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Background

Total hip and knee arthroplasties (THA and TKA) are the most successful treatments 
for end-stage hip and knee osteoarthritis and are among the most common 
surgeries performed worldwide.(1-8) In the Netherlands, more than 33,000 THA 
and 34,000 TKA are performed yearly. The number of procedures is expected to 
increase exponentially in the coming decades due to the ageing population and the 
increasing prevalence of obesity.(9-12) As a result, the number of adverse events such 
as revisions will rise, increasing not only the burden to patients but also the burden 
on healthcare systems and thus society.(10,13-17) It thus becomes even more critical 
to improve clinical outcomes for arthroplasty surgery, such as revision, readmission, 
complications, and length of stay (long LOS) by delivering high-quality care to these 
patients.

Since the earliest recorded attempt at total hip and knee arthroplasty by Professor 
Glück in 1891, the most significant improvement in clinical outcome rates were 
achieved by the ongoing process of implant improvement.(18,19) For that matter, the 
first hip implants made of ivory were unsuccessful due to severe postoperative pain 
and high revision rates due to prosthesis loosening; these implants were replaced by a 
hollow ball of glass that fits over the femoral head in 1923.(20,21) However, the glass 
could not withstand the hip joint forces and shattered. Subsequently, experiments 
with materials for hip implants were done with several materials (e.g., Bakelite, Pyrex, 
Viscaloid, Vitallium, and metal).(22,23) Professor Sir Charnley was the first who 
successfully performed a THA in 1960, the basic principles he used still apply today 
(Figure 1).(24) For TKA, Insall and Burstein in the US and simultaneously Yamamoto 
in Japan developed the prototype of a new knee implant concept in 1971, resurfacing 
all three knee joint articular surfaces (i.e., femur, tibia, and patella) (Figure 2).(25) 
However, even though clinical outcomes have improved considerably since these first 
successful THA and TKA prototypes, clinical outcome after surgery does not only 
depend on implant design but also the quality of care delivered to the patient.
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Figure 1 Charnley hip replacement 
Charnley’s design consisted of a metal (stainless steel) femoral component and a Teflon acetabular component; both were 
fixed to the bone using bone cement (acrylic).

Figure 2 Insall-Burstein knee implant 
Insall and Burstein’s total condylar implant. The patellar button is shown at the top, the femur component in the middle, 
and the tibial component at the bottom.

In orthopaedics, revision surgery is the most commonly reported clinical outcome 
measure following THA and TKA because of the dramatic consequences for the 
patient and the considerable cost involved.(26,27) During such revision surgery, 
some or all of the primary joint components are replaced by new parts. Furthermore, 
revision surgery is a longer and more complex procedure than primary arthroplasty 
surgery, with less favourable outcomes such as higher infection rates and worse 
function compared with the primary procedure.(28,29) A revision within one year is 
a widely used clinical outcome to monitor the quality of care delivered, as it is close 
to the primary surgery performed and, as such likely related to the quality of care 
delivered during and after that primary surgery. In contrast, a revision within 5 years 
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is less likely to be related to the quality of care delivered but more relevant to track 
implant survival.

Dutch arthroplasty register

The Dutch Arthroplasty Register (LROI), established in 2007 by the Netherlands 
Orthopaedic Association (NOV), started with the registration of hip and knee 
implants.(9) In 2014, the implants for the shoulder, elbow, and ankle, and Patient 
Reported Outcome Measures (PROMs) for hip, knee, and shoulder were added. In 
2016 the register was further expanded with data collection for wrists and fingers. 
The initial primary purpose of arthroplasty registries was to compare performance, 
defined as survival, of different types of implants and detect worse-performing 
implants earlier to promote patient safety. A well-known example of the latter was 
the detection of the metal-on-metal (MoM) hip arthroplasty disaster. The latter was 
identified by the Australian Orthopaedic Association National Joint Replacement 
Registry (AOANJRR) as having an outlier performance in 2007.(30) Twenty percent 
of patients had to undergo a revision within ten years, compared with four percent in 
the “classic” metal-on-polyethylene arthroplasties.(31,32) The mortality risk increased 
by 8.5% (95%-CI: 5.8%-11.2%) due to these implants.(33) These MoM implants 
were withdrawn from the market in 2010, showing the value of registry data to ensure 
safety. Another advantage, besides the ability of registries to flag bad-performing 
implants, is that implants can be traced back to the patient in case of a calamity as 
the implant number of each implant component and a personal encrypted security 
number for each patient are collected.

In recent years, registries have also been used to monitor the quality of care delivered 
by orthopaedic groups/clinics by tracking clinical outcomes (e.g., revision) of 
hospitals, with the aim to improve performance by providing hospitals with feedback 
on their outcomes.(9,34-36) The LROI provides feedback on case-mix adjusted 
revision rates, Patient-Reported Outcome Measurement (PROM) difference scores, 
and patient characteristics at the hospital level, which are reported on a secured 
web-based dashboard annually. Connected to that feedback, the LROI and the NOV 
started a ‘‘Quality commission’’ in 2017 that actively approaches poorly performing 
hospitals (i.e., negative outliers) to discuss quality improvement initiatives (QII) and 
create action plans to improve.(37) The commission includes a team of clinical experts 
visiting hospitals with unfavourable results to advise and help them start improving 
the quality of care delivered.(37)
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Registry data can be used reliably for monitoring the quality of care delivered if 
coverage (i.e., the proportion of hospitals reporting to the register), completeness 
(i.e., the proportion of included patients in the register), and validity of data are good. 
The LROI coverage is 100% as all hospitals upload their data. Data completeness 
is checked against Hospital Electronic Health Records and currently exceeds 99% 
for primary procedures and 97% for revisions, meaning that >99% of primary 
procedures are included.(38) To increase validity, the LROI has implemented several 
steps, such as mandatory boxes in the web-based registration form and automatically 
generated reports when one or more variables are missing or inconsistent. The validity 
is currently 93% for THA and 96% for TKA.(39) The patient's vital status (dead 
or alive) is obtained from the Dutch insurance healthcare database Vektis, which is 
needed to calculate implant survival. The opt-out system for informed consent is 
applied, whereby patients must actively object not to be included.

Feedback using registry data

Arthroplasty registries, including the LROI, provide feedback to orthopeadic surgeons, 
which is intended to improve the quality of care delivered.(40,41) The variation in 
performance between hospitals on clinical outcomes is usually reported compared 
to a reference standard (i.e., the benchmark) that indicates whether performance in 
that specific clinic is comparable to the predefined benchmark or deviates from it. 
The total population of interest (i.e., national average on revision for TKA or THA 
etc.) with a specific norm is often chosen as the benchmark for comparison. The 
most commonly used clinical outcomes for feedback are revision, readmission, and 
complications, as these indicators are considered reliable, actionable, and fit for 
purpose.(42-47) Providing feedback is based on the belief that orthopaedic surgeons 
are prompted to modify their practice when performance feedback shows that their 
clinical practice outcome measures deviate from the desirable benchmark target. 
Feedback is not only aimed at underperforming hospitals but also at average or 
high-performing (i.e., best-practices) hospitals with the rationale that there is always 
room to improve further. In addition, hospitals can learn from better-performing 
hospitals by engaging and adopting items from these best practices. However, there 
may be less incentive to improve further for hospitals among the best-performing 
hospitals in their own country. These hospitals may be interested in comparing their 
outcomes with hospitals from other countries or healthcare systems to stimulate 
further improvement. The latter is only possible if there is consistency in the clinical 
outcome definitions and methods used to collect data across countries or healthcare 
systems, as these will determine the frequency of occurrence of end-point definitions 
(i.e., events) of the benchmark. Furthermore, the occurrence of clinical outcomes 
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should be adjusted for differences in patient characteristics that determine the risk of 
these outcomes, to achieve a fair hospital comparison. For example, healthy patients 
(e.g., ASA I patients with osteoarthritis) are expected to have a lower frequency of 
adverse clinical outcomes (e.g., revision) than patients with multiple comorbidities 
(e.g., ASA IV patients with congenital hip deformities).(48-51) Therefore, in case of 
hospital comparisons across countries, it will have to be assessed whether the same 
patient characteristics are available in all countries for risk adjustment.

Funnel plots with control limits are commonly used as a graphical tool to show 
between-hospitals variation for clinical outcomes (Figure 3). Hospitals plotted between 
the two control limits have a performance that is not statistically different from what 
is expected based on their patient characteristics. Hospitals plotted above the upper 
control limit have more events observed than expected and are negative outliers when 
considering adverse outcomes like revision; vice versa, hospitals plotted under the 
lower control limit have fewer events observed than expected and are positive outliers. 
Nowadays, multiple years of clinical outcome data (e.g., revision, readmission, and 
complications) are usually combined to obtain detectable and reliable differences in 
hospital performance due to low event rates.(9,34-36,52-57) The LROI and other 
arthroplasty registries typically combine three years of data. Therefore, it may take 
long before deteriorating performance is noticed, resulting in late action plans to 
improve care. However, if the reliability of ranking hospitals using single years of data 
is acceptable, a reliable earlier signal can be given when performance deteriorates. 
In addition, hospitals may be underperforming for all-cause revision, which may be 
due to various underlying causes. For example, hospitals may have higher infection, 
dislocation, implant loosening, or technical failure rates. To connect with subsequent 
targeted QII, it is relevant whether hospitals are an outlier for specific revision 
indications rather than only reporting outlier status on the all-cause revision rates. 
Assessing whether hospital performance can be reliably distinguished for revision 
indications may therefore be a step forward.
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Figure 3 Example of a funnel plot 
Each point represents a hospital. The O/E-ratio is described on the y-axis, and the expected number of events per hospital 
on the x-axis. The red line is the upper control limit, and the green line is the lower control limit. When O/E-ratio is 
equal to 1, the observed number equals the expected number of events in a hospital.
O/E=observed number of revisions divided by the expected number of revisions.

A second opportunity to detect underperforming hospitals earlier is using statistical 
approaches other than the traditional funnel plot, where the aggregate performance 
over a period is shown rather than the development over time. Several clinical studies 
have led to growing interest in Statistical Process Control charts such as the Shewhart-
p-chart and cumulative sum (CUSUM) chart, which can distinguish between an ‘‘in-
control’’ process, showing only random (chance) variation over time and an ‘‘out-of-
control’’ process, showing systematic (special-cause) variation by generating a signal 
(alert) at a specific point in time when the control limit is reached (Figure 4).(58-69) 
The Shewhart p-chart is considered an accessible chart, especially concerning 
implementation and straightforward interpretation.(70) However, the CUSUM chart 
has superior performance in detecting small (<10%) and significant (>10%) increases 
in event rates.(65,70-72) These two SPC charts thus seem logical alternatives for the 
funnel plot. The CUSUM chart is used to identify higher complication rates after 
THA and TKA in Scotland.(69) However, that study did not report how much earlier 
a signal was generated and with what accuracy compared with the traditional funnel 
plot presentation of events according to the benchmark. 
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Figure 4 Example of a CUSUM chart
The CUSUM chart for a single hospital is shown. The observed minus expected probability for an event is plotted for ev-
ery consecutive patient. When the score goes upward, this means that the observed performance for that patient is worse 
than expected, vice versa when going down. A single (alert) is generated when crossing the CL. A higher CL (5.0) means 
increasing certainty that this is a valid signal with fewer false-positive signals but could miss cases of worse performance. 
The opposite applies to lower CL (3.5).
CL=control limit; CUSUM=cumulative sum.

A third opportunity to obtain an earlier signal is to combine multiple relevant clinical 
outcomes into one composite outcome measure to achieve a higher number of 
events per hospital, thereby increasing the accuracy by which hospital performance is 
estimated. Feedback by arthroplasty registries is primarily provided on single clinical 
outcomes (e.g., revision, readmission, or complications). Using a composite outcome 
may take less time to differentiate between hospitals in their performance reliably.
(73-76) Furthermore, single outcomes provide only a partial view of the quality of 
care delivered, as a hospital may have a high score on one outcome but may need to 
improve on another.(9,34-36,52,77-79) Because of these limitations, there is growing 
interest in composite measures, in which multiple relevant outcomes are combined 
to provide a more comprehensive overview of the delivered quality of care. However, 
existing composite outcomes often represent a binary all-or-none concept. These 
measures are less useful for quality improvement since they give equal weight to all 
clinical outcomes. In contrast, from a patient’s perspective, revision is probably more 
important to avoid than, for example, upper-quartile LOS. In addition, these all-
or-none composite outcomes do not provide feedback on where to improve (i.e., 
for which combination of outcomes), and do not take into account the possible 
interrelationship between individual clinical outcomes.(73,76,80,81) 
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Sofar, the focus on providing feedback in arthroplasty registries has mainly been 
concentrated on “passive” reporting clinical outcomes that measure the unintended 
effects rather than the intended outcomes of pain reduction, improvement in 
functionality, and improved health-related quality of life. Ten and 20% of patients 
following THA and TKA, respectively, are not satisfied with postoperative results, 
mainly related to persistent pain and disability.(82,83) The proportion of patients 
achieving a clinically relevant improvement is not routinely used as hospital feedback 
in most arthroplasty registries due to low response rates that vary between hospitals. 
Most arthroplasty registries collect PROMs, but response rates (i.e., patients who 
completed the PROM questionnaire) are often low compared with above 95% 
completeness of data for clinical outcomes.(84-89) It is unclear in which direction 
missing PROM scores bias results on clinically relevant improvements. In addition, 
despite using Patient-Reported Outcome Measures (PROMs) for a long-time, it 
remains unclear whether clinically relevant improvement in PROM scores reflects 
the quality of care delivered as measured by well-known clinical outcomes (i.e., 
revision, readmission, complications, and upper-quartile LOS).(90) For example, a 
readmission may affect postoperative PROM scores and thereby the improvement 
achieved, which would suggest that hospitals reducing their readmission rates may 
also increase the proportion of patients receiving clinically relevant improvements. If 
these are unrelated, improvement of PROM scores should be achieved in a different 
direction, e.g., in management of pre-operative expectations. 

Improving the effectiveness of  feedback using registry data

Arthroplasty registries have been used worldwide to give surgeons and hospitals 
feedback on their performance, aiming to improve the quality of care delivered.
(9,34-36,52,77-79,91) The LROI provides such feedback on a secured web-based 
dashboard at the hospital level, which is updated annually. However, feedback is only 
effective when surgeons are aware of their performance. The awareness of overall 
defined performance on surgical procedures among orthopaedic surgeons performing 
THA and TKA in the Netherlands is unknown, as well as factors associated with their 
awareness of this overall performance. Reasons might be that it is too time-consuming 
for orthopaedic surgeons to log into the LROI dashboard, so that feedback should 
be sent differently (e.g., by email or presentation), or surgeons may need education 
to (mis)interpret the graphs (i.e., funnel plots). The latter also prevents wrong 
interpretation and thus conclusions regarding their clinic’s performance data. They 
may also be interested in other clinical outcomes than revision (e.g., readmission, 
complications, and upper-quartile LOS) or require the feedback to be tailored to 
their surgeon group rather than making selections themselves in an online dashboard. 
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Surgeons often overestimate their own performance, assuming that performance is 
good even when there is room for improvement, which may limit the introduction of 
QII.(92) 

Even though a necessary first step, awareness is not sufficient to make feedback 
effective. The effectiveness of feedback was evaluated in a Cochrane review, including 
49 studies from multiple fields, and showed a median absolute improvement of 4.3% 
(interquartile range (IQR): 0.5% to 16.0%).(41) Although the median effect size 
is relatively small, the 75te percentile effect size suggests that A&F, when optimally 
designed and used in the proper context, can play an essential role in improving 
clinical practice. The current literature shows that A&F is more effective when provided 
proactively in a multifaceted way, including for instance an action implementation 
toolbox to facilitate actions undertaken instead of a ‘‘passive’’ single element (e.g., 
feedback or education alone).(41,93-95) However, a previous study including such an 
action implementation toolbox only showed improvement in process indicators but 
not in patient outcomes, whereas the ultimate goal is to improve patient outcomes.
(95) In addition, it should be mentioned that even a relatively small improvement for 
THA and TKA will have a significant societal impact considering the sizeable annual 
number of surgeries performed (I.e., approximately 70,000 THA and TKA only in 
the Netherlands annually).(9)

To support continuous quality improvement initiatives arising from feedback, 
the Plan-Do-Study-Act (PDSA) cycle is mostly used.(96) The cycle consists of four 
repetitive steps in which the main focus is the interpretation of feedback results, 
the introduction of QII, and the evaluation of its effect. Because the cycle can only 
be appropriately used when up-to-date feedback is available, it seems well-suited 
to be used by hospitals using registry-based feedback. The following four steps are 
distinguished within the PDSA cycle (Figure 5):
1. Detect opportunities for improvement based on feedback, and plan QII to improve 

care (Plan);

2. Implement the QII (Do);

3. Review whether the QII was implemented as planned, analyse the effect, and 
identify what is learned (Study);

4. If the QII did not work as planned, adapt the QII and go through the cycle again 
with a revised plan. If the QII was successful, incorporate what is learned. Use 
what is learned to plan a new QII, beginning the cycle again and continue further 
improvement of outcomes.
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Figure 5 Plan-Do-Check-Act cycle

Outline of  this thesis

This thesis aimed to study how arthroplasty registries can improve their feedback to 
surgical groups and its individual surgeons to give direction to QII that improve care 
of THA and TKA, and to test the effectiveness of such improved ‘‘active’’ feedback to 
improve patient outcomes. 

In chapter 2, the literature was reviewed to assess the international variation between 
hospitals for revision, readmission, and complications. We focused on definitions used, 
data collection methods, and for which patient characteristics clinical outcomes were 
adjusted, to interpret the variation between hospitals. This will also show whether it 
is feasible for hospitals to compare their outcomes with other countries to stimulate 
further improvement.

To improve current registry-based feedback to surgical groups, chapter 3 investigates 
the between-hospital variation for 1-year revision and specific indications for revision 
(i.e., infection, dislocation, implant loosening, and technical failure) to give direction 
to improvement initiatives and assess the reliability of ranking hospitals on their 
performance using 3 years or single years of data, with the latter enabling an earlier 
signal of deteriorating performance.

In chapter 4, the Shewhart-p-chart and CUSUM chart were tested to assess how 
much earlier and with what accuracy worsening hospital's performance in 1-year 
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revision rates can be detected, compared with the traditional funnel plots using three 
years of data.

In chapter 5, an ordinal composite outcome measure was developed with all 
combinations of clinical outcomes (i.e., revision, readmission, complications, and 
upper-quartile LOS) ranked from best to worst according to the patient’s perspective, 
indicating more specifically where improvement is possible while also potentially 
increasing the ability to reliably differentiate between hospitals in their performance 
with fewer years of data. The reliability of ranking was therefore calculated for the 
composite and single outcomes.

Chapter 6 aimed to provide insight in how improvement in PROM scores may be 
under- or overestimated relative to all patients who received a THA or TKA. This was 
done by comparing PROM questionnaire respondents and non-respondents on their 
clinical outcome rates (i.e., revision, readmission, complications, and upper-quartile 
LOS). Furthermore, is was assessed whether patients experiencing an adverse clinical 
outcome had different improvement in PROMS scores as well as whether hospitals 
with better clinical outcome rates showed different improvement in PROM scores and 
PROMS response rates.

Improving feedback is only effective when it is seen and correctly interpreted by 
orthopaedic surgeons; only then do surgeons become aware of their performance 
and the need for quality improvement. Chapter 7, therefore, assessed the awareness 
of Dutch orthopaedic surgeons regarding their performance on revision and factors 
associated with this awareness, such as whether they could recall their revision rate, 
log in to the LROI dashboard at least once a year and the ability to interpret data 
presentation by a funnel plot correctly. In addition, it was investigated what surgeons 
wanted to be improved of the LROI feedback, such as additional clinical outcomes, 
mode of receiving feedback, and preferred frequency.

The knowledge obtained from all previous chapters combined with contemporary 
theory for providing effective feedback was incorporated into a multifaceted quality 
improvement intervention, including improved feedback on performance and 
interactive education combined with an action implementation toolbox containing 
evidence-based QII. This intervention was tested in a cluster randomised controlled 
trial on its effectiveness to improve patient outcomes, the results of which are 
reported in chapter 8. Chapter 9 Includes a summary, general discussion, and future 
perspectives.
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Abstract

Purpose
To improve care for total hip and knee arthroplasties (THA/TKA), hospitals may 
want to compare their performance with hospitals in other countries. Pooling data 
across countries also enables earlier detection of infrequently occurring safety issues. 
We therefore aimed to assess the between-hospital variation and definitions used for 
revision, readmission, and complications across countries.

Methods
PubMed, Embase, Web of Science, Cochrane library, Emcare, and Academic Search 
Premier were searched from January 2009 to August 2020 for studies reporting on: 1) 
Primary THA/TKA; 2) Revision, readmission, or complications; 3) Between-hospital 
variation. Most recent registry reports of Network of Orthopedic Registries of Europe 
(NORE) members were also reviewed. Two reviewers independently screened records, 
extracted data, and assessed the risk of bias (RoB) using the Integrated quality Criteria 
for the Review Of Multiple Study designs (ICROMS) tool for studies and relevant 
domains for registries. We assessed agreement for the following domains: 1) Outcome 
definition; 2) Follow-up and starting point; 3) Case-mix adjustment; 4) Type of 
patients and hospitals included.

Results
Between-hospital variation was reported in 33 (1 high-quality, 13 moderate-quality, 
and 19 low-quality) studies and 8 registry reports. The range of variation for revision 
was 0%-33% for THA and 0%-27% for TKA varying between assessment within 
hospital admission until 10 years of follow-up; for readmission 0%-40% and 0%-32%, 
respectively; and for complications 0%-75% and 0%-50%, respectively. Indicator 
definitions and methodological variables varied considerably across domains.

Conclusion
The large heterogeneity in definitions and methods used likely explains the considerable 
variation in between-hospital variation reported for revision, readmission, and 
complications , making it impossible to benchmark hospitals across countries or pool 
data for earlier detection of safety issues. It is necessary to collaborate internationally 
and strive for more uniformity in indicator definitions and methods in order to 
achieve reliable international benchmarking in the future.
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Introduction

Arthroplasty registries were originally established to monitor safety and compare the 
survival of different types of implants. In recent years, however, registries have also been 
used to show between-hospital variation for various quality indicators and provide 
hospitals and surgeons with feedback on their performance, usually compared with 
a reference standard (i.e., the benchmark) which is mostly the national average.(1-8) 
Most registries give feedback through annual reports intended to encourage quality 
improvement initiatives in low-performing hospitals and learn from high-performing 
hospitals by adopting best practices.(1-8) In addition, scientific articles are published 
for quality improvement purposes; for example, hospitals are benchmarked, ranked, 
or (statistical) methods are compared to monitor the quality of care delivered.(9-
13) The most commonly used quality indicators in this context are implant revision, 
readmission, and complications, as these indicators are considered reliable, actionable, 
and fit for purpose.(14-19) However, the reliability of hospital rankings has been 
shown to be affected by e.g., minor registration incompleteness in the outcome and 
low event rates, with particularly low volume providers being less likely to become an 
outlier in funnel plots.(11,13)

The rationale for benchmarking is that if another hospital treating comparable patients 
achieves better outcomes, there is potential to improve the underlying quality of care 
processes and patient outcomes. However, there may be less incentive to improve 
further for hospitals that are among the best performing hospitals in their own country. 
These hospitals may have an interest to compare their outcomes with hospitals from 
other countries or healthcare systems to stimulate further improvement. In addition, 
pooling of data across countries would also enable to detect any safety issues that 
occur with low frequency much earlier. Both of these are only possible if there is 
consistency in the indicator definitions and methods used to collect data, as these 
will determine the frequency of occurrence. For example, a previous study showed 
that a change in definition within the same surgical context increased the occurrence 
of adverse outcomes from 7% to 27%.(20) Similarly, data from one study where the 
complication rate is defined as the case-mix adjusted proportion of complications 
within 14 days post-surgery cannot be pooled with another study where it is defined 
as non-case-mix adjusted proportion of complications within 30 days post-surgery.
(9,21) 

The present study, therefore, aims to systematically assess the between-hospital 
variation and definitions used for revision, readmission, and complications after 
total hip and knee arthroplasties (THA and TKA) across countries, including both 
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scientific papers published in the past decade and the most recent arthroplasty registry 
reports from the Network of Orthopedic Registries of Europe (NORE).

Materials and Methods

This systematic review was registered at inception with PROSPERO 
(CRD42019122779) and conducted according to the PRISMA 2020 statements.
(22) The authors received a grant from the Van Rens Foundation (VRF2018-001) to 
perform this study.

Search strategy
PubMed, Embase, Web of Science, Cochrane library, Emcare, and Academic 
Search Premier were searched for publications from January 2009 to August 2020 
using a systematic search created by a librarian (JS). The search consisted of three 
components: 1) Primary THA/TKA; 2) Revision, readmission, complication, length-
of-stay (LOS), and mortality; 3) Between-hospital variation (Appendix I). LOS and 
mortality were included as secondary outcomes. LOS was included because it indicates 
the severity/complexity of patients treated or more time to identify complications 
during admission, both of which may influence the need for subsequent readmission. 
Prolonged LOS may also be a proxy for a complicated disease course, even without 
these complications being reported. Therefore between-hospital variation in LOS can 
act as a proxy for between-hospital variation in complications within a given healthcare 
system. Mortality was included because this is a highly undesirable outcome.

Study and report selection
Titles and abstracts were screened independently by two reviewers (PvS/SH), and 
discrepancies resolved through discussion. Senior researchers (PM/RN) were available 
if consensus could not be reached. Inclusion criteria were studies reporting on 1) 
Primary THA and/or TKA; 2) National or regional between-hospital variation for 
revision, readmission, complication, LOS, or mortality with at least 2 hospitals 
included. All studies using registry, administrative, claim, or audit data were directly 
included for full-text screening, as these are usually national or regional studies that 
are likely to report between-hospital variations even if not included in the title and 
abstract. Reviews and study protocols were excluded. Studies in English, Dutch, 
German, French, and Danish were eligible for inclusion and were translated by both 
reviewers (PvS/SH). Authors were contacted if the full text could not be found. 
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In parallel, all most recent registry reports of NORE members including registries in 
and outside Europe, were reviewed in full-text on reporting between-hospital variation 
for the same indicators.(23) 

Data extraction
Data were extracted independently by two reviewers (PvS/SH) using a prespecified 
SPSS file (Version 26, IBM Corp). Data extracted were first author, title, year of 
publication, country of the first author, and type of implant (i.e., THA and/or TKA). 
For arthroplasty reports, the first author was replaced by the country or region of 
origin. In addition, data sources, data collection period, and data completeness were 
collected, and the number of patients and hospitals included. The between-hospital 
variations as reported for the outcomes were collected in the original unit, including 
mean, standard deviation (sd), standard error (se), 95%-confidence interval (95%-
CI), median, interquartile range (IQR), and range. If between-hospital variation was 
not reported in the text, but hospital outcomes were reported individually, hospital 
variation was calculated using the individual hospital outcomes. If the variation was 
only reported in a graph, the values were derived from the chart. Outcome definitions 
and any adjustment for case-mix were also collected and the type of patients and/
or hospitals included. In addition, we documented for what purpose the between-
hospital variation was reported (e.g. pay for performance or quality improvement) 
and whether it was reported using one overall estimate (i.e., mean (sd), median (IQR) 
or range) or whether also individual hospitals outcomes were shown (e.g., in funnel 
plots or forest plots).

Definition of  outcomes
All outcomes were reviewed on the following domains: 1) Outcome definition (i.e., 
what constitutes a revision, readmission, or complications); 2) Follow-up and starting 
point (e.g., post-discharge or post-surgery); 3) Case-mix adjustment (yes/no); 4) Type 
of patients (e.g., osteoarthritis or trauma) and hospitals (e.g., hospital type or size) 
included. For each outcome, it was assessed how often perfect agreement was reached 
across all these domains, which would be needed to allow for the pooling of data. 
In addition to documenting case-mix adjustment or not, it was assessed for which 
confounding factors the between-hospital variation was adjusted.

Data analysis
The between-hospital variation for revision, readmission, complications, LOS, and 
mortality was reported separately for THA, TKA and THA&TKA combined and 
plotted in a forest plot. When available, the mean, median, and range were plotted, 
and when both 95%-CI and IQR were available, only the IQR was plotted. When 
mean and se were available, we calculated the 95%-CI. If only the sd was available, 



34

Chapter 2

the se was calculated by dividing the sd by the square root of the number of hospitals 
included.(24) If variation for an outcome was longitudinally reported multiple times, 
the most recent variation was reported and plotted. Data were not pooled as there was 
considerable heterogeneity, in which case it is recommended to refrain from pooling 
as the resulting estimate will be rather unreliable.(25)

Risk of  bias assessment
The Integrated Quality Criteria for Review of Multiple Study Designs (ICROMS) was 
used to assess the risk of bias (RoB) independently by both reviewers (PvS/SH).(26) 
The ICROMS is a comprehensive tool to evaluate the quality of multiple study designs 
and includes a set of universally applicable and study-specific quality criteria for each 
study design. Every study design must meet a minimum score and mandatory criteria 
to be included in the review. The specific criteria for cohort studies and controlled 
before-after studies were addressed as these were the study designs included in this 
review (Table 1A). We included all studies independent of the ICROMS score and 
reported the RoB for every study, with the rationale that RoB could be taken into 
account when weighting study results, whereas excluding studies with medium or 
low RoB could result in the loss of potentially valuable information. Studies scoring 
at least 18 points out of the total of 26 points for cohort studies or at least 18 of the 
28 points for controlled-before-after studies and meeting the mandatory criteria were 
classified as high-quality (HQ) studies.(26) Studies scoring at least 18 points for both 
study designs but failing to meet the mandatory criteria were classified as moderate-
quality (MQ) studies. Studies scoring less than 18 points for both study designs were 
classified as low-quality (LQ) studies.

Since there is no tool available to assess the RoB for registry reports, we tailored the 
RoB assessment to our research question, that is those factors that could potentially 
bias the between-hospital variation as reported in registries (Table 1B). Consistent 
with the ICROMS tool, each item could get 0-2 points, resulting in a range of 0-14 
points. No reports were excluded based on the RoB assessment, but the RoB could be 
considered when weighing the reports' results.

Results

Studies and reports
The search identified 1,643 records, including 1621 scientific papers and 22 registry 
reports. After removing duplicates, 943 remained (i.e., 921 studies and 22 reports). 
Title and abstract screening excluded 625 studies, as 157 did not involve primary THA 
or TKA, 373 did not report between-hospital variation, 38 did not report at least one 
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of the outcomes, 54 were reviews, and 3 were study protocols. All registry reports were 
directly selected for full-text screening, resulting in 22 reports and 296 papers to be 
further assessed. During the full-text review, 14 reports and 263 papers were excluded 
as 3 did not involve primary THA or TKA, 270 did not report between-hospital 
variation, and 4 did not report at least one indicator outcome, leaving 33 papers and 
8 arthroplasty reports to be included (Figure 1).

Figure 1 PRISMA 2020 flowchart
THA=total hip arthroplasty; TKA=total knee arthroplasty.
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Table 1B Risk of Bias (RoB) arthroplasty reports

Report 
code

Arthroplasty report Year 1 2* 3 4 5** 6*** 7****
Total RoB score 

for reports

A
Norwegian Arthroplasty 
Register(1)

2020 2 2 2 2 1 2 0 11

B Dutch Arthroplasty Register(2) 2020 2 2 0 2 2 0 2 10

C
Swedish Knee Arthroplasty 
Register(3)

2020 2 2 2 2 2 2 0 12

D
Danish Hip Arthroplasty 
Register(4)

2020 2 2 2 1 0 2 0 9

E
Swedish Hip Arthroplasty 
Register(5)

2018 2 2 2 2 2 0 0 10

F
Danish Knee Arthroplasty 
Register(6)

2020 2 2 2 1 0 0 0 7

G
Finnish Arthroplasty 
Register(7)

2020 2 2 2 0 0 1 0 7

H Swiss Arthroplasty Register(8) 2020 1 2 2 0 0 2 0 7

Since there is no tool available to assess RoB for registry reports, we tailored the ICROMs to our research question, i.e. 
those factors that could potentially bias the between-hospital variation as reported in registries. Following domains were 
assessed: 1) Patients could be traced when treated in another hospital; 2) Data completeness was reported for THA and 
TKA separately; 3) Data completeness was reported for single hospitals; 4) Indicator outcomes were validated for at least 
a part of the data; 5) Indicator outcomes were adjusted for covariates; 6) Missing data for covariates were reported; 7) 
Missing values for covariates were imputed.
Scores for each criterium were assigned as follows: 0 (red-color)=Did not fulfil the criteria; 1 (yellow-color)=Unclear if 
criteria are fulfilled; 2 (green-color)=Did fulfil the criteria. 
*For this domain. 0=No; 1=Yes, for THA and TKA combined; 2=Yes, for THA and TKA separately. **For this domain. 
0=No; 1=Yes, for age and gender; 2=Yes, for age, gender and comorbidities. ***For this domain. 0=Did not fulfil the 
criteria; 1=for at least one covariate; 2=Did fulfil the criteria. ****For this domain. 0=Data were not imputed; 1=Unclear 
if criteria are fulfilled; 2=Data were imputed.

Risk of  bias 
Thirty-two cohort studies and 1 controlled before-and-after study were included. One 
study was classified as a HQ study, 13 as MQ, and 19 as LQ. The median ICROMS 
score was 17 points (IQR:15-19). Most studies did not meet the mandatory criteria, 
often involving the comparability of groups (Table 1A, domain 2E) and incomplete 
outcome data addressed (Table 1A, domain 4C).

The RoB for registry reports ranged from 7 for the Swiss Arthroplasty Register to 11 
for the Norwegian Arthroplasty Register (out of the maximum of 14). The median 
score was 9 points (IQR:7-10). Most variation was in the covariates used to adjust 
outcomes (Table 1B, domain 5) and whether missing values for covariates were 
imputed (Table 1B, domain 7).
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Characteristics
Seven of the 33 studies included THA, 4 TKA, 12 both THA and TKA, and 10 
studies combined THA&TKA as one group (Appendix IIA). Six studies reported the 
between-hospital variation for revision (18%), 13 for readmission (39%), and 20 for 
complications (61%). The studies included numbers of patients ranging from 122 
to 524,892 for THA, from 84 to 952,593 for TKA, and from 1596 to 878,098 for 
THA&TKA combined. Four studies did not report the number of patients included.
(15,27-29) A wide range was found for the number of hospitals included for THA, 
TKA, and THA&TKA combined (i.e., 2 to 3479). Data completeness on THA/TKA 
included was reported in 8 of the 33 studies and was at least 75% for 7 studies. Twenty 
studies used administrative data and 13 clinical data. Data were routinely collected for 
23 studies and clinician-reported for 10 studies (Appendix IIA).

Two of the 8 registry reports included THA, 2 TKA, and 4 both THA and TKA. All 
reports included between-hospital variation for revision, 2 for readmission, and 3 for 
complications. Reports showed smaller variation in the number of patients (i.e., 7161 
to 33248) and hospitals included (i.e., 47 to 152) compared with studies. All reports 
stated their overall data completeness in THA/TKA included to be at least 94.9%, but 
was only reported for individual hospitals by 7 reports (Appendix IIB).

Between-hospitals variation and indicator definitions
Revision
From the 6 studies reporting revision rates, the between-hospital variation was 
reported in 5 studies (1 MQ, 4 LQ) for THA(27,30-33) and 4 studies (2 MQ, 2 
LQ) for TKA(30,32-34). Notable differences were seen with regard to the extent of 
between-hospital variation across studies, as shown in Figure 2. This is likely due to 
the large variety in definitions used, both to indicate what constituted a revision, the 
follow-up, patient selections, and whether hospital differences were adjusted for case-
mix (Table 2). Revision within 1 year was mainly reported (33% of studies reporting 
revision), but even then, the variation remained large (Figure 2).

Revisions were reported in all 8 registry reports, but the between-hospital variation was 
reported in 6 reports for both THA(2,4,5,7,8,35) and TKA(2,3,6-8,35). Again, there 
were notable differences in the between-hospital variation across registries (Figure 
2). As for the included studies, we found a large variety in definitions used, both in 
what constituted a revision, the follow-up, type of patients and hospitals selected, and 
adjustment for case-mix (Table 2). The only aspect where all reports were consistent 
was that follow-up started post-surgery. Revision within 5 years was most reported 
regarding follow-up (50% of reports reporting revision), followed by 1 year (38%) 
and 2 year (38%) revision.
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Readmission
From the 13 studies reporting readmission rates, the between-hospital variation 
was reported in 5 studies (3 MQ, 2 LQ) for THA(9,21,31,36,37), 4 studies (3 
MQ, 1 LQ) for TKA(21,34,36,38) and 6 studies (3 MQ, 3 LQ) for THA&TKA 
combined(15,16,28,39-41). Ten studies reported the variation for readmission more 
than once with different indicator definitions in all domains except for the type of 
patients selected (Table 3). Figure 3 shows large differences in the between-hospital 
variation across studies and the reported means and medians, likely due (at least in 
part) to variety in how readmissions were defined and which patients were included 
(Table 3). Studies combining THA&TKA in a single group were mostly case-mix 
adjusted, whereas studies reporting only THA and/or TKA separately were often 
unadjusted. Readmission within 30 days was the most often used definition (85% of 
studies reporting readmission).

Overall readmissions were reported in 2 registry reports (25% of reports), but 
the between-hospital variation was only given in 1 report with 3 different patient 
selections (i.e., all patients, only with osteoarthritis or with a fracture) for THA(4) and 
in 1 report for TKA(6) (Figure 3 and Table 3). All-cause readmission within 30 days 
post-surgery was reported for THA and readmission of at least 2 days within 30 days 
after discharge for TKA. No adjustments for case-mix were performed for these data.

Complications
From the 20 studies reporting complication rates, the between-hospital variation 
was reported in 11 studies (5 MQ, 6 LQ) for THA(9,10,21,27,42-48), 8 studies 
(4 MQ, 4 LQ) for TKA(10,21,34,45-49) and 8 studies (1 HQ, 3 MQ, 4 LQ) for 
THA&TKA combined(14-16,33,39,48,50,51). Eight studies reported the variation 
more than once with different outcome definition, follow-up, and type of hospitals 
selected (Table 4). Again, large differences were found in the between-hospital 
variation, which is (at least) partly explained by the different definitions used (Figure 
4 and Table 4). Two studies used the same dataset and reported comparable between-
hospital variations.(16,39) Studies varied particularly in the type of complications 
included, such as reoperations, surgical site infections, blood transfusions, and deep 
venous thrombosis. There were also large differences in follow-up, type of patients 
and hospitals selected, and whether between-hospital variation was adjusted for case-
mix. Complications were mostly defined as occurring within 30 days (15% of studies 
reporting complications).
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Complications were reported in 3 reports (38% of reports), with between-hospital 
variation reported in 2 reports for THA(4,5) and 1 report for TKA(3). All reports 
reported the variation more than once with different outcome definition, follow-up, and 
type of patients selected (Table 4). As with data reported from studies, a large between-
hospital variation was found, although less variation in the type of complications was 
present, but more variation in the type of patients selected (Figure 4 & Table 4).

Length-of-stay and mortality
Nine studies (27% of studies)(10,29,31,34,41,50,52-54) reported the between-
hospital variation for LOS and only 1 study (3% of studies)(9) represented mortality. 
Between-hospital variation for LOS was given by 1 report (13% of reports)(6), and for 
mortality by 2 reports (25% of reports).(3,5) (appendixes III-VI). 

Perfect agreement
Given the heterogeneity in definitions used across studies and registry reports, none 
of the outcomes had perfect agreement across all 6 domains (i.e., what constituted 
a revision, readmission or complications, follow-up, and starting point, case-mix 
adjustment, and patient- and hospital selections) for both THA, TKA, and THA&TKA 
combined (Tables 2-4).

Variables used for case-mix adjustment
Both studies and reports varied whether rates were case-mix adjusted and which variables 
were used for case-mix adjustment (Tables 2-4). Revision rates, when adjusted, were 
always adjusted for age and gender. Considerable variation was observed with regard 
to additional case-mix adjustments: American Society of Anaesthesiology (ASA) 
score (2,8,30), diagnosis (osteoarthritis versus other)(2,30), body mass index (BMI) 
(8,30), Charnley score(8,30), smoking status(30), use of patellar button(3), previous 
contralateral arthroplasty(32), bilaterally of the operation(32), heart disease(32), 
hypertension(32), cancer(32), alcoholism(32), dementia(32), depression(32), 
Parkinson’s disease(32), mental disorders(32), degenerative brain diseases(32) and 
atherosclerosis(32).

For readmissions, also wide variation in case-mix adjustments: for age(9,15,21,39), 
gender(9,15,21), ethnicity(21), functional status(21), ASA score(21), history of acute 
myocardial infarction(21), history of peripheral vascular disease(21), depression(21), 
diabetes mellitus(21), surgical time(21), work relative value unit(21), emergency 
surgery(21), patient comorbidities (16,28,39), Elixhauser comorbidities(9) procedure 
(THA/TKA)(16), demographics(40), healthcare use(40), comorbidities selected by 
veteran affair surgical quality improvement programme (VASQIP) nurses(40) and 
clinical comorbidity(15).
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For complications, between-hospital variations were case-mix adjusted for age(9,10,14-
16,21,27,42,43,49,51), gender(9,10,14,15,21,27,42,43,49,51), ethnicity(21,42,43), 
Elixhauser comorbidities(9,42,49), patient comorbidities(14,16,27,39,43), ASA 
score(10,21), procedure (THA or TKA) when THA&TKA are combined(14,16,51), 
payer(42), admission status(42), functional status(21), history of acute myocardial 
infarction(21), history of peripheral vascular disease(21), depression(21), diabetes 
mellitus(21), surgical time(21), work relative value unit(21), emergency surgery(21), 
BMI(10), smoking(10), smoking status(10), diagnosis (osteoarthritis versus other)
(10), preoperative Hb(10), clinical comorbidities(15) and bilateral surgery (14).

Context for benchmarking hospitals
Between-hospital variation was generated mostly as feedback for quality improvement 
purposes(9,10,21,30,32,33,42,45-47), but also to assess variation by structural 
hospital characteristics (e.g., ownership structure or teaching status)(28,31,34,48,51-
53), to assess outcome associations between specialisms and hospitals(40) and to 
assess the impact of coding schemes(43). Regardless of the purpose of the studies, 
19 studies (58% of studies) informed individual hospitals about their performance 
(i.e., 5 for revision(30-34), 6 for readmission(9,21,28,31,34,40) and 12 for 
complications(9,10,21,33,34,42,43,45-48,51)). The remaining 14 studies (42% of 
studies) reported the variation in one overall estimate (i.e., mean (sd), median (IQR) 
or range) from which hospitals are unable to infer how they are performing compared 
with other hospitals.(14-16,27,29,36-39,41,44,49,50,54) All registry reports gave 
outcomes at the individual hospital level when outcomes were collected (i.e., 8 for 
revision(2-8,35), 2 for readmission(4,6), 3 for complications(3-5), 1 for LOS(6) and 
2 for mortality(3,5)).
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Figure 4 Between-hospital variation for complications
The numbers on the y-axis correspond with the study numbers from Table 1A and the letters on the y-axis with the 
report codes from Table 1B. A letter in superscript was added to a study number or a number in superscript to a report 
code when the complication rate was reported more than once with different definitions. Study numbers were under-
lined and red coloured when complications within 30 days was reported and registry reports were underlined and blue 
coloured when complications within 2 years was reported. The green and red cross represent the upper and lower range, 
respectively. The blue square represents the median and the yellow triangle the mean. The interquartile range is shown in 
a solid line through the median. The 95% confidence interval is shown with a dashed line through the mean. Results of 
outlier procedures are shown below.
THA studies: 12=No:2, Po:0, Others:21; 27A=No:5, Po:4, Others:8; 27A=No:4, Po:4, Others:9; 29A=No:1, Po:2, Oth-
ers:7; 27B=No:1, Po:4, Others:5. TKA studies: 27A=No:4, Po:2, Others:12; 27A=No:3, Po:1, Others:14; 29A=No:0, Po:2, 
Others:7; 29B=No:0, Po:3, Others:6. THA reports: D1=No:0, Po:22, Others:16; D2=No:4, Po:4, Others:31; D3=No:4, 
Po:5, Others:29; D4=No:0, Po:1, Others:19; D5=No:0, Po:3, Others:33; E6=No:14, Po:14, Others:48; E7=No:0, Po:18, 
Others:58; E8=No:6, Po:6, Others:57; E9=No:7, Po:3, Others:47; E10=No:2, Po:8, Others:46; E11=No:2, Po:6, Oth-
ers:48.
No=negative outlier; O/E=observed divided by expected; Po=positive outlier; THA=total hip arthroplasty; TKA=total 
knee arthroplasty; 95% CI=95% confidence interval.
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Discussion

The present study showed that between-hospital variation for revision, readmission, 
and complications is often reported in arthroplasty cohort studies and registry reports, 
with considerable differences between hospitals present for both THA and TKA. Large 
heterogeneity was found in definitions of variables and methods used, which likely 
explains at least part of the variation but obscures the ability to compare results and 
pool data. For revision, most studies reported revision within one year and most registry 
reports revision within 5 years. Most studies and reports reported on readmission 
within 30 days. As for complications, most studies reported complications within 
30 days, with reports evaluating complications up to 2 years. The between-hospital 
variation was generally reported in the context of quality improvement purposes, but 
also the association with structural characteristics like ownership or teaching status. 

