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people with knee OA nominate decreased 
pain intensity and improved physical 
function as their primary indicators of 
treatment success.33,49,53,63 The disconnect 
between how clinicians and patients per-
ceive outcomes13 can cause dissatisfaction, 
as many patients are experiencing ongo-
ing functional difficulties postsurgery.33,62

When looking into the expected func-
tional improvement following a TKA, 
there is an absence of high-quality data. 
There are over 2300 randomized clinical 
trials on TKA.51 However, randomized 
clinical trials are designed to compare 
the efficacy of different interventions11; 
they are not prognostic. When exploring 
the prognosis of an intervention, cohort 
studies represent level I evidence.42 Thus, 
a pooled estimate of the prognosis from a 
systematic review of cohort studies would 
represent the highest level of evidence.

Longitudinal meta-analysis of clini-
cal outcomes is increasingly common in 
musculoskeletal health research. As 
cohort studies represent the highest level of 
evidence for prognosis,42 these reviews 
typically only include cohort studies. For 
example, the clinical course of low back 
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T
otal knee arthroplasty (TKA) is a cost- and clinically effective 
treatment for end-stage knee osteoarthritis (OA).1,29,47 In 
Australia, over 54  000 TKAs are performed every year at an 
annual cost of AU$1.2 billion.1,2,21 Quantitative methods used 

to evaluate TKA outcomes typically emphasize surgical success metrics 
such as joint survivorship7 and prosthetic alignment,53,58 whereas
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	U OBJECTIVES: To explore the extent of 
functional improvement following primary total 
knee arthroplasty for knee osteoarthritis and to 
compare the trajectories of self-reported and 
performance-based measures of physical function.

	U DESIGN: Longitudinal systematic review with 
meta-analysis

	U METHODS: We searched 3 electronic databases 
from January 2005 to February 2023 for longitudinal 
cohort studies involving adults with knee osteoar-
thritis undergoing primary total knee arthroplasty. 
Estimates of self-reported and performance-based 
physical function were extracted presurgery and up 
to 5 years postsurgery. Risk of bias was assessed us-
ing a 6-item checklist. Self-reported function scores 
were converted to a 0-100 scale (higher scores indi-
cate worse function). Mixed models provided pooled 
estimates after excluding low-quality studies.

	U RESULTS: Out of 230 relevant studies, 72 (n = 
19 063) of high quality were included in meta-
analyses. Self-reported function significantly 
improved from presurgery (55.6/100; 95% con-

fidence interval [CI], 53.1 to 58.1) to 3-6 months 
postsurgery (21.1; 95% CI, 17.9 to 24.3; P<.001). A 
small decline in self-reported function occurred at 
6-12 months (31.0; 95% CI, 25.8 to 36.2; P<.001), 
with no further change at 12-24 months (30.9; 95% 
CI, 23.2 to 38.6; P = .919). Performance-based 
measures exhibited variable trajectories, with 
most estimates indicating no clinically meaningful 
improvement following total knee arthroplasty.

	U CONCLUSION: Total knee arthroplasty resulted 
in clinically meaningful improvements in self-reported 
function at 3-6 months postoperatively. There was 
some deterioration in function after 6 months, 
and at no other time point did the estimate reach 
a clinically important change. There was limited 
evidence of clinically meaningful improvements in 
performance-based measures of physical function 
at any time point. J Orthop Sports Phys Ther 
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pain has been established using only 
cohort studies.37,60 Although not ideal, 
when clinical data are more sparse, ran-
domized clinical trials have been included 
in these analyses.39

Longitudinal meta-analyses in TKA, 
which have focused on pain and self-
reported function, used only prospective 
cohort studies due to the large number of 
cohort studies for the condition.47 However, 
despite function being reported by patients 
as an indicator of treatment success,33,49,53,63 
no longitudinal synthesis of the literature 
exists to guide patients and clinicians about 
self-reported and performance-based func-
tional status following TKA. Better under-
standing of the expected clinical course of 
function following TKA and the uncertain-
ties around these estimates could aid and 
inform shared decision making for patients 
contemplating TKA and help orientate 
their expectations of postoperative recovery 
and outcome.20,47,54,65

Thus, the aims of this systematic re-
view with meta-analysis were to investi-
gate the extent of functional improvement 
following primary TKA for knee OA and 
to evaluate whether self-reported and 
performance-based measures of physical 
function followed similar trajectories.

