y Follow us @Bone)ointRes

OPEN 8A(CESS

HIP

The metabolic equivalent of task score

A USEFUL METRIC FOR COMPARING HIGH-FUNCTIONING HIP
ARTHROPLASTY PATIENTS

T. C. Edwards,
B. Guest,

A. Garner,

K. Logishetty,
A. D. Liddle,
J. P. Cobb

From Imperial College
London, London, UK

Correspondence should be sent to
Thomas C Edwards; email:
thomas.edwards@imperial.ac.uk

doi: 10.1302/2046-3758.115.BJR-
2021-0445.R1

Bone Joint Res 2022;11(5):317—
326.

Aims

This study investigates the use of the metabolic equivalent of task (MET) score in a young
hip arthroplasty population, and its ability to capture additional benefit beyond the ceiling
effect of conventional patient-reported outcome measures.

Methods

From our electronic database of 751 hip arthroplasty procedures, 221 patients were included.
Patients were excluded if they had revision surgery, an alternative hip procedure, or incom-
plete data either preoperatively or at one-year follow-up. Included patients had a mean age
of 59.4 years (SD 11.3) and 54.3% were male, incorporating 117 primary total hip and 104
hip resurfacing arthroplasty operations. Oxford Hip Score (OHS), EuroQol five-dimension
questionnaire (EQ-5D), and the MET were recorded preoperatively and at one-year follow-
up. The distribution was examined reporting the presence of ceiling and floor effects. Valid-
ity was assessed correlating the MET with the other scores using Spearman’s rank correlation
coefficient and determining responsiveness. A subgroup of 93 patients scoring 48/48 on the
OHS were analyzed by age, sex, BMI, and preoperative MET using the other metrics to deter-
mine if differences could be established despite scoring identically on the OHS.

Results

Postoperatively the OHS and EQ-5D demonstrate considerable negatively skewed distribu-
tions with ceiling effects of 41.6% and 53.8%, respectively. The MET was normally distribut-
ed postoperatively with no relevant ceiling effect. Weak-to-moderate significant correlations
were found between the MET and the other two metrics. In the 48/48 subgroup, no differ-
ences were found comparing groups with the EQ-5D, however significantly higher mean
MET scores were demonstrated for patients aged < 60 years (12.7 (SD 4.7) vs 10.6 (SD 2.4),
p = 0.008), male patients (12.5 (SD 4.5) vs 10.8 (SD 2.8), p = 0.024), and those with preop-
erative MET scores > 6 (12.6 (SD 4.2) vs 11.0 (SD 3.3), p = 0.040).

Conclusion
The MET is normally distributed in patients following hip arthroplasty, recording levels of
activity which are undetectable using the OHS.

Cite this article: Bone Joint Res 2022;11(5):317-326.
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Article focus

Substantial ceiling effects of some
conventional patient-reported outcome
measure (PROM) scores limit their ability
to discriminate between high-functioning
postoperative hip arthroplasty patients.

This article introduces the concept of
using metabolic equivalent of task (MET)
values in a young hip arthroplasty cohort

to determine whether this approach can
capture additional benefit beyond the
ceiling effect of conventional PROMs.

Key messages
Postoperative ceiling effects of the
Oxford Hip Score (OHS) and EuroQol
five-dimension questionnaire (EQ-5D)
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miss clinically substantial gains in higher-level health-
related quality of life.

MET is a simple, versatile measure of physical activity,
with no postoperative ceiling effect.

Clinicians, researchers, and health economists who
wish to capture the full benefit from hip arthroplasty
surgery should consider using MET in addition to
conventional PROMs.

Strengths and limitations

This multicentre, multiple-surgeon study addresses
an important concept, which will inform future hip
arthroplasty researchers designing studies assessing
new technologies or techniques.

The large proportion of non-responders and included
cohort being substantially younger than the national
average for hip arthroplasty limits its generalizability
to the wider population.

