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Aims

The COVID-19 pandemic has caused unprecedented disruption to elective orthopaedic ser-
vices. The primary objective of this study was to examine changes in functional scores in
patients awaiting total hip arthroplasty (THA), total knee arthroplasty (TKA), and unicom-
partmental knee arthroplasty (UKA). Secondary objectives were to investigate differences
between these groups and identify those in a health state ‘worse than death’ (WTD).

Methods

In this prospective cohort study, preoperative Oxford hip and knee scores (OHS/OKS) were
recorded for patients added to a waiting list for THA, TKA, or UKA, during the initial eight
months of the COVID-19 pandemic, and repeated at 14 months into the pandemic (mean
interval nine months (SD 2.84)). EuroQol five-dimension five-level health questionnaire
(EQ-5D-5L) index scores were also calculated at this point in time, with a negative score rep-
resenting a state WTD. OHS/OKS were analyzed over time and in relation to the EQ-5D-5L.

Results

A total of 174 patients (58 THA, 74 TKA, 42 UKA) were eligible, after 27 were excluded (one
died, seven underwent surgery, 19 non-responders). The overall mean OHS/OKS deteriorat-
ed from 15.43 (SD 6.92), when patients were added to the waiting list, to 11.77 (SD 6.45)
during the pandemic (p < 0.001). There were significantly worse EQ-5D-5L index scores in
the THA group (p = 0.005), with 22 of these patients (38%) in a health state WTD, than ei-
ther the TKA group (20 patients; 27% WTD), or the UKA group (nine patients; 21% WTD). A
strong positive correlation between the EQ-5D-5L index score and OHS/OKS was observed
(r = 0.818; p < 0.001). Receiver operating characteristic analysis revealed that an OHS/OKS
lower than nine predicted a health state WTD (88% sensitivity and 73% specificity).

Conclusion

OHS/OKS deteriorated significantly among patients awaiting lower limb arthroplasty during
the COVID-19 pandemic. Overall, 51 patients were in a health state WTD, representing 29%
of our entire cohort, which is considerably worse than existing pre-pandemic data.
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Introduction

Within a few weeks of the COVID-19
pandemic, many orthopaedic departments
across the UK saw the immediate cessa-
tion of elective activity as part of a strategy
to maximize bed capacity for patients with

SARS-CoV-2 infection, and reduce the risk
of transmission among the wider popula-
tion. Total knee arthroplasty (TKA) and total
hip arthroplasty (THA) case volumes fell by
61% and 54% respectively, when compared
to median case quantities pre-pandemic.’
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Table 1. Combined results and comparison between total hip arthroplasty, total knee arthroplasty, and unicompartmental knee arthroplasty groups.
Variable All patients THA TKA UKA p-value
Total, n 174 58 74 42
Sex, M:F 90:84 30:28 39:35 21:21
Mean age, years (SD; range) 68 (9.28; 38 to 87) 69 (9.07; 40 to 86) 69 (9.96; 38 to 87) 64 (7.06; 47 to 79) 0.005*
Mean initial OHS/OKS (SD) 15.43 (6.92) 13.04 (6.13) 16.54 (5.45) 18.00 (10.91) 0.044*
Mean repeat OHS/OKS during pandemic (SD) 11.77 (6.45) 9.75 (4.55) 12.66 (5.95) 14.09 (10.37) 0.007*
Mean change in OHS/OKS (SD) 3.66 (5.29) 3.29 (4.70) 3.89 (5.58) 3.91(6.17) 0.895*
Mean index EQ-5D-5L during pandemic (SD) 0.185 (0.276) 0.088 (0.243) 0.231 (0.278) 0.236 (0.287) 0.005*
Health state WTD during pandemic, n (%) 51(29) 22 (38) 20 (27) 9(21) 0.172%
Mean EQ-VAS during pandemic (SD) 49.54 (26.28) 43.67 (27.88) 53.93 (24.97) 50 (25.27) 0.871*
*Analysis of variance.
TChi-squared test.
EQ-5D-5L, EuroQol five-dimension five-level health questionnaire; EQ-VAS, EuroQol visual analogue scale; OHS, Oxford hip score; OKS, Oxford knee score;
SD, standard deviation; THA, total hip arthroplasty; TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty; WTD, worse than death.
Table II. Correlation between Oxford hip and knee scores and EuroQol five-dimension five-level health questionnaire index scores during the COVID-19
pandemic.
Variable Mean OHS/OKS Mean EQ-5D-5L Correlation coefficient Coefficient of determination p-value
All patients 11.77 (6.45) 0.185 (0.276) 0.818 0.669 < 0.001
THA 9.75 (4.55) 0.088 (0.243) 0.763 0.583 < 0.001
TKA 12.66 (5.95) 0.231 (0.278) 0.826 0.682 < 0.001
UKA 14.09 (10.37) 0.236 (0.287) 0.826 0.682 < 0.001