METHODS

T
he protocol was prospectively 
registered (DOI: 10.17605/OSF.
IO/6UW3E), and minor deviations 

are recorded in SUPPLEMENTAL APPENDIX  A. 
The review is reported in accordance with 
the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses43 and 
Meta-analysis Of Observational Studies in 
Epidemiology.12

Selection Criteria
Study design  We included prospective, 
longitudinal cohort studies published 
as full-text articles in English by peer-
reviewed journals. To reflect contem-
porary practice, only studies published 
since 2005 were considered. We excluded 
cross-sectional studies, retrospective clini-
cal studies, case series with less than 10 

participants, and controlled clinical trials 
(whether randomized or nonrandomized).

Inclusion of the data from surgical arms 
in controlled trials may provide informa-
tion to support the aims of this review. 
However, they are not the ideal study de-
sign to inform prognosis. Cohort studies 
are better suited for describing prognosis 
because they involve a representative 
sample of incident cases.4,37 Consequently, 
in the areas of low back pain and knee OA, 
the practice has evolved from including clin-
ical trial data in prognostic analysis when 
prospective cohort studies are unavailable 
to excluding randomized clinical trial data 
as the literature base grows.37,47,56,60,61

To increase confidence in the estimates 
reported in this review, we only analyzed 
data from studies rated as more than low 
quality (ie, unclear- or high-quality trials).4 
Justifications for excluding low-quality 
studies are manifold and well supported 
by existing literature. Higgins et al25,27 un-
derscore the importance of minimizing 
the inclusion of studies with methodologi-
cal weakness to ensure the internal validity 
of systematic reviews. Altman4 and Jüni 
et al31 emphasize that low-quality studies 
can introduce noise and reduce the preci-
sion of effect estimates, thereby compro-
mising the reliability of review findings. 
Sterne and Egger50 caution against the 
inclusion of low-quality studies in synthe-
sis, as they can disproportionately influ-
ence effect estimates and introduce bias. 
Finally, Glasziou et al22 argue that exclud-
ing studies of poor methodological quality 
incentivizes ethical research practices and 
contributes to the overall improvement of 
scientific evidence.
Population  Studies providing estimates 
of function in adults undergoing TKA 
for a primary diagnosis of knee OA were 
included. Studies including only par-
ticipants with a primary diagnosis other 
than knee OA (eg, rheumatoid arthritis) 
were excluded. We excluded studies that 
purposively sampled a particular clinical 
phenotype (eg, inclusion limited to people 
with hemophilia undergoing TKA).
Intervention  We included studies pro-
viding data for primary, unilateral TKA. 

Studies performing only revision surgery, 
simultaneous bilateral replacement, or 
hemiarthroplasty were excluded. Where 
studies included data on primary, uni-
lateral TKA and other data, for example, 
hemiarthroplasty, the data were treated 
as follows: (1) for studies in which data 
for primary TKA were provided sepa-
rately, only these data were extracted and 
analyzed; (2) if separate data were not 
provided, study authors were contacted 
to obtain the separate data; (3) if this 
was unsuccessful, the full data set was 
extracted and used in analysis provided 
at least 85% of the cohort had undergone 
primary TKA for knee OA; and (4) studies 
that enrolled mixed populations but gave 
no data on sample proportions were 
excluded if separate data for people un-
dergoing primary TKA were not able to 
be obtained from the authors.
Outcome measures  We included outcomes 
assessing the Outcome Measures in 
Rheumatology Clinical Trials and Osteo-
arthritis Research Society International 
core domains of “patient impression of 
function” as well as “performance-based 
measures of physical function” and have 
detailed our selection criteria and extrac-
tion hierarchy in SUPPLEMENTAL APPENDIX B.

Search Strategy and Screening Process
Electronic searches of 3 electronic databas-
es (MEDLINE [Ovid], EMBASE [Ovid], 
and CINAHL [EBSCO]) were conducted 
from January 2005 to February 28, 2023. 
A combination of medical subject head-
ings and key words for (1) knee OA, (2) 
TKA, (3) physical function/functional 
capacity outcomes, and (4) study de-
sign were used for the search strategy. 
Search terms were adapted to individual 
databases as necessary. The complete 
search strategy used for MEDLINE can 
be found in SUPPLEMENTAL APPENDIX A. We 
also searched the reference list of included 
papers and involved experts to identify 
missing studies.

Results of searches were imported into 
Covidence (Veritas Health Innovation, 
Melbourne, Australia), and duplicates 
were removed. Two review authors 
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independently assessed the titles and ab-
stracts of all retrieved studies for full-text 
screening before independently assessing 
the full-text articles against eligibility cri-
teria. For both processes, any inconsisten-
cies were resolved by discussion between 
reviewer pairs. For disagreements, a third 
reviewer was consulted.

