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ABSTRACT

Objectives To investigate the relative performance

of knee replacement constructs compared with the

best performing construct and illustrate the substantial
variability in performance.

Design A non-inferiority study.

Setting England and Wales.

Participants All primary total and unicondylar knee
replacements performed and registered in the National
Joint Registry between 1 April 2003 and 31 December
2016.

Main outcome measures Kaplan-Meier failure function
for knee replacement constructs. Failure difference
between best performing construct (the benchmark) and
other constructs.

Methods Using a non-inferiority analysis, the performance
of knee replacement constructs by brand were compared
with the best performing construct. Construct failure was
estimated using the 1-Kaplan Meier method, that is, an
estimate of net failure. The difference in failure between
the contemporary benchmark construct and all other
constructs were tested.

Results Of the 449 different knee replacement constructs
used, only 27 had >500 procedures at risk at 10 years
postprimary, 18 of which were classified as inferior to the
benchmark by at least 20% relative risk of failure. Two of
these 18 were unicondylar constructs that were inferior by
at least 100% relative risk. In men, aged 55-75 years, 12
of 27 (44%) constructs were inferior by at least 20% to the
benchmark at 7 years postprimary. In women, aged 55-75
years, 8 of 32 (25%) constructs were inferior at 7 years
postprimary. Very few constructs were classified as non-
inferior to the contemporary benchmark.

Conclusions There are few knee replacement

constructs that can be shown to be non-inferior to a
contemporary benchmark. Unicondylar knee constructs
have, almost universally, at least 100% worse revision
outcomes compared with the best performing total knee
replacement. These results will help to inform patients,
clinicians and commissioners when considering knee
replacement surgery.

12 Martyn Porter,®> Ashley W Blom,'?

Strengths and limitations of this study

» Data presented from the largest joint registry in the
world.

» A novel and systematic comparison of the perfor-
mance of knee constructs to a contemporary bench-
mark knee construct.

» Unambiguous presentation of data will facilitate the
consenting process for patients and allows surgeons
and policy makers to be more informed with respect
to success and failure of different constructs options
available in knee replacement.

» Residual and unmeasured confounding factors are
likely to be present.

» Potential for selection bias whereby certain con-
structs may be implanted for particular indications
and in particular groups with different risks.

INTRODUCTION

Over 90000 knee replacements are performed
annually in England and Wales, and there
is a bewildering choice of total and unicon-
dylar knee replacement (UKR) options avail-
able from which clinicians and patients can
choose. When patients are considering a knee
replacement, it is understandable that many
assume that the different constructs function
equally. However, all constructs are not equal
as evidenced by variation in revision rates
between brands and knee construct types.'
The National Joint Registry for England,
Wales, Northern Ireland and the Isle of Man
(NJR) is the largest arthroplasty database in
the world and publishes the unadjusted cumu-
lative failure rates of the most commonly
used constructs in knee replacement surgery.
This is a useful format for measuring absolute
failure but does not allow easy head-to-head
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comparison of constructs. Benchmarking bodies such
as the Orthopaedic Device Evaluation Panel (ODEP) in
the UK,2 NOV in the Netherlands® and the Australian
superior clinical performance programme* compare
construct performance against externally set benchmarks
but do not perform head-to-head comparison. Although
it is reassuring a certain standard has been met, this
simple dichotomisation does not facilitate head-to-head
comparison and the sample sizes used are arbitrarily set.
Sayers et al’ recently proposed a method of comparison
for joint replacement constructs using a non-inferiority
design against an external benchmark. However, the
primary limitation of this method remains the arbitrary
requirement for an externally specified benchmark.

In a non-inferiority clinical trial,” investigating failure,
two treatments (comparator and reference) can be
directly compared to ensure that the comparator treat-
ment is within a clinically acceptable range (non-infe-
riorit;/ 8margin) of performance at a specified point in
time.” ° Standard methods for assessing non-inferiority
could be applied in an orthopaedic benchmarking
setting, assuming an appropriate comparator, non-inferi-
ority margin and time of interest can be identified. This
is a method we have applied in a medical device setting,
namely, hip replacements using NJR data, in which we
assessed the non-inferiority of hip replacement constructs
as compared with a benchmark construct.’

Choosing an appropriate outcome and contemporary
reference is difficult. There is no single outcome, no
gold standard or evidence from randomised trials that
suggests any construct outperforms all others; therefore,
the choice is more heuristic. Patients would like to receive
the best available care and clinicians would like to provide
the best possible care, or at least care that is non-infe-
rior to the best. A binary, unambiguous, endpoint such
as revision surgery represents one potential outcome of
interest. Therefore, the natural choice of reference is the
construct with the lowest failure rate. However, in order
to protect against chance, the construct should be used
in large enough numbers to mitigate sampling variability.
The failure rate of a construct is influenced by both age
and gender; therefore, the choice of reference should
reflect this specificity. The selection of an appropriate
time and non-inferiority margin to assess construct perfor-
mance is more subjective. For example, construct survi-
vorship in the long term is less relevant to older patients
with shorter life expectancy, where improved quality of
life, reduction in pain or improved physical functioning
maybe more relevant.

The aim of this study is to investigate the relative perfor-
mance of knee replacement constructs as compared with
the best performing contemporary construct, the bench-
mark, using a non-inferiority study design and to illus-
trate the substantial variability in performance of widely
used constructs. This research focuses on total knee
replacements (TKRs) and unicondylar knee replace-
ments (UKRs) as these are commonly used and therefore
there is sufficient data to make robust comparisons. TKRs

and UKRs are examined against non-inferiority margins
of 20% relative risk and 100% relative risk at 3, 5, 7 and 10
years following surgery. This is predicated on our belief
that patients would at least want reassurance that the
construct they are to receive is not estimated to be 100%
worse than the best alternatives when used in patients
with the same gender and age as them.

