
Effectiveness of a multifaceted quality improvement intervention to
improve patient outcomes after total hip and knee arthroplasty: a
registry nested cluster randomised controlled trial
Schie, P. van; Bodegom-Vos, L. van; Zijdeman, T.M.; Nelissen, R.G.H.H.; Mheen, P.J.M. van
de

Citation
Schie, P. van, Bodegom-Vos, L. van, Zijdeman, T. M., Nelissen, R. G. H. H., & Mheen, P. J.
M. van de. (2022). Effectiveness of a multifaceted quality improvement intervention to
improve patient outcomes after total hip and knee arthroplasty: a registry nested cluster
randomised controlled trial. Bmj Quality & Safety, 32(1). doi:10.1136/bmjqs-2021-014472
 
Version: Publisher's Version
License: Licensed under Article 25fa Copyright Act/Law (Amendment Taverne)
Downloaded from: https://hdl.handle.net/1887/3455717
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:4
https://hdl.handle.net/1887/3455717


van Schie P, et al. BMJ Qual Saf 2023;32:34–46. doi:10.1136/bmjqs-2021-01447234  

ORIGINAL RESEARCH

	► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http://​dx.​doi.​
org/​10.​1136/​bmjqs-​2021-​
014472).

For numbered affiliations see 
end of article.

Correspondence to
Dr Peter van Schie, 
Orthopaedics, Leiden University 
Medical Center, 2333 ZA Leiden, 
Zuid-Holland, The Netherlands;  
​p.​van_​schie@​lumc.​nl

Received 16 November 2021
Accepted 20 May 2022
Published Online First 
22 June 2022

To cite: van Schie P, van 
Bodegom-Vos L, Zijdeman TM, 
et al. BMJ Qual Saf 
2023;32:34–46.

	► http://​dx.​doi.​org/​10.​1136/​
bmjqs-​2022-​015083

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  ‍ ‍ ,1,2 Leti van Bodegom-Vos,2 Tristan M Zijdeman,2 
Rob G H H Nelissen,1 Perla J Marang-van de Mheen  ‍ ‍ ,2 IQ Joint study 
group

© Author(s) (or their 
employer(s)) 2023. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

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 four 
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 
(ie, 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.
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 

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) 
(ie, absence of revision, readmission, 
complications and LOS) increased by 
4.32% (95% CI4.30% 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.
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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.

INTRODUCTION
Total hip and knee arthroplasties (THA and TKA) are 
frequently used cost-effective treatments for sympto-
matic 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 consider-
able 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% (IQR 0.5% to 16%).19 Worldwide, arthro-
plasty registries include different performance indica-
tors in their feedback, with revision most commonly 
used.7 11–18 A recent study showed that Dutch ortho-
paedic surgeons would like to receive feedback not 
just on revisions but also on readmission, complica-
tions 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 implemen-
tation 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.

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 interven-
tion 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 (​Clini-
calTrial.​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.

COVID-19
We originally planned to include a ‘sustainability 
phase’ after 6 months, where intervention hospi-
tals 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 1215 THA and TKA per 
month in 2018–2019. In addition, we had planned to 
match hospitals as part of the intervention to exchange 

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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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 avail-
able IT and quality improvement (QI) capacity. Partic-
ipating hospitals were categorised within one of four 
groups and then allocated in a 1:1 ratio to the interven-
tion or control group. Due to the nature of the inter-
vention, orthopaedic surgeons of intervention hospi-
tals 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 minimise 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 feedback19 21–23 for orthopaedic 
surgeons20 and included the following components:
1.	 Monthly updated feedback was (securely) emailed in-

dividually to all orthopaedic surgeons performing 
THA and TKA in the intervention hospitals. Feedback 
included case-mix-adjusted indicator outcomes graph-
ically presented in funnel plots and CUSUM charts.25 
The following indicators were reported: 1-year revision 
(including reasons for revision to align with quality im-
provement initiatives (QIIs), that is, infection, disloca-
tion (only THA), prosthesis loosening, and technical 
failure (only TKA),8 30-day readmission, 30-day compli-
cations, long (upper quartile) LOS and a composite out-
come 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 (online supplemental 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 learnt 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 (online supplemental appendix II) and 
a pocket card (online supplemental appendix III) were 
available to summarise the educational meeting.