Data Extraction
Pairs of reviewer authors independently 
extracted data from the full text of high- 
and unclear-quality studies using a stan-
dardized and piloted data extraction 
form, with the complete list of extracted 
variables detailed in TABLE 1.

Study Quality Assessment
Quality of the included studies was rated 
using a tool adapted from the methodo-
logic criteria suggested by Altman4 and 
used in similar reviews.5,32,37,44 The origi-
nal tool had 2 items for sampling, 2 items 
for completeness of follow-up, and 1 item 
for quality of outcome reporting. After 
piloting the checklist on several studies 
investigating total hip arthroplasty, we 
added an additional item regarding rea-
sons for loss to follow-up from the Qual-
ity In Prognosis Studies tool.26,27 Each of 
the 6 items was rated as “Yes,” “No,” or 

“Unclear.” Each study was appraised as 
high, unclear, or low quality based on the 
following: high quality = all criteria are 
“Yes,” unclear quality = all criteria are either 
“Yes” or “Unclear,” and low quality = “No” 
for 1 or more items.

Pairs of authors independently as-
sessed the quality of each included study 
and resolved any inconsistencies by dis-
cussion. In the case of disagreement, a 
third reviewer ensured consensus. Risk-
of-bias assessment was performed prior 
to data extraction, so quality ratings were 
not biased by the knowledge of results.

Data Synthesis
All analyses were conducted by a biostat-
istician (D.A.H.) using Stata version 18 
(StataCorp, LLC, College Station, TX). 
A qualitative synthesis was undertaken 
where data could not be pooled (see 
SUPPLEMENTAL APPENDIX K). Self-reported 
measures of function outcomes were lin-
early rescaled to a common 100-point 
scale, where “0” indicated best possible 
function and “100” indicated worst pos-
sible function. Further details of our data 
management can be found in SUPPLEMENTAL 

APPENDIX A.
We defined assessment periods as 

follows: presurgery, very short term (≥3 

months to ≤6 months), short term (>6 
months to ≤12 months), medium term 
(>12 months to ≤24 months), long term 
(>24 months to ≤36 months), and very 
long term (>36 months to ≤60 months). 
We decided not to report on time points 
greater than 5 years, as estimates this far 
postsurgery are likely to be confounded by 
other health-related issues in the cohort of 
people typically undergoing TKA.
Meta-analysis  Pooled means of the time 
course of self-reported function and 
performance-based measures of physical 
function were calculated using separate 
mixed-effects meta-regression models. 
Each study mean was weighted by the in-
verse of the sum of the sampling variance 
and restricted maximum likelihood esti-
mate of between-study variance using the 
meta meregress function in Stata. A fixed 
effect for time grouping was included in all 
models with levels included corresponding 
to available outcome data. All models in-
cluded a random study-specific intercept 
to account for the dependence of repeated 
observations within studies and a random 
slope to account for differences in change 
across time between studies. The random 
effects were allowed to correlate assuming 
an unstructured variance-covariance ma-
trix. These models were used to estimate 

TABLE 1 Data Extracted From Each Study Included In the Review

Abbreviation: OA, osteoarthritis.

Study Characteristics Variables

Study information Primary author, country of origin, year of publication, study period

Diagnostic criteria for knee OA Kellgren-Lawrence, American College of Rheumatology

Study population Reason for surgery, proportion primary vs revision, proportion bilateral vs unilateral, presurgical rehabilitation (yes/no/unsure)

Surgical details Surgical approach, prosthesis used, patellar resurfacing (yes/no), number of surgeons, experience level of surgeons

Baseline demographics Sex, age, height, weight

Baseline clinical characteristics Pain intensity, functional capacity, radiographic OA severity, comorbidities

Timing of preoperative assessment ≤1 month preoperatively

Postsurgical details Postoperative analgesia, postsurgical orders, length of inpatient stay, discharge destination, details of postsurgical rehabilitation

Concomitant treatments Concomitant treatments during the follow-up period (including additional surgery)

Postsurgical complications Details of any postsurgical complications

Self-reported measures Self-reported measures of functional capacity and corresponding scores at all follow-up time points

Performance-based measures Performance-based measures of functional capacity and corresponding scores at all follow-up time points

Follow-up timing Time of each follow-up
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vations, equating to data from 18  846 
participants (for a breakdown of includ-
ed self-reported outcome measures, see 
SUPPLEMENTAL APPENDIX G).