METHODS

Patients and data sources

We identified all patients with a primary TKR or
UKR registered in the NJR between 1 April 2003 and
31 December 2016. All patients were consented to be
included in the NJR as part of the standard NJR process.

Procedures were excluded if the patient age or gender
were missing, or the National Health Service number was
untraceable and therefore mortality unknown. Proce-
dures where the constraint or fixation type were unknown
were excluded from the analysis. Patellofemoral replace-
ments were also removed owing to the low number in the
sample.

Brands of constructs are usually subdivided by fixation,
mobility of the bearing and degree of constraint. NJR
Annual Report data have shown that these characteristics
influence revision rates, and thus, we treated each subdi-
vision as a separate construct.

Patient involvement

Patient representatives sit on the committee structure of
the NJR. The research priorities of the NJR are identified
by this committee structure and approved by the patient
representatives. Patients were not involved in the setting
of the research question or the outcome measures, nor
were they involved in designing or implementing this
work or interpretation of the results. We are unable to
disseminate results of this study directly to study partici-
pants due to the anonymous nature of the data. We plan
to disseminate our findings to the NJR, via their commu-
nications team, to consultations relevant to the provi-
sion of joint replacement and to the general population
through the local and national press.

Statistical methods

Using a non-inferiority analysis, the performance of knee
constructs were compared with an internally identified
benchmark group. Construct failure was estimated using
the 1-Kaplan Meier method, that is, an estimate of net
failure, which is appropriate when the risk of revision is
considered.'’

Failure is defined using the first linked surgical revi-
sion, where revision was defined as any addition, removal
or modification of an implant to a joint that had previ-
ously undergone a TKR or UKR. Patients were censored
at death or administratively censored on 31 December
2016. The difference in stratum specific failure probabil-
ities compared with the benchmark were calculated at 3,
5, 7 and 10 years for all constructs, stratified by gender,
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and stratified by gender and age group (<55 years, 55-75
years and >75 years).

The difference and 95% CI of the difference between
the comparator construct and the benchmark construct
was estimated at the specified time points. We used a
95% CI, as is the convention in the majority of medical
research. The SE of the difference was constructed using
a pooled estimate of the Greenwood SE'!

SE (Diff) = \/ GSE}; + GSE.;

and a z-test comparing the difference between the
benchmark and test construct was then constructed using,

7= ((Fm _ F;ef) ; 5) /SE (Dif)).

The stratum specific contemporaneous benchmark
construct was selected as the knee construct (TKR or
UKR) with the lowest failure rate with atleast 1000 patients
at risk at the time point of interest. The choice of 1000
procedures of the same construct was based on simulation
work by Sayers et al, which demonstrated that 1000 proce-
dures at risk will give rise to a CI width of approximately
3% (+1.5%).” We believe this is the minimal level of accu-
racy to be considered a suitable reference standard.

Two non-inferiority margins were chosen to illustrate
the sensitivity of the choice. The first margin was conser-
vatively set at a 20% increase in relative risk of failure
compared with the benchmark, in line with clinical trials
using this methodology, although towards the upper
end.'? The second was a 100% increase in relative risk,
that is, a doubling in cumulative probability of failure, as
this is an easily interpretable outcome.

Results are graphically reported for all comparator
constructs with at least 500 patients still at risk at the
beginning of the time point of interest. Results are also

reported in a tabular format for all comparator constructs
with at least 250 patients at risk at the beginning of the
time point of interest (see online supplementary tables).

Constructs were either classified as non-inferior, incon-
clusive or inferior. If the upper Cl is less than or equal to
the 20% non-inferiority margin, the construct was non-in-
ferior. If the lower CI of the difference was greater than
the non-inferiority margin at either 20% or 100%, the
construct was classed as inferior at 20% or 100%, respec-
tively. If the lower confidence limit is less than the non-in-
feriority margin, and the upper confidence is greater than
non-inferiority margin, the evidence against the construct
was described as inconclusive (see figure 1 for graphical
representation of the classification). All analyses were
carried out using Stata V.15.1.

Sensitivity analysis

We repeated all analyses using the best performing knee
construct at 10 years with at least 1000 still at risk in the
stratum of interest as the benchmark at the 3, 5 and 7year
time points.

RESULTS
There were 975739 primary knee replacements included
in the NJR between 1 April 2003 and 31 December 2016,
using 649 different combinations of brand, fixation,
constraint and bearing type. Following the application of
the exclusion criteria (see online supplementary figure
1), 947686 procedures were included in the final analysis
(863551 [91.1%] TKRs), using 449 different combina-
tions of brand, fixation, constraint and bearing type (405
TKRs and 44 UKRs).

A detailed description of non-inferiority across all proce-
dures is provided. Due to the large number of clinically

Schematic representation of inferiority and non-inferiority
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Schematic representation of inferiority and non-inferiority.
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relevant subdivisions and sensitivity analyses, results will
be described more broadly. Each stratification of age
group, gender and time point of interest are provided in
online supplementary material.

Constructs are described by brand, fixation, the degree
of constraint for TKR and whether the bearing was fixed
or mobile. Constraint types were either unconstrained
(cruciate retaining) or posterior stabilised (posterior
cruciate sacrificing). The vast majority of benchmark
constructs were cemented. In each subdivision of our
analyses, the construct that met our benchmark criteria
was a TKR that was unconstrained with a fixed bearing.
However, not all total knees that were unconstrained with
fixed bearings performed well as there were 15 separate
brands of this type that were found to be inferior to the
benchmark by at least 20% relative risk in at least one
subdivision analysis.