Data currently available in literature and registry reports therefore do not facilitate 
an international comparison between hospital outcomes for THA and TKA, due to 
heterogeneity in definitions and methods used and it is impossible to pool data to 
enable, for example, earlier detection of safety issues. A well-known example where 
earlier detection would have prevented many patients from unnecessary suffering was 
the metal-on-metal hip arthroplasty disaster, in which 20% of patients had to undergo 
a revision within 10 years, compared with 4% in metal-on-polyethylene arthroplasties.
(55,56) The Australian Orthopaedic Association National Joint Replacement Registry 
(AOANJRR) identified these implants as having an outlier performance in 2007, more 
than three years before retraction from the market.(57) In addition, the mortality risk 
increased by 8.5% (95%-CI: 5.8%-11.2%) due to these implants.(58) To pool data 
and enable international comparison of between-hospital variation, two steps must 
be taken.

First, worldwide agreement on definitions is needed for the outcome, follow-up 
(starting time), case-mix adjustment, and patients/hospitals that should be selected. 
An example of this on a smaller scale is, the Nordic Arthroplasty Register Association 
(NARA). They previously merged revision data with matching definitions to identify 
differences in revision rates between Sweden, Denmark, Norway, and Finland in 
2014.(59) However, as shown in the present study, the definitions in their published 
annual reports do not match exactly when patient- and hospital selections are 
considered. A collaboration of arthroplasty registries such as the International Society 
of Arthroplasty Registries and NORE (EFORT) could play a leading role in assessing 
the feasibility of a unified global system to evaluate delivered care and benchmark 
hospital performance using the same definitions.(60) Since 2012, the International 
Consortium of Orthopaedic Registries (ICOR) has been working to implement a 
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global surveillance system for monitoring medical devices throughout their life. They 
already have several tools available to facilitate collaboration at different stages.(61,62) 
In this context, it is essential to distinguish between suitable indicators for monitoring 
quality of care or implant survival. Revision of an implant within 1 year, for example, 
gives a better reflection of the quality of care delivered as it is closer to (and therefore 
more likely to be related with) the surgery performed, whereas a revision within 5 
years is highly relevant to monitor implant survival. Even if definitions match in the 
future, it will often remain difficult to compare hospitals from different healthcare 
systems in a fair way. For example, differences in LOS and readmissions between 
hospitals in different healthcare systems can be caused by the availability of outpatient 
clinics, hospitalization shorter than 24 hours imposed by health insurance policies, 
cooperation agreements with general practitioners, and other financial incentives.

Second, to allow for fair hospital comparison between hospitals, it is important to 
adjust for differences in case-mix.(63) Hospitals that tend to treat mainly patients 
without comorbidities (e.g., ASA I patient with osteoarthritis and no hip deformities) 
are expected to have a lower frequency of adverse events (e.g., revision, infection) than 
hospitals treating patients with multiple comorbidities (e.g., ASA III and congenital 
hip deformities).(64-66) As shown in this study, there is no consensus on whether or 
not to adjust for case-mix, let alone for which patient characteristics should be adjusted. 
Adjustments were made for 35 different patient characteristics, mainly for age and 
gender, followed by ethnicity, BMI, ASA score, and Elixhauser comorbidities; these 
patient characteristics are readily available in routinely collected data. In 3 studies and 
1 report, hospital variation was adjusted for surgery- or hospital-specific determinants 
(e.g., hospital and surgeon volume) in addition to patient characteristics. However, 
these determinants could also be a proxy for experience and thereby an intermediate 
variable in the causal pathway to achieve good patient outcomes, that should not be 
adjusted for.

Consensus in data definitions and case-mix adjustment definitions enables 
international hospital comparison, such that (global) feedback can be given in relation 
to others as this has been shown effective to improve care. A previous study showed 
a 0.89% (95%-CI:0.83%-0.96%) reduction in serious adverse events for THA and 
TKA when hospitals receiving feedback were compared with control hospitals.(67) 
In addition, a Cochrane review showed a median absolute improvement of 4.3% 
associated with audit and feedback (IQR:0.5%-16.0%).(68) Studies have also shown 
that feedback is more effective when given monthly in an active way by a senior 
colleague, both verbal and written, with specific goals and actions planned rather 
than in a passive way (e.g., registry reports).(68-71) Feedback is often reactive and 
only targeted at underperforming hospitals (i.e., negative outliers), sometimes 
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with financial consequences. Feedback could, however, be more effective if not 
only underperforming hospitals feel addressed, but if normal or good performing 
hospitals are also actively motivated to improve further, which could be achieved by 
international comparisons.

Several limitations should be noted. First, completeness of data was reported for only 8 
studies (24% of studies), making it impossible to assess whether selection bias affected 
hospital outcomes and thus generalizability of our results (Appendix IIIA&B). To 
allow for a correct interpretation, it is therefore essential to state the variation in 
completeness of data across hospitals in a study or report. Second, when indicator 
outcomes occurred but in another hospital, this underestimates the outcome in the 
first hospital and also the variation between hospitals if this happens systematically 
for some hospitals. However, this does not apply to registries included in this study 
because they use a unique personal code, linking outcomes in other hospitals to the 
primary procedure. Third, between-hospital variation may have been overestimated 
when outcomes were not adjusted for case-mix or only by a limited number of 
variables, resulting in possible residual confounding which is now attributed to the 
hospital. Finally, some studies and reports have not reported the definitions across all 
4 domains so that the agreement may have been higher for some domains (Table 2, 
3, and 4).

Conclusion

To benchmark hospital performance or pool data for earlier detection of safety 
problems across countries, it is necessary to collaborate internationally and strive for 
more uniformity in indicator definitions and methods used.
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Supplemental data

Appendix I Literature search strategy

1. PubMed (http://www.ncbi.nlm.nih.gov/pubmed?otool=leiden)
((("tha"[ti] OR "total hip"[ti] OR "Arthroplasty, Replacement, Hip"[majr] OR 
"Hip Prosthesis"[majr] OR "Hip Prosthesis"[ti] OR "Hip Replacement"[ti] OR 
"Hip Arthroplasty"[ti] OR "Prosthetic Hip"[ti] OR "Prosthetic Hip"[ti] OR 
"tka"[ti] OR "total knee"[ti] OR "Arthroplasty, Replacement, Knee"[majr] OR 
"Knee Prosthesis"[majr] OR "Knee Prosthesis"[ti] OR "Knee Replacement"[ti] 
OR "Knee Arthroplasty"[ti] OR "Prosthetic Knee"[ti] OR "Prosthetic Knees"[ti] 
OR (("Arthroplasty, Replacement"[majr] OR "Joint Prosthesis"[majr] OR "Joint 
Arthroplasty"[ti] OR "Joint Replacement"[ti] OR "Joint Prosthesis"[ti] OR "Prosthetic 
Joint"[ti] OR "Prosthetic Joints"[ti]) AND ("Hip"[majr] OR "Hip Joint"[majr] OR 
"hip"[ti] OR "hips"[ti] OR "Knee"[majr] OR "Knee Joint"[majr] OR "knee"[ti] OR 
"knees"[ti]))) AND ("revision rate"[ti] OR "revision rates"[ti] OR (("revision"[ti] 
OR "revisions"[ti]) AND ("rate"[ti] OR "rates"[ti] OR "median"[ti] OR "mean"[ti] 
OR "percentage"[ti] OR "percent"[ti] OR percent*[ti])) OR "revision"[ti] OR 
"Repeat Surgery"[ti] OR "Joint Revision"[ti] OR "Reoperation"[majr] OR 
"Reoperation"[ti] OR Reoperat*[ti] OR "Re-operation"[ti] OR Re-operat*[ti] OR 
"Length of Stay"[majr] OR "length of stay"[ti] OR "lengths of stay"[ti] OR "length 
of stays"[ti] OR "lengths of stays"[ti] OR "stay length"[ti] OR "stay lengths"[ti] 
OR "Patient Readmission"[majr] OR "patient readmission"[ti] OR "hospital 
readmission"[ti] OR "patient re-admission"[ti] OR "hospital re-admission"[ti] OR 
"readmission"[ti] OR "re-admission"[ti] OR readmit*[ti] OR re-admit*[ti] OR 
"Mortality"[majr] OR "mortality"[Subheading] OR "mortality"[ti] OR mortalit*[ti] 
OR "death"[ti] OR "deaths"[ti] OR "Cause of Death"[ti] OR "fatality rate"[ti] 
OR "fatality rates"[ti] OR "Fatal Outcome"[ti] OR "Fatal Outcomes"[ti] OR 
"Survival Rate"[majr] OR "complications"[Subheading:noexp] OR "Postoperative 
Complications"[majr:noexp] OR "Prosthesis Failure"[majr] OR "Prosthesis-Related 
Infections"[majr] OR "Surgical Wound Infection"[majr] OR "Prosthesis Failure"[ti] 
OR "Prosthesis-Related Infections"[ti] OR "Prosthesis-Related Infection"[ti] OR 
"Prosthesis Infections"[ti] OR "Prosthesis Infection"[ti] OR "Surgical Wound 
Infection"[ti] OR "Surgical Infection"[ti] OR "Surgical Wound Infections"[ti] 
OR "Surgical Infections"[ti] OR "surgical injury"[ti] OR "surgical injuries"[ti] 
OR "complication"[ti] OR "complications"[ti] OR "Joint Dislocations"[majr] OR 
"Dislocations"[ti] OR "Dislocation"[ti] OR dislocat*[ti] OR Subluxat*[ti] OR 
"Prosthesis-Related Infections"[majr] OR "Prosthesis-Related Infection"[ti] OR 
"Prosthesis-Related Infections"[ti] OR "Infections"[majr:noexp] OR "infection"[ti] 
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OR "infections"[ti] OR "infected"[ti] OR "loosening"[ti] OR "malalignment"[ti] 
OR "malalignments"[ti] OR "malaligned"[ti] OR "Joint Instability"[majr] OR 
"Instability"[ti] OR "Instabilities"[ti] OR "Patellar Dislocation"[majr] OR "Patellar 
Dislocation"[ti] OR "Patella Dislocation"[ti] OR "Patellar Dislocations"[ti] OR 
"Patella Dislocations"[ti]) AND ((("variation"[tw] OR "variations"[tw] OR 
"difference"[tw] OR "differences"[tw]) AND ("Hospitals"[mesh] OR "hospital"[tw] 
OR "hospitals"[tw])) OR "hospital characteristics"[tw] OR "hospital outcome"[tw] 
OR "hospital outcomes"[tw] OR "Hospitals/statistics and numerical data"[mesh] OR 
"Practice Patterns, Physicians'/statistics and numerical data"[mesh] OR "international 
variation"[tw] OR "international variations"[tw] OR "ranking hospitals"[tw] OR 
"hospital rank"[tw] OR "hospital ranking"[tw] OR "hospital rankings"[tw] OR 
"hospital ranks"[tw])) OR (("tha"[tiab] OR "total hip"[tiab] OR "Arthroplasty, 
Replacement, Hip"[mesh] OR "Hip Prosthesis"[mesh] OR "Hip Prosthesis"[tiab] OR 
"Hip Replacement"[tiab] OR "Hip Arthroplasty"[tiab] OR "Prosthetic Hip"[tiab] 
OR "Prosthetic Hip"[tiab] OR "tka"[tiab] OR "total knee"[tiab] OR "Arthroplasty, 
Replacement, Knee"[mesh] OR "Knee Prosthesis"[mesh] OR "Knee Prosthesis"[tiab] 
OR "Knee Replacement"[tiab] OR "Knee Arthroplasty"[tiab] OR "Prosthetic 
Knee"[tiab] OR "Prosthetic Knees"[tiab] OR (("Arthroplasty, Replacement"[mesh] OR 
"Joint Prosthesis"[mesh] OR "Joint Arthroplasty"[tiab] OR "Joint Replacement"[tiab] 
OR "Joint Prosthesis"[tiab] OR "Prosthetic Joint"[tiab] OR "Prosthetic Joints"[tiab]) 
AND ("Hip"[mesh] OR "Hip Joint"[mesh] OR "hip"[tiab] OR "hips"[tiab] OR 
"Knee"[mesh] OR "Knee Joint"[mesh] OR "knee"[tiab] OR "knees"[tiab]))) 
AND ("revision rate"[tw] OR "revision rates"[tw] OR (("revision"[tw] OR 
"revisions"[tw]) AND ("rate"[tw] OR "rates"[tw] OR "median"[tw] OR "mean"[tw] 
OR "percentage"[tw] OR "percent"[tw] OR percent*[tw])) OR "revision"[tw] 
OR "Repeat Surgery"[tw] OR "Joint Revision"[tw] OR "Reoperation"[mesh] OR 
"Reoperation"[tw] OR Reoperat*[tw] OR "Re-operation"[tw] OR Re-operat*[tw] OR 
"Length of Stay"[mesh] OR "length of stay"[tw] OR "lengths of stay"[tw] OR "length 
of stays"[tw] OR "lengths of stays"[tw] OR "stay length"[tw] OR "stay lengths"[tw] 
OR "Patient Readmission"[mesh] OR "patient readmission"[tw] OR "hospital 
readmission"[tw] OR "patient re-admission"[tw] OR "hospital re-admission"[tw] 
OR "readmission"[tw] OR "re-admission"[tw] OR readmit*[tw] OR re-admit*[tw] 
OR "Mortality"[mesh] OR "mortality"[Subheading] OR "mortality"[tw] OR 
mortalit*[tw] OR "death"[tw] OR "deaths"[tw] OR "Cause of Death"[tw] OR 
"fatality rate"[tw] OR "fatality rates"[tw] OR "Fatal Outcome"[tw] OR "Fatal 
Outcomes"[tw] OR "Survival Rate"[mesh] OR "complications"[Subheading:noe
xp] OR "Postoperative Complications"[mesh:noexp] OR "Prosthesis Failure"[mesh] 
OR "Prosthesis-Related Infections"[mesh] OR "Surgical Wound Infection"[mesh] 
OR "Prosthesis Failure"[tw] OR "Prosthesis-Related Infections"[tw] OR "Prosthesis-
Related Infection"[tw] OR "Prosthesis Infections"[tw] OR "Prosthesis Infection"[tw] 
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OR "Surgical Wound Infection"[tw] OR "Surgical Infection"[tw] OR "Surgical 
Wound Infections"[tw] OR "Surgical Infections"[tw] OR "surgical injury"[tw] OR 
"surgical injuries"[tw] OR "complication"[tw] OR "complications"[tw] OR "Joint 
Dislocations"[mesh] OR "Dislocations"[tw] OR "Dislocation"[tw] OR dislocat*[tw] 
OR Subluxat*[tw] OR "Prosthesis-Related Infections"[mesh] OR "Prosthesis-Related 
Infection"[tw] OR "Prosthesis-Related Infections"[tw] OR "Infections"[mesh:noexp] 
OR "infection"[tw] OR "infections"[tw] OR "infected"[tw] OR "loosening"[tw] 
OR "malalignment"[tw] OR "malalignments"[tw] OR "malaligned"[tw] OR 
"Joint Instability"[mesh] OR "Instability"[tw] OR "Instabilities"[tw] OR "Patellar 
Dislocation"[mesh] OR "Patellar Dislocation"[tw] OR "Patella Dislocation"[tw] OR 
"Patellar Dislocations"[tw] OR "Patella Dislocations"[tw]) AND ((("variation"[ti] OR 
"variations"[ti] OR "difference"[ti] OR "differences"[ti]) AND ("Hospitals"[majr] 
OR "hospital"[ti] OR "hospitals"[ti])) OR "hospital characteristics"[ti] OR 
"hospital outcome"[ti] OR "hospital outcomes"[ti] OR "Hospitals/statistics and 
numerical data"[majr] OR "Practice Patterns, Physicians'/statistics and numerical 
data"[majr] OR "international variation"[ti] OR "international variations"[ti] 
OR "ranking hospitals"[ti] OR "hospital rank"[ti] OR "hospital ranking"[ti] OR 
"hospital rankings"[ti] OR "hospital ranks"[ti]))) AND ("2009/01/01"[PDAT] : 
"3000/12/31"[PDAT])

2. Embase (http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=main&MO
DE=ovid&D=oemezd)
((("tha".ti OR "total hip".ti OR exp *"Hip Replacement"/ OR exp *"hip arthroplasty"/ 
OR exp *"Hip Prosthesis"/ OR "Hip Prosthesis".ti OR "Hip Replacement".ti OR 
"Hip Arthroplasty".ti OR "Prosthetic Hip".ti OR "Prosthetic Hip".ti OR "tka".ti 
OR "total knee".ti OR exp *"Knee Replacement"/ OR exp *"knee arthroplasty"/ 
OR exp *"Knee Prosthesis"/ OR "Knee Prosthesis".ti OR "Knee Replacement".ti 
OR "Knee Arthroplasty".ti OR "Prosthetic Knee".ti OR "Prosthetic Knees".ti OR 
((*"Arthroplasty"/ OR *"Joint Prosthesis"/ OR "Joint Arthroplasty".ti OR "Joint 
Replacement".ti OR "Joint Prosthesis".ti OR "Prosthetic Joint".ti OR "Prosthetic 
Joints".ti) AND (exp *"Hip"/ OR "hip".ti OR "hips".ti OR exp *"Knee"/ OR "knee".
ti OR "knees".ti))) AND ("revision rate".ti OR "revision rates".ti OR (("revision".
ti OR "revisions".ti) AND ("rate".ti OR "rates".ti OR "median".ti OR "mean".ti 
OR "percentage".ti OR "percent".ti OR percent*.ti)) OR "revision".ti OR "Repeat 
Surgery".ti OR "Joint Revision".ti OR *"Reoperation"/ OR "Reoperation".ti OR 
Reoperat*.ti OR "Re-operation".ti OR "Re-operat*".ti OR *"Length of Stay"/ OR 
"length of stay".ti OR "lengths of stay".ti OR "length of stays".ti OR "lengths of 
stays".ti OR "stay length".ti OR "stay lengths".ti OR *"Hospital Readmission"/ OR 
"patient readmission".ti OR "hospital readmission".ti OR "patient re-admission".
ti OR "hospital re-admission".ti OR "readmission".ti OR "re-admission".ti OR 
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readmit*.ti OR "re-admit*".ti OR exp *"Mortality"/ OR "mortality".ti OR mortalit*.
ti OR "death".ti OR "deaths".ti OR "Cause of Death".ti OR "fatality rate".ti OR 
"fatality rates".ti OR "Fatal Outcome".ti OR "Fatal Outcomes".ti OR *"Survival 
Rate"/ OR *"complication"/ OR "Postoperative Complication"/ OR exp *"Prosthesis 
Complication"/ OR "Surgical Infection"/ OR *"infectious complication"/ OR 
"Prosthesis Failure".ti OR "Prosthesis-Related Infections".ti OR "Prosthesis-Related 
Infection".ti OR "Prosthesis Infections".ti OR "Prosthesis Infection".ti OR "Surgical 
Wound Infection".ti OR "Surgical Infection".ti OR "Surgical Wound Infections".ti 
OR "Surgical Infections".ti OR *"Infection"/ OR "infection".ti OR "infections".ti 
OR "infected".ti OR "surgical injury".ti OR "surgical injuries".ti OR "complication".
ti OR "complications".ti OR *"Joint Dislocation"/ OR "Dislocations".ti OR 
"Dislocation".ti OR dislocat*.ti OR *"subluxation"/ OR Subluxat*.ti OR *"prosthesis 
loosening"/ OR "loosening".ti OR "malalignment".ti OR "malalignments".ti OR 
"malaligned".ti OR exp *"Joint Instability"/ OR "Instability".ti OR "Instabilities".
ti OR *"Patella Dislocation"/ OR "Patellar Dislocation".ti OR "Patella Dislocation".
ti OR "Patellar Dislocations".ti OR "Patella Dislocations".ti) AND ((("variation".mp 
OR "variations".mp OR "difference".mp OR "differences".mp) ADJ5 ("hospital".mp 
OR "hospitals".mp)) OR (("variation".mp OR "variations".mp OR "difference".mp 
OR "differences".mp) AND exp "Hospital"/) OR "hospital characteristics".mp OR 
"hospital outcome".mp OR "hospital outcomes".mp OR "international variation".
mp OR "international variations".mp OR "ranking hospitals".mp OR "hospital 
rank".mp OR "hospital ranking".mp OR "hospital rankings".mp OR "hospital 
ranks".mp)) OR (("tha".ti,ab OR "total hip".ti,ab OR exp "Hip Replacement"/ 
OR exp "hip arthroplasty"/ OR exp "Hip Prosthesis"/ OR "Hip Prosthesis".ti,ab 
OR "Hip Replacement".ti,ab OR "Hip Arthroplasty".ti,ab OR "Prosthetic Hip".
ti,ab OR "Prosthetic Hip".ti,ab OR "tka".ti,ab OR "total knee".ti,ab OR exp "Knee 
Replacement"/ OR exp "knee arthroplasty"/ OR exp "Knee Prosthesis"/ OR "Knee 
Prosthesis".ti,ab OR "Knee Replacement".ti,ab OR "Knee Arthroplasty".ti,ab OR 
"Prosthetic Knee".ti,ab OR "Prosthetic Knees".ti,ab OR ((*"Arthroplasty"/ OR 
*"Joint Prosthesis"/ OR "Joint Arthroplasty".ti OR "Joint Replacement".ti OR "Joint 
Prosthesis".ti OR "Prosthetic Joint".ti OR "Prosthetic Joints".ti) AND (exp *"Hip"/ 
OR "hip".ti OR "hips".ti OR exp *"Knee"/ OR "knee".ti OR "knees".ti))) AND 
("revision rate".mp OR "revision rates".mp OR (("revision".mp OR "revisions".mp) 
ADJ5 ("rate".mp OR "rates".mp OR "median".mp OR "mean".mp OR "percentage".
mp OR "percent".mp OR percent*.mp)) OR "revision".mp OR "Repeat Surgery".mp 
OR "Joint Revision".mp OR "Reoperation"/ OR "Reoperation".mp OR Reoperat*.
mp OR "Re-operation".mp OR "Re-operat*".mp OR "Length of Stay"/ OR "length 
of stay".mp OR "lengths of stay".mp OR "length of stays".mp OR "lengths of stays".
mp OR "stay length".mp OR "stay lengths".mp OR "Hospital Readmission"/ OR 
"patient readmission".mp OR "hospital readmission".mp OR "patient re-admission".
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mp OR "hospital re-admission".mp OR "readmission".mp OR "re-admission".mp 
OR readmit*.mp OR "re-admit*".mp OR exp "Mortality"/ OR "mortality".mp OR 
mortalit*.mp OR "death".mp OR "deaths".mp OR "Cause of Death".mp OR "fatality 
rate".mp OR "fatality rates".mp OR "Fatal Outcome".mp OR "Fatal Outcomes".mp 
OR "Survival Rate"/ OR *"complication"/ OR "Postoperative Complication"/ OR exp 
"Prosthesis Complication"/ OR "Surgical Infection"/ OR "infectious complication"/ 
OR "Prosthesis Failure".mp OR "Prosthesis-Related Infections".mp OR "Prosthesis-
Related Infection".mp OR "Prosthesis Infections".mp OR "Prosthesis Infection".mp 
OR "Surgical Wound Infection".mp OR "Surgical Infection".mp OR "Surgical Wound 
Infections".mp OR "Surgical Infections".mp OR "Infection"/ OR "infection".mp OR 
"infections".mp OR "infected".mp OR "surgical injury".mp OR "surgical injuries".
mp OR "complication".mp OR "complications".mp OR "Joint Dislocation"/ OR 
"Dislocations".mp OR "Dislocation".mp OR dislocat*.mp OR "subluxation"/ OR 
Subluxat*.mp OR "prosthesis loosening"/ OR "loosening".mp OR "malalignment".
mp OR "malalignments".mp OR "malaligned".mp OR exp "Joint Instability"/ OR 
"Instability".mp OR "Instabilities".mp OR "Patella Dislocation"/ OR "Patellar 
Dislocation".mp OR "Patella Dislocation".mp OR "Patellar Dislocations".mp OR 
"Patella Dislocations".mp) AND ((("variation".ti OR "variations".ti OR "difference".
ti OR "differences".ti) AND (exp *"Hospital"/ OR "hospital".ti OR "hospitals".ti)) 
OR "hospital characteristics".ti OR "hospital outcome".ti OR "hospital outcomes".
ti OR "international variation".ti OR "international variations".ti OR "ranking 
hospitals".ti OR "hospital rank".ti OR "hospital ranking".ti OR "hospital rankings".
ti OR "hospital ranks".ti))) AND (2009 OR 201* OR 202*).yr

3. Web of  Science (http://isiknowledge.com/wos)
((ti=("tha" OR "total hip" OR "Hip Replacement" OR "hip arthroplasty" OR "Hip 
Prosthesis" OR "Hip Prosthesis" OR "Hip Replacement" OR "Hip Arthroplasty" 
OR "Prosthetic Hip" OR "Prosthetic Hip" OR "tka" OR "total knee" OR "Knee 
Replacement" OR "knee arthroplasty" OR "Knee Prosthesis" OR "Knee Prosthesis" OR 
"Knee Replacement" OR "Knee Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic 
Knees" OR (("Arthroplasty" OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint 
Replacement" OR "Joint Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") 
AND ("Hip" OR "hip" OR "hips" OR "Knee" OR "knee" OR "knees"))) AND 
ti=("revision rate" OR "revision rates" OR (("revision" OR "revisions") AND ("rate" 
OR "rates" OR "median" OR "mean" OR "percentage" OR "percent" OR percent*)) 
OR "revision" OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR 
"Reoperation" OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of 
Stay" OR "length of stay" OR "lengths of stay" OR "length of stays" OR "lengths of 
stays" OR "stay length" OR "stay lengths" OR "Hospital Readmission" OR "patient 
readmission" OR "hospital readmission" OR "patient re-admission" OR "hospital 
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re-admission" OR "readmission" OR "re-admission" OR readmit* OR "re-admit" 
OR "Mortality" OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause 
of Death" OR "fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal 
Outcomes" OR "Survival Rate" OR "complication" OR "Postoperative Complication" 
OR "Prosthesis Complication" OR "Surgical Infection" OR "infectious complication" 
OR "Prosthesis Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related 
Infection" OR "Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical 
Wound Infection" OR "Surgical Infection" OR "Surgical Wound Infections" OR 
"Surgical Infections" OR "Infection" OR "infection" OR "infections" OR "infected" 
OR "surgical injury" OR "surgical injuries" OR "complication" OR "complications" 
OR "Joint Dislocation" OR "Dislocations" OR "Dislocation" OR dislocat* OR 
"subluxation" OR Subluxat* OR "prosthesis loosening" OR "loosening" OR 
"malalignment" OR "malalignments" OR "malaligned" OR "Joint Instability" OR 
"Instability" OR "Instabilities" OR "Patella Dislocation" OR "Patellar Dislocation" 
OR "Patella Dislocation" OR "Patellar Dislocations" OR "Patella Dislocations") 
AND ts=((("variation" OR "variations" OR "difference" OR "differences") NEAR5 
("hospital" OR "hospitals")) OR (("variation" OR "variations" OR "difference" 
OR "differences") AND "Hospital") OR "hospital characteristics" OR "hospital 
outcome" OR "hospital outcomes" OR "international variation" OR "international 
variations" OR "ranking hospitals" OR "hospital rank" OR "hospital ranking" OR 
"hospital rankings" OR "hospital ranks")) OR (ts=("tha" OR "total hip" OR "Hip 
Replacement" OR "hip arthroplasty" OR "Hip Prosthesis" OR "Hip Prosthesis" OR 
"Hip Replacement" OR "Hip Arthroplasty" OR "Prosthetic Hip" OR "Prosthetic 
Hip" OR "tka" OR "total knee" OR "Knee Replacement" OR "knee arthroplasty" 
OR "Knee Prosthesis" OR "Knee Prosthesis" OR "Knee Replacement" OR "Knee 
Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic Knees" OR (("Arthroplasty" 
OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint Replacement" OR "Joint 
Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") AND ("Hip" OR "hip" 
OR "hips" OR "Knee" OR "knee" OR "knees"))) AND ts=("revision rate" OR 
"revision rates" OR (("revision" OR "revisions") NEAR/5 ("rate" OR "rates" OR 
"median" OR "mean" OR "percentage" OR "percent" OR percent*)) OR "revision" 
OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR "Reoperation" 
OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of Stay" OR "length 
of stay" OR "lengths of stay" OR "length of stays" OR "lengths of stays" OR "stay 
length" OR "stay lengths" OR "Hospital Readmission" OR "patient readmission" 
OR "hospital readmission" OR "patient re-admission" OR "hospital re-admission" 
OR "readmission" OR "re-admission" OR readmit* OR "re-admit" OR "Mortality" 
OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause of Death" OR 
"fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal Outcomes" OR 
"Survival Rate" OR "complication" OR "Postoperative Complication" OR "Prosthesis 
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Complication" OR "Surgical Infection" OR "infectious complication" OR "Prosthesis 
Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related Infection" OR 
"Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical Wound Infection" OR 
"Surgical Infection" OR "Surgical Wound Infections" OR "Surgical Infections" OR 
"Infection" OR "infection" OR "infections" OR "infected" OR "surgical injury" OR 
"surgical injuries" OR "complication" OR "complications" OR "Joint Dislocation" 
OR "Dislocations" OR "Dislocation" OR dislocat* OR "subluxation" OR Subluxat* 
OR "prosthesis loosening" OR "loosening" OR "malalignment" OR "malalignments" 
OR "malaligned" OR "Joint Instability" OR "Instability" OR "Instabilities" OR 
"Patella Dislocation" OR "Patellar Dislocation" OR "Patella Dislocation" OR "Patellar 
Dislocations" OR "Patella Dislocations") AND ti=((("variation" OR "variations" OR 
"difference" OR "differences") AND ("Hospital" OR "hospital" OR "hospitals")) 
OR "hospital characteristics" OR "hospital outcome" OR "hospital outcomes" OR 
"international variation" OR "international variations" OR "ranking hospitals" OR 
"hospital rank" OR "hospital ranking" OR "hospital rankings" OR "hospital ranks"))) 
AND py=(2009 OR 2010 OR 2011 OR 2012 OR 2013 OR 2014 OR 2015 OR 
2016 OR 2017 OR 2018 OR 2019 OR 2020)

4. Cochrane library (http://www.cochranelibrary.com/)
(("tha" OR "total hip" OR "Hip Replacement" OR "hip arthroplasty" OR "Hip 
Prosthesis" OR "Hip Prosthesis" OR "Hip Replacement" OR "Hip Arthroplasty" 
OR "Prosthetic Hip" OR "Prosthetic Hip" OR "tka" OR "total knee" OR "Knee 
Replacement" OR "knee arthroplasty" OR "Knee Prosthesis" OR "Knee Prosthesis" OR 
"Knee Replacement" OR "Knee Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic 
Knees" OR ((*"Arthroplasty" OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint 
Replacement" OR "Joint Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") 
AND ("Hip" OR "hip" OR "hips" OR "Knee" OR "knee" OR "knees"))):ti AND 
("revision rate" OR "revision rates" OR (("revision" OR "revisions") AND ("rate" 
OR "rates" OR "median" OR "mean" OR "percentage" OR "percent" OR percent*)) 
OR "revision" OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR 
"Reoperation" OR Reoperat* OR "Re-operation" OR "Re-operat*" OR "Length of 
Stay" OR "length of stay" OR "lengths of stay" OR "length of stays" OR "lengths of 
stays" OR "stay length" OR "stay lengths" OR "Hospital Readmission" OR "patient 
readmission" OR "hospital readmission" OR "patient re-admission" OR "hospital 
re-admission" OR "readmission" OR "re-admission" OR readmit* OR "re-admit*" 
OR "Mortality" OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause 
of Death" OR "fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal 
Outcomes" OR "Survival Rate" OR "complication" OR "Postoperative Complication" 
OR "Prosthesis Complication" OR "Surgical Infection" OR "infectious complication" 
OR "Prosthesis Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related 
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Infection" OR "Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical 
Wound Infection" OR "Surgical Infection" OR "Surgical Wound Infections" OR 
"Surgical Infections" OR "Infection" OR "infection" OR "infections" OR "infected" 
OR "surgical injury" OR "surgical injuries" OR "complication" OR "complications" 
OR "Joint Dislocation" OR "Dislocations" OR "Dislocation" OR dislocat* OR 
"subluxation" OR Subluxat* OR "prosthesis loosening" OR "loosening" OR 
"malalignment" OR "malalignments" OR "malaligned" OR "Joint Instability" OR 
"Instability" OR "Instabilities" OR "Patella Dislocation" OR "Patellar Dislocation" 
OR "Patella Dislocation" OR "Patellar Dislocations" OR "Patella Dislocations"):ti 
AND ((("variation" OR "variations" OR "difference" OR "differences") NEAR/5 
("hospital" OR "hospitals")) OR (("variation" OR "variations" OR "difference" 
OR "differences") AND "Hospital") OR "hospital characteristics" OR "hospital 
outcome" OR "hospital outcomes" OR "international variation" OR "international 
variations" OR "ranking hospitals" OR "hospital rank" OR "hospital ranking" OR 
"hospital rankings" OR "hospital ranks"):ti,ab,kw) OR (("tha" OR "total hip" OR 
"Hip Replacement" OR "hip arthroplasty" OR "Hip Prosthesis" OR "Hip Prosthesis" 
OR "Hip Replacement" OR "Hip Arthroplasty" OR "Prosthetic Hip" OR "Prosthetic 
Hip" OR "tka" OR "total knee" OR "Knee Replacement" OR "knee arthroplasty" 
OR "Knee Prosthesis" OR "Knee Prosthesis" OR "Knee Replacement" OR "Knee 
Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic Knees" OR ((*"Arthroplasty" 
OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint Replacement" OR "Joint 
Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") AND ("Hip" OR "hip" 
OR "hips" OR "Knee" OR "knee" OR "knees"))):ti,ab,kw AND ("revision rate" OR 
"revision rates" OR (("revision" OR "revisions") NEAR/5 ("rate" OR "rates" OR 
"median" OR "mean" OR "percentage" OR "percent" OR percent*)) OR "revision" 
OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR "Reoperation" OR 
Reoperat* OR "Re-operation" OR "Re-operat*" OR "Length of Stay" OR "length 
of stay" OR "lengths of stay" OR "length of stays" OR "lengths of stays" OR "stay 
length" OR "stay lengths" OR "Hospital Readmission" OR "patient readmission" 
OR "hospital readmission" OR "patient re-admission" OR "hospital re-admission" 
OR "readmission" OR "re-admission" OR readmit* OR "re-admit*" OR "Mortality" 
OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause of Death" OR 
"fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal Outcomes" OR 
"Survival Rate" OR "complication" OR "Postoperative Complication" OR "Prosthesis 
Complication" OR "Surgical Infection" OR "infectious complication" OR "Prosthesis 
Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related Infection" OR 
"Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical Wound Infection" OR 
"Surgical Infection" OR "Surgical Wound Infections" OR "Surgical Infections" OR 
"Infection" OR "infection" OR "infections" OR "infected" OR "surgical injury" OR 
"surgical injuries" OR "complication" OR "complications" OR "Joint Dislocation" 
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OR "Dislocations" OR "Dislocation" OR dislocat* OR "subluxation" OR Subluxat* 
OR "prosthesis loosening" OR "loosening" OR "malalignment" OR "malalignments" 
OR "malaligned" OR "Joint Instability" OR "Instability" OR "Instabilities" OR 
"Patella Dislocation" OR "Patellar Dislocation" OR "Patella Dislocation" OR 
"Patellar Dislocations" OR "Patella Dislocations"):ti,ab,kw AND ((("variation" OR 
"variations" OR "difference" OR "differences") NEAR/5 ("Hospital" OR "hospital" 
OR "hospitals")) OR "hospital characteristics" OR "hospital outcome" OR "hospital 
outcomes" OR "international variation" OR "international variations" OR "ranking 
hospitals" OR "hospital rank" OR "hospital ranking" OR "hospital rankings" OR 
"hospital ranks"):ti)

AND py=(2009 OR 2010 OR 2011 OR 2012 OR 2013 OR 2014 OR 2015 OR 
2016 OR 2017 OR 2018 OR 2019 OR 2020)

5. Emcare (http://ovidsp.ovid.com/ovidweb.cgi?T=JS&NEWS=n&CSC=Y
&PAGE=main&D=emcr)
((("tha".ti OR "total hip".ti OR exp *"Hip Replacement"/ OR exp *"hip arthroplasty"/ 
OR exp *"Hip Prosthesis"/ OR "Hip Prosthesis".ti OR "Hip Replacement".ti OR 
"Hip Arthroplasty".ti OR "Prosthetic Hip".ti OR "Prosthetic Hip".ti OR "tka".ti 
OR "total knee".ti OR exp *"Knee Replacement"/ OR exp *"knee arthroplasty"/ 
OR exp *"Knee Prosthesis"/ OR "Knee Prosthesis".ti OR "Knee Replacement".ti 
OR "Knee Arthroplasty".ti OR "Prosthetic Knee".ti OR "Prosthetic Knees".ti OR 
((*"Arthroplasty"/ OR *"Joint Prosthesis"/ OR "Joint Arthroplasty".ti OR "Joint 
Replacement".ti OR "Joint Prosthesis".ti OR "Prosthetic Joint".ti OR "Prosthetic 
Joints".ti) AND (exp *"Hip"/ OR "hip".ti OR "hips".ti OR exp *"Knee"/ OR "knee".
ti OR "knees".ti))) AND ("revision rate".ti OR "revision rates".ti OR (("revision".
ti OR "revisions".ti) AND ("rate".ti OR "rates".ti OR "median".ti OR "mean".ti 
OR "percentage".ti OR "percent".ti OR percent*.ti)) OR "revision".ti OR "Repeat 
Surgery".ti OR "Joint Revision".ti OR *"Reoperation"/ OR "Reoperation".ti OR 
Reoperat*.ti OR "Re-operation".ti OR "Re-operat*".ti OR *"Length of Stay"/ OR 
"length of stay".ti OR "lengths of stay".ti OR "length of stays".ti OR "lengths of 
stays".ti OR "stay length".ti OR "stay lengths".ti OR *"Hospital Readmission"/ OR 
"patient readmission".ti OR "hospital readmission".ti OR "patient re-admission".
ti OR "hospital re-admission".ti OR "readmission".ti OR "re-admission".ti OR 
readmit*.ti OR "re-admit*".ti OR exp *"Mortality"/ OR "mortality".ti OR mortalit*.
ti OR "death".ti OR "deaths".ti OR "Cause of Death".ti OR "fatality rate".ti OR 
"fatality rates".ti OR "Fatal Outcome".ti OR "Fatal Outcomes".ti OR *"Survival 
Rate"/ OR *"complication"/ OR "Postoperative Complication"/ OR exp *"Prosthesis 
Complication"/ OR "Surgical Infection"/ OR *"infectious complication"/ OR 
"Prosthesis Failure".ti OR "Prosthesis-Related Infections".ti OR "Prosthesis-Related 
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Infection".ti OR "Prosthesis Infections".ti OR "Prosthesis Infection".ti OR "Surgical 
Wound Infection".ti OR "Surgical Infection".ti OR "Surgical Wound Infections".ti 
OR "Surgical Infections".ti OR *"Infection"/ OR "infection".ti OR "infections".ti 
OR "infected".ti OR "surgical injury".ti OR "surgical injuries".ti OR "complication".
ti OR "complications".ti OR *"Joint Dislocation"/ OR "Dislocations".ti OR 
"Dislocation".ti OR dislocat*.ti OR *"subluxation"/ OR Subluxat*.ti OR *"prosthesis 
loosening"/ OR "loosening".ti OR "malalignment".ti OR "malalignments".ti OR 
"malaligned".ti OR exp *"Joint Instability"/ OR "Instability".ti OR "Instabilities".
ti OR *"Patella Dislocation"/ OR "Patellar Dislocation".ti OR "Patella Dislocation".
ti OR "Patellar Dislocations".ti OR "Patella Dislocations".ti) AND ((("variation".mp 
OR "variations".mp OR "difference".mp OR "differences".mp) ADJ5 ("hospital".mp 
OR "hospitals".mp)) OR (("variation".mp OR "variations".mp OR "difference".mp 
OR "differences".mp) AND exp "Hospital"/) OR "hospital characteristics".mp OR 
"hospital outcome".mp OR "hospital outcomes".mp OR "international variation".
mp OR "international variations".mp OR "ranking hospitals".mp OR "hospital 
rank".mp OR "hospital ranking".mp OR "hospital rankings".mp OR "hospital 
ranks".mp)) OR (("tha".ti,ab OR "total hip".ti,ab OR exp "Hip Replacement"/ 
OR exp "hip arthroplasty"/ OR exp "Hip Prosthesis"/ OR "Hip Prosthesis".ti,ab 
OR "Hip Replacement".ti,ab OR "Hip Arthroplasty".ti,ab OR "Prosthetic Hip".
ti,ab OR "Prosthetic Hip".ti,ab OR "tka".ti,ab OR "total knee".ti,ab OR exp "Knee 
Replacement"/ OR exp "knee arthroplasty"/ OR exp "Knee Prosthesis"/ OR "Knee 
Prosthesis".ti,ab OR "Knee Replacement".ti,ab OR "Knee Arthroplasty".ti,ab OR 
"Prosthetic Knee".ti,ab OR "Prosthetic Knees".ti,ab OR ((*"Arthroplasty"/ OR 
*"Joint Prosthesis"/ OR "Joint Arthroplasty".ti OR "Joint Replacement".ti OR "Joint 
Prosthesis".ti OR "Prosthetic Joint".ti OR "Prosthetic Joints".ti) AND (exp *"Hip"/ 
OR "hip".ti OR "hips".ti OR exp *"Knee"/ OR "knee".ti OR "knees".ti))) AND 
("revision rate".mp OR "revision rates".mp OR (("revision".mp OR "revisions".mp) 
ADJ5 ("rate".mp OR "rates".mp OR "median".mp OR "mean".mp OR "percentage".
mp OR "percent".mp OR percent*.mp)) OR "revision".mp OR "Repeat Surgery".mp 
OR "Joint Revision".mp OR "Reoperation"/ OR "Reoperation".mp OR Reoperat*.
mp OR "Re-operation".mp OR "Re-operat*".mp OR "Length of Stay"/ OR "length 
of stay".mp OR "lengths of stay".mp OR "length of stays".mp OR "lengths of stays".
mp OR "stay length".mp OR "stay lengths".mp OR "Hospital Readmission"/ OR 
"patient readmission".mp OR "hospital readmission".mp OR "patient re-admission".
mp OR "hospital re-admission".mp OR "readmission".mp OR "re-admission".mp 
OR readmit*.mp OR "re-admit*".mp OR exp "Mortality"/ OR "mortality".mp OR 
mortalit*.mp OR "death".mp OR "deaths".mp OR "Cause of Death".mp OR "fatality 
rate".mp OR "fatality rates".mp OR "Fatal Outcome".mp OR "Fatal Outcomes".mp 
OR "Survival Rate"/ OR *"complication"/ OR "Postoperative Complication"/ OR exp 
"Prosthesis Complication"/ OR "Surgical Infection"/ OR "infectious complication"/ 
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OR "Prosthesis Failure".mp OR "Prosthesis-Related Infections".mp OR "Prosthesis-
Related Infection".mp OR "Prosthesis Infections".mp OR "Prosthesis Infection".mp 
OR "Surgical Wound Infection".mp OR "Surgical Infection".mp OR "Surgical Wound 
Infections".mp OR "Surgical Infections".mp OR "Infection"/ OR "infection".mp OR 
"infections".mp OR "infected".mp OR "surgical injury".mp OR "surgical injuries".
mp OR "complication".mp OR "complications".mp OR "Joint Dislocation"/ OR 
"Dislocations".mp OR "Dislocation".mp OR dislocat*.mp OR "subluxation"/ OR 
Subluxat*.mp OR "prosthesis loosening"/ OR "loosening".mp OR "malalignment".
mp OR "malalignments".mp OR "malaligned".mp OR exp "Joint Instability"/ OR 
"Instability".mp OR "Instabilities".mp OR "Patella Dislocation"/ OR "Patellar 
Dislocation".mp OR "Patella Dislocation".mp OR "Patellar Dislocations".mp OR 
"Patella Dislocations".mp) AND ((("variation".ti OR "variations".ti OR "difference".
ti OR "differences".ti) AND (exp *"Hospital"/ OR "hospital".ti OR "hospitals".ti)) 
OR "hospital characteristics".ti OR "hospital outcome".ti OR "hospital outcomes".
ti OR "international variation".ti OR "international variations".ti OR "ranking 
hospitals".ti OR "hospital rank".ti OR "hospital ranking".ti OR "hospital rankings".
ti OR "hospital ranks".ti))) AND (2009 OR 201* OR 202*).yr

