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ABSTRACT

Objectives The association of joint replacement registries
with outcomes such as revision burden is uncertain.

This study aimed to evaluate whether joint replacement
registries are associated with the burden of revision
changes while controlling for confounders that could affect
the association.

Design A longitudinal study involving a combination of
cross-sectional and time series data from 1980 to 2018.
The study was a panel regression analysis using the
difference-in-difference method.

Setting Data from countries with joint replacement
registries and countries without joint replacement
registries were used. Registry data were obtained from
joint replacement registries’ annual reports, while non-
registry data were obtained from each included country’s
pooled hospitals’ annual revision burden reported in the
literature.

Outcome measures Changes in revision burden from
1980 to 2018 was the outcome measure. The revision
burden in the registry periods of registry countries was
compared with the non-registry periods of registry and
non-registry countries.

Results Data were obtained from 12 registry periods and
8 non-registry periods. The average difference in revision
burden in the registry periods of registry countries relative
to the non-registry periods of registry and non-registry
countries was statistically significant for hip, —3.80 (95%
Cl (—2.50 to —5.10); p<0.001) percentage points and knee,
—1.63 (95% CI (-1.00 to —2.30); p<0.001) percentage
points. This translates to a 19.30%, and 21.85% reduction
in revision burden for hip and knee registries, for the whole
sampling period.

Conclusion Joint replacement registries are associated
with a significant reduction in the burden of revision.
Although revision burden reduces over time even without
the registries, the establishment of joint replacement
registries is associated with an increased reduction. The
establishment of joint replacement registries in non-
registry countries would be a worthwhile decision as it will
further improve the outcomes of arthroplasty surgeries.

INTRODUCTION

The purpose of joint replacement registries
(JRR) is to define, improve and maintain
the quality of care for patients who undergo

2 Joshua Byrnes'

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first study assess the association of
joint replacement registries with burden of revision
changes, while controlling for spillover and techno-
logical progress effect.

= The study was a multicountry analysis, which pro-
vides a robust evidence.

= The evidence provided in this study can support
health policies across countries.

= Cumulative revision rate or Kaplan-Meier survival
is more reliable measures compared with revision
burden.

= Revision burden may not be the only yardstick to
measure the performance of a registry.

arthroplasty.! It aims to establish a volun-
tary observational data repository for public
health safety and monitor device perfor-
mance.' Achieving the purpose of JRR could
be associated with a reduction in revision
burden. As used in this study, revision is a
subsequent operation due to surgical failure
of the primary replaced joint, where some or
all the original prosthesis components are
removed and or replaced, or new components
added,1 while revision burden is the number
of revision arthroplasties performed in 1 year
divided by the total number of revisions plus
primary arthroplasties during the same year.”
Since the establishment of the Swedish knee
and hip JRR in 1975 and 1979, respectively,
over 23 countries have established national or
regional JRR, with more countries planning
to establish registries.” *

The association of JRR with outcomes such
as revision burden is uncertain. While some
countries with JRR have recorded reduc-
tions in revision burden,1 58 other countries
without JRR have also reported similar reduc-
tions.”""  Additionally, in many countries
with JRR, the revision burden trend is rela-
tively similar to the period before (prereg-
istry) their JRR establishment.” '*'* Plausible
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reasons for the obscured association of JRR with revi-
sion burden are the focus of most previous studies on
country-level analysis (eg, comparing the preregistry and
registry period of a particular registry country), and not
controlling for potential confounding factors (eg, tech-
nological progress and spillover effect) that could affect
revision burden. Given that most registry data of a partic-
ular registry country are accessible by surgeons in other
countries, there is possibility of knowledge spillover and
thus, a country-level analysis may provide bias results of
the association of JRR with revision burden. Also, tech-
nological progress can lead to improved surgical tech-
niques or improved prostheses design, which can affect
revision burden. It could cause non-registry countries
to have similar revision burden with registry countries,
which could undermine the observed association of JRR
with revision burden. It could also cause the registry
period of registry countries to have lower revision burden
compared with their preregistry period. It is, therefore,
pertinent to evaluate the level of association of JRR with
revision burden changes in countries with JRR by multi-
country comparison using registry and non-registry data
while controlling for confounding factors that could
affect the association. This study will address the research
question: Are JRRs associated with burden of revision
changes?