Non-inferiority: all procedures
The benchmark construct at 3 years was identified as
the NexGen cemented, unconstrained TKR with a fixed
bearing. There were 34558 procedures remaining at risk
at 3 years for this construct, and the failure rate was 1.10%
(95% CI1.01 to 1.20). There were 73 constructs with 2500
procedures at risk. Thirty-nine constructs were classified
as inferior to the benchmark by at least 20% relative risk
of failure. Nine of the 73 were shown to be inferior by
at least 100% relative risk (online supplementary figure
2). One prosthesis, the NexGen TKR with a monobloc
polyethylene tibia, was non-inferior. The remaining 32
constructs were classified as non-inferiority not shown.
The benchmark construct at 5 years was identified as
the Profix uncemented unconstrained TKR with a fixed

bearing. There were 1910 procedures remaining at risk
and the failure rate was 1.54% (95% CI 1.10 to 2.15).
There were 65 constructs with 2500 procedures at risk.
Thirty-six were classified as inferior to the benchmark
by at least 20% relative risk of failure. Twelve of the 36
were shown to be inferior by at least 100% relative risk
(figure 2). All of the UKRs with 2500 procedures at risk
(n=8) were inferior by at least 100% relative risk. No
construct could be described as non-inferior.

The benchmark construct at 7 years was identified,
again, as the Profix uncemented unconstrained TKR with
a fixed bearing. There were 1501 procedures remaining
at risk and the failure rate was 1.77% (95% CI 1.29 to
2.43). There were 57 constructs with >500 procedures at
risk. Thirty constructs were classified as inferior to the
benchmark by at least 20% relative risk of failure. Eight
of the 30 were shown to be inferior by at least 100% rela-
tive risk (online supplementary figure 3). All of the UKR
constructs with 2500 procedures at risk (n=5) were infe-
rior by at least 100% relative risk. No construct could be
described as non-inferior.

The benchmark construct at 10 years was identified as
the PFC Sigma Bicondylar Knee cemented unconstrained
TKR with a fixed bearing. There were 19284 procedures
remaining at risk, and the failure rate was 2.37% (95% CI
2.27 to 2.47). There were 27 constructs with 2500 proce-
dures at risk. Eighteen constructs were classified as infe-
rior to the benchmark by at least 20% relative risk of
failure. Two of the 18 were shown to be inferior by at least
100% relative risk (figure 3). There were only two UKRs
with =500 procedures at risk at 10 years, both of which
were inferior to the benchmark by at least 100% relative
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Figure 2 Difference in cumulative revision of knee constructs compared with a contemporary benchmark at 5 years, using all
total knee and unicondylar replacements with >500 procedures remaining at risk.
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Figure 3 Difference in cumulative revision of knee constructs compared with a contemporary benchmark at 10 years, using all
total knee and unicondylar replacements with >500 procedures remaining at risk.

risk. Two constructs were identified as non-inferior, the
NexGen cemented unconstrained TKR with fixed bearing
and the TKR PFC Sigma Bicondylar Knee hybrid unce-
mented with a fixed bearing.

Estimates for the difference in failure between the
benchmark and comparator constructs with 2250 proce-
dure at risk at the time of interest are shown in online
supplementary tables 1-4.

Non-inferiority: gender specific

Gender specific non-inferiority analyses were also
performed at 3, 5, 7 and 10 years after the primary
operation.

At 3 years, there were no constructs that demonstrated
non-inferiority in comparison with the benchmark pros-
thesis. Most striking is the general similarity in constructs
used and their performance regardless of gender. There
were 56 different constructs with at least 500 procedures
still at risk in women versus 50 in men. There were 25
constructs with at least a 20% increase in relative risk in
women versus 18 in men, although the increased number
of inferior constructs demonstrated in women is likely
owing to the slightly better performing benchmark group
than in men. Three constructs were inferior by at least
100% in men, each a UKR, and eight constructs were
inferior by at least 100% in women (six UKRs and two
TKRs).

At b years, in women, there were 49 constructs with 2500
procedures at risk. Twenty-nine of these constructs were
classified as inferior to the benchmark by at least 20%
relative risk of failure. Six of the 29 were shown to be
inferior by at least 100% relative risk, four of which were
UKRs. Similarly, in men, there were 43 constructs used
with 19 inferior by at least a 20% increase in relative risk.
Four of the 19 were inferior by at least 100% relative risk,
all of which were UKRs. Results for men and women at 5
years with 2250 procedures at risk can be seen in tables 1
and 2, respectively.

At 7 years, the results were again similar between men
and women. There were 40 different constructs used
in women and 36 in men. In women, there were 19
constructs that were inferior by at least 20% relative risk,
two of which were inferior by at least 100%. These were
both UKRs. In men, 18 of the 36 constructs with =500
procedures still at risk were deemed to be inferior to the
benchmark by at least 20% relative risk. Three of these
18 were inferior by at least 100% relative risk, all of which
were UKRs. Two constructs were demonstrated to be
non-inferior to the benchmark.

At 10 years, in both men and women, there was only
one brand of UKR that had at least 500 procedures still at
risk. In both instances, this was inferior by at least 100%
relative risk and was the only construct to be classified
as such. There were no brands found to be non-inferior
to the benchmark in either men and women. In women,
there were 8 of 15 constructs that were inferior to the
benchmark by at least 20% relative risk. In men, 8 out of
13 constructs that were inferior to the benchmark by at
least 20% relative risk. Data for gender specific stratifica-
tion can be viewed in online supplementary figures 4, 5,
6 and 7 for men at 3, 5, 7 and 10 years, respectively, and
online supplementary figures 8, 9, 10 and 11 for women
at 3, 5, 7 and 10 years, respectively.

Non-inferiority: gender and age specific

Subdividing procedures by age and gender highlights
the paucity of information available for male or female
patients <55 years compared with those =255 years. There
is little data at 7 years, and no suitable benchmark could
be found for women at 10 years in the <b5age group.
There is a similar mix of construct types in each of the age
groups in both men and women with cemented uncon-
strained TKRs with a fixed bearing the most popular type.
Data for men under 55 years of age at 3, 5 and 7 years
can be viewed in online supplementary figures 12, 13 and
14, respectively. Data for women under 55 years of age at
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Table 1 Continued

Equivalence
status

Cumulative Difference

Number
at risk

P value

in failure (%) 95% CI

failure (%)

Knee brand, bearing and constraint

TKR, totalknee replacement; UNI, unicondylarknee replacement.