Introduction

Primary hip arthroplasty is an effective intervention for
improving pain and restoring function.” Patient-reported
outcome measures (PROMs) such as the Oxford Hip
Score (OHS),** which is routinely collected before and
after hip arthroplasty in the UK, reliably and predictably
report considerable, cost-effective improvements in pain
and function.*®* However, as a consequence of the effi-
cacy of hip arthroplasty, the distribution of postopera-
tive scores is highly negatively skewed. In two national
registries, the modal score on the postoperative OHS
was 100% (48/48 points) with up to 20% of patients
recording this score.®’

The population of patients presenting for hip arthro-
plasty has evolved and their expectations are different
from those undergoing surgery when the OHS was
introduced.® In a study by Scott et al,” 40% of hip arthro-
plasty patients considered returning to sporting activity
a ‘very important’ preoperative expectation, but such
activities are not captured by the OHS. By relying solely
on this skewed metric, potential health gain in return to
sporting activity from innovative techniques will remain
undetected, while other patient groups may be inappro-
priately told that their clinical results are as good as they
can get, despite dissatisfaction with the level of activity
that they have achieved.”’®" In the UK, the pre- to post-
operative change in OHS is used by government-backed
initiatives including ‘getting it right first time’ (GIRFT) and
the NHS best practice tariff (BPT),'*"* to measure success
at the institutional level. With the skewed OHS as the
metric, the only way to improve the health gain obtained
is by refusing care until the preoperative scores are low
enough. This approach may have a role in healthcare
rationing but should not impede the scientific desire to
measure higher-level function. As degree of health gain
is so closely related to preoperative score, and as preop-
erative score may vary, there is a need for a metric which

measures outcome equally independently of preopera-
tive health state.

Alternative scores have been developed with the aim of
being more discriminative in high-functioning patients.
Several constructs have been suggested, such as joint
perception as measured by the Forgotten Joint Score (FJS)
and physical activity scores. The FJS assesses patients’
awareness of their joint arthroplasty performing different
tasks, with the optimal outcome being a ‘forgotten’ arti-
ficial joint. In a study comparing the outcomes of robotic
and manual THA, the authors found no clinically relevant
difference using the OHS, however the robotic group did
substantially better using the FJS.™ The authors support
the idea that the ceiling effect of the OHS limits its use for
comparing high-functioning postoperative patients, with
their results indicating that the FJS may be more discrim-
inative. While this sounds encouraging, other authors
have reported ceiling effects of 20% to 30% using the FJS
in a postoperative hip arthroplasty cohort, and so prob-
lems may still exist with skewed distributions using this
score.''6

Physical activity metrics may be another solution, with
a number of valid and reliable metrics such as the Univer-
sity of California, Los Angeles (UCLA) activity scale avail-
able.” This score appears to have no ceiling effect and is
simple to use, however it only includes a small number of
activities and does not account for the individual activity
intensity.”” One potential solution to this problem is the
use of metabolic equivalent of task (MET) values, which
numerically quantify the energy expenditure of over 800
activities comparing them to energy expenditure at rest.®
This sophisticated, personalized approach to quantifying
activity energy expenditure has been validated as a surro-
gate for general cardiovascular fitness, correlating well
with both objective activity measures, such as pedome-
ters, as well as the development of cardiovascular disease
and mortality.’®?° Exercise at an intensity that raises the
heart rate is now well established as being an effective
health maintenance intervention. MET values have been
used to confirm this beneficial effect: in a twin study,
‘conditioning exercise’ offers substantial protection
against risk of death when compared with sedentary or
occasional exercising.?® Although not yet commonly used
following arthroplasty surgery, with a simplification to
measure activity intensity without the performance time
or frequency, the MET may be a robust way of comparing
activity in postoperative hip arthroplasty patients,
demonstrating activity levels that have real relevance to
health and life expectancy.

