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National Joint Registry

The National Joint Registry (NJR) collects information
about hip, knee, ankle, elbow and shoulder joint
replacement operations (arthroplasty) from all
participating hospitals in England, Wales, Northern
Ireland, the Isle of Man and the States of Guernsey.
As the largest of its kind in the world, the registry has
recently been described in UK Parliament as a global
exemplar by the Under Secretary of State for Health
and Social Care.

The purpose of the registry is to record patient
information and provide data on the performance and
longevity of replacement joint implants, the surgery
outcomes for the hospitals where these operations are
carried out and the performance of the surgeons who
conduct the procedures.

The NJR produces this Annual Report summarising its
work and sharing the analysis of data for the past year
visually in tables and graphs, for procedures across
each of the joints as well as implant and hospital
outcomes. NJR data have been analysed by expert
statisticians and the results published annually with the
aim of enhancing safety, whilst continually improving
clinical outcomes for the benefit of patients and the
whole healthcare sector - results are also shared with
implant manufacturers. The report also includes some
short excerpts which showcase NJR’s contribution to
orthopaedic research activity, demonstrating the value
of the use of this collected data.

“use MY
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The work of the NJR and the
contribution of patients

The registry has shown that orthopaedic surgery,

as one of the main uses of implants in the UK is
demonstrating the highest standards of patient safety
with regard to the use of implants. Now with well
over three million records, NJR data are also made
available under strict security conditions to medical
and academic researchers, to further progress the
pool of work in measuring and understanding which
practices provide better outcomes.

NJR’s data collection and analysis work provides
evidence to drive the continuous development and
implementation of measures to ensure implant safety
is always top of the agenda, to enhance patient
outcomes and reduce revision rates year-on-year, to
improve standards in quality of care, and to address
overall cost-effectiveness in joint replacement surgery.

The NJR is very grateful to all patients who having
undergone a joint replacement have provided their
data over the years, which has enabled such a rich and
valuable data source. The registry is also appreciative
of the work of data entry staff in participating hospitals,
who willingly engage in our stringent data quality award
programmes to ensure our information is as accurate
and thorough as possible.

data

Al Aara

This work uses data provided by patients and collected by
hospitals as part of their care and support.
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National Joint Registry

Clinical activity 2019 overview

The interactive portion of the NJR’s 17th
Annual Report can be found online via the
registry’s dedicated NJR Reports website at:
reports.njrcentre.org.uk.

Here we present data on clinical activity during the
2019 calendar year. This includes information on

the volumes and surgical techniques in relation to
procedures submitted to the NJR, with the most
recent data being for the period 1 January 2019 to 31
December 2019. To be included in these tables and
graphs, all procedures must have been entered into
the NJR by 29 February 2020.

The double page infographic spread at the end of this
report offers a visual summary of key facts relating to
the analysis of clinical activity during the 2019 calendar
year. This can also be downloaded as a waiting room
poster via reports.njrcentre.org.uk/downloads.

The information found online now includes historical
data, going back to 2005 in most cases. Using the
dedicated website, readers are able to use interactive,
filterable graphs to identify the key information and
trends associated with the following reports for hip,
knee, ankle, elbow and shoulder data (where sufficient
data are available):

e Total number of hospitals and treatment
centres in England (including the Isle of Man and
the States of Guernsey), Wales and Northern Ireland
able to participate in the NJR and the proportion
actually participating

* Number of participating hospitals and the number
and type of procedures performed

e Number of procedures undertaken as a proportion
of all procedures submitted annually

* Procedure details by type of provider

* Primary procedure details by type of provider
e Types of primary replacements undertaken

¢ Patient characteristics for primary replacement
procedures, according to procedure type

* Age and gender for primary replacement patients

e Patients’ physical status classification (ASA grades)
for primary replacement procedures

* Body Mass Index (BMI) for primary
replacement patients

e |ndications for primary procedure based on
age groups

* Age of patients undergoing primary joint replacement
e Surgical technique for primary replacement patients

* Thromboprophylaxis regime for primary replacement
patients, prescribed at time of operation

* Reported untoward intra-operative events for
primary replacement patients, according to
procedure type

e Patient characteristics for revision procedures,
according to procedure type

¢ Indication for surgery for revision procedures
* Trends in use of the most commonly used brands

For hips specifically
e Components removed during hip
revision procedures

e Components used during single-stage hip
revision procedures

e Trends in femoral head size and hip articulation

For knees specifically

e Implant constraint for primary procedures
e Bearing type for primary procedures
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Navigating the NJR Reports online facility

What can you find at NJR Reports online?