3, 5 and 7 years can be viewed in online supplementary
figures 15, 16 and 17, respectively.

At 7 years in women aged 55-75 years, there were 32
different constructs that met the threshold of 500 cases
for analysis with 8 being classified as inferior by at least
20% relative risk (figure 4). Two of these were inferior
by at least 100% relative risk and both were UKRs. No
constructs were demonstrated to be non-inferior to the
benchmark. In men, there were 27 constructs meeting
the threshold with 12 being classified as inferior by at
least 20% relative risk (figure 5). A single prosthesis,
1 of the 2 UKRs with at least 500 procedures still at
risk, was classified as being inferior by at least 100%
relative risk. One construct was found to be non-infe-
rior to the benchmark. Data for men between 55 years
and 75 years of age at 3, 5 and 10 years postprimary
can be viewed in online supplementary figures 18, 19
and 20, respectively. Data for women between 55 years
and 75 years of age at 3, 5 and 10 years postprimary can
be viewed in online supplementary figures 21,22 and
23, respectively.

In the >75 years age group, we found only one inferior
construct in both men and women at 7 years. Non-infe-
riority was not shown for any other prostheses, but very
few met the threshold of 500 cases needed for analysis. At
10 years, only three constructs with 2500 procedures still
at risk were present in men and five in women. Non-in-
feriority was not demonstrated in any of these. At this
time point and age group subdivision, there were no
UKRs with enough procedures still at risk to be included
in the analysis. Data for men >75 years of age at 3, 5, 7
and 10 years postprimary can be viewed in online supple-
mentary figures 24, 25, 26 and 27, respectively. Data for
women >75 years of age at 3, 5, 7 and 10 years postprimary
can be viewed in online supplementary figures 28, 29, 30
and 31, respectively.

Data for each level of stratification for comparator
constructs with at least 250 patients at risk at the begin-
ning of the time point of interest can be viewed in the
following supplemental tables. Data for all men at 3, 7
and 10 years can be seen in online supplemental tables
5, 6 and 7, respectively, and for all women at 3, 7 and 10
years in online supplemental tables 8, 9 and 10. Data for
men <bb5 years of age at 3, 5 and 7 years can be seen in
online supplemental tables 11, 12 and 13, respectively,
and women <55 at 3, 5 and 7 years can be seen in online
supplemental tables 14, 15 and 16, respectively. Data for
men aged between 55 years and 75 years at 3, 5, 7 and
10 years can be seen in online supplemental tables 17,
18, 19 and 20, respectively, and for women aged between
55 years and 75 years at 3, 5, 7 and 10 years data can
be seen in online supplemental tables 21, 22, 23 and
24, respectively. Data for men aged >75 years at 3, 5, 7
and 10 years postprimary can be seen in online supple-
mental tables 25, 26, 27 and 28, respectively, and for
women >75 years at 3, 5, 7 and 10 years postprimary data
can be seen in online supplemental tables 29, 30, 31 and
32, respectively.

Deere KC, et al. BMJ Open 2019;9:€026736. doi:10.1136/bmjopen-2018-026736

"1ybuAdoo Aq paroslold 1sanb Aq 6102 |Udy 0g uo jwod fwg-uadolwgy//:dny woly papeojumod ‘6102 Mdy 62 U0 98/7920-8T0Z-uadolwag/9cTT 0T Sk paysiignd 1s1y :uado CING


https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
https://dx.doi.org/10.1136/bmjopen-2018-026736
http://bmjopen.bmj.com/

)
7]
o
3]
3]
@
c
o
o

(©)

BMJ Open: first published as 10.1136/bmjopen-2018-026736 on 29 April 2019. Downloaded from http://bmjopen.bmj.com/ on 30 April 2019 by guest. Protected by copyright.

