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then compared over 10 years following surgery. Mixed-
effects regressions for repeated measures were used to esti-
mate the effect of patient characteristics and type of surgery 
on PROMs.
Results Five-hundred and ninety UKAs were matched to 
the same number of TKAs. Receiving UKA rather than 
TKA was found to be associated with better scores for 
OKS, including both its pain and function components, 
and EQ-5D, with the differences expected to grow over 
time. UKA was also associated with an increased likeli-
hood of patients achieving a successful outcome, with an 
increased chance of attaining minimally clinically impor-
tant improvements in both OKS and EQ-5D, and an ‘excel-
lent’ OKS. In addition, for both procedures, patients aged 
between 60 and 70 and better pre-operative scores were 
associated with better post-operative outcomes.

Abstract 
Purpose  For patients with medial compartment arthritis 
who have failed non-operative treatment, either a total knee 
arthroplasty (TKA) or a unicompartmental knee arthro-
plasty (UKA) can be undertaken. This analysis considers 
how the choice between UKA and TKA affects long-term 
patient-reported outcome measures (PROMs).
Methods The Knee Arthroplasty Trial (KAT) and a cohort 
of patients who received a minimally invasive UKA pro-
vided data. Propensity score matching was used to identify 
comparable patients. Oxford Knee Score (OKS), its pain 
and function components, and the EuroQol 5 Domain (EQ-
5D) index, estimated on the basis of OKS responses, were 
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Conclusion Minimally invasive UKAs performed on 
patients with the appropriate indications led to better patient-
reported pain and function scores than TKAs performed on 
comparable patients. UKA can lead to better long-term qual-
ity of life than TKA and this should be considered alongside 
risk of revision when choosing between the procedures.
Level of evidence II.

Keywords Arthroplasty · Knee replacement · Knee 
prosthesis · Knee osteoarthritis

Introduction

For individuals with end-stage arthritis of the knee, joint 
replacement relieves pain and improves function [8]. In 
patients with anteromedial arthritis, either a total knee 
arthroplasty (TKA) or a unicompartmental knee arthroplasty 
(UKA) can be undertaken, where the entire joint or only the 
affected compartment are replaced, respectively [1, 33].

Patient-reported outcome measures (PROMs) capture 
patients’ perceptions of their own functional status and 
well-being. PROMs can focus on patients’ perceptions 
of their general health or of health related to specific dis-
eases or conditions [10]. While condition-specific measures 
may be more sensitive, generic measures are required for 
informing resource allocation decisions across a health sys-
tem [15, 25]. Since 2009, PROMs have been routinely col-
lected for all patients receiving a knee arthroplasty funded 
by the National Health Service (NHS) in England [12], 
with the condition-specific Oxford Knee Score (OKS) and 
the generic EuroQol 5 Domain (EQ-5D) recorded pre-oper-
atively and 6 months post-operatively. After six months, 
UKA has been found to result in better OKS and EQ-5D, 
with those receiving UKA more likely to achieve the very 
best outcomes [29]. Whether these improvements are main-
tained in the longer-term, however, is unknown.

The choice between UKA and TKA is likely to also 
have long-term implications for patient-reported health 
outcomes. Whether the observed differences at 6 months 
can be expected to be maintained into the future is as yet 
unclear. The aim of this study was therefore to compare 
the long-term PROMs of those patients receiving UKA and 
TKA. These findings will provide important evidence that, 
along with the existing literature on their revision rates, 
can inform clinical decision-making when faced with the 
choice between the alternative procedures.

Materials and methods

Patient-reported outcomes were compared following 
TKA, reported in the Knee Arthroplasty Trial (KAT) 

[35], and UKA, recorded for a cohort of patients who 
received a minimally invasive medial UKA [36, 37]. Pro-
pensity score matching was used to identify comparable 
patients based on their observed characteristics. OKS, its 
pain and function component scores, and EQ-5D (esti-
mated by a mapping algorithm based on OKS) were 
compared for the matched patients, and mixed-effects 
regressions for repeated measures were used to examine 
the effect of surgical choice and patient characteristics 
on PROMs.

Setting and participants

Data were obtained from two prospective cohorts of 
patients receiving TKA or UKA in the United Kingdom 
(UK) in which the authors of this study were involved.

KAT was a partial factorial, pragmatic, multicentre 
randomised controlled trial which considered whether or 
not to resurface the patella during TKA, whether to use a 
fixed or a mobile tibial bearing, and whether to use modu-
lar or all-polyethylene tibial components [35]. Patients 
were eligible for inclusion in the trial if a decision had 
been made to have primary knee arthroplasty surgery, but 
no particular type of operation was clearly indicated, and 
were randomised between July 1999 and January 2003. 
While UKA was included in the original design of the 
trial, this arm was terminated early due to the develop-
ment of the minimally invasive technique for implanting 
unicompartmental arthroplasties [35], and these patients 
were excluded from this analysis. No significant clini-
cal differences were found between the remaining patient 
groups, and so these patients were pooled in this analysis 
to provide an indication of outcomes following total knee 
arthroplasty.