6. Academic Search Premier (http://search.ebscohost.com/login.aspx?aut
htype=ip,uid&profile=lumc&defaultdb=aph)
((TI("tha" OR "total hip" OR "Hip Replacement" OR "hip arthroplasty" OR "Hip 
Prosthesis" OR "Hip Prosthesis" OR "Hip Replacement" OR "Hip Arthroplasty" 
OR "Prosthetic Hip" OR "Prosthetic Hip" OR "tka" OR "total knee" OR "Knee 
Replacement" OR "knee arthroplasty" OR "Knee Prosthesis" OR "Knee Prosthesis" OR 
"Knee Replacement" OR "Knee Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic 
Knees" OR (("Arthroplasty" OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint 
Replacement" OR "Joint Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") 
AND ("Hip" OR "hip" OR "hips" OR "Knee" OR "knee" OR "knees"))) AND 
TI("revision rate" OR "revision rates" OR (("revision" OR "revisions") AND ("rate" 
OR "rates" OR "median" OR "mean" OR "percentage" OR "percent" OR percent*)) 
OR "revision" OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR 
"Reoperation" OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of 
Stay" OR "length of stay" OR "lengths of stay" OR "length of stays" OR "lengths of 
stays" OR "stay length" OR "stay lengths" OR "Hospital Readmission" OR "patient 
readmission" OR "hospital readmission" OR "patient re-admission" OR "hospital 
re-admission" OR "readmission" OR "re-admission" OR readmit* OR "re-admit" 
OR "Mortality" OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause 
of Death" OR "fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal 
Outcomes" OR "Survival Rate" OR "complication" OR "Postoperative Complication" 
OR "Prosthesis Complication" OR "Surgical Infection" OR "infectious complication" 
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OR "Prosthesis Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related 
Infection" OR "Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical 
Wound Infection" OR "Surgical Infection" OR "Surgical Wound Infections" OR 
"Surgical Infections" OR "Infection" OR "infection" OR "infections" OR "infected" 
OR "surgical injury" OR "surgical injuries" OR "complication" OR "complications" 
OR "Joint Dislocation" OR "Dislocations" OR "Dislocation" OR dislocat* OR 
"subluxation" OR Subluxat* OR "prosthesis loosening" OR "loosening" OR 
"malalignment" OR "malalignments" OR "malaligned" OR "Joint Instability" OR 
"Instability" OR "Instabilities" OR "Patella Dislocation" OR "Patellar Dislocation" 
OR "Patella Dislocation" OR "Patellar Dislocations" OR "Patella Dislocations") 
AND SU((("variation" OR "variations" OR "difference" OR "differences") NEAR5 
("hospital" OR "hospitals")) OR (("variation" OR "variations" OR "difference" 
OR "differences") AND "Hospital") OR "hospital characteristics" OR "hospital 
outcome" OR "hospital outcomes" OR "international variation" OR "international 
variations" OR "ranking hospitals" OR "hospital rank" OR "hospital ranking" OR 
"hospital rankings" OR "hospital ranks")) OR (SU("tha" OR "total hip" OR "Hip 
Replacement" OR "hip arthroplasty" OR "Hip Prosthesis" OR "Hip Prosthesis" OR 
"Hip Replacement" OR "Hip Arthroplasty" OR "Prosthetic Hip" OR "Prosthetic 
Hip" OR "tka" OR "total knee" OR "Knee Replacement" OR "knee arthroplasty" 
OR "Knee Prosthesis" OR "Knee Prosthesis" OR "Knee Replacement" OR "Knee 
Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic Knees" OR (("Arthroplasty" 
OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint Replacement" OR "Joint 
Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") AND ("Hip" OR "hip" 
OR "hips" OR "Knee" OR "knee" OR "knees"))) AND SU("revision rate" OR 
"revision rates" OR (("revision" OR "revisions") NEAR/5 ("rate" OR "rates" OR 
"median" OR "mean" OR "percentage" OR "percent" OR percent*)) OR "revision" 
OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR "Reoperation" 
OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of Stay" OR "length 
of stay" OR "lengths of stay" OR "length of stays" OR "lengths of stays" OR "stay 
length" OR "stay lengths" OR "Hospital Readmission" OR "patient readmission" 
OR "hospital readmission" OR "patient re-admission" OR "hospital re-admission" 
OR "readmission" OR "re-admission" OR readmit* OR "re-admit" OR "Mortality" 
OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause of Death" OR 
"fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal Outcomes" OR 
"Survival Rate" OR "complication" OR "Postoperative Complication" OR "Prosthesis 
Complication" OR "Surgical Infection" OR "infectious complication" OR "Prosthesis 
Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related Infection" OR 
"Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical Wound Infection" OR 
"Surgical Infection" OR "Surgical Wound Infections" OR "Surgical Infections" OR 
"Infection" OR "infection" OR "infections" OR "infected" OR "surgical injury" OR 
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"surgical injuries" OR "complication" OR "complications" OR "Joint Dislocation" 
OR "Dislocations" OR "Dislocation" OR dislocat* OR "subluxation" OR Subluxat* 
OR "prosthesis loosening" OR "loosening" OR "malalignment" OR "malalignments" 
OR "malaligned" OR "Joint Instability" OR "Instability" OR "Instabilities" OR 
"Patella Dislocation" OR "Patellar Dislocation" OR "Patella Dislocation" OR "Patellar 
Dislocations" OR "Patella Dislocations") AND TI((("variation" OR "variations" OR 
"difference" OR "differences") AND ("Hospital" OR "hospital" OR "hospitals")) 
OR "hospital characteristics" OR "hospital outcome" OR "hospital outcomes" OR 
"international variation" OR "international variations" OR "ranking hospitals" OR 
"hospital rank" OR "hospital ranking" OR "hospital rankings" OR "hospital ranks"))) 

((TI("tha" OR "total hip" OR "Hip Replacement" OR "hip arthroplasty" OR "Hip 
Prosthesis" OR "Hip Prosthesis" OR "Hip Replacement" OR "Hip Arthroplasty" 
OR "Prosthetic Hip" OR "Prosthetic Hip" OR "tka" OR "total knee" OR "Knee 
Replacement" OR "knee arthroplasty" OR "Knee Prosthesis" OR "Knee Prosthesis" OR 
"Knee Replacement" OR "Knee Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic 
Knees" OR (("Arthroplasty" OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint 
Replacement" OR "Joint Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") 
AND ("Hip" OR "hip" OR "hips" OR "Knee" OR "knee" OR "knees"))) AND 
TI("revision rate" OR "revision rates" OR (("revision" OR "revisions") AND ("rate" 
OR "rates" OR "median" OR "mean" OR "percentage" OR "percent" OR percent*)) 
OR "revision" OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR 
"Reoperation" OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of 
Stay" OR "length of stay" OR "lengths of stay" OR "length of stays" OR "lengths of 
stays" OR "stay length" OR "stay lengths" OR "Hospital Readmission" OR "patient 
readmission" OR "hospital readmission" OR "patient re-admission" OR "hospital 
re-admission" OR "readmission" OR "re-admission" OR readmit* OR "re-admit" 
OR "Mortality" OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause 
of Death" OR "fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal 
Outcomes" OR "Survival Rate" OR "complication" OR "Postoperative Complication" 
OR "Prosthesis Complication" OR "Surgical Infection" OR "infectious complication" 
OR "Prosthesis Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related 
Infection" OR "Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical 
Wound Infection" OR "Surgical Infection" OR "Surgical Wound Infections" OR 
"Surgical Infections" OR "Infection" OR "infection" OR "infections" OR "infected" 
OR "surgical injury" OR "surgical injuries" OR "complication" OR "complications" 
OR "Joint Dislocation" OR "Dislocations" OR "Dislocation" OR dislocat* OR 
"subluxation" OR Subluxat* OR "prosthesis loosening" OR "loosening" OR 
"malalignment" OR "malalignments" OR "malaligned" OR "Joint Instability" OR 
"Instability" OR "Instabilities" OR "Patella Dislocation" OR "Patellar Dislocation" 
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OR "Patella Dislocation" OR "Patellar Dislocations" OR "Patella Dislocations") 
AND AB((("variation" OR "variations" OR "difference" OR "differences") NEAR5 
("hospital" OR "hospitals")) OR (("variation" OR "variations" OR "difference" 
OR "differences") AND "Hospital") OR "hospital characteristics" OR "hospital 
outcome" OR "hospital outcomes" OR "international variation" OR "international 
variations" OR "ranking hospitals" OR "hospital rank" OR "hospital ranking" OR 
"hospital rankings" OR "hospital ranks")) OR (AB("tha" OR "total hip" OR "Hip 
Replacement" OR "hip arthroplasty" OR "Hip Prosthesis" OR "Hip Prosthesis" OR 
"Hip Replacement" OR "Hip Arthroplasty" OR "Prosthetic Hip" OR "Prosthetic 
Hip" OR "tka" OR "total knee" OR "Knee Replacement" OR "knee arthroplasty" 
OR "Knee Prosthesis" OR "Knee Prosthesis" OR "Knee Replacement" OR "Knee 
Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic Knees" OR (("Arthroplasty" 
OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint Replacement" OR "Joint 
Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") AND ("Hip" OR "hip" 
OR "hips" OR "Knee" OR "knee" OR "knees"))) AND AB("revision rate" OR 
"revision rates" OR (("revision" OR "revisions") NEAR/5 ("rate" OR "rates" OR 
"median" OR "mean" OR "percentage" OR "percent" OR percent*)) OR "revision" 
OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR "Reoperation" 
OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of Stay" OR "length 
of stay" OR "lengths of stay" OR "length of stays" OR "lengths of stays" OR "stay 
length" OR "stay lengths" OR "Hospital Readmission" OR "patient readmission" 
OR "hospital readmission" OR "patient re-admission" OR "hospital re-admission" 
OR "readmission" OR "re-admission" OR readmit* OR "re-admit" OR "Mortality" 
OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause of Death" OR 
"fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal Outcomes" OR 
"Survival Rate" OR "complication" OR "Postoperative Complication" OR "Prosthesis 
Complication" OR "Surgical Infection" OR "infectious complication" OR "Prosthesis 
Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related Infection" OR 
"Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical Wound Infection" OR 
"Surgical Infection" OR "Surgical Wound Infections" OR "Surgical Infections" OR 
"Infection" OR "infection" OR "infections" OR "infected" OR "surgical injury" OR 
"surgical injuries" OR "complication" OR "complications" OR "Joint Dislocation" 
OR "Dislocations" OR "Dislocation" OR dislocat* OR "subluxation" OR Subluxat* 
OR "prosthesis loosening" OR "loosening" OR "malalignment" OR "malalignments" 
OR "malaligned" OR "Joint Instability" OR "Instability" OR "Instabilities" OR 
"Patella Dislocation" OR "Patellar Dislocation" OR "Patella Dislocation" OR "Patellar 
Dislocations" OR "Patella Dislocations") AND TI((("variation" OR "variations" OR 
"difference" OR "differences") AND ("Hospital" OR "hospital" OR "hospitals")) 
OR "hospital characteristics" OR "hospital outcome" OR "hospital outcomes" OR 
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"international variation" OR "international variations" OR "ranking hospitals" OR 
"hospital rank" OR "hospital ranking" OR "hospital rankings" OR "hospital ranks"))) 

((TI("tha" OR "total hip" OR "Hip Replacement" OR "hip arthroplasty" OR "Hip 
Prosthesis" OR "Hip Prosthesis" OR "Hip Replacement" OR "Hip Arthroplasty" 
OR "Prosthetic Hip" OR "Prosthetic Hip" OR "tka" OR "total knee" OR "Knee 
Replacement" OR "knee arthroplasty" OR "Knee Prosthesis" OR "Knee Prosthesis" OR 
"Knee Replacement" OR "Knee Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic 
Knees" OR (("Arthroplasty" OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint 
Replacement" OR "Joint Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") 
AND ("Hip" OR "hip" OR "hips" OR "Knee" OR "knee" OR "knees"))) AND 
TI("revision rate" OR "revision rates" OR (("revision" OR "revisions") AND ("rate" 
OR "rates" OR "median" OR "mean" OR "percentage" OR "percent" OR percent*)) 
OR "revision" OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR 
"Reoperation" OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of 
Stay" OR "length of stay" OR "lengths of stay" OR "length of stays" OR "lengths of 
stays" OR "stay length" OR "stay lengths" OR "Hospital Readmission" OR "patient 
readmission" OR "hospital readmission" OR "patient re-admission" OR "hospital 
re-admission" OR "readmission" OR "re-admission" OR readmit* OR "re-admit" 
OR "Mortality" OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause 
of Death" OR "fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal 
Outcomes" OR "Survival Rate" OR "complication" OR "Postoperative Complication" 
OR "Prosthesis Complication" OR "Surgical Infection" OR "infectious complication" 
OR "Prosthesis Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related 
Infection" OR "Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical 
Wound Infection" OR "Surgical Infection" OR "Surgical Wound Infections" OR 
"Surgical Infections" OR "Infection" OR "infection" OR "infections" OR "infected" 
OR "surgical injury" OR "surgical injuries" OR "complication" OR "complications" 
OR "Joint Dislocation" OR "Dislocations" OR "Dislocation" OR dislocat* OR 
"subluxation" OR Subluxat* OR "prosthesis loosening" OR "loosening" OR 
"malalignment" OR "malalignments" OR "malaligned" OR "Joint Instability" OR 
"Instability" OR "Instabilities" OR "Patella Dislocation" OR "Patellar Dislocation" 
OR "Patella Dislocation" OR "Patellar Dislocations" OR "Patella Dislocations") 
AND KW((("variation" OR "variations" OR "difference" OR "differences") NEAR5 
("hospital" OR "hospitals")) OR (("variation" OR "variations" OR "difference" 
OR "differences") AND "Hospital") OR "hospital characteristics" OR "hospital 
outcome" OR "hospital outcomes" OR "international variation" OR "international 
variations" OR "ranking hospitals" OR "hospital rank" OR "hospital ranking" OR 
"hospital rankings" OR "hospital ranks")) OR (KW("tha" OR "total hip" OR "Hip 
Replacement" OR "hip arthroplasty" OR "Hip Prosthesis" OR "Hip Prosthesis" OR 
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"Hip Replacement" OR "Hip Arthroplasty" OR "Prosthetic Hip" OR "Prosthetic 
Hip" OR "tka" OR "total knee" OR "Knee Replacement" OR "knee arthroplasty" 
OR "Knee Prosthesis" OR "Knee Prosthesis" OR "Knee Replacement" OR "Knee 
Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic Knees" OR (("Arthroplasty" 
OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint Replacement" OR "Joint 
Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") AND ("Hip" OR "hip" 
OR "hips" OR "Knee" OR "knee" OR "knees"))) AND KW("revision rate" OR 
"revision rates" OR (("revision" OR "revisions") NEAR/5 ("rate" OR "rates" OR 
"median" OR "mean" OR "percentage" OR "percent" OR percent*)) OR "revision" 
OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR "Reoperation" 
OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of Stay" OR "length 
of stay" OR "lengths of stay" OR "length of stays" OR "lengths of stays" OR "stay 
length" OR "stay lengths" OR "Hospital Readmission" OR "patient readmission" 
OR "hospital readmission" OR "patient re-admission" OR "hospital re-admission" 
OR "readmission" OR "re-admission" OR readmit* OR "re-admit" OR "Mortality" 
OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause of Death" OR 
"fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal Outcomes" OR 
"Survival Rate" OR "complication" OR "Postoperative Complication" OR "Prosthesis 
Complication" OR "Surgical Infection" OR "infectious complication" OR "Prosthesis 
Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related Infection" OR 
"Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical Wound Infection" OR 
"Surgical Infection" OR "Surgical Wound Infections" OR "Surgical Infections" OR 
"Infection" OR "infection" OR "infections" OR "infected" OR "surgical injury" OR 
"surgical injuries" OR "complication" OR "complications" OR "Joint Dislocation" 
OR "Dislocations" OR "Dislocation" OR dislocat* OR "subluxation" OR Subluxat* 
OR "prosthesis loosening" OR "loosening" OR "malalignment" OR "malalignments" 
OR "malaligned" OR "Joint Instability" OR "Instability" OR "Instabilities" OR 
"Patella Dislocation" OR "Patellar Dislocation" OR "Patella Dislocation" OR "Patellar 
Dislocations" OR "Patella Dislocations") AND TI((("variation" OR "variations" OR 
"difference" OR "differences") AND ("Hospital" OR "hospital" OR "hospitals")) 
OR "hospital characteristics" OR "hospital outcome" OR "hospital outcomes" OR 
"international variation" OR "international variations" OR "ranking hospitals" OR 
"hospital rank" OR "hospital ranking" OR "hospital rankings" OR "hospital ranks"))) 

((TI("tha" OR "total hip" OR "Hip Replacement" OR "hip arthroplasty" OR "Hip 
Prosthesis" OR "Hip Prosthesis" OR "Hip Replacement" OR "Hip Arthroplasty" 
OR "Prosthetic Hip" OR "Prosthetic Hip" OR "tka" OR "total knee" OR "Knee 
Replacement" OR "knee arthroplasty" OR "Knee Prosthesis" OR "Knee Prosthesis" OR 
"Knee Replacement" OR "Knee Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic 
Knees" OR (("Arthroplasty" OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint 
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Ch
ap

te
r 

2

Replacement" OR "Joint Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") 
AND ("Hip" OR "hip" OR "hips" OR "Knee" OR "knee" OR "knees"))) AND 
TI("revision rate" OR "revision rates" OR (("revision" OR "revisions") AND ("rate" 
OR "rates" OR "median" OR "mean" OR "percentage" OR "percent" OR percent*)) 
OR "revision" OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR 
"Reoperation" OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of 
Stay" OR "length of stay" OR "lengths of stay" OR "length of stays" OR "lengths of 
stays" OR "stay length" OR "stay lengths" OR "Hospital Readmission" OR "patient 
readmission" OR "hospital readmission" OR "patient re-admission" OR "hospital 
re-admission" OR "readmission" OR "re-admission" OR readmit* OR "re-admit" 
OR "Mortality" OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause 
of Death" OR "fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal 
Outcomes" OR "Survival Rate" OR "complication" OR "Postoperative Complication" 
OR "Prosthesis Complication" OR "Surgical Infection" OR "infectious complication" 
OR "Prosthesis Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related 
Infection" OR "Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical 
Wound Infection" OR "Surgical Infection" OR "Surgical Wound Infections" OR 
"Surgical Infections" OR "Infection" OR "infection" OR "infections" OR "infected" 
OR "surgical injury" OR "surgical injuries" OR "complication" OR "complications" 
OR "Joint Dislocation" OR "Dislocations" OR "Dislocation" OR dislocat* OR 
"subluxation" OR Subluxat* OR "prosthesis loosening" OR "loosening" OR 
"malalignment" OR "malalignments" OR "malaligned" OR "Joint Instability" OR 
"Instability" OR "Instabilities" OR "Patella Dislocation" OR "Patellar Dislocation" 
OR "Patella Dislocation" OR "Patellar Dislocations" OR "Patella Dislocations") 
AND TI((("variation" OR "variations" OR "difference" OR "differences") NEAR5 
("hospital" OR "hospitals")) OR (("variation" OR "variations" OR "difference" 
OR "differences") AND "Hospital") OR "hospital characteristics" OR "hospital 
outcome" OR "hospital outcomes" OR "international variation" OR "international 
variations" OR "ranking hospitals" OR "hospital rank" OR "hospital ranking" OR 
"hospital rankings" OR "hospital ranks")) OR (TI("tha" OR "total hip" OR "Hip 
Replacement" OR "hip arthroplasty" OR "Hip Prosthesis" OR "Hip Prosthesis" OR 
"Hip Replacement" OR "Hip Arthroplasty" OR "Prosthetic Hip" OR "Prosthetic 
Hip" OR "tka" OR "total knee" OR "Knee Replacement" OR "knee arthroplasty" 
OR "Knee Prosthesis" OR "Knee Prosthesis" OR "Knee Replacement" OR "Knee 
Arthroplasty" OR "Prosthetic Knee" OR "Prosthetic Knees" OR (("Arthroplasty" 
OR "Joint Prosthesis" OR "Joint Arthroplasty" OR "Joint Replacement" OR "Joint 
Prosthesis" OR "Prosthetic Joint" OR "Prosthetic Joints") AND ("Hip" OR "hip" 
OR "hips" OR "Knee" OR "knee" OR "knees"))) AND TI("revision rate" OR 
"revision rates" OR (("revision" OR "revisions") NEAR/5 ("rate" OR "rates" OR 
"median" OR "mean" OR "percentage" OR "percent" OR percent*)) OR "revision" 
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OR "Repeat Surgery" OR "Joint Revision" OR "Reoperation" OR "Reoperation" 
OR Reoperat* OR "Re-operation" OR "Re-operat" OR "Length of Stay" OR "length 
of stay" OR "lengths of stay" OR "length of stays" OR "lengths of stays" OR "stay 
length" OR "stay lengths" OR "Hospital Readmission" OR "patient readmission" 
OR "hospital readmission" OR "patient re-admission" OR "hospital re-admission" 
OR "readmission" OR "re-admission" OR readmit* OR "re-admit" OR "Mortality" 
OR "mortality" OR mortalit* OR "death" OR "deaths" OR "Cause of Death" OR 
"fatality rate" OR "fatality rates" OR "Fatal Outcome" OR "Fatal Outcomes" OR 
"Survival Rate" OR "complication" OR "Postoperative Complication" OR "Prosthesis 
Complication" OR "Surgical Infection" OR "infectious complication" OR "Prosthesis 
Failure" OR "Prosthesis-Related Infections" OR "Prosthesis-Related Infection" OR 
"Prosthesis Infections" OR "Prosthesis Infection" OR "Surgical Wound Infection" OR 
"Surgical Infection" OR "Surgical Wound Infections" OR "Surgical Infections" OR 
"Infection" OR "infection" OR "infections" OR "infected" OR "surgical injury" OR 
"surgical injuries" OR "complication" OR "complications" OR "Joint Dislocation" 
OR "Dislocations" OR "Dislocation" OR dislocat* OR "subluxation" OR Subluxat* 
OR "prosthesis loosening" OR "loosening" OR "malalignment" OR "malalignments" 
OR "malaligned" OR "Joint Instability" OR "Instability" OR "Instabilities" OR 
"Patella Dislocation" OR "Patellar Dislocation" OR "Patella Dislocation" OR "Patellar 
Dislocations" OR "Patella Dislocations") AND TI((("variation" OR "variations" OR 
"difference" OR "differences") AND ("Hospital" OR "hospital" OR "hospitals")) 
OR "hospital characteristics" OR "hospital outcome" OR "hospital outcomes" OR 
"international variation" OR "international variations" OR "ranking hospitals" OR 
"hospital rank" OR "hospital ranking" OR "hospital rankings" OR "hospital ranks"))) 

AND py=(2009 OR 2010 OR 2011 OR 2012 OR 2013 OR 2014 OR 2015 OR 
2016 OR 2017 OR 2018 OR 2019 OR 2020)
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Appendix IV Measurements to report between-hospital variation for length-of-stay 

Length-of-stay

Studies (n=9) Registry reports 
(n=1)

THA (n=6)
[12A,12B,15, 
16,30,32]

TKA (n=8)
[8,12A,12B,16,18A, 

18B,30,32]

THA&TKA 
(n=3)

[9,19,30]

TKA (n=1)
[F]

1a) Outcome definition I
 Nights spent in hospital
 Post-operative stay
 Total LOS
 +LOS rehabilitation centre
 Unclear

[15,30]
[12A,12B]

[16]
[32]
---

[8,30]
[12A,12B,18A,18B]

[16]
[32]
---

[30]
---
---
---

[9,19]

---
[F]
---
---
---

1b) Outcome definition II
 LOS (days)
 Extended LOS (%)

[12A,15,16,30,32]
[12B]

[8,12A,16-32]
[12B]

[9,30]
[19]

[F]
---

2) Case-mix adjusted
 Yes
 No

[12B]
[12A,15,16,30,32]

[12B]
[8,12A,16-32]

---
[9-30]

---
[F]

3a) Type of patient selected
 Age selection(s)
 Osteoarthritis
 No trauma patients
 Medicare patients
 Elective surgery
 Matching of patient groups
 No selections

[12A,12B,30]
---

[15]
---

[12A,12B]
[15,16]

32

[12A,12B,30]
---
[8]

[18A,18B]
[12A,12B]

[8,16]
[32]

[30]
[19]
---
---
---
---
[9]

---
---
---
---
---
---
[F]

3b) Type of hospitals selected
 Academic hospitals
 Non-academic hospitals
 Critical pathway hospitals
 Non-critical pathway hospitals
 Unclear
 No selections

---
[12A,12B]

---
---

[32]
[15,16,30]

---
[12A,12B]

[18A]
[18B]
[32]

[8,16,30]

[9]
---
---
---
---

[19,30]

---
---
---
---
---
[F]

The definitions for length-of-stay were defined for 5 domains. The numbers in brackets correspond to the study numbers 
from Table 1A and the letters in brackets correspond to the report codes from Table 1B.
LOS=length-of-stay ; THA=total hip arthroplasty; TKA=total knee arthroplasty.
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Appendix VI Measurements to report between-hospital variation for mortality

Mortality

Studies (n=1) Registry reports (n=2)
THA (n=2)

[6A,6B]
THA (n=1)

[E]
TKA (n=1)

[C]
1) Outcome definition
 Post-operative [6A,6B] [E] [C]
2) Follow-up
 Within 30 days
 Within 90 days

[6A,6B]
---

---
[E]

---
[C]

3) Case-mix adjusted
 Yes
 No

[6A,6B]
---

---
[E]

---
[C]

4a) Type of patient selected
 Age
 Medicare patients
 Multiple selections were made

[6A,6B]
[6A,6B]

---

---
---
[E]

---
---
---

4b) Type of hospitals selected
 Honor roll hospitals
 Affiliated honor roll hospitals

[6A]
[6B]

---
---

---
---

The definitions for mortality were defined for 5 domains. The numbers in brackets correspond to the study numbers from 
Table 1A, and the letters in brackets correspond to the report codes from Table 1B.





Chapter 3
Between-Hospital Variation in Revision Rates 

After Total Hip and Knee Arthroplasty in  
the Netherlands

Directing Quality-Improvement Initiatives

Peter van Schie1,2, Liza N. van Steenbergen3, Leti van Bodegom-Vos2, Rob G.H.H. 
Nelissen1, Perla J. Marang- van de Mheen2

1. Department of Orthopaedics, Leiden University Medical Centre, Leiden, Netherlands;
2. Department of Biomedical Data Sciences, Medical Decision Making, Leiden University Medical Centre, 

Leiden, Netherlands;
3. Dutch Arthroplasty Register (LROI), ‘s-Hertogenbosch, Netherlands.

J Bone Joint Surg Am. 2020 Feb 19;102(4):315-324



Chapter 1

90

Abstract

Background
Variation in 1-year revision rates between Dutch hospitals after primary total hip and 
knee arthroplasty (THA and TKA) may direct quality-improvement initiatives if this 
variation accurately reflects true hospital differences. The aim of the present study was 
to assess the extent of variation, both overall and for specific indications, as well as the 
statistical reliability of ranking hospitals.

Methods
All primary THAs and TKAs that were performed between January 2014 and 
December 2016 were included. Observed/expected (O/E) ratios regarding 1-year 
revision rates were depicted in a funnel plot with 95% control limits to identify 
outliers based on 1 or 3 years of data, both overall and by specific indication for 
revision. The expected number was calculated on the basis of patient mix with use of 
logistic regression models. The statistical reliability of ranking hospitals (rankability) 
on these outcomes indicates the percentage of total variation that is explained by 
“true” hospital differences rather than chance. Rankability was evaluated using fixed 
and random effects models, for overall revisions and specific indications for revision, 
including 1 versus 3 years of data.

Results
The present study included 86,468 THAs and 73,077 TKAs from 97 and 98 hospitals, 
respectively. Thirteen hospitals performing THAs were identified as negative outliers 
(median O/E ratio, 1.9; interquartile range [IQR], 1.5-2.5), with 5 hospitals as 
outliers in multiple years. Eight negative outliers were identified for periprosthetic 
joint infection; 4, for dislocation; and 2, for prosthesis loosening. Seven hospitals 
performing TKAs were identified as negative outliers (median O/E-ratio, 2.3; IQR, 
2.2-2.8), with 2 hospitals as outliers in multiple years. Two negative outlier hospitals 
were identified for periprosthetic joint infection and 1 was identified for technical 
failures. The rankability for overall revisions was 62% (moderate) for THA and 46% 
(low) for TKA.

Conclusion
There was large between-hospital variation in 1-year revision rates after primary 
THA and TKA. For most outlier hospitals, a specific indication for revision could be 
identified as contributing to worse performance, particularly for THA; these findings 
are starting points for quality-improvement initiatives.
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Introduction

Recent studies showed variation in hospital performance after total hip arthroplasty 
(THA) and total knee arthroplasty (TKA) in terms of outcomes such as length of stay, 
readmission, complications, allogeneic blood transfusion, and mortality as well as 
costs, suggesting that improvement is possible for some hospitals(1-10). For instance, 
a fivefold-higher postoperative complication rate was found in some United States 
hospitals compared with others, which may be due to patient characteristics, true 
hospital differences, and random variation(2,9). The statistical reliability of ranking 
(rankability) indicates the percentage of variation that is due to “true” hospital 
differences as opposed to random (chance) variation(11-16). Random variation is 
particularly likely if the number of events is small(17). Therefore, rankability adds 
crucial information to calculated between-hospital variation in clinical outcomes. 
Conclusions about the quality of care delivered are only reliable if an outcome is 
ranked reliably.

Most arthroplasty registries publish annual reports with the aim of monitoring 
hospital performance and providing hospitals with feedback. In orthopaedics, the 
1-year revision rate is an important clinical outcome that is often used to monitor 
the quality of care delivered. The consequences of revision—both for the patient and 
in terms of associated costs—are considerable. Because of low revision rates, several 
years of outcomes are usually combined to have more events(18-20). As a result, it 
may take longer before deteriorating hospital performance is noticed. However, if the 
rankability for single years of data analysis is acceptable, a reliable earlier signal can be 
given when performance deteriorates. Furthermore, variation in 1-year revision rates 
for specific indications (infection, dislocation, etc.) may direct quality-improvement 
initiatives for worse-performing hospitals. The variation in 1-year revision rates among 
hospitals is currently unknown, as are the variations for specific indications and the 
statistical reliability of ranking on revisions.

The aims of the present investigation were (1) to assess the extent of variation in 1-year 
revision rates between Dutch hospitals after primary THA and TKA procedures in 
the period 2014-2016 and (2) to estimate rankability to determine the extent to 
which our findings represent true hospital differences. In both cases, we evaluated 
both 3 years of procedures as well as single years for both overall revision and specific 
indications for revision.
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Materials and Methods

Study design and setting
This observational study used routinely collected data from the nationwide Dutch 
Arthroplasty Register (LROI). The LROI was established in 2007, and by 2012 all 
Dutch hospitals were participating. For every arthroplasty procedure, the product 
number of the implanted component is registered to identify the prosthesis, as 
well as the encrypted social security number of each patient so that it is possible to 
connect a revision procedure to the hospital where the primary procedure took place. 
Surgeons provide information about the procedure, patient characteristics, and any 
possible revisions (including the type of, and indication for, revision). The vital status 
of patients (dead or alive) is obtained from Vektis, the Dutch insurance health-care 
database. The LROI uses the opt-out system for informed consent, whereby patients 
must actively object in order not to be included. The completeness of data on primary 
THA and TKA procedures is checked against hospital electronic health records and 
currently exceeds 98% for primary procedures and 96% for revisions, meaning that 
>98% of primary procedures performed are included in the register(21,22). THAs 
were performed at 97 hospitals, and TKAs were performed at 98.

Patients and outcomes
Anonymous data on all Dutch patients undergoing a primary THA or TKA procedure 
between January 2014 and December 2016 were included. The following patient 
characteristics that may influence the need for revision were recorded: age, sex, body 
mass index (BMI), smoking status (yes or no), American Society of Anaesthesiologists 
(ASA) classification (I, II, III-IV), Charnley score (A, B1, B2, C, not applicable), and 
diagnosis (osteoarthritis or non-osteoarthritis)(23). Revision within 1 year (yes or no) 
was the primary outcome measure (defined as exchange, removal, or addition of any 
component). When a revision was performed, surgeons registered 1 of the available 
indications for revision:
· THA: wear (cup and/or insert), dislocation, prosthesis removal, prosthesis 

loosening (femur and/or acetabulum), periarticular ossification, symptomatic 
metal-on-metal bearing;

· TKA: patellar pain, wear (modular tibial polyethylene insert), patellar dislocation, 
malalignment, instability, prosthesis loosening (femur, tibia, and/or patella), 
progressive patellofemoral osteoarthritis, arthrofibrosis;

· THA and TKA: periprosthetic joint infection, periprosthetic fracture, “other” 
indication.
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To direct quality-improvement initiatives if a hospital performed more revisions than 
expected given its patient mix, the indications for revision were categorized into the 
following groups:
· THA: infection, loosening (acetabular and/or femur), and dislocation; 

· TKA: infection, loosening (femur, tibia, and/or patella), and technical failure 
(malalignment, instability, and/or patellar dislocation).

Statistical analysis
First, we estimated the between-hospital variation in 1-year revision rates after primary 
THA and TKA procedures, with adjustment for differences in patient mix (using the 
same method as the LROI). For each patient, the expected revision risk was calculated 
with use of logistic regression analysis, with all of the patient characteristics listed 
above as independent variables and 1-year revision the dependent variable. Missing 
patient characteristic values (<10% for all variables) were imputed with the mean for 
numeric variables or the mode for categorical variables (so that the most frequently 
occurring category was imputed). All expected revision risks at the patient level were 
summed within a hospital to obtain the aggregated expected number (E) of revisions 
per hospital. The observed number (O) of revisions per hospital was then divided by 
the expected number to calculate an O/E ratio for each hospital.

The O/E ratios were depicted in a funnel plot with 95% control limits, including 3 
years of procedures (2014-2016) and single years(24). Hospitals outside these limits 
either have significantly lower revision rates than expected and thus perform better 
(positive outlier, represented by green dots on the funnel plot) or have significantly 
higher revision rates and perform worse (negative outlier, represented by red dots on 
the funnel plot). Hospitals within these limits do not perform different than expected. 
Feedback based on a single year of performance data may be given sooner, but 3-year 
data may have better power. The analyses were repeated for specific indications for 
revision as these indications might point to starting points for quality improvement.

Statistical reliability of  ranking (Rankability)
Rankability was introduced in previous research and refers to the statistical reliability 
of ranking hospitals(11-13). Rankability reflects a signal-to-noise ratio and is expressed 
as the percentage of the hospital variation being due to ‘true’ hospital differences 
rather than chance variation with use of the following equation(11-14):

SSttaattiissttiiccaall  aannaallyyssiiss  

First, we estimated the between-hospital variation in 1-

procedures, with adjustment for differences in 

patient characteristics listed above as independent variables and 1-

variables or the mode for categorical variables (so that the most frequently occurring category was 

imputed). All expected revision risks 

hospital was then divided by the expected number to calculate an O/E ratio for each hospital.  

(2014-2016) and single years(24)

plot) or have significantly higher revision rates and perform worse (negative o

based on a single year of performance data may be given sooner, but 3-

The analyses were repeated for specific indications for revision as these indications might point to 

starting points for quality improvement. 

 

Statistical reliability of ranking (Rankability) 

hospitals(11-13). Rankability reflects a signal-to-

following equation(11-14): 

Rankability = Between−hospital variation(τ2)
Between−hospital variation(τ2) + Within−hospital variation(σ2)

 𝑋𝑋𝑋𝑋 100%  
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Between-hospital variation was estimated with use of a random effects logistic regression 
model to adjust for clustering of patients within hospitals, with the hospital variable as 
a random factor and patient characteristics as fixed factors. Within-hospital variation 
was estimated with use of a fixed effect logistic regression model, with all patient 
characteristics as fixed factors to adjust for patient mix and hospital as a categorical 
variable. The median squared standard error (SE) of the hospital estimate was taken to 
represent the within-hospital variance(15). The between and within-hospital variation 
from these models are included in the equation above to evaluate the extent to which 
hospital variation can be attributed to “true” hospital differences. If the within-hospital 
variation is relatively large, for example, as a result of low-frequency outcomes, it will 
become harder to detect any between-hospital differences. Rankability was classified 
as low (<50%), moderate (50% to 75%), or high (>75%), as previously suggested(15). 
Rankability was determined for THA and TKA separately for both 3 years and single 
years of data as well as by the indication for revision. If hospitals are ranked reliably 
over a shorter period of time (e.g., single years), deteriorating hospital performance is 
identified sooner and hospitals do not have to wait several years for data, potentially 
preventing more failures from occurring(16).

The analyses on hospital variations were performed with use of SPSS (version 23; IBM). 
Analyses on rankability were performed with use of STATA (version 14; StataCorp). 
The LUMC Medical Ethical Committee waived the need for ethical approval under 
Dutch law.

Results

In total, 86,468 primary THA procedures from 97 hospitals and 73,077 primary TKA 
procedures from 98 hospitals were included. Less than 4% of patient mix variables 
were missing, except for smoking, which was below 10%. The average 1-year revision 
rate across all patients was 1.8% for THA and 1.2% for TKA, with a median rate per 
hospital of 1.6% (interquartile range [IQR], 1.0%-2.3%) for THA and 1.1% (IQR, 
0.7%-1.6%) for TKA (Table I).
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Table I Distribution of Patient Characteristics and 1-Year Revisions in Dutch Hospitals in the Period 2014-2016.

THA (n=97 hospitals) TKA (n=98 hospitals)
Median (IQR) Range Median (IQR) Range 

Procedures (n) 759 (526-1173) 2-2502 699 (463-938) 9-1998
Mean age (years) 69.3 (67.8-70.1) 50.6-71.8 68.8 (67.4-69.7) 56.5-72.2
Gender, female (%) 66.1 (63.3-68.0) 0.0-74.1 65.2 (61.9-67.8) 8.3-100.0
Mean BMI (kg/m2) 27.3 (27.0-27.8) 25.9-28.6 29.8 (29.3-30.4) 20.5-31.0
Smoking (%) 13.2 (10.7-15.2) 0.0-27.9 9.8 (8.4-11.8) 1.0-20.5
ASA classification (%)
•  ASA I 17.4 (14.2-21.4) 3.3-100 11.8 (9.8-16.0) 3.8-54.5
•  ASA II 65.0 (59.8-70.4) 0.0-96.7 68.7 (63.7-73.6) 42.5-91.6
•  ASA III-IV 15.6 (11.5-20.4) 0.0-40.1 16.6 (10.8-21.8) 0.0-50.6
Charnley score (%)
•  A 49.3 (43.7-53.9) 23.7-78.2 45.3 (35.6-52.4) 13.1-100.0
•  B1 27.8 (22.9-33.4) 3.6-50.7 33.0 (27.3-40.3) 0.0- 57.8
•  B2 20.1 (18.1-22.9) 4.7-28.3 19.4 (16.2-21.5) 0.0-28.0
•  C 1.9 (1.0-3.3) 0.0-12.2 2.3 (1.1-4.2) 0.0-17.4
Diagnosis (%)
•  OA 87.1 (83.5-90.8) 42.2-100.0 96.6 (95.5-97.9) 58.6-100.0
•  Non-OA 12.9 (9.3-16.5) 0.0-57.8 3.4 (2.1-4.5) 0.0-41.4
1-year revision (%) 1.6 (1.0-2.3) 0.0-7.0 1.1 (0.7-1.6) 0.0-16.7
•  Infection* 0.3 (0.1-0.8) 0.0-4.5 0.3 (0.1-0.6) 0.0-8.3
•  Loosening** 0.3 (0.1-0.4) 0.0-1.5 0.1 (0.0-0.2) 0.0-1.0
•  Dislocation*** 0.5 (0.2-0.8) 0.0-2.5
•  Technical failure**** 0.3 (0.1-0.5) 0.0-8.3

The values under ‘’Median (IQR)’’ indicate the mean or the percentage of the median hospital. The value under ‘’Range’’ 
indicate the highest or lowest mean or percentage of the hospitals. ASA = American Society of Anaesthesiologists, BMI 
= body mass index, IQR = Interquartile range, OA = osteoarthritis, THA = total hip arthroplasty and TKA = total knee 
arthroplasty. 
*Revision within 1 year because of infection. **Revision within 1 year because of prosthesis loosening; following THA 
(acetabulum and/or femur or TKA (femur, tibia and/or patella). ***Revision within 1 year because of dislocation follow-
ing THA only. ****Revision within 1 year because of technical failure (malalignment, instability and/or patella disloca-
tion) following TKA only. 
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Figure 1 Funnel-plot of Hospital Variation in 1-year Revisions after THA during 2014-2016.

Figure 2 Funnel-plot of Hospital Variation in 1-year Revisions after TKA during 2014-2016.
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Hospital variation
Thirteen hospitals performing THA were negative outliers (median O/E ratio, 1.9; 
IQR, 1.5-2.5), and 18 hospitals were positive outliers (median O/E ratio, 0.4; IQR, 
0.3-0.5) (Fig. 1). Seven hospitals performing TKA were negative outliers (median 
O/E ratio, 2.3; IQR, 2.2-2.8), and 14 hospitals were positive outliers (median O/E 
ratio, 0.3; IQR, 0.2-0.5) (Fig. 2). Of the 13 negative outliers for THA, 1 hospital was 
an outlier in all 3 years, 4 were outliers in 2 years, 6 were outliers in 1 year, and 2 were 
not an outlier in any year (Table II). Of the 7 negative outliers for TKA, 2 hospitals 
were an outlier in 2 years, 4 hospitals were an outlier in 1 year, and 1 hospital was not 
an outlier in any single year (Table III). Some outliers in the 3-year period were not 
an outlier in any single year because only slightly more revisions were performed than 
expected, causing the difference to become significant only when a lager sample size 
was available (e.g., hospital 4) (Table II) or because the low volume of procedures at 
that hospital resulted in wider funnel-plot control limits reflecting the smaller sample 
size (e.g., hospital 90) (Table II).

Table II Outlier Hospitals with Significantly More Revisions Than Expected Within 1 Year After THA During 2014-
2016 According to Year.

THA outliers (n=13 hospitals)

Hospital
2014-2016

O/E
2014
(O/E)

2015
(O/E)

2016
(O/E)

4 1.4
6 1.5 2.1 1.8
9 2.5 2.2 2.6 2.6
13 1.5 1.8
14 1.4 2.3
21 2.1 3.1 1.9
28 1.8 2.3 1.8
33 2.1 2.1 2.6
37 1.6 2.3
52 1.9 2.5
87 2.7 4.9
88 3.3 5.2
90 2.6

Median (IQR) for negative outliers 1.9 (1.5-2.5) 2.3 (2.2-2.5) 2.3 (2.1-2.5) 2.6 (1.8-2.6)
Median (IQR) for non-negative outliers 0.9 (0.5-1.1) 0.8 (0.5-1.2) 0.8 (0.5-1.2) 0.8 (0.4-1.4)

*An O/E-ratio is only provided for negative outliers during the 3-year and 1-year periods. IQR = Interquartile range, 
O/E = observed number of revisions within 1 year divided by the expected number of revisions within 1 year based on 
patient-mix, and THA = total hip arthroplasty. 
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Table III Outlier Hospitals with Significantly More Revisions Than Expected Within 1 Year After TKA During 2014-
2016 According to Year.

TKA outliers (n=7 hospitals)
Hospital 2014-2016

O/E
2014
(O/E)

2015
(O/E)

2016
(O/E)

9 2.2 2.4 2.4
35 2.3 3.3
39 2.0
41 2.3 4.0
87 2.8 8.9 3.8
89 2.7 4.7
95 13.3 43.9

Median (IQR) for negative outliers 2.3 (2.2-2.8) 23.6 (13.5-33.8) 5.7 (4.0-7.3) 3.9 (3.5-4.2)
Median (IQR) for non-negative outliers 0.8 (0.6-1.2) 0.9(0.4-1.6) 0.9 (0.3-1.3) 0.9 (0.5-1.2)

An O/E-ratio is only provided for negative outliers during the 3-year and 1-year periods. IQR = Interquartile range, 
O/E = observed number of revisions within 1 year divided by the expected number of revisions within 1 year based on 
patient-mix, and TKA = total knee arthroplasty. 

Of the 13 negative outliers for THA, 8 hospitals had more revisions for infection 
(with the cup and/or stem being replaced in 13% of cases), 4 had more revisions for 
dislocation, and 2 had more revisions for prosthesis loosening. Two hospitals had 
more revisions for both infection and dislocation. For 1 negative outlier, no specific 
indication was found. Four hospitals had more revisions for infection in multiple 
years, and 1 hospital had more revisions for dislocation in multiple years (Table IV). 
Of the 7 negative outliers for TKA, 2 hospitals had more revisions for infection (with 
the tibial and/or femoral component being replaced in 13% of cases), with 1 hospital 
having more infections in all single years. Furthermore, 1 hospital had more technical 
failures (Table V).

Statistical reliability of  ranking (Rankability)
Rankability for overall revision during 2014 to 2016 was 62% (moderate) for THAs 
and 46% (low) for TKAs, indicating that 62% of the observed variation for THAs and 
46% for TKAs reflect “true” hospital differences rather than random variation. For 
THA, the 3-year indication-specific rankabilities were 61% (moderate) for infection, 
39% (low) for dislocation, and 32% (low) for loosening. Rankabilities in single years 
were low (Table VI). For TKA, these values were 43% (low) for infection, 14% (low) 
for technical failures, and 11% (low) for loosening. Rankabilities for single years were 
low (Table VI).
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Table VI Rankabilities of 1-Year Revision Rates per Reason for Revision during 2014-2016 According to Year.

1-year reason for revisions 2014-2016 2014 2015 2016

THA
Infection 61% 34% 36% 31%
Prosthesis loosening 32% 23% 28% 23%
Dislocation 39% 29% 18% 15%

TKA
Infection 43% 28% 19% 39%
Prosthesis loosening 11% 15% 25% 8%
Technical failure 14% 6% 10% 13%

THA = total hip arthroplasty, TKA = total knee arthroplasty. 