EQ-5D-5L, EuroQol five-dimension five-level health questionnaire; OHS, Oxford hip score; OKS, Oxford knee score; THA, total hip arthroplasty; TKA, total

knee arthroplasty; UKA, unicompartmental knee arthroplasty.

Table IIl. Receiver operating characteristic curve analysis for the diagnostic ability of Oxford hip and knee scores to predict a health state ‘worse than death’

during the COVID-19 pandemic.

Variable AUC OHS/OKS threshold for a health state WTD Sensitivity (%) Specificity (%) Youden index
All patients 0.904 8 88 73 0.609
THA 0.931 8 80 82 0.618
TKA 0.905 9 79 75 0.538
UKA 0.855 9 88 89 0.767

AUC, area under the curve; OHS, Oxford hip Score; OKS, Oxford knee score; THA, total hip arthroplasty; TKA, total knee arthroplasty; UKA,

unicompartmental knee arthroplasty; WTD, worse than death.

This has not only resulted in increasingly unmanageable
waiting lists for elective joint arthroplasty within the NHS,
but has also led to a significant decline in quality of life for
those already awaiting surgery.? Pre-pandemic data indi-
cated that 12% of patients waiting for a TKA and 19% of
patients waiting for a THA were in a health state labelled
‘worse than death’ (WTD), when assessed using the
EuroQol five-dimension health questionnaire (EQ-5D).?
THA, TKA, and unicompartmental knee arthroplasty
(UKA) have an established record as successful, cost-
effective interventions in improving performance and
quality of life in degenerative joint disease. However,
an ageing population, rising obesity prevalence, and
the pandemic have greatly contributed to increased
demand.* Excessive waiting list times have been shown
to contribute to deterioration in both physical and mental
health, alongside an increasing reliance on multimodal
analgesics and the burden of their side-effects.?%%6

The primary aim of this study was to examine changes
in joint-specific patient-reported outcome measures
(PROMs) of patients awaiting THA, TKA, and UKA during
the COVID-19 pandemic. Secondary aims were to deter-
mine the proportion of these patients in a state WTD
during the pandemic, and investigate any correlation with
PROMs. This research is intended to supplement contem-
porary evidence on the need for arthroplasty provision at
a time of immense pressure on elective services.

Methods

In this prospective cohort study, preoperative Oxford
hip scores (OHS)”® and Oxford knee scores (OKS)”?
were routinely recorded for patients in NHS Lanarkshire
who were placed on the waiting list for primary lower
limb arthroplasty (THA, TKA, or UKA), under the care
of three high-volume arthroplasty surgeons (SJG, M]D,
OB). Patients were eligible if they had been added to
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the waiting list within eight months following the World
Health Organization declaration of COVID-19 as a global
pandemic (11 March to 11 November 2020)."° In prac-
tice, the majority of our cohort joined the waiting list after
June 2020, when lockdown restrictions (which had been
introduced on 23 March 2020) were gradually eased for
Scotland, as many outpatient clinics had been cancelled
and surgical staff redeployed during the first wave of the
pandemic.