A separate observational cohort provided evidence for 
outcomes following UKA [36, 37]. These patients received 
the first 1000 phase 3 Oxford medial unicompartmental 
knee arthroplasties using a minimally invasive technique 
and met the recommended indications for the procedure 
[18]. These procedures were performed by two surgeons 
with patients followed prospectively in a dedicated research 
clinic run by independent physiotherapists. A total of 818 
patients received these arthroplasties with 636 unilateral 
and 182 bilateral (22 of which were undertaken simulta-
neously), with knees implanted between June 1998 and 
March 2009.

The index operation for all patients was a primary 
knee arthroplasty, either unicompartmental or total. 
Patients were included in the analysis if they had OKS 
recorded pre-operatively and at least once in the 10 years 
following their procedure. Outcomes were censored from 
when patients were lost to follow-up, had a revision or 
died.



1457Knee Surg Sports Traumatol Arthrosc (2018) 26:1455–1464 

1 3

Patient‑reported outcome measures and data collection

The Oxford Knee Score (OKS) is a validated questionnaire 
specifically developed to assess patients’ pain and function 
status after knee arthroplasty [11]. The questionnaire con-
sists of 12 questions, each with five responses on a Likert 
scale and scored from 0 (most severe pain or limited func-
tion) to 4 (no pain or functional limitation). An overall 
score ranges from 0 to 48, with 48 being the best [34]. OKS 
can be disaggregated into a ‘OKS pain component’ and a 
‘OKS functional component’ [19], with the pain compo-
nent informed by seven of the questions and the functional 
component based on the remaining five. The OKS pain 
component ranges from 0 to 28, while the OKS functional 
component ranges from 0 to 20, with higher sores indicat-
ing less pain and better function, respectively. An overall 
OKS of above 41 can be considered ‘excellent’, above 
34–41 as ‘good’, above 27–34 as ‘fair’, while 27 or below 
is a ‘poor’ score [23]. Meanwhile, the minimally clinically 
important change in OKS for a patient is 4 points [5].

Within the KAT study, OKS was reported by patients via 
postal questionnaires prior to surgery, three months after 
the operation and annually thereafter. Following a postal 
reminder, any patients who had not returned the question-
naire were contacted by telephone and offered the option of 
completing the questionnaire over the telephone. Similarly, 
the Oxford UKA cohort was sent OKS questionnaires pre- 
and post-surgery, and if they did not return a questionnaire, 
they were contacted by telephone and were able to com-
plete the questionnaire over the phone.

EQ-5D is a widely used generic measure of health-
related quality of life consisting of five questions on mobil-
ity, self-care, pain/discomfort, usual activities and anxiety/
depression. Each question had three response levels with 
health-state preferences, or utilities, derived for the UK 
population [13]. Utilities indicate the relative preference 
that individuals associate with different health states and 
range from −0.5 to 1, with one representing perfect health, 
zero indicating death and negative values denoting health 
states worse than death. The minimally clinically important 
change in EQ-5D is 0.074 [40].

EQ-5D was not collected for the Oxford UKA cohort 
and was therefore estimated based on OKS responses, with 
individuals’ responses to each OKS question used to pre-
dict their EQ-5D score via a mapping algorithm [9]. While 
EQ-5D was collected in KAT alongside OKS, to provide 
a fair comparison, EQ-5D scores were also mapped from 
OKS responses for KAT patients.

Confounders

Age at operation and gender were collected for both 
KAT and the UKA patients. As the association of age on 

outcome was nonlinear, we considered age according to 
the following categories used in the randomisation process 
in KAT study: <60 years; 60–69 years; 70–79 years and 
80 years or older.

Ethical approval

KAT received ethics approval from the Multicen-
tre Research Ethics Committee for Scotland (ref: 
MREC/98/0/100). Ethical approval for the follow-up of 
UKA patients was not required under NHS research gov-
ernance arrangements.

Statistical methods

Patients receiving a TKA in the KAT trial were expected 
to differ to those in the UKA cohort thus making any 
unadjusted comparison between the groups ill-advised. 
Propensity score matching was therefore used to control 
for potential selection bias. The matching was generated 
by a logistic regression with age at procedure, gender, the 
Oxford Knee Score pain and function components and 
EQ-5D at baseline used as predictors of treatment choice. 
One-to-one nearest neighbour matching without replace-
ment was then used, with a caliper of 0.2 SDs specified 
within which controls could be drawn [3]. Patient charac-
teristics were compared before and after matching, with 
standardised mean differences used to assess the success of 
matching (a standardised mean difference of <0.1 indicates 
a negligible difference in the mean of a covariate between 
treatment groups) [2].

Overall OKS, its pain component, its functional compo-
nent and mapped EQ-5D were compared for the two pro-
pensity score-matched treatment groups. Mean scores were 
estimated for each year, and bias-corrected and accelerated 
(BCa) confidence intervals were estimated through 2000 
bootstraps.

