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Abstract
Background Patient-reported outcome measures (PROMs)
are the only systematic approach through which the pa-
tient’s perspective can be considered by surgeons (in
determining a procedure’s efficacy or appropriateness) or
healthcare systems (in the context of value-based
healthcare). PROMs in registries enable international
comparison of patient-centered outcomes after total joint
arthroplasty, but the extent to which those scores may
vary between different registry populations has not been
clearly defined.
Questions/purposes (1) To what degree do mean change
in general and joint-specific PROM scores vary across
arthroplasty registries, and to what degree is the proportion
of missing PROM scores in an individual registry associ-
ated with differences in the mean reported change scores?

(2) Do PROM scores vary with patient BMI across regis-
tries? (3) Are comorbidity levels comparable across reg-
istries, and are they associated with differences in PROM
scores?
Methods Thirteen national, regional, or institutional
registries from nine countries reported aggregate PROM
scores for patients who had completed PROMs pre-
operatively and 6 and/or 12 months postoperatively. The
requested aggregate PROM scores were the EuroQol-5
Dimension Questionnaire (EQ-5D) index values, on
which score 1 reflects “full health” and 0 reflects “as bad
as death.” Joint-specific PROMs were the Oxford Knee
Score (OKS) and the Oxford Hip Score (OHS), with total
scores ranging from 0 to 48 (worst-best), and the Hip
Disability and Osteoarthritis Outcome Score-Physical
Function shortform (HOOS-PS) and the Knee Injury and
Osteoarthritis Outcome Score-Physical Function short-
form (KOOS-PS) values, scored 0 to 100 (worst-best).
Eligible patients underwent primary unilateral THA or
TKA for osteoarthritis between 2016 and 2019.
Registries were asked to exclude patients with sub-
sequent revisions within their PROM collection period.
Raw aggregated PROM scores and scores adjusted for
age, gender, and baseline values were inspected de-
scriptively. Across all registries and PROMs, the
reported percentage of missing PROM data varied from
9% (119 of 1354) to 97% (5305 of 5445). We therefore
graphically explored whether PROM scores were asso-
ciated with the level of data completeness. For each
PROM cohort, chi-square tests were performed for BMI
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distributions across registries and 12 predefined PROM
strata (men versus women; age 20 to 64 years, 65 to 74
years, and older than 75 years; and high or low pre-
operative PROM scores). Comorbidity distributions
were evaluated descriptively by comparing proportions
with American Society of Anesthesiologists (ASA)
physical status classification of 3 or higher across reg-
istries for each PROM cohort.
Results The mean improvement in EQ-5D index values
(10 registries) ranged from 0.16 to 0.33 for hip registries
and 0.12 to 0.25 for knee registries. The mean improve-
ment in the OHS (seven registries) ranged from 18 to 24,
and for the HOOS-PS (three registries) it ranged from 29
to 35. The mean improvement in the OKS (six registries)
ranged from 15 to 20, and for the KOOS-PS (four regis-
tries) it ranged from 19 to 23. For all PROMs, variation
was smaller when adjusting the scores for differences in
age, gender, and baseline values. After we compared the
registries, there did not seem to be any association be-
tween the level of missing PROM data and the mean
change in PROM scores. The proportions of patients with
BMI 30 kg/m2 or higher ranged from 16% to 43% (11 hip
registries) and from 35% to 62% (10 knee registries).
Distributions of patients across six BMI categories dif-
fered across hip and knee registries. Further, for all
PROMs, distributions also differed across 12 predefined
PROM strata. For the EQ-5D, patients in the younger age
groups (20 to 64 years and 65 to 74 years) had higher
proportions of BMI measurements greater than 30 kg/m2

than older patients, and patients with the lowest baseline
scores had higher proportions of BMImeasurements more
than 30 kg/m2 compared with patients with higher base-
line scores. These associations were similar for the OHS
and OKS cohorts. The proportions of patients with ASA
Class at least 3 ranged across registries from 6% to 35%
(eight hip registries) and from 9% to 42% (nine knee
registries).
Conclusion Improvements in PROM scores varied among
international registries, which may be partially explained
by differences in age, gender, and preoperative scores.
Higher BMI tended to be associated with lower pre-
operative PROM scores across registries. Large variation
in BMI and comorbidity distributions across registries
suggest that future international studies should consider the
effect of adjusting for these factors. Although we were not
able to evaluate its effect specifically, missing PROM data
is a recurring challenge for registries. Demonstrating gen-
eralizability of results and evaluating the degree of re-
sponse bias is crucial in using registry-based PROMs data
to evaluate differences in outcome. Comparability between
registries in terms of specific PROMs collection, post-
operative timepoints, and demographic factors to enable
confounder adjustment is necessary to use comparison
between registries to inform and improve arthroplasty care
internationally.
Level of Evidence Level III, therapeutic study.
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Introduction

