva S, Fenstad AM, Furnes O, Lidgren L, Mehnert 
F, Odgaard A, Pedersen AB, Havelin LI. Knee arthroplasty in Denmark, 
Norway and Sweden. A pilot study from the Nordic Arthroplasty Register 
Association. Acta Orthop. 2010;81:82–9.

	14.	 The National Joint Registry 16th Annual Report 2019. London: National 
Joint Registry; 2019. https://​repor​ts.​njrce​ntre.​org.​uk/​porta​ls/0/​pdfdo​
wnloa​ds/​njr%​2016th%​20ann​ual%​20rep​ort%​202019.​pdf.

	15.	 Woodland N, Takla A, Estee MM, Franks A, Bhurani M, Liew S, Cicuttini 
FM, Wang Y. Patient-reported outcomes following total knee replace-
ment in patients aged 65 years and over-a systematic review. J Clin Med. 
2023;12:1613.

	16.	 Milanović Z, Pantelić S, Trajković N, Sporiš G, Kostić R, James N. Age-
related decrease in physical activity and functional fitness among elderly 
men and women. Clin Interv Aging. 2013;8:549–56.

	17.	 van der Willik KD, Licher S, Vinke EJ, Knol MJ, Darweesh SKL, van der Geest 
JN, Schagen SB, Ikram MK, Luik AI, Ikram MA. Trajectories of cognitive and 
motor function between ages 45 and 90 years: a population-based study. 
J Gerontol A Biol Sci Med Sci. 2021;76:297–306.

	18.	 ASPREE Investigator Group. Study design of ASPirin in Reducing Events 
in the Elderly (ASPREE): a randomized, controlled trial. Contemp Clin 
Trials. 2013;36:555–64.

	19.	 McNeil JJ, Woods RL, Nelson MR, Reid CM, Kirpach B, Wolfe R, Storey E, 
Shah RC, Lockery JE, Tonkin AM, et al. Effect of aspirin on disability-free 
survival in the healthy elderly. N Engl J Med. 2018;379:1499–508.

	20.	 Ware J Jr, Kosinski M, Keller SD. A 12-item short-form health survey: 
construction of scales and preliminary tests of reliability and validity. Med 
Care. 1996;34:220–33.

	21.	 Ware JE, Kosinski M, Turner-Bowker DM, Gandek B. How to score version 
2 of the SF-12 health survey (with a supplement documenting version 1). 
QualityMetric Incorporated: Lincoln; 2002.

	22.	 Dowsey MM, Liew D, Stoney JD, Choong PF. The impact of obesity on 
weight change and outcomes at 12 months in patients undergoing total 
hip arthroplasty. Med J Aust. 2010;193:17–21.

	23.	 Clement ND, MacDonald D, Howie CR, Biant LC. The outcome of primary 
total hip and knee arthroplasty in patients aged 80 years or more. J Bone 
Joint Surg Br. 2011;93:1265–70.

	24.	 Cesari M, Kritchevsky SB, Penninx BW, Nicklas BJ, Simonsick EM, New-
man AB, Tylavsky FA, Brach JS, Satterfield S, Bauer DC, et al. Prognostic 
value of usual gait speed in well-functioning older people–results 
from the health, aging and body composition study. J Am Geriatr Soc. 
2005;53:1675–80.

	25.	 Abellan van Kan G, Rolland Y, Andrieu S, Bauer J, Beauchet O, Bonnefoy 
M, Cesari M, Donini LM, Gillette Guyonnet S, Inzitari M, et al. Gait speed at 
usual pace as a predictor of adverse outcomes in community-dwelling 
older people an International Academy on Nutrition and Aging (IANA) 
Task Force. J Nutr Health Aging. 2009;13:881–9.

	26.	 Guralnik JM, Ferrucci L, Pieper CF, Leveille SG, Markides KS, Ostir GV, 
Studenski S, Berkman LF, Wallace RB. Lower extremity function and 
subsequent disability: consistency across studies, predictive models, and 
value of gait speed alone compared with the short physical performance 
battery. J Gerontol A Biol Sci Med Sci. 2000;55:M221-231.

	27.	 McNeil JJ, Woods RL, Ward SA, Britt CJ, Lockery JE, Beilin LJ, Owen AJ. 
Cohort profile: the ASPREE Longitudinal Study of Older Persons (ALSOP). 
Int J Epidemiol. 2019;48:1048–1049h.