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 scien-
tific literature, expert opinion and guidelines. The plan-
do-study-act (PDSA) cycle was added to help surgeons 
design local QI projects (online supplemental 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 (online supplemental appendix V).

Control hospitals continued with usual care, meaning 
that no specific intervention was implemented. This 
means that orthopaedic 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 characteris-
tics and patient-reported outcome measures. However, 
it requires logging in to look up the information, rather 
than receiving it through email, and gives no compar-
ative 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 SD) perform as expected 
given their case-mix, while hospitals plotted above or 

Figure 1  Study period;
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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-con-
trol’.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 revi-
sions 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 (ie, 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 calcu-
lated 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 compo-
nent within 1 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, gender, body mass index (kg/m2), current 
smoking status (yes/no), American Society of Anaes-
thesiologists (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% vs 80% 
with 80% power, α of 0.05, a median of 100 proce-
dures 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 proce-
dures and median percentage of revisions for both 
THA and TKA during the study period in participating 
centres versus all other Dutch centres, 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 (ie, 
TO, revision, readmission, complications and long 
LOS) were used as predictors, but only patient charac-
teristics were imputed.

Data were analysed following an intention-to-treat 
approach, classifying hospitals in study groups as 
randomised. Random effects binary logistic regres-
sion 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 ORs. 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 
ORs with corresponding 95% CIs. 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 one divided by 
the absolute risk difference. The absolute difference 
in TO probability was derived from the estimated 
parameters obtained by the above logistic regression 
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models using a marginal standardisation method.31 
Corresponding 95% CIs were computed from non-
parametric bootstrapping based on 2000 replications. 
The same analyses were performed to compare inter-
vention hospitals introducing QII and intervention 
hospitals not introducing QII, versus control hospitals. 
These analyses were conducted from the rationale that 
these QIIs were the causal link to achieve improved 
patient outcomes, which would thereby support inter-
vention efficacy. Information on QII introduced was 
taken from the process evaluation (see below). All 
analyses were conducted for all patients, and sepa-
rately for patients with THA and TKA, 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 anal-
yses. Analyses were performed using STATA (V.14; 
StataCorp).

Process evaluation and intervention fidelity
Surveys were sent by email in November 2019, January 
2020 and March 2020 and compiled using Qualtrics 
(online supplemental appendix V). As surveys were 
sent together with the feedback, response also indi-
cated the email was read and feedback received. Ques-
tions were asked to evaluate adherence to intervention 
components and therefore included whether ortho-
paedic 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 QIIs 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 3839 
during the intervention period) vs 16 609 in control 
hospitals (12 853 vs 3756). Participating hospitals 
were comparable to all other Dutch hospitals in distri-
bution of type of hospital, median revision rate (1.7% 
vs 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 vs 699; p=0.21) but had higher median number 
of TKA surgeries (700 vs 582; p<0.05) (figure 2).

Table  1 shows that hospital and patient character-
istics were comparable between intervention and 
control hospitals, except for slightly more smokers 
and fewer ASA III-IV patients in intervention hospi-
tals. During the study period, 28 108 patients achieved 
TO (85.4%), 529 (1.6%) underwent a revision within 
1 year, 1218 (3.7%) had a readmission within 30 days, 
1214 (3.7%) experienced a complication within 30 
days and 3662 (11.1%) had a long LOS, with consider-
able between-hospital variation in all outcomes (shown 
by the IQR 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%.

Outcome evaluation
Table 2 shows changes in clinical outcomes from the 
pre-intervention to intervention period for both inter-
vention and control hospitals. Intervention hospitals 
significantly improved in achieving more patients with 
TO over time for THA/TKA combined (adjusted OR 
1.39, 95 % CI 1.23 to 1.58), as did control hospitals 
(adjusted OR 1.14, 95% CI 1.02 to 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 ORs 1.24, 95% CI 
1.05 to 1.48). The effect was also significant for THA 
alone (1.34, 95% CI 1.06 to 1.69), but not for TKA 
(1.12, 95% CI 0.87 to 1.44), although it went in the 
same direction. For the secondary outcomes, interven-
tion hospitals also showed a significantly higher reduc-
tion 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, although 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% to 4.34%) more in intervention hospi-
tals than control hospitals, corresponding to 21.6 
(21.5 to 21.8), that is, 22 patients treated in interven-
tion hospitals to achieve one additional patient with 
TO.