Mixed-effects regressions for repeated measures were 
used to estimate the effect of treatment choice on out-
comes over 10 years for the propensity score-matched 
patients, with random intercepts and fixed slope specified. 
This method takes into account incomplete follow-up data, 
without any imputation of missing values, and provides 
valid estimates of treatment effects under the assumption 
that such data are missing at random. Linear regressions 
were used with OKS, the OKS pain component, the OKS 
functional component and mapped EQ-5D as outcomes of 
interest. Logistic regressions were used to test for the effect 
of surgical choice on what could be considered as a suc-
cessful outcome. Regressions were estimated for whether 
post-operative OKS was ‘excellent’ (>41), ‘excellent’ or 
‘good’ (>34), or ‘excellent’, ‘good’ or ‘fair’ (>27) [23], 
whether the difference between post-operative OKS and 
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EQ-5D scores exceeded or was equal to the minimally clin-
ically important difference (4 points for OKS and 0.074 for 
EQ-5D) [5, 40] and whether these scores were the same or 
improved. Each model adjusted for age at operation, gender 
and baseline PROMs. As baseline PROMs were highly cor-
related, only the baseline score for the outcome of interest 
in each model was included. The merit of including interac-
tion terms was tested through a comparison, using ANOVA, 
of models with and without interaction terms. Statistical 
significance was set at 5% (p < 0.05).

Due to inherent differences in study designs, the proportion 
of missing data could be expected to differ for KAT and the 
Oxford UKA cohort. If outcomes of those with missing data 
and those excluded from the analysis differed from those who 
were included, then findings would be biased. Therefore, the 
characteristics and outcomes of those eligible for inclusion in 
the analysis were compared with those who were excluded.

Except for the mapping of Oxford Knee Scores to 
EQ-5D, which was done in Stata 12 using the oks2eq com-
mand [38], data analysis was undertaken in R 3.3.0. Pro-
pensity score matching was implemented using the MatchIt 
package [20], and mixed-effect regressions were imple-
mented using the Lme4 package with the sjPlot used to 
summarise results [4, 32].

Sensitivity analysis

Two sensitivity analyses were undertaken to assess how 
robust the results of the study were to changes in analytic 
decisions. First, the analysis was repeated using an alter-
native approach to propensity score matching where the 
requirement that controls could only be drawn from a cali-
per of 0.2 SDs was removed. Second, as knee arthroplasties 
in the Oxford UKA cohort were performed by two expe-
rienced surgeons, the analysis was re-run with only knee 
arthroplasties in KAT done by a consultant or an associate 
specialist included.

Sample size consideration

Data collection was not designed for this analysis but, 
rather, data were collected to inform independent consider-
ations of alternative methods of TKA and patient outcomes 
following minimally invasive UKA. This analysis made use 
of all available data which satisfied the inclusion criteria.

Results

Study participants

A flow chart detailing further inclusion/exclusion of 
patients is presented in Fig. 1, with the characteristics of 

those eligible and ineligible for inclusion are described in 
Appendix 1 as Electronic Supplementary. Given the simi-
larity in outcomes between those eligible and ineligible, 
imputation of missing data was deemed to be unnecessary. 
Prior to propensity score matching, patients receiving UKA 
were more likely to be younger, male and to have better 
health status than those receiving TKA. After propensity 
score matching, with 590 UKAs matched to 590 TKAs, 
these characteristics were well balanced with standardised 
mean differences <0.1. Patient characteristics before and 
after matching are detailed in Table 1. Twenty-four (4.1%) 
TKAs and 23 (3.9%) UKAs were revised over the 10 years 
of follow-up, and any patient-reported outcomes following 
revision were censored from the analysis.

Patient‑reported outcomes

At one year following primary surgery, patients who 
received an UKA reported a mean OKS of 40.3 (95% CI 
39.5–41.0), while those who received a TKA reported a 
mean OKS of 35.9 (95% CI 35.0–37.6). Differences per-
sisted over the period of follow-up with those patients who 
received a UKA reporting a mean OKS of 39.2 (95% CI 
38.1–40.2) after 10 years, while those who received a TKA 
reported a mean OKS of 35.9 (95% CI 34.6–37.0). Appen-
dix 2 as Electronic Supplementary shows the mean values 
of observed OKS, its pain and function components, and 
the mapped EQ-5D for propensity score-matched UKA and 
TKA patients with their corresponding bootstrapped confi-
dence intervals.

Reported scores were better for UKA than TKA for 
both the OKS pain and function components, where higher 
scores indicate less pain and better function, respectively. 
At one year following surgery, patients with UKA reported 
on average 23.8 (23.3–24.2) for the pain component and 
16.5 (16.2–16.7) for the function component, while TKA 
patients reported 22.0 (21.5–22.5) for the pain component 
and 14.1 (13.8–14.5) for the function component. After 
10 years, scores for UKA patients were 23.6 (22.8–24.3) 
for the pain component and 15.3 (14.7–15.9) for the func-
tion component, while TKA patients reported 22.2 (21.5–
22.9) and 13.7 (13.2–14.3).