Patient-reported outcome measures (PROMs) are in-
creasingly emphasized in patient-centered and value-based
healthcare because direct input from patients is necessary
to measure outcomes that are considered important to pa-
tients. Numerous general and joint-specific PROMs have
been introduced in clinical practice worldwide at the na-
tional, regional, or local level. The Swedish Hip
Arthroplasty Register initiated nationwide PROM collec-
tion in 2002, and many other national-level registries have
subsequently followed [1, 31]. PROM implementation in
registries provides health professionals, hospitals, and na-
tional or administrative entities with data to monitor, in-
form, and improve patient-centered arthroplasty care.

International comparison is readily performed for more
traditional outcomes such as revision rates, enabling up-to-
date evaluations of prosthesis performance [12, 20].
Including PROMs in registries further enables international
comparison of patient-oriented outcomes such as pain and
physical function [37]. Differences in PROM scores can
demonstrate problems with access to care, and they are
used as early indicators of the effectiveness of care [4].
Variations in PROM collection (such as the instrument
used and length of follow-up) can make meaningful com-
parisons across registries challenging. However, recent
work by the International Society of Arthroplasty
Registries (ISAR) PROM group found sufficient similari-
ties in administration, quality assurance methods, and
collected variables to enable international comparison [3].

The Organization for Economic Co-operation and
Development’s (OECD) biennial Health at a Glance report
compared a range of healthcare quality indicators across
OECD member countries, including the quality and out-
comes of hip and knee arthroplasty for osteoarthritis [26,
27]. The twomost recent editions (2019 and 2021) reported
change in scores for common generic and condition-
specific PROMs across registries. Using observational data
from registries to compare treatment outcome requires
careful consideration because of the risks of model mis-
specification, confounding, bias, and chance [25, 33].
Although the OECD reports used direct standardization to
adjust for possible confounding by age, gender, and pre-
operative PROM scores, a number of additional factors are
important to consider in hip and knee arthroplasty research,
such as patient demographics, socioeconomic status, joint-
specific history, BMI, lifestyle factors, and comorbidities
[30]. Although many registries collect such case-mix var-
iables, differences in definition and categorization hinder
comparison across registries [3]. Two important con-
founders that may be relevant and feasible to collect across
registries are BMI and comorbidities. One additional but
vital challenge for registry-based comparison is the po-
tential response bias that arises from missing PROM data.

Ensuring high response rates for PROMs in registries is
costly, and differences in survey logistics may explain the
large variance in registries PROM completeness [3]. The
question is whether research results, reflecting patients
with complete PROMs, are generalizable to the larger
population undergoing arthroplasty, which calls for an
evaluation of the consequence of varying degree of PROM
completeness across registries.

We therefore asked: (1) To what degree do mean change
in general and joint-specific PROM scores vary across
arthroplasty registries, and to what degree is the proportion
of missing PROM scores in an individual registry associated
with differences in the mean reported change scores? (2) Do
PROM scores vary with patient BMI across registries? (3)
Are comorbidity levels comparable across registries, and are
they associated with differences in PROM scores?

Materials and Methods

Data Collection

Emailed invitations were sent to all OECD members in-
volved in the Patient-Reported Indicator Survey (PaRIS)
initiative and all registries affiliated with ISAR. These
registries are a mix of national, regional, or single in-
stitutional coverage. For this study, 13 national, regional,
or institutional registries in nine countries agreed to submit
data (Table 1). One aim of the ISAR PROMworking group
is to promote harmonization of PROM collection to allow
direct comparison within and between registries over time.
The rationale for inviting broadly and analyzing data that
originate from different registry types was to increase the
number of registries with comparable datasets.
Furthermore, this strategy enabled us to evaluate and elu-
cidate some challenges that arise when performing in-
ternational comparison of PROM outcome.