pasnuiluon

€G2'0  Umoys jou Ajuousjul-uoN  (LS°0 0% S2°0-) €10 At €092} PeXI} peulel}suooun ‘pajusBd UsHXeN (UML)
100°0> %02< Aq Joliaju| (Fe'1 0195°0) G6°0 oee 68691 pexi} pasi|igels-101e1sod ‘pajusLIsd UsnXxaN (UML)
G000 %0¢< Aq JoLisul (09°€ 01 617°0) 702 6EC 1487 8|lgow pasi|iqe}s-ious)sod ‘pajusued usnxaN (UML)
00’0 UMOUS J0U A}LIOLISJUI-UON (¥8' L 01G1L0) 00t vee €8l peXy} paulelsuoouUn ‘pajusLwad || 8duy [einieN (UML)
6G0°0  UMoys jou Ayiousjul-uoN (00" O LL°0-) 0 6L 05e2 paXxI} pauleIsuodUN ‘pajuBWad HYN (ML)
G0O'0  UMOYS jJOU Ajliol8jul-UON (851 01 220) 060 vee v8.1 pexyy pesi|iqels-ioleisod ‘pejuswied HYN (UML)
Gy0'0  UMOUSs jou Ajuousjul-uoN (G2 0+ 91°0-) 00t ve'e 629 PeXl} PauUIBASUOOUN ‘PajUBISD WIXBA (UML)
920'0  UMOys jou Ajuousjul-uoN  (28°¢ 0% 20°0-) 06l vee 282 pexy pasijiqels-ioleisod ‘pajuswiad WIXen (WYL
€/0'0  Umoys jou Ajuousjui-uoN  (26°} 0% 62°0-) 280 912 G/9 8|IOW PauleISUODUN ‘PBjUBIBOUN SO (UML)
000> %02< Aq Jolispu| (08101 €2°0) 9zt l9'e s0cy 8|lgow paufesisuodun ‘pajuswisoun a18|dwod SO (UML)
100°0> 9%02< Aq JoLisu| (#8101 22°0) 8zl 29°¢ 6G.€ 8|IgoW paulesuUodUN ‘pajuswad 81e|dwo) SO (UML)
6S2°0  Umoys jou Ajuousyul-uoN (167} 0% 06°0-) IS0 g8l ove [IgoW paUIBJISUOdUN ‘pajuBWSd SO (UML)
100°0> %0¢< Aq Jolisu] (65"} 01 #5°0) 0L 12 69€S paxI} paulesuoouN ‘pausLLed Xewaury (H)1)
100°0> %001< Aq Jousyu| (L8 01 G¥'€) 96'G 0gL €82 pexI} pesijiqeis-Jousisod ‘peluswad wniuixQ Asuinop (Y1)
#00°0 %02< Aq Jolisul (e2z 01 €2°0) 82’1 €92 LLLL paxly pasi|igels-iolelsod ‘pajusLID g uelsing-|[esu| (ML)
100°0> %02< AQ Jolisul (61'201€9°0) bk Gl'2 g8yl POX1} PaUIBASUOOUN ‘PRIUBIBD WNIUIXO g SISausy) (UML)
100°0> %02< Aq Jolisul (62°€ 0100} AN 6Y'c 029 PoXxI} pesl|iqels-10Le}sod ‘PajusLIBd WNIUIXO g SISBUdD) (4 1)
LOP'0  umoys jou Ajousjul-uoN (g2} 1 ¥6°0-) v10 8l vov 9|IqOW PBUIBJISUODUN ‘PBIUSWISD g SISBUSD) (Y1)
LLE'0  umoys jou Ayiousyui-uoN  (6%°0 0% 62°0-) 0+0 vyl 1206 pexl} PaulelsuodUN ‘PajuBWIS g sisausy) () 1)
1000 %02<Aq Jouaju| (ce'L 0162°0) 080 GlL'e 8182 paxI} pasi|igels-101e1sod ‘pajusLIsd g siseusy) (dy 1)
€60'0  UMoys jou Ajiousjul-uoN  (L#'2 0} 8%°0-) 660 v€'C 16€ paXI} PauUleSUODUN ‘PaUBWSD SH (HM1)
2000 %02< Aq Jolisu| (L1°€ 01 2G°0) 184 zee G 9[IgOW PBUIEJISUODUN ‘PBjUBWSDUN 88Uy JE|APU0DIg UOKON-T (UML)
100°0> %02< Aq Jolisul (e8°1 01 ¥G°0) 6Ll €62 GBS paXl} PauIBIISuodUN ‘PajuUsLUSD SNQWIN|oY (UML)
6L0'0  UMOUS jJOU A}IoU8iUI-UON (S1'€ 01 60°0) 29'L 162 ¥Ge pexy pesijigels-ioleisod ‘pejusLIed Sd 80UBAPY (UML)
200°0 %02< Aq Jolisu| (98'z 01 1£°0) 8G°L €6 8.¢ PeX|} PauUIBASUOOUN ‘PoIUBWSD 8INJBIS dIN 8oUBAPY (ML)
100°0> %02< AQ Jolisul (521 01 8%°0) FLEE 9'e ¥922 POX1} PBUIBJISUOIUN ‘PBIUBWSD d|N SOUBADY (UML)
100°0> %001.< Ag Jolisu| (68501012 00t ve's 20S PpeX1} paulelsuooun ‘pejusweoun OBY (UML)
GLO'0  umoys jou Ayopisjul-uoN (ge'e 01 21°0) 9.1 () Ley paXI} paulesuodUN ‘pPUAAY DOV (UML)
000 UMOUS J0U A}lIOLS4UI-UON (88001€1°0) 0S50 g8l 628¢€2 PoXl} PauUIeISuodUN ‘PaIuBWSD DBY (UML)
€80°'0  UMOys jou AjoLSuI-UON  (91°€ 0} #5°0) L't G9'2 ¥92 paxi} pasi|iqels-ious)sod ‘psajuswed DOV (UML)
(CRIVEIETEN)) Gt 04S¢ paxi} paulessuooun ‘pajusLad YN (HM1)

anjeAa d snje}s 1D %S6 (%) @anpiey ur (%) a4njiey )Su je JuleJ}SUOD pue Bulieaq ‘pueiq aauy

00:0_m>_:—um aduaidayyig oAleInwnNyd J9qUWINN

)su 1e Buiurewsal sainpaooid 0Gg< Yum sjuswisoe|dal

29Uy o} uswom Ul Arewiidisod siesh G 1e yiewyouaq Aleijodwaiuod e Yim pasedulod Sjoniisuod ssuy Jo UoisiAal sbeiusolad aAle|nwINg Ul eousieyld g @lgeL

Deere KC, et al. BMJ Open 2019;9:€026736. doi:10.1136/bmjopen-2018-026736


http://bmjopen.bmj.com/

(O]

Open access

BMJ Open: first published as 10.1136/bmjopen-2018-026736 on 29 April 2019. Downloaded from http://bmjopen.bmj.com/ on 30 April 2019 by guest. Protected by copyright.