Although crude, and influenced by several factors,
revision burden can be used across registries as a simple
unit of measure for comparison and quality improve-
ment measure.” Unlike cumulative revision rates for a
specific prosthetic cohort, revision burden is a feasible
and available measure in the non-registry periods, which
can enable registry and non-registry periods comparison
within and between countries.

This study, therefore, aimed to evaluate whether JRR
are associated with revision burden changes or not by
comparing the revision burden in the registry periods
of registry countries to the non-registry periods of
registry and non-registry countries using a difference-
in-difference approach. The difference-in-difference
method was employed because it has the capacity to
compare the preperiods and postperiods observations,
and control for the confounders.

METHODS

Design, data sources, inclusion and exclusion criteria

The study was a longitudinal study involving a combina-
tion of cross-sectional and time series data. The burden
of revision data for hip and knee were searched from
the year 1980 to 2018. Registry periods data (for registry
countries) were collected from each included coun-
try’s JRR annual reports. Non-registry periods data (for
registry and non-registry countries) were obtained from
each included country’s pooled hospitals annual revision
burden reported in the literature. A detailed description
of ‘registry periods’ and ‘non-registry periods’ is provided
in the ‘Data categorisation’ section. The assessment

focused on hip and knee replacements as it is the most
common types of joint replacement procedures."

For non-registry periods data, a country-based study
that reported revision burden from pooled hospitals data-
sets were included. Studies were included if they reported
revision burden or the number of primary and the
number of revision cases for hip or knee. Reoperations
without revision were excluded, and reports for primary
knee replacements without revisions were also excluded.
The same criteria above were applied for registry periods
data collection. The inclusion of registry and non-registry
countries in the analysis was based on the number of
available observations in the time series (1980-2018) for
each country. The observations for each country refer to
the revision burden each year from 1980 to 2018. Thus,
the maximum expected observation per country was 39.
Countries with less than 13 observations in the time series
were excluded from the analysis to maintain reasonable
df. A description of the search strategy for non-registry
periods data is available in online supplemental table 1.

Patients and public involvement
No patient involved.

Data categorisation

Included data were broadly classified either as registry
country or non-registry country data. Data for each
registry country were further subclassified into a prereg-
istry period and registry period data. For each non-
registry country, data were further subclassified into
‘corresponding preregistry period’ and ‘corresponding
registry period’ data, hereinafter referred to as prereg-
istry and registry period data, respectively. The prereg-
istry period of a registry country refers to the period
before their JRR establishment, while the registry period
refers to the period after their JRR establishment. For a
non-registry country, the preregistry period and registry
period, respectively correspond with the preregistry
period and registry period, respectively, of a registry
country. As different registry countries have different
preregistry and registry periods, there is no specific
preregistry and registry period for a non-registry country
unless when compared with a specific registry country. To
enable multicountry comparison, which is an objective
of this study, the median registry year (1999) was chosen
to define the preregistry period and the registry period
for non-registry countries as 1980-1998 and 1999-2018,
respectively (see figure 1). The preregistry and registry
periods for non-registry countries and the preregistry
periods for registry countries are collectively referred to
as the non-registry periods (ie, data categories A, C and
D in figure 1).

Validation of non-registry data

There was variation in the data sources between the
registry periods and non-registry periods, as published
data were the most comprehensive data available for
the non-registry periods. This underscores the need for
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Figure 1 Schematic description of the analysis using the
data categories.

non-registry data validation. The non-registry data were
validated as follows: First, we ascertained that the data
sources were from validated national hospital databases
of the included countries. Next, the data were compared
and matched to available arthroplasty data, reports and
publications from the national hospital databases using
the 9th and 10th International Classification of Disease
(ICD) codes and the primary diagnosis codes that apply
to primary and revision arthroplasties.lél_17 Non-registry
data were also available in some registry reports like
the Italian registry, so the registry information was used
to compare and match the data used.'® Data custodians
were also contacted for verification and data matching.
Data that could not be directly matched were compared
and matched using proxied data from the databases such
as hospital admission with the following ICD-10 codes:
T845, T846, T847, T840, T841, T842, T]43, T844, M23,
MS86, S72, etc.

