
lable at ScienceDirect

Arthroplasty Today 2 (2016) 83e86
Contents lists avai
Arthroplasty Today

journal homepage: http: / /www.arthroplastytoday.org/
Original research from AJRR
Comparing contemporary revision burden among hip and knee joint
replacement registries

Brian J. McGrory, MD, MS a, b, *, Caryn D. Etkin, PhD, MPH c, David G. Lewallen, MD c, d

a Maine Joint Replacement Institute, Portland, ME, USA
b Tufts University School of Medicine, Boston, MA, USA
c American Joint Replacement Registry, Rosemont, IL, USA
d Department of Orthopaedic Surgery, Mayo Clinic, Rochester, MN, USA
a r t i c l e i n f o

Article history:
Received 19 April 2016
Accepted 23 April 2016
Available online 27 May 2016

Keywords:
Revision burden
Joint replacement registry
Total hip replacement (THR)
Total knee replacement (TKR)
Revision
One or more of the authors of this paper have dis
conflicts of interest, which may include receipt of paym
institutional support, or association with an entity in
may be perceived to have potential conflict of inte
disclosure statements refer to http://dx.doi.org/10.101
* Corresponding author. 5 Bucknam Road, Suite 5D

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

http://dx.doi.org/10.1016/j.artd.2016.04.003
2352-3441/Copyright © 2016 The Authors. Published b
BY-NC-ND license (http://creativecommons.org/licens
a b s t r a c t

Background: Hip and knee arthroplasties are common and successful procedures, however, success and
durability are not guaranteed. The revision burden, defined as the ratio of implant revisions to the total
number of arthroplasties in a specific period, is a measure of the steady state of arthroplasty success in a
given registry. This study examines the hypothesis that revision burden would be similar among
contemporary joint replacement registries and improving over time compared with historic controls.
Methods: We evaluated the national joint registries of 5 health systems (Australian Orthopaedic Asso-
ciation National Joint Replacement Registry [AOANJRR]; National Joint Registry of England, Wales,
Northern Ireland, and the Isle of Man; New Zealand Joint Registry [NZJR]; Swedish Hip Arthroplasty
Register [SHAR] and Swedish Knee Arthroplasty Register [SKAR]; and the American Joint Replacement
Registry [AJRR]) for hip and knee revision burden over the past 4 years or since registry inception.
Historic controls were obtained from previously published reports.
Results: The 2014 hip revision burden varied from 9.7 percent (NJR) to 11.9 percent (NZJR), and the un-
weighted average was 10.4 percent. The 2011, 2012, and 2013 mean hip revision burden was 11.9, 11.9, and
11.4 percent. The 2014 knee revision burden varied from to 6.0 percent (NJR) to 8.1 percent (AJRR), and the
unweighted average for the 5 registries studied was 7.0 percent. The 2011, 2012, and 2013 mean knee
revision burden was 6.9, 7.0, and 7.0 percent. Historically, the observed hip revision burden was 15.8
percent and the knee revision burden 8.0 percent.
Conclusions: Revision burden has gradually decreased for hip replacements and has remained relatively
constant for knee replacements both for the last 4 years and compared to historic controls. Knee revision
burden was lower than hip revision burden for each period examined. Revision burden is one measure
that may be helpful in following the effect of changes in surgical technique and implant design over time
in registry populations and may be a helpful way to compare overall results between registries.
Copyright © 2016 The Authors. Published by Elsevier Inc. on behalf of 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

Hip and knee arthroplasties are common and successful pro-
cedures, however, success and durability are not guaranteed. The
major outcome measure in modern joint registries is surgical
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revision. Revision may be for deep infection, aseptic loosening,
instability, periprosthetic fracture, prosthetic failure or high wear,
stiffness, or unexplained pain, to list the most common causes
[1-3]. Importantly, compared with the relative cost and results of
primary hip and knee replacement, numerous studies have docu-
mented that revision surgeries require more resources and have
poorer durability and outcomes [4-6].

The concept of revision burden, defined as the ratio of implant
revisions to the total number of arthroplasties in a given period, is a
measure of the steady state of arthroplasty success in a given reg-
istry. This concept, first introduced by Dr. Henrik Malchau [7],
director of the Swedish Hip Arthroplasty Register (SHAR), was
envisioned to be used “to facilitate comparison between different
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national registries.” In addition to these comparisons, revision
burden has also been used for result reporting [8], economic
analysis [6], and estimation of changes in procedure numbers and
resource utilization over time [4,9].