panuiuo)
100°0> %02< AQ Jolisul (e'z0112°0) €51 182 G99 poxyy pas||iqels-iolsisod ‘pejuswad pienbuen (WX .1)
G000 %02< AQ Jolisu| (¥8'€ 01 05°0) YAN [Keg) 152 PoX|} PaUIBJISUODUN ‘PRIUBWSOUN UOJYIEIL (UML)
100°0> %0¢< Aq JoLispul @L'Lorge0) 2L0 102 8/¢€8 PoX1} PaUIBIISUOdUN ‘PaIUBWSD UOJYIBlL (UML)
100°0> %02< Aq Joliaju| (€21 01€90) 8lL'L 2se vS/2 paxiy pasi|igels-Jolielsod ‘paruswisd uojyienl (4y1)
€200  UMOYS J0u Ajliousiul-uoN (60°2 01 20°0) 90’k or'e 4V} 8|Igow paureJisuodUN ‘pajuswesun snid 91 (IML)
6/2°0  UMOys jou Ayiousjul-uoN (9270 01 L#°0-) 810 eS|t zvee |IgOoW PaUIBISUOdUN ‘pPajuBWaD sNid D1 (UML)
2000 %02< Aq Jolisu| (ov"1 01 82°0) ¥8°0 62 028¢ paxI} paulesuodUN ‘pajuswed snid 91 (ML)
2000 %02< AQ Jolisul (16'1 01 9¢°0) vl 8Y¥'c 2oL pexyy psuresisuooun ‘pejuswaoun oidiods (UML)
250 umoys jou Ayiousyui-uoN  (G2°) 0% #S°0-) 09°0 G6'L G9G paxyy paurelsuooun ‘pldAy o1diods (4y1)
€00°0 %02< Aq Joliaju| (67" 01 19°0) G0'2 6c'¢ 109 |IqoW pauleJisuodun ‘pajusLIad 01dI0dS (Y1)
100°0> %02< AQ Jolisul (S¥'1L o1 e1°0) ¥6°0 62C 08€S PeXyy paulesuooun ‘pajuswad 01dioos (Y1)
2l0’0  umoys jou Alousjul-UoN (S2'1 01 60°0) 190 loe JAR> paxi} pasi|igels-1oueisod ‘pajusiad 0idi00S (M 1)
901’0  UMoys jou Ajuousjul-uoN (927} 0} 6£°0-) 89°0 €02 299 allgow pasijigess-iousisod ‘pajuswad 01di00S (YH 1)
220’0 UMOYs jou Ajolisjul-uoN (852 01¥0°0) Lk 59 18V 9[Igow pauleJisuooun ‘pajuswad aplibeloy (UM1)
2000 %02< Aq Jolisu] (68°2 01 85°0) vk 80°¢ S8 8|Igow pauleIsuodUN ‘pajuswed +aplibeloy (UML)
0Zy'0  umoys jou Ajiousul-uoN  (p€°L 01 60" 1) €10 YA L€ e|q1} susjAyreAjod oojgouow xiold (HM1)
yEL'0  UMoys jou Ajuousyui-uoN (62| 0% 98°0-) yA40) 181 GGOI POX|} PaUIeSUodUN ‘PajUBWSOUN XJOId (UML)
GL0'0  umoys jou Ajiousjul-uoN (9z'v 01 22°0) ve'e 8G'¢ JARS eiq1} sus|AyieA|od dojgouow WINUIXQO XBoid (UML)
Gy0'0  UMOUS jou Ajuopsjui-uoN  (99°2 04 61°0-) €Tl 85 vSY paxl} pPaulelsuodun ‘pajusLLIBd XIyoid (1)
€91'0  umoys jou Ayiousjul-uoN  (08°0 ©} £2'0-) 120 L9°L a8yl eiqi susjAyrehjod oojgouow ssuy JejApuodig ewbis O4d (UML)
GGE'0  UMOys jou Ajiousul-uoN  (£G°L 03 0" 1-) G20 09'L ¥GZ  9[Iqow paulesisuodun ‘pajuswsouUn ssuy JejApuoalg ewbiS O-d (UML)
202’0 umoys jou Ajiousjul-uoN  (#€°L 0} 5°0-) ov’0 Gl'L L2 paxiy pauressuooun ‘pughy ssuy JejApuodig ewbis O4d (UML)
100°0> %02< Aq Jolispu (ro'z 01 €20 18k 2Le 2s8¢e 8[IgowW PaUIE}SuUodUN ‘pPajuBWSD 88Uy JejApuodlg ewbiS O4d (UML)
1200 umoys jou AjoLsjul-UoN  (€9°0 03 60°0-) 120 L9'L 291G poXI} POUIBIISUODUN ‘pajUBWSD 98Uy Je|Apuodlg ewbIS O4d (UML)
poxy
100°0> %02< Aq Jolisu| (90 03 1E°0) 69°0 €0'c 069€2 pesi|igels-ioualsod ‘pejuswsd 8suy JejApuodig BwbIiS Od4d (UML)
Sllqow
100°0> %02< AQ Jolisul (#2201 06°0) 161 262 0822 pesi|iqels-louelsod ‘pajusiso ssuy JejApuoolg ewbIS O-4d (UML)
100°0> %001.< Aq Jolisu| (PG 01 G¥°2) v6°¢ 62'S . paxly pesijiqels-ioueisod ‘pejusLied yele1do (Hy1)
100°0> %02< AQ Jolisu| (€82 0186°0) 06'L Gee eyl POX|} PaUIBJISUODUN ‘PajUBWBOUN UBHXON (UML)
L10'0  UMOUS jou Ajiousiul-UoN (eszor01°0 K] 992 71S poxyy pasi|iqels-iousisod ‘pajuswisoun usnxaN (ML)
992°'0  UMoys jou Ajioujul-uoN  (¥S'| 03 62°0-) 1€0 cLt 14514 paxiy pauressuooun ‘pugAy usHxaN (UML)
anjeA d snjels 19 %S6 (%) aanpiey ur (%) ainjiey )su je jure1lsuod pue Burieaq ‘pue.q aauy
aoudjeainbg Qoualayig eAneInwnNgd  JaquinN

panunuo) g 9|qeL

Deere KC, et al. BMJ Open 2019;9:€026736. doi:10.1136/bmjopen-2018-026736

10


http://bmjopen.bmj.com/

P value
0.002
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Non-inferiority not shown

Inferior by >100%
Inferior by >100%
Inferior by >100%
Inferior by >100%
Inferior by >100%
Inferior by >100%
Inferior by >100%
Inferior by >100%

Equivalence
status

(0.19 to 1.04)
(1.70 to 5.21)
(7.69 to 12.69)
(3.77 t0 6.87)
(4.74 10 5.72)
(1.80 to 3.54)
(8.04 to 13.52)
(3.35 to 5.75)
(4.41 t0 9.85)

95% Cl

0.61
3.45

in failure (%)
10.19

Cumulative Difference
5.32
5.23
2.67
10.78
4.55
713

failure (%)

1.96
4.80
11.54
6.66
6.58
4.02
12.12
5.89
8.48

409
479
953
1113
480
688
325

Number

at risk
4840

13555

TKR, total knee replacement; UNI, unicondylar knee replacement.