Registries reported details of their data collection, de-
scriptive patient characteristics, and PROM scores in a stan-
dardized Excel spreadsheet. Descriptive patient characteristics
were reported for patients comprising separate cohorts for
general PROMs for the hip (Supplementary Table 1; http://
links.lww.com/CORR/A848) and knee (Supplementary
Table 2; http://links.lww.com/CORR/A849) registries and
hip- (Supplementary Table 3; http://links.lww.
com/CORR/A850) and knee-specific (Supplementary
Table 4; http://links.lww.com/CORR/A851) PROMs,
separately. We requested data for patients who underwent
surgery from 2016 through 2019 and who had completed
PROMs both preoperatively and at 6 months and/or
12 months postoperatively (Table 1). The three most recent
years of surgery with fully completed PROM collection were
considered reasonable to capture sufficient sample sizes and to
present contemporary results. To calculate response rates, we
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Table 1. Registry design and type of PROM administration

Country Registry Coverage

Years of
surgery

for
reported
PROM
data

Patients an response rates
of reported generic and

specific PROMsa

Survey type

Postoperative
PROM

administration
BMI

available

Type of
comorbidity
indicator

EQ-5D
Hip

EQ-5D
Knee

HOOS-
PS

KOOS-
PS OHS OKS

Australia Australian
Orthopaedic
Association

National Joint
Replacement

Registry

National July 2018 to
December

2019

70% (3150 of
4505)b

69% (4325 of
6268)b

69%
(3097 of
4505)

68%
(4249 of
6268)

Electronic and/
or telephone

6 months Yes ASA

Canada Alberta Bone
and Joint Health

Institute

Regional 2016 to 2018 11% (1141 of
10,187)b,c

9% (1349 of
14,730)b,c

Paper or
electronic

12 months No None

Canada Manitoba Regional 2016 to 2018 41% (1514 of
3661)d

37% (2020 of
5411)c

46%
(1677 of
3661)

41%
(2241 of
5411)

Paper 12 months Yes None

England National Health
Service England
National PROMs
Programme

National January 2016
to December

2018

37% (73,965 of
199,982)e

35% (79,678 of
226,514)e

40%
(79,848

of
199,982)

38%
(85,281

of
226,514)

Paper 6 months Yes ASA

Finland Coxa Regional 2017 to 2019 51%
(2130 of
4144)

46%
(2225 of
4828)

Paper or
electronic

12 months Yes ASA

Ireland Irish National
Orthopaedic
Registry

National January 2016
to December

2018

88% (1389 of
1577)b

88% (1013 of
1156)b

91%
(1599 of
1762)

91%
(1235 of
1354)

Paper or
electronic

6 months Yes ASA

Italy IRCCS Galeazzi
Orthopedic
Instritute

Single
center

2016 to 2018 47% (400 of
858)d

51% (299 of
592)d

45% (388
of 858)

49%
(289 of
592)

Paper
(preoperative)

and electronic or
phone

(postoperative)

6 and 12 months Yes ASA

Italy Rizzoli
Orthopedic
Institute

Single
center

2019 56% (342 of
616)e

56% (138 of
248)e

55% (341
of 616)

55%
(137 of
248)

Paper 6 and 12 months Yes ASA

Italy Tuscany;

Orthopaedic
PROMs and

PREMs
Observatory

Regional 2018 to 2019 3% (140
of 5445)

Electronic 6 and 12 months Yes None

The
Netherlands

Landelijke
Registratie

Orthopedische
Implantaten

National 2016 to 2018 35% (25,643 of
73,085)e

31% (20,831 of
66,874)e

32%
(23,400

of
73,085)

30%
(20,194

of
66,874)

32%
(23,148

of
73,085)

28%
(18,623

of
66,874)

Electronic and/
or paper

12 months Yes ASA
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Table 1. continued

Country Registry Coverage

Years of
surgery

for
reported
PROM
data

Patients an response rates
of reported generic and

specific PROMsa

Survey type

Postoperative
PROM

administration
BMI

available

Type of
comorbidity
indicator

EQ-5D
Hip

EQ-5D
Knee

HOOS-
PS

KOOS-
PS OHS OKS

Sweden The Swedish
Knee

Arthroplasty
Register PROM

program

Regional 2016 to 2018 73% (3239 of
4422)e

70%
(3117 of
4422)

Paper 12 months Yes ASA and
Charnleyf

Sweden The Swedish Hip
Arthroplasty
Register

National 2016 to 2018 70% (21,668 of
30,919)g

Paper 12 months Yes ASA and
Charnleyf

Switzerland Geneva
Arthroplasty
Registry

Single
center

2016 to 2018 60% (300 of
499)d

64% (241 of
374)d

Paper 12 months Yes ASA and Charnley

aResponse rates are calculated as the number of patients for which data was aggregated (numerator) and the number of patients meeting inclusion and exclusion criteria for
which PROM surveys were offered (denominator). If both 6- and 12-month data were available, we included 12-month data in the analyses.
bEQ-5D 5L version used.
cEQ-5D VAS scale not available.
dEQ-5D index crosswalked from SF-12 version 1 (Italy Galeazzi) or version 2 (Canada Manitoba and Switzerland Geneva).
eEQ-5D 3L version used.
fData available for a subset of patients.
gEQ-5D 3L used until 2016; 5L used from 2017.
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requested the number of patients for which data were aggre-
gated (numerator), and additionally the number of patients
meeting inclusion and exclusion criteria for which PROM
surveys were offered (denominator). The reported proportions
with complete PROM data at both the preoperative and
postoperative timepoints varied across registries and PROMs
from 3% (140 of 5445) to 91% (1235 of 1354) (Table 1).