Process evaluation and intervention fidelity
The education meetings were scheduled such that 
all orthopaedic surgeons could attend (unless still in 
surgery). Each meeting ended by discussing which 
performance indicators would be the focus of improve-
ment initiatives and which specific actions would be 
taken. Two orthopaedic surgeons were absent during 
this interactive education session in 3 intervention 
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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%) orthopaedic surgeons completed the survey 
at all time points, and at least one surgeon for each 
hospital. In addition, 91% of respondents reported 
the feedback was clear after receiving the education. 
In terms of trial engagement, four hospitals reported 
they needed additional educational explanations on 
funnel plots and CUSUM charts, and two hospitals 
would appreciate more QIIs included in the toolbox. 
In addition, seven hospitals requested being linked to a 
hospital that scored better on a performance indicator 
to improve further (‘learning from the best’).

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 under-
taken per hospital was 2 (IQR 1–2). Two hospitals 
did not introduce any QII, and of the remaining eight 
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 to 1.57), whereas inter-
vention hospitals not introducing any QII showed 
similar changes as control hospitals (0.93, 95% CI 
0.67 to 1.30) (figure 3). Of note, pre-intervention TO 
on average was lower for intervention hospitals that 
introduced QII compared with hospitals not intro-
ducing QII (85.2% vs 94.5%, p<0.01) with control 
hospitals at 82.6%. For the secondary outcomes, inter-
vention hospitals that introduced QII to reduce long 
LOS improved significantly more than control hospi-
tals. 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 

Figure 2  Trial profile. THA, total hip arthroplasty; TKA, total knee arthroplasty.
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for hospitals introducing QII to reduce revisions or 
readmissions.

DISCUSSION
The present study has shown that the multifac-
eted 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 hospi-
tals (but had higher pre-implementation TO). For 
the secondary outcomes, a higher reduction in 

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 

28 mm cup and placing an ‘Avantage’ cup earlier in older patients.
Yes Yes Yes

 � Pairing surgeons with more dislocations with surgeons with few 
dislocations to learn from best practices.

No Yes Yes

LOS:  �   �   �
 � Start mobilising earlier after surgery. No No No
 � Improve patient expectation management. No Yes No
 � Earlier consultation of transfer agency. No Yes 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.
No Yes Yes

 � Covering the sterile surgical field differently. No No Yes
 � Short-term use of the tourniquet for TKA. No No Yes
 � Use of prophylactic antibiotic as suggested in de guidelines of the 

Netherlands Orthopaedic association.
No Yes No

6 Revision:  �   �   �
 � Reduce the number of infections by adopting preoperative, 

intraoperative and postoperative interventions from the toolbox and 
the literature (not defined).

Yes Yes No

LOS:  �   �   �
 � Earlier consultation of transfer agency. Yes Yes No

7 LOS:  �   �   �
 � Mobilising on the day of surgery. Yes No No
 � Inform the patient before surgery about the expected LOS. Yes No No

8 Revision:  �   �   �
 � Introduction of a new type of prosthesis. No Yes Yes
 � Introduction of an infection discussion in which improvement 

initiatives are evaluated.
No Yes No

LOS:  �   �   �
 � Prevent wound leakage by keeping the compression bandage in place 

longer in patients who have had surgery late in the day.
No No Yes

 � Closing the fascia with polydioxanone suture. No No Yes
 � Close the subcutis in two layers. No No Yes
 � Improve patient flow to the care hotel. No No Yes

These are the quality improvement initiatives as reported in the bimonthly 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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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 intro-
ducing 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 compli-
cations 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 inter-
vention. Taken together, these findings suggest that 
our multifaceted QI intervention was effective to 
improve TO for patients with THA/TKA, 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 (eg, 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 abso-
lute risk reductions.

Comparison to the literature
The present study showed an absolute larger improve-
ment of 4.32% in intervention versus control hospi-
tals, 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 one adverse event.33 However, such compar-
isons need to be done cautiously as included studies 
involve different populations being targeted and 
different control groups. For interventions like statins 
and aspirin, it is known that both the absolute reduc-
tion 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 readmis-
sions, with higher baseline risk.