Pooled weighted mean self-reported 
function scores for each time category dif-
fered across the 5-year follow-up period, 
χ2(5) = 5360, P<.001 (FIGURE 2A and TABLE 2). 
The average self-reported function score 
was 55.6/100 (95% CI, 53.1 to 58.1) pre-
surgery and improved to 21.1/100 (95% 
CI, 17.9 to 24.3; moderate-certainty 
evidence) at very short-term follow-up 
(P<.001). There was a regression in scores 
from very short-term (P<.001) to short-
term (31.0/100; 95% CI, 25.8 to 36.2; 
low-certainty evidence) follow-up, but 
scores were still better than that pre-
surgery (P<.001). At medium-term follow-
up, self-reported function was 30.9/100 
(95% CI, 23.2 to 38.6; low-certainty evi-
dence), with no evidence of change com-
pared with the previous time point (P = 
.919). There was slight worsening from 
medium-term scores (P<.001) to long-
term follow-up (40.0/100; 95% CI, 29.7 
to 50.2; certainty not estimated) followed 
by improvement (P<.001) at very long-
term follow-up (35.7/100; 95% CI, 22.7 
to 48.8; certainty not estimated). These 
changes in function score across time are 
also presented as percentage change from 
presurgery, where an increase in percent-
age indicates an improvement in function 
(TABLE 3 and FIGURE 2B).

Our approach to estimating accept-
able benefit can be found in SUPPLE-

MENTAL APPENDIX  H. Decision thresholds 
for acceptable benefit were set based, 
firstly, on the estimates of the smallest 
worthwhile effect (SWE) for undergoing 
TKA, as this approach mitigates many of 
the conceptual and statistical problems 
inherent in the calculation of minimal 
clinically important differences (MC-
IDs).24 Based on a pooled baseline score 
of 55.6/100, the point estimate for ac-
ceptable benefit was set as 27.2/100.24 At 
very short-term follow-up (3-6 months), 
the outcome estimate exceeded the SWE, 
and the limit of the CI also exceeded the 
threshold for acceptable clinical benefit. 

each domain can be found in SUPPLEMENTAL 

APPENDIX D.

RESULTS

O
ur searches identified 11 001 re-
cords after duplicates were removed 
and 230 manuscripts met the inclu-

sion criteria (FIGURE 1). We classified 152 
(66%) manuscripts as low quality, and 
these were excluded from data syntheses. 
Seventy-eight high- and unclear-quality 
papers were eligible to contribute data. 
Key outcome data were unavailable for 6 
studies, leaving 72 high- or unclear-quality 
records for analysis.

Study Quality Assessment
Individual study quality judgments across 
all items are provided in SUPPLEMENTAL 

APPENDIX E. Fifty-two (23%) studies were 
rated as unclear quality, and 26 (11%) 
studies were rated as high quality. Quality 
of reporting of prognosis (40% studies [n = 
61]) and availability of 3-month follow-up 
data for at least 80% of participants (38% 
studies [n = 58]) were the biggest contrib-
utors to studies being judged as low quality.

Characteristics of High- and 
Unclear-Quality Studies
The complete baseline characteris-
tics of participants for all high- and 
unclear-quality studies are presented in 
SUPPLEMENTAL APPENDIX F. The 72 high- and 
unclear-quality studies represented 66 
unique cohorts that enrolled 19 063 partici-
pants (63% female). The sample size of in-
dividual studies ranged from 13 (Chung and 
Min15) to 2393 (Calabro et al14). The overall 
mean (SD, n cohorts) age for the sample 
was 67.8 years (3.0, n = 66 cohorts), with 
an overall mean body mass index of 32.6 
kg/m2 (13.0, n = 51 cohorts). Fifty-four co-
horts reported self-reported measures only, 
5 cohorts reported performance-based 
measures only, and 7 cohorts reported both.

Clinical Course of Self-reported 
Function After TKA
Our longitudinal meta-analysis pooled 
data from 61 cohorts including 143 obser-

the pooled (weighted) means and 95% 
confidence intervals (CIs) for each time 
point and to test the effect of time for each 
outcome measure (using restricted maxi-
mum likelihood estimation).

The change in each outcome over time 
(presurgery vs each follow-up time period) 
was presented as a percentage of presur-
gery pooled mean and 95% CI at each 
time point. These were calculated using 
the weighted pooled estimates from the 
relevant mixed-effects model described 
above. This resulted in a negative per-
centage, indicating improvement. For 
ease of interpretation, all values were 
multiplied by −1 so that an increase re-
flects an improvement in the pooled mean 
values.
Sensitivity analysis  Sensitivity analyses 
were planned to investigate the impact of 
high versus unclear study quality, formal-
ized pre- or postoperative rehabilitation, 
and OA diagnostic criteria used. This was 
completed if there were sufficient studies 
(≥10) in the subgroup to do so.
Evaluation of heterogeneity  The presence 
of overall heterogeneity was assessed 
with the multilevel Cochrane QM residual 
homogeneity test statistic.28 The esti-
mated variance of the pooled effect (τ2) 
at each time point was used to evaluate 
the magnitude of heterogeneity at each 
time point, acknowledging that these es-
timates borrow information across time 
points. Forest plots were constructed for 
visual assessment of the distribution of 
study observations about the pooled ef-
fect, for each time point (SUPPLEMENTAL 