EQ-5D, mapped from these OKS scores, was estimated 
to be on average 0.82 (0.80–0.83) for UKA patients and 
0.74 (0.72–0.76) for TKA patients at the first year post-
surgery. After 10 years, EQ-5D for UKA patients was 0.78 
(0.76–0.8) and 0.74 (0.72–0.76) for TKA.

Factors associated with patient‑reported outcomes

Table 2 summarises the results from the mixed-effects 
linear regressions of OKS, its pain and function compo-
nents, and mapped EQ-5D scores. A statistically significant 
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interaction was found between surgery and years since sur-
gery for the linear regressions (Fig. 2). The provision of 
UKA rather than TKA was associated with statistically sig-
nificant increased scores for overall OKS, both of its pain 
and function components, and EQ-5D. While all scores for 
TKA patients are expected to fall over time, UKA scores 
are expected to fall to a lesser degree or, in the case of the 

OKS pain component, to improve. Based on regressions 
of PROMs recorded for year 1 (Appendix 4 as Electronic 
Supplementary), the provision of UKA rather than TKA 
was associated with an additional 4.1 points for OKS 
(p < 0.05), with an additional 1.9 (p < 0.05) points in the 
pain component and 1.6 (p < 0.05) for the function com-
ponent, while EQ-5D was estimated to be higher by 0.06 

Fig. 1  Flow chart of study 
inclusion

Table 1  Patient characteristics before and after matching

Standardised mean difference compares the difference in means in units of the pooled standard deviation

TKA total knee arthroplasty, UKA unicompartmental knee arthroplasty, SD standard deviation, IQ interquartile range

Before matching Standardised  
mean difference

After matching Standardised 
mean difference

TKA UKA TKA UKA

N 1980 675 590 590

Age (mean, SD) 70.4 (8.2) 66.8 (9.6) 0.40 67.59 (8.37) 67.66 (9.0) 0.01

Gender: male (n, %) 864 (44%) 350 (52%) 0.17 292 (49%) 293 (50%) 0.00

Pre-op OKS pain compo-
nent (mean, SD)

9.61 (4.6) 12.63 (5.2) 0.62 11.56 (5.2) 11.82 (4.8) 0.05

Pre-op OKS function com-
ponent (mean, SD)

8.57 (3.5) 11.95 (4.0) 0.89 10.9 (3.7) 11.19 (3.7) 0.08

Pre-op OKS (mean, SD) 18.18 (7.5) 24.59 (8.7) 0.79 22.46 (8.3) 23.03 (8.0) 0.07

Pre-op EQ-5D (median, IQ) 0.4 (0.2–0.6) 0.61 (0.4–0.7) 0.62 0.57 (0.3–0.7) 0.58 (0.3–0.7) 0.07
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(p < 0.01). At year 10, OKS for UKA was expected to be 
4.5 (p < 0.05) higher than for TKA, with a difference of 1.7 
(p < 0.05) for the pain component and 2.1 (p < 0.05) for the 
function component, and EQ-5D was expected to be 0.07 
(p < 0.05) higher for UKA. Table 3 details the results from 
the mixed-effects logistic regressions on the effect of surgi-
cal choice on patient-reported outcomes. The use of UKA 
was associated with greater odds of achieving a successful 
outcome.   

A number of patient factors were included in the mul-
tivariate regressions, with the full model specifications 
detailed in Appendixes 3 and 5 as Electronic Supplemen-
tary. Patients aged between 60 and 70 were associated with 
better OKS and EQ-5D for both UKA and TKA than those 
aged below 60 (−1.5, n.s., and −0.03, p < 0.05, respec-
tively), those aged 70–80 (−1.4 and −0.03, p < 0.05), and 
those older than 80 (−0.8 and −0.03, n.s.). For both UKA 
and TKA, male gender was associated with a better OKS 

Table 2  Effect of surgical choice and years since surgery on patient-reported outcome scores over 10 years following surgery

Estimated effect of surgical choice from mixed-effects linear regressions controlling for years since surgery, age group, gender and pre-operative 
scores (Appendix 3 as Electronic Supplementary). An interaction term between type of surgery and years since surgery was included in the 
model. The estimated effect associated with surgical choice is a product of the combination of these three coefficient estimates

n.s. not significant

* p < 0.05

OKS pain component 
(0 to 28)

OKS function  
component (0 to 20)

OKS (0 to 48) EQ-5D (−0.59 to 1)

Surgery (UKA) Estimate (95% CI) 1.7 (1.1 to 2.4)* 2.2 (1.8 to 2.7)* 4.0 (3.1 to 5.0)* 0.07 (0.05 to 0.09)*

Years since surgery Estimate (95% CI) −0.1 (−0.1 to −0.1)* −0.1 (−0.1 to −0.1)* −0.2 (−0.3 to −0.1)* −0.00 (−0.01 to −0.00)*

Surgery (UKA)* 
Years since surgery

Estimate (95% CI) 0.1 (0.1 to 0.2)* 0.0 (−0.0 to 0.1)n.s. 0.1 (0.0 to 0.2)* 0.00 (−0.00 to 0.00)n.s