At 14 months into the pandemic, in May 2021, all
eligible patients were invited to complete an EQ-5D-5L
questionnaire by post, with a repeat OHS/OKS (mean
interval nine months (standard deviation (SD) 2.84)),
depending on their listed procedure. Patients who had
died during the study period, declined to participate,
or already underwent surgery, were excluded from the
study. These data, as well as baseline characteristics, were
obtained through electronic patient records.

The OHS and OKS are validated, joint-specific ques-
tionnaires consisting of 12 parts, which use a Likert scale
with values between 0 and 4, in order to quantify the
level of joint-specific function and degree of disability
based on activity over the previous four weeks.”? For
both questionnaires, a score is generated between 0 and
48, with higher scores representing better function.

The EQ-5D-5L assessment is a tool for assessing health
status and quality of life, and has been validated for use
in musculoskeletal pathology.”'? It measures five levels of
function (no problem, slight problems, moderate prob-
lems, severe problems, or unable/extreme problems) in
each of five dimensions (mobility, self-care, usual activi-
ties, pain/discomfort, and anxiety/depression). The tool
also records a visual analogue scale (EQ-VAS) between
0 and 100 as a measure of subjective general health.
This study was registered with the EuroQol Research
Foundation.

Responses from the EQ-5D-5L are coded as single digit
numbers expressing the severity level selected in each
dimension. The EQ-5D-5L summary index is derived by
applying a formula that attaches value to each of the
levels in each dimension, which has been obtained from
a standardized valuation exercise, in which a representa-
tive sample of the general population in each country is
asked to place a value on EQ-5D health states. EQ-5D-5L
index scores were calculated for each completed ques-
tionnaire and a negative score is considered to represent
a health state ‘worse than death’."”®
Statistical analysis. Data were analyzed using statistical
software (GraphPad Prism v. 9.0.0; USA). A paired t-test
was used to assess changes in Oxford scores over time,
while a one-way analysis of variance (ANOVA) with post
hoc Tukey test was used to examine differences in base-
line characteristics and functional scores between the
THA, TKA, and UKA groups. The chi-squared test was

used to compare the proportions of patients in a health
state WTD between the three groups.

Linear regression analyses were performed to compare
EQ-5D-5L index scores, Oxford scores, and EQ-VAS scores,
and the Pearson correlation coefficient (r) was calculated
between these variables. The coefficient of determina-
tion (r?) was also calculated to measure goodness of fit
between the OHS/OKS and the EQ-5D-5L.

Receiver operating characteristic (ROC) curve analysis
was undertaken and the area under curve (AUC) was
used to determine the diagnostic ability of the OHS/OKS
to predict a health state WTD. The AUC ranges from 0.5
(random assignment) to 1.0 (perfect accuracy), with AUC
values above 0.8 considered excellent. Sensitivity and
specificity were calculated, and the Youden index was
used to evaluate threshold values in the OHS/OKS for a
health state WTD. For statistical tests, a p-value < 0.05
was considered significant.

Results

There were 201 patients initially eligible for the study.
Subsequently, 27 patients were excluded; seven under-
went arthroplasty surgery as planned, one died preop-
eratively, and there were 19 non-responders. In total, 174
patients (58 THA, 74 TKA, 42 UKA) with a mean age of 68
years (SD 9.28) were analyzed (Table I). While baseline
demographics between the three groups were similar,
we observed a lower mean age of participants in the UKA
group, in comparison to the THA (p = 0.010, ANOVA) and
TKA (p = 0.005, ANOVA) groups.

There was a statistically significant decline observed
in the overall mean OHS/OKS, from 15.43 (SD 6.92) at
the initial time of placement on a waiting list, to 11.77
(SD 6.45) at 14 months into the COVID-19 pandemic (p <
0.001, paired t-test). This change was especially marked in
the THA and TKA groups. The initial mean OHS was 13.04
(SD 6.13), and subsequently 9.75 (SD 4.55), in patients
awaiting THA (p = 0.001, paired t-test). The initial mean
OKS was 16.54 (SD 5.45), and subsequently 12.66 (SD
5.95), in patients awaiting TKA (p < 0.001, paired t-test).
The mean OKS for the smaller UKA group deteriorated
from 18.00 (SD 10.91) to 14.09 (SD 10.37), but this did
not reach statistical significance (p = 0.062, paired t-test).