Joint registries serve many functions and are now a critical part
of many major health systems. Comparison data between
contemporary registries may be limited by differences in specific
data collected and metrics applied, but revision burden is one
simple universally comparable parameter. When hip or knee revi-
sion burden is significantly different between major registries, ex-
planations for the observed difference and discussion around best
practices are prompted which may promote favorable changes
allowing improvement in those systems with higher rates. On the
other hand, when the revision burden for a specific registry is
similar to all others, this serves to reinforce the effectiveness of
arthroplasty care in that particular systemwhen compared to other
diverse health systems achieving similar revision outcomes.

This study examines the hypothesis that current revision burden
is relatively similar across major national joint replacement regis-
tries and that this burden has decreased over the recent past
compared to historic values.

Material and methods

We evaluated major national joint replacement registries of 5
health systems [8,10-25] for hip and knee revision burden over the
last 4 years or since registry inception. These include the Australian
Orthopaedic Association National Joint Replacement Registry
(AOANJRR); National Joint Registry of England, Wales, Northern
Ireland, and the Isle ofMan (NJR); New Zealand Joint Registry (NZJR);
Swedish Hip Arthroplasty Registry (SHAR) and Swedish Knee
Arthroplasty Registry (SKAR); and the American Joint Replacement
Registry (AJRR). We chose these registries because revision burden
datawere publicly reported and readily available from the respective
registries’ annual reports. Of note, the SHAR 2014 hip data are not yet
available in English translation, so the (1878 revisions/16,565
primaries þ 1878 revisions ¼ 10.2% revision burden) data were ob-
tainedbypersonal communicationwithOlaRolfsononApril 18, 2016.

Although revision definition between registries may differ
slightly [26], we chose to calculate revision burden based on the
inherent definition of revision for each reporting registry. Non-
weighted averages were used for overall comparison (ie, the overall
volume of arthroplasties in a given health system was not taken
into account for the conglomerate totalsdeach health system was
given equal weight).

For historic controls, we abstracted data previously compiled
and reported by Kurtz et al. [4].

Results

Overall results of contemporary revision burden for the 5
surveyed registries are summarized in Table 1.
Table 1
Results of contemporary revision burden, in percent.

Registry 2011 2012 2013 2014

Hip Knee Hip Knee Hip Knee Hip Knee

AJRR NA NA NA NA NA NA 10.0 8.1
AOANJRR 12.5 8.1 11.8 7.8 10.6 8.0 10.2 7.7
NJR 10.8 6.1 11.6 6.6 10.9 6.3 9.7 6.0
NZJR 13.6 6.6 13.2 7.7 13.7 6.8 11.9 6.8
SHAR/SKAR 10.5 6.1 10.8 5.7 10.3 6.8 10.2 6.5
Unweighted average 11.9 6.9 11.9 7.0 11.4 7.0 10.4 7.0

References: [8-25].
NA, not applicable.
The2014hip revisionburdenvaried from9.7percent (NJR) to11.9
percent (NZJR), and the unweighted average was 10.4 percent. The
mean 2011, 2012, and 2013 hip revision burden was 11.9, 11.9, and
11.4 percent. The 2014 knee revision burden varied from to 6.0
percent (NJR) to 8.1 percent (AJRR), and the unweighted averagewas
7.0 percent. The mean 2011, 2012, and 2013 knee revision burden
was 6.9, 7.0, and 7.0 percent.

Results of historic revision burden are summarized in Table 2. Of
note, only AOANJRR, SHAR, SKAR, and AJRR data allow direct
(health system specific) comparison to historic data, and the
comparison United States data are actually calculated fromNational
Hospital Discharge Survey information [4]. In addition, historic data
spans various periods for individual countries’ joint replacement
registries. Historic hip revision burden varied from 11.0 percent
(Sweden, 1992-2000) to 18.3 percent (Finland, 1990-2001), and the
unweighted overall average was 15.8 percent. Historic knee revi-
sion burden varied from 6.1 percent (Canada, 2002-2003) to 10.8
percent (Australia, 1999-2002), and the unweighted overall average
was 8.0 percent.
Discussion

Revision is an important parameter in the understanding of
arthroplasty science, the economics of joint replacement, and in
facilitating progress in joint replacement care. Researchers have
estimated that demand for revision surgeries will markedly in-
crease over time, related to expected growth in the number of
primary procedures performed, and that demand will need to be
addressed with increased economic resources, operative efficiency,
technical capacity, and implant longevity [4,9,27]. While the com-
bination and analysis of different registry results may be somewhat
problematic [26,28,29], comparing and contrasting the range of
worldwide results can have significant value in surveillance of
outcomes, outlier identification, and the development of care
improvement opportunities.