Fig. 2  Marginal effect of treatment and time on patient-reported outcomes from mixed-effects regressions. A higher score indicates better out-
comes for each measure. Yearly point estimates with shaded areas reflecting 95% confidence intervals



1461Knee Surg Sports Traumatol Arthrosc (2018) 26:1455–1464 

1 3

function component (0.2), but a worse OKS pain compo-
nent (−0.3) and overall OKS (−0.2) and no difference in 
EQ-5D, although none of these differences were found 
to be statistically significant. Better pre-operative scores 
were associated with better post-operative scores for both 
OKS (0.4, p < 0.05), including the pain (0.3, p < 0.05) and 
function (0.5, p < 0.05) components, and EQ-5D (0.27, 
p < 0.05). These indicate that, for example, a one-point 
higher score for OKS pre-operatively is associated with on 
average a 0.4-point higher score post-operatively.

Sensitivity analysis

Propensity score matching without the requirement that 
controls could only be drawn from a caliper of 0.2 SDs 
allowed all 678 eligible UKAs to be included in the anal-
ysis. Matched UKA and TKA patients were not well bal-
anced with only gender and age having a standardised 
mean difference of <0.1 (see Appendix 6, Table A.6.1 as 
Electronic Supplementary). The results from the analysis 
were similar to those in the primary analysis (see Appendix 
6, Table A.6.2 as Electronic Supplementary).

Only including those knee arthroplasties undertaken 
by a consultant or associate specialist in KAT led to 1428 
KAT patients being eligible for inclusion (see Appendix 
7, Table A.7.1 as Electronic Supplementary). After repeat-
ing the propensity score matching, this additional restric-
tion did not have any substantial effect on the results of the 
analysis with the provision of UKA associated with similar 

improvements in PROMs as found in the base case analysis 
(see Appendix 7, Table A.7.2 as Electronic Supplementary).

Discussion

The most important finding of the study is that those 
patients who received one of the first 1000 phase 3 Oxford 
medial unicompartmental knee arthroplasties using a 
minimally invasive technique have reported better patient-
reported outcomes than comparable patients who received 
a total knee arthroplasty as part of the Knee Arthroplasty 
Trial. These differences in outcomes were sustained across 
10 years following the procedures. While the differences in 
observed scores decreased over time, after controlling for 
age, gender and baseline scores using multivariate regres-
sion models, the differences in outcomes between UKA 
and TKA are in fact estimated to grow over time. While all 
scores for TKA patients are expected to fall, UKA scores 
are expected to fall to a lesser degree or, in the case of the 
OKS pain component, to improve.

The difference in OKS is driven by greater improve-
ments in both its pain and function components. As would 
be expected, given the effects of normal ageing, OKS func-
tion component scores fall over time [21, 41]. However, 
these reductions in OKS function component scores are 
more pronounced for TKA patients. In addition, OKS pain 
component scores, which are less influenced by the age-
ing process [7], diverge with UKA pain scores improving 
over time while those of TKA worsen. The provision of 
UKA rather than TKA is also associated with an increased 
likelihood of a successful outcome, with receiving UKA 
more likely to achieve the minimally clinically important 
improvements in both OKS and EQ-5D, and an ‘excellent’ 
post-operative OKS.

The difference in outcomes estimated here exceeds that 
observed for routinely collected NHS PROMs after six 
months, where UKA was associated with an adjusted mean 
difference of 1.5 for OKS and 0.02 for EQ-5D, and odds 
ratios of 1.3 for achieving a minimally clinically impor-
tant difference in OKS and 1.6 for an ‘excellent’ OKS [29]. 
This increased treatment effect is likely due to the charac-
teristics of the UKAs included here, which were performed 
by surgeons with a high usage and caseload of UKA at a 
high-volume centre, all of which has been found to be asso-
ciated with better outcomes [6, 28, 30].

For both the UKA and TKA patients for this analysis, 
better pre-operative scores are associated with better post-
operative OKS. This is consistent with previous research on 
those receiving both UKA and TKA [21, 22, 27].

The estimated effects of gender on PROMs are mixed 
with no statistically significant differences found. Previ-
ous findings for the effect of gender are also mixed as while 

Table 3  Effect of surgical choice on the odds of attaining successful 
patient-reported outcomes over 10 years following surgery

OR odds ratio (OR) based on mixed-effects logistic regression con-
trolling for years since surgery, age group, gender and pre-operative 
scores (Appendix 5 as Electronic Supplementary). OKS categories 
are based on absolute scores, while change in OKS and EQ-5D com-
pares patients’ post-operative scores with their pre-operative score

MCID Minimally clinically important difference, OKS Oxford knee 
score, UKA unicompartmental knee arthroplasty, CI confidence inter-
vals

* p < 0.05

Surgery (UKA) OR (95% CI)

OKS categories

‘Excellent’ (>41) 4.6 (3.2–6.5)*

‘Excellent’ or ‘good’ (>34) 3.8 (2.5–5.9)*

‘Excellent’, ‘good’ or ‘fair’ (>27) 3.5 (2.0–6.0)*

Change in OKS

Achieve MCID (≥4) 2.9 (1.8–4.7)*

No change or improvement (≥0) 3.0 (1.7–5.5)*

Change in EQ-5D

Achieve MCID (≥0.074) 2.5 (1.6–3.8)*

No change or improvement (≥0) 2.1 (1.4–3.6)*
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being male has been found to be associated with a lower 
OKS following TKA, with the difference attributed to the 
function component [22], being male has been found to be 
associated with better scores following UKA [27].