There was a statistically significant difference in the
mean OHS/OKS between the three groups (p = 0.044,
ANOVA) at the initial time of placement on a waiting list,
although post hoc Tukey analysis indicated that the scores
foreach group (THA, TKA, and UKA) were not significantly
different when compared as pairs with each other. There
was also a statistically significant difference in the mean
OHS/OKS score between the three groups (p = 0.007,
ANOVA) at 14 months into the COVID-19 pandemic, but
this time, post hoc Tukey analysis demonstrated signifi-
cantly worse scores in the THA group, compared with
the TKA group (p = 0.020, ANOVA) and UKA group (p =
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Fig. 1

Linear regression analysis for patients awaiting total hip arthroplasty,
comparing Oxford hip scores with EuroQol five-dimension five-level health
questionnaire (EQ-5D-5L) index scores.
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Fig. 3
Linear regression analysis for patients awaiting unicompartmental knee
arthroplasty, comparing Oxford knee scores with EuroQol five-dimension
five-level health questionnaire (EQ-5D-5L) index scores.

0.026, ANOVA) individually. However, the rate of decline
in the OHS/OKS during the pandemic was found to be
similar between the three groups (p = 0.895, ANOVA).
During the COVID-19 pandemic, 51 patients (29% of
the entire cohort) had negative EQ-5D-5L index scores,
representing a health state WTD. This comprised 22
patients in the THA group (38%), 20 patients in the TKA
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Fig. 2
Linear regression analysis for patients awaiting total knee arthroplasty,
comparing Oxford knee scores with EuroQol five-dimension five-level health
questionnaire (EQ-5D-5L) index scores.
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Combined linear regression analysis for the entire cohort, comparing
Oxford hip and knee scores with EuroQol five-dimension five-level health
questionnaire (EQ-5D-5L) index scores.

group (27%), and nine patients in the UKA group (21%).
The proportions of those WTD between these groups
were not significantly different (p = 0.172, chi-squared
test). However, there was a statistically significant differ-
ence in mean EQ-5D-5L index scores between the three
groups (p = 0.005, ANOVA), with post hoc Tukey anal-
ysis demonstrating significantly worse scores in the THA
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Receiver operating characteristic curve for the Oxford hip score as a
predictor of a health state ‘worse than death’ in patients awaiting total hip
arthroplasty.
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Receiver operating characteristic curve for the Oxford knee score as
a predictor of a health state ‘worse than death’ in patients awaiting
unicompartmental knee arthroplasty.

group, compared with the TKA group (p =0.016, ANOVA)
and UKA group (p = 0.012, ANOVA).

The overall mean EQ-VAS score was 49.54 (SD 26.28).
The THA group reported a mean EQ-VAS score of 43.67
(SD 27.88), the TKA group reported a mean EQ-VAS score
of 53.93 (SD 24.97), and the mean EQ-VAS score for the
UKA group was 50 (SD 25.27). There were no statistically
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Fig. 6

Receiver operating characteristic curve for the Oxford knee score as a
predictor of a health state ‘worse than death’ in patients awaiting total knee
arthroplasty.
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Fig. 8

Receiver operating characteristic curve for Oxford hip and knee scores as a
predictor of a health state ‘worse than death’ across the entire cohort.

significant differences in mean EQ-VAS scores between
the three groups (p = 0.871, ANOVA). There was only a
moderate positive correlation observed when comparing
EQ-VAS scores with the OHS/OKS (r = 0.466; p < 0.001),
and when comparing EQ-VAS scores with EQ-5D-5L index
scores (r=0.490; p < 0.001), across all patients.