This study therefore aims to answer two important
questions: 1) does the MET have a postoperative ceiling
effect that may limit its ability to discriminate between
high-performing postoperative patients; and 2) can the
MET demonstrate continued improvement and health
gains beyond the maximal OHS, establishing differences
between postoperative patients who score 48/48?
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Methods

study design. This study was a retrospective analysis of
anonymous data, collected prospectively from consent-
ing primary hip arthroplasty patients as part of an on-
going, longitudinal study of gait analysis in lower limb
arthroplasty (REC reference: 14/SC/1243). Patients from
this study were eligible for inclusion if they underwent a
primary hip arthroplasty under one of 13 surgeons at 12
sites between 2014 and 2018. Patients were excluded if
they had revision surgery, an alternative hip procedure,
or incomplete data either preoperatively or at one-year
follow-up. Demographic data and the patient-reported
answers to three PROMs questionnaires (EuroQol
five-dimension questionnaire (EQ-5D), OHS, and the
MET) were recorded preoperatively and at one year
postoperatively.

Demographic details. A total of 751 patients were initially
identified on our electronic database; 73 were excluded
having had an alternative or revision procedure, and a
further 457 patients were excluded due to lack of preop-
erative or one-year PROM scores. Overall 221 patients,
including 117 THAs (53%) and 104 HRAs (47%), with
a mean age of 59 years (SD 11), were analyzed in this
study. Demographic data are detailed in Table I. The 221
responding patients with full datasets were a mean four
years younger than the 457 non-responders (59 years
(SD 11) vs 63 years (SD 12), p < 0.001, independent-
samples t-test).

MET score. Using a similar methodology to Amstutz and
Le Duff,?" the MET asks patients to choose three physi-
cal activities that are important to them, and that are
affected by their joint problem. These initially selected
activities remain the same at all follow-up timepoints.
Patients then rate the intensity at which they current-
ly perform the activity on a visual scale from O to 100.
METs are numerical values assigned to demonstrate the
energy expenditure used performing different tasks. One
MET is equivalent to energy expenditure during rest and
is approximately equal to 3.5 ml O, kg™ min"' in adults.”
Using Arizona State Universities compendium of activ-
ities,’® the MET values associated with each activity are
recorded. An example is running, which has a range of
values between 4.5 (jogging on a mini-tramp) and 23
METs (running a 4.3 minute mile). Based on this reference
range, the patient’s self-reported intensity score is then
used to work out a value for the METs they are currently
doing. This is done by subtracting the lower value of the
MET reference range from the higher value, multiplying
this by the percentage intensity expressed as a decimal,
and then adding back on the lower reference value. Using
the above as an example, if a patient rated their intensi-
ty as 50% in running (range 4.5 to 23 METs) their MET
score would be worked out as ((23 to 4.5)*0.5) + 4.5 =
13.75 METs. The MET is the maximum value scored from
the three chosen activities. In the full MET, the frequency
and duration of physical activity are recorded; we omit-
ted these aspects from the score in favour of intensity,
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Table 1. Demographics and patient-reported outcome measures.

Variable

Data (n = 221)

Mean age, yrs (SD, range)
Sex, n (%)

Male

Female

Laterality, n (%)

Right

Left

Bilateral

Mean BMI, kg/m? (SD, range)*
Operation, n (%)

THA

HRA

OHS

Mean preoperative (SD, range)
Median 1 yr (IQR)T

EQ-5D

Median preoperative (IQR)
Median 1 yr (IQR)t

MET

Median preoperative (IQR)+
Mean 1 yr (SD, range)

59.4 (11.3, 31 to 84)

120 (54.3)
101 (45.7)

103 (46.6)

110 (49.8)

8 (3.6)

26.4 (4.9, 16.0 to 57.5)

117 (52.9)
104 (47.1)

25.6 (8.3, 6 to 48)
47 (44 to 48)

0.57 (0.30 to 0.65)
1(0.77to 1)

4.9 (0to 7.5)
10.7 (3.8, 0 to 23)

*Missing data, n = 163.

tNon-parametric variable, data presented as median (interquartile
range), otherwise data reported as mean (standard deviation, range)
as indicated.

EQ-5D, EuroQol five-dimension questionnaire; HRA, hip resurfacing
arthroplasty; IQR, interquartile range; MET, metabolic equivalent of
task; OHS, Oxford Hip Score; SD, standard deviation; THA, total hip
arthroplasty.

to avoid measuring cardiorespiratory fitness and also to
avoid under-representing performance through measur-
ing high-intensity but infrequently performed activities,
such as skiing.?"?