(TKR) Vanguard cemented, unconstrained fixed
(UNI) AMC/Uniglide Unicondylar, fixed

(UNI) Oxford Partial Knee Unicondylar, mobile
(UNI) Physica ZUK Unicondylar, fixed

(UNI) Preservation Unicondylar, fixed

(UNI) Sigma HP Unicondylar, fixed

(UNI) AMC/Uniglide Unicondylar, mobile
(UNI) Sled Unicondylar, fixed

Knee brand, bearing and constraint
(UNI) MG Uni Unicondylar, fixed

Table 2 Continued

Sensitivity analysis

Using the benchmark construct at 10 years as the bench-
mark at 3, 5 and 7 years illustrates the temporal improve-
ments in failure and the selective trajectory tracking of
new constructs. The benchmark construct in all proce-
dures at 10 years is the PFC Sigma Bicondylar Knee
cemented unconstrained TKR with a fixed bearing that
had a failure rate of 2.37% (95% CI 2.27 to 2.47). At 3, 5
and 7 years, the contemporary benchmark has a 0.15%,
2 0.17% and 0.23% lower point-estimate failure rate than
the historical benchmark, respectively. The performance
of the constructs appears to track in a consistent manner
from each time point to the next.

DISCUSSION

We have demonstrated, in 947686 primary TKRs and
UKRs, the relative performance of knee constructs in
comparison with an internally selected relevant contem-
porary benchmark. There are two striking findings from
the data analysed here. First, UKR brands almost univer-
sally have 100% worse revision outcomes in all ages,
gender and time points of interest compared with the
benchmark standard brand of knee replacement. Second,
very few brands of knee replacement can be proven not to
be at least 20% worse than the benchmark brands despite
449 brand constructs having been implanted in England
and Wales since 2003. Between one-third and two-thirds
of the knee constructs for which sufficient data were
available at each time point were at least 20% inferior
to the contemporary benchmark. The vast majority of
constructs are implanted in too few cases to allow mean-
ingful analysis. Many of those implanted in sufficient
number have here been demonstrated to be inferior in
terms of construct survivorship, while very few TKRs have
been demonstrated to be non-inferior to a contemporary
benchmark.

It is known that TKRs as a class have lower revision rates
than UKRs, which poses the question, should these two
classes be directly compared? Since every patient who
received a UKR could have received a TKR instead, this
comparison is justified. There is no evidence to suggest
that the subsequent observed revision rates would be any
different if those receiving a UKR had received a TKR
instead. Furthermore, ODEP (currently) do not provide
a rating for UKRs so this method provides extra transpar-
ency and previously unavailable information for patients
undergoing knee replacement.

Comparison with other studies and implications in light of
existing evidence

No other published study has performed a direct head-
to-head comparison of all available knee replacement
constructs. The closest available data are from national
registry annual reports such as the NJR,' which reports
absolute failure of the most common constructs by age
and gender. This shows that low failure rates are achieved
by a number of constructs, but this does not facilitate
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Total knee and Unicondylar replacements at 7 years in Women 55-75 years

Knee combinations

F——- 6,459 UNI] Oxford Partial Knee Unicondylar, mobile
58:

UNI] MG Uni Unicondylar, fixed
TKR] Insall-Burstein 2 Cement, posterior—stabilised fixed
909 TKR] Nexgen Uncemented, unconstrained fixed
3,294 TKR] Kinemax Cement, unconstrained fixed
1,676 TKR] LCS Complete Cement, unconstrained mobile
584 TKR] Natural Knee || Cement, unconstrained fixed
1,054 TKR] Advance MP Cement, unconstrained fixed
7,194 TKR] Nexgen Cement, posterior—stabilised fixed
1,016 TKR] PFC Sigma Bicondylar Knee Cement, PS mobile
572 TKR] NRG Cement, posterior—stabilised fixed
820 TKR] Scorpio Uncemented, unconstrained fixed
1,824 TKR] LCS Complete Uncemented, unconstrained mobile
2,030 TKR] TC Plus Cement, unconstrained fixed
585 TKR] Columbus Cement, unconstrained fixed
1,896 TKR] Scorpio Cement, posterior-stabilised fixed
633 TKR] Triathlon Cement, posterior-stabilised fixed
2,905 TKR] Scorpio Cement, unconstrained fixed
1,009 TKR] Vanguard Cement, unconstrained fixed
632 TKR] Genesis 2 Oxinium Cement, unconstrained fixed
9,914 TKR] PFC Sigma Bicondylar Knee Cement, posterior-stabilised fix
938 TKR] Genesis 2 Cement, posterior-stabilised fixed
10,578 TKR] AGC Cement, unconstrained fixed
1,918 TKR] Triathlon Cement, unconstrained fixed
1,414 TKR] PFC Sigma Bicondylar Knee Cement, unconstrained mobile
920 TKR] NRG Cement, unconstrained fixed
508 TKR] Profix Uncemented, unconstrained fixed
5,031 TKR] Nexgen Cement, unconstrained fixed
3,140 TKR] Genesis 2 Cement, unconstrained fixed
22,205 TKR] PFC Sigma Bicondylar Knee Cement, unconstrained fixed
1,125 TKR] MRK Cement, unconstrained fixed
1,341 TKR] TC Plus Cement, unconstrained mobile

~
[~
[°R S
.