PROMs were found in our analysis to be better for those 
aged between 60 and 70, with both younger and older 
patients reporting worse outcomes. Previous estimates for 
the effect of age on outcomes have been mixed, with one 
study finding no relationship [17], others finding that older 
age to be related with poorer outcomes [14, 16, 22, 24, 31], 
while two others found outcomes to peak among those aged 
between 60 and 80 and for those aged 75, respectively [21, 
27]. The findings from this analysis are in line with these lat-
ter two studies.

This analysis is informed by evidence from two patient 
cohorts, with KAT providing evidence on outcomes 
following TKA, while a cohort of 1000 patients who 
received a minimally invasive phase 3 Oxford medial 
UKA provides evidence for UKA. Both studies were 
rigorously undertaken, and a number of publications 
have reported results from them independently [35–37]. 
PROMs were reported in each study over 10 years fol-
lowing knee arthroplasty, and synthesising the studies has 
allowed us to provide the first, to our knowledge, com-
parison of long-term patient-reported outcome measures 
following UKA and TKA.

Patient characteristics differed across the studies, 
with those in the UKA cohort more likely to be younger, 
male and to report better pre-operative PROMs. This is 
consistent with current provision in the NHS [26, 29]. 
Propensity score matching was used here to achieve 
similar distributions in observed baseline covariates so 
as to minimise potential confounding. However, while 
differences in observed patient characteristics were 
minimised, differences may have remained in unob-
served characteristics. In particular, patient comorbidi-
ties and pre-operative radiographs were not included 
and although both can be expected to be correlated 
with baseline PROMs, and so controlled for to some 
degree, imbalances in these may well remain. Moreo-
ver, differences in health care not associated with treat-
ment choice, such as access to physiotherapy, may have 
existed between the groups.

As well as differences in patient characteristics, differ-
ences in the characteristics of the surgeons in the two stud-
ies could also lead to differences in treatment effects lim-
iting the generalisability of the results. Knee arthroplasties 
for the Oxford UKA cohort were performed by two experi-
enced surgeons, while those done in KAT were performed 
by surgeons with a range of experience. Limiting our selec-
tion criteria to include only TKAs undertaken by a consult-
ant or associate specialist in KAT did not have any substan-
tial effect on the results of the analysis. It can be expected, 

however, that if the UKA cohort could be expanded to 
include low usage surgeons, UKA outcomes would fall [30].

The studies used to inform this analysis also differed in 
their proportions of missing data. In particular, while 6% 
of KAT patients were excluded on the basis of missing pre-
operative scores, 28% of the Oxford UKA cohort were. 
These differing rates could lead to bias if missingness was 
not completely at random. If, for example, those excluded 
were more likely to have worse outcomes, then the esti-
mated effect of UKA would be exaggerated. However, it 
was observed that excluded patients had similar characteris-
tics at baseline and similar outcomes than included patients. 
Based on this finding, missing pre-operative OKS are not 
expected to lead to bias, although they can be expected to 
have widened the uncertainty surrounding estimates of the 
effects of patient characteristics and type of surgery [39].

Conclusion

Minimally invasive UKAs performed on patients with the 
appropriate indications resulted in better patient-reported 
health outcomes than total knee arthroplasties performed 
on similar patients. Differences in patient-reported out-
comes were maintained over 10 years demonstrating the 
long-term impact of the choice of surgical procedure on 
health outcomes.

Authors’ contribution EB, MSS, HP, TH, AL, DM and RPV made 
substantial contributions to conception and design of the study. EB, 
MSS and RPV undertook the statistical analysis and drafted the man-
uscript with HP, TH, AL and DM revising it for important intellectual 
content. All authors read and approved the final manuscript.

Funding This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards 

Conflict of interest DM and HP receive research funding in the form 
of grants paid to the NDORMS, University of Oxford and the Oxford 
University Hospitals NHS Trust from Zimmer Biomet and Stryker, 
both of which are manufacturers of orthopaedic implants. DM receives 
royalties related to the Oxford UKA and consultancy fees from Zim-
mer Biomet. HP receives consultancy fees from Zimmer Biomet. None 
of these companies are involved in the funding or conduct of this study. 
TH, RPV, AL and EB have no potential conflicts of interest to declare.

Ethical approval This article does not contain any studies with 
human participants or animals performed by any of the authors.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License (http://

http://creativecommons.org/licenses/by/4.0/


1463Knee Surg Sports Traumatol Arthrosc (2018) 26:1455–1464 

1 3

creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.