Distribution of scores. Data were analyzed to demonstrate
the distribution, presence of ceiling or floor effects, con-
current validity of the MET in terms of its responsiveness,
and correlations between the MET and the two conven-
tional PROMs. Other authors have suggested when vali-
dating physical activity metrics that a weak-to-moderate
correlation would be expected between the activity met-
ric and conventional PROMs.®

Health gains. Recent literature has established that as pre-
operative OHS increases, the improvement in score de-
creases.? To investigate whether health gains in the MET
and EQ-5D are also limited by the level of preoperative
joint symptoms, the relationship between preoperative
OHS and patient improvement at one year using the
three metrics was plotted. Fractional polynomial regres-
sion plots were used to demonstrate the likely increase in
each metric for a given preoperative OHS score.

48/48 sub-cohort analysis. A subgroup analysis was
performed on a cohort of patients with the maximum
postoperative OHS. Previous studies have highlighted
that postoperative physical activity (as measured on the
UCLA activity score) in hip arthroplasty patients may be

VOL. 11, NO. 5, MAY 2022



320

I
I
|
I
|
I
I
|
|
| 2N
A \ N
|
/’—\MJT/
|

i

Percent

0 T T - T - T T
18 24 30 36 42 48
OHS Pre—op

T. C. EDWARDS, B. GUEST, A. GARNER, K. LOGISHETTY, A. D. LIDDLE, |. P. COBB

60

40

Percent

204

_earfl]

36 42

0 R ——
18 24
OHS 1-year

T
30 48

Fig. 1

Histograms with kernel (Epanechnikov) density plots demonstrating distribution of Oxford Hip Scores (OHS) preoperatively and at one-year follow-up. Solid

vertical lines represent mean values, dashed vertical lines represent the median.

higher in younger patients, male patients, those with
higher preoperative activity levels, and those with lower
BMI.2425 Based on this, the 48/48 scoring patient cohort
was divided into categories (age < or > 60 years, male or
female, preoperative MET < or > 6, and BMI < or > 25 kg/
m?) and compared using the MET and EQ-5D at one year
postoperatively. Previous literature has classified activities
as light (< 3), moderate (3 to 6), or vigorous (> 6) accord-
ing to their MET values.?®?” Therefore, in this analysis, the
threshold for high preoperative activity was set at 6 METs.
Statistical analysis. Statistical analysis was performed us-
ing Stata/IC 10.1 (StataCorp, USA). Data were first test-
ed for normality visually using histograms and normal
Q-Q plots. To quantify the shape and symmetry of the
distribution about the mean, kurtosis and skewness val-
ues were calculated. A standard normal distribution is
generally considered to have a kurtosis value of 3 and a
skew value of 0.%% For independent data, parametric var-
iables were compared using the independent-samples t-
test, and non-parametric data were compared using the
Mann-Whitney U test. Paired data were compared using
the paired t-test. Ceiling and floor effects were calculat-
ed as the percentage of patients scoring the maximum
or minimum scores, respectively. As previously indicat-
ed in the literature, ceiling or floor effects of > 15% were
considered relevant.” Construct validity of the MET was
assessed by examining the responsiveness of the score
to change using the standardized response mean (SRM;
calculated by dividing the mean change in score over the
one-year time period by the standard deviation (SD) of
that change), and concurrent validity was assessed by
measuring correlations between scores as calculated us-
ing Spearman’s rank correlation coefficient. R values of

0.3 to 0.5 were considered as weak-to-moderate correla-
tions.? Statistical significance was set at p < 0.05.