Other QI initiatives have been described within 
orthopaedics, such as the Continuous Quality 
Improvement Programme for hip and knee replace-
ment 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 administra-
tors and quality review teams on how they compare 

Figure 3  Primary and secondary outcomes by the implementation of quality improvement initiatives. LOS, length of stay; TO, textbook outcome.
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against a set threshold of good quality. Currently, 
83% of orthopaedic surgeons participate in the 
programme, 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 anal-
gesia, physiotherapy and local policy.35

A previous study targeting quality of pain manage-
ment in intensive care units showed an improvement 
in pain management when an action implementa-
tion toolbox was added to feedback compared with 
feedback alone, but only in process indicators and 
not in clinical outcomes.23 The present study there-
fore 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 recom-
mendations.22 23 36 The risk of contamination among 
control hospitals seems unlikely because control 
hospitals were not aware of the start of the imple-
mentation 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 addi-
tion, given the lower pre-implementation TO in 
control hospitals than in intervention hospitals, one 
would expect a larger change in control hospitals 
due to more potential for improvement and regres-
sion to the mean, making the opposite effect all the 
more notable.19 37

However, some limitations remain. First, the poten-
tial influence of a Hawthorne effect on study find-
ings was largely compensated by control hospitals, 
as performance improved in both hospital groups. 
Second, information bias may occur if coding accu-
racy 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, although 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 feasi-
bility 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 multifaceted 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 poten-
tially continue improving further. Only few studies 
describe how QI interventions became adopted in 
everyday practice.40–43 Implementing a bundle of 
common QI interventions (eg, staff education, A&F, 
alerts) to ‘quick fix’ poor hospital performance may 
provide a temporary solution, but is not sustain-
able.40 41 It appears from the emerging literature 
that sustainable interventions must provide solu-
tions for the underlying problem. Only through 
understanding the problem, both an effective and a 
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 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 
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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.

Author affiliations
1Orthopaedics, Leiden University Medical Center, Leiden, Zuid-Holland, The 
Netherlands
2Biomedical Data Sciences, Medical Decision Making, Leiden University Medical 
Center, Leiden, Zuid-Holland, The Netherlands

Collaborators  We gratefully acknowledge the Dutch 
Arthroplasty Register (L.N. van Steenbergen, PhD) and the 20 
hospitals who provided their data to complete this study, as 
part of the IQ Joint study group (in alphabetic order): Antonius 
Hospital, Sneek (S.T. Hokwerda, MD); Bergman Clinics (P.M. 
van Kampen, PhD); Bergman Clinics, Arnhem (I. Buchholz, 
MD); Bergman Clinics, Breda (J. Schrier, MD); Bergman 
Clinics, Delft (F. de Graaff, MD); Bergman Clinics, Naarden 
(H. Bouma, MD); Bergman Clinics, Rijswijk (T. Hogervorst, 
MD, PhD and J. Wolkenfelt, MD); Bergman Clinics, 
Rotterdam (M. Vischjager, MD, PhD); Catharina Hospital, 
Eindhoven (R.W.T.M. van Kempen, MD); Dijklander Hospital, 
Hoorn (G.C. Huitema, MD); Dijklander Hospital, Hoorn (L. 
de Vries, PhD); Elisabeth-TweeSteden Hospital (T. Gosens, 
MD, PhD); Gelderse Vallei Hospital, Ede (W. Beijneveld, MD); 
Maxima Medical Centre, Eindhoven (M. van den Besselaar, 
MD); Medical Spectrum Twente, Enschede (W. Verra, MD, 
PhD); OLVG, Amsterdam (R.W. Poolman, MD, PhD); OLVG, 
Amsterdam (V.A. Scholtes, PhD); Sint Anna Hospital, Geldrop 
(W. van der Weegen, PhD); Sint Franciscus Hospital, Schiedam 
(A. Polak, MD); Tjongerschans Hospital, Heerenveen (M. 
Mulder, PhD); University of Groningen, University Medical 
Center Groningen, Groningen (M. Stevens, PhD); Zuyderland 
Hospital, Sittard (B. Boonen, MD, PhD).

Contributors  PvS: Conceptualisation of manuscript; 
methodology; formal analysis;data curation; writing (original 
draft); project administration. LvB-V: Conceptualisation 
of project; writing (review and editing); supervision. TZ: 
Data curation; writing (original draft). RN: Writing (review 
and editing); supervision; funding acquisition. PM-vdM: 
Conceptualisation of project; conceptualisation of manuscript; 
methodology; formal analysis; writing (review and editing); 
supervision; project administration; funding acquisition.