H
1% 0% 1% 2%, 3% 4% 5% 6%

7%

Percentage point difference in failure rate versus reference (1.95%, 95% Cl 1.39 - 2.73)

+~— Non-inferior Non-inferiority not shown

Inferior by >220% +— Inferior by >100%

Reference

Figure 4 Difference in cumulative revision of knee constructs compared with a contemporary benchmark at 7 years in women
aged between 55 years and 75 years, using all total knee and unicondylar replacements with >500 procedures remaining at risk.

easy direct comparison between them. Using the data
presented here alongside the annual report data will
greatly enhance the information available to surgeons,
commissioners and to inform patient choice.
Consideration of the difference in outcome of UKR
compared with TKR is complex. Using propensity score
matching of registry data, Liddle et al® showed that
UKRs have higher revision rates than TKRs but lower
risks of complications. Hunt et al and Liddle et al showed
UKRs to be associated with lower early postoperative
mortality.” '* Kleeblad et al'> performed a systematic
review and meta-analysis of 49 cohort studies and found
no difference in function as measured by Hospital for

Special Surgery Score, Knee Society Score, Oxford Knee
Score, Visual Analog Pain Scale and Western Ontario and
McMaster Universities Osteoarthritis Index Score but
did show higher revision rates with UKRs. Liddle et al'®
also showed no clinically important difference in Oxford
Knee Scores (one point difference favouring UKR), but
UKR patients were more likely to be highly satisfied 6
months after surgery. A recent study by the same group
has shown that UKR is less costly than TKR particularly in
older patients, who are less likely to require revision, and
when performed by higher volume surgeons.'” Our data
add to this complex picture by clearly demonstrating the
increased risk of revision associated with almost all brands

Total knee and Unicondylar replacements at 7 years in Men 55-75 years

: —+— 7,296 [UNI] Oxford Partial Knee Unicondylar, mobile
i 753 [UNI] MG Uni Unicondylar, fixed
: 1,320 [TKR] Scorpio Cement, posterior-stabilised fixed
' 604 [TKR] Insall-Burstein 2 Cement, posterior-stabilised fixed
T 2,216 [TKR] Scorpio Cement, unconstrained fixed
: 2,644 [TKR] Kinemax Cement, unconstrained fixed
: 5,295 [TKR] Nexgen Cement, posterior—stabilised fixed
v 641 [TKR] Genesis 2 Cement, posterior—stabilised fixed
{ 1,342 [TKR] LCS Complete Cement, unconstrained mobile
: 777 [TKR] Advance MP Cement, unconstrained fixed
é : 1,784 [TKR] TC Plus Cement, unconstrained fixed
-] 1 666 [TKR] NRG Cement, unconstrained fixed
_E 1 1,101 [TKR] TC Plus Cement, unconstrained mobile
£ 1 740 [TKR] Scorpio Uncemented, unconstrained fixed
8 H 537 [TKR] Genesis 2 Oxinium Cement, unconstrained fixed
3 1 762 [TKR] MRK Cement, unconstrained fixed
N H 968 [TKR] Nexgen Uncemented, unconstrained fixed
! 8,081 [TKR] AGC Cement, unconstrained fixed
1 1,584 [TKR] LCS Complete Uncemented, unconstrained mobile
H 2,429 [TKR] Genesis 2 Cement, unconstrained fixed
' 1,328 [TKR] PFC Sigma Bicondylar Knee Cement, unconstrained mobile
H 915 [TKR] PFC Sigma Bicondylar Knee Cement, PS mobile
H 6,928 [TKR] PFC Sigma Bicondylar Knee Cement, posterior-stabilised fixed
1 3,522 [TKR] Nexgen Cement, unconstrained fixed
H 1,424 [TKR] Triathlon Cement, unconstrained fixed
! 16,697 [TKR] PFC Sigma Bicondylar Knee Cement, unconstrained fixed
—t— ' 749 [TKR] Vanguard Cement, unconstrained fixed
1% 0% 1% 2% 3% 4% 5%

Percentage point difference in failure rate versus reference (2.31%, 95% Cl 2.16 — 2.47)

~— Non-inferior Non-inferiority not shown

Inferior by >220% +— Inferior by >100%

Reference

Figure 5 Difference in cumulative revision of knee constructs compared with a contemporary benchmark at 7 years in men
aged between 55 years and 75 years, using all total knee and unicondylar replacements with >500 procedures remaining at risk.
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of UKRs at all time points in both genders and all age
groups when compared with the best performing TKRs.

The major weakness of all registry studies is selec-
tion bias whereby certain constructs may be implanted
for particular indications and in particular groups with
different risks. We have mitigated against this by analysing
data by age and gender, the two variables with the greatest
association with revision rates. Furthermore, revision
thresholds may be lower in certain groups or for certain
modes of failure. This study has looked at a single, but
extremely important, outcome measure: revision. Other
outcomes of interest such as mortality and patient-report
outcome measures need to be considered when making
choices about treatment. With over 900000 subjects, this
is the largest study of knee replacement published to date
and comes from the largest implant registry in the world.
Data entry is mandated, and data capture is extremely
high (over 95%),"® thus the findings are highly likely to
be generalisable. The methods used are novel and, for
the first time, allow a meaningfully direct comparison
between all available constructs.

Conclusions, policy and future research implications

The use of product benchmarking has the potential to
be highly informative for patients, change the practice of
surgeons and influence policy makers if presented clearly
and unambiguously. The implications of this research are
far reaching. We are unable to definitively state which
construct is the best choice for all patients, due to the
presence of selection effects and residual confounding.
However, we believe that the information presented here
illustrates the variability, frequency and performance of
different constructs currently used in clinical practice
which, in turn, should be used to further inform the
consenting process between the patient and the surgeon
and facilitate implant selection. We believe commis-
sioners and policy makers should consider the variability
and performance of different implants in the commis-
sioning of healthcare providers.

Patients should be actively involved in decision making
about their treatment. Here we provide, for the first time,
data that allow patients and clinicians to directly compare
revision rates associated with the use of different UKR
and TKR constructs. The information provided should be
used to inform patient choice, surgical decision making
and commissioning.
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