Discussion

The present study demonstrated large variation in overall 1-year revision rates as well 
as indication-specific 1-year revision rates between Dutch hospitals after primary THA 
and TKA. For THA, 13 hospitals performed significantly worse than expected and 18 
hospitals performed significantly better than expected during 2014-2016. For TKA, 
these values were 7 and 14 hospitals, respectively. Eleven of the 13 negative outliers 
for THA and 6 of the 7 outliers for TKA were an outlier for 1 or more single years. 
When 3 years of data on specific indications were included, worse performance was 
identified for 12 of the 13 outlier hospitals for THA and 3 of the 7 outlier hospitals for 
TKA, with the specific indications consisting mainly of infection (after both THA and 
TKA) as well as dislocation (after THA). These findings are starting points for further 
in-depth hospital-based investigations to improve quality of care. When 3 years of 
data were used, rankability was moderate for THA and low for TKA. For single years 
of data, rankabilities were all low. When 3 years of data on specific indications were 
used, rankabilities were low for both THA and TKA, with the exception of infection 
after THA, for which rankability was moderate. Therefore, we would recommend 
using 3 years of data to reliably rank hospitals on their revision rates and identify areas 
for improvement.

Comparison with the literature
Neither hospital variation nor the statistical reliability of ranking hospitals on 1-year 
revision rates after primary THA and TKA have been described previously, to our 
knowledge. However, hospital variation for other outcomes has been described. U.S. 
studies have shown large variation in terms of the rates of complications (range, 
1.8% to 9.0%) and blood transfusions (median, 15.9% [IQR, 5.4% to 26.2%] 
for THA and 11.0% [IQR, 3.5% to 18.5%] for TKA)(2,9). A Dutch study found 
large variation in allogeneic blood transfusions (O/E-ratio range, 0.0-4.4) but also 
showed that the reliability of ranking was only 34% for THA and 21% for TKA(6). 
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Hofstede et al. showed large between-hospital variation in the number of patients 
with a prolonged length of hospital stay and the number of acute readmissions after 
THA and TKA, with high and low rankability for these outcomes, respectively (16). 
For other outcomes and diseases, rankability was mostly moderate at best. Lingsma 
et al. found a rankability of 55% for a “poor” outcome after acute brain ischemia, 
and Henneman et al. found a rankability of 35% for mortality after colorectal cancer 
surgery(11,14). Only for surgical site infection after colectomy was a high rankability 
previously found(16). The present study demonstrated moderate rankability for 
revision after THA, which seems in line with previous findings.

Strengths and limitations
A strength of the present study is that a large population-based registry with 
completeness of >98% was used(21,22). However, low 1-year revision rates make 
detection of hospital differences difficult. In addition, low-volume hospitals are more 
difficult to monitor compared with high-volume hospitals because they can escape the 
outlier status in the funnel plot as a result of the higher uncertainty embedded in their 
revision estimates. This is reflected in a large range between upper and lower control 
limits for low-volume hospitals (on the left side of the funnel plot), which means 
that a higher O/E-ratio is needed to become an outlier compared with high-volume 
hospitals (on the right side of funnel plot). However, in this cohort, only 6 hospitals 
performed <25 THAs per year and 3 hospitals performed <25 TKAs per year.

The limitations of the present study are that limited patient variables are collected 
in registries, causality cannot be proven due to its observational nature, and there 
may be underreporting of revisions. However, given the high completeness of the 
LROI database for primary and revision procedures (currently exceeding 98% and 
96%, respectively), underreporting is unlikely to affect the results(21,22). Only if a 
revision were performed abroad would it be missed in the registry. Another limitation 
may be underreporting of periprosthetic joint infections as incision and drainage 
is not reported when no prosthesis component is exchanged or removed(25,26). 
In the Netherlands, the exchange of loose prosthetic components during acute 
periprosthetic joint infection became standard care in 2015, which likely resulted in 
some underreporting before 2015(27). Limited data on patient characteristics were 
available, thereby limiting the possibility of case-mix correction. This factor might 
have resulted in overestimation of the differences now attributed to quality of care. For 
example, diabetes mellitus or the use of immunosuppressants influence the revision 
risk, but data on these factors were not available(28).
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Implementation and further research
Determining hospital variation and detecting outliers seem to be a simple and 
efficient way to get insight into hospital performance, provided that this variation 
reflects “true” hospital differences with minimal random variation(12,15,29,30). 
A categorization for rankability is still arbitrary but is suggested to be good when 
>75%(13,14,31,32). Our results showed moderate rankability for THA for both 
the overall revision rate (62%) and infection (61%) on the basis of 3 years of data. 
For single years, the rankabilities were all low, making these outcomes less useful for 
reliably assessing performance in practice. 

In 2017, the Dutch Orthopaedic Association started a procedure to detect possible 
negative outlier hospitals and to discuss activities to improve care, resulting in a 
customized plan of improvement(33). The present study used the same outlier 
procedure, while adding indications for revision as a method to direct quality-
improvement initiatives. Most outliers for overall revision were also outliers for a 
specific indication for revision, so adding these analyses seems a useful addition to 
direct improvement activities. Although part of the variation may be surgeon-related 
(e.g., surgical approach), the current approach is likely to provide a broader overview 
to improve the quality of care given (e.g., individual surgeons are dependent on their 
team to achieve the best outcomes). Furthermore, having more revisions for infection 
is likely not surgeon-related but rather is due to antibiotic prophylactic protocol and 
implementation, wound-care policy, preoperative preparation of the patient with 
chlorhexidine, and so on. 

In the future, other outcome measures associated with quality of care after THA and 
TKA should be used, such as length of hospital stay, readmissions, and patient-reported 
outcome measures, provided that these outcomes have sufficient rankability. The use of 
moving periods of 3-year data over time may be useful for follow-up research because 
this method reliably examines the outcome over several years. Furthermore, another 
option might be to combine outcomes in an ordinal composite measure, which would 
improve rankability and thereby the ability to detect “true” hospital differences while 
also providing a broader quality-of-care perspective than 1 single indicator(16). In 
addition, other methods such as statistical process control techniques may enable 
detection of worsening performance sooner and thereby also improve the quality of 
care. 
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Conclusion

Large variation in 1-year revision rates after THA and TKA between Dutch hospitals 
was identified. The majority of outliers could be linked to a specific indication for 
revision, which gives clear starting points for quality-improvement initiatives. Earlier 
detection of worse performance by using a single year of data had low reliability.
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Abstract

Background
Given the low early revision rate after total hip arthroplasty (THA) and total knee 
arthroplasty (TKA), hospital performance is typically compared using 3 years of 
data. The purpose of this study was to assess how much earlier worsening hospital 
performance in 1-year revision rates after THA and TKA can be detected.

Methods
All 86,468 THA and 73,077 TKA procedures performed from 2014 to 2016 and 
recorded in the Dutch Arthroplasty Register were included. Negative outlier hospitals 
were identified by significantly higher O/E (observed divided by expected) 1-year 
revision rates in a funnel plot. Monthly Shewhart p-charts (with 2 and 3-sigma control 
limits) and cumulative sum (CUSUM) charts (with 3.5 and 5 control limits) were 
constructed to detect a doubling of revisions (odds ratio of 2), generating a signal when 
the control limit was reached. The median number of months until generation of a first 
signal for negative outliers and the number of false signals for non-negative outliers were 
calculated. Sensitivity, specificity and accuracy were calculated for all charts and control 
limit settings, using outlier status in the funnel plot as the golden standard.

Results
The funnel plot showed that 13 of 97 hospitals had significantly higher O/E 1-year 
revision rates and were negative outliers for THA and 7 of 98 hospitals had significantly 
higher O/E 1-year revision rates and were negative outliers for TKA. The Shewhart 
p-chart with the 3-sigma control limit generated 68 signals (34 false-positive) for THA 
and 85 signals (63 false-positive) for TKA. The sensitivity for THA and TKA was 92% 
and 100% respectively; the specificity was 69% and 51%, respectively; and the accuracy 
was 72% and 54%, respectively. The CUSUM chart with a 5 control limit generated 
18 signals (1 false-positive) for THA and 7 (1 false-positive) for TKA. The sensitivity 
was 85% and 71% for THA and TKA, respectively; the specificity was 99% for both; 
and accuracy was 97% for both. The Shewhart p-chart with a 3-sigma control limit 
generated the first signal for negative outliers after a median of 10 months [Interquartile 
range (IQR):2 to 18] for THA and 13 months [IQR:5 to 18] for TKA. The CUSUM 
charts with a 5 control limit generated the first signal after a median of 18 months 
[IQR:7 to 22] for THA and 21 months [IQR:9 to 25] for TKA. 

Conclusion
Monthly monitoring using CUSUM charts with a 5 control limit enables earlier 
detection of worsening 1-year revision rates with accuracy so that initiatives to 
improve care can start earlier.
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Introduction

Most arthroplasty registries publish annual reports including funnel plots for binary 
clinical outcomes, with the purpose of monitor hospital performance and providing 
feedback. Funnel plots are graphical tools to compare outcomes with those of other 
hospitals and detect hospitals performing significantly better or worse in terms of 
these outcomes. In orthopaedics, the 1-year revision rate is an important performance 
indicator to monitor quality of hospital care. Consequences of a revision are dramatic 
for patients and entail considerable costs. However, due to low event rates for 1-year 
revision as well as for many orthopaedic performance outcomes, multiple years of 
outcomes are usually combined in funnel plots to obtain detectable and reliable 
hospital differences.(1-6) Because arthroplasty registries typically combine 3 years of 
data, it may take a long time before deteriorating performance is noticed, resulting 
in late action plans to improve care.(3) Thus, more frequent monitoring of clinical 
endpoints such as 1-year revision rates is needed, as are reliable and earlier signals if 
outcomes deteriorate.

Statistical Process Control (SPC) charts such as Shewhart p-charts and Cumulative 
SUM (CUSUM) charts may offer additional information because the performance is 
plotted more frequently over time (for example, monthly). Several good clinical studies 
and the focus to improve the quality of care, led to growing interest in these charts.
(7-16) SPC-charts with their control limits can distinguish between an “in-control” 
process, showing only chance variation within control limits, and an “out-of-control” 
process showing systematic (special-cause) variation and generating a signal (alert) 
when the control limit is reached.(17) However, with SPC charts there is a trade-
off between the number of false positive and the number of false negative signals, 
determined by the level at which control limits are set. In practice, minimization of 
the number of false-positive signals in particular is recommended because they may 
result in alert and improvement fatigue by clinicians.(18,19) 

Various SPC charts are available, but there is uncertainty about which chart and 
control limit to choose.(20,21) In the present study we opted for Shewhart p-charts 
and CUSUM charts. The Shewhart p-chart is considered to be accessible, especially 
with regard to implementation and easy interpretation.(22) However, the CUSUM 
chart has superior performance in detecting small (<10%) and large (>10%) increases 
in event rates.(13,22-24) These two SPC charts thus seemed logical candidates to 
test. The authors of a previous orthopaedic study already described CUSUM charts 
implementation, but did not address how much earlier a signal was generated or its 
reliability compared with the more commonly used funnel plot, which seems crucial 
for these techniques to be accepted in routine clinical practice.(25)
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The aim of this study was to assess the extent to which Shewhart p-charts and CUSUM 
charts enable monitoring such that worsening 1-year revision total hip arthroplasty 
(THA) or total knee arthroplasty (TKA) rates in Dutch hospitals are detected earlier 
within a timeframe of 3 years, with good sensitivity, specificity and accuracy, compared 
with the current method of arthroplasty registries using funnel plots.

Methods

Study design 
This observational study used routinely collected data from the nationwide Dutch 
Arthroplasty Register (Landelijke Registratie Orthopedische Implantaten (LROI)).
(6) Data completeness in this register is checked against in-hospital patient records 
and currently exceeds 98% for primary arthroplasties and 96% for revisions.(26,27)

Study population
All Dutch patients who underwent a primary THA or TKA procedure from January 
2014 to December 2016 as recorded in the LROI were included. The following patient 
characteristics were available: age, sex, body mass index (BMI, kg/m2), smoking (yes 
or no), American Society of Anaesthesiologists (ASA) classification (I,II,III-IV), 
Charnley score (A,B1,B2,C, and not applicable) and diagnosis (osteoarthritis or non-
osteoarthritis).(28) Revision within one year (yes or no) was the primary outcome 
measure (defined as replacement, removal or addition of any component).

Statistical analysis
The between-hospital variation in 1-year revision rates after primary THA and TKA 
during 2014-2016 was estimated, applying the same method as used by the LROI. 
For each patient the expected revision risk was calculated using logistic regression 
analysis, including all patient characteristics described above as independent variables 
and 1-year revision as the dependent variable. Missing patient characteristic values 
(<10% for all variables) were imputed with the mean for numeric variables or the 
mode for categorical variables (meaning that the most frequently occurring category 
was imputed). All expected revision risks were then summed within a hospital to 
obtain the aggregated expected number (E) of revisions per hospital. The observed 
numbers (O) divided by expected numbers were depicted in a funnel plot with 95% 
control limits. Negative outlier hospitals are those outside the upper limit, meaning 
that they had significantly higher revision rates than expected given their patient-mix. 
Positive outlier hospitals are those outside the lower limit, meaning that they had 
significantly lower revision rates.
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Second, the extent to which SPC-methods can generate an earlier signal for 
deteriorating performance within a 3-year time frame was estimated. Risk-adjusted 
monthly Shewhart p-charts (with 2 and 3-sigma control limits) and risk-adjusted 
log-likelihood CUSUM charts (with 3.5 and 5 control limit) for 1-year revisions were 
constructed to detect an odds ratio of 2, for each hospital across 3 years.(22) Figure 1 
shows an example of a Shewhart-p-chart, in which the center line indicates the mean 
hospital performance and the area between both control limits is where variation 
is considered random (by chance). A value outside control limits is considered a 
systematic variation and generates a signal. Usually 2 and 3-sigma control limits are 
used, with the 2-sigma control limit having a higher likelihood of type a 1 error 
(false-positive signal) and the 3-sigma control limit having a higher likelihood of a 
type 2 error (false-negative signal). Figure 2 shows an example of a CUSUM chart 
with 3.5 and 5 control limits. This chart shows the cumulative performance across 
patients over a period of time. When the chart-statistic reaches the control limit, a 
signal is generated and the chart resets to zero. Similarly, the control limits are chosen 
to balance the likelihood of false-positive and false-negative signals, with 3.5 and 5 
most commonly used in practice.(22,25) Appendix I gives a more detailed description 
of the Shewhart p-chart and CUSUM chart.

Figure 1 Example of a Shewhart p-chart
See text for explanation of chart. 
UCL = upper control limit and LCL = lower control limit. 
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Figure 2 Example of a CUSUM chart
A hypothetical CUSUM chart with 3.5 and 5 control limit (CL). The chart resets to 0 after the 5 control limit is reached. 
In this example, 4 signals are generated, and the hospitals shows an improvement for this outcome over time. See text 
for further explanation of chart.

For both charts and control limit settings, we calculated the median number of months 
needed to generate the first signal for negative outlier hospitals and the number of 
false signals for other hospitals. Furthermore, we calculated the signals missed for 
negative outlier hospitals. Additionally, sensitivity, specificity and accuracy for both 
charts and control limit settings were calculated within the 3-year time frame using 
the negative outlier status of a hospital in the funnel plots as the ‘’golden’’ standard. 
The accuracy for correctly classifying a hospital was defined as: 

commonly used in practice.(22,25) Appendix I gives a more detailed description of the Shewhart p-

and CUSUM chart. 

For both charts and control limit settings, we calculated the median number of months needed to 

Furthermore, we calculated the signals missed for 

specificity and accuracy for both charts and control limit settings were calculated within the 3-

frame using the negative outlier status of a hospital in the funnel plots as the ‘’golden’’ st

accuracy for correctly classifying a hospital was defined as:  

(Number of true positive classified hospitals+Number of true negative classified hospitals)
(Total number of hospitals)

 X 100%. 

Analyses were performed using SPSS version 25 (IBM). The LUMC Medical 

the study exempt for ethical approval under Dutch law (CME, G18.140). 

 

Analyses were performed using SPSS version 25 (IBM). The LUMC Medical Ethical 
Committee considered the study exempt for ethical approval under Dutch law (CME, 
G18.140).

Results

The study included 86,468 primary THA procedures from 97 hospitals and 73,077 
primary TKA procedures from 98 hospitals. The rate of missing data was <4% for 
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all variables, except for smoking (<10%). On the patient-level, the average 1-year 
revision rate was 1.8% for THA and 1.2% for TKA. On hospital-level, the median 
revision rate was 1.6% (interquartile range (IQR):1.0 to 2.3) for THA and 1.1% 
(IQR:0.7 to 1.6) for TKA (Table 1).

Table 1 Distribution of patient characteristics and outcomes in participating hospitals

THA (n=97 hospitals) TKA (n=98 hospitals)
Median (IQR) Range Median (IQR) Range 

Procedures (n) 759 (526-1173) 2-2502 699 (463-938) 9-1998
Mean age (years) 69.3 (67.8-70.1) 50.6-71.8 68.8 (67.4-69.7) 56.5-72.2
Gender, female (%) 66.1 (63.3-68.0) 0.0-74.1 65.2 (61.9-67.8) 8.3-100.0
Mean BMI (kg/m2) 27.3 (27.0-27.8) 25.9-28.6 29.8 (29.3-30.4) 20.5-31.0
Smoking (%) 13.2 (10.7-15.2) 0.0-27.9 9.8 (8.4-11.8) 1.0-20.5
ASA classification (%)
• ASA I 17.4 (14.2-21.4) 3.3-100 11.8 (9.8-16.0) 3.8-54.5
• ASA II 65.0 (59.8-70.4) 0.0-96.7 68.7 (63.7-73.6) 42.5-91.6
• ASA III-IV 15.6 (11.5-20.4) 0.0-40.1 16.6 (10.8-21.8) 0.0-50.6
Charnley score* (%)
• A 49.3 (43.7-53.9) 23.7-78.2 45.3 (35.6-52.4) 13.1-100.0
• B1 27.8 (22.9-33.4) 3.6-50.7 33.0 (27.3-40.3) 0.0- 57.8
• B2 20.1 (18.1-22.9) 4.7-28.3 19.4 (16.2-21.5) 0.0-28.0
• C 1.9 (1.0-3.3) 0.0-12.2 2.3 (1.1-4.2) 0.0-17.4
Diagnosis (%)
• OA 87.1 (83.5-90.8) 42.2-100.0 96.6 (95.5-97.9) 58.6-100.0
• Non-OA** 12.9 (9.3-16.5) 0.0-57.8 3.4 (2.1-4.5) 0.0-41.4
1-year revisions (%) 1.6 (1.0-2.3) 0.0-7.0 1.1 (0.7-1.6) 0.0-16.7

The values under ‘’Median (IQR)” indicate the mean or the percentage of the median hospital. The values under ‘’Range’’ 
indicate the highest and lowest means or percentages among the hospitals. *The Charnley score was used to evaluate 
comorbidity in relation to levels of activity. **All diagnoses except osteoarthritis (fracture, osteonecrosis, rheumatoid 
arthritis, inflammatory arthritis, etc).

Outlier hospitals
Based on 3-year funnel plots, 13 hospitals performing THA were negative outliers 
with a median O/E (observed divided by expected) ratio of 1.9 (IQR:1.5 to 2.5) 
compared with 0.9 (IQR:0.5 to 1.1) for the other hospitals. For TKA, there were 7 
negative outliers with a median O/E ratio of 2.3 (IQR:2.3 to 2.8) compared with 0.8 
(IQR:0.6 to 1.2) for the other hospitals (Table 2 and Appendices II and III; red dots). 
Two hospitals were negative outliers for both THA and TKA. Eighteen hospitals were 
positive outliers for THA with a median O/E ratio of 0.4 (IQR:0.3 to 0.5) and 14 
hospitals were positive outliers for TKA with a median O/E ratio of 0.3 (IQR:0.2 to 
0.5) (Appendices II and III; green dots).
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Table 2 Outlier hospitals with significantly more revisions than expected during 2014-2016

Hospital
Negative outliers

THA (n=13 hospitals) TKA (n=7 hospitals)
2014-2016 O/E 2014-2016  O/E

4 1.4
6 1.5
9 2.5 2.2
13 1.5
14 1.4
21 2.1
28 1.8
33 2.1
37 1.6
35 2.3
39 2.0
41 2.3
52 1.9
87 2.7 2.8
88 3.3
89 2.7
90 2.6
95 13.3
Median (IQR) negative outliers 1.9 (1.5-2.5) 2.3 (2.3-2.8)
Median (IQR) all other Dutch hospitals 0.9 (0.5-1.1) 0.8 (0.6-1.2)

An O/E ratios is provided only for negative outlier during the 3-year period.

Earlier signals compared with false signals using two SPC methods
I. Shewhart p-chart

For THA, 195 signals of worsening performance were generated for 70 hospitals 
at the 2-sigma (similar to 2 standard deviation in hypothesis testing) control limit 
with all 13 negative outlier hospitals alerted, but also 57 hospitals incorrectly 
alerted (sensitivity 100%, specificity 32%, accuracy 41%). At the 3-sigma control 
limit, 68 signals were generated for 38 hospitals, with 12 negative outlier hospitals 
alerted (sensitivity 92%, specificity 69%, accuracy 72%). At 3-sigma, the first signal 
for negative outliers was generated after a median of 10 months (IQR:2 to 18), 
which should be considered against 34 false-positive signals for other hospitals. 
For 1 negative outlier hospital, no signal was generated. More than 1 signal was 
generated for 9 negative outliers and 7 other hospitals (table 3).

For TKA, 214 signals were generated for 85 hospitals at the 2-sigma control 
limit, with all 7 negative outlier hospitals alerted (sensitivity 100%, specificity 
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14%, accuracy 20%) and 85 signals were generated for 52 hospitals at 3-sigma 
(sensitivity 100%, specificity 51%, accuracy 54%). At 3-sigma, the first signal for 
negative outliers was generated after a median of 13 months (IQR:5 to 18), which 
should be considered against 63 false-positive signals. All negative outlier hospitals 
were alerted. More than 1 signal was generated for 6 negative outliers and 14 other 
hospitals (table 3).

II. CUSUM chart

For THA, 33 signals were generated for 16 hospitals at 3.5 control limit (sensitivity 
85%, specificity 94%, accuracy 93%) and 18 signals were generated for 12 hospitals 
at 5 control limit, correctly alerting 11 of 13 negative outliers (sensitivity 85%, 
specificity 99%, accuracy 97%). At the 5 control limit, the first signal for negative 
outliers was generated after a median of 18 months (IQR:7 to 22), which should 
be considered against one false-positive signal for other hospitals. Two negative 
outlier hospitals were not alerted. More than 1 signal was generated for 4 negative 
outliers and none for other hospitals (table 3).

For TKA, 16 signals were generated for 12 hospitals at the 3.5 control limit 
(sensitivity 71%, specificity 92%, accuracy 91%) and 7 signals were generated for 
6 hospitals at 5 control limit with 5 of the 7 outliers correctly alerted (sensitivity 
71%, specificity 99%, accuracy 97%). At the 5 control limit, the first signal for 
negative outliers was generated after a median of 21 months (IQR:9-25) which 
should be considered against one false-positive signal. Two negative outliers were 
not alerted. More than 1 signal was generated for 1 negative outlier and none for 
the other hospitals (table 3).
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Discussion

Most arthroplasty registers report revision rates after THA and TKA, as well as 
differences between hospitals using funnel plots to detect hospitals with significantly 
worse performance than others (negative outlier hospitals).(1-6) Because of the low 
event rate, this is typically done by combining multiple years of data. The present 
study shows that monthly monitoring of THA and TKA revision rates using CUSUM 
charts with the 5 control limit detected worsening performance earlier than did the 
funnel plots, with good accuracy within a 3-year time frame; the first signal for 
negative outliers was generated at a median of 18 months for THA and 21 months for 
TKA. Using CUSUM charts to monitor deteriorating patterns for revision rates thus 
makes it possible to initiate improvement initiatives earlier rather than waiting for the 
results to appear in the funnel plot after 3 years.

Some limitations of this study should be noted. First, given the LROI privacy 
protocol, we could not confirm that the the negative outlier hospitals were actually 
being audited for worse performance by the Dutch Orthopaedic Association. 
However, since we and the Dutch Orthopaedic Association used both the same data 
source and the same statistical code to generate the outlier status in a funnel plot, it 
seems highly unlikely that our identification of negative outliers would have differed. 
Second, the number of months that the signal generation by the CUSUM chart was 
earlier than the signal generation by the funnel plot may not be directly generalizable 
to other countries, but it is likely that the differences in favor of the CUSUM chart 
are generalizable, particularly because the benefits have been shown previously.(25,29) 
Third, there is a possibility of insufficient adjustment for differences in patient-mix 
between hospitals because we could control only for those patient characteristics that 
were collected. However, this limitation would be expected to be similar for both 
the funnel plot and SPC charts, so it seems unlikely that it affected our conclusions 
regarding which method is best to detect changing performance. Fourth, registry data 
are self-reported by orthopaedic surgeons who may not register all revisions, but given 
the completeness of the Dutch register we do not believe that this affected our results 
considerably.(26,27) Fifth, surgeons may postpone revisions, resulting in hospitals 
having low 1-year revision rates but higher revision rates beyond one year. Therefore, 
using registries to monitor performance reflects daily practice as well as physician’s 
behaviour. We recommend monitoring long-term revision rates (such as at 2 to 5 
years) as a balancing measure to check for such occurrences. 

There are few examples in orthopaedics of using SPC-methods for quality improvement.
(25,29) The Scottish Arthroplasty Project reported using CUSUM chart with the 5 
control limit to identify hospital variation in complications.(25) When a signal was 
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generated by exceeding the control limit, surgeons had to submit a review of their 
complications for assessment by the Scottish Orthopaedic Association. A reduction 
in complication rates was observed over the last years since the introduction of this 
quality improvement strategy. However, due to lack of a control group a causal 
relationship between CUSUM chart implementation and reduction in complications 
could not be demonstrated, as a general time trend due to other factors could have 
been responsible for this reduction. To our knowledge, no empirical studies have 
been performed to investigate how much earlier worsening performance could be 
detected using SPC methods before that worsening appeared as an outlier in funnel 
plots. These empirical data from daily practice are what the present study adds to 
the simulations in previous studies that already pointed to more rapid detection of 
small changes in performance with CUSUM charts. This is relevant for (for example) 
registries and scientific associations deciding whether to implement such SPC charts 
in their hospital feedback to initiate quality improvement.(22) By examining patient 
outcomes over time, SPC charts were able to detect deviating performance even when 
performance had been “in control” in the past, which may be difficult for a funnel 
plot to detect, because it uses the average outcome over a 3 year period. In addition, 
the CUSUM chart can be employed to examine the effect of quality improvement 
initiatives. Using SPC charts thus seems to add relevant information to act upon in 
daily practice and improve quality of care.

Similar to our study, another study showed the possibility of earlier detection of 
surgical site infections (SSI) outbreaks using SPC charts.(30) The Shewhart p-charts 
and exponential weighted moving average (EWMA) charts (another SPC chart) in 
that study both detected 8 out of 10 SSI outbreaks (including all 4 orthopaedic related 
outbreaks). In each case, a signal was generated prior to signal generation by the 
traditional detection methods, with a specificity of 70% and 90% for the Shewhart-
p-chart and EWMA chart, respectively. 

The English hospital mortality surveillance system generates CUSUM charts, on 
monthly-collected hospital administrative data.(7,8) After implementation of 
CUSUM charts, the average risk of death fell by 61% in the 9 months following a 
signal and reached the level of expected risk within 18 months.(7) It could be that 
signals were triggered by random variation and subsequent reductions occurred due 
to regression to the mean (a phenomenon in which extreme outcomes are likely to be 
followed by a fall in subsequent outcomes).(31) This may overestimate the effect of a 
signal. However, findings could also be explained by hospitals monitoring their own 
performance and taking action before a signal is generated.(7) 
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In contrast, one study showed no improvement in incidence rates of ward-acquired 
methicillin-resistant Staphylococcus aureus (MRSA) after implementation of monthly 
SPC feedback (with or without diagnostic tools).(14)

In 2017, the Dutch Orthopaedic Association, in collaboration with the LROI started 
to identify negative outlier hospitals using funnel plots including 3 years of data, with 
the aim of providing insight into their clinical practice compared with other Dutch 
hospitals.(32) This study showed that SPC charts should be included as additional 
hospital feedback information to provide earlier alerts if performance deteriorates 
and to provide hospitals with the opportunity to introduce quality improvement 
initiatives earlier to improve patient care. Further research must be performed to 
determine whether using SPC charts in daily practice will in fact initiate more quality 
improvement initiatives, which is the focus of an ongoing randomised controlled trial.
(33) Crucial for the effectiveness is that professionals can trust the signals from the 
SPC chart to be reliable, as was demonstrated by data in this study, and therefore 
known that they warrant subsequent actions to be taken. Using SPC charts allows 
initiatives to be introduced earlier than is possible if hospitals wait to become an 
outlier in a funnel plot.
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Supplemental data

Appendix I Description of  the Shewhart-p-chart and CUSUM-
chart.

Introduction and theory
In recent years, Statistical Process Control (SPC)-methods have gained growing 
interest in healthcare as a method to monitor quality of care and evaluate quality 
improvement initiatives.1-3 In this study we opted for Shewhart-p-charts and CUSUM-
charts, but other types of SPC-charts exist e.g. the exponentially weighted moving 
average (EMWA)-chart, and the g-chart. The general theory behind SPC-charts 
is that random variation is inherent in all processes, caused by common causes. A 
process is in-control when there is only random variation (common cause variation). 
However, situations may arise that cause a process to become out-of-control, due 
to the particular causes of this situation (special cause variation). SPC-charts with 
a control limit intend to distinguish between common cause variation and special 
cause variation, with the intention to investigate for possible causes when special cause 
variation is detected. The advantage of a SPC-chart over, for example, the funnel-plot 
where data of multiple years are taken together, is that the time variable is added by 
plotting the outcomes over time, showing the possible effect of changes in practice 
nearly real-time rather than that these remain hidden in the pooled data over a longer 
period.

Shewhart-p-chart
The Shewhart-p-chart generally uses a standard format, as shown in Figure 1 in the 
manuscript. The x-axis indicates time, e.g. weeks, months or quarters. Because it is 
a p-chart, the y-axis displays a proportion of a certain outcome (e.g. revision rate). 
The chart thus presents e.g. the weekly proportion of patients with a certain outcome 
over time. Three horizontal lines are depicted: the center line (CL), the upper control 
limit (UCL) and the lower control limit (LCL). The center line represents the average 
or median level of performance over a certain period. Given the random variation, 
an outcome will usually vary across this central tendency line and remain within the 
control limits, assuming that the long-term rate of that outcome does not change and 
will only present some random variation over time. Usually 2 and 3-sigma control 
limits are used, with a 2-sigma control limit having higher likelihood of type 1 error 
(false positive signal) and a 3-sigma control limit a higher likelihood of type 2 error 
(false negative signal). Control limits are computed statistically based on probability 
distributions such as the Gaussian (‘normal’ distribution), similar to hypothesis 
testing. In general, 95% of data will fall within ±2 standard deviations (SD) or 2 
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sigma and 99,7% within ±3 SD or 3 sigma. Values that fall outside the chosen upper 
and lower control limits exceed that range of most values, making it unlikely that this 
is due to random variation but rather reflects a true difference, in this study indicating 
that the revision rate has doubled.

CUSUM-chart
Where the Shewhart-p-chart works with aggregated data over weeks, months of 
quarters, the CUSUM-chart uses every patient to plot the graph chronologically. 
For each patient undergoing an operation the expected chance on e.g. a revision is 
calculated based on certain patient characteristics and compared with the observed 
outcome, whether this patient has a revision or not. The line in the CUSUM-
chart declines when ‘’good’’ outcomes occur (e.g. no revisions) representing better 
performance than expected and increases when ‘unfavorable’ outcomes occur (e.g. 
revisions) representing worse performance than expected (Figure 2 in manuscript). 
When performance is in balance, an increase in the line in the CUSUM-chart because 
of an ‘’unfavorable’’ outcome is counteracted by many small decreases in the line in 
the CUSUM-chart resulting from ‘’good’’ outcomes. Regardless of the use of the 
CUSUM-chart for detecting a better or worse outcome, the baseline always indicates 
that a surgeon or hospital is performing as expected. The more the CUSUM-chart 
line drifts away from the baseline, the more this proves that a surgeon or hospital is 
performing better or worse than expected. A signal for better or worse performance 
is generated when the control limit is exceeded, in this case to detect a doubling of 
the revision rate. Similar to the Shewhart-p-chart, control limit setting of CUSUM-
charts allow us to balance the risk of false positive and false negative signals. The 
control limits in CUSUM-charts are most commonly set at 3.5 or 5, with the 3.5 
having higher likelihood of false-positive signals but the 5 having higher likelihood 
of false negative signals.4,5 The CUSUM-chart is reset to zero when the control limit 
is reached. For a detailed description of the Shewhart-p-chart and CUSUM-chart 
formulas, we refer to Neuburger et al and Benneyan.4,6
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Appendix II. Funnel-plot of between-hospital variation in 1-year revisions after THA during 2014-2016

Appendix III. Funnel-plot of between-hospital variation in 1-year revisions after TKA during 2014-2016
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Abstract

Background and purpose
Most arthroplasty registers give hospital-specific feedback on revision rates after 
total hip and knee arthroplasties (THA/TKA). However, due to the low number of 
events per hospital, multiple years of data are required to reliably detect worsening 
performance, and any single indicator provides only part of the quality of care 
delivered. Therefore, we developed an ordered composite outcome including revision, 
readmission, complications, and long length-of-stay (LOS) for a more comprehensive 
view on quality of care and assessed the ability to reliably differentiate between 
hospitals in their performance (rankability) with fewer years of data.

Methods
All THA and TKA performed between 2017 and 2019 in 20 Dutch hospitals were 
included. All combinations of the 4 indicators were ranked from best to worst to 
create the ordinal composite outcome for THA and TKA separately. Between-hospital 
variation for the composite outcome was compared with individual indicators 
standardized for case-mix differences, and we calculated the statistical rankability 
using fixed and random effects models.

Results
22,908 THA and 20,423 TKA were included. Between-hospital variation for the THA 
and TKA composite outcomes was larger when compared with revision, readmission 
and complications, and similar to long LOS. Rankabilities for the composite outcomes 
were above 80% even with 1 year of data, meaning that largely true hospital differences 
were detected rather than random variation.

Interpretation
The ordinal composite outcome gives a more comprehensive overview of quality of 
delivered care and can reliably differentiate between hospitals in their performance 
using 1 year of data, thereby allowing earlier introduction of quality improvement 
initiatives.
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Introduction

Traditionally, arthroplasty registries monitor and compare implant survival, with the 
1-year revision rate as an indicator to detect any problems with implants at an early 
stage. In recent years, however, these registry data is increasingly also used to provide 
feedback to hospitals on their outcomes after implant surgery and as an indicator 
for the quality of care compared with other hospitals (1). As quality of care covers 
different domains such as effectiveness, safety, and efficiency, these are measured with 
additional indicators (2). This is acknowledged in a recent Dutch study showing 
that orthopedic surgeons would like to receive feedback not only on revision, but 
also regarding readmission, complications, and length of stay (LOS) for hospital 
comparisons and to monitor the quality of care delivered (3). The rationale is that 
benchmarking and feedback may spur quality improvement initiatives in case of 
suboptimal performance.

Arthroplasty registries primarily provide feedback on single indicators, such as revision 
surgery or mortality, but any single indicator provides an incomplete overview of 
the quality of care (4). Furthermore, comparing hospital performance on multiple 
individual indicators is difficult, because a hospital may have a high score on one 
indicator but a low score on another. Because of these limitations, there is growing 
interest in composite measures, in which multiple relevant indicators are combined 
to provide a more comprehensive overview of delivered quality of care for patients 
when choosing a hospital for treatment, and also increase the number of events to 
make it better suitable for benchmarking hospitals (5-10). The higher number of 
events for composite outcomes increases the accuracy by which hospital performance 
is estimated (lower statistical uncertainty). A previous study showed that 3 years of 
data were needed to reliably differentiate between hospitals for 1-year revisions due 
to the low numbers of events per hospital (4). Therefore, a long time is needed before 
worsening performance is detected reliably, resulting in late action plans to improve 
quality of care. Combining multiple indicators into a composite outcome could help 
to increase the number of events, so that a shorter time period is needed to reliably 
differentiate between hospitals in their performance (6-8,11).

Existing composite outcomes often represent an all-or-none concept, like the 
proportion of patients with all desired indicators realized, also known as Textbook 
Outcome (TO). For orthopedics, 8 related indicators for total hip and knee 
arthroplasty (THA/TKA) were recently combined into such a binomial outcome (5). 
However, all-or-none measures are less informative, as outcome frequencies may vary 
considerably between indicators and frequently occurring outcomes will dominate the 
composite outcome results, a well-known disadvantage from the trial literature (12). 
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These measures are also less useful for quality improvement, as they give equal weight 
to all outcomes and do not provide feedback on where and how to improve, i.e., in 
which of the (combination of ) outcomes, nor will they be very sensitive to monitor the 
effect of targeted initiatives to improve a single outcome (13). An ordinal composite 
measure with all combinations of indicators ranked from best to worst would be 
able to provide such feedback, taking into account possible interrelationships between 
individual indicators and pointing more specifically at where to improve care (7,11).

We therefore developed an ordered composite outcome including 1-year revision, 30-
day readmission, 30-day complications, and upper-quartile LOS, separately for THA 
and TKA. In addition, we compared the statistical reliability of ranking hospitals 
between the composite and individual outcomes, both when including 3 years and 
1 year of data, to assess when hospital differences in performance could be reliably 
detected. 

Methods

Data collection
Anonymous data of all patients undergoing a primary THA or TKA between January 
1, 2017 and December 31, 2019 were included from 20 Dutch hospitals (2 university, 
5 teaching, 7 general, and 6 private hospitals, which reflects the national distribution). 
These hospitals are participating in a randomized controlled trial to test whether an 
intervention consisting of monthly feedback, interactive education, and a toolbox 
with suggested quality improvement initiatives, is effective to result in more initiatives 
undertaken and better patient outcomes (ClinicalTrial.gov). (14) Routinely submitted 
data to the Dutch Arthroplasty Register (LROI) were used to generate feedback, 
supplemented with hospital data on readmissions, complications, and LOS for each 
patient. The LROI-data collection methods and completeness have been described 
previously (4). In summary, data completeness is checked against Hospital Electronic 
Health Records and currently exceeds 98% for primary procedures and 96% for 
revisions (15,16) (LROI website). The hospitals have been given a clear definition for 
each indicator as described below to avoid measurement variability. Less than 9% of 
readmission, complications, and LOS data were missing for both THA and TKA, so 
a composite outcome could not be calculated for 8.7% of THA and 7.9% of TKA 
patients.

Hospital performance indicators
The 1-year revision was calculated based on the primary surgery and revision dates, 
routinely collected in the LROI. Other indicators were calculated based on the index 
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hospitalization when the primary THA or TKA was performed. The indicators were 
defined as:
· Revision: Exchange, removal, or addition of any component within 1 year after 

surgery;

· Readmission: An admission within 30 days after discharge of the index 
hospitalization;

· Complication: An adverse event other than revision and death during the index 
hospitalization or within 30 days after discharge. The most commonly registered 
complications were postoperative bladder retention (13%), hip dislocation (10%), 
and surgical site infection (7%) for THA and postoperative bladder retention 
(17%), wound leakage (8%), and surgical site infection (7%) for TKA;

· Long LOS: LOS of the index hospitalization longer than the 75th percentile, 
based on all patients treated, included to also take into account possible hospital 
differences in sensitivity of reporting complications.

All indicators were case-mix adjusted for fair hospital comparison. The following 
patient characteristics are available in the LROI: age, sex, BMI, current smokers (yes/
no), ASA classification (I,II,III-IV), Charnley score (A,B1,B2,C,n/a) and diagnosis 
(osteoarthritis/non-osteoarthritis).

Ordinal composite outcome
To order the individual indicators, an anonymous internet-based questionnaire was 
sent during June-July 2020 using Qualtrics (QualtricsXM, Provo, UT, USA). All 135 
orthopedic surgeons performing THA and/or TKA in the 20 hospitals were asked 
to rank the indicators with the patient’s perspective in mind, from 1 (least severe 
outcome) to 4 (most severe outcome). Reminders were sent 1 and 2 weeks after the 
first invitation, resulting in a response rate of 39%. The final ordering was based 
on the mean number of points assigned per indicator across respondents: 1) long 
LOS (1.1 points); 2) complications (2.5 points); 3) readmission (2.6 points) and 
4) revision (3.9 points). This ordering seems to be supported by previous studies, 
showing that complications during admission (resulting in long LOS) did not affect 
patient’s quality of care evaluation, while complications after discharge (resulting in 
readmission) did, suggesting that patients consider readmissions to be worse than long 
LOS (11,17,18).

All possible combinations of indicators were then ranked from best to worst using 
the above ordering. Patients with a revision were combined into one group to avoid 
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subgroups with few events and because we considered the impact of a revision to be 
higher (19-23). This resulted in the following 9 combinations:
· No revision, no readmission, no complications, no long LOS (TO);

· No revision, no readmission, no complications, long LOS;

· No revision, no readmission, complications, no long LOS;

· No revision, no readmission, complications, long LOS;

· No revision, readmission, no complications, no long LOS;

· No revision, readmission, no complications, long LOS;

· No revision, readmission, complications, no long LOS;

· No revision, readmission, complications, long LOS;

· Revision.

Statistics
Patient characteristics were missing in less than 5% of patients. These were considered 
to be missing at random and imputed using multiple imputations for 10 rounds 
with predictive mean matching as the underlying model. All variables were used as 
predictors, including the outcome variables, but only patient characteristics were 
imputed.

1st, the standardized ordered composite outcome for each hospital was calculated 
using ordinal logistic regression with all patient characteristics and hospital as fixed 
effect independent variables. The coefficient of each hospital was compared to the 
average across all hospitals, and the difference exponentiated to give a proportional 
odds ratio higher or lower than the average, similar to the standardized individual 
indicators.

2nd, the standardized rates for the individual indicators revision, readmission, 
complications, and long LOS were calculated. For each indicator, the expected risk 
for each patient was calculated using logistic regression analysis with all patient 
characteristics as independent variables (excluding hospital) and the indicator (yes/
no) as dependent variable. Summing all patients’ expected probabilities treated in a 
hospital, resulted in the expected number of patients having the indicator for that 
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hospital. The observed number of patients for that indicator was divided by the 
expected number to calculate the standardized indicator (observed/expected) for each 
hospital. 

The between-hospital variation for standardized individual indicators and the 
composite outcome were described using the median and interquartile range (IQR). 
Hospital-level correlations between standardized individual indicators were calculated 
using Pearson correlation coefficients, to indicate to what extent hospital performance 
on individual indicators would point in the same direction or not, and thereby 
the added value of capturing more information in the composite. The strength of 
correlations was defined as: ≤0.35 weak >0.35-0.67 moderate and >0.67 strong (24).

Statistical reliability of  ranking
We examined the reliability of ranking (rankability) hospitals to assess whether 
the composite outcome would more reliably differentiate between hospitals in 
their performance than individual indicators. The rankability is the percentage of 
between-hospital variation (in terms of the indicator) that is due to ‘‘true’’ hospital 
differences as opposed to natural/random (chance) variation due to unexplained 
factors (4,7,11,25-27) and was calculated as previously described (4). In short, the 
between-hospital variation from random effect logistic regression models, was divided 
by the sum of between-hospital and within-hospital variation from fixed-effect logistic 
regression models, both adjusted for case-mix. Rankabilities were calculated for all 10 
imputed datasets and the mean and range were given across datasets. Rankability was 
classified as low (<50%), moderate (50%-75%), or high (>75%) (27). Rankability 
was calculated for single years and 3 years of data to assess whether hospitals can be 
reliably ranked with less data.

All analyses were performed using SPSS version 25 (IBM Corp, Armonk, NY, USA), 
except for rankability analyses for which STATA version 14.2 (StataCorp, College 
Station, TX, USA) was used. 

Ethics, funding, and potential conflict of  interest
The LUMC Medical Ethical Committee waived the need for ethical approval under 
Dutch law (CME, G18.140). PvS received a grant from the Van Rens Foundation 
(VRF2018-001) to perform this study. The authors declare no conflicts of interest.
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Results

22,908 THA and 20,423 TKA procedures were included. Overall patient-level 
revision, readmission, complication, and long LOS rates were lower for TKA than 
THA (Table 1). LOS was not normally distributed making it difficult to create equal 
quartiles, so the closest integer value was chosen resulting in above 4 days defined as 
long LOS for both THA and TKA. This explains the percentage of patients with long 
LOS being considerably smaller than 25%. The mean LOS was 3.3 (sd 2.9) days for 
THA and 3.0 (sd 2.1) for TKA. At hospital level, the number of procedures performed 
varied considerably with a median of 1,188 for THA and 848 for TKA (Table 2). The 
overall patient-level and hospital-level revision rates (Tables 1 and 2) were comparable 
to those observed in all Dutch hospitals of patients operated on between January 2014 
and December 2016 (4).

Table 1 Baseline patient characteristics and indicators after THA and TKA in the period 2017-2019 in 20 Dutch hospitals.