Analytical approach

A pragmatic approach that compares the revision burden
in the registry periods of registry countries to the non-
registry periods of registry and non-registry countries
from 1980 to 2018 was employed. It was performed by
difference-in-difference approach using a panel regres-
sion model. Technological progress and spillover effect
which could obscure the effect of JRR on revision burden
was controlled by a linear trend variable in the model. The
linear trend which represents the underlying common
technologies and spillover effect that make non-registry
and registry countries have similar characteristics regard-
less of a JRR was estimated in the model by computing
the annual revision burden for both country categories
and then generating common annual revision burden for
both country categories in a straight-line curve. Data cura-
tion was performed using a moving average. It involves
the estimation of missing data where applicable and the
correction of some outliers or acute fluctuations in the
time series. The data entry and curation were performed
using Microsoft Excel 365 (Microsoft, Seattle, USA),
while the data analysis was performed using STATA V.14
(StataCorp). For sensitivity check, the registry period for
non-registry countries was defined as 1994-2018; 2003-
2018; 20062018 and 2012-2018. Estimated parameters
with p<0.05 were considered statistically significant. All

analyses were performed separately for hip and knee,
respectively.

Model specification
The association of JRR with revision burden changes is
specified as:

Yie = Bo+ BiRi+ BoPic+ BsT+ BaRiPi+ (i + i)

where Y, =revision burden of country iin year £ R=Reg-
istry country; p=Registry period; T=linear trend, due to
confounding factors; the asterisk symbol (*) represents
the interaction between the variables; a, represents unob-
served time-invariant characteristics of countries that may
affect the outcome and ¢, is the random noise. The five
beta-s,s=0, 1, 2, 3 and 4 are the parameters to be estimated,
where B is the intercept; B, represents the average differ-
ence in revision burden between registry countries and
non-registry countries; 3, represents the average differ-
ence in revision burden between the preregistry periods
of both country categories and the registry periods of
both country categories; B, represents the annual change
in revision burden in the whole sampling period due to
the confounders; B, (difference-in-difference) represents
the average difference in revision burden in the registry
periods of registry countries relative to all non-registry
periods. Thus, B, measures the level association of JRR
with revision burden changes.

The estimation was performed using the random-
effects and fixed-effects panel-data regression models.
The choice of appropriate estimator was determined
using the Hausman test. The null hypothesis of the
Hausman test assumes no correlation between the regres-
sors and the error terms (residuals). If the null hypothesis
is rejected, the fixed-effect estimators will be preferred, as
it is more consistent. Otherwise, the random effects esti-
mator will be preferred.

RESULTS

Characteristics of included registry and non-registry periods
data

A total of 28 reports for non-registry period data were
identified. After screening, only 15 reported revision
burden of joint replacements for hip or knee or both
from pooled hospitals dataset. Of these, seven data
reports were excluded due to lack of observations and
non-specificity for hip or knee. So, eight non-registry
period data reports (from five registry countries and three
non-registry countries) were included. Registry periods
revision burden data were obtained from 19 countries,
but only 12 countries had sufficient observations for
inclusion. Online supplemental figure 1 illustrates the
selection process. Online supplemental tables 2 and 3
describe the excluded registry and non-registry periods
reports.39 101929 Tables 1 and 2 present the included non-
registry and registry periods data, respectively, after eligi-
bility check. Table 1 describes the characteristics of the
data in the non-registry periods, while table 2 describes
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Table 1 Characteristics of data in the non-registry periods

Period reported

Reported data

Other details Source

Included reports

New Zealand 1980-1991 Hip Preregistry data 84
Iceland 1982-1996 Hip Country without joint registry %
USA 1990-2002 Hip and knee Preregistry data 3
USA 2005-2011 Hip and knee Preregistry data 2
England/Wales 1991-2000 Hip and knee Preregistry data 12
Italy 2001-2005 Hip and knee Preregistry data ik
Spain 1997-2011 Knee Country without joint registry i
Taiwan 1998-2009 Hip and knee Country without joint registry 87

the characteristics of data in the registry periods for
registry countries.