Patients

Inclusion criteria were patients aged 20 years or older
with a principal diagnosis of osteoarthritis undergoing
elective primary and unilateral THA or TKA. Exclusion
criteria were patients with subsequent (including both
subsequent contralateral primary arthroplasty and revision
of the initial surgery) hip arthroplasty for hip registries,
subsequent knee arthroplasty for knee arthroplasty regis-
tries, or death during the follow-up period (between sur-
gery and the postoperative survey).

Outcomes Tools and Variables

The aggregation form included general health (EuroQol-5
Dimension questionnaire [EQ-5D] and the 12-item Short
Form Survey [SF-12]) and condition-specific PROMs
(Oxford Hip Score [OHS], Oxford Knee Score [OKS],
Hip Disability and Osteoarthritis Outcome
Score–Physical Function shortform [HOOS-PS], and
Knee Injury and Osteoarthritis Outcome Score–Physical
Function shortform [KOOS-PS]). The three-level EQ-5D
index values calculated with the US valuation set were
used in the analyses [34]. An index value of 1 reflects “full
health” and 0 reflects “as bad as death.” Minimum im-
portant change (MIC) values, reflecting the cutoff for
improvement that is considered important to patients, for
the EQ-5D index were suggested to be 0.3 after hip
arthroplasty [28] and 0.1 after knee arthroplasty [23].
Registries collecting the five-level version were requested
to convert these into the three-level version using van
Hout et al.’s [40] algorithm. Registries reporting the SF-
12 were instructed to map these values to the EQ-5D using
the methods published by Sullivan et al. [39] (version 1)
or Le [19] (version 2). The 12-item OHS and OKS reflect
pain and joint function and are scored on a scale from 0 to
48 (worst to best) [7, 8]. The five-item HOOS-PS and
seven-item KOOS-PS are short measures of physical
function that are scored from 0 to 100 (worst to best) [6,
29]. Reported MIC values for these PROMs were 7.6 for
the OHS and 6.9 for the OKS after primary hip and knee
replacement, respectively [32]. An MIC value of 23 for
the HOOS-PS after hip arthroplasty was suggested [28],
whereas for the KOOS-PS, we found no reported MIC

value for knee arthroplasty specifically, but a value of 2.2
was suggested for patients with knee osteoarthritis [36].
These PROMs are the most commonly collected by
arthroplasty registries [3].

We requested aggregate (mean and standard error)
PROM scores for all eligible patients, as well as aggregate
PROM scores by strata based on age (three strata: 20 to 64
years, 65 to 74 years, and 75 + years), gender (two strata:
men and women), and baseline scores (two strata based on
median values: EQ-5D hip: 0.52, EQ-5D knee: 0.59, OHS:
18.0, OKS: 19.0, HOOS-PS: 46.1, and KOOS-PS: 51.2
using data provided by theDutchArthroplasty Register and
published medians) [24].

We also requested descriptive BMI distributions as the
number of patientswithin aBMI category:# 18.5 kg/m2, 18.5
to# 25 kg/m2, > 25 to# 30 kg/m2, > 30 to# 35 kg/m2, > 35
to# 40 kg/m2, and > 40 kg/m2 for each PROM stratum. This
information was available for 12 of the included registries.

Finally, we requested available distributions of comor-
bidity levels for each PROMcohort collected by the registry,
specifically for distributions across American Society of
Anesthesiologists (ASA) physical status classification cate-
gories 1 to 5; the Charlson comorbidity index, categorized
into scores 0, 1 to 2, 3 to 4, and 5 or more; and, the Charnley
classification A, B1, B2, or C. Nine hip and nine knee reg-
istries reported ASA class distributions, and three registries
additionally reported Charnley classifications (Table 1). No
registries reported the Charlson comorbidity index.

Primary and Secondary Study Outcomes

Our primary study goal was to explore variations in generic
and joint-specific PROM scores from arthroplasty regis-
tries across the world. To achieve this, we pooled the ag-
gregated scores provided by each registry and graphically
evaluated aggregated change in PROM scores, as well as
the preoperative and postoperative PROM scores.
Additionally, we explored the variation in aggregate
change in PROM scores by the reported response rate.

Our secondary study goals were to explore the variation
in BMI distributions across registries, whether BMI levels
were associated with the PROM scores, and to evaluate the
variation in comorbidity distributions across the registry
cohorts. We used a visual and descriptive approach to ex-
plore BMI and comorbidity levels.