THA (n=22908) TKA (n=20423)
Patient characteristics
 Mean age in years (SD) 69 (10) 68 (8.8)
 Sex, female (%) 14707 (64) 12606 (62)
 BMI (SD) 27 (4.5) 29 (4.8)
 Current Smokers (%) 2395 (11) 1667 (8.4)
 ASA classification (%)
• ASA I 4113 (18) 2736 (13)
• ASA II 14533 (63) 13759 (68)
• ASA III-IV 4259 (19) 3924 (19)
 Charnley score (%)
•  A 9205 (42) 7529 (37)
•  B1 7082 (32) 7598 (37)
•  B2 4984 (23) 4470 (22)
•  C 711 (3) 722 (4)
 Diagnosis (%)
• Osteoarthritis 20214 (88) 19723 (97)
• Non-Osteoarthritis 2669 (12) 697 (3.4)
Indicators
 1-year revision (%) 410 (1.8)* 250 (1.2)**
 30-day readmission (%) 829 (3.9) 633 (3.4)
 30-day complication (%) 1027 (4.5) 620 (3.3)
 Long LOS, upper quartile (%) 2794 (13.3) 2123 (11.4)

*The 1-year revision percentage for THA was 1.8% in the Netherlands during 2014-2016.(4)
**The 1-year revision percentage for TKA was 1.2% in the Netherlands during 2014-2016.(4)
ASA = American Society of Anesthesiologists; BMI = body mass index; LOS = length of stay; SD = standard deviation; 
THA = total hip arthroplasty; TKA = total knee arthroplasty. 
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Table 2 Baseline hospital-level characteristics and indicators for 20 Dutch hospitals performing THA and TKA.

THA (n=20 hospitals) TKA (n=20 hospitals)
Median (IQR) Median (IQR)

Procedures (n) 1188 (623-1630) 848 (593-1552)
Patient characteristics
 Mean age (years) 69 (65-70) 69 (66-70)
 Sex, female (%) 64 (62-65) 63 (59-64)
 Mean BMI 27 (27-27) 30 (29-30)
 Current smokers (%) 11 (9.2-13) 9 (7.3-10)
 ASA classification (%)
•  ASA I 14 (9.7-23) 9.8 (7.5-19)
•  ASA II 64 (59-70) 67 (61-72)
•  ASA III-IV 23 (14-28) 23 (14-31)
 Charnley score (%)
•  A 43 (37-48) 39 (28-42)
•  B1 31 (28-34) 34 (32-42)
•  B2 22 (19-24) 22 (19-25)
•  C 3.0 (1.2-5.3) 2.5 (1.5-5.6)
 Diagnosis (%)
• Osteoarthritis 89 (83-93) 97 (95-98)
•  Non-Osteoarthritis 11 (7.3-17) 3.0 (2.3-5.3)
Indicators
 1-year revision (%)
•  Standardized

1.7 (0.8-2.7)*
 0.9 (0.6-1.6)

1.3 (0.7-1.7)**
 1.0 (0.7-1.4)

 30-day readmission (%)
•  Standardized

4.2 (1.8-6.0)
 0.9 (0.4-1.3)

3.8 (1.7-5.5)
 1.0 (0.5-1.4)

 30-day complication (%)
•  Standardized

3.8 (2.3-5.5)
 0.7 (0.5-1.1)

2.3 (1.0-4.3)
 0.7 (0.3-1.2)

 Long LOS, upper quartile (%)
•  Standardized

11 (2.2-23)
 0.7 (0.3-1.4)

11 (2.6-21)
 0.9 (0.2-1.4)

The value under ‘’Median (IQR)’’ indicate the mean or the percentage of the median hospital. All standardized indicators 
were adjusted for: age, gender, BMI, current smokers, ASA classification, Charnley score and diagnosis.
*The median percentage on hospital-level for THA was 1.6% (IQR:1.0-2.3) in the Netherlands during 2014-2016;(4)
**The median percentage on hospital-level for TKA was 1.1% (IQR:0.7-1.6) in the Netherlands during 2014-2016;(4)
ASA = American Society of Anesthesiologists; BMI = body mass index; IQR = Interquartile range; THA = total hip 
arthroplasty; TKA = total knee arthroplasty. 

Between-hospital variation of  individual indicators
Hospitals differed considerably in their case-mix (especially ASA-classification and 
diagnosis for THA) and crude indicator outcomes (Table 2). Largest variation was 
found for long LOS (THA: IQR [2.2%-23.4%] TKA: IQR [2.6%-20.9%]) and 
smallest for revision (THA: IQR [0.8%-2.7%] TKA: IQR [0.7%-1.7%]). After 
adjustment for case-mix, considerable variation remained with largest variation for 
long LOS (THA: IQR [0.3-1.4] TKA: IQR [0.2-1.4]) and smallest for complications 
after THA (IQR [0.5-1.1]) (Table 2). 
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Figure 1 Correlation between standardized rates of individual indicators at hospital-level.All indicators were adjusted 
for the following patient characteristics: age, gender, body mass index (BMI), current smokers, American Society 
Anesthesiologists (ASA) classification, Charnley score and diagnosis.
LOS = length of stay.

Relations between individual indicators 
Most individual hospital-level indicators were not related, meaning that hospitals with 
a good performance on one indicator do not necessarily have a good performance on 
another indicator (Figure 1). For THA, only revision rates are moderately correlated 
with readmission rates (r=0.58, p=0.01) and complications with long LOS have a 
strong correlation (r=0.83, p<0.01). For TKA, only complications with long LOS are 
moderately correlated (r=0.64, p<0.01). The ordinal composite outcomes will capture 
these relationships but also add the information captured by unrelated indicators.

Ordinal composite outcome
Figure 2 shows the hospital variation in the composite outcome. The median hospital 
had 18% (IQR [8.4%-28%]) patients without TO for THA and 21% (IQR [7.9%-
25%]) for TKA, both increasing the number of events and between-hospital variation 
compared with the median revision rates of 1.8% (IQR [1.0%-2.8%]) and 1.3% 
(IQR [0.7%-1.7%]) respectively. Among patients with a revision after THA, 50% 
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were readmitted after the index hospitalization, 38% had complication(s), 27% had 
a long LOS, but 25% of the patients had no other indicators (7% missing data). 
Estimates for TKA were 41%, 28%, 17% and 40% respectively (9% missing data). 
The between-hospital variation in the standardized ordinal composite outcome, 
expressed as proportional odds ratios (THA: median 1.0 (IQR:[0.5-1.7]) and TKA: 
1.3 (IQR:[0.4-1.6]) were larger than for revisions, readmissions, complications, and 
similar to long LOS (Table 2 and Figure 2).

Figure 2 Crude ordinal composite outcome distribution per hospital and standardized effect of the hospitals on the 
composite outcome (median and IQR). 
This graphs show the crude outcome distribution per hospital (n=20). The hospitals are numbered on the x-axis. The 
hospitals for TKA were labelled according to their rank for TO in THA’s The standardised odds of the hospital effect 
(median and IQR) were adjusted for the following patient characteristics: age, gender, body mass index (BMI), current 
smokers, American Society Anaesthesiologists (ASA) classification, Charnley score and diagnosis.
IQR = interquartile ranges; TO = Textbook Outcome.

Reliability of  ranking hospitals
Using 3 years of data, hospitals can be reliably ranked as rankabilities were high for 
most individual indicators and the composite outcome (Figure 3), except for the 
moderate rankability for readmission (THA and TKA) and revision (THA) and low 
rankability for revision (TKA). Using single years, rankability was low for revision, 
low to moderate for readmission, moderate to high for complications, and for long 
LOS but consistently high for the composite outcomes.
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Figure 3 Rankabilities of individual indicators and ordinal composite outcomes.
The mean (range) of the rankabilities are described within the graph. The rankability is high when the bar is above the 
green line, moderate when between the red and green line and low when below the red line. 
LOS = length of stay; THA = total hip arthroplasty; TKA = total knee arthroplasty. 

Discussion

We developed an ordered composite outcome including all combinations of 4 relevant 
quality of care indicators to give a more comprehensive overview i.e., not only 
whether patients had a revision, but also whether they were readmitted, experienced 
complications, or had long LOS. Using this composite outcome, quality improvement 
initiatives can be tailored to specific patient groups based on the combination of 
indicators. The between-hospital variation in the composite outcomes was larger 
than for the individual outcomes revision, readmission and complications, and 
similar for long LOS. Statistically, this contributed to a higher rankability (i.e., a 
higher percentage of the variation being due to “true” differences rather than chance). 
The composite outcome was able to reliably differentiate between hospitals in their 
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performance when using only 1 year of data, thereby allowing earlier introduction of 
quality improvement initiatives. The added value of the composite was also supported 
by the lack of hospital-level correlation between many individual indicators, meaning 
that hospital performance may be quite different depending on which indicator is 
being examined whereas these are all included in the composite outcome. It thus 
gives a more comprehensive view on quality of delivered care and is better able to 
differentiate between hospitals in their performance.

Comparison with literature
Compared with 2 previously developed orthopedic composite measures, our measure 
includes revision rather than only short-term indicators, which adds relevant 
information as revision is generally considered a serious adverse event for patients 
and a quality indicator used in arthroplasty registries (5,7). Furthermore, previously 
developed binary measures miss the underlying relations among individual indicators, 
making it unclear on which outcome a hospital needs to improve if performance is 
worse than in other hospitals. The reliability of ranking hospitals on revision using 
3 years of data among these 20 hospitals was similar to previous estimates among 
all Dutch hospitals, where rankabilities of 62% for THA and 42% for TKA were 
reported in 2014-2016, versus 70% and 42% in the present study (4). Similarly, 
another study also reported higher rankabilities for LOS than for readmission using 
single and 3 years of data (7). A higher rankability by combining individual indicators 
into an (ordered) composite outcome was also seen in other studies, meaning that most 
variation reflects true hospital differences rather than merely chance (7,11,28,29). A 
recent simulation study showed that the rankability of an ordinal composite outcome 
depends on the rankability of the more prevalent individual indicator, and the 
extent to which individual indicators making up the composite are correlated within 
hospitals (30). If individual indicators are completely independent, the rankability 
of the composite will often be less than at least 1 individual indicator, whereas it will 
be higher if the within-hospital correlation is at least 0.5. As indicated in Figure 1, 
the within-hospital correlation for several indicators was around or above 0.5 in our 
study, for which the simulations showed higher rankabilities for the composite than 
the individual indicators in 50% of the scenarios. 

Strengths and limitations
Strengths of this study are the limited risk of selection bias and using case-mix adjusted 
rates, because the LROI data includes over 98% of patients and patient characteristics 
have only less than 5% missing values (15,16). Data supplemented by the hospitals 
(i.e., readmission, complications, and LOS) was missing in less than 9%. In addition, 
our approach can be readily applied in other arthroplasty registries that include data 
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on these indicators, or use data linkage with administrative data sources as done in 
the present study (1). 

This study also has some limitations. The generalizability to other countries may be 
limited due to differences in e.g., discharge policies, and availability of resources for 
supporting patients at home, which may result in different estimates and hospital 
variation for readmissions and long LOS (31). However, it seems likely that combining 
indicators in a composite will similarly improve rankability unless indicators would 
have completely different interrelations.(30) 2nd, only 20 of 102 Dutch hospitals 
were included, since hospital readmission, complications, and LOS are not routinely 
collected by the LROI. However, both the average patient-level revision rate and the 
hospital-level variation in revisions were similar to that shown for all hospitals (Tables 
1 and 2) (4) suggesting the sample to be fairly representative although we do not have 
data on the other indicators. 3rd, when readmissions and complications occurred in 
another hospital, these would be missed and result in these rates being underestimated. 
However, as early complications fall within the diagnosis-related group (DRG) paid to 
the hospital performing the primary arthroplasty, it is very likely that patients go back 
to the same hospital. And even if it would occur, it will only influence the relationship 
between indicators if systematically and frequently in some hospitals while not in 
others, which does not seem likely. 4th, all complications were included regardless of 
severity, although this is partly reflected in whether they occur in combination with 
a readmission or merely prolonged LOS. Future research could refine the composite 
outcome including this distinction by severity, but this would also increase the number 
of combinations, potentially making it less useful as feedback.

Implementation
Individual indicators measure one aspect of quality of care, but lack the ability to 
measure the entire chain of delivered quality. One hospital may perform well on one 
indicator (e.g., 1-year revision), while at the same time performing worse on another 
(e.g., 30-day readmission). The composite outcome includes this and may thus help 
patients, for example, if they want to know how often the procedure is going as 
planned for a specific hospital to look at the TO which is still visible. For healthcare 
providers, it provides insight how often combinations of indicators of adverse 
outcome occur (as each patient can only be classified into one of the predetermined 
categories). Furthermore, this also guides which medical records have to be reviewed 
(characterized by the specific combinations of outcomes) to investigate whether care 
can be improved for these patients. For example, hospital 5 and 6 for THA in Figure 2 
had zero long LOS patients, but a relatively high number of readmissions, which may 
indicate that patients were discharged too early. Rather than reviewing the records 
of all readmitted patients in case of a relatively high readmission rate, hospitals can 
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now more selectively review records of readmitted patients with a normal length of 
stay to investigate more specifically whether e.g. information around discharge can be 
improved to ensure adequate patient management at home and avoid readmissions 
because patients can be monitored at the outpatient clinic. Hospital 16 for TKA had 
a relatively high number of patients with a long LOS, but a low number of patients 
with other adverse outcomes, suggesting there may be a delay in transfers or that this 
is caused by other logistical issues that can be addressed. The hospitals 5, 6, 7, 8 and 
10 had many readmissions within 30 days without a complication within 30 days 
recorded, providing insight into whether to improve on reporting completeness or if 
there was no complication, discussing whether the readmission was needed or could 
have been adequately treated at the outpatient clinic, which may improve care. A final 
advantage of the composite outcome is that it prevents ‘‘gaming’’ of the individual 
indicator, e.g., when hospitals receive incentives or penalties when individual indicators 
are too high, because reducing one indicator may increase another if they are related. 
For implementation in registries, they work towards more frequent data submissions, 
preferably monthly rather than annually which currently is often the norm. This is 
needed to allow for near real-time monitoring of indicator outcomes, and so that any 
subsequent improvement actions can be undertaken without delay.

Conclusion

The newly developed ordinal composite outcome provides a more comprehensive 
overview of the quality of care delivered, as it has ordered all combinations of revision, 
readmission, complications and long LOS. This composite outcome more reliably 
differentiates between hospitals in their performance than individual indicators using 
only 1 year of data, thereby allowing earlier introduction of quality improvement 
initiatives targeted to more specific patient groups.
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Abstract

Background and purpose: Improvement in Patient Reported Outcome Measure 
(PROM) scores may be under or overestimated after total hip and knee arthroplasty 
(THA and TKA) as questionnaires are filled in by a selection of patients (PROM 
respondents). Linking PROM scores to adverse event data may provide insight in 
the direction of bias as these are known for all patients and likely associated with 
improvement in PROM scores. We, therefore, compared PROM respondents and 
non-respondents on their adverse event rates, examined whether patients experiencing 
adverse events  had different improvement rates in PROM scores and whether 
hospitals with better adverse event rates showed different PROM response rates and 
improvement in PROM scores.

Methods: All primary THAs and TKAs performed in 19 Dutch hospitals between 
January 2017 and December 2019 were included. The HOOS and KOOS were 
used to assess the physical function after THA and TKA, respectively. Adverse events 
included were 1-year revision, 30-day readmission, 30-day complications, and long 
(i.e., >75th percentile) length-of-stay (LOS). A clinically relevant improvement was 
defined as at least a 10point decrease in HOOS and 9 points in KOOS scores. Patient-
level associations were assessed using binary logistic regression models adjusted for 
patient characteristics, baseline PROM score, and clustering of patients within 
hospitals. Hospital-level correlations were assessed using Pearson correlations. 

Results: 20,338 THA and 18,082 TKA procedures were included. HOOS and KOOS 
respondents mostly had more favourable adverse event rates than non-respondents. 
THA patients experiencing revision, complications, or long LOS were less likely to 
experience clinically relevant HOOS improvements (Odds ratios 0.11 [0.06-0.20], 0.44 
[0.30-0.63] and 0.66 [0.50-0.88] respectively). TKA patients experiencing revision or 
long LOS were less likely to experience clinically relevant KOOS improvements (Odds 
ratios 0.26 [0.12-0.55] and 0.63 [0.50-0.80], respectively). Hospital performance on 
adverse events, and PROM response rates were not associated. Hospitals with better 
adverse event rates  also had higher percentages of THA patients achieving clinically 
relevant HOOS improvements, while no associations were found for TKA patients.

Interpretation: Clinically relevant improvement in PROM scores are likely 
overestimated as PROM non-respondents had less favourable adverse event rates, 
which were associated with a lower likelihood to achieve a clinically relevant PROM 
improvement. Hospital differences are unlikely to be affected as hospital PROM 
response rates were not associated with adverse event rates.
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Introduction

Clinical performance outcomes such as revision, readmission, complications, and 
length-of-stay (LOS) are unintended adverse events for patients and generally occur 
with low frequency after total hip and total knee arthroplasty (THA and TKA).
(Van Schie et al. 2022) However, up to 10% and 20% of patients following THA 
and TKA, respectively, are dissatisfied with results, mainly related to continued pain 
and disability.(Rolfson et al. 2011, Dunbar et al. 2013) Patient Reported Outcome 
Measures (PROMs) measure the intended outcomes such as pain reduction, 
functionality improvement, and health-related quality of life gain and thereby 
complement the information provided by adverse events  by identifying additional 
areas for improvement.(FDA 2009, Black 2013, Franklin et al. 2014, Rolfson et al. 
2016, Johnston et al. 2019, Docter et al. 2021, Makhni 2021)

Similar to the need for high data completeness regarding adverse events  to ensure no 
selection bias is at play, we also need high response rates of patients completing both 
pre-and postoperative questionnaires to calculate the improvement in PROMs. As for 
other national and regional arthroplasty registries, Dutch PROM response rates are 
low, with approximately 60% of patients completing the preoperative questionnaire 
for THA and TKA patients. In the absence of better response rates, we should at least 
gain insight into how those who complete questionnaires are a selection of all patients 
and in what direction this may cause bias (i.e., under- or overestimation of PROM 
improvement). Non-response bias is challenging to assess because, by definition, non-
respondent data are not available and these non-respondents may differ systematically 
from respondents which would introduce bias. Previous studies have shown 
differences in patient characteristics, such as patients completing questionnaires being 
healthier, more likely to be white, having higher literacy rates, and lower rates of 
cognitive impairment, including dementia.(Norquist et al. 2000, Hutchings et al. 
2013, Jahagirdar et al. 2013, Gibbons 2016, Kaur et al. 2023) However, these may 
still provide only a partial view by representing baseline patient characteristics rather 
than outcomes. Unintended adverse events are likely associated with improvement in 
PROM scores, and given the 97% completeness in registries for both THA and TKA, 
these seem well-suited to provide further insights into the relation between adverse 
event rates and postoperative PROM scores.(FDA 2009, Black 2013, Rolfson et al. 
2016, Johnston et al. 2019, Bohm et al. 2021, Makhni 2021) 

This study, therefore, aimed to provide insight into how improvement in PROM 
scores may be under-or overestimated relative to all patients who received a THA or 
TKA by 1) comparing PROM questionnaire respondents and non-respondents on 
their adverse event rates (i.e., revision, readmission, complications, and long LOS) 
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for THA and TKA, 2) examining whether patients experiencing adverse events had 
different improvement in PROM scores and 3) whether hospitals with better adverse 
event rates showed different PROM response rates and improvement in PROM scores.

Patients and Methods

Study design and setting
This observational study was performed in 19 hospitals (two university, four teaching, 
seven general, and six private clinics), reflecting the distribution across the Netherlands, 
using routinely collected data (i.e., data on revision and PROMs as well as patient 
characteristics) from the Dutch Arthroplasty Register (LROI). (van Steenbergen et 
al. 2015, Van Steenbergen et al. 2021, Van Schie et al. 2022) These were linked to 
hospital data on readmissions, complications, and LOS. These hospitals participated 
in a cluster randomised controlled trial to assess the effectiveness of a prospective 
multifaceted quality improvement intervention on patient outcomes after THA and 
TKA.(van Schie et al. 2023) The LUMC Medical Ethical Committee waived the need 
for ethical approval under Dutch law (CME, G18.140). This study was funded by the 
Van Rens Foundation (VRF-2018-001).

Participants
Anonymous data of all patients undergoing a primary THA or TKA between 
January 1, 2017, and December 31, 2019, were included from 20 Dutch hospitals. 
One general hospital did not provide PROMs data to the LROI and was therefore 
excluded, leaving data from 19 hospitals eligible for this study. Participating hospitals 
were comparable to all other Dutch hospitals in the distribution of median revision 
rates (1.7% vs 1.7% for THA, p=1.00 and 1.4% versus 0.9% for TKA, p=0.62).(van 
Schie et al. 2023)

Data source
Routinely submitted LROI data regarding patient characteristics, revision, and 
PROMs were used, which were linked for each patient to hospital data on readmission, 
complications, and LOS. The following data were provided by the LROI for each 
patient: (1) patient characteristics; age at surgery, gender, body mass index (BMI; kg/
m2), current smoking status (yes/no), American Society of Anaesthesiologists (ASA) 
classification (I-IV), Charnley score (A/B1/B2/C/n/a), and indication for surgery 
(osteoarthritis/non-osteoarthritis); (2) whether a revision had taken place within 1 
year after surgery; and (3) preoperative, 3-months postoperative (for THA), 6-months 
postoperative (for TKA) and 12-months postoperative PROM outcomes. The LROI 
data completeness is checked against Hospital Electronic Health Records and currently 
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exceeds 99% for primary procedures and 97% for revisions. Completeness is lower 
for PROMs data, currently 63% for preoperative PROMs for THA and 58% for 
TKA and lower for postoperative PROM questionnaires.  LROI data were linked to 
hospital data by an IT specialist from each hospital. A clear definition for each adverse 
event was provided below to avoid measurement variability.

Adverse events
The one-year revision was calculated using LROI data based on primary surgery and 
revision dates. Other adverse events were calculated using the index hospitalisation 
during which the primary THA or TKA was performed. The outcomes were defined 
as:
• Revision: Any change, removal, or addition of any component within one year 

after primary surgery;

• Readmission: An admission within 30 days after discharge of the index 
hospitalisation;

• Complication: An adverse event other than revision during the index hospitalisation 
or within 30 days after discharge;

• Long LOS: LOS of the index hospitalisation is longer than the 75th percentile, 
based on all patients in the 19 hospitals, which was included because of possible 
hospital differences in sensitivity to report complications.

Patient-Reported Outcome Measures
The LROI routinely collects the HOOS-Physical function Short form (HOOS) and 
KOOS-Physical function Short form (KOOS), which are joint-specific PROMs and 
the most frequently collected PROMs in arthroplasty registries.(Bohm et al. 2021) 
The PROMs were collected preoperatively at the time of indication for surgery (with 
a maximum of 182 days before surgery), and 3 months (for THA), 6 months (for 
TKA), and 12 months postoperatively. The LROI does not compute an overall score 
when one or more questions are incomplete. The HOOS and KOOS contain 5 and 7 
questions, respectively, to measure physical function.(Davis et al. 2008, Perruccio et al. 
2008) Despite their brevity, these questionnaires have sufficient internal consistency 
and reliability and have been included in the standard set of outcome measures for 
hip and knee osteoarthritis of the International Consortium for Health Outcomes 
Measurement (ICHOM).(Braaksma et al. 2020) The scores range from 0 to 100, with 
higher scores reflecting more effort to perform activities (and thus worse function). 
Since patients are unlikely to notice a small improvement in PROM scores, a 10 
points difference with the baseline PROM score was taken as a clinically relevant 
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improvement or worsening for the 3 months or 12 months postoperative HOOS score 
and a 9 points difference for the KOOS, as approximately half a standard deviation 
(sd) has been shown to reflect the minimally clinical relevant improvement in health-
related quality of life for chronic diseases.(Norman et al. 2003)

Statistical analysis
Because both the pre-and postoperative PROM scores are needed to calculate an 
improvement in PROM scores, respondents on preoperative, 3 months (THA), 6 months 
(TKA), and 12 months (THA and TKA) postoperative PROM questionnaires were 
compared with non-respondents on their adverse event rates and patient characteristics 
using t-tests for continuous data and chi-square tests for categorical data.

Before examining patient-level and hospital-level correlations, missing data for 
patient characteristics (occurring in less than 5% of patients) were imputed. Missing 
data were considered missing at random and imputed using multiple imputations 
for ten rounds with predictive mean matching as the underlying model. All patient 
characteristics (i.e., age, gender, BMI, smoking, ASA score, Charnley score, and 
diagnosis), adverse events, and preoperative PROM scores were used as predictors, 
but only patient characteristics were imputed.

Patient-level associations between adverse events, and clinically relevant improvement 
in PROM scores were assessed using binary logistic regression models, separately for 
THA and TKA. The models included clinically relevant PROM improvement (yes/
no) as the dependent variable and the adverse events as independent variables. For 30-
day readmission, 30-day complications, and long LOS, we used improvement at the 
first postoperative PROM measurement (i.e., 3 months postoperative for THA and 6 
months for TKA) as the dependent variable as this time point is more likely to reflect 
the impact of surgery. For revision, the 1 year postoperative PROM measurement was 
used because the exact revision date was unknown to us as researchers, which could 
occur before or after the first postoperative PROM measurement. All models were 
adjusted for the preoperative PROM score and all patient characteristics, as these have 
been shown to predict postoperative PROM scores.(Hofstede et al. 2016, Rolfson et 
al. 2016) Hospital was included as a random effect to account for the clustering of 
patients within hospitals.

Hospital-level correlations between standardised adverse event rates and standardised 
rates of patients with clinically relevant PROM improvements were estimated using 
Pearson correlation. We also examined correlations between standardised adverse 
event rates and PROM response rates. As mentioned above, the first postoperative 
PROM measurement was used for readmission, complications, and long LOS, and 
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the 12 months postoperative measurement for revision. Standardised rates were used 
to adjust for the possible differences between hospitals in their patient-mix, which 
would influence their risk on adverse events. Therefore, the observed (O) number of 
events in a hospital was divided by the expected (E) number based on the hospital’s 
patient-mix to give an O/E ratio per hospital for each adverse event. For each patient, 
the expected adverse event risk was calculated using logistic regression analysis among 
all patients from all hospitals, including the patient characteristics described above 
as independent variables and the adverse event as the dependent variable.(Berliner 
et al. 2016, Hofstede et al. 2016, Rolfson et al. 2016, van Schie et al. 2020) The 
expected number for a hospital was then obtained by summing all patients’ expected 
probabilities. The expected number of patients with a clinically relevant improvement 
was calculated similarly with the baseline PROM score additionally included as an 
independent variable.

All p-values were two-sided, and values below 0.05 were considered statistically 
significant in all analyses. Analyses were performed using SPSS (version 25; IBM) and 
STATA (version 14; StataCorp).

Results

20,338 primary THA procedures and 18,082 primary TKA procedures from 19 
hospitals were included. Less than 10% of THA and TKA patients had missing data 
on readmission, complications, and LOS. Revision, readmission, complication, and 
long LOS rates were lower for TKA than THA (Table 1). LOS data were not normally 
distributed, making it challenging to create equal quartiles, so the closest integer value 
was chosen, which resulted in above 4 days being defined as long LOS for both THA 
and TKA. The mean LOS was 3.1 days (sd 2.5) for THA and 3.2 days (sd 1.9) for 
TKA. Revision rates were comparable to those observed among all Dutch hospitals.
(van Schie et al. 2023) 
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Table 1 Clinical outcomes and patient characteristics after THA and TKA in 19 Dutch hospitals during 2017-2019.

THA (n=20,338) TKA (n=18,082)
Clinical outcomes
 1-year revision (%) 376 (1.8) 237 (1.3)
 30-day readmission (%) 724 (3.9) 551 (3.4)
 30-day complication (%) 735 (3.9) 417 (2.5)
 Long LOS (%) 2,205 (11.8) 1,778 (10.9)
Patient characteristics
 Mean age in years (SD) 68.36 (10.3) 68.10 (8.8)
 Sex, female (%) 13,029 (64.1) 11,199 (61.9)
 BMI (SD) 26.94 (4.4) 29.29 (4.9)
 Current Smokers (%) 2,122 (10.4) 1,524 (8.4)
 ASA classification (%)
•  ASA I 3,853 (18.9) 2,507 (13.9)
•  ASA II 12,622 (62.1) 11,997 (66.4)
•  ASA III-IV 3,860 (19.0) 3,575 (19.8)
 Charnley score (%)
•  A 8,158 (41.8) 6,587 (36.6)
•  B1 6,241 (32.0) 6,743 (37.5)
•  B2 4,502 (23.1) 3,994 (22.2)
•  C 630 (3.2) 663 (3.7)
 Diagnosis (%)
•  Osteoarthritis 18,019 (88.6) 17,510 (96.9)
•  Non-Osteoarthritis 2,315 (11.4) 569 (3.1)

Less than 10% of the values for clinical outcomes were missing, and less than 5% for patient characteristics.
ASA=American Society of Anaesthesiologists; BMI=body mass index; LOS=length of stay; SD=standard deviation. 

The mean HOOS and KOOS scores significantly improved postoperatively regardless 
of whether adverse events occurred (Figure 1). However, patients undergoing revision 
had significantly worse postoperative PROM scores than patients without revision. 
Comparable results were found for readmission, complications, and long LOS. For 
THA patients, 86% had clinically relevant improvements in the HOOS, and 2% 
had worsened scores at 3 months postoperatively. At 12 months, it was 90% and 
2%, respectively. For TKA patients, 73% had clinically relevant improvement in the 
KOOS, and 3% had worsened scores at 6 months postoperative. At 12 months, it was 
78% and 3%, respectively.
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Figure 1 Mean PROM scores over time for clinical outcomes.
The line graphs show the mean and 95% confidence interval for preoperative and two postoperative PROM scores for 
patients with and without revisions, readmission, complications and long LOS.
X-axis: 0=preoperative; 3=3-months postoperative; 6=6-months postoperative; 12=12-months postoperative.
Y-axis: HOOS or KOOS scores.
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Pre- and 3 months postoperative HOOS questionnaires were completed by 7,731 (38%) 
THA patients, and 5382 (27%) completed both pre-and 12 months postoperative 
questionnaires (Table 2). Patients who completed the pre-and postoperative HOOS 
questionnaire differed from those not completing it in having more favourable 
adverse event rates. Considering the 3206 patients with at least one adverse event, 
2212 (69%) did not return both the preoperative and 3 months postoperative 
questionnaires compared with 59% of patients experiencing no adverse event, and 
thus were more likely to be a non-respondent. For not returning the preoperative and 
12 months questionnaires, these figures were 80% and 71% respectively. Although 
absolute differences between respondents and non-respondents for most patient 
characteristics were small, they were nevertheless significant likely due to the large 
sample size. For the KOOS, pre- and 6 months postoperative questionnaires were 
completed by 5,519 (31%) TKA patients, and 4319 (24%) completed both pre-and 
12 months postoperative questionnaires (Table 3). Patients who completed the pre-
and postoperative KOOS questionnaires differed from those not completing it in 
having more favourable revision and readmission rates, but comparable complication 
rates and less favourable long LOS rates. Of 2549 patients with at least one adverse 
event, 1988 (78%) did not return both preoperative and 6 months postoperative 
questionnaires compared with 67% of patients experiencing no adverse event. For not 
returning the preoperative and 12 months postoperative questionnaires, these figures 
were and 82% respectively 74%. Significant differences were found for most patient 
characteristics, except gender, smoking and BMI.

Patients experiencing revision, complications, or long LOS were less likely to achieve 
a clinically relevant improvement in the HOOS (89%, 56%, and 34% less likely, 
respectively), with the association for readmission going in the same direction but 
non-significant (Table 4). Patients experiencing revision or long LOS were less 
likely to achieve a clinically relevant improvement in the KOOS (74% and 37% less 
likely, respectively), with associations for readmission and complications in the same 
direction but non-significant.

Table 4 Patient-level associations between clinical outcomes and clinically relevant improvement in PROM scores.

HOOS KOOS
OR (95% CI) OR (95% CI)

1-year revision 0.11 (0.06 – 0.20) 0.26 (0.12 – 0.55)
30-days readmission 0.71 (0.48 – 1.06) 0.70 (0.46 – 1.05)
30-days complications 0.44 (0.30 – 0.63) 0.79 (0.51 – 1.23)
Long LOS 0.66 (0.50 – 0.88) 0.63 (0.50 – 0.80)

A difference of 10 points was taken as a clinically relevant improvement for the HOOS and 9 points for the KOOS. 
LOS=length of stay.
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Figure 2 Hospital-level correlations between clinical outcomes and PROM response rates.
The y-axis shows the standardised (O/E ratio) clinical outcomes, with a higher value representing hospitals with more 
events than expected based on patient characteristics (worse performance). 
The x-axis shows the PROM response rates for the hospitals.
The strength of correlations is defined as: ≤0.35 weak >0.35-0.67 moderate and >0.67 strong (47).
LOS=Length of stay; O/E=Observed divided by expected; r=correlation coefficient.

Considerable between-hospital variation as shown by the interquartile range was 
found in (standardised) adverse event rates, patient characteristics, response rates on 
PROM questionnaires, mean PROM scores, and to a smaller extent in the standardised 
percentage of patients achieving clinically relevant improvement in PROM scores 
(Table 5). There was no association between hospital performance on standardised 
adverse event rates and PROM response rates (Figure 2). Hospitals with lower (i.e., 
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better) standardised readmission, complications, and long LOS rates also had higher 
standardised percentages of patients with clinically relevant improvements in the HOOS 
(r=-0.58 p<0.01, r=-0.82 p<0.01 and r=-0.65 p<0.01 respectively), with correlations for 
revision in the same direction but non-significant (r=-0.19, p=0.44) (Figure 3). For 
TKA, no significant correlations were shown with improvement in the KOOS.

Figure 3 Hospital-level correlations between clinical outcomes and clinically relevant improvement.The y-axis shows 
the standardised (O/E ratio) clinical outcomes, with a higher value representing hospitals with more events than 
expected based on patient characteristics (worse performance). 
The x-axis shows the standardised (O/E ratio) percentages of patients with clinically relevant improvement in PROM 
scores, with a higher value representing hospitals with more patients with clinically relevant improvement than 
expected based on patient characteristics and preoperative PROM scores (better performance).
The strength of correlations is defined as: ≤0.35 weak >0.35-0.67 moderate and >0.67 strong (47).
LOS=Length of stay; O/E=Observed divided by expected; r=correlation coefficient.
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Table 5 Hospital-level variation between 19 Dutch hospitals performing THA and TKA during 2017-2019.

THA (n=19 hospitals) TKA (n=19 hospitals)
Median (IQR) Median (IQR)

Procedures (n) 1,144 (615-1,388) 838 (580-1,378)
Clinical outcomes
 1-year revision (%)
 Standardised

1.7 (0.9-2.7)*
 0.9 (0.6-1.5)

1.3 (0.9-1.7)**
 1.0 (0.8-1.2)

 30-day readmission (%)
 Standardised

4.0 (2.0-6.0)
 1.0 (0.6-1.3)

3.9 (1.8-5.5)
 1.0 (0.6-1.5)

 30-day complication (%)
 Standardised

3.7 (2.3-4.5)
 0.89 (0.4-1.3)

2.0 (1.0-3.5)
 1.0 (0.4-1.4)

 Long LOS (%)
 Standardised

9.0 (2.6-19.8)
 0.8 (0.4-1.3)

9.4 (2.5-20.9)
 0.8 (0.3-1.6)

Patient characteristics
 Mean age (years) 69.1 (64.3-70.0) 68.9 (66.3-69.6)
 Sex, female (%) 63.7 (62.1-65.1) 62.7 (59.9-64.0)
 Mean BMI 27.1 (26.7-27.2) 29.5 (28.6-30.0)
 Current smokers (%) 10.7 (9.2-12.2) 9.1 (7.5-10.3)
 ASA classification (%)
•  ASA I 14.6 (9.8-19.9) 9.8 (7.7-14.3)
•  ASA II 62.7 (58.7-66.8) 67.3 (60.9-71.0)
•  ASA III-IV 22.3 (7.1-27.2) 22.7 (13.1-30.2)
 Charnley score (%)
•  A 43.1 (37.8-47.1) 38.7 (28.2-41.5)
•  B1 30.4 (28.1-33.0) 32.6 (31.6-42.1)
•  B2 22.6 (19.4-24.1) 22.5 (19.0-24.4)
•  C 2.9 (1.2-5.3) 2.2 (1.2-5.2)
 Indications (%)
•  Osteoarthritis 89.4 (83.6-91.3) 97.1 (95.8-97.8)
•  Non-Osteoarthritis 10.6 (7.7-16.8) 2.9 (2.3-4.4)
HOOS/KOOS response rate 
 Pre- and 3-months postop (%) 29.5 (17.4-45.9) N/A
 Pre- and 6-months postop (%) N/A 15.4 (12.2-44.4)
 Pre- and 12-months postop (%) 16.2 (9.6-39.3) 17.1 (8.9-38.7)
Mean HOOS/KOOS scores
 3-months postoperative 17.5 (15.8-18.9) N/A
 6-months postoperative N/A 31.0 (29.5-34.1)
 12-months postoperative 12.8 (9.7-14.4) 28.0 (24.9-29.7)
Standardised percentage of patients with clinically relevant improvement
 Pre- and 3-months postop 1.00 (0.98-1.03) N/A
 Pre- and 6-months postop N/A 1.02 (0.95-1.06)
 Pre- and 12-months postop 1.00 (0.98-1.01) 1.01 (0.99-1.06)

The value under ‘‘Median (IQR)’’ indicates the median hospital's mean or percentage. Standardised clinical outcomes 
were adjusted for patient characteristics (age, sex, BMI, current smokers, ASA classification, Charnley score, and diagno-
sis). Standardised percentages of patients with clinically relevant improvements were adjusted for patient characteristics 
and preoperative PROM scores.
*Dutch 1-year revision percentage for THA was 1.7%.(20) 
**Dutch 1-year revision percentage for TKA was 0.9%.(20)
ASA=American Society of Anaesthesiologists; BMI=body mass index; IQR=interquartile range.
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Discussion

Interpretation of  the results
To investigate whether missing PROM data for THA and TKA may result in under- 
or overestimation of PROM improvement scores, we used adverse event rates to 
examine how these differed between respondents and non-respondents and their 
association with PROM improvement scores. We found that PROM respondents 
had more favourable adverse event rates than non-respondents for the HOOS, and 
also for revision and readmission for the KOOS. Patients experiencing revision, 
complications, or long LOS after THA were less likely to have a clinically relevant 
improvement in the HOOS, with results for readmission in the same direction but 
non-significant. The strongest association was found for revision, suggesting that 
quality improvement initiatives should focus most on reducing revision rates to 
benefit patient care. Comparable results were found for the KOOS. Since patients 
completing PROM questionnaires generally have more favourable adverse event rates 
than non-respondents, this means that part of the patients who were less likely to 
achieve a clinically relevant improvement would be missed, and therefore that PROM 
improvement scores are likely overestimated. This means, for example, that less 
than our estimated 90% of THA and 78% of TKA patients had a clinically relevant 
improvement at 12 months postoperatively in the HOOS and KOOS, respectively. 

Hospital-level results for THA and TKA patients showed no association between 
adverse event rates and PROMS response rates, and for THA that better adverse event 
rates were associated with higher percentages of patients achieving clinically relevant 
improvement in the HOOS. Despite the large between-hospital variation in PROM 
response rates, which in general tends to remove those with less favourable adverse 
events, there was no association between hospital adverse events and their PROM 
response rates. In other words, hospitals with different PROM response rates do not 
systematically have different adverse event rates, suggesting that hospital differences in 
PROM improvement scores are likely unaffected.

Strengths and limitations
This study is the first to report associations between a set of commonly used adverse 
events and the likelihood of achieving a clinically relevant improvement in physical 
functioning after THA and TKA. Given the observed associations, it seems likely 
that initiatives to improve the quality of care by reducing revision, readmission, 
complications, and long LOS rates will be accompanied by increased percentages 
of patients achieving clinically relevant improvement in physical functioning, but 
also that improvement after THA and TKA is likely overestimated. However, we 
found no evidence that this has affected the estimated between-hospital differences 
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in PROM improvement rates. Some limitations should be noted. First, data were 
obtained from 19 hospitals rather than all Dutch hospitals performing THA and 
TKA in the Netherlands. However, these hospitals reflected the national distribution 
of hospital types (i.e., university, teaching, general, and private clinics) and had 
comparable revision rates to national data, so it seems unlikely that the selection 
of hospitals would affect our results.(van Schie et al. 2023) Second, this study can 
only provide indirect evidence due to the lack of information about changes in 
PROM scores among non-respondents. Third, non-response is known to be affected 
by patient characteristics. So, if non-respondents would systematically have more 
favourable patient characteristics (e.g., younger and with better health status) known 
to be related to more improvement in PROMs, then this could be the case for the 
non-respondents without adverse events. However, Tables 2 and 3 did not indicate 
such systematic differences, as respondents were older, but less often smoked and 
ASA 3+. Potential risk factors such as mental health and emotional health status were 
not included to adjust the associations between adverse events and improvement in 
PROM scores as these variables are not collected by the LROI.(Ayers et al. 2013, 
Giesinger et al. 2013) Although the available patient characteristics are likely the most 
relevant, some residual confounding may remain.(Hofstede et al. 2016, Rolfson et al. 
2016) We could not think of other reasons why non-respondents would be expected 
to experience a greater or lesser improvement in PROM scores after an adverse event. 
Fourth, patients undergoing THA or TKA may not improve as much in their PROM 
scores if another joint is also affected. The latter will influence associations when the 
prevalence of such patients is unevenly distributed among patients with or without 
adverse events.

Comparison to the literature
This study showed that 1 year after surgery, 90% of THA patients achieved a clinically 
relevant improvement and 78% of TKA patients. However, 2% of THA and 3% 
of TKA patients reported a clinically relevant worsening, with respectively 8% and 
19% showing no relevant change. The lower percentages of improvement in PROM 
scores for TKA than THA are consistent with earlier studies from our group and 
others in Sweden and the United States.(Rolfson et al. 2011, Keurentjes et al. 2013, 
Keurentjes et al. 2013, Keurentjes et al. 2014, Lyman et al. 2018) It should be noted 
that while patients with worse preoperative PROM scores may improve more, they 
do not achieve the same postoperative level as patients with better preoperative 
function scores.(Hofstede et al. 2016) Additionally, previous studies have reported 
higher satisfaction rates for THA than TKA, which would seem consistent with more 
patients achieving clinically relevant improvement in PROM scores.(Bourne et al. 
2010, Dunbar et al. 2013, Haanstra et al. 2015, Tilbury et al. 2016) Satisfaction rates 
may improve further by addressing preoperative expectations, a significant predictor 
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for dissatisfaction following TKA.(Dunbar et al. 2013)In the Dutch registry, 63% 
and 58% of patients completed the preoperative HOOS and KOOS questionnaire, 
respectively, which are low compared with the Scandinavian registries but higher 
than the Italian Register of the Orthopaedic Prosthetic Implants and the Michigan 
Arthroplasty Register.(Rolfson et al. 2016) This would suggest that the extent of 
overestimation in PROM improvement is likely smaller for countries with better 
response rates, provided that adverse event rates are similar. In line with our results, 
one study including THA patients found that non-response during follow-up was not 
at random; non-respondents had significantly lower PROM scores at the previous 
time point than respondents, so indicating that patients reporting good outcomes 
were overrepresented.(Imam et al. 2014) In another study, TKA patients respondents 
reported a higher mean Knee Society Score (KSS), mean function score and lower 
mean pain score than non-respondents.(Kim et al. 2004) Comparable results were 
reported in another study, including patients after shoulder replacement, and another 
study identified a trend of worse outcomes for non-respondents (Norquist et al. 2000, 
Polk et al. 2013). 

The PROMs Working Group of the ISAR stated that a response rate above 80% is 
recommended for reliable outcome assessment but proposes a 60% threshold for an 
acceptable response rate.(Rolfson et al. 2016) Only six of the 16 arthroplasty registries 
collecting PROMs capture >80% of their preoperative and postoperative PROMs; the 
remaining registries reported response rates less than 60%.(FDA 2009, Black 2013, 
Rolfson et al. 2016, Johnston et al. 2019, Bohm et al. 2021, Makhni 2021) Another 
study stated that a 100% response rate is needed to adequately evaluate PROM 
difference scores because of a change in the distribution of predictors when a selection 
of patients is analysed, resulting in unreliable outcomes.(Pronk et al. 2020) This seems 
only feasible if PROM collection is mandatory and becomes part of the doctor-patient 
conversations on THA and TKA care goals.(Murthy et al. 2022)

Conclusions
Respondents to PROM questionnaires less often experienced adverse events. This 
likely results in an overestimation of the clinically relevant improvement in PROMs 
as adverse events were associated with a lower likelihood to achieve a clinically 
relevant PROM improvement. Hospital differences in PROM response rates were not 
associated with differences in adverse event rates, suggesting that estimated between-
hospital differences in PROM improvement are likely unaffected. Ultimately, patients 
undergo THA and TKA to improve their function, and our results suggest that this 
may be further improved by continued efforts to reduce adverse event rates.
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Abstract

Background and purpose
The Netherlands Registry of Orthopedic Implants (LROI) uses audit & feedback 
(A&F) as the strategy to improve performance outcomes after total hip and knee 
arthroplasty (THA/TKA). Effectiveness of A&F depends on awareness of below 
average performance to initiate improvement activities. We explored the awareness 
of Dutch orthopedic surgeons regarding their performance on outcomes after THA/
TKA and factors associated with this awareness. 