Linear regression analysis (Table Il) revealed a strong
positive correlation between the EQ-5D-5L index score
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and OHS/OKS for the THA group (r = 0.763; p < 0.001)
(Figure 1), TKA group (r = 0.826; p < 0.001) (Figure 2),
UKA group (r = 0.826; p < 0.001) (Figure 3), and the
overall cohort (r = 0.818; p < 0.001) (Figure 4). In ROC
analysis (Table Ill), the AUC was 0.931 for the THA group
(Figure 5), 0.905 for the TKA group (Figure 6), and 0.855
for the UKA group (Figure 7). The AUC for the entire
cohort was 0.904 (Figure 8), signifying that Oxford hip
and knee scores demonstrate excellent discrimination for
predicting a health state WTD. In patients awaiting THA,
the threshold OHS was 8 for a health state WTD (80%
sensitivity and 82% specificity). Meanwhile, the threshold
OKS was 9 for a health state WTD in both TKA patients
(79% sensitivity and 75% specificity) and UKA patients
(88% sensitivity and 89% specificity). Across the entire
cohort, an OHS/OKS less than 9 was indicative of a health
state WTD, with 88% sensitivity and 73% specificity.

Discussion

In this study, OHS/OKS deteriorated significantly during
the COVID-19 pandemic, and almost one-third of our
patients awaiting lower limb arthroplasty surgery
reported a health state WTD. Significantly worse EQ-5D-5L
index scores and Oxford scores were seen in patients
awaiting THA, in comparison with those awaiting TKA or
UKA. These findings are consistent with a recent cohort
study from Denmark, which demonstrated worse EQ-5D
index scores in patients with hip osteoarthritis than knee
osteoarthritis (p < 0.001), despite a similar duration of
symptoms (p = 0.867).™ Likewise, cross-sectional studies
of patients awaiting lower limb arthroplasty at various
orthopaedic departments across the UK have revealed a
similar trend, where individuals awaiting THA are signifi-
cantly more likely to be in a health state WTD.2" It was
also found that each additional six months of waiting
for lower limb arthroplasty corresponds with a clinically
significant deterioration in EQ-5D-3L score.

Pain and disability related to hip and knee osteoar-
thritis has been associated with a significant increase in
both mortality and cardiovascular disease, independent
of confounding factors.’®” Meanwhile, arthroplasty
significantly reduces the overall mortality rate in patients
with end-stage knee osteoarthritis, up to 12 years post-
operatively, when compared to the general population.'®
However, poorer preoperative PROMs and negative
EQ-5D scores significantly affect return to work following
THA and TKA.™ This finding is even more consequen-
tial when taking into account the evidence, which has
remained consistent before and during the COVID-19
era, that joint-specific functional scores and quality of life
deteriorate when patients spend more than six months
on the waiting list for surgery.'202!

A study by Scott et al,®> undertaken prior to the
pandemic, indicated that up to one-fifth of patients
awaiting THA and TKA were already in a health state

WTD. Nationwide data have shown that the number of
patients WTD has almost doubled with the cessation
of elective activity during the peak of the pandemic.?
An index score WTD does not imply that such a patient
would rather be dead. In the standardized valuation exer-
cise for the EQ-5D, a representative sample of the general
population in each country is asked to place value scores,
based on their beliefs of quality of life for each hypothet-
ical health state. The value set, as used in this study, is
specific to the UK and would change for respondents in
other countries.

It should also be noted that our use of the EQ-5D-5L,
which differs from contemporary studies that have used
EQ-5D-3L scores,?*'%?2 does have implications. The
EQ-5D-5L descriptive set was developed to provide more
precise measurements than the EQ-5D-3Latindividual and
group levels,?* and comparative studies have suggested
that it has stronger validity for patients awaiting THA and
TKA.?*% Importantly, there are far fewer WTD states in
the five-level value set (5.1%) than the three-level equiva-
lent (34.6%) for the UK.™ All other countries have higher
minimum values and fewer WTD health states than the
UK, when using the EQ-5D-3L descriptive set.” It is likely
that a much larger proportion of our cohort would have
been considered WTD, if we had used EQ-5D-3L scores.

The use of different EQ-5D systems may also explain
the considerable difference in our threshold Oxford
score (8), and that of a retrospective study of patients
undergoing primary TKA prior to the pandemic (16),%
to predict a health state WTD. Nevertheless, the propor-
tion of patients WTD in the present study was more
than twice as high, despite using the EQ-5D-5L, and the
mean OKS for our patients awaiting knee arthroplasty
was significantly lower. The decline in PROMs highlights
the increasing burden of degenerative joint disease,
and it has already been shown that quality of life may
be considerably improved by performing arthroplasty in
these patients.?