Results
Distribution. Preoperatively, the distribution of the OHS
was normal (skew -0.14, kurtosis 2.57) and that of the
EQ-5D was bimodal with a skewness value of -0.99 and a
kurtosis of 4.03 (Figures 1 and 2). The MET demonstrates
a slight positive skew of 0.59 representing a floor effect,
with the commonest score being zero, on account of hip
pain and near-normal kurtosis of 3.18 (Figure 3).
Postoperatively, both the OHS and EQ-5D scores
demonstrate a substantial negative skew (Figures 1
and 2). The kurtosis value of the OHS was 13.07 with a
skewness value of -3.12, while the EQ-5D demonstrated
a kurtosis value of 6.23 and a skewness value of -1.96.
The MET on the other hand exhibited a normal distribu-
tion postoperatively, centred around a mean of 10.7 (SD
3.8) with very little skew (0.40) and near normal kurtosis
(4.46; Figure 3 and Table II).
Ceiling and floor effects. No floor effects were seen for the
OHS or EQ-5D, but substantial ceiling effects of 41.6%
and 53.8% were seen at one year follow-up in the OHS
and EQ-5D, respectively. Preoperatively the MET had a
moderate floor effect of 25.3%, while no relevant ceiling
effect was noted postoperatively (Table II).
Validity. Spearman’s rank correlation coefficient was
weak-to-moderate, but there were statistically significant
correlations between the MET and EQ-5D both preop-
eratively (r, = 0.46, p < 0.007) and to a lesser extent at
one-year follow-up (r, = 0.32 p < 0.001, Spearman’s rank
correlation). Similarly, weak-to-moderate correlations
were demonstrated between the MET and the OHS both
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Histograms with kernel (Epanechnikov) density plots demonstrating distribution of EuroQol-5D (EQ-5D) index scores preoperatively and at one-year follow-
up. Solid vertical lines represent mean values, dashed vertical lines represent the median.

I I
25 | 15 I
| I
I I
| I
| —
20 | f'lh, _
! I
I |
I
I 10 :
157 I I
g ' £ I
Y I 8 |
& — & N
|
10 I :
/N Ny | -
L~ ' | \
[ I
I I
54 | |
I |
[ |
[ |
' [ :H
0 : T 1 e '_|| 0 T T L T T
0 5 10 15 20 0 5 10 15 20 25
MET Pre—op MET 1-year
Fig. 3

Histograms with kernel (Epanechnikov) density plots demonstrating distribution of metabolic equivalent of task (MET) scores preoperatively and at one-year
follow-up. Solid vertical lines represent mean values, dashed vertical lines represent the median.

preoperatively (r, = 0.46, p < 0.001, Spearman’s rank cor-
relation) and at one-year follow-up (r, = 0.30, p < 0.001,
Spearman’s rank correlation).

Improvement in score and responsiveness. All three metrics
demonstrated excellent responsiveness with effect sizes
as determined by the SRMs of > 1 (Table Ill). The fraction-
al polynomial predictive plots in Figure 4 demonstrate a
strong negative relationship between preoperative OHS

and improvement in score for both EQ-5D (Figure 4a)
and OHS (Figure 4b). For the MET score, this relationship
is far less clear, with an initial decrease in improvement
seen in patients who have lower preoperative OHS, while
in patients with higher preoperative OHS the MET is pro-
gressively more responsive (Figure 4c).

48/48 OHS. A total of 92 postoperative patients scored
48/48 on the OHS following surgery. The histograms in
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Table II. Distribution, ceiling and floor effects, and responsiveness of the three metrics before and after surgery.

Mean
p- difference
Measure n* Preoperative 1-yr postoperative value} (SD) SRM
Ceiling Floor Floor
Mean Median effect, effect, Mean Median Ceiling effect,
(sDb) (IQR) % % Skew  Kurtosis (SD) (IQR) effect,% % Skew  Kurtosis
OHS 221 25.6 26 0.5 0.0 -0.14 2.57 44.7 (6.2) 47 41.6 0.0 -3.12 13.07 <0.001 19.1 (9.5) 2.01
(8.3) (20 to 32) (44 to
48)
EQ-5D 221 0.48 0.57(0.3 1.4 0.0 -0.99 4.03 0.83 1(0.8 53.8 0.0 -1.96 6.23 < 0.001 0.34 (0.32) 1.06
(0.25)  t00.6) (0.26) to 1)
MET 221 5.1 4.9 0.0 253 0.59 3.18 10.7 (3.8) 10.3(8.6 0.9 1.8 0.40 4.46 < 0.001 5.6 (4.8) 117
4.1) (0to 7.5) to 12.5)

Ceiling and floor effects calculated as the percentage of patients scoring the maximum and minimum possible scores, respectively. Skewness and kurtosis values numerically represent the
distribution of scores. A normal distribution has a skew of 0 and a kurtosis of 3. Standardized response mean calculated as the mean difference in scores divided by the standard deviation of that

difference.
*Indicates number of included patients.
‘tPaired t-test comparing preoperative and one-year postoperative scores.