Methods
An anonymous questionnaire was sent to all 445 eligible Dutch orthopedic surgeons 
performing THA/TKA. To assess awareness on own surgeon group performance, 
they were asked whether their 1-year THA/TKA revision rates over the past 2 years 
were below average (negative outlier), average (non-outlier), above average (positive-
outlier) in the funnel plot on the LROI dashboard or did not know. Associations were 
determined with 1) dashboard login at least once a year (yes/no); 2) correct funnel 
plots interpretation (yes/no) and; 3) recall of their 1-year THA/TKA revision rate 
(yes/no). 

Results
44% respondents started the questionnaire, 158 THA and 156 TKA surgeons. 55% of 
THA surgeons and 55% of TKA surgeons were aware of their performance. Surgeons 
aware of their performance more often logged in on the LROI dashboard, more often 
interpreted funnel plots correctly and more often recalled their revision rate. 38% of 
THA and 26% of TKA surgeons scored good on all 3 outcomes.

Interpretation
Only half of orthopedic surgeons were aware of their performance status regarding 
outcomes after THA/TKA. This suggests that to increase awareness, orthopedic 
surgeons need to be actively motivated to look at the dashboard more frequently and 
educated on interpretation of funnel plots for audit and feedback to be effective. 
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Introduction

Several studies have shown large between-hospital variation in performance outcomes 
after total hip and knee arthroplasty (THA/TKA) including revision rates, suggesting 
opportunities to improve care (1-6). Audit and feedback (A&F) is a frequently 
used approach to reduce between-hospital variation, and defined as provision of 
clinical performance summaries to healthcare providers or organizations intended to 
initiate activities to improve performance (7,8). Worldwide, A&F from arthroplasty 
registries is provided in different ways. In the Netherlands, performance indicators 
such as revision rates, Patient Reported Outcome Measures (PROMs) and patient 
characteristics are shown on surgeon-group-level in a real-time password protected 
web-based dashboard and the extent of variation is shown in an anonymized version 
in annual reports. 

Following a Cochrane review of 140 studies from multiple fields, A&F is effective 
with a median absolute improvement of 4% of the desired outcome, but with the 
effect size varying from a 9% decrease to a 70% increase (9). Part of the reason for 
this large variation in effectiveness may be the varying degree to which A&F leads 
to an increased awareness on own performance. For example, A&F is not received, 
information including graphs (e.g. funnel plots) and/or tables is not interpreted 
correctly, or the reported performance outcomes are not considered interesting 
(10). Sufficient awareness on own performance relative to others in combination 
with motivation to improve is more likely to result in targeted quality improvement 
initiatives (11-13).

Due to a lack of awareness on own performance, it is often overestimated (10). This 
can limit quality improvement initiatives, because it is assumed that performance is 
good even though there may be room for improvement. Furthermore, it is important 
that performance indicators give sufficient direction where to improve care, so that 
professionals are able to select focused interventions to improve care. A recent study 
showed that for most surgeon groups with significantly higher revision rates, the 
direction of improvement could be pointed out by looking at the reason for revision 
(e.g. infection, prosthesis loosening, dislocation etc.) (6). By looking at a more specific 
outcome, professionals can figure out in which part of the care process improvements 
are possible, e.g. timing of antibiotic prophylaxis (infection), cementation techniques 
(prothesis loosening) or femoral head size (dislocation).

We explored the awareness of orthopedic surgeons regarding their performance on 
outcomes after THA/TKA and factors associated with this awareness, to gain insight 
into the ways to increase the effectiveness of A&F provided by the LROI. 
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Methods

An anonymous internet-based questionnaire study was performed in December 
2018 to explore the awareness of orthopedic surgeons on outcomes after THA/TKA 
provided by the LROI and associated factors. 

Netherlands Registry of  Orthopedic Implants (LROI)
The LROI was established in 2007 and in 2012 all Dutch surgeon groups participated. 
In 2015, the LROI dashboard was developed to allow surgeons to better monitor their 
performance showing information on the number of procedures performed, revision 
rates, PROMs and patient characteristics on surgeon group-level compared to other 
surgeon groups, which can be viewed at any time. The completeness for primary THA 
and TKA procedures is checked against Electronic Health Records and is currently 
above 98% for primary procedures and 96% for revisions (14,15). 97 surgeon groups 
performed THA and 98 performed TKA in the study period.

Study population
The questionnaire was sent to all 445 Dutch orthopedic surgeons performing primary 
THA/TKA, who were members of the hip and knee working groups from the Dutch 
Orthopedic Association. Reminders were sent by email 4 and 8 weeks after the first 
invitation. The survey was compiled using NetQ software (version 2014.Q3).

Survey 
The information collected with the survey regarding the feedback provided on the 
LROI dashboard, is divided into 4 parts (Appendix, see Supplementary data). 

In the first part, awareness regarding possible deviating performance (outlier status) 
of their own surgeon-group over the last 2 years was assessed by asking whether their 
1-year revision rate was below average (negative-outlier), average (non-outlier), above 
average (positive-outlier) in the funnel plot on the LROI dashboard, or that they 
did not know. Second, we searched for 3 potential underlying factors that might be 
related to the level of awareness. It was assessed whether respondents 1) logged in 
at least once a year on their LROI-dashboard; 2) were able to interpret funnel plots 
correctly; 3) could recall the 1-year revision rate of their surgeon group. Respondents 
answering, they did not know were counted as giving a non-positive answer. By 
combining these 3 questions, a composite outcome was created. A respondent only 
scored ‘’good’’ when all 3 individual measures were positive, i.e. he/she logged in at 
least once a year, correctly interpreted the funnel plots and could recall their 1-year 
revision rate. We also asked about hospital work setting (university-, teaching-, general 
hospital or private clinic) and number of arthroplasties performed annually (<50, 
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50-100, >100). Third, respondents were asked about quality improvement initiatives 
following possible below average performance (negative-outlier) in the past 2 years, 
and whether the effects of these initiatives were checked using the available feedback 
information on the LROI dashboard. Finally, there were questions about perceived 
needs for changes in the current feedback, which current performance indicators were 
considered important, which indicators should be added to improve healthcare and 
the preferred frequency (every 1, 3, 6, or 12 months) and way of receiving feedback 
(tailored for their surgeon group or ability to make selections and explore the data 
oneself ). 

Statistics
Analyses were performed separately for THA and TKA surgeons. First, the proportion 
of respondents who were aware of deviating performance for their own surgeon group 
in the past 2 years was assessed. To examine the associations between awareness of 
deviating performance and the pre-defined potentially underlying factors (login to 
the dashboard, correct interpretation of funnel plots, recall of their own revision 
rate), univariate logistic regression analysis was performed. All questions answered 
by respondents regardless of whether they completed the full survey were included 
in the analyses. If surgeons stopped the survey but answered the previous question, 
we assumed there was a reason for stopping at that specific question (e.g. because it 
would be not acceptable to say not logging in) and coded this question as don’t know, 
meaning these were included as non-positive answers. In addition, we examined 
whether the composite outcome differed across hospital settings and number of THA/
TKA performed annually.

Data were analyzed with the statistical software of SPSS version 25. P-values <0.05 
were considered statistically significant in all analyses. 

Ethics, funding and potential conflict of  interest
The LUMC Medical Ethical Committee waived the need for ethical approval under 
Dutch law (CME, G18.140). Author PvS received a grant from the Van Rens 
Foundation (VRF2018-001) to perform this study. The authors declare that there are 
no conflicts of interest. 
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Results

From 445 invited orthopedic surgeons, 194 (44%) started the survey, 158 surgeons 
performed THA and 156 TKA. 78 answered the questions within 4 weeks, 56 after 
the first and 60 after the second reminder. 169 (87%) respondents completed the 
survey (Figure 1). Median time to complete the survey was 6:4 minutes (Interquartile 
range: 5:3-8:5).

91% of respondents were male and 52% were between 40 and 50 years old. Most 
respondents (40%) were employed in a general hospital and evenly distributed across 
volume groups for THA and TKA (Table 1). 

Table 1 Characteristics of the respondents.

Respondents (n=194)
Frequency Percentage (%)

Gender, male 177 91
Age (years)
•  <40 32 16
•  40-50 101 52
•  51-60 42 22
•  >60 19 10
Hospital setting
•  University medical center 20 10
•  Teaching hospital 72 37
•  General hospital 78 40
•  Private clinic 24 13
Type of surgeon*
•  Performing THA 158 81
•  Performing TKA 156 80
•  Performing THA & TKA 120 62
No. of THA per surgeon/year**
•  <50 34 21
•  50-100 75 48
•  >100 46 29
•  No response 3 2
No. of TKA per surgeon/year***
•  <50 37 24
•  50-100 78 50
•  >100 32 20
•  No response 9 6

* Does the respondent perform only THA, only TKA or both THA and TKA.
** There were 158 THA surgeons.
*** There were 156 TKA surgeons.
No. = Number; THA = Total Hip Arthroplasties; TKA = Total Knee Arthroplasties. 
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Figure 1 Respondence flowchart.
* Percentage of total number of respondents.

Awareness about performance and underlying factors (Table 2 and 3)
158 THA surgeons answered the questions on logging in, funnel plot interpretation 
and recalling their revision rate. Only 141 THA surgeons answered the questions 
on awareness of their surgeon-group performance, with 77 (55%) THA surgeons 
indicating to be aware of any deviating performance in their surgeon-group over 
the past 2 years. From the 158 THA surgeons, 105 (67%) logged in on the LROI-
dashboard at least once a year, 96 (61%) interpreted the funnel plot correctly and 
105 (67%) recalled their 1-year revision rate. THA surgeons who were aware of any 
deviating performance were 8 times more likely to log in, twice as likely to correctly 
interpret the funnel plot and 4 times more likely to recall their 1-year revision rate. 
Overall, 66 (38%) respondents scored good on all these individual items and thus on 
the composite outcome. THA surgeons who are aware of deviating performance were 
5 times more likely to score good on the composite outcome.

156 TKA surgeons answered the questions on logging in, funnel plot interpretation 
and recalling their revision rate. Only 142 TKA surgeons answered the questions 
on awareness of own surgeon-group performance, with 78 (55%) TKA surgeons 
indicating awareness of any deviating performance in their surgeon-group over the 
past 2 years. Among the 156 TKA surgeons, 103 (66%) logged in to the LROI 
dashboard at least once a year, 95 (61%) interpreted the funnel plot correctly and 
103 (66%) recalled their 1-year revision rate. TKA surgeons who were aware of any 
deviating performance were 4 times more likely to log in, twice as likely to correctly 
interpret the funnel plot and 5 times more likely to recall their 1-year revision rate. 
Overall, 41 (26%) respondents scored good on the composite outcome and TKA 
surgeons who are aware of deviating performance were 4 times more likely to score 
good on the composite outcome.
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Table 3 Composite outcome stratified by hospital setting and number of arthroplasties performed annually.

Yes (good)
Composite outcome

No

THA
Surgeons

All THA performing respondents (n=158) 60 (38%) 98 (62%)
Yes OR (CI)

Aware of surgeon-group performance
 Yes (n=77)
 No (n=64)

46
14

5.3
reference

Hospital setting (n=158)
 University medical center
 Teaching hospital
 General hospital
 Private clinic

4
19
31
6

0.4
0.6

reference
0.7

No. of THA performed per year (n=155)* 
 <50
 50-100
 >100

7
35
18

0.4
1.4

reference

Yes (good)
Composite outcome

No

TKA
Surgeons

All TKA performing respondents (n=156) 41 115
Yes OR (CI)

Aware of surgeon-group performance
 Yes (n=78)
 No (n=64)

31
10

3.6
reference

Hospital setting (n=156)
 University medical center
 Teaching hospital
 General hospital
 Private clinic

2
15
23
1

0.3
0.6

reference
0.1

No. of TKA performed per year (n=147)** 
 <50
 50-100
 >100

7
28
6

2.4
1.0

reference

*The number of THA performed per year by the respondent.
**The number of TKA performed per year by the respondent.
CI = 95% confidence interval; No. = Number; OR = Odds ratio; THA = Total Hip Arthroplasties; TKA = Total Knee 
Arthroplasties. 

The proportion of surgeons who met the criteria of the composite outcome did not 
differ by the number of arthroplasties performed annually or across hospital settings, 
except for a lower proportion for TKA surgeons in private clinics. 

Quality improvement initiatives
20 respondents indicated that they were employed in a healthcare center that had a 
significantly higher 1-year revision rate (negative-outlier) in the past 2 years. 9 of them 
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did not see this deviating performance coming, because they had never checked the 
LROI dashboard for performance indicators. 17 indicated that quality improvement 
initiatives had been introduced and all of them used performance indicators from the 
LROI dashboard to monitor the effect. A positive effect of these initiatives on the 
revision rate was reported by 9 respondents and a negative effect by 3 respondents 
when checking progress in the LROI dashboard. 5 respondents were currently 
following the effect. 

Future feedback
From the current available performance indicators, the number of procedures 
performed was mostly considered as the most interesting information on the LROI 
dashboard, followed by 1-year revision rates, PROMs and patient characteristics 
respectively (Figure 2). 

Figure 2 Currently available performance indicators on the secure LROI dashboard ranked from most to least interesting 
by respondents.
LROI = Dutch arthroplasty register; PROMs = Patient reported outcome measures.

Prosthesis survival and complications are currently not available on the LROI 
dashboard, but 138 (82%) THA surgeons and 129 (76%) TKA surgeons indicated 
this information to constitute relevant indicators (Figure 3). 106 (62%) respondents 
would prefer to receive feedback every 6 months, and a minority every month (n=6, 
4%), every quarter (n=40, 23%) and some respondents having no preference (n=18, 
11%). 139 (82%) respondents prefer feedback that is tailored for their surgeon-group 
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without making any selections and 30 respondents (18%) indicated to prefer making 
their own selections of LROI indicators.

Figure 3 Percentage of orthopedic surgeons interested in additional performance indicators.
*Difference between pre- and post-operative PROMs
LROI = Dutch arthroplasty register; PROMs = Patient reported outcome measures.

Discussion

Although Dutch orthopedic surgeons performing THA/TKA can view their surgeon-
group performance on a web-based A&F-dashboard, only half of them are actually aware 
of their performance over the past 2 years. This lack of awareness on own performance 
and the associations found in our study, suggests that orthopedic surgeons need to 
be actively motivated to log in more often, need to be educated on how to interpret 
funnel plots correctly and must be able to reproduce their revision rate for the A&F 
to be effective in improving care. To act upon the feedback information all underlying 
factors must be met, but this was the case in only one third of THA surgeons and one 
fourth of TKA surgeons, fairly similar across different types of hospitals and annual 
volume. Yet, it seems important to increase the effectiveness of feedback, given that 9 
out of 20 respondents of the negative-outlier surgeon-groups indicated that they did 
not see their worsening performance coming. Without effective feedback, surgeon-
groups would continue to provide care without modification, while 17 out of these 
20 respondents indicated that they conducted quality improvement initiatives once 
identified as showing poor performance. 
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Differences and similarities between national arthroplasty registries in 
providing A&F
The way in which A&F is offered varies, from publicly available annual reports 
including only nationwide averages with sometimes additional surgeon-group 
specific performance, where others publish their indicators on surgeon-group-level 
and surgeon-level only in password-protected online dashboards (16-25). The LROI, 
National Joint Registry, United Kingdom (NJR) and Swedish Hip Arthroplasty 
Registries (SHAR) use a web-based password-protected A&F dashboard to provide 
surgeons with peer comparison indicators in visual graphs on surgeon-group-level and 
in the United Kingdom also on surgeon-level (16,17,25,26). In contrast, the Swedish 
Knee Arthroplasty Registries (SKAR) and the Danish Hip Arthroplasty Registries 
(DHAR) make no use of online dashboards, where the SKAR publishes only some 
indicators (e.g. patient demographics and PROMs) on their publicly accessible website 
once a year. Some arthroplasty registers may inform participating hospitals once a year 
about their performance e.g. by emailing performance indicators without this being 
listed on their website. The feedback generated by the NJR is updated every 6 months, 
which was also indicated as the preferred frequency to receive feedback by two thirds 
of respondents in our study (16,18). The Finnish Arthroplasty Registries (FAR), even 
uses a daily updated publicly accessible website, which includes patient demographics 
and revision rates at surgeon-group-level (17). What all these different methods of 
feedback have in common, is that it is passive education, not requiring any action 
which may be one of the explanations for orthopedic surgeons being unaware about 
their performance. Public availability of performance indicators may increase the 
likelihood of action being taken, given that both patients and other stakeholders like 
insurance companies can review the data and may use them in their decision making.

Comparison with literature
Besides the Cochrane review, there are more studies that found wide variation in the 
effect of A&F (9). A review, evaluating interactive computer feedback, found a highly 
variable effect of improvement in quality of care in 3 out of 7 studies (27). Another more 
recent study found a significant improvement for 4 out of 6 performance indicators, 
2,5 years after implementation of online A&F interventions in maternal-new-born 
hospitals (28). Given the varying effect of A&F, the results of our study can make a 
relevant contribution to further improve current feedback as provided by arthroplasty 
registries. We have gained insight into whether A&F reached the target group (i.e. how 
often do surgeons log in), the ability to interpret the funnel plot and recall of revision 
rates. In addition, we investigated which performance indicators currently provided 
by the LROI are considered important by the target group and which indicators 
should be added. Furthermore, it would be useful to provide feedback on the reasons 
for revisions, given that this has been shown able to direct quality improvement 
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initiatives although, we did not specifically ask whether orthopedic surgeons would 
be interested in this information (6). 2 meta-analysis have shown that a single A&F 
strategy is one of the less effective interventions showing little to no improvement 
when examined (29,30). On the other hand, it seems obvious that accessible A&F 
that is interpreted correctly will ultimately improve the quality of care, as 17 out 
of 20 orthopedic surgeons indicated that they would conduct quality improvement 
initiatives as soon as they become aware of poorer performance. It seems likely that 
more active elements need to be added both to motivate orthopedic surgeons to log in 
and to ensure correct interpretation of the funnel plot, which is needed to be aware of 
outlier status regarding their performance.

Trust in A&F data quality is often identified as a barrier to change clinical behavior. 
This is unlikely to play a major role in the current LROI feedback given the 98% 
completeness for primary procedures and 96% for revisions, which is similar for the 
data in above mentioned arthroplasty registries (10-12,14). Another barrier may be 
that physicians do not consider some indicators as an essential part of quality or deem 
benchmarks unrealistic (10,31-35). In this study, for instance, it was found that one 
third of both THA and TKA surgeons do not know their 1-year revision rate, which 
may suggest that some surgeons do not recognize the importance of this outcome. 
This is striking because this outcome is already widely used by arthroplasty registries 
and considered an indicator to reflect the quality of care (17,19,20,22,24). Moreover, 
A&F does not use absolute benchmarks, but performance indicators are compared 
with national surgeon-group averages, thereby making it likely that other similar 
surgeon-groups are able to achieve that level of performance.

Strengths and limitations
A possible limitation of this study is response bias if awareness of performance differs 
between responders and non-responders and the association with underlying factors 
were to be different. Given that survey responses were collected anonymously, we were 
unable to compare whether the characteristics of the non-respondents differed from 
the respondents to assess whether bias may have occurred. However, considering the 
overall response rate of 44%, and the fact that non-respondents in general are not as 
involved as respondents and thus more likely to be not aware of their performance, the 
associations are likely underestimated. A second limitation, is that some self-reported 
outcomes (e.g. frequency of logging in or recall of revision rate) were analyzed. It 
is therefore possible that there were socially desirable answers to certain questions 
e.g. knowledge about certain indicators. If this affected the results, even fewer 
orthopedic surgeons may be aware of their performance. However, because this was 
an anonymous survey, it seems more likely that respondents are surgeons dedicated to 
good performance and making feedback information more useful rather than giving 
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socially desirable answers, so that reported rates are likely to reflect actual practice. 
An exception on the self-reported outcomes was the funnel plot interpretation, where 
answers given by respondents were compared with the correct answer so that social 
desirability was not an issue. A third limitation may be the generalization of our results 
to other countries. Increasingly information becomes publicly available on differences 
between hospitals in patient outcomes, as we have previously shown for revision rates 
in the Netherlands and Bozic et al (2014) have shown for complication rates after total 
hip and knee arthroplasty in the US (1,6). The magnitude of the between-hospital 
variation in risk-adjusted rates in these studies is surprisingly similar, with both studies 
showing about 3-4 fold differences between hospitals. Furthermore, although not 
looking at awareness in performance specifically, a previous international survey study 
showed only minor differences between orthopaedic surgeons operating in different 
continents, taking into account their demographics (e.g. sex, age), surgical experience 
(e.g. number of years in practice, number of arthroplasties performed per year), use of 
additional diagnostics (e.g. plain radiographs, CT, MRI) and final treatment chosen 
(e.g. surgical versus non-surgical) (36). So, there is no evidence to suggest that there 
would be smaller differences between surgeons regarding their performance in other 
countries, and a difference in awareness has to our knowledge not been described 
before. Yet, such difference in awareness may be crucial in explaining why hospital 
differences in performance continue to exist, rather than that public reporting of 
hospital differences will by itself result in improvement.

Implementation and further research
As alluded to above, more active elements need to be added to improve the A&F 
design to make it more attractive to log in and result in more awareness on own 
performance. This could be encouraged by emphasizing the importance of already 
available indicators (e.g. revision rates) and adding new indicators to the A&F 
dashboard that are considered relevant and of interest as reported in this study 
(prosthesis survival, complications, readmissions and length-of-hospital-stay). As a 
result, more surgeons may be actually reached by the feedback, because the number 
of orthopedic surgeons who log in as well as the frequency of logging in will then 
increase. In addition, teaching material must be available on how to interpret funnel 
plots and be actively promoted by the orthopedic association during meetings, which 
will also increase awareness and possibly increase the reach of feedback, when more 
surgeons can interpret the performance indicators. Ultimately, an increased awareness 
of one’s own performance will likely lead to more quality improvement initiatives.

The question arises as to whether voluntary quality control by providing only passive 
A&F on performance is sufficient in modern orthopedic society. A&F could be more 
effective when offered in a more active and multifaceted way instead of a single element 
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(which in this study was only the LROI-dashboard) (9,37). A possible addition to 
the feedback would be that indicators are also verbally explained by an independent 
person, with clear targets discussed and action plans created, for instance based on a 
toolbox (7,9,11,38-44). In addition, setting up committees that will actively approach 
poorly performing hospitals to create action plans to improve quality of care, may 
increase interest in one’s own performance as orthopedic surgeons want to avoid 
being under supervision. The Dutch Orthopedic Association has initiated up a quality 
committee in 2017 with the aim to detect negative outlier hospitals using LROI-data 
and discuss activities to improve care (45). This new procedure may stimulate logging 
in to check on performance and in this way increase awareness of own performance 
in the coming years. After all, orthopedic surgeons have no valid reason not to be 
interested in their own performance, given that they want the best care for their 
patients and continuously improving the quality of care is thus inherently linked to 
that.

This survey is part of the ‘’Improving Quality based on the Joint registries project’’ 
(IQ Joint study). Within this study, what will be tested includes whether more active 
intervention including monthly feedback on THA/TKA performance indicators, 
active education on how to use indicators for quality improvement, asking for 
improvement activities and linking hospitals with better performing hospitals to 
exchange information and find areas for improvement will result in better outcomes, 
fewer complications and more quality improvement initiatives compared to the LROI 
dashboard alone. During this randomized trial, A&F on surgeon-group-level will be 
provided according to the preferences of the orthopedic surgeons as has been evaluated 
in this study.

Conclusion

Orthopedic surgeons performing THA/TKA have limited awareness on performance 
of their surgeon-group. Awareness could be increased by encouraging them to log in 
more often on their A&F dashboard, teaching them how to interpret funnel plots 
and emphasizing the importance of performance indicators. Improvement of the 
effectiveness of feedback is important, because the majority of orthopedic surgeons 
indicated that quality improvement initiatives were introduced once they learned that 
their performance was worsening. To provide orthopedic surgeons with better feedback 
in the future, the feedback information should be extended with the indicators 
prosthesis survival and complications compared with peers at a national level, tailored 
to their specific surgeon-group rather than making any selections themselves, with 
6-month frequency.
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Supplemental data

Appendix Survey

In order to make the questionnaire run as efficiently as possible, a number of ‘'loops'’ 
have been incorporated into the questionnaire, so that orthopedic surgeons do not 
have to answer questions that do not apply to them. These loops are indicated in the 
questionnaire. 

Questions for all respondents: Surgeon-specific questions
1. What is your age in years?

a. Under 40
b. 40 to 50
c. 51 to 60
d. Above 60

2. What is your gender?
a. Male
b. Female

3. In what type of healthcare center do you work for the majority of your time? (This 
question involves part 2, see methods section survey in article)
a. University hospital
b. Teaching hospital
c. General hospital 
d. Private clinic

4. Do you perform primary total hip arthroplasties and/or primary total knee 
arthroplasties?

a. Yes, only hip arthroplasties  Loop I (questions 5,6, (skip questions 7,8))
b. Yes, only knee arthroplasties  Loop II (questions 7,8 (skip questions 5,6))
c. Yes, both hip- and knee arthroplasties  Loop I &II (questions 5,6,7,8)
d. No  End of questionnaire

Loop I: Orthopedic surgeons performing Total Hip Arthroplasties
5. How many primary total hip arthroplasties do you perform annually? (This question 

involves part 2, see methods section survey in article)
a. Less than 50
b. 50 to 100
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c. More than 100

Questions regarding the online LROI-dashboard for total hip arthroplasty
6. What was the overall 1-year revision rate of your department for total hip 

arthroplasties over the last 2 years? (This question involves part 2, see methods section 
survey in article)
a. Worse than average
b. Average
c. Better than average
d. I do not know

Loop II: Orthopedic surgeons performing Total Knee Arthroplasties
7. How many primary total knee arthroplasties do you perform annually? (This 

question involves part 2, see methods section survey in article)
a. Less than 50
b. 50 to 100
c. More than 100

Questions regarding the online LROI-dashboard for total knee 
arthroplasty
8. What was the overall 1-year revision rate of your department for total knee 

arthroplasties over the last 2 years? (This question involves part 2, see methods section 
survey in article)
a. Worse than average
b. Average
c. Better than average
d. I do not know

Questions for all respondents: Frequency of  logging in on LROI-
dashboard.
9. How often do you log in on the LROI-dashboard? (This question involves part 2, see 

methods section survey in article)
a. Never
b. Once a week
c. Once a month
d. Once per 6 months
e. Once a year



193

Awareness of  performance on outcomes after total hip and knee arthroplasty among Dutch orthopaedic surgeons

Ch
ap

te
r 

7

Questions for all respondents: Funnel-plot interpretation.
10. How does the department encircled with red perform? (This question involves part 

2, see methods section survey in article)

Questions for all respondents: Funnel-plot interpretation. 

10. How does the department encircled with red perform? 
see methods section survey in article) 

 

a. Much worse than average (outside 99.8% control limit) 
b. Worse than average (outside 95% control limit) 
c. Average (within 95% control limit) 
d. Better than average (outside 95% control limit) 
e. Much better than average (outside 99.8% control limit) 
f. I do not know 

 
11. 

encircled with red? (This question involves part 2, see methods section survey in 
article) 
 

a. Much worse than average (outside 99.8% control limit)
b. Worse than average (outside 95% control limit)
c. Average (within 95% control limit)
d. Better than average (outside 95% control limit)
e. Much better than average (outside 99.8% control limit)
f. I do not know
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11. How does the department encircled with orange perform compared to the 
department encircled with red? (This question involves part 2, see methods section 
survey in article)

 
a. Better 
b. Equal 
c. Worse 

  

a. Better
b. Equal
c. Worse

Questions for all respondents: Awareness about performance of  own 
healthcare center
12. Has your department, according to the funnel-plots displayed on the LROI-

dashboard ever performed worse (above the 95% confidence interval) in the past 
two years? (This question involves part 1, see methods section survey in article)
a. Yes  Loop III (question 13,14,15)
b. No  Question 16
c. I do not know  Question 16

Loop III: Worse than average performance based on the LROI-dashboard
13. Did you see in advance that your department performed worse than average? (This 

question involves part 3, see methods section survey in article)
a. No,
b. Yes, I felt this coming
c. Yes, because we collect the same data as the LROI
d. Yes, because my colleague drew my attention to this
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14. Did you undertake quality improvement initiatives to improve? (This question 
involves part 3, see methods section survey in article)
a. Yes, because we already knew what caused it
b. Yes, after investigating the cause
c. No, because the results may be due to coincidence and this is probably an 

one-off incident
d. No, because in this period we were treating on a relatively difficult patient 

population. The results will therefore improve automatically
e. No, other reason, namely…

15. Did you use the LROI-data to check whether the quality improvement initiative(s) 
have had effect(s)? (This question involves part 3, see methods section survey in article)
a. No, we have not taken any action
b. No, we did not check the effect of the intervention
c. No, we introduced the intervention recently and are monitoring whether an 

effect is sorting
d. Yes, the intervention(s) had no effect
e. Yes, the intervention(s) had a positive effect

Questions for all respondents: Future improvements for feedback
16. Would you prefer to receive a signal earlier if the performance of your department 

improves or deteriorates compared to the national average? (This question involves 
part 4, see methods section survey in article)
a. No, I can see that in the funnel-plot in the LROI-dashboard
b. Yes, I would like an update every 6 months
c. Yes, I would like an update every 3 months
d. Yes, I would like an update every month

17. Which tabs on the LROI-dashboard interest you the most? Put the results in order 
from most interesting (1) to least interesting (4) by dragging the ‘blocks’’. (This 
question involves part 4, see methods section survey in article)
a. Total number of procedures performed
b. 1-year revision rate
c. PROMs
d. Patient characteristics

18. Are there, in addition to the 1-year revision rates, in comparison with other 
healthcare centers, more outcomes in which you are interested (Yes/No)? You can 
check multiple options here. (This question involves part 4, see methods section survey 
in article)
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a. Prosthesis survival
b. Improvement in PROMs postoperative compared to preoperative
c. Length-of-hospital-stay
d. Hospital readmission 
e. Complications (other than revisions)
f. None

19. How would you like to receive feedback on the outcomes of your department? 
(This question involves part 4, see methods section survey in article) 
a. As the current situation, make selections on the LROI-dashboard
b. Make selections on a mobile application
c. Tailored for my surgeon-group, without making selections myself, on the 

LROI-dashboard
d. Tailored for my surgeon-group, without making selections myself, on a mobile 

application
e. Tailored for my surgeon-group, without making selections myself, send by 

email.







Chapter 8
Effectiveness of a multifaceted quality 
improvement intervention to improve 

patient outcomes after Total Hip and Knee 
Arthroplasty: A registry nested cluster 

randomised controlled trial

Peter van Schie, MD1,2, Leti van Bodegom-Vos, PhD2, Tristan M. Zijdeman2, Rob 
G.H.H. Nelissen, MD, PhD1, Perla J. Marang-van de Mheen, PhD2, and the IQ Joint 

study group

1. Department of Orthopaedics, Leiden University Medical Centre, Leiden, The Netherlands;
2. Department of Biomedical Data Sciences, Medical Decision Making, Leiden University Medical Centre, 

Leiden, The Netherlands.

BMJ Qual Saf. 2023 Jan;32(1):34-46



Chapter 1

200

Abstract

Objective
To assess the effectiveness of a prospective multifaceted quality improvement 
intervention on patient outcomes after total hip and knee arthroplasty (THA and 
TKA).

Design
Cluster randomised controlled trial nested in a national registry. From 1 January 2018 
to 31 May 2020 routinely submitted registry data on revision and patient characteristics 
were used, supplemented with hospital data on readmission, complications, and 
length of stay (LOS) for all patients.

Setting
20 orthopaedic departments across hospitals performing THA and TKA in The 
Netherlands.

Participants
32,923 patients underwent THA and TKA, in 10 intervention and 10 control 
hospitals (usual care).

Intervention
The intervention period lasted 8 months and consisted of the following components: 
1) Monthly updated feedback on 1-year revision, 30-day readmission, 30-day 
complications, long (upper quartile) LOS, and these 4 indicators combined in 
a composite outcome; 2) Interactive education; 3) An action toolbox including 
evidence-based quality improvement initiatives (QIIs) to facilitate improvement of 
above indicators; and 4) Bimonthly surveys to report on QII undertaken. 

Main outcome measures
The primary outcome was Textbook Outcome (TO), an all-or-none composite 
representing the best outcome on all performance indicators (i.e., the absence of 
revision, readmissions, complications, and long LOS). The individual indicators 
were analysed as secondary outcomes. Changes in outcomes from pre-intervention 
to intervention period were compared between intervention versus control hospitals, 
adjusted for case-mix and clustering of patients within hospitals using random effect 
binary logistic regression models. The same analyses were conducted for intervention 
hospitals that did and did not introduce QII.
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Results
16,314 patients were analysed in intervention hospitals (12,475 before and 3,839 
during intervention) versus 16,609 in control hospitals (12,853 versus 3,756). After 
the intervention period, the absolute probability to achieve TO increased by 4.32% 
(95% confidence interval (CI) 4.30-4.34) more in intervention than control hospitals, 
corresponding to 21.6 (95%CI 21.5-21.8), i.e., 22 patients treated in intervention 
hospitals to achieve one additional patient with TO. Intervention hospitals had a 
larger increase in patients achieving TO (ratio of adjusted odds ratios 1.24, 95%CI 
1.05-1.48) than control hospitals, a larger reduction in patients with long LOS 
(0.74, 95%CI 0.61-0.90) but also a larger increase in patients with reported 30-day 
complications (1.34, 95%CI 1.00-1.78). Intervention hospitals that introduced QII 
increased more in TO (1.32, 95%CI 1.10-1.57) than control hospitals, with no effect 
shown for hospitals not introducing QII (0.93, 95%CI 0.67-1.30).

Conclusion
The multifaceted QI intervention including monthly feedback, education, and a 
toolbox to facilitate QII effectively improved patients achieving TO. The effect size 
was associated with the introduction of (evidence-based) QII, considered as the causal 
link to achieve better patient outcomes.

Trial registration number
NCT04055103.
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Summary boxes

What is already known on this topic
Given the increasing number of total hip and knee arthroplasties (THA and TKA) 
performed worldwide, the number of adverse events and revision surgeries are expected 
to increase as well as societal costs. High-quality care may reduce the risk of adverse 
events and improve efficiency by avoiding unnecessarily long length-of-stays (LOS). 

What this study adds
A multifaceted quality improvement intervention including frequent feedback 
on performance, interactive education combined with an action implementation 
toolbox containing evidenced-based quality improvement initiatives (QIIs) was 
effective to improve patient outcomes after THA and TKA. The absolute probability 
of patients achieving Textbook outcome (TO)(i.e., absence of revision, readmission, 
complications, and length-of-stay (LOS)) increased by 4.32% (95% CI 4.30 to 4.34) 
more in intervention hospitals than control hospitals, with effect size depending 
on QII introduced. Intervention hospitals particularly improved more in reducing 
patients with long LOS. 

How this study might affect research, practice and/or policy?
These findings support that frequent feedback to surgical teams should be supplemented 
by interactive education and facilitated by evidence-based improvement initiatives 
tailored to specific outcomes, to further improve the quality of delivered patient care 
in arthroplasty surgery.
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Introduction

Total hip and knee arthroplasties (THA and TKA) are frequently used cost-effective 
treatments for symptomatic osteoarthritis and end-stage rheumatoid arthritis to 
reduce pain and improve patients’ functionality.(1-3) Due to the increasing number 
of procedures, the absolute number of adverse events and costly revision surgeries are 
likely to increase if the risk remains the same.(4-7) Several studies and arthroplasty 
reports have shown considerable between-hospital variation in revision, readmission, 
complications, and length of stay (LOS) for both THA and TKA, indicating huge 
improvement potential.(7-17)

In recent years, arthroplasty registries have provided surgeons and hospitals with Audit 
and Feedback (A&F) on their performance, aiming to improve the quality of care 
delivered.(7,11-18). A Cochrane review showed A&F to be effective with a median 
absolute improvement of 4.3% (interquartile range (IQR): 0.5% to 16%).(19) 
Worldwide, arthroplasty registries include different performance indicators in their 
feedback, with revision most commonly used.(7,11-18). A recent study showed that 
Dutch orthopaedic surgeons would like to receive feedback not just on revisions but also 
on readmission, complications, and LOS.(20) For arthroplasty surgery, even a relatively 
small absolute improvement will have huge impact considering the large annual number 
of THA and TKA performed worldwide. Studies have shown that A&F maybe more 
effective when for example, an action implementation toolbox is added to facilitate 
actions undertaken instead of a ‘‘passive’’ single element (feedback or education alone).
(19,21-23) However, a previous study including such an action implementation toolbox 
only showed improvement in process indicators whereas the ultimate goal is to improve 
patient outcomes.(23) In addition, A&F seems to be more effective when feedback is 
delivered by a senior colleague, at least monthly, in both verbal and written format and 
when explicit goals and specific actions are planned.(19) 

We aimed to evaluate the effect of a prospective multifaceted A&F intervention on 
a composite of clinical outcomes (including 1-year revision, 30-day readmission, 30-
day complications, and long LOS) for patients undergoing THA and TKA. 
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Methods

Study design and participants
A cluster randomised controlled trial (RCT) was nested in the nationwide Dutch 
Arthroplasty Register (LROI), including 20 hospitals performing THA and TKA 
across the Netherlands. During the 21 months pre-intervention period (from 
1 January 2018 to 30 September 2019) all 20 hospitals established a data linkage 
between the registry and hospital data, and the research group developed the feedback 
and action implementation toolbox. Participating orthopaedic departments were 
then randomised into 10 intervention and 10 control hospitals. The intervention was 
applied over an 8 months period (1 October 2019 - 31 May 2020) (Figure 1). Control 
hospitals continued with usual care . We compared the change in patient outcomes 
from the pre-intervention to the end of the intervention period between intervention 
and control hospitals as the effect attributable to introduction of the intervention. The 
trial was pre-registered (ClinicalTrial.gov, NCT04055103) and the LUMC Medical 
Ethical Committee waived the need for ethical approval under Dutch law (CME, 
G18.140).(24) The study was announced on the website of the Dutch Orthopaedic 
Association and the first 20 orthopaedic departments agreeing to participate in the 
study were included. All THA and TKA procedures performed in the 20 departments 
were included. No exclusion criteria were used. 

Figure 1 Study period

COVID-19
We originally planned to include a ‘‘sustainability phase’’ after 6 months, where 
intervention hospitals would no longer be actively supported and the control hospitals 
would receive the intervention (ClinicalTrial.gov, NCT04055103).(24) This planned 
sustainability phase was delayed by 2 months so that the intervention period ended 
May 2020 rather than the planned March 2020 to maintain sufficient statistical power, 
given the reduction in elective care caused by the COVID-19 outbreak in early March 
2020. The number of procedures decreased to 625, 54, and 545 in March, April, and 
May 2020, respectively, compared with an average 1,215 THA and TKA per month in 
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2018-2019. In addition, we had planned to match hospitals as part of the intervention 
to exchange information on best practices and identify areas for improvement, which 
could not be implemented due to government-imposed COVID-19 restrictions.(24)

Randomisation and masking
Randomisation was stratified by hospital type to achieve an equal distribution of 
academic, teaching, non-teaching, and private hospitals, as these generally differ in 
size and are therefore likely to differ in available IT and quality improvement (QI) 
capacity. Participating hospitals were categorised within one of four groups and then 
allocated in a 1:1 ratio to the intervention or control group. Due to the nature of the 
intervention, orthopaedic surgeons of intervention hospitals could not be masked 
but patients were masked to study group allocation. By liaising with hospital IT 
specialists to extract hospital data on readmissions, complications, and LOS, we 
tried to minimize potential bias as they were masked to study group allocation. In 
all intervention hospitals, the head of the orthopaedic department was appointed as 
contact person and acted as ‘’clinical champion’’.

Intervention
The intervention was designed based on evidence regarding effective feedback(19,21-23) 
for orthopaedic surgeons(20) and included the following components:
1) Monthly updated feedback was (securely) emailed individually to all orthopaedic 

surgeons performing THA and TKA in the intervention hospitals. Feedback 
included case-mix-adjusted indicator outcomes graphically presented in funnel 
plots and CUSUM charts.(25) The following indicators were reported: 1-year 
revision (including reasons for revision to align with Quality Improvement 
Initiatives (QIIs), that is, infection, dislocation (only THA), prosthesis loosening, 
and technical failure (only TKA)(8)), 30-day readmission, 30-day complications, 
long (upper quartile) LOS and a composite outcome including all above mentioned 
indicators. A brief description to interpret the findings for each indicator was 
provided below each graph tailored to that specific hospital (Appendix I).

2) Education to interpret the feedback was provided by PvS (medical doctor) in the first 
month of the intervention period, combined with clear targets for improvement of 
specific indicators. Orthopaedic surgeons learned how to interpret funnel plots and 
CUSUM charts, and how to use these charts for QI. This was based on a previous 
survey showing this represented a knowledge gap so that education should be part 
of the intervention .(20,21) As a reference, a video (Appendix II) and pocket card 
(Appendix III) were available to summarize the educational meeting.
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3) An action implementation toolbox including evidence-based QII for each indicator 
reported in the feedback, to facilitate taking actions to improve care, based on 
scientific literature, expert opinion, and guidelines. The plan-do-study-act (PDSA) 
cycle was added to help surgeons design local QI projects (Appendix IV).

4) A short survey was emailed every 2 months together with the feedback to evaluate 
adherence to the intervention, encourage reviewing the feedback, verify which QII 
were introduced, and stimulate trial engagement. Participants could report best 
practices and experiences to be added to the toolbox and shared with others, also 
to stimulate trial engagement (Appendix V).

Control hospitals continued with usual care, meaning that no specific intervention 
was implemented. This means that orthopedic surgeons have access to the password-
protected LROI-dashboard where overall between-hospital variation in revision could 
be viewed in real-time, as well as averages for patient characteristics and patient-reported 
outcome measures. However, it requires logging in to look up the information, rather 
than receiving it through email, and gives no comparative information on readmission, 
complications, and long LOS (or the composite). Since 2015, all surgeons in both 
control and intervention hospitals have had access to the LROI-dashboard, however, 
a recent study showed that 39% of the orthopaedic surgeons did not interpret funnel 
plot correctly, and 34% never logged in.(20)

Graphical displays of  performance 
Funnel plots are already used in the LROI dashboard as a graphical aid to show 
between-hospital variation in revisions, adjusted for case-mix. Hospitals plotted 
between the control limits (2 standard deviations (SD)) perform as expected given 
their case-mix, while hospitals plotted above or under the control limit perform 
significantly worse or better, respectively.

A CUSUM chart was added to the monthly feedback since it shows patient-level rather 
than aggregated performance data during a time period. For every consecutive patient, 
the observed minus expected probability for an event is plotted. When the score goes 
up, the observed performance is worse than expected, and vice versa when going 
down. A signal (alert) was generated when crossing the 5.0 control limit meaning that 
hospital performance was ‘’out-of-control’’ for the quality indicator, after which the 
chart was reset to zero. When no signal is generated a hospital is ‘‘in-control’’.(26) The 
level of the control limit determines the trade-off between the number of false-positive 
and false-negative signals. We showed previously that the CUSUM chart with a 5.0 
control limit enabled earlier detection of worsening performance for 1-year revisions 
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with good accuracy compared with the funnel plot, thereby allowing initiatives to 
start earlier.(25)

Outcome evaluation
The primary outcome was the Textbook Outcome (TO) composite, with the individual 
outcomes included in TO analysed as secondary outcomes. The TO composite is an 
all-or-none concept representing the best outcome on commonly used indicators 
for THA and TKA (i.e., the absence of 1-year revision, 30-day readmission, 30-day 
complications, and long LOS). The 1-year revision was calculated based on primary 
and revision surgery dates, with all patients having at least 1-year follow-up, as routinely 
collected in the LROI. By including revisions in the composite, a 1-year follow-up was 
needed after the implementation period to calculate TO (Figure 1). Other outcomes 
were calculated based on the index hospitalisation in which the primary THA or TKA 
was performed. Outcomes were defined as follows:
· Revision: Exchange, removal, or addition of any component within one year after 

the primary surgery.

· Readmission: Any admission within 30 days after discharge of the index 
hospitalisation to the same hospital.

· Complication: Any complication other than revision during the index 
hospitalisation or within 30 days after discharge, using the nationwide definition 
of a complication.(27)

· Long LOS: LOS of the index hospitalisation longer than the 75th percentile (upper 
quartile), based on all patients treated, to take into account possible between-
hospital differences in sensitivity to report complications.(28)

Data collection

Routinely submitted LROI data regarding revisions and patient characteristics were 
used, supplemented with hospital data on readmission, complications, and LOS for 
all patients. LROI data were linked to hospital data by an IT specialist from each 
hospital to ensure anonymous data exchange. LROI data completeness is checked 
annually against Hospital Electronic Health Records and currently exceeds 99% for 
primary procedures, and 97% for revisions.(29,30) The LROI uses barcode scanning 
to enable tracing of prosthetic components so revisions performed in another hospital 
are included. The following patient-level LROI data were provided: whether a revision 
had taken place, reason for revision and the patient characteristics age at surgery, 
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gender, body mass index (kg/m2), current smoking status (yes/no), American Society 
of Anaesthesiologists (ASA) classification (I-IV) and diagnosis (osteoarthritis/non-
osteoarthritis). Collected data were locked prior to the analyses.