Funding  This study was supported by a grant from the Van 
Rens Foundation (VRF-2018-001).

Disclaimer  The funder of the study had no role in 
considering the study design or in the collection, analysis, and 
interpretation of the data, writing of the report or decision to 
submit the article for publication.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants but 
LUMC Medical Ethical Committee, G18.140, exempted this 
study. No persons are subjected to treatment or are required to 
behave in a certain manner.

Provenance and peer review  Not commissioned; externally 
peer reviewed.

Data availability statement  Data are available upon reasonable 
request. Data are not publicly available for privacy reasons, 
however, data are available on reasonable request.

Supplemental material  This content has been supplied by the 
author(s). It has not been vetted by BMJ Publishing Group 
Limited (BMJ) and may not have been peer-reviewed. Any 
opinions or recommendations discussed are solely those of 

the author(s) and are not endorsed by BMJ. BMJ disclaims 
all liability and responsibility arising from any reliance placed 
on the content. Where the content includes any translated 
material, BMJ does not warrant the accuracy and reliability of 
the translations (including but not limited to local regulations, 
clinical guidelines, terminology, drug names and drug dosages), 
and is not responsible for any error and/or omissions arising 
from translation and adaptation or otherwise.

ORCID iDs
Peter van Schie http://orcid.org/0000-0002-0041-9210
Perla J Marang-van de Mheen http://orcid.org/0000-0003-​
1439-0989

REFERENCES
	 1	 Nelson AE, Allen KD, Golightly YM, et al. A systematic review 

of recommendations and guidelines for the management of 
osteoarthritis: the chronic osteoarthritis management initiative 
of the U.S. bone and joint initiative. Semin Arthritis Rheum 
2014;43:701–12.

	 2	 Bachmeier CJ, March LM, Cross MJ, et al. A comparison 
of outcomes in osteoarthritis patients undergoing total 
hip and knee replacement surgery. Osteoarthritis Cartilage 
2001;9:137–46.

	 3	 Wilson RA, Gwynne-Jones DP, Sullivan TA, et al. Total hip 
and knee arthroplasties are highly cost-effective procedures: 
the importance of duration of follow-up. J Arthroplasty 
2021;36:1864–72.

	 4	 Kurtz SM, Ong KL, Lau E, et al. Impact of the economic 
downturn on total joint replacement demand in the United 
States: updated projections to 2021. J Bone Joint Surg Am 
2014;96:624–30.

	 5	 Khan M, Osman K, Green G, et al. The epidemiology of 
failure in total knee arthroplasty: avoiding your next revision. 
Bone Joint J 2016;98-B:105–12.

	 6	 Kurtz SM, Lau E, Watson H, et al. Economic burden 
of periprosthetic joint infection in the United States. J 
Arthroplasty 2012;27:61–5.

	 7	 Dutch Arthroplasty Register (LROI). Online annual report. 
Available: https://www.lroi-report.nl/

	 8	 van Schie P, van Steenbergen LN, van Bodegom-Vos L. 
Between-Hospital variation in revision rates after total hip 
and knee arthroplasty in the Netherlands: directing quality-
improvement initiatives. J Bone Joint Surg Am 2019.

	 9	 Bozic KJ, Grosso LM, Lin Z, et al. Variation in hospital-
level risk-standardized complication rates following elective 
primary total hip and knee arthroplasty. J Bone Joint Surg Am 
2014;96:640–7.

	10	 Fry DE, Pine M, Nedza SM, et al. Risk-Adjusted hospital 
outcomes in Medicare total joint replacement surgical 
procedures. J Bone Joint Surg Am 2017;99:10–18.

	11	 Norwegian Arthroplasty Register (NAR). Annual report, 2020. 
Available: http://nrlweb.ihelse.net/eng/Rapporter/Report2020_​
english.pdf

	12	 Swedish Knee Arthroplasty Register (SKAR). Annual report, 
2020. Available: http://myknee.se/pdf/SVK_2020_Eng_1.0.pdf

	13	 Danish Hip Arthroplasty Register (DHAR). Annual report, 
2020. Available: http://danskhoftealloplastikregister.dk/​
wp-content/uploads/2020/11/dhr-aarsrapport-2020_til_​
offentliggoerelse-1.pdf