Statistical Analysis

Reported aggregated PROM scores were tabulated, and the
variation across registries was examined descriptively. We
converted reported standard errors to SDs as
SD = SE 3 √N [13]. A random-effects model was used
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to pool mean PROM scores because considerable heteroge-
neity between registries was expected. Statistical heteroge-
neity was calculated as the I2 statistic. An I2 value of 100%
indicates maximal inconsistency between registry results
[14]. Adjusted mean postoperative and change scores were
generated using a direct standardization procedure to adjust
for age, gender, and baseline score differences between reg-
istries. To explore whether registries with low PROM com-
pleteness could explain variation in PROM scores, we
graphically investigated the response rate and change in
PROM scores across registries. For the PROM cohorts where
BMI was reported, we investigated the possible confounding
factor of preoperative BMI on PROM outcomes by de-
scriptively evaluating variation in distributions in separate
BMI categories across registries. Comorbidity levels are
presented descriptively to show which registries report which
comorbidity index and their frequencies across PROM co-
horts. Analyses were performed using either Microsoft Excel
(Microsoft) or R version 4.1.0 (R Foundation).

Results

PROM Score Variation

Across all 13 registries, we found that unadjusted change
scores were larger than published MIC values for all
PROMs except the EQ-5D in hip registries, for which it

exceeded the MIC value of 0.3 in only 2 of 10 registries.
For the EQ-5D, the pooled change in EQ-5D index values
was 0.25 (95% confidence interval [CI] 0.20 to 0.29; I2:
99.7%) for hip registries and 0.18 (95% CI 0.14 to 0.22; I2:
99.5%) for knee registries. The mean change in the EQ-5D
index ranged from 0.16 to 0.33 across hip registries and
from 0.12 to 0.25 across knee registries. Pooled mean EQ-
5D index values were 0.59 (95% CI 0.55 to 0.64) pre-
operatively and 0.84 (95% CI 0.83 to 0.86) postoperatively
for hip registries and 0.63 (95% CI 0.59 to 0.67) pre-
operatively and 0.82 (95% CI 0.80 to 0.83) postoperatively
for knee registries, with substantial heterogeneity for all
models (I2 > 99%). This degree of statistical heterogeneity
reflects the high degree of between-registry inconsistency
in scores. Mean EQ-5D index values for individual regis-
tries (10 registries) ranged from 0.50 to 0.70 for hip reg-
istries (Supplementary Table 5; http://links.lww.
com/CORR/A852) and from 0.55 to 0.71 for knee
registries (Supplementary Table 6; http://links.lww.
com/CORR/A853) preoperatively; they ranged from 0.81
to 0.87 (hip registries) (Fig. 1A) and from 0.78 to 0.85
(knee registries) (Fig. 1B) at 6 months to 12 months
postoperatively. The change in the OHS and the OKS
ranged from 18 to 24 and from 15 to 20, respectively. The
pooled change in the OHS and the OKSwas 22 (95%CI 20
to 24; I2: 99.8%) and 17 (95% CI 15 to 19; I2: 99.5%),
respectively. The pooled mean OHS was 20 (95% CI 18 to

Fig. 1 A-F This figure shows the mean preoperative, 12-month postoperative, and change in (A) EQ-5D index values for hip
arthroplasty registries, (B) EQ-5D index values for knee arthroplasty registries, (C) OHS for hip registries, (D) OKS for knee registries,
(E) HOOS-PS for hip registries, and (F) KOOS-PS for knee registries. Orange circles denote registries with 6-month postoperative
PROM administration. aMapped from the SF-12.
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22; I2: 99.9%) preoperatively and 42 (95% CI 40 to 43; I2:
99.5%) postoperatively. The mean OHS for individual
registries (seven registries) ranged from 18 to 23
preoperatively and from 40 to 44 postoperatively (Fig.
1C). The pooled mean OKS was 21 (95% CI 20 to 23; I2:
99.9%) preoperatively and 38 (95% CI 37 to 40; I2: 99.8%)
postoperatively, and the mean OKS for individual
registries (six registries) ranged from 19 to 24
preoperatively and from 36 to 41 postoperatively (Fig.
1D). The change in the HOOS-PS and KOOS-PS ranged
from 29 to 35 and from 19 to 23, respectively. The pooled
change in the HOOS-PS and KOOS-PS was 32 (95%CI 24
to 39; I2: 95.8%) and 20 (95% CI 17 to 24; I2: 97.9%),
respectively. The pooled mean HOOS-PS was 54 (95% CI
48 to 60; I2: 94.4%) preoperatively and 86 (95% CI 83 to
89; I2: 75.8%) postoperatively. The mean HOOS-PS for
individual registries (three registries) ranged from 52 to 57
preoperatively and from 85 to 87 postoperatively (Fig. 1E).
The pooled mean KOOS-PS was 49 (95% CI 46 to 53; I2:
97.2%) preoperatively and 70 (95% CI 65 to 74; I2: 99.4%)
postoperatively, and the mean KOOS-PS for individual reg-
istries (four registries) ranged from 47 to 51 preoperatively and
from 66 to 72 postoperatively (Fig. 1F). The variation between
registries was lower for all PROMswhen scores were adjusted
for age, gender, and baseline scores: EQ-5D for hip cohorts
(Supplementary Table 5; http://links.lww.com/CORR/A852)
and knee cohorts (Supplementary Table 6; http://links.lww.
com/CORR/A853), OHS and HOOS-PS (Supplementary
Table 7; http://links.lww.com/CORR/A854), and forOKSand