Hip and knee registries association with revision burden

The Hausman test failed to reject the null hypothesis of
no correlation between the regressors and the residuals
for hip (p=0.41) and knee (p=0.33), respectively. Thus,
the random effect estimator is preferred. Coefficients with
negative signs indicate a reduction in revision burden,
while positive signs indicate an increase (tables 3 and 4).

From 1980 to 2018, the average difference (B,) in revi-
sion burden between registry countries (regardless of
when their JRRs were established) compared with non-
registry countries was statistically significant for hip —-4.57
(95% CI (-2.34 to —6.80); p=0.04) percentage points,
but not for knee -0.05 (95% CI (1.50 to —1.60); p=0.98)
percentage points. On average, registry countries had
4.57 and 0.05 percentage points reduction in revision
burden for hip and knee, respectively, relative to non-
registry countries for the whole sampling period (tables 3
and 4).

From 1980 to 2018, the average difference (f,) in revi-
sion burden between the preregistry periods (of both
country categories) and the registry periods (of both
country categories) was statistically significant for hip 2.46
(95% CI (1.85 to 3.07); p<0.001) percentage points, and
knee 1.82 (95% CI (1.52 to 2.12); p<0.001) percentage
points. On average, the revision burden in the pooled
registry periods of both country groups were higher by
2.46 (for hip) and 1.83 (for knee) percentage points rela-
tive to the pooled preregistry periods of both country-
groups for the whole sampling period (tables 3 and 4).

From 1980 to 2018, there was a statistically signifi-
cant annual decrease (f,) in revision burden common
across both country categories due to the effect of the
confounding factors, which was -0.08 (95% CI (-0.06 to
-1.00); p<0.001) percentage points for hip, and -0.03
(95% CI (-0.02 to -0.04); p<0.001) percentage points
for knee. Annually, both registry and non-registry coun-
tries experienced a common reduction of 0.08 and 0.03
percentage points for hip and knee revision burden,
respectively, due to the confounders (tables 3 and 4,
figure 2A,B).

Finally, the association of JRR with revision burden
changes which was measured as the average differ-
ence in revision burden (B,) in the registry periods of
registry countries relative to all non-registry periods
was statistically significant for hip -3.80 (95% CI (-2.50
to -5.10); p<0.001) percentage points and knee —1.63
(95% CI (-1.00 to —2.30); p<0.001) percentage points.
This translates to a 19.30% and 21.85% reduction in
revision burden for hip and knee registries, respectively,
for the whole sampling period, when the reduction was
compared with the revision burden at the starting time,
t, (represented by the value of the intercept, ). Tables 3
and 4 provide details of the hip and knee registries asso-
ciation with revision burden, while figure 2A,B presents
the association in predictive linear trends. Online supple-
mental figures 2 and 3 present the mean annual burden
of hip and knee revisions for registry versus non-registry
countries. Further information on the data used for anal-
ysis and the results (from the model) is available in online
supplemental file 2.

From the sensitivity test, changes in the median registry
year of non-registry countries from 1994 to 2012 had no
statistically significant effect on hip and knee registries
association with revision burden (represented by B,).
For hip registries, the reduction in revision burden as
percentage points changed from —4.70 (95% CI (-3.40
to —6.00); p<0.001) in 1994 to -2.35 (95% CI (-0.70 to
-4.00); p=0.004) in 2012. Whereas for knee registries, the
reduction in revision burden changed from -1.23 (95%
CI (-0.60 to —1.90); p<0.001) in 1994 to -2.04 (95% CI
(-1.30 to -2.80); p<0.001) in 2012.