	14	 Swedish Hip Arthroplasty Register (SHAR). Annual report, 
2018. Available: https://registercentrum.blob.core.windows.​
net/shpr/r/Arsrapport_2018_Hoftprotes_ENG_26mars_Final-​
rJepCXNsLI.pdf

W
alaeus B

ibl./C
1-Q

64. P
rotected by copyright.

 on A
pril 3, 2023 at Leids U

niversitair M
edisch C

entrum
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-014472 on 22 June 2022. D

ow
nloaded from

 

http://orcid.org/0000-0002-0041-9210
http://orcid.org/0000-0003-1439-0989
http://orcid.org/0000-0003-1439-0989
http://dx.doi.org/10.1016/j.semarthrit.2013.11.012
http://dx.doi.org/10.1053/joca.2000.0369
http://dx.doi.org/10.1016/j.arth.2021.01.038
http://dx.doi.org/10.2106/JBJS.M.00285
http://dx.doi.org/10.1302/0301-620X.98B1.36293
http://dx.doi.org/10.1016/j.arth.2012.02.022
http://dx.doi.org/10.1016/j.arth.2012.02.022
https://www.lroi-report.nl/
http://dx.doi.org/10.2106/JBJS.L.01639
http://dx.doi.org/10.2106/JBJS.15.01455
http://nrlweb.ihelse.net/eng/Rapporter/Report2020_english.pdf
http://nrlweb.ihelse.net/eng/Rapporter/Report2020_english.pdf
http://myknee.se/pdf/SVK_2020_Eng_1.0.pdf
http://danskhoftealloplastikregister.dk/wp-content/uploads/2020/11/dhr-aarsrapport-2020_til_offentliggoerelse-1.pdf
http://danskhoftealloplastikregister.dk/wp-content/uploads/2020/11/dhr-aarsrapport-2020_til_offentliggoerelse-1.pdf
http://danskhoftealloplastikregister.dk/wp-content/uploads/2020/11/dhr-aarsrapport-2020_til_offentliggoerelse-1.pdf
https://registercentrum.blob.core.windows.net/shpr/r/Arsrapport_2018_Hoftprotes_ENG_26mars_Final-rJepCXNsLI.pdf
https://registercentrum.blob.core.windows.net/shpr/r/Arsrapport_2018_Hoftprotes_ENG_26mars_Final-rJepCXNsLI.pdf
https://registercentrum.blob.core.windows.net/shpr/r/Arsrapport_2018_Hoftprotes_ENG_26mars_Final-rJepCXNsLI.pdf
http://qualitysafety.bmj.com/


46 van Schie P, et al. BMJ Qual Saf 2023;32:34–46. doi:10.1136/bmjqs-2021-014472

Original research

	15	 Danish Knee Arthroplasty Register (DKAR). Annual report, 
2020. Available: https://www.sundhed.dk/content/cms/99/​
4699_dkr-arsrapport-2020_offentliggorelse.pdf

	16	 Finnish Arthroplasty Register (FAR). Online annual report. 
Available: https://www.thl.fi/far/#index

	17	 Swiss Arthroplasty Register (SAR). Annual Report, 2020. 
Available: https://www.siris-implant.ch/de/Downloads&​
category=16

	18	 National Joint Registry (NJR). Annual report 2021. Available: 
https://reports.njrcentre.org.uk/Portals/0/PDFdownloads/​
NJR%2018th%20Annual%20Report%202021.pdf

	19	 Ivers N, Jamtvedt G, Flottorp S, et al. Audit and feedback: 
effects on professional practice and healthcare outcomes. 
Cochrane Database Syst Rev 2012;6:Cd000259.

	20	 Van Schie P, Van Bodegom-Vos L, Zijdeman TM, et al. 
Awareness of performance on outcomes after total hip and 
knee arthroplasty among Dutch orthopedic surgeons: how to 
improve feedback from arthroplasty registries. Acta Orthop 
2021;92:1–8.

	21	 Soong C, Shojania KG. Education as a low-value improvement 
intervention: often necessary but rarely sufficient. BMJ Qual 
Saf 2020;29:353–7.

	22	 Gude WT, Roos-Blom M-J, van der Veer SN, et al. Electronic 
audit and feedback intervention with action implementation 
toolbox to improve pain management in intensive care: 
protocol for a laboratory experiment and cluster randomised 
trial. Implement Sci 2017;12:68.