KOOS-PS (Supplementary Table 8; http://links.lww.
com/CORR/A855). We found no association between the
change in PROM scores and the response rates across
registries, exemplified with the mean changes in the EQ-5D
in hip cohorts (Fig. 2).

BMI Distributions

For the hip registries reporting EQ-5D and BMI data (nine
registries), the proportion of patients with a BMI above
30 kg/m2 ranged from 16% to 43%, with Australia, Canada,
England, and Ireland having the largest proportions
(Fig. 3A). Similar distributions were found for the registries
that additionally reported BMI data for the OHS (seven
registries) and HOOS-PS (three registries) cohorts
(Supplementary Fig. 1; http://links.lww.com/CORR/A856).
After we combined data from all registries and broke it down
into the 12 predefined PROM strata, we found that patients
in the younger age groups (20 to 64 years and 65 to 74 years)
who had the lowest baseline scores had the highest BMI.
These findings were evident for the EQ-5D, the OHS, and
the HOOS-PS cohorts (Supplementary Fig. 2; http://links.
lww.com/CORR/A857). For the knee registries, BMI was
generally higher than for the hip registries. In the nine
registries with EQ-5D data, proportions with a BMI above
30 kg/m2 ranged from 35% to 62%, with Australia, Canada,
Ireland, and England again exhibiting the highest propor-
tions (Fig. 3B). Similar distributionswere found for the OKS

Fig. 2 This figure shows the association between change in EQ-5D index values and the
response rates for the hip arthroplasty registries.
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(six registries) and KOOS-PS (four registries) cohorts
(Supplementary Fig. 3; http://links.lww.com/CORR/A858).
For all PROM cohorts, the youngest women with the lowest
baseline scores had the highest BMIs (Supplementary Fig. 4;
http://links.lww.com/CORR/A859).

Are Comorbidity Levels Comparable Across Registries?

Across all registries and PROM cohorts, proportions of pa-
tients with ASAClass 3 or above ranged from 6% to 35% for
the hip registries and from 9% to 42% for the knee registries.
Australia and Finland reported the largest proportions of pa-
tients with ASA Class 3 or higher for the hip (Supplementary
Fig. 5; http://links.lww.com/CORR/A860) and knee cohorts
(Supplementary Fig. 6; http://links.lww.com/CORR/A861).

Discussion

PROMs add an extra dimension to registries that have
traditionally focused on implant survival and performance,
and they are increasingly being collected in hip and knee
arthroplasty registries. This study provides an initial effort
to compare change in PROM scores from several registries
worldwide. We gathered PROM data from registries across
nine countries in Europe, North America, and Australia.
We found that PROM scores across all registries reflected,
on average, improved general health, decreased pain levels,
and improved function for patients who received a hip or
knee arthroplasty, supporting the widely acknowledged
benefit of these procedures. However, variation in specific
preoperative, postoperative, and change in PROM scores
was observed. We did not find any apparent association
between variation in PROM capture rate and mean change

in PROM scores across the registries studied. We also
found differences in the distributions of BMI and comor-
bidity levels across the registries, and that BMI was asso-
ciated with age, gender, and baseline PROM scores. These
observations suggest that future international studies
should consider the effect of adjusting for these factors
when making cross-registry PROM comparisons.