Simply navigate the left hand tabs to view information on the volumes and surgical techniques in
relation to procedures submitted to the NJR.

Left hand tabs: Here, the
information is segregated

by report and information
type. A wealth of updates
are available, from further
information on data
collection and quality, to
the work of our committees
and progress of NJR
developments.

Full NJR Reports website at:

reports.njrcentre.org.uk

NJR Reports

xxxxxxxxx

Top tabs: If you require
information about
specific procedures, go
straight to the data by
clicking on the joint type
most relevant to you.
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Laurel Powers-Freeling

Chairman, National Joint Registry Steering Committee (NJRSC)

The NJRSC oversees the strategic and operational
work programme of the registry and | am delighted to
have performed the role of Chairman of the Committee
over the past eight years. In each of those years, | have
had exciting news to share regarding the evolution of
the NJR. While this year has been very challenging in
the wake of the pandemic - NJR nonetheless delivered
a number of important developments. This Annual
Report provides the opportunity to reflect back on our
work over the last year and look to the year ahead.
Highlights are summarised here in this 17th edition of
our Annual Report.

Our work and developments

Managing the impact of the COVID-19 crisis:

This year the NJR undertook a radical review of our
proposed 2020/21 annual work plan and budget

to reflect the impact of the COVID-19 crisis and
recognition that NHS funds and administrative capacity
needed to be directed elsewhere. With delegated
authority from the NJRSC, the Executive Committee
considered how resources could be conserved until
we could re-engage in collecting, processing and
analysing data for our work and re-instating income
collection via Trust subscription payments. As a result,
our development plans and expenditure programme for
2020/21 have been significantly reduced. This will be
reviewed for FY2021/22.

Supporting the Independent Medicines and
Medical Devices Safety Review [IMMDSR]: The
NJR was invited to provide evidence to the IMMDSR,
chaired by Baroness Cumberlege, on how a high
impact clinically-led registry can improve device safety
through continuous monitoring. The recently published
review report recommended setting up an implantable
medical devices registry and cited the NJR as a

global exemplar of such a registry. NHSX, which has
been requested by the Secretary of State to deliver
appropriate options for a wider device registry, has
asked to work with the NJR to undertake an in-depth
analysis of our operating model for potential adoption or
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re-use. We are pleased to share NJR best practice with
NHSX on this national data strategy and this work will
form a major area of focus for the NJR in the coming
year. It will also provide an opportunity to continue to
secure support for the NJR/BOA/TORUS proposal for
a National Musculoskeletal Registry that aligns to this
national data strategy of establishing larger integrated
data sets.

Automating our Data Quality Audit: Data quality
has continued to be a priority for the NJR. However,
our audit process is labour intensive so the NJR has
now begun a national roll out of a semi-automated
process enabling units to check their data quality on a
regular basis, while reducing the burden on resources
and ensuring the audit activity becomes part of the
normal workflow. Roll out is underway for hip and knee
data and will be followed by shoulders, elbows and
ankles, with full roll out across all joints by the end of
FY2020/21.

Modernising our IT Platform: \We have
commissioned the development of a cloud-ready,
platform-based application framework for provision
of future NJR services that will focus on developing
a modern, unified environment and ability to move to
cloud-based infrastructure. This will amalgamate our
currently separate reporting portals to a single NJR
securely encrypted cloud-based platform, providing
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increased flexibility for all future change, enhance user
and public interrogation of the data and have the capacity
to extend to any additional registry alignment.

Articulating NJR benefits: \Work commenced to better
communicate the benefits of the NJR, realised over

the past 17 years. Phase one provided a summary for
hospital executives of the benefits to their services that
become available by subscribing to the NJR https://njr-
subscriber-benefits.webflow.io/. Phase two will take
place during FY2020/21 and will take a broader view,
including quantified impact metrics, of the improvements
in arthroplasty practice and benefits to hospitals,
surgeons, patients, regulators and policymakers
associated with the NJR.

Identifying and preventing ‘Never Events’: Following
the NHS Healthcare Safety Investigation Branch
requirement to reduce the number of ‘Never Events’
associated with joint replacement surgery, the NJR has
been working to deliver validation rules that apply in
data entry to an external environment, for use in support
of intra-operative checks. We have developed an
Application Programming Interface (API) to allow hospital
theatre systems to interface with NJR’s checking rules. A
smartphone application is also being developed so clinical
teams can undertake validation checks even if their
hospital does not have a compatible front-end system.