APPENDIX C).
Certainty of the evidence  The certainty 
of the estimate of prognosis at each time 
point, for which there were 10 or more 
studies, was summarized using the Grad-
ing of Recommendations Assessment, 
Development, and Evaluation approach, 
modified for prognosis studies.30,48 In 
making the judgment regarding confi-
dence in the estimates of outcome, we 
considered the following 5 domains: risk 
of bias, inconsistency, imprecision, indi-
rectness, and publication bias. Descrip-
tion of the decision-making criteria for 
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TKA  Twelve studies reported at least 1 
performance-based measure of function 
following TKA.
Timed up and go  Our longitudinal meta-
analysis of the timed up and go (TUG) test 
included 6 studies (n = 432) and 15 obser-
vations in total. Pooled weighted means 
are displayed in FIGURE 3A, and percentage 
change is shown in FIGURE 3D. TUG speed 
improved over the 2-year period, χ2(3) = 
105, P<.001, from 11.7 seconds (95% CI, 
9.3 to 14.0) presurgery to 9.8 seconds 
(95% CI, 8.0 to 11.6) at very short-term, 
8.5 seconds (95% CI, 6.7 to 10.2) at short-
term, and 8.9 seconds (95% CI, 6.5 to 
11.2) at medium-term follow-up (TABLE 3). 
While TUG scores at all postsurgical 
time points differed significantly from 
the presurgical TUG score, there were no 
significant differences between sequen-
tial postsurgical time points. Only the 
presurgery versus very short-term follow-
up comparison produced evidence for a 
significant sequential reduction (mean 
difference, 1.9 seconds; 95% CI, 0.7 to 
3.0; P = .002). The suggested MCID of 
a 40% reduction in TUG from baseline57 
would represent a point estimate for 
acceptable benefit of 7.0 seconds for these 
data. At no time point did the pooled es-
timate of TUG speed meet this criterion, 
although the limit of the 95% CI exceeded 
the threshold for the medium- and long-
term follow-up.
Stair climb test (Stair Climb Capacity)  Our 
longitudinal meta-analysis of the stair 
climb test (SCT) included 7 studies 
(n = 435) and 20 observations in total. 
Pooled weighted means are displayed in 
FIGURE 3B, and percentage change is shown 
in FIGURE 3E. Stair climb capacity changed 
over time, χ2(3) = 144, P<.001, from 
17.8 seconds (95% CI, 12.9 to 22.7) presur-
gery to 14.3 seconds (95% CI, 10.6 to 18.0) 
at very short-term, 11.0 seconds (95% CI, 
8.1 to 13.8) at short-term, and 13.9 seconds 
(95% CI, 11.1 to 16.7) at medium-term 
follow-up (TABLE  3). The very short-term 
follow-up mean was lower than the pre-
surgery mean (mean difference, −3.5 
seconds; 95% CI, −5.2 to −1.9; P<.001), 
the short-term follow-up mean was lower 

up assessment. Our evaluation of het-
erogeneity and sensitivity analyses are 
presented in SUPPLEMENTAL APPENDIX I.
Clinical Course of Function Assessed Us-
ing Performance-Based Measures After 

At no other time point did the point es-
timate of outcome meet the threshold 
for acceptable clinical benefit, although 
the lower bound of the CI exceeded this 
estimate at all but the long-term follow-

Identification of studies via databases 

Records identified from database 
searching (n = 13 993 as 13 989 
studies) 

EBSCO/CINAHL (n = 4395) 
EMBASE (n = 6182) 
PubMed/MEDLINE 
(n = 3416) 

Records removed before screening: 
Duplicate records removed 
(n = 2988) 

Id
en

ti
fi

ca
ti

o
n

 

Records excluded based on title and 
abstract (n = 10 479) 

Records screened after duplicates 
removed (n = 11 001) 

S
c

re
en

in
g

 