Limitations

This study has several limitations. Firstly, local and na-
tional privacy regulations pose a major challenge for
comparing PROM scores across multiple registries and
nations because only aggregate-level data contribution is
feasible. The aggregate-data format hinders regular con-
founder adjustment [38]. We performed a direct stan-
dardization procedure to account for age, gender, and
preoperative scores, which required registries to break
data into 12 strata. The strata needed to be fairly broad to
avoid small cell counts. Adding potential confounder
variables would have increased the number of PROM
strata exponentially and would have simultaneously de-
creased the feasibility of data provision from registries
because of privacy concerns about small cell counts. An
alternative approach would be for each registry to perform
confounder adjustment before submitting data, which
presents other challenges including a larger workload for
registries. Furthermore, whereas this study only focused
on the potential effect of age, gender, preoperative PROM
scores, BMI, and comorbidity, other factors such as work
status, sociodemographic, and lifestyle factors are po-
tentially important to consider, although they are chal-
lenging because of inconsistency in definitions and
reporting across registries [30]. Because only raw PROM

Fig. 3 This figure shows the proportions of patients within each BMI category across (A) hip and (B) knee registries with available
BMI data for the EQ-5D cohorts.
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scores and scores adjusted for age, gender, and baseline
scores were presented in this study, a direct between-
registry comparison of outcome is not feasible. However,
the presented variation in scores is an important obser-
vation that warrants future investigation.

Another crucial question iswhether it is valid tomakedirect
comparisons of PROMs across healthcare systems and coun-
tries. The condition-specific PROMs used in this study (the
OHS,OKS,KOOS-PS, andHOOS-PS) havebeen extensively
evaluated in the hip and knee arthroplasty population [5, 11].
Contemporary evaluations of scale equivalence across lan-
guage versions have not been performed, which complicates
the comparativeness of the scores [22].

Further, although registries from three continents con-
tributed data, other registries that were interested in con-
tributing did not have resources to collate data or were
hindered by data transfer rights, even though only aggregate-
level data were required. The results therefore only reflect
current PROM collection practices from certain parts of the
world. In addition, we invited all types of registries, in-
cluding small and local institutional registries, which are not
comparable in scope, sampling strategy, or volume. The
number of patients from whom the aggregated data were
collected ranged widely across registries, from just above
100 patients to almost 80,000. However, the aim of our
study was not to establish which countries have the most
successful results, but rather to elaborate on the diversity
between registries and possible challenges for transnational
PROM outcome interpretation. Our pragmatic approach of
inviting all registry types is appropriate for this descriptive
study and allows for a discussion on factors that may impact
on the generalizability and comparability of registry-based
patient-relevant outcomes.

PROM Score Variation

Average change in PROM scores varied across registries.
We found that all generic and condition-specific PROM
scores across all registries improved from before to
6 months and 12 months after hip and knee arthroplasty.
The improvement exceeded published thresholds for the
MIC for all PROMs across all registries except the EQ-5D
for hip registries, for which 8 of 10 registries had smaller
average improvements than the MIC value of 0.3 [28, 32,
36]. Several studies have pointed at large variance in MIC
values based on the derivation methodology [18], which
could explain the relatively large discrepancy between the
smaller MIC cutoff of 0.1 for knee arthroplasty and larger
value of 0.3 for hip arthroplasty for the EQ-5D. Using
MIC values as quality indicators in registries is not an
established practice. Another strategy for evaluating the
variation in improvements between registries could have
been to compare proportions of patients in each registry

who improved more than published MIC values for the
evaluated PROMs. However, such a comparison is com-
plicated by the methodological challenges in selecting
robust MIC cutoffs for the PROM under study. The var-
iation in preoperative, postoperative, and change in
PROM scores across registries may reflect ethnic and
cultural differences between countries, such as surgical
indication and access to surgery, as well as the real ef-
fectiveness of surgery or the healthcare system, and these
differences are not easily quantified. Direct standardiza-
tion of PROM scores, which reduced the between-registry
variation, only partially considered patient differ-
ences [27].

The response rates varied largely between registries.
Although we found no evidence that the degree of missing
PROM data was associated with the average change in
PROM scores, the aggregate data we had available did not
enable an ideal analysis, and any possible response bias
cannot be rejected. An example from the National Joint
Registry of England, Wales, and Northern Ireland
indicated a lower revision rate after shoulder arthroplasty
for the cohort of patients having completed PROMs com-
pared with those who had not (Fig. 4) [1]. That analysis
clearly emphasizes that anyone using or publishing
PROMs should make extensive efforts to consider re-
sponse bias in the report and consider howmissing data has
arisen. The inability to rule out response bias in this study
means the presented differences in PROM scores should be
interpreted with caution, and captured PROM scores may
reflect a more positive outcome of surgery than if all eli-
gible patients undergoing surgery were included.