DISCUSSION

This study used existing data on the revision burden for
hip and knee replacement to evaluate whether JRR are
associated with the burden of revision changes or not
from the global perspective from 1980 to 2018. The asso-
ciation of JRR with revision burden changes was measured
by comparing the registry periods for registry countries to
all non-registry periods (preregistry periods for registry
countries and the preregistry and registry periods for
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Table 2 Characteristics of data in the registry periods for registry countries

Year registry Surgeries Management and Validation and

Country established reported participation completeness Reporting style Source

Included registries

Sweden Knee: 1975 Hip and knee MGT: medical Validation: yes and  Annual; all- 530

Hip: 1979 replacements; knee society. Both continuous. electronic online
osteotomy. registries Completeness: statistics for knee
managed primary, 97 %; available; periodic
separately. revision, 92%. update online.
Participation: PROM: 82%
voluntary

Finland 1980 Hip and knee MGT: managed by Validation: yes and  Updated daily; all-

replacements. the government continuous. electronic online
since 1993. Completeness: report available.
Participation: primary, 95%;
mandatory revision, 82%.

Norway Hip: 1987. Four-in-one MGT: Norwegian  Validation: yes and  Annual; updated  *°
Other joints register: joint orthopaedic continuous. periodically.
started in 1994.  replacements; hip  association. Completeness: hip:  Electronic
Cruciate fracture; cruciate  Participation: 93% knee: 91% recording surgeon
ligament: 2004 ligament; and voluntary PROM data form recently
Hip fracture: 2005 paediatric hip collection recently  developed
Paediatric hip: initiated. for Cruciate
2010 ligament registry;

also, electronic
recording of
other procedures
available.

Denmark Hip: 1995 Hip and knee MGT: orthopaedic Validation: yes and  Annual; updated ~ “°#!

Knee: 1997 replacements. society. continuous. periodically;
Participation: Completeness: 94% annual report in
voluntary Danish

Australia 1999 Hip, knee MGT: orthopaedic Validation: yes and  Annual; periodic 1
and shoulder society. Funded by continuous. reporting; online
replacements. the government.  Completeness: data collection

Participation: 97.8% PROM data forms.
voluntary collection ongoing.

New Zealand 1999 Hip, knee, shoulder, MGT: orthopaedic Validation: yes Annual; periodic g
ankle, elbow, society. and continuous. reporting; online
lumbar and cervical Participation: Completeness: data collection
disc replacements  voluntary >90% PROM data forms.

collection: 70%

England/ 2003 Hip, knee, shoulder, MGT: government Validation: yes and Annual; periodic 4

Wales ankle and elbow Participation: continuous. update of the
replacements. voluntary Completeness: 96% registry online.

PROM data: 94% Statistics of
procedures
updated online

Romania 2001 Hip and knee MGT: government Validation: yes and  Annual; monthly ~ ©
replacements; Participation: continuous. update online;
spine and cruciate mandatory Completeness: statistics updated
ligament surgery. >99% online

Slovakia Hip: 2003 Hip and knee MGT: government Validation: yes and  Annual; periodic £2

Knee: 2006 replacements. Participation: continuous. update of the
voluntary Completeness: registry online.
100% Statistics of

procedures
updated online

Continued
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Table 2 Continued

Year registry Surgeries Management and Validation and
Country established reported participation completeness Reporting style  Source
Italy 2006 Hip, knee MGT: government Validation: yes and  Annual reporting '
and shoulder Participation: continuous.
replacements voluntary. Completeness: 66%
Legal process
ongoing to make
participation
mandatory
France 2006 Hip replacement MGT: SOFCOT Validation: yes and  Biennial reporting  *®
Participation: continuous.
voluntary
USA 2012 Hip and knee MGT: orthopaedic Validation: yes and  Annual 2
replacements. society. continuous.
Participation: Completeness: 86%
voluntary PROM data
collection: 20% and
ongoing

MGT, management; PROM, patient-reported outcome measure; SOFCOT, French Society of Orthopaedics and Traumatology.

non-registry countries). The results showed that regard-
less of when JRRs were established, there was a signifi-
cant difference in revision burden between the registry
countries and non-registry countries for hip, but not for
knee (see B, in tables 3 and 4) when compared for the
whole sampling period (1980-2018). Registry countries,
however, had a statistically significant reduction in revi-
sion burden when their registry periods were compared
with all non-registry periods for both hip and knee (j, in
tables 3 and 4), which infers that JRR are associated with
revision burden changes.