Revision burden is a concept previously introduced by Malchau
et al. [7] and used for subsequent analysis and comparison by others
[4,6,8,9]. The ratio is relatively easily calculated but is a complex
measure affected by both more recent primary arthroplasty prac-
tices but also by historical treatment methods and implant usage
patterns over themanyyears andevendecadesprior.However, as an
overall measure, it has several advantages related to large popula-
tion reporting. Namely, it can be calculated for any population or
registry and can be followed for change or trends over time. It may
also be used as a high level comparison between different joints and
between individual registries. It does not require direct data linkage
between the original and revision surgery, whichmay be difficult to
perform [29]. On the other hand, the ratio is affected by multiple
variables (Table 3) which may make it difficult to fully explain
observed differences without further data gathering and study.
Table 2
Results of historic revision burden, in percent.

Registry Hip Knee Years

United Statesa 17.5 8.2 1990-2002
Australia 18.2 10.8 1999-2002
Canada 13.1 6.1 2002-2003
Finland 18.3 7.9 1990-2001
Norway 16.4 8.0 1994-1998
Sweden 11.0 7.2 1992-2000b

Unweighted average 15.8 8.0

a Derived from National Hospital Survey (NHDS) data; other data registry based.
b Hip only; knee time frame 1988-1997.

Based on Kurtz, et al, JBJS, 2005 [4].



Table 3
Components of revision burden [7] calculation.

Component of revision burden
equation

Factors affecting component of equation

Numerator ¼ revision joint
replacement in a given
period

� Population with prior primary joint
surgery

� Population with prior revision joint
surgery

� Criteria for revision or rerevision joint
surgery

� Availability (surgeons/hospital) to offer
revision joint surgery

� Population life expectancy
� Definition of revision joint replacement

Denominator ¼ revision and
primary joint replacements
in the same period

� Numerator
� Criteria used for primary joint surgery

(definition of surgical arthritis within a
health system)

� Population with surgical arthritis
� Availability (surgeons/hospital) to offer

primary joint surgery

B.J. McGrory et al. / Arthroplasty Today 2 (2016) 83e86 85
Yearly revision burden is a ratio that includes both early (less
than 1 year) and late (greater than or equal to 1 year) revisions
performed on a registry population during the proceeding year. The
failures are related to the population with prior implants (both
primary and revision surgeries), the life expectancy of that popu-
lation, and the implemented indications for and availability of
revision surgery. Likewise, the denominator of the ratio depends on
similar criteria for both primary and revision joint replacement
surgeries. Each of these criteria may be unique to a given health
system [30,31].

One potential weakness of a worldwide comparison like this is
reporting bias associated with different registries. Whereas the
completeness of data capture around revision procedures may be
quite high in the international registries examined here, registries
such as AJRR without near 100 percent participation may under or
over estimate the revision burden based on what may be a biased
sample of the nationwide total. High compliance as a part of
mandatory reporting for a given health system increases the reli-
ability of the data [27], but reporting bias and variable compliance
in a voluntary initiative such as AJRR may still introduce problems
such as a higher capture rate for primary vs revision surgery.

If we recognize and accept the potential weaknesses of this
steady-state ratio, we can look to broad comparisons between
registry populations and periods. For total knee replacement,
revision burden appears to be quite stable over time and between
joint replacement registries. With the exception of the early
Australian experience (revision burden 10.8 percent, 1999-2002)
the range for revision burden is between 5.7 percent and 8.2
percent over the last 2 decades. This may reflect the fact that knee
replacement design and surgical techniques, as well as materials,
have been more stable than the hip over this period.

For total hip replacement, on the other hand, revision burden
appears to have decreased over time, and current rates appear to be
continuing to diminish. Over a similar 2 decades, the combined
revision burden has dropped for hip replacement by about one
third, from 15.8 to 10.4 percent. This decrease may be related to a
variety of design, surgical technique, or prosthetic material
changes, but the widespread adoption of cross-linked polyethylene
has almost certainly played a role in explaining a major portion of
this change [32].