Reports excluded: (n = 292) 
58 Abstract only – conference 
proceedings 
48 Retrospective study 
46 Joint registry/database 
34 Published prior to Jan 2005 or 
surgery prior to 2000 (date first 
participant recruited) 
34 RCT/non-RCT 
22 No immediate f/u at 3, 6, and 12 
months. First f/u >3 years 
10 Wrong outcomes 
9 Wrong patient population 
7 No pre-op data 
3 Post-op data <1 month post-op 
3 Primary concern is other disease 
process – purposively sampled
clinical phenotype 
4 Simultaneous bilateral TKR 
2 Case-control with <10 subjects 
2 Cross-sectional study 
2 No longitudinal data 
3 No post-op data 
2 Pre-op data taken >2 months 
before surgery 
1 Done for reasons other than OA 
1 Not in English 
1 Wrong study design 

Full-text articles assessed for 
eligibility (n = 522) 

E
lig

ib
ili

ty
 

Studies included in review 
(n = 230) 
Studies included in meta-analysis 
deemed high or acceptable quality 
(n = 78) (n = 66 unique cohorts)  
 

In
cl

u
d

ed
 

FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the review process. 
Abbreviations: post-op, postoperative; pre-op, preoperative; RCT, randomized controlled trial; TKR, total knee replacement; 
OA, osteoarthritis.

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t U

FR
N

 -
 U

N
IV

E
R

SI
D

A
D

E
 F

E
D

E
R

A
L

 D
O

 R
IO

 G
R

A
N

D
E

 D
O

 N
O

R
T

E
 o

n 
M

ar
ch

 1
1,

 2
02

5.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
 C

op
yr

ig
ht

 ©
 2

02
5 

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
. A

ll 
ri

gh
ts

 r
es

er
ve

d.

https://www.jospt.org/doi/suppl/10.2519/jospt.2024.12570


6  |  january 2025  |  volume 55  |  number 1  |  journal of orthopaedic & sports physical therapy

[ literature review ]
term follow-up (TABLE 3). There was an 
estimated increase of 55.7 m (95% CI, 
36.8 to 74.5; P<.001) between presur-
gery and very short-term follow-up and 
a further 24.7-m increase (95% CI, 0.7 
to 48.7; P = .043) at short-term follow-
up. The pooled estimate for 6MWT 
distance met the MCID criteria at both 
very short-term (55 m) and short-term 
(74.3 m) follow-ups, although the low-
er bound of the 95% CI was below this 
threshold at both time points.

Overall, there was heterogeneity of 
study observations across time points 
(SUPPLEMENTAL APPENDIX J).
Sensitivity analysis  In the studies that 
analyzed performance-based measures, 
no preoperative rehabilitation was re-
ported for any of the groups, but post-
surgical rehabilitation was reported in 
almost all measures (TUG, 5/6 [83%]; 
SCT, 7/7 [100%]; 6MWT, 5/5 [100%]). 
Six of these studies were deemed high 
quality; however, given the small number 
of studies and small sample sizes, sensi-
tivity analyses were not performed.
Additional functional tests  A number 
of additional functional tests were in-
cluded that could not proceed to meta-
analysis due to the limited number of 
studies, and a qualitative synthesis for 
each outcome measure is in SUPPLEMENTAL 

APPENDIX K.
Self-reported versus performance-based 
functional measures  A quantitative analy-
sis comparing the clinical course of 

follow-up, but not at very short-term or 
medium-term follow-up.
6-Minute walk test  Our longitudinal 
meta-analysis of the 6-minute walk test 
(6MWT) included 5 studies (n = 217) 
and 14 observations. Pooled weighted 
means are displayed in FIGURE  3C, and 
percentage change is shown in FIGURE 3F. 
The 6MWT distance improved over the 
1-year period, χ2(2) = 63.7, P<.001, 
from 369.9 m (95% CI, 293.1 to 446.6) 
presurgery to 425.6 m (95% CI, 353.1 
to 498.0) at very short-term and 450.3 
m (95% CI, 380.7 to 519.9) at short-

than the previous time point value (−3.3 
seconds; 95% CI, −5.0 to −1.6; P<.001), 
and the medium-term follow-up mean 
was greater than the short-term value 
(an increase of 2.9 seconds; 95% CI, 1.0 to 
4.9; P = .002), suggesting some decline in 
function over the second year of follow-
up. A minimal detectable change (MDC) 
of 5.5 seconds from baseline has been re-
ported55 and represented a point estimate 
for acceptable benefit of 12.3 seconds at 
follow-up for these data. The point esti-
mate of outcome met the threshold for 
acceptable clinical benefit at short-term 

FIGURE 2. (A) The clinical course of self-reported function after total knee arthroplasty. Individual study markers 
are weighted by the inverse of their sample standard error. (B) Self-reported function as a percentage change from 
presurgery. These values and 95% confidence intervals (CIs) were calculated from the pooled weighted means (and 
standard errors), as displayed in panel (A).