Unveiling a Patient Decision Support Tool: \We have
launched the NJR Patient Decision Support Tool, a web-
enabled personalised decision-making tool for patients
considering hip or knee replacement. This tool, whose
development was in collaboration with the Universities of
Sheffield and Bristol and supported by the charity Versus
Arthritis, will help patients considering joint replacement
make evidence-based choices about their treatment
and share decision-making with their clinicians when
considering the benefits and risks of undergoing joint
replacement. Work to enhance the tool will continue.

The people who make NJR a success

This year has seen a number of changes to the NJRSC
membership. My sincere thanks to outgoing co-opted
member Matthew Porteous, who as Chairman of the
NJR Regional Clinical Coordinators and Data Quality
sub-committees and Vice Chairman of the Surgeon
Performance sub-committee, has made an outstanding
contribution to the NJR over many years. In addition,
my thanks go to NHS Trust management member,
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Rob Hurd, for his valuable advice and considerable
contribution to the NJR.

My appreciation also to outgoing MHRA representative,
Khalid Razak, for his significant contribution to the
NJRSC and valuable support to the Implant Scrutiny sub-
committee. | look forward to working with his successor,
Sharon Knight, and continuing our close working
relationship with the MHRA. Our final outgoing member is
Don McBride, who | thank for his contribution this year as
BOA President, which has been important in continuing
our valued relationship with the orthopaedic profession.

| look forward to welcoming his successor Bob Handley,
who takes up post from September.

As ever, my grateful thanks go to the NJR Regional
Clinical Coordinators who underpin and champion the
work and success of the NJR at a local level. Also to our
contract partners Northgate Public Services (UK) Ltd and
the University of Bristol for their excellent work throughout
the year in supporting the NJR to deliver its work agenda
and objectives - particularly in the past few months with
the challenges of different modes of working that result
from the COVID-19 pandemic.

I would like to end by thanking all members of the
NJRSC and sub-committees, for their valuable
contribution. In particular, my thanks to Tim Wilton,

NJR Vice Chairman and Medical Director, for his clinical
expertise and leadership, and to the Chairs of each of
our sub-committees - Peter Howard, Mark Wilkinson
and Mike Reed - for their hard work and insight. Without
their dedication, the NJR would not be the world

leading arthroplasty register and global exemplar of an
implantable device registry that it is. | would encourage
you to read the reports from each committee Chairman at
reports.njrcentre.org.uk where they provide strategic
oversight into key work areas.

Finally, my thanks to the NJR Management team,
especially to our Operations Director, Elaine Young, who
provides constant and positive support for the NJR and
ensures that we deliver what we promise...and more.

-

Laurel Powers-Freeling
Chairman, National Joint Registry Steering Committee
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Professor Mike Reed
Chairman, Editorial Board

The NJR Editorial Board develops the strategy and
style of the report and all members take responsibility
for producing a report that is rigorously edited,

taking almost a full year to write and review. The
Board brings together experts on data collection and
reporting as well as generous input from patients,
clinicians from specialist societies and members of the
NJR management team.

Each year the Editorial Board aims to make progress
in reporting on our rich data resource, making data
easily accessible to improve patient outcomes.

Specific additions to this year’s report have been:

e Dual mobility hip replacement

* Knee replacement and resurfacing of the patella
by brand

e Survival of unicompartmental knee replacement

e Separation of cemented and uncemented
prostheses at brand level

* Multicompartmental knee replacement
e Construct based knee analysis

Mr Tim Wilton
NJR Medical Director

In addition there has been considerable work

to elaborate and refine the characterisation and
classification of implants so that clearer definition of
sub-groups can be now used throughout the elbow
and shoulder sections.

This report is based on data up to the end of

2019 and thus outcomes are not affected by the
COVID-19 pandemic. The NJR and its committees
have continued to be visible at both national and
international meetings with a presence at the specialist
society conferences, many of which have been held
virtually this year. The NJR has always been pleased
to support the British Orthopaedic Association (BOA),
British Eloow and Shoulder Society (BESS), British
Hip Society (BHS), British Association for Surgery

of the Knee (BASK), British Orthopaedic Foot and
Ankle Society (BOFAS), European Hip Society (EHS),
European Orthopaedic Research Society (EORS) and
the European Federation of National Associations of
Orthopaedics and Traumatology (EFORT).

The 17th Annual Report will be formally launched at
the BOA Online Congress in September 2020. There
will be no printed copy this year.
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There is considerable additional information available
online and we would encourage you to explore the
NJR’s dedicated annual report website at
reports.njrcentre.org.uk. The website offers a
helpful interactive platform for the descriptive NJR
data, with supporting appendices; and, when
published, the latest NJR Patient Guides.