Nonetheless, the overall hip revision burden is higher than that
for knee replacement. This has undoubtedly been influenced by
increased short-term failures related to relatively recently adopted
and subsequently abandoned new technology with poor outcomes
and implant recalls including metal-on-metal designs and double
modular necks [33-35]. Better understanding of the contributions
of implant design to changes in revision burden is dependent on
accurate data on the devices removed at revision, which can be
problematic for even comprehensive and mature registries. Recent
in-depth analysis of retrieved implants at the time of revision
surgery showed that only 37.6% of these cases had been reported
and had helped contribute to the respective implant survival curves
in the NJR [29]. The authors concluded that data on revisions and
implant-specific failure rates may be more vulnerable to under-
reporting and missing data, compared to primary arthroplasty
procedures.

Revision burden analysis may be most useful within a given
health system or country, where the variation in the components of
the ratio are minimal, or at least, better defined. For example, based
on historic data, the revision burden for Australia was 18.2 percent
for hips and 10.8 percent for knees in the 1999-2002 era [4]; be-
tween 2011 and 2014, yearly hip revision burden decreased to 12.5
[10], 11.8 [11], 10.6 [12], and 10.2 [13] percent and yearly knee
revision burden decreased to 8.1 [10], 7.8 [11], 8.0 [12], and 7.7 [13]
percent. Decreases in revision burden appear to be not only due to
improvements in materials or implant design (such as highly
crosslinked polyethylene) but also as a consistent and positive ef-
fect of national registry surveillance and the feedback of surgeons,
hospitals, manufacturers, payors, and the public, all of whom may
change behavior in response to these data.

Additional research is appropriate and warranted to further
analyze changes in revision burden, allowing surgeons and health
systems to “drill-down” and identify specific factors that positively
affect prosthesis longevity. As population size, obesity prevalence,
life expectancy, and patient expectations increase [27], we will
want to carefully follow the changes in revision burden. Further-
more, refinements that apply the revision burden concept to not
only surgical revisions, but failures of other types (eg, “poor” clin-
ical results based on patient-reported outcomes or revisions spe-
cifically related to one failure mode, such as infection) will also be
very helpful in improving patient outcomes and satisfaction in joint
replacement surgery.
Conclusions

Revision burden, defined as the ratio of implant revisions to the
total number of arthroplasties in a given period, is a measure of the
steady state of arthroplasty success in a given registry. It has
gradually decreased for hip replacements and has remained rela-
tively constant for knee replacements both for the last 4 years and
compared to historic controls. Knee revision burdenwas lower than
hip revision burden for each period examined. Revision burden is
one measure that may be helpful in following the effect of changes
in surgical technique and implant design over time in registry
populations and may be a helpful way to compare overall results
between registries.
Acknowledgments

The authors thank Ola Rolfson, MD, PhD for his assistance with
clarification of the Swedish Hip Arthroplasty Register (SHAR) data.
References

1. Jameson S, Mason J, Baker P, et al. Factors influencing revision risk following 15,
740 single-brand hybrid hip arthroplasties: a cohort study from a National Joint
Registry. J Arthroplasty 2013;28(7):1152.

2. Paxton EW, Fumes O, Namba RS, et al. Comparison of the Norwegian knee
arthroplasty register and a United States arthroplasty registry. J Bone Joint Surg
2011;21(93 Suppl 3):20.

http://refhub.elsevier.com/S2352-3441(16)30008-5/sref1
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref1
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref1
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref2
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref2
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref2


B.J. McGrory et al. / Arthroplasty Today 2 (2016) 83e8686
3. Melvin J, Karthikeyan T, Cope R, Fehring TK. Early failures in total hip
arthroplasty-a changing paradigm. J Arthroplasty 2014;29(6):1285.

4. Kurtz S, Mowat F, Ong K, et al. Prevalence of primary and revision total hip and
knee arthroplasty in the United States from 1990 through 2002. J Bone Joint
Surg Am 2005;87(7):1487.

5. Bryan R, Rand J. Revision total knee arthroplasty. Clin Orthop Relat Res
1982;170:116.

6. Bhandari M, Smith J, Miller L, Block J. Clinical and economic burden of revision
knee arthroplasty. Clin Med Insights Arthritis Musculoskelet Disord 2012;5:89.

7. Malchau H, Herberts P, Eisler T, Garellick G, Soderman P. The Swedish total hip
replacement register. J Bone Joint Surg Am 2002;84 suppl 2:2.