TABLE 2
Self-reported Function Scores, Percentage Change, and Certainty of the Evidence 

for Each Time Category

Defined assessment periods: presurgery, very short term (≥3 months to ≤6 months), short term (>6 months to ≤12 months), medium term (>12 months to ≤24 months), 
long term (>24 months to ≤36 months), and very long term (>36 months to ≤60 months).  
Abbreviation: CI, confidence interval.
aPositive values indicate improvement.

Assessment Periods
Self-reported Function Estimated Mean/100 

(95% CI)
Self-reported Function Percentage Change From 

Baseline (95% CI)a

Grading of Recommendations Assessment, 
Development, and Evaluation Judgment

Presurgery 55.6 (53.1 to 58.1)

3-6 months 21.1 (17.9 to 24.3) 62% (57 to 67) Moderate certainty

6-12 months 31.0 (25.8 to 36.2) 44.2% (35 to 53.3) Low certainty

12-24 months 30.9 (23.2 to 38.6) 44.5% (31 to 58.3) Low certainty

24-36 months 40.0 (29.7 to 50.2) 28% (9.4 to 47) Not estimated

36-60 months 35.7 (22.7 to 48.8) 36% (12 to 59.3) Not estimated
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physical function following primary TKA 
for knee OA based on data from high- and 
unclear-quality studies and investigated 
whether self-reported and performance-
based measures of physical function follow 
similar clinical courses. We included data 
from 66 unique high- and unclear-quality 
prospective cohort studies, representing 

time point for the performance-based 
measures.

DISCUSSION

W
e described the clinical 
course of self-reported and per-
formance-based measures of 

self-reported and performance-based 
measures of physical function was pre-
cluded due to limited data for performance-
based measures. The percentage changes 
seen in the performance-based measures 
appeared somewhat less than was appar-
ent in self-reported measures. Maximal 
improvement seemed to occur at a later 

TABLE 3
Performance-Based Function Scores and Percentage Change for Each Time Cat-

egory

Abbreviations: 6MWT, 6-minute walk test; CI, confidence interval; SCT, stair climb test; TUG, timed up and go.
aPositive values indicate improvement.

Assessment Periods
TUG Estimated Mean 

(95% CI)

TUG Percentage 
Change From Baseline 

(95% CI)a

SCT Estimated Mean 
(95% CI)

SCT Percentage 
Change From Baseline 

(95% CI)a

6MWT Estimated Mean 
(95% CI)

6MWT Percentage 
Change From Baseline 

(95% CI)a

Presurgery 11.7 (9.3 to 14.0) 17.8 (12.9 to 22.70) 369.9 (293.1 to 446.6)

3-6 months 9.8 (8.0 to 11.6) 16% (7.4 to 24.7) 14.3 (10.6 to 18.0) 18.3% (7.7 to 29) 425.6 (353.1 to 498.0) 18.3% (7.7 to 29)

6-12 months 8.5 (6.7 to 10.2) 24% (8.9 to 39) 11.0 (8.1 to 13.8) 36% (15 to 56.1) 450.3 (380.7 to 519.9) 36% (15 to 56.1)

12-24 months 8.9 (6.5 to 11.2) 19% (−3.3 to 41) 13.9 (11.1 to 16.7) 17.1% (−11.7 to 46)

FIGURE 3. (A-C) The clinical course of performance-based measures of function after total knee arthroplasty. Individual study markers are 
weighted by the inverse of their sample standard error. (D-F) Performance-based measures of function as a percentage change from presurgery. 
These values and 95% confidence intervals (CIs) were calculated from the pooled weighted means (and standard errors).
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sures, and the assessment of acceptable 
benefit for these measures uses scores 
derived from a variety of nonequivalent 
methodologies. Finally, there was some 
between-study variability in the timing of 
outcome assessment, so our pooled out-
come estimates include data collected at 
slightly different time points.

Clinical Implications
For those contemplating TKA, these data 
may be useful when deciding between 
surgery and pursuing other approaches 
to managing knee OA, particularly if the 
estimated level of improvement in func-
tion is less than what they would deem 
worthwhile given the cost, risks, and 
inconvenience of joint replacement sur-
gery. For those choosing TKA, having an 
evidence-based estimate of postsurgical 
functional status may reduce reports of 
dissatisfaction.10,17 Previous work in-
vestigating patient perspectives of pain 
and function after TKA highlighted the 
absence of in-depth information about 
prognosis and functional expectations 
following surgery.53 Patients’ expectations 
about postoperative physical function can 
often remain unfulfilled,16,41 contributing 
to dissatisfaction.23,46,59 Our data can help 
formulate realistic expectations, which 
are a feature of satisfaction.