	28.	 Clement ND, Weir D, Holland J, Gerrand C, Deehan DJ. Meaningful 
changes in the short form 12 physical and mental summary scores after 
total knee arthroplasty. Knee. 2019;26:861–8.

	29.	 Piva SR, Schneider MJ, Moore CG, Catelani MB, Gil AB, Klatt BA, DiGioia 
AM, Almeida GJ, Khoja SS, Sowa G, Irrgang JJ. Effectiveness of later-stage 
exercise programs vs usual medical care on physical function and activity 
after total knee replacement: a randomized clinical trial. JAMA Netw 
Open. 2019;2:e190018.

	30.	 Sloan FA, Ruiz D Jr, Platt A. Changes in functional status among persons 
over age sixty-five undergoing total knee arthroplasty. Med Care. 
2009;47:742–8.

	31.	 George LK, Ruiz D Jr, Sloan FA. The effects of total knee arthroplasty 
on physical functioning in the older population. Arthritis Rheum. 
2008;58:3166–71.

	32.	 Sloan FA, George LK, Hu L. Longer term effects of total knee arthroplasty 
from a national longitudinal study. J Aging Health. 2013;25:982–97.

	33.	 Rogers KD, Blyth FM, March LM, Jorm L. A nested case-control analysis of 
self-reported physical functioning after total knee replacement surgery in 
the 45 and Up Study Cohort. BMJ Open. 2013;3:e002291.

	34.	 Berliner JL, Brodke DJ, Chan V, SooHoo NF, Bozic KJ. Can preopera-
tive patient-reported outcome measures be used to predict mean-
ingful improvement in function after TKA? Clin Orthop Relat Res. 
2017;475:149–57.

	35.	 Darrith B, Khalil LS, Franovic S, Bazydlo M, Weir RM, Banka TR, Davis JJ. 
Preoperative patient-reported outcomes measurement information sys-
tem global health scores predict patients achieving the minimal clinically 
important difference in the early postoperative time period after total 
knee arthroplasty. J Am Acad Orthop Surg. 2021;29:e1417–26.

	36.	 Tekaya AB, Bouzid S, Kharrat L, Rouached L, Galelou J, Bouden S, Tekaya R, 
Saidane O, Mahmoud I, Abdelmoula L. Health-related quality of life and 
associated factors among patients with knee osteoarthritis. Curr Rheu-
matol Rev. 2023. https://​doi.​org/​10.​2174/​15733​97119​66623​02011​52219. 
Online ahead of print.

	37.	 Han A, Gellhorn AC. Trajectories of quality of life and associated risk fac-
tors in patients with knee osteoarthritis: findings from the Osteoarthritis 
Initiative. Am J Phys Med Rehabil. 2018;97:620–7.

	38.	 Stocks NP, González-Chica DA, Woods RL, Lockery JE, Wolfe RSJ, Murray 
AM, Kirpach B, Shah RC, Nelson MR, Reid CM, et al. Quality of Life for 
19,114 participants in the ASPREE (ASPirin in Reducing Events in the 
Elderly) study and their association with sociodemographic and modifi-
able lifestyle risk factors. Qual Life Res. 2019;28:935–46.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://oarsi.org/sites/oarsi/files/docs/2016/oarsi_white_paper_oa_serious_disease_121416_1.pdf
https://oarsi.org/sites/oarsi/files/docs/2016/oarsi_white_paper_oa_serious_disease_121416_1.pdf
https://aoanjrr.sahmri.com/annual-reports-2022
https://aoanjrr.sahmri.com/annual-reports-2022
https://reports.njrcentre.org.uk/portals/0/pdfdownloads/njr%2016th%20annual%20report%202019.pdf
https://reports.njrcentre.org.uk/portals/0/pdfdownloads/njr%2016th%20annual%20report%202019.pdf
https://doi.org/10.2174/1573397119666230201152219

	Functional outcomes following knee replacement in community-dwelling older adults
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study population and setting
	Identification of participants with knee replacement and controls
	Outcome measures
	Covariates
	Statistical analysis

	Results
	Knee replacement and PCS
	Knee replacement and MCS
	Knee replacement and SF-12 health domains
	Knee replacement and gait speed
	Factors for minimal important change in PCS score after knee replacement

	Discussion
	Conclusions
	Anchor 22
	Acknowledgements
	References