Statistical analysis
At least 18 participating hospitals (9 per arm) were needed to detect a difference in 
TO of 70% versus 80% with 80% power, α of 0.05, a median of 100 procedures per 
hospital, and assuming an intra-hospital correlation of 0.02. We included 20 hospitals 
(10 per arm) in case hospitals would drop out. To assess whether participating hospitals 
were a representative selection, we compared the median number of procedures and 
median percentage of revisions for both THA and TKA during the study period in 
participating centers versus all other Dutch centers, using a Mann-Whitney U test.

Patient characteristics were missing in less than 2% of patients. These were considered 
missing at random and imputed using multiple imputations for 10 rounds with 
predictive mean matching as the underlying model. All patient characteristics and 
outcomes (i.e., TO, revision, readmission, complications, and long LOS) were used as 
predictors, but only patient characteristics were imputed.

Data were analyzed following an intention to treat approach, classifying hospitals in 
study groups as randomised. Random effects binary logistic regression models were 
used to estimate the impact of the intervention on TO as the primary outcome and 
each secondary outcome, while accounting for patient clustering within hospitals. 
All models were adjusted for all measured patient characteristics. Outcomes between 
pre-intervention and intervention period were first compared within intervention and 
control hospitals, expressed as adjusted odds ratios. The change in outcomes from pre-
intervention period was then compared between intervention and control hospitals 
by including an interaction term between study group and period, and quantified as 
the ratio of adjusted odds ratios with corresponding 95% confidence intervals (CI). 
We calculated the number of patients needed to be treated during the intervention 
period to achieve one additional patient with TO in intervention hospitals as 1 
divided by the absolute risk difference. The absolute difference in TO probability 
was derived from the estimated parameters obtained by the above logistic regression 
models using a marginal standardisation method.(31) Corresponding 95% CI were 
computed from non-parametric bootstrapping based on 2000 replications. The same 
analyses were performed to compare intervention hospitals introducing QII and 
intervention hospitals not introducing QII, versus control hospitals. These analyses 
were conducted from the rationale that these QII were the causal link to achieve 
improved patient outcomes, which would thereby support intervention efficacy. 
Information on QII introduced was taken from the process evaluation (see below). All 
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analyses were conducted for all patients, and separately for THA and TKA patients, 
given the known difference in revisions and complication risks and that a difference in 
baseline risk may affect the absolute risk reduction achieved.(7-17,32)

All p values were two-sided and values below 0.05 were considered statistically 
significant in all analyses. Analyses were performed using STATA (version 14; 
StataCorp).

Process evaluation and intervention fidelity
Surveys were sent by email in November 2019, January 2020, and March 2020 and 
compiled using QualtricsXM (Appendix V). As surveys were sent together with the 
feedback, response also indicated the email was read and feedback received. Questions 
were asked to evaluate adherence to intervention components and therefore included 
whether orthopaedic surgeons could interpret the feedback and what other information 
or tools were needed for further improvement. In addition, we asked which QIIs 
were undertaken as ultimately the feedback was intended to initiate actions, including 
whether these QII were based on the toolbox or other evidence. Descriptive statistics 
were used to explore the number of QII per intervention hospital and the source of 
the initiatives. 

Patient and public involvement
Patients or the public were not involved in the design of the study.

Results

Of the 33,205 patients who underwent THA or TKA in the 20 participating 
hospitals during the pre-intrevention and intervention period, 282 had missing 
data for TO, leaving 32,923 (99.2%) patients eligible for analysis. Of these, 16,314 
patients were analysed in the intervention hospitals (12,475 before and 3,839 during 
the intervention period) versus 16,609 in control hospitals (12,853 versus 3,756). 
Participating hospitals were comparable to all other Dutch hospitals in distribution 
of type of hospital, median revision rate (1.7% versus 1.7% for THA, p=1.00 and 
1.4% versus 0.9% for TKA, p=0.62) and median number of THA surgeries (930 
versus 699; p=0.21) but had higher median number of TKA surgeries (700 versus 
582; p<0.05) (Figure 2).
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Figure 2 Trial profile

Table 1 shows that hospital and patient characteristics were comparable between 
intervention and control hospitals, except for slightly more smokers and fewer ASA 
III-IV patients in intervention hospitals. During the study period, 28,108 patients 
achieved TO (85.4%), 529 (1.6%) underwent a revision within one year, 1218 
(3.7%) had a readmission within 30 days, 1,214 (3.7%) experienced a complication 
within 30 days, and 3,662 (11.1%) had a long LOS, with considerable between-
hospital variation in all outcomes (shown by the interquartile range in table 1) in 
both intervention and control hospitals. LOS was not normally distributed, making it 
challenging to create equal quartiles so that the closest integer value was chosen. This 
resulted in above 4 days defined as long LOS for both THA and TKA, and explains 
that the median percentage of patients with long LOS is considerably smaller than 
25%.
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Outcome evaluation
Table 2 shows changes in clinical outcomes from the pre-intervention to intervention 
period for both intervention and control hospitals. Intervention hospitals significantly 
improved in achieving more patients with TO over time for THA/TKA combined 
(adjusted odds ratio 1.39, 95 % CI 1.23-1.58), as did control hospitals (adjusted 
odds ratio 1.14, 95% CI 1.02-1.48). Even though intervention hospitals had better 
pre-intervention TO performance, that is, potentially less room for improvement, 
they improved significantly more than control hospitals (ratio of adjusted odds ratios 
1.24, 95% CI 1.05-1.48). The effect was also significant for THA alone (1.34, 95% 
CI 1.06-1.69), but not for TKA (1.12, 95% CI 0.87-1.44) although it went in the 
same direction. For the secondary outcomes, intervention hospitals also showed 
a significantly higher reduction in the percentage of patients with long LOS than 
control hospitals for THA/TKA combined and THA. The same trend was observed 
for 30-day readmission for THA, albeit non-significant. The percentage of patients 
with reported 30-day complications increased more in intervention than control 
hospitals for THA/TKA combined but not for THA or TKA separately. No significant 
effects were found for revisions.

The absolute probability of TO increased by 4.32% (95% CI 4.30-4.34) more in 
intervention hospitals than control hospitals, corresponding to 21.6 (21.5-21.8), that is, 
22 patients treated in intervention hospitals to achieve one additional patient with TO.

Process evaluation and intervention fidelity
The education meetings were scheduled such that all orthopedic surgeons could 
attend (unless still in surgery). Each meeting ended by discussing which performance 
indicators would be the focus of improvement initiatives and which specific actions 
would be taken. Two orthopaedic surgeons were absent during this interactive 
education session in 3 intervention hospitals and 1 surgeon in 3 hospitals, meaning 
that 52 of the total of 61 orthopaedic surgeons (85%) attended. From all surgeons, 
45 (74%) completed the first survey, 39 (64%) the second survey, and 35 (57%) the 
third survey. Fifty-five surgeons (90%) completed the survey at least once, meaning 
that the feedback was reviewed by at least 90% of the surgeons since it was sent 
together with the survey. Twenty-three (38%) orthopedic surgeons completed the 
survey at all time points, and at least 1 surgeon for each hospital. In addition, 91% 
of respondents reported the feedback was clear after receiving the education. In 
terms of trial engagement, 4 hospitals reported they needed additional educational 
explanations on funnel plots and CUSUM charts, and 2 hospitals would appreciate 
more QIIs included in the toolbox. In addition, 7 hospitals requested being linked to 
a hospital that scored better on a performance indicator to improve further (‘‘learning 
from the best’’). 
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Table 3 Quality improvement initiatives per hospital and the source of the initiatives

Intervention 
hospital

Quality improvement initiatives Toolbox Literature
Expert 

opinion
1 LOS:

- Discharge 1 day postoperative if possible. No Yes No
2 Revision:

- Reduce the number of dislocations for THA by no longer 
placing a 28mm cup and placing an ‘‘Avantage’’ cup earlier in older 
patients. 
- Pairing surgeons with more dislocations with surgeons with 
few dislocations to learn from best practices. 
LOS:
- Start mobilizing earlier after surgery. 
- Improve patient expectation management. 
- Earlier consultation of transfer agency.

Yes

No

No
No
No

Yes

Yes

No
Yes
Yes

Yes

Yes

No
No
No

3 Readmission and complications:
- Reduce wound leakage and surgical site infections by 
adjusting the wound closure technique, tissue protector for THA, 
and tranexamic acid during wound closure for TKA.

No Yes Yes

4 LOS:
- Earlier consultation of transfer agency. No No Yes

5 Revision, readmission, and complications:
- Reduce surgical site infections and prosthetic joint infections 
by adjusting the wound closure technique (Roerdink et al, 2019).
- Covering the sterile surgical field differently.
- Short-term use of the tourniquet for TKA.
- Use of prophylactic antibiotic as suggested in de guidelines of 
the Netherlands Orthopaedic association.

No

No
No
No

Yes

No
No
Yes

Yes

Yes
Yes
No

6 Revision:
- Reduce the number of infections by adopting pre-operative, 
intra-operative and post-operative interventions from the toolbox 
and the literature (not defined).
LOS:
- Earlier consultation of transfer agency.

Yes

Yes

Yes

Yes

No

No
7 LOS:

- Mobilizing on the day of surgery.
- Inform the patient before surgery about the expected LOS.

Yes
Yes

No
No

No
No

8 Revision:
- Introduction of a new type of prosthesis.
- Introduction of an infection discussion in which improvement 
initiatives are evaluated.
LOS:
- Prevent wound leakage by keeping the compression bandage 
in place longer in patients who have had surgery late in the day.
- Closing the fascia with polydioxanone suture.
- Close the subcutis in 2 layers.
- Improve patient flow to the care hotel. 

No
No

No

No
No
No

Yes
Yes

No

No
No
No

Yes
No

Yes

Yes
Yes
Yes

These are the quality improvement initiatives as reported in the bi-monthly surveys by the orthopaedic surgeons in the 
intervention hospitals. The initiatives are described under the indicator that the hospital aimed to improve with the 
initiative. However, the quality initiatives mentioned could affect other indicators, both positively and negatively. Two 
hospitals did not introduce any initiatives and are not included in the table.
LOS=length-of-stay; THA=total hip arthroplasty; TKA=total knee arthroplasty.
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Table 3 shows descriptions of QIIs introduced in each hospital, intended to improve 
patient outcomes, including whether these were taken from the toolbox or based on 
other evidence. The median number of performance indicators for which QII were 
undertaken per hospital was 2 (IQR 1-2). Two hospitals did not introduce any QII, 
and of the remaining 8 hospitals most introduced QII to improve LOS. 

Intervention hospitals that introduced QIIs improved significantly more in TO 
than control hospitals (1.32, 95% CI 1.10-1.57), whereas intervention hospitals 
not introducing any QII showed similar changes as control hospitals (0.93, 95% 
CI 0.67-1.30) (Figure 3). Of note, pre-intervention TO on average was lower for 
intervention hospitals that introduced QII compared with hospitals not introducing 
QII (85.2% versus 94.5%, p<0.01) with control hospitals at 82.6%. For the secondary 
outcomes, intervention hospitals that introduced QII to reduce long LOS improved 
significantly more than control hospitals. For complications, no difference was found 
for intervention hospitals that introduced QII targeting complications but hospitals 
not introducing these QII increased more in complications than control hospitals. No 
significant differences were found for hospitals introducing QII to reduce revisions or 
readmissions.

Figure 3 Primary and secondary outcomes by implementation of quality improvement initiatives
LOS=length of stay; TO=textbook outcome.
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Discussion

The present study has shown that the multifaceted QI intervention was effective to 
increase the percentage of patients achieving TO more in intervention than control 
hospitals. Intervention hospitals that introduced QII improved significantly more 
in performance on TO than control hospitals, whereas intervention hospitals not 
introducing any QII showed comparable changes as control hospitals (but had 
higher pre-implementation TO). For the secondary outcomes, a higher reduction 
in patients with long LOS was found for intervention than control hospitals, and 
hospitals introducing QII to reduce LOS improved significantly more than control 
hospitals whereas hospitals not introducing these QIIs showed similar changes. 
Effects for readmission and revision seemed to go in the same direction, but were 
non-significant. However, intervention hospitals also showed a higher increase in 
the percentage of patients with reported complications than control hospitals. This 
seemed to be due to hospitals not introducing QII targeting complications, as those 
hospitals showed a higher increase in reported complications than control hospitals 
whereas hospitals introducing QIIs targeting complications showed similar changes. 
In addition, it may reflect increased sensitivity in reporting complications associated 
with the intervention. Taken together, these findings suggest that our multifaceted QI 
intervention was effective to improve TO for THA/TKA patients, most likely through 
the introduction of targeted QII particularly reducing long LOS. 

Although a significant effect was only found for THA, the direction of the effect and 
some secondary outcomes (e.g., long LOS) were similar for TKA. This may be due to 
the smaller volume, as the median number of TKA surgeries was considerably smaller 
than for THA in intervention hospitals (Table 1), which may explain why the effect 
went in the same direction but was not significant. In addition, the baseline risks 
for revisions and complications were lower for TKA, mostly associated with smaller 
absolute risk reductions.

Comparison to the literature
The present study showed an absolute larger improvement of 4.32% in intervention 
versus control hospitals, similar to the median improvement shown for A&F 
interventions in a Cochrane review including 140 studies.(19) This suggests that 
about 50% of included studies in that review had smaller effects than the present 
study. A comparable cluster RCT using control charts and regular feedback resulted in 
an absolute reduction of major adverse events of 0.9%, or 114 patients needed to treat 
in intervention hospitals to prevent 1 adverse event.(33) However, such comparisons 
need to be done cautiously as included studies involve different populations being 
targeted and different control groups. For interventions like statins and aspirin it 
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is known that both the absolute reduction and the number needed to treat (NNT) 
depend on the baseline risk.(32) This is equally relevant in our study, as the baseline 
risk for particularly revision and complications are already low, meaning that absolute 
risk reductions tend to be lower. This likely explains why the overall effect is driven by 
LOS and readmissions, with higher baseline risk.

Other QI initiatives have been described within orthopedics, such as the Continuous 
Quality Improvement Program for hip and knee replacement surgical care Canada.(34) 
A standardised care pathway was developed guided by the Triple Aim framework and 
six quality dimensions derived from the Institute of Medicine, using key performance 
indicators and benchmarked to give feedback twice a year to individual physicians, 
hospital administrators, and quality review teams on how they compare against a 
set threshold of good quality. Currently, 83% of orthopaedic surgeons participate in 
the program, representing 95% of the total volume of THA and TKA. In another 
QI project performed in the UK, a reduction in LOS was achieved from 3.6 to 2.4 
days in one hospital for THA and TKA and 3.6 to 2.0 days in another, both by the 
introduction of PDSA cycles to improve on postoperative analgesia, physiotherapy 
and local policy.(35)

A previous study targeting quality of pain management in intensive care units showed 
an improvement in pain management when an action implementation toolbox was 
added to feedback compared with feedback alone, but only in process indicators and 
not in clinical outcomes.(23) The present study therefore adds that a comparable 
intervention where the toolbox included evidence-based measures targeting outcomes 
rather than merely process measures such as having a protocol in place, was effective 
in improving patient outcomes.

Strengths and limitations of  this study
The strengths of this study include the robust randomised trial design, limited selection 
bias given that LROI data include more than 99% of all primary THA and TKA 
performed, and the required sample size of the power calculation achieved. (29,30) In 
addition, the intervention was developed guided by evidence and following the latest 
theory and recommendations.(22,23,36) The risk of contamination among control 
hospitals seems unlikely because control hospitals were not aware of the start of the 
implementation period and received the intervention at a later point in time, and 
feedback was tailored to a specific hospital. If contamination did occur, this would 
have diluted the intervention effect so that the true effect would potentially be larger. 
In addition, given the lower pre-implementation TO in control hospitals than in 
intervention hospitals, one would expect a larger change in control hospitals due to 
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more potential for improvement and regression to the mean, making the opposite 
effect all the more notable. (19,37) 

However, some limitations remain. First, the potential influence of a Hawthorne 
effect on study findings was largely compensated by control hospitals, as performance 
improved in both hospital groups. Second, information bias may occur if coding 
accuracy changed within hospitals between periods and differently for intervention 
than control hospitals. This seems unlikely, including that it would occur to such 
an extent that it would explain our results. Third, since outcome frequencies vary 
considerably between performance indicators, TO is dominated by long LOS, a well-
known disadvantage of binary all-or-none composite outcomes.(38,39) However, 
estimates for the individual outcomes largely went in the same direction, albeit non-
significant. Fourth, implementing the intervention in a specific country and for a 
specific type of surgery limits the generalisability of the results. Thus, the feasibility 
and impact of the intervention in a different context requires further study. Finally, 
patients were not involved in the design of this study which could have resulted in 
different outcomes being targeted by QI initiatives.

Implications and future research
Even though the multifaced QI intervention in the present study was shown to 
improve the quality of delivered care, the question is what is needed for hospitals 
to sustain these effects and potentially continue improving further. Only few 
studies describe how QI interventions became adopted in everyday practice.(40-43) 
Implementing a bundle of common QI interventions (e.g., staff education, A&F, 
alerts) to ‘‘quick fix’’ poor hospital performance may provide a temporary solution, 
but is not sustainable.(40,41) It appears from the emerging literature that sustainable 
interventions must provide solutions for the underlying problem. Only through 
understanding the problem, both an effective and sustainable intervention can be 
created that becomes part of everyday practice in the long term.(44) This may require 
that first an effective intervention needs to be found, to then solve how it can be 
adapted for everyday practice to be sustainable, using resources that remain available 
after the QI intervention ends.(45) In the present study’s design, it was taken into 
account that intervention components would remain available for the LROI to apply 
them in other hospitals if the intervention proved to be effective. The CUSUM charts 
developed for the intervention are currently being implemented by the LROI.(25) 
In addition, the educational video and pocket card remain available, as well as the 
toolbox which can be kept up-to-date and further expanded with new effective QII 
appearing in the literature. Also, an annual educational session or workshop may keep 
hospitals both engaged to continue improving their care and act as further education, 
where participants in the current study may act as champions to share what worked 
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and what not. Further engagement can also be supported by the toolbox being 
continuously updated as participants share and use each other's best practices and 
experiences, rather than a static list that may become outdated when new evidence 
appears.

Conclusions

The effect of QI interventions is known to vary, but an optimal design will reasonably 
improve patient care. The multifaceted intervention in the present study has shown 
that monthly updated feedback, education, an evidence-based implementation toolbox 
with suggested QII, and bimonthly surveys achieve a statistically significant larger 
improvement in outcomes for patients undergoing THA and TKA. The intervention 
effect was most likely achieved by introducing targeted QII particularly reducing long 
LOS.
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Appendix IV

IQ Joint study
Toolbox

In this toolbox we offer starting points for quality improvement initiatives based on the 
currently available literature. The chapters are ordered according to the performance 
outcomes as offered in the monthly feedback. It is noted that this is not an exhaustive list. 

We advise to implement quality improvement initiatives according to the Plan-Do-Check-
Act cycle. 

Plan-Do-Check-Act cycle 2

Content of Toolbox

IQ Joint studiegroep:
•P van Schie, coördinerend arts-onderzoeker
•Prof. dr. RGHH Nelissen, orthopedisch chirurg
•Dr. PJ Marang-van de Mheen, assistent professor medisch besliskunde

Performance outcomes
• 1-year revision rate due to infection (THA &TKA) 3
• 1-year revision rate due to prosthesis loosening (THA&TKA) 5
• 1-year revision rate due to dislocation (THA) 7
• 1-year revision rate due to technical failure (TKA) 9
• Length-of-stay in hospital 11
• Readmissions 13
• Textbook Outcome & Ordinal Composite Outcome Measure 15
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Plan

1. For which outcome an improvement is possible (outlier).
• Example: Infection.
2. Identify possible reasons for the  problem (define the process).
• Example: Check the electronic patient files to see if the last 100 patient 

have all received antibiotic prophylaxis. No, 4 patient did not.
3. Plan Improvement/change.
• Example: Ask the anaesthetist for each patient during the ‘’Time Out 

Procedure’’ whether the patient had received antibiotic prophylaxis 
and do this for 6 months.

Do 1. Pilot  Carry out the improvement/change.
• Example: As described under Plan  3.

Check
1. What is the effect and is it as desired.
• Example: Check the electronic patient files to see if the last 100 

patients have all received antibiotic prophylaxis. No, 1 patient did not.

Act
1. Adopt the improvement/change or abandon it.
• Example: Adopt the change because it has led to a substantial 

improvement.
2. Run through the cycle again.

Plan - Do - Check – Act cycle1
A iterative four-step management method used for the control and continuous improvement of processes, 

service and care delivery.

IQ Joint studiegroep:
•P van Schie, coördinerend arts-onderzoeker
•Prof. dr. RGHH Nelissen, orthopedisch chirurg
•Dr. PJ Marang-van de Mheen, assistent professor medisch besliskunde

Plan-Do-Check-Act cycle - Tague, Nancy R 2005
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IQ Joint study
Toolbox

Pre-operative

Patient-specific factor optimization
• Poor nutritional status: Aim for Albumine blood levels >34g/L (healthy range: 34-54 g/L).1,2,25

• Overweight: Aim for a BMI <30 kg/m2. Every BMI-point decrease in obese patients reduces the chance on 
postoperative infection.3-6

• Smoking: Convince patients to participate in smoking cessation programs. Smoking cessation for at least 
4 weeks before surgery reduced infections.7-9

• Immunocompromising diseases / Immunosuppressive drugs: Choose the most suitable moment to 
perform the operation. Consult other physicians if needed.

• Glycaemic blood level control. Different glucose target levels were specified.24

MRSA screening & decolonisation
• Screening & decolonisation with mupirocin ointment and chlorhexidine show minimal reduction for 

infections.10-15,24 Not recommended in NOV-guidelines (NOV guidelines - preoperative decolonisation)

Skin disinfection
• Consider to apply chlorhexidine around the operating area the night before and the morning of surgery.16,17

Intra-operative

Antibiotic prophylaxis
• As recommended in NOV-guidelines (NOV guideline - systemic antibiotic prophylaxis).
• Consider vancomycin for MRSA-colonized patients and institutions with high prevalence of MRSA-

infections.18

Lavage 
• Consider 3 minutes lavage with dilute anitsepticum (betadine/chlorhexidine).19 Avoid lavage with 

surfactants or antibiotics.23 Use a low-pressure delivery system for a <2L volume of solution.23

Prevent transfusions
• Check pre-operative hemoglobin level and correct if necessary preoperatively.
• Tranexamic acid might help minimize blood loss and wound infection.20,21

Cement loaded with antibiotics
• As recommended in NOV-guidelines (NOV guidelines - Antibiotica-laden cement).

Surgical approach
• Lateral surgical approach results in more infections compared to posterior approach.6 However, aach of the 

approaches has their own set of complications and benefits.

Bearing surface
• Ceramic-on-ceramic and ceramic-on-polyethylene surfaces are associated with lower risk of revisions for 

infection after 12 and 24 months respectively compared to metal-on-polyethylene.6

Outcome: Infection (THA & TKA)
Topics are described where quality improvement initiatives could be considered.

IQ Joint studiegroep:
•P van Schie, coördinerend arts-onderzoeker
•Prof. dr. RGHH Nelissen, orthopedisch chirurg
•Dr. PJ Marang-van de Mheen, assistent professor medisch besliskunde

Post-operative

Antibiotic prophylaxis
• As recommended in NOV-guidelines (NOV guideline - systemic antibiotic prophylaxis).

Wound leakage
• Is a wound leakage protocol available and is it followed sufficient?

Patient-specific factor optimization
• Blood glucose levels: Fasting blood glucose value <200mg/dl is suggested.22
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Patient risk 
factors

Patient-specific factor optimization
• Smoking: Convince patients to participate in smoking cessation programs. Smoking significantly 

increases risk of aseptic loosening.1

• Age: Postpone the operation if possible. Lower age has a higher chance on aseptic loosening in 
the future.2

Prosthesis 
factors

Outcome: Prosthesis loosening (THA & TKA)
Topics are described where quality improvement initiatives could be considered.

IQ Joint studiegroep:
•P van Schie, coördinerend arts-onderzoeker
•Prof. dr. RGHH Nelissen, orthopedisch chirurg
•Dr. PJ Marang-van de Mheen, assistent professor medisch besliskunde
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Take a look at 
the toolbox for 

infection

THA
• Advise low-impact activities such as walking, swimming and cycling. Patient undertaking 

intermediate to intense activity are four times more likely than less active people to develop 
acetabular prosthesis loosening due to more wear.3-6

• Use cross-linked polyethylene liners instead of conventional liners to reduce wear and revisions.7-

9

TKA
• Roentgen stereophotogrammetric analyses (RSA)-studies showed favorable outcomes on 

prosthesis loosening in the first two year for cemented implants, but unfavorable outcomes after 
two years when compared to uncemented implants.10

THA &TKA
• Has a new prothesis been implemented recently? Has sufficient training taken place? Schedule a 

meeting where experiences can be shared. 

Surgical factors
Cementation techniques
• Distal and proximal prosthesis centralization
• Adequate canal preparation with pulsatile lavage to increase cement penetration and 

interdigitation. 
• Is there profit to be gained within one of the phases: mixing, waiting, working or setting?
• Check the most recent manual for use of the cement. 
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Patient-specific factor optimization
• Overweight: Aim for a BMI<30 kg/m2. Dislocation after THA occurs more often in obese patients.1-4

Femoral head size
• In most patients a femoral head size of 32 mm is recommended following the NOV-guidelines (NOV 

guideline - femoral head diameter).
• Larger femoral head size decreases dislocation rates due to greater jumping distance and a greater range of 

motion.1,5-7 However, heads above 32-mm lead to more friction and more wear with prosthesis loosening 
as a possible consequence.8,9

• If a head larger than 32 mm is indicated, it seems best to use a ceramic-on-ceramic prosthesis because this 
combination shows lowest wear (NOV guideline - femoral head diameter).8

• For the posterolateral approach 36-mm head can safely further reduce the risk of revision for dislocation 
(without an increased number of revisions for all other reasons within 6 years).10

Surgical approach
• Each of the approaches has their own set of complications and benefits. Both the posterior, lateral and 

anterior approach can be used (NOV guideline - surgical approach). 
• Some registries report increased dislocation rates for posterior approach when compared to anterior and 

direct lateral at 6-year follow-up.10,11 However, the revision rate for all other revisions was higher with 
anterior approach and lowest with posterior approach.10

• If the posterior approach is chosen, surgeons should reconstruct the posterior capsule and the external 
rotators to prevent dislocations (NOV guideline - surgical approach).

Dual mobility cup
• Dual mobility articulations are a viable alternative in cases with increased risk of instability or dislocation, 

however, evidence is limited (NOV guideline - dual mobility cup). Following patient groups have an 
increased risk of dislocations and may benefit from a dual mobility cup: spinal injury, poliomyelitis, cerebral 
palsy, femoral neck fracture, acetabular dysplasia, muscular dystrophy and intellectual impairment.12-16

• The 5-year cup revision rates are comparable to that of traditional unipolar cups.17

Stability Assessment
• Minimize impingement by removing osteophytes, thickened capsule or increase offset.
• A lipped liner can offer stability in extremes of movement.18

New prosthesis
• Has sufficient training taken place? 
• Schedule a meeting where experiences can be shared. 

Hip dislocation precaution
• Early dislocation rates do not decrease with hip dislocation precaution.16,19 Evidence is limited and included 

only studies with anterolateral and posterolateral approaches. Further, abandoning mobilization restrictions 
increases patient satisfaction through earlier return of daily activities to preoperative levels.20,21

Outcome: Dislocation (THA)
Topics are described where quality improvement initiatives could be considered.
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Pre-operative

Intra-operative

Post-operative
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Malalignment

Coronal plane (varus/valgus)
• Former studies suggest that mechanical malalignment with an angle >3° results in higher revision 

rates.1,2 However, more recent studies suggest anatomical alignment is more important and showed 
no association between mechanical malalignment (>3°) and revision rates.3-7 Optimal alignment 
seems an anatomical tibiofemoral angle of 7 to 9° valgus with the mechanical axis through the medial 
third of the knee.8-10

Sagittal and axial plane
• Sagittal and axial malalignment is associated with increases revision rates.9

Rotational alignment
• A positive correlation was found between external rotation of the tibial and the femoral component 

and the Knee Society Score.19

New prosthesis
• Has sufficient training taken place? 
• Schedule a meeting where experiences can be shared. 

Outcome: Technical failure (TKA)
Topics are described where quality improvement initiatives could be considered.

Instability

Etiology
• Early (within one year) postoperative instability may be required for various reasons, including 

malalignment of components, implant loosening, improper balance of the flexion-extension space, 
rupture or laxity of the posterior cruciate ligament or medial collateral ligament and patellar tendon 
rupture or patella fracture.11-16

• Some patient are prone to instability. Those who have rheumatoid arthritis, connective tissue 
disease, severe osteoporosis, neuromuscular pathology, gross deformities who need severe 
correction with ligament release, foot deformities and quadriceps/medial thrust hip abductor 
weakness.15,17 

Patient-specific factor optimization
• Overweight: Aim for a BMI<30 kg/m2. Obesity is a risk factor because it complicates surgical 

exposure, jeopardizes the collateral ligament.15

Pre-operative / intra-operative
• Evaluation the state of the lateral and medial collateral ligament and posterior cruciate ligament  

(PCL) with physical examination in order to select the right implant for each patient.16 Instability can 
be prevented in most cases with appropriate prosthesis selection and good surgical technique (e.g. 
prevent soft tissue damage, correct implantation of components in every plane).12,14 Posterior 
stabilized implants should be utilized in those patients with PCL insufficiency and in those with 
increase risk of posterior instability (e.g. rheumatoid arthritis, need to resect the PCL, flexion 
contracture or previous tibial osteotomy). If the choice is made to preserve the PCL, it is important 
to take special care in maintaining its integrity when the tibial cut is made. In case of doubt, it is 
preferable to convert the arthroplasty to a posterior stabilized design. In some patients with marked 
instability (medial or lateral collateral loss, massive bone loss including the femoral condyles, 
complete or insufficiency of the PCL, poliomyelitis , or Charcot arthropathy), a primary constrained 
or linked hinge implant may me indicated.16

Patellar dislocation

Intra-operative
• Patella maltracking or dislocation is closely related to malalignment. In most patients, functional 

patellar tracking is achieved by a good prosthesis positioning by checking the femoral implant 
rotation, femoral implant flexion, femoral implans varus/valgus positioning, femoral implant 
mediolateral or medialization, tibial implant rotation. Excessive internal rotation of the tibial 
component or femur component promotes external rotation during walking, thereby increasing the 
risk of patellar dislocation. The more externally rotated the implant, the less risk there is for lateral 
patellar maltracking. However, , this must not be at the expense of tibiofemoral alignment and 
stability.11  Postoperative patella alta and non-medialized implantation of a patellar prosthesis are 
also risk factor.18
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Pre-operative

Fast-track program 
• Implement a fast track surgery program in THA surgery is associated with a reduction in post-operative length of stay 

(LOS), shorter convalescence and rapid functional recovery, without increased morbidity and mortality.1,2 (NOV guidelines 
- fast-track program)

• Mention the expected date of discharge prior to operation so that patients know what is to be expected. 

Patient-specific factor optimization
• Optimize glucose levels in patient with type I diabetes, since it gives an elevated risk of complications after THA / TKA 

surgery, thus a prolonged LOS.3

• Pre-operative iron-deficiency anaemia is associated with increased risk of LOS>5 days after adjustment for pre-operative 
patient-related risk factors. It should be detected in pre-operative evaluation and treated before surgery to ensure 
maximum rehabilitation.4

• Malnutrition; levels of albumin, total lymphocytes and transferrin should be monitored and be restored if not within the 
normal ranges (34-54 g/L, 3900-10000 cells/µL and 170-370 mg/dl respectively), because malnourished patients are at 
higher risk for surgical complications and thus a higher probability of prolonged LOS.5

• Pre-operative opioid use is a risk factor for post-operative pain at rest and during walking which impairs fast-track recovery 
among TKA patients and leads to increased opioid consumption post-operative. It should be detected in pre-operative 
evaluation and the patient need to be persuaded to keep opioid use to a minimum.6,7

• Social support; inadequate social support e.g. living alone, is associated with a longer LOS. Optimizing the organizational 
part of patient pathway and optimizing social support before admission for surgery avoids delayed discharge.8,9

Intra-operative

Medication
• A protocol of scheduled oral narcotics, cyclooxygenase-2 inhibitors, a local anesthetic for wound infiltration and no

intrathecal narcotics (TKA: add femoral nerve catheter) shows significant improvements regarding LOS and post-operative 
pain-scores.10 However, another study showed only a significant improvement in pain-scores and opioid requirements, 
but showed an effect on LOS although not significant.11

• A single dose of 125 mg methylprednisolone given pre-operatively, reduces pain in THA patient in the first post-operative 
24 hours, thus enlarging the chance of satisfactory day-of-surgery mobilization and early discharge.12,13

Surgical technique
• Direct anterior approach (DAA) shows an advantage regarding mean hospital stay compared with posterolateral (PL) 

approach in THA surgery.14

Post-operative

Delay of discharge
• Medical interventions; delay of discharge due to e.g. waiting for blood transfusion, start of physiotherapy or post-

operative radiographic examination, should be avoided through multidisciplinary organization and planning.15

• Repeating / mentioning of the expected date and time of delay when there are no complications. 

Oral pain treatment 
• Oral treatment should be a combination of a NSAID, paracetamol and short acting-opioid. 

Mobilization on day of surgery
• Mobilization on the day of surgery significantly increases the probability of early discharge.16

Length of hospital stay
Below, topics are described where quality improvement initiatives can be considered.
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General information

Readmissions
• Primary diagnoses at readmission that were identified to be directly 

attributable to surgery comprised 38% readmissions at 0-30 days, 24% at 
31-60 days and 16% at 60-90 days. Proportion attributable to surgery 
decreases significantly over the 90-day period after index surgery.1

• The most frequent readmission diagnosis after TKA is surgical site infection.2

• An increased length of stay, discharge disposition, blood transfusion and 
general anaesthesia are associated with readmission.3

Length of hospital stay (LOS) and readmissions 
• Decreasing the LOS does not increase the risk of readmissions.4-7 No 

difference in 90-day-readmission odds between patients with a 1-midnight 
LOS and those with a 2-midnight LOS for primary TKA was identified.8,9  

Patient-specific factor optimization
• Smoking: Convince patients to participate in smoking cessation programs. 

Smoking increases the risk of 90-days readmission.8,10

Outcome: Number of hospital readmission within 30 
days

Topics are described where quality improvement initiatives could be considered.
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What kind of 
readmissions are 

involved

An example of a plan of approach for file investigation:
1. Take a closer look at 50 file. Exclude patients with relatively high mortality  

risk. These are the patients with probably a high disease burden and 
therefore relatively little chance of finding points for improvement.

2. How soon after discharge did the readmission take place (within a week or 
later)? Selection for early readmissions gives maximum chance to find 
improvement regarding potential too early discharge or incorrect 
information transfer. Selection for late readmissions often indicates 
complications after discharge.

3. Make a distinction between re-admissions in the same diagnosis group as 
the index admission versus in another diagnosis group. If the re-admission 
diagnosis group is the same as the index admission, this may be an 
indication that the patient was discharged too soon. If the re-admission 
concerns a different diagnosis group than the index admission, then there 
may be a re-admission with a complication. Of course it is possible that 
there is no relationship with the surgical procedure earlier. 
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Outcome: Textbook Outcome & Ordinal Composite 
Outcome Measure

Topics are described where quality improvement initiatives could be considered.
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Separately looking at the 3 indicators revision within 1 year, readmission within 30 days and prolonged length-of-
stay (a length of stay in the upper tertile) have disadvantages. When conducting file investigations, there is a 
chance that the same file will be requested 3 times and that many must be investigated to find opportunities for 
quality improvement. Furthermore, single outcomes do not provide insight for professionals and patients into 
which part of the patients everything went well. For the above 3 indicators, a TO would mean that a patient did 
not undergo a revision within 1 year, had no readmission within 30 days and had a normal length-of-stay.

However, hospitals with a TO that differs significantly form the average gives little information about which 
outcome was specifically worse/good. Therefore the Ordinal Composite Outcome measure (Textbook Outcome 
Plus; TOP) has been developed. This is an extension of the TO with the additional element that the different 
combinations of the results are arranged (instead of all in 1 non-TO group), so that it could be seen in which 
group the hospital deviates from the average. The order is from the best to the worst outcome as follows:
• No revision within one year, no readmission within 30 days, no prolonged length-of-stay (Textbook Outcome)
• No revision within one year, no readmission within 30 days, prolonged length-of-stay
• No revision within one year, readmission within 30 days, no prolonged length-of-stay
• No revision within one year, readmission within 30 days, prolonged length-of-stay
• Revision within one year, no readmission within 30 days, no prolonged length-of-stay
• Revision within one year, no readmission within 30 days, prolonged length-of-stay
• Revision within one year, readmission within 30 days, no prolonged length-of-stay
• Revision within one year, readmission within 30 days, prolonged length-of-stay

This ordered outcome measure can also be corrected for patient-mix by using different funnel-plots where group 
1 is compared with the rest, group 2 versus the rest, etc.. With this method, it can be indicated in which group 
your hospital differs significantly. These funnel- plots can be supplied on request.

If a hospital deviates from one of these groups, specific file investigation on these patients could be performed. 
For possible quality improvement initiatives, I refer to the Toolboxes for revision, readmission and prolonged 
length of hospital stay. 
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Appendix V Surveys

The survey was emailed every two months together with the feedback to evaluate 
adherence to the intervention, encourage reviewing the feedback, introduce QII if 
necessary, and stimulate trial engagement. Participants could report best practices and 
experiences to be added to the toolbox and shared with others, also to stimulate trial 
engagement. The questionnaire has been translated from Dutch.

1. Have you read and interpreted the monthly feedback containing the performance 
outcomes of primary total hip and/or knee arthroplasties (THP/TKP)?
a. Yes, the feedback was clear
b. Yes, but the feedback was not clear because ……
c. No, I did not get around to this

2. Has the feedback been discussed within your department?
a. Yes, we saw potential to improve at least one of the performance outcomes
b. Yes, but we did not see any potential to improve one of the performance 

outcomes
c. No, we did not get around to this

3. Are there any performance outcomes for which, according to the feedback, your 
center underperforms or has performed worse than the average for the IQ Joint 
study group? You may select multiple outcomes.
a. Revision within one year
b. Readmission within 30 days
c. Complications within 30 days
d. Long length of stay
e. None

4. For which performance outcome(s) have improvement initiatives been undertaken 
since the start of the study (October 2019)? Enter what you/your healthcare 
institution have done in the free text field below the relevant performance outcome. 
You may select multiple outcomes.
a. Revision within one year
  i. ……………………..
b. Readmission within 30 days
  i. ……………………..
c. Complications within 30 days
  i. ……………………..
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d. Long length of stay
  i. ……………………..
e. None

5. If applicable, indicate for each improvement initiative undertaken to improve a 
performance outcome, how your center chose this improvement initiative.

Toolbox Literature Expert advice Other  
(free text field)

No improvement initiative 
undertaken for this 

outcome
Revision Yes/No Yes/No Yes/No ….. Yes/No
Readmission Yes/No Yes/No Yes/No ….. Yes/No
Complications Yes/No Yes/No Yes/No ….. Yes/No
Long length of stay Yes/No Yes/No Yes/No ….. Yes/No

6. What would you or your center need to improve further? You may select multiple 
answers.
a. Further explanation of the interpretation of performance outcomes in the 

feedback
b. Link to another center that scores better for an outcome for which we score 

worse
c. More items in the toolbox, namely ……

7. This is the last question. You can still click back to make adjustments. After this 
question, the questionnaire is sent immediately. There is still room for questions 
and/or suggestions in the free text field.

………………………………………………………………………..…………….

Thank you for participating in this survey. In order to be able to learn from each other 
and to give each other new ideas, the improvement initiatives of all participating 
centers will be included in the Toolbox.
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The objective of this thesis was to study how arthroplasty registries can improve their 
feedback to orthopaedic surgeons in order to give direction to quality improvement 
initiatives (QII) that improve care for total hip and knee (THA and TKA). A second 
aim was to evaluate the effectiveness of such improved feedback on patient outcomes.

Giving feedback on performance indicators is a frequently used approach to improve 
the quality of care delivered. In this context, feedback is defined as the provision of 
clinical outcome summaries to healthcare providers or organizations intended to initiate 
activities to improve the performance of delivered care(1,2). Internationally, feedback 
from arthroplasty registries is provided in various ways. In the Netherlands, clinical 
outcomes are shown at the hospital-level in a real-time secured web-based dashboard 
from the LROI. The extent of between-hospital variation is shown in an anonymized 
version in annual reports.(3,4) The effect of feedback varies (i.e., from a 9% decrease 
to a 70% increase), but an optimal design will reasonably improve patient care.(5) This 
thesis provided an overview of national and international between-hospital variation 
in clinical outcomes to investigate whether improvement is achievable. In order to 
optimize the content of the feedback, methodological studies have been performed 
to investigate whether outlier hospitals can be detected earlier, whether reasons for 
higher revision rates can be identified, and a composite outcome measure is developed 
and tested. As awareness of performance by surgeons in combination with motivation 
to improve is more likely to result in targeted QII improving quality, associations with 
such awareness were assessed to increase feedback effectiveness.(6-8) The knowledge 
obtained in combination with up-to-date theory for providing effective feedback was 
incorporated in a multifaceted quality improvement intervention and tested on its 
effectiveness in a cluster randomised controlled trial.(5,9-11)

This chapter starts with a summary of the main findings, including the practical 
implications of the previous chapters. Subsequently, these findings and relevant 
methodological issues are discussed in the context of available literature, and finally, 
recommendations for future practice and research are given.

Summary and practical implications

Arthroplasty registries were initially established to compare implant survival 
and monitor the safety of different orthopaedic implants, like total hip and knee 
arthroplasties (THA and TKA). In recent years, however, registries have also been as 
quality systems across the healthcare system to show the variation between hospitals 
for numerous clinical outcome measures, thus providing feedback to hospitals on 
their performance. The latter is usually compared with a reference standard (i.e., the 
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benchmark).(12-19) Most registries provide feedback through annual reports intended 
to encourage QII in low-performing hospitals.(12-19) However, this information 
needs to be viewed by an action of the orthopaedic surgeon (i.e., log into the secured 
website to view the data within a secured site). Furthermore, also top-performing 
hospitals may be interested in comparing their performance with hospitals from other 
countries to stimulate further improvement within specific domains. Fair international 
hospital comparison is only achievable when consistent outcome definitions are used, 
as these will determine the frequency of occurrence.(20-23) Consistency in outcome 
measure definitions makes it also possible to merge international data providing 
better opportunities to detect rare safety issues earlier (e.g., the metal-on-metal 
hip arthroplasty disaster, modular femoral neck corrosion etc.), which will prevent 
thousands of patients from being exposed to poor performing implant designs, 
thus decreasing unnecessary suffering in future.(24,25) Chapter 2 showed that 
among registry reports and arthroplasty cohort studies: revision, readmission, and 
complications are the most frequently reported clinical outcomes, with considerable 
differences in their outcome rates between hospitals, indicating a vast improvement 
potential for at least some hospitals. However, part of the variation may be explained 
by the significant heterogeneity in the following domains: 1) outcome definitions, 
including what is a revision, readmission, or complications, 2) duration of follow-up 
and starting point of follow-up, 3) characteristics included in patient-mix adjustment, 
and 4) type of patients- and hospital included. This thesis showed that revision of 
the implant within five years, readmission within 30 days, and complications up to 2 
years postoperative were the most commonly used outcome measures in arthroplasty 
reports. However, none of these definitions had a perfect agreement with the other 
domains for THA, TKA, and THA&TKA combined. The least consensus was found 
on whether or not to adjust for patient characteristics, let alone which characteristics 
should be included in the adjustment. Although the latter as well as the other domains 
investigated in this study are essential for fair hospital comparison.(23) In the future, 
partnerships of arthroplasty registries such as the International Society of Arthroplasty 
Registries can play a leading role, not only in international collaboration but also 
striving for more uniformity in the definitions and methods used.(26)

Reporting the between-hospital variation in clinical outcomes and identifying positive 
and negative outlier hospitals is a simple and effective way to get insight into hospital 
performance, provided that the rankability (i.e., the percentage of total variation that 
is explained by ‘‘true’’ hospital differences rather than chance variation) is acceptable.
(27-30) However, assessing how to pursue improvement for a given clinical outcome 
can be challenging, particularly for summary outcomes such as all-cause revision, 
but this can be facilitated by examining specific indications for revision that may 
be the reason for the identified worse performance on all-cause revision. Chapter 3 



249

Summary, general discussion, and future perspectives

Ch
ap

te
r 

9

showed large variation in 1-year all-cause revision rates between Dutch hospitals with 
moderate rankability (61%) for THA and low rankability (46%) for TKA within a 
3-year time frame, indicating huge improvement potential for a considerable part 
of the Dutch hospitals. Earlier detection of poor performance using a 1-year time 
frame has the advantage that QII can be introduced earlier; however, this resulted 
in low rankabilities and is therefore not recommended. Underlying reasons for 
worse performance on all-cause revision were found for 12 of the 13 negative outlier 
hospitals for THA and 3 of the 7 for TKA, mainly consisting of infection (both for 
THA and TKA) and dislocations (only THA). Implant loosening and technical failure 
(only TKA) were less likely to be the underlying reason for the worse performance. 
Rankabilities for the specific indications for revision were all low within a 3-year time 
frame for THA and TKA, except for infection for THA, for which the rankability 
was moderate (i.e., 61%). As rankabilities within a 1-year timeframe were all low, it 
is recommended to use a 3-year time frame to identify underlying reasons for worse 
hospital performance on all-cause revision.