Our review may hold value in alerting 
clinicians to when patients fall outside of 
recovery norms, particularly when per-
centage changes in self-reported function 
or direct measures of function are less 
than what was reported here. This may 
serve as a prompt to instigate activity and 
lifestyle targeted interventions aimed at 
increasing physical activity to enhance 
functional improvements and prevent 
functional decline.6,8,52 The lack of clini-
cally meaningful change in most estimates 
of both self-reported and performance-
based measures of function suggests that 
both clinicians and researchers should 
urgently consider investigating and im-
plementing ways of enhancing physical 
function post-TKA.

We have demonstrated that self- 
reported function will be at the highest 

improvements between 1 and 10 years 
postoperatively.47 This review also reported 
evidence of slight deterioration in self-
reported function in the long term.47

We identified 230 recent studies that 
have evaluated functional status post-
TKA. Two thirds of these studies were of 
low quality and not included in the meta-
analyses. The most common problems 
encountered related to inadequately de-
scribing the sample; large loss to follow-
up; failure to describe the reasons for 
missingness; and inadequate reporting 
of outcome, including clearly describing 
the timing of data collection. Our review 
mirrors findings encountered by previous 
authors.3,18,45 Researchers planning to 
evaluate prognosis post-TKA should en-
deavor to provide high-quality estimates 
of outcomes that can be easily interpreted 
by clinicians and consumers by ensur-
ing that these key quality indicators are 
addressed. Nearly all studies employed 
consecutive sampling, an important fea-
ture in ensuring believability in prognostic 
studies.

Limitations
Analysis of the data from the surgical 
arms in controlled trials could provide 
information to support the aims of this 
study, but such data were excluded from 
the review due to problems in both in-
ternal and external validity. The lack of 
data on performance-based measures 
of physical function from unclear- and 
high-quality studies meant we were un-
able to undertake the planned quantitative 
comparison of trajectories between per-
ceived and measured function.

We applied a single estimate of the 
SWE derived from the Knee injury and 
Osteoarthritis Outcome Score24 across 
all self-reported measures. This may be 
deemed a limitation; however, in light 
of the great variety of thresholds being 
used to measure response and the lack 
of standardization in the methodology 
employed to calculate MCIDs,9,36 we felt 
this was a reasonable approach. We were 
unable to identify an estimate of the SWE 
for any of the performance-based mea-

19 063 people with knee OA, followed up 
to a maximum of 5 years.

Clinically meaningful improvement 
in self-reported function was evident at 
the 3- to 6-month follow-up based on an 
estimated SWE of 51% improvement. At 
no other time point did the estimate of 
self-reported function meet this criterion 
for clinically meaningful change. Maxi-
mal improvement occurred surprisingly 
early, and outcomes regressed from this 
time point and plateaued from the 6- to 
12-month follow-up.

Performance-based measures of phys-
ical function largely improved post-TKA, 
although there was a trend for some de-
terioration in improvement after the 6- to 
12-month follow-up. We did not identify 
an estimate of the SWE for any of the 
measures used, and decision thresholds 
for acceptable benefit were based on es-
timates of MCID or MDC. For approxi-
mately two thirds of the assessments, 
outcome estimates did not meet the cri-
teria for clinically meaningful change, 
although a small number of studies con-
tributed to these estimates.

Poor agreement between patient-
reported and performance-based measures 
of physical function has been reported 
previously in people undergoing TKA for 
knee OA.38 We were unable to undertake 
a quantitative comparison of self-reported 
and performance-based trajectories, 
although qualitatively, it appears that 
the percentage change for performance-
based measures (FIGURE 3D-F and TABLE 3) is 
somewhat less than that for self-reported 
measures (FIGURE  2B and TABLE  2). How-
ever, the general trend in trajectories was 
similar. For both patient-reported and 
performance-based measures, there was 
improvement at 3-6 months, followed 
by minimal-to-moderate deterioration 
in functional improvement beyond the 
6- to 12-month follow-up. Sayah et  al47 
found a similar trend in their review in-
vestigating the clinical course of pain and 
self-reported function following TKA. Pa-
tients experienced marked improvements 
in both pain and function within the first 
12 months postoperatively but little to no 
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CAUTION: Certainty of the evidence was 
moderate to low, and two thirds of the 
studies were deemed low quality and 
excluded from evidence synthesis; 
therefore, there is the possibility that 
further research may lead to different 
conclusions. Generalizability to popula-
tions other than people with knee OA 
undertaking a TKA is unclear. Clinicians 
should discuss these uncertainties with 
patients to facilitate informed decision 
making.
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