	23	 Roos-Blom M-J, Gude WT, de Jonge E, et al. Impact of 
audit and feedback with action implementation toolbox 
on improving ICU pain management: cluster-randomised 
controlled trial. BMJ Qual Saf 2019;28:1007–15.

	24	​ ClinicalTrial.​gov. Available: https://clinicaltrials.gov/ct2/show/​
NCT04055103?term=Arthroplasty&cntry=NL&city=​
Leiden&draw=2&rank=2

	25	 van Schie P, van Bodegom-Vos L, van Steenbergen LN, et al. 
Monitoring Hospital performance with statistical process 
control after total hip and knee arthroplasty: a study to 
determine how much earlier worsening performance can be 
detected. J Bone Joint Surg Am 2020;102:2087–94.

	26	 Woodall WH, Fogel SL, Steiner SH. The monitoring and 
improvement of surgical-outcome quality. Journal of Quality 
Technology 2015;47:383–99.

	27	 Marang-van de Mheen PJ, van Hanegem N, Kievit J. 
Effectiveness of routine reporting to identify minor and serious 
adverse outcomes in surgical patients. Qual Saf Health Care 
2005;14:378–82.

	28	 El Bitar YF, Illingworth KD, Scaife SL, et al. Hospital length 
of stay following primary total knee arthroplasty: data from 
the nationwide inpatient sample database. J Arthroplasty 
2015;30:1710–5.

	29	 van Steenbergen LN, Denissen GAW, Spooren A, et al. 
More than 95% completeness of reported procedures in the 

population-based Dutch Arthroplasty Register. Acta Orthop 
2015;86:498–505.

	30	 Dutch arthroplasty register (LROI). data completeness. 
Available: https://www.lroi-report.nl/data-quality/completeness/

	31	 Austin PC. Absolute risk reductions, relative risks, relative 
risk reductions, and numbers needed to treat can be 
obtained from a logistic regression model. J Clin Epidemiol 
2010;63:2–6.

	32	 McAlister FA. The "number needed to treat" turns 20--and 
continues to be used and misused. CMAJ 2008;179:549–53.

	33	 Duclos A, Chollet F, Pascal L, et al. Effect of monitoring 
surgical outcomes using control charts to reduce major 
adverse events in patients: cluster randomised trial. BMJ 
2020;371:m3840.

	34	 Marshall DA, Christiansen T, Smith C, et al. Continuous 
quality improvement program for hip and knee replacement. 
Am J Med Qual 2015;30:425–31.

	35	 Parkes RJ, Ayeko O, Brunton L, et al. Revolutionising rapid 
recovery: a quality improvement project in hip and knee 
replacement. BMJ Open Qual 2021;10:e001249.

	36	 Brehaut JC, Colquhoun HL, Eva KW, et al. Practice feedback 
interventions: 15 suggestions for optimizing effectiveness. Ann 
Intern Med 2016;164:435–41.

	37	 Marang-van de Mheen PJ, Abel GA, Shojania KG. Mortality 
alerts, actions taken and declining mortality: true effect or 
regression to the mean? BMJ Qual Saf 2018;27:950–3.

	38	 Montori VM, Permanyer-Miralda G, Ferreira-González I, 
et al. Validity of composite end points in clinical trials. BMJ 
2005;330:594–6.

	39	 Barclay M, Dixon-Woods M, Lyratzopoulos G. The problem 
with composite indicators. BMJ Qual Saf 2019;28:338–44.

	40	 Glasgow JM, Davies ML, Kaboli PJ. Findings from a national 
improvement collaborative: are improvements sustained? BMJ 
Qual Saf 2012;21:663–9.

	41	 Bridges J, May C, Fuller A, et al. Optimising impact and 
sustainability: a qualitative process evaluation of a complex 
intervention targeted at compassionate care. BMJ Qual Saf 
2017;26:970–7.

	42	 Lipitz-Snyderman A, Needham DM, Colantuoni E, et al. 
The ability of intensive care units to maintain zero central 
line-associated bloodstream infections. Arch Intern Med 
2011;171:856–8.

	43	 Pronovost PJ, Watson SR, Goeschel CA, et al. Sustaining 
reductions in central line-associated bloodstream infections in 
Michigan intensive care units: a 10-year analysis. Am J Med 
Qual 2016;31:197–202.

	44	 Trbovich P, Shojania KG. Root-cause analysis: swatting 
at mosquitoes versus draining the swamp. BMJ Qual Saf 
2017;26:350–3.