Where chapter 3 showed that earlier detection of poorer performance could not be 
done reliably using funnel plots within a 1-year time frame, the monthly monitoring 
of revision rates using CUSUM charts with 5 control limits shown in chapter 4 was 
able to detect worsening performance earlier than the conventional funnel plots. The 
first signal for negative outliers was generated at a median of 18 months for THA 
and 21 months for TKA within a 3-year time frame. CUSUM charts thereby enable 
detection of deteriorating patterns earlier, making it possible to introduce QII earlier 
than waiting for the results to appear in the funnel plot after 3 years. This thesis 
adds to the existing literature how much earlier a signal was generated and with what 
accuracy (i.e., 97% both for THA and TKA) compared with the traditional funnel plot 
with a 3-year time frame. These results are highly relevant for registries and scientific 
associations deciding whether to implement CUSUM charts in their organisation 
to improve quality.(31) The results on accuracy will contribute to professionals' 
confidence in CUSUM charts. In response to these findings, the Dutch Arthroplasty 
Register (LROI) has added CUSUM charts to their routine dashboard reporting on 
clinical outcomes to provide hospitals with a tool for earlier detection and thereby the 
opportunity to introduce QII earlier to improve patient care.(32)

By increasing the number of events, composite outcomes may also enable that 
differences between hospitals in their performance to be detected sooner.(33-36) In 
chapter 5, an ordered composite outcome with all combinations of clinical outcomes 
(i.e., revision, readmission, complications, and upper-quartile LOS) ranked from best 
to worst according to the patient’s perspective was developed and tested on its ability 
to differentiate between hospitals. The newly developed composite showed higher 
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rankability than individual clinical outcomes due to the larger variation between 
hospitals when more information is included. The composite could reliably differentiate 
between hospitals in their performance using a 1-year time frame, rather than requiring 
the usual 3-year time frame, allowing the introduction of QII earlier. An additional 
advantage is that the composite can measure more aspects of delivered quality of care as 
hospitals may perform well on one outcome while at the same time performing worse 
on another. The composite overcomes this issue and shows whether a patient had a 
revision but also whether they were readmitted, experienced complications, or had a 
prolonged LOS indicating more specifically where improvement is possible (e.g., in 
patients with a normal LOS, without complications who were readmitted). The new 
composite is widely applicable as it may help healthcare providers to select for which 
patient groups' medical records have to be reviewed to investigate whether and how 
care can be improved. For instance, rather than reviewing all records for patients who 
were readmitted, it allows to selectively review only those with a normal LOS without 
any registered complications, to understand e.g., whether information at discharge 
needs to be improved to avoid readmission or discuss whether the readmission was 
needed or could have been treated at the outpatient clinic. Another application is that 
it is visible in one outcome whether a focus to improve, for example, length of stay, 
does not come at the expense of another outcome (e.g., readmission). Finally, patients 
can simply check how often a procedure goes as planned (i.e., without any clinical 
outcome occurring).

Clinical outcomes such as revision, readmission, complications, and LOS measure 
unintended adverse events and generally occur with low frequency for THA and TKA.
(37) However, up to 10% and 20% of patients following THA and TKA, respectively, 
are dissatisfied with results, mainly related to persistent pain and disability.(38,39) 
Patient-Reported Outcome Measures (PROMs), on the other hand, measure the 
intended outcomes such as pain reduction, functionality improvement, and health-
related quality of life, and would therefore complement these clinical outcomes by 
identifying potential additional areas for improvement in these intended outcomes.
(40-44) Similar to the need for a high level of data completeness regarding clinical 
outcomes to ensure there is no selection bias, we also need high response rates of 
patients completing both pre- and postoperative questionnaires to allow calculating 
the improvement in PROMs, or if that is not feasible at least gain insight into how 
those who complete questionnaires are a selection of all patients. Dutch response 
rates, as in other national and regional arthroplasty registries, were low (i.e., less than 
61% of patients completed the preoperative PROM questionnaire, and only about 
40% of patients completed preoperative and postoperative PROM questionnaires) 
compared with the above 98% completeness of revision, surgical procedure, implant, 
and patient characteristics data in registries for both THA and TKA.(40-45) Previous 
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studies have already shown differences in various patient characteristics, such as 
patients completing questionnaires, in general, being healthier, more likely to be 
white, with higher literacy rates, and lower rates of cognitive impairment, including 
dementia.(46-48) To better understand whether missing PROM data for THA and 
TKA may result in under- or overestimation of PROMS improvement scores, chapter 
6 used clinical outcome rates (i.e., revision, readmission, complications, and upper-
quartile LOS) to examine whether these differed between respondents and non-
respondent, as well as their association with PROM improvement scores. Chapter 
6 showed that respondents to PROM questionnaires less often experienced adverse 
events. This likely results in an overestimation of the clinically relevant improvement 
in PROMs as adverse events were associated with a lower likelihood to achieve a 
clinically relevant PROM improvement. Given the observed patient-level associations 
in chapter 6, it is likely that initiatives to improve the quality of care by reducing 
readmission, complications, and long LOS for both THA and TKA patients will 
lead to more patients achieving clinically relevant improvement in HOOS-PS and 
KOOS-PS scores. Hospital differences in PROM response rates were not associated 
with differences in adverse event rates, suggesting that estimated between-hospital 
differences in PROM improvement are likely unaffected.

Feedback may be methodologically sound, but it is only effective if it is viewed 
and interpreted by practitioners. Chapter 7 showed that only half (i.e., 55%) of 
Dutch orthopaedic surgeons performing THA and TKA were aware of their outlier 
performance status regarding revision rates. Awareness was higher among surgeons 
that more often logged in on the LROI dashboard, more often interpreted funnel 
plots correctly, and more often could recall the 1-year revision rates of their surgeon 
group. Thirty-eight percent of THA and 26% of TKA surgeons met all three 
conditions necessary to act upon the feedback information, i.e., logging in, correct 
interpretation of funnel plot, and could recall their 1-year revision rates. Forty-five 
percent of surgeons in a hospital identified as a negative outlier reported not seeing 
their worsening performance coming, meaning they continued to provide care without 
modifications. Thus, a focus on making feedback more effective is very important, as 
85% of surgeons indicated that they did start QII once being identified as having 
worse performance. Logging in on the LROI dashboard should be made more 
attractive and encouraged, for example, by emphasizing the importance of already 
reported clinical outcomes (e.g., revision rates) and adding new outcomes such as 
prosthesis survival, complications, readmissions, and length-of-hospital-stay as these 
are considered relevant by a large part of surgeons. Second, teaching material should 
become available to improve interpretation skills of statistical presentation of data 
like funnel plots, CUSUM charts etc., or provide explanatory text with these funnel 
plots on the LROI dashboard to help surgeons understand what the data in the figure 
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represent. Third, feedback should be sent to become easily accessible, readily read 
(e.g., infographics), and tailored to single hospitals rather than expecting surgeons to 
make any selections and investigate themselves. 

The knowledge obtained from the previous chapters with contemporary theory for 
providing effective feedback was incorporated into a multifaceted quality improvement 
intervention and tested on its effectiveness in chapter 8.(5,9-11) The intervention 
was applied over eight months and included monthly feedback, education on the 
interpretation of the feedback, and an action implementation toolbox including 
evidence-based QII. Hospitals that received the intervention improved 4.3% more 
on the Textbook Outcome (i.e., the absence of revision, readmission, complications, 
and long LOS, the best possible outcome in the composite developed in chapter 
5) compared with control hospitals. It was found that the effect size was larger for 
intervention hospitals that introduced QII, suggesting that these QII were likely the 
reason for the better outcomes. The median number of TKA surgeries performed was 
considerably smaller than for THA in intervention hospitals, which could explain 
why the effect for TKA was not significant when outcomes for THA and TKA were 
analysed separately, even though the effect size pointed in the same direction of 
improvement. In addition, the difference could be explained by the lower baseline 
risks for revision and complications for TKA, associated with smaller absolute risk 
reduction. These findings in chapter 8 support that frequent feedback to surgical 
teams should be supplemented by interactive education and facilitated by evidence-
based QII tailored to specific outcomes to improve the quality of care regarding THA 
and TKA effectively.

General discussion

Components of  the quality intervention
Quality improvement interventions are a common strategy to improve patient 
outcomes, but with highly variable effects across studies.(5,49,50) Two meta-analyses 
show that quality interventions using only one single intervention component are less 
effective, with little to no improvement.(51,52) Thus, quality interventions should 
be designed in a multifaceted way, including components addressing, for example, 
the gap in knowledge and (surgical) skills, but may also address other components 
such as audit and feedback that will allow to evaluate the impact of changes made 
and spur further improvement actions. Even though education on quality parameters 
is needed in most quality improvement efforts, serious limitations are present when 
they are used without proper context and a predetermined goal.(9) Education can 
only be effective if it solves a knowledge problem which is a barrier for quality 
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improvement. Nevertheless, designing proper multifaceted interventions is less than 
easy and straightforward. The quality intervention reported in chapter 8 serves as a 
model for future intervention efforts by combining theory and previous evidence, 
thus increasing the likelihood of effectiveness in daily clinical practice.

The first intervention component consisted of monthly updated feedback sent by 
email to all individual orthopaedic surgeons. The monthly time interval was chosen 
based on previous evidence that feedback on performance is more effective when 
given repeatedly and not only once. The reason might be that recipients are more 
likely to perceive such repeated feedback as more relevant and accurate than only 
once a year since monthly data feedback is closer to current performance and can 
thus be easier related to current clinical practice.(5,53) Furthermore, these monthly 
feedbacks also allow for timely evaluation of the introduced QII, and thus any 
subsequent improvement actions without delay can be done. Arthroplasty registries 
can support this as data are routinely collected that could easily be used for near 
real-time monitoring of clinical outcomes. Sending the feedback by email was based 
on orthopaedic surgeons’ preference of receiving feedback by email and our finding 
that 33% of orthopaedic surgeons never logged in on the LROI dashboard (chapter 
7). This adds to the literature regarding the most effective mode of delivery (e.g., 
electronic, paper, face-to-face) and frequency (e.g., monthly, quarterly, or yearly) 
which have not been well assessed to date. Moreover, our intervention tapped in on 
previous knowledge that feedback is more effective when it is also discussed orally 
in a group, preferably by a senior colleague, rather than just presenting written data 
to individuals.(5) As for the former, the researcher visited all intervention sites to 
explain the feedback orally, although this intervention might have been improved 
if a senior colleague would visit the hospitals.(54,55) Another important aspect we 
considered was the sender of the feedback. It is known that when feedback comes from 
a regulatory body, recipients may be more likely to activate affective processes (e.g., 
distress), distracting attention from the specific task requiring change. In contrast, the 
current intervention was nested in the registry from which they “trusted” data and 
procedures for how data were collected and processed.(1)

As for the feedback, the comparator hospitals are essential in helping clinicians 
assess their performance and identify differences between current and desirable 
performance.(56) However, the choice of comparators may have critical implications 
for what message is conveyed by the feedback and how recipients will react.(57) For 
this reason, we performed stratified randomisation to ensure that, e.g., academic 
hospitals treating complex cases would not only be compared with private hospitals 
treating only the healthiest patients (which can never be captured entirely by case-
mix adjustment). We included funnel plots in the feedback, as this may already be 
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a familiar visual presentation because it was available in the LROI dashboard and 
annual reports, although we realized this required some education based on our 
findings that 39% of the orthopaedic surgeons did not interpret the funnel plot 
correctly (chapter 7). The funnel plot allowed participants to compare performance 
with other hospitals. However, the funnel plot will only give an average estimate 
of performance across a period e.g., 3 years, so we added a CUSUM chart to more 
clearly show trends over time e.g., indicating whether hospitals were moving in the 
right direction after implementing a new QII. This trend of performance change (as 
shown in CUSUM charts) is more motivating to introduce new QII than the distance 
between performance and best performers (as shown in funnel plots).(58,59) In 
addition, trends increase the credibility of feedback and enable the introduction of QII 
according to the Plan-Do-Study-Act (PDSA) cycle, in which recipients continuously 
self-assess their performance and the effect of QII when deciding whether or not 
to take action. Trends, therefore, add meaningful information and should be added 
by default to performance feedback. In addition, chapter 4 showed that changes in 
hospital performance were detected 18 months and 15 months earlier for THA and 
TKA, respectively, than the conventional funnel plots using a 3-year time frame.

With regard to comparing hospital performances, a recently published review 
suggests that comparison with high-performing peers is preferred over benchmarking 
hospitals to a national average, as it shows that top performance could be achieved.
(60) In addition, psychological theories suggest that clinicians are less likely to accept 
an ’’externally imposed’’ performance goal (e.g., 1-year revision rate of less than 1% 
imposed by an outside party) and that recipients in such cases are more likely to reject 
feedback recommendations and pursue self-conceived performance levels.(56,58,61). 
The funnel plot fits well with this understanding, as the performance compared to other 
hospitals and performance outcomes can be adjusted for differences in case-mix. Due 
to case-mix adjustment, hospitals that mainly treat patients without comorbidities and 
therefore expected to have lower frequencies of adverse events could be fairly compared 
with hospitals that mainly treat patients with multiple comorbidities.(20-22) However, 
when large differences in hospital performances consist, low performers may experience 
the feedback as unfeasible and reject the feedback. Tailoring the feedback to individual 
hospitals could avoid feedback rejection, for example, by comparing low performers 
with the top 50% and average performers with the top 10%.

The second intervention component consisted of education to interpret the feedback 
on performance, which was provided during an on-site visit in the first month of the 
intervention. The latter was attended by a majority of the orthopaedic surgeons within 
a hospital (chapter 8). An online educational video and pocket card containing a 
summary of the educational meetings were available as a reference. Education was 
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needed as Chapter 7 showed that 39% of orthopaedic surgeons could not interpret 
funnel plots correctly. Even more, they often overestimated their performance if 
unaware of their performance data.(56) Even more important, “unawareness” will 
limit the undertaking of necessary QII, because it is assumed that performance is 
good enough even though there may be room for improvement. It seems evident 
that correctly interpreted feedback will improve the quality of care, as 17 out of 
20 orthopaedic surgeons indicated that they would conduct QII when becoming 
aware of worse performance compared to the national benchmark. At the end of 
the educational meeting, explicit goals and specific actions for improvement were 
discussed, as this will improve implementation and intervention effectiveness.(5,49) 
This also aligns with theories that goals aimed for can make feedback more tangible 
for clinicians and thus help to facilitate better-focused action plans, which facilitate 
steps needed to achieve predefined goals.(62,63) The improvement process is more 
effective when goals are considered specific, measurable, achievable, relevant, and 
time-bound, allowing the recipients' attention to be more productive on the task.
(53,58,64) We encouraged surgeon groups to set their own goals and create their own 
action plans as goals may otherwise not be acceptable for a subset of clinicians, even 
if a credible orthopaedic authority set them (e.g., a national association).(56,58,61) 
Not embracing the set goals will improve the chance of feedback rejection and impede 
intentions to improve care, thus likely diluting the effects of the quality interventions.
(61) In this way, we also aimed for an established engagement with goals and action 
plans. To further stimulate engagement, bimonthly questionnaires were sent to all 
orthopaedic surgeons allocated to the intervention group to verify compliance with 
self-set goals and action plans. Furthermore, monitoring of progress in achievement 
of these plans was done.

The final intervention component was an action implementation toolbox including 
evidence-based QII for each clinical outcome reported in the feedback, which was 
added to overcome the barrier of translating feedback into what needs to be improved 
in clinical practice. Clinicians have often been shown to lack the skills or knowledge 
to interpret statistical feedback and formulate what QII is necessary to improve.
(5,7,65,66) The toolbox bridges this gap and lowers the barrier to implementing 
evidence-based quality improvement initiatives. Adding a toolbox to a quality 
intervention has shown to be an improvement compared to feedback alone, but only 
in process indicators and not clinical outcomes.(11) As shown in chapter 8, our 
intervention showed an improvement in clinical outcomes, which could be due to the 
fact that we included evidence-based QII in the toolbox that targeted the outcomes. 
In contrast, the toolbox in the study of Roos-Blom et al. mostly targeted process 
measures, such as the availability of a protocol rather than the outcomes.(11)
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In this thesis, we worked on a model for the design of a quality improvement 
intervention, where insight was gained into potential barriers of the target group in 
chapter 7, and feedback was methodologically improved in chapters 3, 4, and 5. 
Gained knowledge on these topics was supplemented with theory to provide effective 
feedback (i.e., education, discussing goals and actions, and a toolbox). However, there 
were also indications for intervention improvement as four of the ten intervention 
hospitals indicated that they needed additional information on the interpretation of 
funnel plots and CUSUM chats despite the offered educational session. Two hospitals 
indicated that they would appreciate more QIIs in the toolbox, and seven hospitals 
indicated that they would like to be matched with hospitals to exchange information 
on best practices and identify areas for further improvement. Unfortunately, the latter 
was initially planned but was not executed due to government restrictions related 
to the COVID-19 pandemic.(67) Finally, the intervention period could have lasted 
longer than eight months, as the bimonthly surveys showed that some intervention 
hospitals started implementing QII after several months. Therefore, it is possible that 
the end effect of a QII has not yet been achieved at the time the intervention was 
evaluated after eight months. The intervention, as reported in this thesis, will probably 
not meet the target group's needs in the future as it is possible that new components 
would fit better with barriers at that time. This makes designing an appropriate quality 
intervention, like quality improvement, a continuous improvement process.

However, similar to other multifaceted quality interventions that were tested, it is 
unclear to what extent each single component of the intervention (i.e., feedback, 
education, and an action implementation toolbox) contributed to the 4.3% (95% 
confidence interval 4.30% to 4.34%) absolute improvement in the intervention 
compared to control hospitals.(5,49,66) Chapter 8 showed that the intervention 
effect was most likely achieved through the introduction of targeted QII, making 
this likely the causal link to the improved patient outcomes, demonstrating that if 
surgeons are sufficiently engaged to introduce QII, it will improve patient care.(68) 

Sustainability
Even if a quality improvement intervention positively affects the quality of care 
delivered, maintaining access to resources available during the intervention is likely 
needed to sustain the improvement or even continue to achieve further gains. Little 
is known about why a quality intervention is sustainable, as most empirical data 
demonstrate a lack of sustainability, and only a few studies report on sustainability 
and adoption in everyday practice after the initial improvement initiative ended.
(69-72) Implementing a package of common quality interventions (e.g., feedback, 
education, alerts) as a quick fix to resolve poor hospital performance may then provide 
a temporary solution but is generally unsustainable.(69,70,73) In the end, it is not 
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the number of implemented quality interventions by a hospital that is a measure of 
success but rather the ability to sustain the interventions in the long term.(74-76) 
To achieve that goal, an effective and sustainable intervention must offer a solution 
for the underlying problem as the first step, but it also needs to be adapted to the 
environment and use resources that will continue to be available after the intervention 
ends to be sustainable and become part of everyday practice.(73,77) 

During intervention design, the application of the intervention components by 
the Dutch Arthroplasty Registry (LROI) was considered, so that intervention 
components and resources would remain available as much as possible if the quality 
intervention proved effective. For example, the CUSUM charts shown in chapter 4 
to enable earlier detection of worsening performance, have already been implemented 
and are currently part of the routine LROI dashboard as well as promoted through 
communication by the Dutch Orthopaedic association to reach other hospitals that 
did not take part in the IQ Joint study.(78) In addition, following the IQ Joint study, 
it is now also possible to register complications in the LROI database in order to 
further improve the quality of care and safety. The education video to explain the 
statistical feedback information and pocket card to be used as a reminder in clinical 
practice remained available, as well as the action implementation toolbox used during 
the study. The latter must be kept up-to-date and potentially further expanded if new 
evidence-based QII effectively improves the targeted clinical outcomes. Furthermore, 
to promote continued engagement with improving the quality of care as an integrated 
part of orthopaedic patient care, an annual educational session or workshop may act 
as a stimulus and platform for exchanging best practices to motivate the hospitals to 
improve their care continually. Finally, the IQ joint study group provided a positive 
and safe improvement climate, where the created collaboration of hospitals may 
continue to improve the quality of care in future projects.

Future perspectives

Relevant future directions of research to increase the effectiveness of quality 
improvement initiatives and prevent adverse effects are mentioned in the following 
section. The focus is on further developing quality interventions for a specific problem 
and determining the effect of the prosthesis on the quality of care

Tailoring quality interventions to a specific problem in practice
Even though there is evidence that some bundled interventions are more effective in 
improving care, the complicated matter of how quality interventions exercise their 
effect needs to be further unraveled, as engagement with and impact of interventions 
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is variable.(5,79) The lack of systematic, coordinated research in this field and gaps 
in studies reporting on the likely mechanism of the intervention effect perpetuates 
this problem. Only reporting outcome effects without concurrent publication of 
the process evaluation leaves the reader to guess at the reason for the main findings 
because they cannot learn from the underlying processes or barriers that may or may 
not have affected the outcome. Process evaluation is therefore needed to contextualize 
and understand the effect of the intervention.(80) Process evaluations can focus on 
the uptake of intervention components and are often based on a mix of interviews, 
focus groups, and field notes, which can substantiate the intervention's fidelity. For 
example, as was reported in chapter 8, the number of study participants interpreting 
the feedback, attending educational sessions, and introducing QII were reported. 
More knowledge on factors hindering or facilitating effective interventions is needed. 

Just as care is tailored to the individual patient, quality interventions should also be 
tailored to the daily barriers and problems clinicians face. Initiatives that truly help 
clinicians achieve their goals are likely to be well-received, unlike many quality 
interventions leading to unenthusiastic engagement and unsuccessful outcomes due to 
little clinical relevance.(49,50) For that matter, some studies state that more than a third 
of participants who sign up for a quality intervention are not actively participating in 
the intervention.(81) These numbers are unlikely to increase as long as a one-size-fits-all 
approach is maintained that focuses on the outcome from a theoretical perspective rather 
than a clinically relevant perspective, understanding the resources and skills required 
to achieve better performances. To address this problem, the participating hospitals 
defined which clinical outcome they wanted to improve (i.e., revision, readmission, 
complications, and long LOS). Nevertheless, we could still assess the intervention's 
effect by focusing on a composite outcome as the primary outcome, including all 
clinical outcomes. In addition, prior to the implementation of the intervention, insight 
was obtained into the desired resources and skill level of clinicians. The latter requires 
investments in improving methods to provide information clinicians need to improve 
on but also ensures a better understanding of the clinical physicians' attention we are 
trying to capture and the behaviour we are trying to change. Who are these clinicians, 
what matters to them, and how do their goals align with intervention goals? Answering 
these questions will facilitate more tailored interventions clinicians want to participate 
in. Systemically categorising clinicians' preferences, knowledge, skills, and goals is the 
first step toward achieving a targeted understanding of what needs to be addressed 
to ensure the quality intervention is designed to drive practice changes. Other topics 
relevant for future research include the culture in which quality interventions take place, 
which is part of the contextual factors that can influence the effect enormously. The 
culture within a clinic strongly influences how feedback is being responded to, even if 
it is highly credible (i.e., trusting), from a trustworthy source, and constructive (i.e., 
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usefulness and actionability), which will generally strengthen the effectiveness of quality 
interventions.(82) In addition, the culture significantly influences how clinicians work 
together, engagement and motivation to work on quality improvement.(68) Finally, a 
hospital culture with room to implement QII is needed in which clinicians feel supported 
even when the effect is disappointing. Truly exercising PDSA cycles to improve care also 
means abandoning interventions if there are no or negative effects.(83) Future research 
should focus on quality intervention trials incorporating up-to-date evidence- and 
theory-based best practices and address knowledge gaps. In addition, there should be 
a shift towards tailored audit and feedback studies rather than one-size-fits-all two-arm 
studies where multiple quality interventions are tested simultaneously.(84) Then the 
most effective intervention is implemented in clinical practice or taken as a starting 
point for future research.(1)

Implant choice
Rather than focusing on the quality of care delivered, another possibility to improve 
care is to focus on choosing the most optimal implant for a particular patient. Chapter 
3 showed that most negative outlier hospitals for overall revision were also a negative 
outlier for a specific indication for revision (e.g., infection, dislocation, or implant 
loosening), allowing hospitals to introduce targeted QII to improve the quality of care 
delivered, thereby lowering their revision rates. However, the specific implant was not 
included in the analysis, while the implant type can have significant effects on the 
overall revision rate as well as on specific indications for revision.(85-88) For example, 
metal-on-metal, large-head, uncemented, and resurfacing implants increased the risk 
of revision surgery after primary THA compared with metal-on-polyethylene, 32mm 
diameter heads, and cemented implants, respectively.(85,88-90) Also, introducing a 
new implant can be a reason for an increase in revisions since the instrumentation is 
slightly different as well as details on implant placement. The latter affects the surgical 
team and the surgeon. The Orthopaedic Data Evaluation Panel (ODEP) aims to guide 
surgeons' implant choices by classifying implants based on whether they have revision 
rates at an acceptable predefined level (i.e., an established external benchmark based 
on revision rates). Data are based on both observational single cohort studies as well as 
registry data with sufficient follow-up and sample size.(91) However, specific patients 
may benefit more from one type of implant while others may benefit more from a 
different type depending on patient and implant characteristics. Therefore, a prediction 
model to guide the most optimal implant choice for a specific patient (group) by 
estimating the lowest revision risk tailored to the individual patient (group) based 
on items like sex, age, femoral head size, comorbidity score, and activity level could, 
in theory, improve performance of arthroplasty surgery for patients.(92-94) Such a 
prediction model could represent the next step forward in improving the quality of 
care for patients after THA and TKA.
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Dutch summary (Nederlanse samenvatting)
Het doel van dit proefschrift was om te onderzoeken hoe feedback met betrekking 
tot totale heup- en knieprotheses (THP en TKP) waarbij gebruik wordt gemaakt 
van registers kan worden verbeterd. Daarnaast werd de effectiviteit van de verbeterde 
feedback getest door patiëntenuitkomsten te evalueren.

Protheseregisters werden opgericht om de overleving van implantaten te vergelijken 
en de veiligheid van verschillende orthopedische implantaten, zoals THP en TKP, te 
bewaken. De laatste jaren worden registers echter ook gebruikt als kwaliteitssystemen 
om de variatie tussen ziekenhuizen voor tal van klinische uitkomstmaten inzichtelijk 
te maken waardoor ziekenhuizen feedback krijgen over hun eigen prestaties. Het 
laatste wordt meestal gedaan in vergelijking met een referentiestandaard (d.w.z., de 
benchmark). Het geven van feedback over prestatie-uitkomsten is een veelgebruikte 
aanpak om de kwaliteit van zorg te verbeteren. In deze context wordt feedback 
gedefinieerd als het verstrekken van samenvattingen van klinische uitkomsten 
aan zorgverleners of organisaties met als doel verbeterinitiatieven te initiëren. 
Internationaal wordt feedback vanuit protheseregisters op verschillende manieren 
aangeboden. In Nederland worden klinische uitkomsten op ziekenhuisniveau getoond 
in een actueel dashboard van de Landelijke Registratie Orthopedische Interventies 
(LROI). Daarnaast wordt de mate van variatie in uitkomsten tussen ziekenhuizen 
getoond in een geanonimiseerde vorm in jaarlijkse rapporten. Uit de literatuur is 
gebleken dat de effectiviteit van feedback varieert (d.w.z., van een verslechtering van 
9% tot een verbetering van 70%). Een optimale inrichting van de feedback zal dus 
redelijkerwijs leiden tot een verbetering van de zorg voor de patiënt. Dit proefschrift 
gaf een overzicht van de nationale en internationale variatie tussen ziekenhuizen 
in klinische uitkomsten om te onderzoeken of verbetering haalbaar is. Om de 
feedback inhoudelijk te verbeteren, zijn methodologische studies uitgevoerd om te 
onderzoeken of zogenaamde uitschieter-ziekenhuizen (zowel positief als negatief ) 
eerder kunnen worden gedetecteerd, of redenen voor hogere revisiepercentages 
kunnen worden geïdentificeerd, en een samengestelde uitkomstmaat werd ontwikkeld 
en getest. De verkregen kennis uit deze studies in combinatie met hedendaagse 
theorieën voor het geven van effectieve feedback werden opgenomen in een veelzijdige 
kwaliteitsverbeterinterventie waarbij de effectiviteit werd onderzocht in een cluster 
gerandomiseerde en gecontroleerde trial.

Deze Nederlandse samenvatting beschrijft de belangrijkste bevindingen van dit 
proefschrift inclusief de praktische implicaties.
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Samenvatting en praktische implicaties

Registers geven feedback bedoeld om kwaliteitverbeterinitiatieven in slechter 
presterende ziekenhuizen aan te jagen. Echter kunnen de best presterende 
ziekenhuizen ook geïnteresseerd zijn in het vergelijken van hun uitkomsten met 
ziekenhuizen uit andere landen om verder te verbeteren binnen specifieke domeinen. 
Eerlijke internationale vergelijking van ziekenhuizen is echter alleen haalbaar wanneer 
consistente uitkomstdefinities worden gebruikt, omdat deze in grote mate de frequentie 
bepalen. Consistentie in de definitie van uitkomstmaten maakt het ook mogelijk om 
internationale gegevens samen te voegen, waardoor betere mogelijkheden ontstaan om 
zeldzame veiligheidsproblemen eerder te detecteren zoals bijvoorbeeld de problematiek 
rondom metalen-op-metalen heupprothesen of modulaire femurhalscorrosie, wat 
duizenden patiënten zal beschermen tegen slecht presterende implantaten, waardoor 
onnodig lijden in de toekomst wordt verminderd. Hoofdstuk 2 toonde aan dat 
revisie, heropname en complicaties de meest gerapporteerde klinische uitkomsten zijn 
in cohortstudies en rapporten van protheseregisters. Er zijn aanzienlijke verschillen in 
uitkomsten tussen ziekenhuizen, wat wijst op een groot verbeterpotentieel. Een deel 
van deze variatie kan echter worden verklaard door de aanzienlijke heterogeniteit in 
de volgende domeinen: 1) uitkomstdefinities, inclusief wat een revisie, heropname 
of complicatie inhoudt, 2) duur van follow-up en startpunt van follow-up, 3) 
kenmerken die zijn opgenomen in de correctie voor de patiëntenmix, en 4) type 
patiënten en ziekenhuizen die zijn meegenomen in de rapportages. Dit proefschrift 
toonde aan dat revisie van het implantaat binnen vijf jaar, heropname binnen 30 
dagen en complicaties tot 2 jaar na de operatie de meest gebruikte uitkomstmaten 
waren. Geen van deze definities kwam echter perfect overeen met de andere domeinen 
voor THA, TKA en THA&TKA gecombineerd. De minste consensus werd gevonden 
voor welke patiëntkenmerken moet worden gecorrigeerd. Laatstgenoemde evenals 
de andere onderzochte domeinen zijn essentieel voor een eerlijke vergelijking tussen 
ziekenhuizen. In de toekomst kunnen samenwerkingen tussen protheseregisters zoals 
geïnitieerd door de International Society of Arthroplasty Registries, een leidende rol 
spelen in het streven naar meer uniformiteit in de gebruikte definities en methoden.

Het rapporteren van variatie tussen ziekenhuizen en het identificeren van positieve 
en negatieve uitschieter-ziekenhuizen wordt gedaan met behulp van funnelplots 
en is een eenvoudige en effectieve manier om inzicht te krijgen in de prestaties van 
ziekenhuizen, op voorwaarde dat deze analyses betrouwbaar zijn. De betrouwbaarheid 
kan worden uitgedrukt als het percentage van de totale variatie dat wordt verklaard 
door "echte" ziekenhuisverschillen versus toevalsvariatie. Hoofdstuk 3 toonde een 
grote variatie in het 1-jaars revisiepercentage tussen Nederlandse ziekenhuizen, met 
een acceptabele betrouwbaarheid (61%) voor THP en een lage betrouwbaarheid (46%) 
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voor TKP in een periode van 3 jaar. Dit geeft aan dat er veel verbeteringspotentieel 
is voor een aanzienlijk aantal Nederlandse ziekenhuizen. Het vroegtijdig opsporen 
van slechte prestaties met behulp van een tijdspanne van 1 jaar heeft het voordeel dat 
kwaliteitverbeterinitiatieven eerder kunnen worden geïntroduceerd, maar dit leidde 
tot een lage betrouwbaarheid en wordt daarom niet aanbevolen. Het beoordelen hoe 
verbetering voor weinig gespecificeerde uitkomsten zoals 1-jaarsrevisie kan echter 
uitdagend zijn. Dit kan worden vergemakkelijkt door specifieke redenen voor revisie 
te onderzoeken die de onderliggende oorzaak kunnen zijn voor slechtere prestaties 
voor revisie. Hoofdstuk 3 toonde dat onderliggende redenen werden gevonden voor 
12 van de 13 negatieve uitschieter-ziekenhuizen voor THP en 3 van de 7 voor TKP. 
De voornaamste onderliggende redenen voor slechtere prestaties waren infectie (zowel 
voor THP als TKP) en prothesedislocaties (alleen THP). Implant loslating (zowel 
voor THP als TKP) en technisch falen (alleen TKP) waren minder waarschijnlijk. De 
betrouwbaarheid voor de specifieke redenen voor revisie waren allemaal laag binnen een 
tijdspanne van 3 jaar voor THP en TKP, behalve voor infectie voor THP, waarvoor de 
betrouwbaarheid acceptabel was (d.w.z., 61%). Aangezien de betrouwbaarheid binnen 
een tijdspanne van 1 jaar allemaal laag waren, wordt aanbevolen om een periode van 
3 jaar te gebruiken om de onderliggende redenen voor slechtere ziekenhuisprestaties 
op het gebied van revisie te identificeren.

In hoofdstuk 3 werd aangetoond dat het gebruik van funnelplots voor het vroegtijdig 
opsporen van slechtere prestaties niet betrouwbaar was binnen een tijdspanne van 
1 jaar, daarom werd een tijdspannen van 3 jaar aanbevolen. Hoofdstuk 4 toonde 
echter aan dat maandelijks monitoren van 1-jaar revisiepercentages met behulp van 
CUSUM-grafieken met 5 controlelimieten eerder een betrouwbare achteruitgang 
of verbetering kan detecteren dan de conventionele funnelplots. Het eerste signaal 
voor negatieve afwijkingen werd gegenereerd na een mediane tijd van 18 maanden 
voor THP en 21 maanden voor TKP binnen een tijdspanne van 3 jaar. CUSUM-
grafieken maken het daardoor mogelijk om eerder een verslechtering te detecteren, 
waardoor het mogelijk wordt om kwaliteitsverbeterinitiatieven eerder te introduceren 
dan te wachten op de resultaten in de funnelplot na 3 jaar. De nauwkeurigheid 
van deze CUSUM-grafieken in vergelijking met de traditionele funnelplot met een 
tijdspanne van 3 jaar was 97%. Deze resultaten zijn relevant voor protheseregisters 
en wetenschappelijke verenigingen in de besluitvorming of zij CUSUM-grafieken 
willen implementeren in hun organisatie. De resultaten over de nauwkeurigheid 
zullen bijdragen aan het vertrouwen van professionals in CUSUM-grafieken. Naar 
aanleiding van deze bevindingen heeft de LROI CUSUM-grafieken toegevoegd aan 
hun routinematige dashboardrapportage voor klinische uitkomsten.
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Een andere manier om afwijkende prestaties eerder te kunnen detecteren is het vergrote 
van het aantal gebeurtenissen zoals bij samengestelde uitkomsten wordt gedaan. In 
hoofdstuk 5 werd een geordende samengestelde uitkomst van klinische relevante 
uitkomsten (d.w.z., revisie, heropname, complicaties en verlengde opnameduur) 
voor THP en TKP ontwikkeld en getest op de mogelijkheid om nauwkeuriger en 
eerder tussen ziekenhuizen te differentiëren. Deze nieuwe uitkomst toonde een 
hogere mate van betrouwbaarheid dan de individuele uitkomsten vanwege de grotere 
variatie tussen ziekenhuizen wanneer de vier uitkomsten worden samengevoegd. De 
samengestelde uitkomst kon betrouwbaar verschillen tussen ziekenhuizen in hun 
prestaties differentiëren met een tijdspanne van 1 jaar, in plaats van de gebruikelijke 3 
jaar, waardoor de introductie van kwaliteitverbeterinitiatieven eerder mogelijk wordt. 
Een bijkomend voordeel is dat de samengestelde uitkomst meerdere aspecten van de 
geleverde kwaliteit van zorg kan meten, omdat ziekenhuizen het op één uitkomst 
goed kunnen doen terwijl ze tegelijkertijd slechter kunnen presteren op een andere. 
De samengestelde uitkomst overwint dit probleem en laat zien of een patiënt een 
revisie heeft gehad, maar ook of ze opnieuw zijn opgenomen, complicaties hebben 
gehad of een verlengd opnameduur hebben gehad. Deze nieuwe samengestelde 
uitkomst kan helpen bij het selecteren van specifieke patiëntengroepen voor medische 
dossieronderzoek. In plaats van alle dossiers te bekijken voor patiënten die opnieuw zijn 
opgenomen, maakt de samengestelde uitkomst het mogelijk om selectief bijvoorbeeld 
alleen diegenen te bekijken die naast een heropname een normale opnameduur 
en geen complicatie hadden. Zo kan eenvoudiger worden bepaald of bijvoorbeeld 
informatie bij ontslag moet worden verbeterd om een heropname te voorkomen of dat 
een heropname mogelijk niet nodig zou zijn geweest indien een patiënt poliklinisch 
nauwlettender zou zijn vervolgd. Daarnaast is in één uitkomst zichtbaar of een focus 
om bijvoorbeeld de verblijfsduur te verkorten, niet ten koste gaat van een andere 
uitkomst zoals bijvoorbeeld heropname. Tot slot kunnen patiënten eenvoudig 
controleren hoe vaak een procedure verloopt zoals gepland (d.w.z., zonder dat een van 
de klinische uitkomsten zich voordoet).

Klinische uitkomsten zoals revisie, heropname, complicaties en opnameduur meten 
onbedoelde gebeurtenissen en komen bij THP en TKP over het algemeen voor met 
een lage frequentie. Echter 10% van de TKP- en 20% van de THP-patiënten zijn op 
de lange termijn ontevreden over het resultaat, voornamelijk vanwege aanhoudende 
pijn en functionele beperkingen. In tegenstelling tot klinische uitkomsten meten 
Patient-Reported Outcome Measures (PROMs) de bedoelde uitkomsten zoals 
pijnvermindering, verbetering van functionaliteit en gezondheid gerelateerde kwaliteit 
van leven en kunnen daarom leiden tot aanvullende verbeterpunten. Net als bij klinische 
uitkomsten is het van belang dat PROMs data een hoge mate van compleetheid 
hebben ter voorkomen van selectiebias. In Nederland en andere nationale en regionale 
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protheseregisters zijn responspercentages echter laag. Dit wil zeggen dat in Nederland 
61% van de patiënten de preoperatieve PROM-vragenlijst heeft ingevuld en slechts 
40% van de patiënten zowel de pre- als postoperatieve vragenlijst. In tegenstelling tot 
de compleetheid in registers voor klinische uitkomsten die boven de 98% bedraagt. 
Eerdere studies hebben al aangetoond dat patiënten die de vragenlijsten invullen over 
het algemeen gezonder zijn, vaker een witte huidskleur, minder vaak analfabeet en 
minder vaak cognitieve stoornissen hebben (inclusief dementie). Om beter te begrijpen 
of ontbrekende PROM-data leidt tot een onder- of overschatting van de postoperatieve 
PROM-verbeterscores werd in hoofdstuk 6 het verschil in klinische uitkomsten 
(d.w.z. revisie, heropname, complicaties en opnameduur) voor respondenten en niet-
respondenten beschreven. Ook werd de associatie met PROM-verbeterscores bepaald. 
PROM-respondenten hadden gunstigere klinische uitkomsten dan niet-respondenten 
voor THP en voor revisie en heropname voor TKP. THP-patiënten hadden minder 
kans op een klinisch relevante PROM-verbetering wanneer zij een revisie, complicaties 
of een verlengde opnameduur hadden met resultaten voor heropname in dezelfde 
richting maar niet significant. Vergelijkbare resultaten werden gevonden voor TKP. 
Doordat patiënten die PROM-vragenlijsten invulden over het algemeen gunstigere 
klinische uitkomsten hadden dan niet-respondenten werd een deel van de patiënten 
die een kleinere kans hadden op een klinisch relevante verbetering voor de PROMs 
gemist. PROM-verbeterscores worden daarom waarschijnlijk overschat. Gezien de 
beschreven associaties in hoofdstuk 6, is het waarschijnlijk dat initiatieven om de 
kwaliteit van zorg te verbeteren door heropname, complicaties en opnameduur voor 
zowel THP en TKP te verminderen, zullen leiden tot meer patiënten die een klinisch 
relevante PROM-verbeteringen. Het is onwaarschijnlijk dat ziekenhuisverschillen 
worden beïnvloed, aangezien de PROM-responspercentages van ziekenhuizen niet 
geassocieerd waren met klinische uitkomsten.

Feedback is alleen effectief wanneer deze wordt bekeken en correct wordt 
geïnterpreteerd door de doelgroep. Hoofdstuk 7 laat zien dat slechts de helft (55%) 
van de orthopedisch chirurgen in Nederland die THP en TKP plaatsen weet of zij 
werkzaam zijn in een ziekenhuis die normaal presteert of een positieve of negatieve 
uitschieter. Het bewustzijn was hoger onder chirurgen die vaker inlogden op het 
LROI-dashboard, vaker funnelplots correct interpreteerden en vaker de 1-jaars 
revisiepercentages van hun vakgroep konden herinneren. Achtendertig procent van 
de THP- en 26% van de TKP-chirurgen voldeed aan deze drie voorwaarden die 
nodig zijn om actie te ondernemen op basis van de feedbackinformatie. Vijfenveertig 
procent van de chirurgen in een ziekenhuis dat als negatieve uitbijter was 
geïdentificeerd, meldde dat ze de verslechterende prestaties van hun ziekenhuis niet 
zagen aankomen. Dit betekent dat ze doorgingen met het verlenen van zorg zonder 
wijzigingen aan te brengen. Dit onderbouwt dat het van belang is om te focussen 
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op het effectiever maken van feedback, mede omdat 85% van de chirurgen aangaf 
dat er in hun ziekenhuis kwaliteitsverberterinitiatieven werden geïmplementeerd 
zodra ze werden geïdentificeerd als een slechter presterend ziekenhuis. De chirurgen 
gaven aan dat inloggen op het LROI-dashboard kan worden aangemoedigd door de 
inhoud aantrekkelijker te maken, bijvoorbeeld door niet alleen de nadruk te leggen op 
revisiepercentages, maar nieuwe uitkomsten toe te voegen zoals protheseoverleving, 
complicaties, heropnames en opnameduur. Deze nieuwe uitkomsten worden 
namelijk als relevant beschouwd door een groot deel van de chirurgen. Ook zou er 
onderwijsmateriaal beschikbaar moeten worden gesteld om interpretatievaardigheden 
van statistische grafieken zoals bijvoorbeeld de funnelplots en CUSUM beter te kunnen 
interpreteren. Een uitleggende tekst onder statistische grafieken zou ook kunnen 
helpen om chirurgen de helpen bij het interpreteren van de grafieken. Tot slot zou 
feedback in een kant en klaar model voor individuele ziekenhuizen (bijvoorbeeld in de 
vorm van een infographic) moeten worden toegestuurd via de email zodat chirurgen 
niet zelf selecties moeten maken in een online dashboard en feedback laagdrempelig 
toegankelijk is. 

In hoofdstuk 8 werden de bevindingen uit de voorgaande hoofdstukken gecombineerd 
met hedendaagse theorieën over effectieve feedback om een kwaliteitverbeterinterventie 
te ontwikkelen en de effectiviteit te testen in een cluster gerandomiseerde en 
gecontroleerde trial. De interventie werd gedurende acht maanden toegepast en 
omvatte maandelijkse feedback, interactieve educatie over de interpretatie van de 
feedback en een toolbox met daarin op bewijs gebaseerde kwaliteitverbeterinitiatieven 
voor alle uitkomsten die in de feedback werden gerapporteerd. Ziekenhuizen die de 
interventie ontvingen, verbeterden met 4,3% meer op de Textbook Outcome (dat wil 
zeggen het ontbreken van revisie, heropname, complicaties en een lange opnameduur) 
in vergelijking met de controlegroep. Het effect was groter bij interventieziekenhuizen 
die kwaliteitsverbeterinitiatieven introduceerde dan ziekenhuizen die dit niet deden, 
wat suggereert dat deze kwaliteitsverbeterinitiatieven die werden ondernomen 
waarschijnlijk de reden waren voor de betere resultaten. Deze bevindingen 
ondersteunen dat frequente feedback aan chirurgische teams moet worden aangevuld 
met interactieve educatie en toolbox met daarin kwaliteitverbeterinitiatieven die zijn 
afgestemd op specifieke uitkomsten om de kwaliteit van zorg met betrekking tot THP 
en TKP effectief te verbeteren.
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