BMI Distributions

We observed differences in BMI distributions across
registries. We found that higher BMI was associated
with worse preoperative severity levels (particularly for
younger patients) and for knee arthroplasty (particularly
in women). Our findings are limited by the descriptive
analyses performed based only on proportions of pa-
tients in separate BMI categories and PROM strata.
Other studies have found conflicting evidence as to
whether BMI influences the outcomes of hip and knee
arthroplasty [10, 16, 17, 21]. However, a more recent
study found that the change in the OHS was independent
of BMI levels in patients undergoing hip arthroplasty
when evaluated using a more rigorous statistical ap-
proach to consider bias inferred by floor and ceiling ef-
fects of the OHS model [33]. Our results show clear
differences in preoperative PROM scores based on BMI, but
whether BMI confounds the outcome of arthroplasty is still
unanswered. Most registries were able to provide BMI data,
either by direct collection in their registry or by linkage to
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other data sources, which enables future evaluations. Newer
registries, or registries in the early implementation phase of
PROM collection, can likewise improve their comparability
with more established registries by ensuring incorporation of
BMI data. Further analyses are needed to explore the con-
founding nature of BMI on the PROM scores, for which
individual patient-level data is necessary.

Are Comorbidity Levels Comparable Across Registries?

The ASA class, reported by nine registries, was the only
measure for which a comparison of comorbidities across reg-
istries was possible. We found that ASA class distributions
varied greatly across reporting registries. The variation was
similar to that in a recent study evaluating the association be-
tween ASA class and mortality in patients undergoing hip
arthroplasty [35]. From the aggregate data we had, we were
unable to evaluate the impact of ASA class on each registry’s
PROM scores. It has been suggested that comorbidity levels
are important to consider when evaluating PROM scores after
knee and hip arthroplasty [30]. Self-reported multimorbidity
was shown to negatively impact the degree of improvement in
the OHS and OKS after THA and TKA [41]. Further, when
using the modified Charnley classification to evaluate
comorbidities in patients undergoing knee arthroplasty,

Dunbar et al. [9] found that scores for measures of physical
function, including the OKS, varied across Charnley classes.
Furthermore, increasing comorbidity, as reflected by a
worsening Charnley index scores, was associated with
worsening physical function and pain after knee arthroplasty
[15]. Measuring comorbidities is complex, and several
comorbidity instruments have been developed for different
purposes. The ASA class is a measure of disease severity
levels as related to operative risk, and it can be used routinely
in clinic [2]. From a registry perspective, longer and more
comprehensive instruments, such as the Index of Coexistent
Disease or the Functional Comorbidity Index, may be less
feasible to implement. The ASA class was readily available
for most registries in our study, and its influence on cross-
registry PROM performance might be investigated further.
Additionally, further studies should investigate whether the
relatively simple and often readily available ASA class is a
sufficient measure of comorbidity to further explore its po-
tential confounding effect on the PROM scores.

Conclusion

Improvement in PROM scores varies internationally among
hip and knee arthroplasty registries. The variation may be

Fig. 4 This figure from the National Joint Registry of England, Wales, and Northern Ireland
shows the cumulative revision of elective shoulder arthroplasty for patients with complete
(blue) ormissing (purple) PROMs. © National Joint Registry 2021 [1]. A color image accompanies
the online version of this article.
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partially explained by differences in age, gender, and pre-
operative scores. Additionally, BMI and comorbidities may
be relevant factors to adjust for when comparing registry-
based PROM scores after THA and TKA. Future studies
comparing PROMs across registries could investigate such
confounders to determine whether adjustments are war-
ranted and whether data are available from registries to
feasibly make these adjustments. Our results must be seen in
view of a risk of response bias that we were not able to fully
evaluate with aggregate-level data.

Comparable data are crucial for using registry-based
PROMs to inform differences in practices, facilitate learning,
and improve arthroplasty care internationally. Newly estab-
lished registries or registries initiating PROM collection can
examine the data published here and previously published
guidelines by the ISAR PROM working group [3] to ensure
comparability of their data in terms of data collection time-
points and specific choice of PROMs. Importantly, differences
in PROM scores may reflect differences in clinical practice,
such as access to surgery and surgical indication as well as
differences in treatment effects. When conducting observa-
tional analyses using registry-based PROM data to evaluate
the effect of surgery, we urge researchers or health policy
makers to evaluate the generalizability of the sample under
study and consider response bias and how it may influence the
results. Onemethod for exploring response biasmay be a clear
description of the PROMs cohort by demographic character-
istics at the time of surgery. This study illustrates some of the
challenges involved in comparing PROMs from multiple
registries and clearly establishes the need for comparable
variables, both in terms of follow-up timepoints, choice of
PROMs, cross-walking between PROMs, and preoperative
patient demographics. Future international comparative anal-
yses may ultimately serve to facilitate learning and improve-
ment in arthroplasty care internationally.
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