EQ-5D, EuroQol five-dimension questionnaire; IQR, interquartile range; MET, metabolic equivalent of task; OHS, Oxford Hip Score; SD, standard deviation; SRM, standardized response mean.

Table I11. Outcome scores by category for 48/48 Oxford Hip Score sub-cohort.

Variable n* MET score EQ-5D

1 yr mean (SD, range) p-value 1 yr median (IQR) valuet}
Age (yrs) 0.008 0.371
<60 44 12.7 (4.7,0 to 23) 1(0to1)
> 60 48 10.6 (2.4, 6.3 to 17.1) 1(1to1)
Sex 0.024 0.280
Male 46 12.5 (4.5, 0 to 23) 1T(1tol)
Female 46 10.8 (2.8, 6.3 to 19.9) 1(0to1)
Preop MET 0.040 0.248
<6 54 11.0 (3.3, 0 to 23) 1(1to1)
>6 38 12.6 (4.2, 6.2 to 23) 1(0to1)
BMI (kg/m?) 0.061 0.122
<25 32 12.2 (3.5,7.2to 23) 1(0to1)
> 25 32 10.8 (2.5, 6.3 to 16) 1(09to1)

Except for p-values marked with the 1 symbol (Mann-Whitney U test), all p-values in this table were calculated using the independent-samples

t-test.
*Number of patients.
tMann-Whitney U test.

EQ-5D, EuroQol five-dimension questionnaire; IQR, interquartile range; MET, metabolic equivalent of task; SD, standard deviation.

Figure 5 demonstrate the distribution of EQ-5D in this
group, which has a strong negative skew, with the major-
ity of patients scoring the maximal score of 1 (Figure 5a).
The MET on the other hand exhibits a near normal dis-
tribution of scores, despite all patients scoring the same
on the OHS (Figure 5b). When subdivided into groups,
patients aged under 60 years scored significantly high-
er on the MET than patients over 60 years of age (mean
12.7 (SD 4.7) vs 10.6 (SD 2.4), p = 0.008, independent-
samples t-test), as did male patients (mean 12.5 (SD 4.5)
vs 10.8 (SD 2.8), p = 0.024, independent-samples t-test)
and patients with higher activity levels on their preoper-
ative MET scores (mean 12.6 (SD 4.2) vs 11.0 (SD 3.3),
p = 0.040, independent-samples t-test) (Figure 6a). No
significant differences were found comparing patients by
BMI using the MET or comparing any of the groups using
the EQ-5D (Figure 6b, Table III).

Discussion

This retrospective study set out to determine whether the
MET score could capture differences in function that were
not detectable by the OHS or EQ-5D in an active hip arthro-
plasty population. This question was answered: the MET
score does deliver a symmetrical metric with a normal
distribution in a postoperative population, capturing
differences in activity levels that were not detectable
using the OHS. This question is relevant for health econ-
omists, policy makers, and those designing clinical trials.
Health benefits that can be captured simply, without the
need for expensive equipment or licences, should help
drive commissioning choices. By demonstrating that
patients can improve past the OHS maximum score, we
have revealed an opportunity that was otherwise denied:
using this metric, surgeons who are currently penalized
for failing to deliver adequate health gains may now be
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Histograms with kernel (Epanechnikov) density plots demonstrating distribution of a) metabolic equivalent of task score (MET) and b) EuroQol five-dimension
questionnaire (EQ-5D), at one-year follow-up for the subgroup of patients who all scored 48/48 on the Oxford Hip Score (n = 92).