References

 1. Ashraf ST, Ackroyd CE, Newman JH (2003) Compartmental 
knee arthroplasty. Curr Orthop 17:134–143

 2. Austin PC (2011) An introduction to propensity score methods 
for reducing the effects of confounding in observational studies. 
Multivar Behav Res 46:399–424

 3. Austin PC (2011) Optimal caliper widths for propensity-score 
matching when estimating differences in means and differences 
in proportions in observational studies. Pharm Stat 10:150–161

 4. Bates D, Mächler M, Bolker B, Walker S (2015) Fitting linear 
mixed-effects models using lme4. J Stat Softw 67:1–48. http://
www.jstatsoft.org/v42/i08

 5. Beard DJ, Harris K, Dawson J, Doll H, Murray DW, Carr AJ, 
Price AJ (2015) Meaningful changes for the Oxford hip and 
knee scores after joint replacement surgery. J Clin Epidemiol 
68:73–79

 6. Becker R, Argenson JN (2013) Unicondylar knee arthro-
plasty: what’s new? Knee Surg Sports Traumatol Arthrosc 
21:2419–2420

 7. Bremner-Smith AT, Ewings P, Weale AE (2004) Knee scores in a 
‘normal’ elderly population. Knee 11:279–282

 8. Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge A, 
Beard DJ (2012) Knee replacement. The Lancet 379:1331–1340

 9. Dakin H, Gray A, Murray D (2013) Mapping analyses to esti-
mate EQ-5D utilities and responses based on Oxford Knee 
Score. Qual Life Res 22:683–694

 10. Dawson J, Doll H, Fitzpatrick R, Jenkinson C, Carr AJ (2010) 
The routine use of patient reported outcome measures in health-
care settings. BMJ 340:c186

 11. Dawson J, Fitzpatrick R, Murray D, Carr A (1998) Question-
naire on the perceptions of patients about total knee replacement. 
Bone Joint J 80-B:63–69

 12. Devlin NJ, Parkin D, Browne J (2010) Patient-reported outcome 
measures in the NHS: new methods for analysing and reporting 
EQ-5D data. Health Econ 19:886–905

 13. Dolan P (1997) Modeling valuations for EuroQol health states. 
Med Care 35:1095–1108

 14. Dowsey MM, Nikpour M, Choong PF (2014) Outcomes follow-
ing large joint arthroplasty: does socio-economic status matter? 
BMC Musculoskel Disord 15:148

 15. Drummond M, McGuire A (2001) Economic evaluation in health 
care: merging theory with practice. Oxford University Press, 
New York

 16. Escobar A, Quintana JM, Bilbao A, Azkarate J, Guenaga JI, Are-
naza JC, Gutierrez LF (2007) Effect of patient characteristics on 
reported outcomes after total knee replacement. Rheumatology 
(Oxford) 46:112–119

 17. Fortin PR, Clarke AE, Joseph L, Liang MH, Tanzer M, 
Ferland D, Phillips C, Partridge AJ, Belisle P, Fossel AH, 
Mahomed N, Sledge CB, Katz JN (1999) Outcomes of total 
hip and knee replacement: preoperative functional status pre-
dicts outcomes at six months after surgery. Arthritis Rheum 
42:1722–1728

 18. Goodfellow J, Murray D (2006) Unicompartmental arthroplasty 
with the Oxford knee. Oxford University Press, Oxford

 19. Harris K, Dawson J, Doll H, Field RE, Murray DW, Fitzpat-
rick R, Jenkinson C, Price AJ, Beard DJ (2013) Can pain and 

function be distinguished in the Oxford Knee Score in a mean-
ingful way? An exploratory and confirmatory factor analysis. 
Qual Life Res 22:2561–2568

 20. Ho DE, Imai K, King G, Stuart EA (2011) MatchIt: nonparamet-
ric preprocessing for parametric causal inference. J Stat Softw 
42(8):1–28

 21. Jiang Y, Sanchez-Santos MT, Judge AD, Murray DW, Arden 
NK (2016) Predictors of patient-reported pain and functional 
outcomes over 10 years after primary total knee arthroplasty: 
a prospective cohort study. J Arthroplasty. doi:10.1016/j.
arth.2016.06.009

 22. Judge A, Arden NK, Cooper C, Kassim Javaid M, Carr 
AJ, Field RE, Dieppe PA (2012) Predictors of outcomes of 
total knee replacement surgery. Rheumatology (Oxford) 
51:1804–1813

 23. Kalairajah Y, Azurza K, Hulme C, Molloy S, Drabu KJ (2005) 
Health outcome measures in the evaluation of total hip arthro-
plasties–a comparison between the Harris hip score and the 
Oxford hip score. J Arthroplasty 20:1037–1041

 24. Kane RL, Saleh KJ, Wilt TJ, Bershadsky B (2005) The func-
tional outcomes of total knee arthroplasty. J Bone Joint Surg Am 
87:1719–1724