8. 2014 Annual Report American Joint Replacement Registry. 2014.
9. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision

hip and knee arthroplasty in the United States from 2005 to 2030. J Bone Joint
Surg Am 2007;89(4):780.

10. Australian Orthopaedic Association National Joint Replacement Registry. 2011.
11. Australian Orthopaedic Association National Joint Replacement Registry. 2012.
12. Australian Orthopaedic Association National Joint Replacement Registry. 2013.
13. Australian Orthopaedic Association National Joint Replacement Registry. 2014.
14. National Joint Registry for England and Wales, 9th Annual Report. 2012.
15. National Joint Registry for England and Wales, 10th Annual Report. 2013.
16. National Joint Registry for England and Wales, 11th Annual Report. 2014.
17. National Joint Registry for England and Wales, 12th Annual Report. 2015.
18. New Zealand Joint Registry (NZJR). 2014.
19. The Swedish Hip Arthroplasty Register, Annual Report. 2011.
20. The Swedish Hip Arthroplasty Register, Annual Report. 2012.
21. The Swedish Hip Arthroplasty Register, Annual Report. 2013.
22. The Swedish Knee Arthroplasty Register, Annual Report. 2011.
23. The Swedish Knee Arthroplasty Register, Annual Report. 2012.
24. The Swedish Knee Arthroplasty Register, Annual Report. 2013.
25. The Swedish Knee Arthroplasty Register, Annual Report. 2014.
26. Liebs T, Splietker F, Hassenpflug J. Is a revision a revision? An analysis of national

arthroplasty registries' definition of revision. Clin Orthop 2015;473:3421.
27. Cherian J, Bhave A, Harwin S, Mont M. Outcomes and aseptic survivorship of

revision total knee arthroplasty. Am J Orthop 2016;45(2):79e85.
28. Pabinger C, Lumenta D, Cupak D, et al. Quality of outcome data in knee

arthroplasty: comparison of registry data and worldwide non-registry studies
from 4 decades. Acta Orthop 2015;86(1):58.

29. Sabah S, Henckel J, Koutsouris S, et al. Are all metal-on-metal hip revision
operations contributing to the National Joint Registry implant survival curves?
Bone Joint J 2016;98-B:33.

30. Riddle D, Jiranek W, Hayes C. Use of a validated algorithm to judge the
appropriateness of total knee arthroplasty in the United States: a multi-
center longitudinal cohort study. Arthritis and Rheumatology 2014;66(8):
2134.

31. Chang J, McGrory BJ, Rana A, et al. Current orthopaedic surgeon practices for
nonarthroplasty treatment of osteoarthritis of adult hip and knee. J Surg
Orthop Adv 2015;24(4):213.

32. Lehil MS, Bozic KJ. Trends in total hip arthroplasty implant utilization in the
United States. J Arthroplasty 2014;29:1915.

33. de Steiger R, Hang J, Miller L, Graves S, Davidson D. Five-year results of the ASR
XL acetabular system and the ASR hip resurfacing system: an analysis from the
Australian Orthopaedic Association National Joint Replacement Registry. J Bone
Joint Surg Am 2011;93(24):2287.

34. McGrory BJ, MacKenzie J, Babikian G. A high prevalence of corrosion at the
head-neck taper with contemporary Zimmer non-cemented hip components.
J Arthroplasty 2015;30(7):1265.

35. Nawabi DH, Do H, Ruel A, et al. Comprehensive analysis of a recalled modular
total hip system and recommendations for management. J Bone Joint Surg Am
2016;98(1):40.

http://refhub.elsevier.com/S2352-3441(16)30008-5/sref3
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref3
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref4
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref4
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref4
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref5
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref5
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref6
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref6
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref7
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref7
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref8
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref9
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref9
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref9
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref10
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref11
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref12
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref13
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref14
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref15
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref16
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref17
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref18
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref19
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref20
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref21
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref22
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref23
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref24
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref25
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref26
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref26
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref27
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref27
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref27
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref28
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref28
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref28
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref29
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref29
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref29
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref30
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref30
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref30
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref30
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref31
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref31
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref31
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref32
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref32
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref33
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref33
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref33
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref33
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref34
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref34
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref34
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref35
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref35
http://refhub.elsevier.com/S2352-3441(16)30008-5/sref35

	Comparing contemporary revision burden among hip and knee joint replacement registries
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Acknowledgments
	References