able to justify their offering of arthroplasty in younger
and more active patients. By restricting health gains to
the OHS, commissioners may unfairly restrict access to
arthroplasty surgery, or unfairly penalize hospitals for not
achieving satisfactory results if these decisions are based
solely on health gains as measured by the OHS.
Although there is more work to be done in this area, the
aspects of validity measured in the present study support
its use as a metric for the outcome of hip arthroplasty
surgery. The MET demonstrated evidence of concur-
rent validity with weak-to-moderate correlations found
with both the OHS and EQ-5D. Naal et al'” used a similar
approach, establishing weak-to-moderate correlations
with three different physical activity scores and the OHS.
One potential limitation was that the present study did
not validate the MET against another validated physical
activity metric or objective physical activity measures such

as a pedometer or exercise log. However, the authors note
that the face validity of using MET values has already been
well established by other similar MET-based scores.'®"”
Although not validated specifically for use in arthroplasty,
the International Physical Activity Questionnaire (IPAQ)
score is a MET-based score, shown to be valid and reli-
able for use in the general population measuring activity
levels.” It differs from the MET, being a better measure of
cardiorespiratory fitness, whereas the MET is personalized
to patients’ sporting aspirations. The major advantage of
the MET is that no matter what activities patients choose,
the scores are comparable and relevant to their joint
disease. Furthermore, the numeric MET values assigned
by the University of Arizona are objective, being based
upon oxygen consumption.’® Therefore, the authors
considered concurrent validity with other hip-specific and
generic PROMs, alongside responsiveness, encouraging
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Fig. 6

Column scatter for the subgroup of 92 patients scoring 48/48 on the Oxford Hip Score, compared by age group, BMI, preoperative metabolic equivalent of
task (MET) score, and sex using: a) MET scores; and b) EuroQol five-dimension questionnaire (EQ-5D) scores. The solid horizontal line represents the median
and the whiskers represent the interquartile range. Statistically significant p-values have been indicated.

validation data for using the score in this cohort, however
further work in this area would be an interesting avenue
for future research.

Responsiveness is considered another aspect of
construct validity.? The greater the responsiveness, the
more accurate a metric is in detecting change when it has
occurred. The MET had a SRM of 1.17, which indicates a
large effect size or an excellent response to change over
time.? The calculated SRMs for EQ-5D and OHS in this
cohort were found to be similar to previously published
literature, further validating our findings.3°

Unlike the OHS and EQ-5D, the postoperative MET
had a normal distribution and exhibited no ceiling effect.
Substantial postoperative ceiling effects were found
for the OHS (41.6%) and EQ-5D (53.8%). In general,

ceiling effects or floor effects are considered problem-
atic when 15% or more of the cohort score the best or
worst scores.”’® By having large numbers of patients
scoring the best or worst scores, the metric is rendered
insensitive to detecting differences at the extremes of the
scale.”’® Other studies have demonstrated strong ceiling
effects in the OHS of 19.9%,¢ and even more pronounced
ceiling effects for the EQ-5D of 39.8%.3° While the pattern
of these findings support our results, our population
demonstrated a much higher percentage ceiling effect for
both metrics. This may be related to the studied popula-
tion which included a younger, more active cohort than
that used in other studies. While other scores have been
developed with the aim of reducing the impact of ceiling
effect, unfortunately problematic ceiling effects may still
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exist. In a recent study, the FJS was reported to have a
ceiling effect of 31.9%, similar to those reported for more
conventional PROMs.™ In addition, the FJS has reported
a substantial floor effect of 22.4%, suggesting that there
may be problems discriminating at both ends of the
score.?

While the MET showed no postoperative ceiling effect,
it did show a preoperative floor effect, similarly to the FJS.
This is not surprising given that the formulation of the
question specifies the selection of tasks that have been
negatively affected by the respondent’s hip pain. A similar
preoperative floor effect has been observed in validation
studies looking at other physical activity-based outcome
measures such as the Tegner score."” When using MET
solely as an assessment of postoperative outcome rather
than of preoperative disease state, this floor effect is unim-
portant. If it were to be used for the former, the question
may have to be re-formulated.