	45	 Burke RE, Marang-van de Mheen PJ. Sustaining quality 
improvement efforts: emerging principles and practice. BMJ 
Qual Saf 2021;30:848–52.

W
alaeus B

ibl./C
1-Q

64. P
rotected by copyright.

 on A
pril 3, 2023 at Leids U

niversitair M
edisch C

entrum
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-014472 on 22 June 2022. D

ow
nloaded from

 

https://www.sundhed.dk/content/cms/99/4699_dkr-arsrapport-2020_offentliggorelse.pdf
https://www.sundhed.dk/content/cms/99/4699_dkr-arsrapport-2020_offentliggorelse.pdf
https://www.thl.fi/far/#index
https://www.siris-implant.ch/de/Downloads&category=16
https://www.siris-implant.ch/de/Downloads&category=16
https://reports.njrcentre.org.uk/Portals/0/PDFdownloads/NJR%2018th%20Annual%20Report%202021.pdf
https://reports.njrcentre.org.uk/Portals/0/PDFdownloads/NJR%2018th%20Annual%20Report%202021.pdf
http://dx.doi.org/10.1002/14651858.CD000259.pub3
http://dx.doi.org/10.1080/17453674.2020.1827523
http://dx.doi.org/10.1136/bmjqs-2019-010411
http://dx.doi.org/10.1136/bmjqs-2019-010411
http://dx.doi.org/10.1186/s13012-017-0594-8
http://dx.doi.org/10.1136/bmjqs-2019-009588
https://clinicaltrials.gov/ct2/show/NCT04055103?term=Arthroplasty&cntry=NL&city=Leiden&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04055103?term=Arthroplasty&cntry=NL&city=Leiden&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT04055103?term=Arthroplasty&cntry=NL&city=Leiden&draw=2&rank=2
http://dx.doi.org/10.2106/JBJS.20.00005
http://dx.doi.org/10.1080/00224065.2015.11918141
http://dx.doi.org/10.1080/00224065.2015.11918141
http://dx.doi.org/10.1136/qshc.2004.013250
http://dx.doi.org/10.1016/j.arth.2015.05.003
http://dx.doi.org/10.3109/17453674.2015.1028307
https://www.lroi-report.nl/data-quality/completeness/
http://dx.doi.org/10.1016/j.jclinepi.2008.11.004
http://dx.doi.org/10.1503/cmaj.080484
http://dx.doi.org/10.1136/bmj.m3840
http://dx.doi.org/10.1177/1062860614540512
http://dx.doi.org/10.1136/bmjoq-2020-001249
http://dx.doi.org/10.7326/M15-2248
http://dx.doi.org/10.7326/M15-2248
http://dx.doi.org/10.1136/bmjqs-2018-007984
http://dx.doi.org/10.1136/bmj.330.7491.594
http://dx.doi.org/10.1136/bmjqs-2018-007798
http://dx.doi.org/10.1136/bmjqs-2011-000243
http://dx.doi.org/10.1136/bmjqs-2011-000243
http://dx.doi.org/10.1136/bmjqs-2017-006702
http://dx.doi.org/10.1001/archinternmed.2011.161
http://dx.doi.org/10.1177/1062860614568647
http://dx.doi.org/10.1177/1062860614568647
http://dx.doi.org/10.1136/bmjqs-2016-006229
http://dx.doi.org/10.1136/bmjqs-2021-013016
http://dx.doi.org/10.1136/bmjqs-2021-013016
http://qualitysafety.bmj.com/


BMJ Qual Saf 2022;31:e1. doi:10.1136/bmjqs-2021-014472corr1 1 of 1  

CORRECTION

Correction: Effectiveness of a multifaceted 
quality improvement intervention to improve 
patient outcomes after total hip and knee 
arthroplasty: a registry nested cluster 
randomised controlled trial

van Schie P, van Bodegom-Vos L, Zijdeman TM, et al. Effectiveness of a multi-
faceted quality improvement intervention to improve patient outcomes after 
total hip and knee arthroplasty: a registry nested cluster randomised controlled 
trial. BMJ Qual Saf. Published Online First: 22 June 2022. doi:10.1136/
bmjqs-2021-014472.
 
The IQ Joint study group has been added to the author list. In addition to 
this, blinded data in the methods section has been updated with the correct 
information.
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