Commentary on findings

This year NJR’s Annual Report is based on 3,016,279
records and the NJR maintains its position as the
largest orthopaedic registry in the world. The report
presents joint replacement up to 16 years of follow-up,
with data on hips, knees, shoulders, elbows and ankle
replacements. A further quarter of a million records
were added this year.

The following numbers of linkable primary joint
replacements are available for analysis: 1,191,253
hips, 1,300,897 knees, 6,589 ankles, 45,784
shoulders and 4,373 elbow replacements. There are
further linkable revisions for each joint.

Hip replacement

Many brand combinations are reporting cumulative
probability of revision up to 15 years, and in Table
3.HE the overall success of hip replacement survival at
15 years is:

* 12.95% revision in female patients aged under 55
(males: 10.68%)

* 9.41% revision in female patients aged 55 to 64
(males: 9.36%)

* 5.74% revision in female patients aged 65 to 74
(males: 7.29%)

* 3.63% revision in female patients aged 75 and over
(males: 5.07%)

Hybrid hips continue to take ground from both

cemented and uncemented hip replacement and
these are now as common as uncemented hip

(@) www.njrcentre.org.uk

replacement. With respect to implant bearing choice
in cemented hip replacement, the use of metal-on-
polyethylene dominates, but in uncemented and
hybrid hip replacements ceramic-on-polyethylene is
becoming more dominant.

Across all of hip replacement, use of the 28mm head
is decreasing, with 32mm heads becoming more
common. In cemented hip replacement 28mm and
32mm heads are chosen at similar rates after years of
28mm predominating.

In Table 3.H5, revision of dual mobility bearings,
predominantly metal-on-polyethylene-on-metal, is
presented. With the available follow-up, revision rates
are generally higher than non-dual mobility bearings.

The median number of primary total hip replacements
per surgeon is around 21 per year.

Knee replacement

Many brand combinations are reporting out to 15
years, and in Table 3.K6 the overall success of knee
replacement survival at 15 years is:

* 15.74% revision in female patients aged under 55
(males: 16.21%)

* 8.44% revision in female patients aged 55 to 64
(males: 9.01%)

* 4.66% revision in female patients aged 65 to 74
(males: 5.27%)

® 2.67% revision in female patients aged 75 and over
(males: 2.84%)

Broadly speaking, unconstrained knee replacements
appear to be outperforming posterior stabilised (PS)
knee replacements at 15 years. The degree to which
this higher rate is seen in PS knees varies between
brands, so surgeons would be well-advised to check
the precise results for their chosen implant against
the details in Table 3.K9 (b). Monobloc tibias perform
particularly well at 15 years but this is based on

low numbers.
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Table 3.K7 (b) reports cumulative revision by brand
with and without patella resurfacing, and there are
differences between these brands. Although there

is, in general, a higher revision rate for those knees
where the patella was not resurfaced primarily, there
is a wide variation in this respect between brands and
types of total knee replacement and this is important
information for the practising knee surgeon. There are,
in fact, one or two constructs where this general rule
is reversed so surgeons should neither assume that
primary resurfacing makes no difference to the revision
rate nor should they assume it necessarily lessens the
revision rate. Surgeons are encouraged to check the
results for their favoured implants.

ODERP ratings for knees take into consideration the
different revision rates according to the sub-division
within brands so it is important that surgeons check
the exact sub-type they are using or some surgeons
may get a shock when they see their own published
ODEP rating usage.

Results for multicompartmental replacements are
presented and show broadly similar revision rates to
patellofemoral replacement at five years. These rates
are generally higher than those seen with other types
of knee replacement although it is not yet possible to
say whether that trend will persist at longer follow-up.

The median number of primary total knee
replacements per surgeon is around 40 per year,
whereas for unicompartmental knees the median
number per surgeon is approximately seven per year.
This issue has been the subject of formal advice
from BASK, that for better results and lower revision
rates, surgeons should be performing at least ten
unicondylar replacements per year, if they do the
operation at all.

The early re-revision rate is marginally lower in cruciate
retaining (CR) and posterior stabilised (PS) knees if the
patella was not resurfaced at the primary operation.

This presumably reflects the fact that some of the first

revisions in those knees were to perform a secondary
resurfacing, and might indicate that those secondary
resurfacing procedures were therefore associated with
a lower risk of subsequent re-revision, than revisions
where other components are replaced.

Ankle replacement

A total of 6,589 ankle replacements have been
analysed for this report which although a tiny
proportion of the hip and knee procedures does
nevertheless represent a huge collection of total
ankle replacements.