 25. Kind P (2009) Measuring quality of life in evaluating clinical 
interventions: an overview. Ann Med 33:323–327

 26. Liddle AD, Judge A, Pandit H, Murray DW (2014) Adverse out-
comes after total and unicompartmental knee replacement in 
101 330 matched patients: a study of data from the National Joint 
Registry for England and Wales. The Lancet 384:1437–1445

 27. Liddle AD, Judge A, Pandit H, Murray DW (2014) Determinants 
of revision and functional outcome following unicompartmental 
knee replacement. Osteoarthr Cartil 22:1241–1250

 28. Liddle AD, Pandit H, Judge A, Murray DW (2015) Optimal 
usage of unicompartmental knee arthroplasty: a study of 41 986 
cases from the National Joint Registry for England and Wales. 
Bone Joint J 97-B:1506–1511

 29. Liddle AD, Pandit H, Judge A, Murray DW (2015) Patient-
reported outcomes after total and unicompartmental knee 
arthroplasty: a study of 14,076 matched patients from the 
National Joint Registry for England and Wales. Bone Joint J 
97-B:793–801

 30. Liddle AD, Pandit H, Judge A, Murray DW (2016) Effect of sur-
gical caseload on revision rate following total and unicompart-
mental knee replacement. J Bone Joint Surg Am 98:1–8

 31. Lopez-Olivo MA, Landon GC, Siff SJ, Edelstein D, Pak C, 
Kallen MA, Stanley M, Zhang H, Robinson KC, Suarez-Alma-
zor ME (2011) Psychosocial determinants of outcomes in knee 
replacement. Ann Rheum Dis 70:1775–1781

 32. Lüdecke D (2016) sjPlot: data visualization for statistics in 
social science. R package version 2.0.2. http://CRAN.R-project.
org/package=sjPlot

 33. Lutzner J, Kasten P, Gunther KP, Kirschner S (2009) Surgi-
cal options for patients with osteoarthritis of the knee. Nat Rev 
Rheumatol 5:309–316

 34. Murray DW, Fitzpatrick R, Rogers K, Pandit H, Beard DJ, Carr 
AJ, Dawson J (2007) The use of the Oxford hip and knee scores. 
J Bone Joint Surg Br 89:1010–1014

 35. Murray DW, MacLennan GS, Breeman S, Dakin HA, Johnston 
L, Campbell MK, Gray AM, Fiddian N, Fitzpatrick R, Morris 
RW, Grant AM, group KAT (2014) A randomised controlled trial 
of the clinical effectiveness and cost-effectiveness of different 
knee prostheses: the knee Arthroplasty Trial (KAT). Health Tech-
nol Assess 18:1–235, vii–viii

 36. Pandit H, Hamilton TW, Jenkins C, Mellon SJ, Dodd CA, Mur-
ray DW (2015) The clinical outcome of minimally invasive 
Phase 3 Oxford unicompartmental knee arthroplasty: a 15-year 
follow-up of 1000 UKAs. Bone Joint J 97-B:1493–1500

http://creativecommons.org/licenses/by/4.0/
http://www.jstatsoft.org/v42/i08
http://www.jstatsoft.org/v42/i08
https://doi.org/10.1016/j.arth.2016.06.009
https://doi.org/10.1016/j.arth.2016.06.009
http://CRAN.R-project.org/package=sjPlot
http://CRAN.R-project.org/package=sjPlot


1464 Knee Surg Sports Traumatol Arthrosc (2018) 26:1455–1464

1 3

 37. Pandit H, Jenkins C, Gill HS, Barker K, Dodd CA, Murray DW 
(2011) Minimally invasive Oxford phase 3 unicompartmental 
knee replacement: results of 1000 cases. J Bone Joint Surg Br 
93:198–204

 38. Ramos-Goñi J, Rivero-Arias O, Dakin H (2013) Response map-
ping to translate health outcomes into the generic health-related 
quality-of-life instrument EQ-5D: introducing the mrs2eq and 
oks2eq commands. Stata J 13:474–491

 39. Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward 
MG, Wood AM, Carpenter JR (2009) Multiple imputation for 

missing data in epidemiological and clinical research: potential 
and pitfalls. BMJ 338:b2393

 40. Walters SJ, Brazier JE (2005) Comparison of the minimally 
important difference for two health state utility measures: EQ-5D 
and SF-6D. Qual Life Res 14:1523–1532

 41. Williams DP, Blakey CM, Hadfield SG, Murray DW, Price AJ, 
Field RE (2013) Long-term trends in the Oxford knee score fol-
lowing total knee replacement. Bone Joint J 95-B:45–51


	Ten-year patient-reported outcomes following total and minimally invasive unicompartmental knee arthroplasty: a propensity score-matched cohort analysis
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Setting and participants
	Patient-reported outcome measures and data collection
	Confounders
	Ethical approval
	Statistical methods
	Sensitivity analysis
	Sample size consideration

	Results
	Study participants
	Patient-reported outcomes
	Factors associated with patient-reported outcomes
	Sensitivity analysis

	Discussion
	Conclusion
	References




