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a b s t r a c t

Background: Infection remains a leading cause of failure of hip and knee replacements. Infection burden
is the ratio of implants revised for infection to the total number of arthroplasties in a specific period,
measuring the steady state of infection in a registry. We hypothesized infection burden would be similar
among arthroplasty registries.
Methods: We evaluated publicly reported data from 6 arthroplasty registries (Australian Orthopaedic
Association National Joint Replacement Registry [AOANJRR], New Zealand Joint Registry, Swedish Hip
Arthroplasty Register, Swedish Knee Arthroplasty Register, National Joint Registry of England, Wales,
Northern Ireland, and the Isle of Man, and the American Joint Replacement Registry) for revisions
performed with an infection diagnosis over the last 6 years.
Results: The 2015 hip infection burden varied between registries from 0.76% (AOANJRR) to 1.24%
(Swedish Hip Arthroplasty Register), and the unweighted overall average for hip infection burden was
0.97%. In 2012, 2013, and 2014, average hip infection burden held steady at 0.87%, 0.93%, and 0.94%,
respectively, higher than the preceding 2 years. The 2015 knee infection burden varied from 0.88%
(AOANJRR) to 1.28% (Swedish Knee Arthroplasty Register), and the unweighted average was 1.03%. In
2012, 2013, and 2014, knee infection burden was 1.04%, 1.11%, and 1.02%, respectively. These numbers
were also higher than the preceding 2 years.
Conclusions: Infection burden may be one measure of the overall success in registry populations as well
as monitoring the steady state of infection worldwide. Despite global efforts to reduce postoperative
infection, infection burden has actually increased in the selected registries over time.
© 2017 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Total hip and knee arthroplasties (THA and TKA) are among the
most successful procedures in all of medicine with high survivor-
ship and low morbidity and mortality [1,2]. They are associated

with dramatic improvement in patient pain, function, and quality of
life [3]. As such, the volume for both THA and TKA is currently
increasing, and is expected to grow by 174% for THA and 673% for
TKA [4]. One of the major endpoints to measure the success of THA
and TKA is revision surgery. The etiology of revision surgery has
been well documented and includes instability, aseptic loosening,
periprosthetic wear, fracture, and infection [5,6].

Revision burden has been defined as the ratio of implant
revisions to the total number of arthroplasties performed in a given
period within a specific population. First introduced by Malchau
et al. [7], revision burdenwas envisioned as a means for comparing
different national total joint registries. It has been used for results
reporting, economic analyses, and procedural volume estimates

One or more of the authors of this paper have disclosed potential or pertinent
conflicts of interest, which may include receipt of payment, either direct or indirect,
institutional support, or association with an entity in the biomedical field which
may be perceived to have potential conflict of interest with this work. For full
disclosure statements refer to http://dx.doi.org/10.1016/j.artd.2017.05.003.
* Corresponding author. 5 Bucknam Road, Suite 1D, Falmouth, ME 04105, USA.

Tel.: þ1 207 781 1551.
E-mail address: mcgrob1@mmc.org

Contents lists available at ScienceDirect

Arthroplasty Today

journal homepage: http: / /www.arthroplastytoday.org/

http://dx.doi.org/10.1016/j.artd.2017.05.003
2352-3441/© 2017 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Arthroplasty Today 3 (2017) 137e140

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.artd.2017.05.003
mailto:mcgrob1@mmc.org
www.sciencedirect.com/science/journal/23523441
http://www.arthroplastytoday.org/
http://dx.doi.org/10.1016/j.artd.2017.05.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.artd.2017.05.003
http://dx.doi.org/10.1016/j.artd.2017.05.003


[4,7,8]. A recent study byMcGrory et al. [9] evaluated the concept of
revision burden for THA and TKA across total joint registries
worldwide. They found that the revision burden for THA had
decreased over a 4-year period, but had remained relatively
constant for TKA.

Although there has been a decline in revision surgeries for
loosening and wear over time, periprosthetic joint infection (PJI)
rates have not improved, resulting in PJI becoming one of the most
commonmodes of failure in THA and TKA [5,6]. Studies project that
revision for PJI will dramatically increase over the next two decades
compared with other modes of failure, with some anticipating over
60% of all revisions eventually due to infection [10]. As such, there
have been numerous studies published over the past decade
discussing infection prevention and techniques to reduce the
incidence of PJI [11,12]. However, there have been few if any reports
that demonstrate that the global rate of PJI is decreasing. The pri-
mary purpose of this study was to determine the infection-related
revision burden and delineate if the infection burden was similar
across 6 nationwide total joint registries : The Australian Ortho-
paedic Association National Joint Replacement Registry [AOANJRR],
New Zealand Joint Registry, Swedish Hip Arthroplasty Register
[SHAR], Swedish Knee Arthroplasty Register [SKAR], National Joint
Registry of England, Wales, Northern Ireland, and the Isle of Man,
and the American Joint Replacement Registry [AJRR]. The second-
ary purpose of this study was to determine if the burden of revision
for infection has changed over time. We hypothesized that the
infection burden would be similar across these registries and that
the burden of infection would be decreasing over time compared
with historical controls.