Several factors could be responsible for the significant
association of JRR with revision burden reduction. Most
JRR monitor the performances of implants and devices
and surgical techniques outcomes.' ° " ®* This has led
to the identification of optimal surgical techniques and
prostheses with a low risk of revision. The identification
of prostheses with a higher than anticipated risk of revi-
sion by countries with JRR leads to an early cessation
in the use of these prostheses and the subsequent with-
drawal from the countries’ market before other coun-
tries without JRR. Registries have also supported decision
making for the right patient selection. Analysis of data
from regional registries of Swiss and Scottish orthopaedic
hospitals have shown the effect of cross-cultural variations
in arthroplasty outcomes.”" Also, most JRRs provide feed-
backs to registry participants who are outliers. These feed-
backs enable the registry participants to improve on their
arthroplasty outcomes especially when the possible causes
of their treatment failures are identified from evidence
provided by registry data.

Similar to the knee results (for B, in tables 3 and 4),
an international survey showed that the revision burden
in the registry and the non-registry countries were
similar.” Different from our results, a study showed that

revision rates of all clinical studies for specific implants
do not differ significantly from revision rates for the same
implants from registry data®™ (see B , in tables 3 and 4).
Although the study® did not control for confounding
factors, a sound reason for the results difference was
that the data we used were not cumulative revision rates
for specific implants. Naive analyses comparing registry
countries to non-registry countries only,”” or comparing
the preregistry to the registry revision burden of a specific
country only" are biased in that the systematic difference
between the two country groups,” * the spillover and
technological progress effect,”” ** ** and the systematic
change in the registry period of both country categories
were not assessed.” >

This study has some limitations. First, the comparison
of registry data to non-registry data are a limitation given
that the data collection protocol and processes may differ
between the preregistry and the registry periods. The
effect of this limitation was controlled by non-registry
data validation. Performing the analysis using registry
data only or the preregistry and registry data from
registry countries only would make the study trivial, yield
a biased result and nullify the study objective. The use
of cumulative revision rate data or Kaplan-Meier survival
for a specific prosthetic cohort would have been a better
measure for the two periods because it better links the
revision arthroplasties to the primary arthroplasties, but
this would be impossible due to the lack of cumulative
revision rate data or data for a specific prosthetic cohort
during the preregistry periods. Hence, we used the
burden of revision data which is an available and feasible
measure common in the two periods regardless of a
registry.” Second, the availability of limited non-registry
periods data led to assessment with a few non-registry
countries. The effect of this limitation was minimised
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(A) Predictive trend of joint replacement registries association with hip revision burden from 1980 to 2018.

(B) Predictive trend of joint replacement registries association with knee revision burden from 1980 to 2018.

by the availability and inclusion of non-registry period
data for some registry countries. Third, the analysis did
not explore the possible lag and diminishing effect and
did not control for the Hawthorne effect of JRR on the
burden of revision. After a registry is established, there
is an initial period (lag period) of data collection, then
analysis and then information dissemination which needs
to occur before there is behaviour change among arthro-
plasty surgeons, regulators and prosthesis suppliers. This
period was not considered in order to measure revision
burden changes. Also, the assumption that the JRR effect
on revision burden may have diminishing returns in the
future was not tested. Similarly, the Hawthorne effect on
surgeons’ behaviour which could affect revision burden
in JRR would have been controlled for by discarding the
early observation period data. Although the effect of the
Hawthorne and lag effect was minimised by the linear
trend variable in the model, a much longer registry time
horizon would be required to better control for the lag
and Hawthorne effect.

CONCLUSION

JRRs are associated with a significant reduction in revi-
sion burden. Sustaining the management system of JRR is
important to support clinical decision making on arthro-
plasties which will maintain positive outcomes. While
some countries without JRR have also experienced a
reduction in revision burden, their establishment of JRR
would be a worthwhile decision as it will further improve
arthroplasties’ outcomes.
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