Both the OHS and EQ-5D demonstrated very little
predicted improvement towards the upper end of the
preoperative OHS scale. The MET on the other hand
shows continued predicted improvements, with a 6 MET
improvement predicted for patients who score 48/48 on
the OHS. A large registry study by Price et al?* demon-
strated a similar effect using the OHS, with the likelihood
of seeing a meaningful clinical improvement decreasing
with higher preoperative scores. The authors conclude
that at a preoperative score of 40 or above, there was a
0% chance of meaningful improvement, suggesting this
as a threshold for referral.2 The present study suggests
that even though these higher-scoring preoperative
patients do not show improvement using the OHS, they
do show considerable improvement using the MET.
Setting a referral threshold at 40 may restrict access to
high-functioning patients who may want to return to a
preferred sporting activity.

While it is certainly important to use conventional PROMs
to record health gains, the assumption that no further
benefit can be achieved past the maximal score may mean
that these overall health gains are under-represented. In
doing so, one may unfairly restrict access to our highly effec-
tive surgical interventions for higher-functioning patients
who are unable to perform their desired sporting activity.
Without an additional activity metric, the considerable
improvementin quality of life delivered by returning them to
their preferred sporting activity may be reported as a failure,
since the improvement in function captured by change in
OHS may be smaller than average.

The subgroup analysis further emphasizes the point
that the patients who score 48/48 are not necessarily
performing at a similar level to one another. Despite iden-
tical OHS scores, patients > 60 years old had a mean MET
of 10.6 METs compared to the 12.7 METs scored by the
under 60s. A similar effect was noted for the male sex and
those with higher preoperative MET scores. To put those
scores into perspective, an activity such as Nordic walking
at a fast pace scores 9.5 METs." A fast run at 9 mph scores
12.8 METs,® so a difference of 2 to 3 METs translates into

the difference between patients performing a fast walk
or a fast run. Clinically this would likely be a noticeable
benefit. Other studies have shown the effect of age, sex,
and preoperative activity levels on postoperative physical
activity. Williams et al,?* in a study of 736 primary joint
arthroplasty operations, found male sex, younger age,
preoperative UCLA scores, and lower BMI to be overall
predictors for achieving higher postoperative activity
levels. The authors report that males are nearly five times
more likely to achieve a UCLA activity score > 7 post-hip
arthroplasty when compared to females (odds ratio 4.84,
95% confidence interval 2.93 to 7.99).%* These findings
have been corroborated by a number of other studies,
concurring with the findings of the present study.?3233

There are a number of limitations to this study. First, a
large proportion of patients (61%) did not have preoper-
ative or one-year postoperative scores, and the included
patients were younger than those with missing data. It is
possible that this younger cohort who completed the online
questionnaire were more physically active and motivated
than those who did not respond. Furthermore, our studied
population was considerably younger than the national
average for hip arthroplasty. While the authors believe this
young population to be ideal for investigating the MET, it is
worth noting that our findings may not be generalizable to
the wider population of hip arthroplasty patients. Second,
the MET does not factor in frequency of the activity, only
intensity, so it cannot be used as a metric of fitness. Addi-
tionally, a high MET value may not correlate with impact on
the hip joint, nor on the number of hip cycles. For instance,
canoeing with vigorous effort scores a MET of 12.5.® This
scores similarly to running at 9 mph (12.8 METs),’® however
running has greater impact on the hip joint and may not be
attempted following hip arthroplasty in an effort to protect
the longevity of the implant. Although our score did not
take this into account, patients were asked to pick activities
that were of importance to them and that their joint trouble
affected, thus directing them to choose activities specific to
the hip. Finally, as data in this study were retrospectively
analyzed, there remains a risk of selection bias.

In conclusion, this study demonstrates that a simple,
patient-centred activity metric (MET) can pick up
important health gains in return to higher-level sporting
activity, which are missed by the OHS in a younger, active
population. The MET showed evidence of construct
validity, good responsiveness to change, and no post-
operative ceiling effect, with health gains not limited by
preoperative OHS. A patient-centred physical activity
metric may have a useful role in addition to conven-
tional function-based PROMs scores where the functional
outcome of hip arthroplasty is relevant.
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