The NHS faces ongoing effects of the pandemic,
including staff shortages and lack of hospital beds,
while attempting to restart and maintain elective oper-
ating.?® These pressures compound the significant rise in
demand for hip and knee arthroplasty, which had already
been projected in the years prior to the pandemic.*
The National Institute for Health and Clinical Excellence
uses quality-adjusted life years (QALYs) as the principal
measure of health outcomes and makes recommenda-
tions about interventions on this basis.?” Interventions
costing less than £20,000 per QALY are considered to be
cost-effective; THA, TKA, and UKA are therefore extremely
cost-effective treatments, especially with higher case
volumes. It has previously been assessed that the cost
per QALY for THA is £1,372, the cost per QALY for TKA is
£2,101, and the cost per QALY for UKA is less than TKA.282°
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Theatre capacity has become a precious commodity
during the COVID-19 pandemic, and among surgical
specialties, orthopaedics has experienced the highest
disruption rate of 82%.%° In order to address increasing
waiting lists, the Federation of Surgical Speciality Asso-
ciation recommended prioritization categories of all
surgical subspecialties from Prioritization 1 (surgery to
be performed within 24 hours of listing) to Prioritiza-
tion 4 (surgery can be performed beyond three months
without significant risk of harm) during the pandemic.?
This guide was devised early in the pandemic and not
designed for long-term use. The results of this study
show that patients listed in a single category (Prioritiza-
tion 4) may have considerable variation in joint-specific
function and quality of life (Figure 4). The British Ortho-
paedic Association and several specialist societies there-
fore published an alternative prioritization process based
upon frequent timed review and recategorization of elec-
tive arthroplasty patients, as symptoms and quality of life
dictate.?? Furthermore, it had already been demonstrated
in the initial year of the pandemic that elective surgery
could be safely restarted using dedicated pathways.3*3*

We recognize that this study has limitations. First,
EQ-5D-5L index scores are not routinely obtained along-
side the OHS/OKS when patients are added to the waiting
list for lower limb arthroplasty within our health board,
and these would have been interesting to observe over
time. Second, there are other validated scoring systems
available for assessing joint-specific function and overall
quality of life, such as the American Knee Society Score
and the 36-Item Short Form Survey,3¢ which were not
measured. Third, although we recruited patients across
two hospitals, there are likely to be variations in perceived
quality of life and public health across the country.
However, the purpose of this study was to analyze preop-
erative PROMs, and the association with a health state
WTD, within a specified cohort of consecutive patients
during the pandemic. Finally, it should be noted that
other comorbidities might adversely influence EQ-5D-5L
index scores, but as this study did not involve a control
group without end-stage osteoarthritis, these were not
examined.

In conclusion, this study reinforces the assertion that
elective surgery does not mean expendable surgery,3 38
even while health boards across the country contend with
unprecedented levels of demand. Although COVID-19
remains a significant public health concern, deferring
arthroplasty procedures is not benign either, as joint-
specific function and quality of life continues to decline
among patients currently on the waiting list for these
operations. Further health and socioeconomic analysis is
required to assess the impact of resource reallocation and
delays in elective surgery on the wider population.

A Take home message

') - Oxford hip and knee scores deteriorated significantly
amongst patients awaiting elective lower limb arthroplasty
during the COVID-19 pandemic.

- Oxford scores correlate strongly with the EuroQol five-dimension five-

level (EQ-5D-5L) index score. Worse preoperative scores were observed

in those awaiting hip arthroplasty, than knee arthroplasty.

- Almost a third of patients of our patients awaiting hip and knee

arthroplasty are in a health state ‘worse than death’, which is

considerably worse than pre-pandemic data. This proportion would

have been even higher with EQ-5D-3L index scores.

Twitter
Follow NHS Lanarkshire @NHSLanarkshire
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