Material and methods

Infection burden was defined as the ratio of the total number of
revisions due to infection to the total number of arthroplasties
(primaries and revisions) performed in 1 year. Infection burdenwas
calculated for the last 6 years or since registry inception. Designa-
tion as an infection-related revision or removal of components was
based on the specific criteria and definitions of revision used by
each individual registry. We sought to count a revision or removal
of components for infection only once for a given infection episode
when multiple subsequent procedures were carried out on the
same joint. That is, if a component exchange and debridement
failed, or if a patient underwent a 2-stage procedure, these pro-
cedureswere combined and counted as a single revision/removal of
components for infection. We developed the following parameters
for acceptable definitions for each variable analyzed.

Hip

� Primary hip arthroplasty was defined as a total hip procedure
that replaces both the femoral and acetabular sides of the joint,
but we excluded hip resurfacing and hemiarthroplasty.

� Hip component revision included all procedures, where one or
more of the prosthetic components were exchanged or removed
as part of either a 1-stage or 2-stage process.

� Hip revision due to infection was defined as any repeat or
revision surgery on an existing device, where one of the
diagnoses for the revision procedure included infection (per the
reporting registry criteria).

Knee

� Primary knee arthroplasty was defined as a total knee pro-
cedure that replaces the femorotibial articulation, and excluded

unicompartmental procedures (unicondylar and patella-
femoral procedures).

� Knee component revision included all procedures, where one
or more of the prosthetic components were exchanged or
removed as part of either a 1-stage or 2-stage process.

� Knee revision due to infection was defined as any repeat or
revision surgery on an existing device, where one of the
diagnoses for the revision procedure included infection (per the
reporting registry criteria).

Infection burden for both hip and knee arthroplasties was calcu-
lated frompublicly reported data (ie, annual reports or other reporting
methods) from national hip and knee arthroplasty registries. The
comparative review included 6 national registries: AOANJR, New
Zealand Joint Registry, SHAR, SKAR, National Joint Registry of England,
Wales, Northern Ireland, and the Isle of Man, and AJRR.

Results

The overall results for infection burden for THA and TKA for the
6 surveyed registries are summarized in Table 1.

The 2015 infection burden for THAvaried from 0.76% in AOANJRR
to 1.24% in the SHAR, and the unweighted average was 0.97%. In
2012, 2013, and 2014, the THA infection burden (unweighted
average) held steady at 0.87%, 0.93%, and 0.94%, respectively. This is
higher than the preceding 2 years (0.79% and 0.84%). Each registry
with 6-year data showed an increase in infection burden for THA
over the period of the survey. AOANJRR analysis excluded data for
metal-on-metal THA with a head greater than 32 mm for 2013,
2014, and 2015, confounding calculation for 2013.

The 2015 infection burden for TKA varied from 0.88% in
AOANJRR to 1.28% in the SKAR. The unweighted average was 1.03%.
In 2012, 2013, and 2014, the knee infection burden (unweighted
average) was 1.04%, 1.11%, and 1.02%, respectively. These numbers
were higher than the preceding 2 years (0.88% and 0.92%). Each of
the 5 registries with 6-year data demonstrated an increase in the
infection burden reported for TKA over the period of the study.

Discussion

PJI remains a leading cause of failure in THA and TKA [5,6]. The
treatment of PJI is associated with substantial morbidity and

Table 1
Results of contemporary hip and knee infection burden, in percent

Results of contemporary hip infection burden, in percent

Registry 2010 2011 2012 2013 2014 2015

AOANJRR 0.80 0.78 0.85 NAa 0.82a 0.76a

NZJR 0.64 0.59 0.56 0.75 0.70 1.00
SHAR 0.88 1.12 1.14 1.18 1.3 1.24
NJR 0.84 0.86 0.91 0.85 0.91 0.94
AJRR NA NA NA NA 0.99 0.91
Unweighted average 0.79 0.84 0.87 0.93 0.94 0.97

Results of contemporary knee infection burden, in percent

Registry 2010 2011 2012 2013 2014 2015

AOANJRR 0.87 0.80 0.89 1.08 0.98 0.88
NZJR 0.64 0.71 1.05 1.07 1.10 1.20
SKAR 1.11 1.22 1.27 1.35 1.11 1.28
NJR 0.91 0.94 0.96 0.94 0.97 0.94
AJRR NA NA NA NA 0.95 0.85
Unweighted average 0.88 0.92 1.04 1.11 1.02 1.03

NJR, National Joint Registry of England,Wales, Northern Ireland, and the Isle of Man;
NZJR, New Zealand Joint Registry.

a AOANJRR analysis excluded data for metal-on-metal THA with a head greater
than 32 mm for 2013, 2014, and 2015, confounding calculation for 2013.
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