In 2019, the median number of cases per consultant
(5) and per unit (3) remains very low in comparison
with hips and knees and only a small proportion (3.2%)
of surgeons perform more than 20 cases per annum.
It seems unlikely that these small volumes of ankle
replacement performed by many surgeons represent
the best way to ensure improved outcomes for the
patients. Guidance from BOFAS about this issue can
be seen in section 3.4.4.

About a quarter of revision operations gave infection
as the indication, but only a small hnumber of these
suggested that there was a high suspicion of infection
at the time of revision surgery. Overall, revision of
ankle replacement is running at around 10% at nine
years, which is a similar rate to that for unicondylar
knees. Relatively few of these ankle revisions are for
something comparatively “minor” such as “bearing
exchange”, so if the actual overall revision rate remains
similar to that for unicondylar knees that will not be a
reason for us to be complacent.

Under-reporting of amputation and perhaps of
arthrodesis following failed ankle replacement remains
a problem, and this may need to be addressed on a
wider front than through the foot and ankle surgery
community, as some of these procedures may be
done by a wide variety of surgeons.
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There are quite large differences shown between
revision rates for different ankle replacement brands
but the data about this should be interpreted with
some caution. There are some surgeons who perform
much larger numbers than average so that if they
have particularly good (or particularly poor) revision
rates those surgeons could introduce disproportionate
influence to the implant results.

Due to the withdrawal of the high-selling Mobility
implant from the market five years ago and almost
simultaneous introduction of the Infinity implant,

which immediately became the best-seller, it will be
several more years before meaningful longer-term
comparisons will be possible between revision rates of
some of the most popular ankle implants.

Shoulder replacement

This report relates to 45,784 primary and 5,087
revision shoulder replacements. The numbers of cases
continue to increase year on year, but analysis of

the outcomes remains challenging due to a number

of conflicting issues relating to shoulder arthroplasty
specifically. The categorisation of the implants has not
been clear in the past for a number of reasons:

1) The constructs have rapidly evolved and are
complex and variable;

2) the devices are not necessarily used as an entire
joint construct in every case;

3) some manufacturers have many shoulder implant
brands and surgeons are able to mix components
from these different brands to make a shoulder
construct; and

4) there has been confusion in the past over precisely
how some cases would properly be classified due to
partly missing implant descriptors.

This year, a new revised classification framework
will enable extensive revision of the categories and
re-classification of some implants which will greatly
enhance the future analysis of these operations.
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Reverse polarity total shoulder replacement continues
to increase in proportion to humeral hemiarthroplasty
and conventional total shoulder replacement, so that
of all fully classified procedures this has increased
from 26.8% to 52.2% from 2012 to 2019. In addition,
there remain another 13.3% which are not yet fully
confirmed in the new classification and many of these
are also reverse polarity shoulders.

The median number of cases performed by a surgeon
each year remains low compared to hips or knees, and
despite this the number of surgeons performing these
operations has increased significantly in seven years.

In comparing revision rates for different types of
shoulder replacement, higher rates of revision for

all types of humeral hemiarthroplasty can be seen
compared to reverse polarity or stemmed conventional
total shoulder replacements. It is very difficult to
identify the degree to which such differences might
be due to intrinsic differences in the success of

the implants, differences in indication and potential
differences in the ease of revision (and consequently
willingness to perform revision surgery). The reader
is therefore advised to interpret these revision results
with caution.

Revision rate is regarded by shoulder surgeons

as a relatively poor indicator of the success of the
procedure as there may be a significant proportion of
patients with poor function and ongoing symptoms
who have not had revision surgery. Other outcomes
are therefore vital and the PROMs programme

seeks to provide such additional evidence. The
completeness of the PROMs data is not good at
present however and so it should again be interpreted
with great caution. This is illustrated in Figure 3.S5,
which shows that the revision rate in those returning
valid PROMs is better than that for the rest of the
shoulder patients.
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Despite this drawback, the shoulder PROMs cohort is
one of the largest in the world and it is interesting to
see that the limited data available suggests that the
PROMs gain after humeral hemiarthroplasty is less
than after either reverse polarity or conventional total
shoulder procedures. Since humeral hemiarthroplasty
also has higher revision rates this implies that the
revision rate is truly worse, rather than reflecting a
lower threshold for revision surgery, however more
in-depth analysis of other confounders is needed to
clarify this.

Considerable variation is seen in the revision rates

for individual implant brands, but at present for most
shoulder brands these are not available for more

than a few years. Nevertheless, that some reverse
shoulders show higher rates of revision after just one
year than some others show at six years is of concern,
even with relatively small numbers of cases available
for analysis.

Elbow replacement

This report relates to 4,373 primary elbow
replacements performed for trauma and elective
indications, over 2,000 of which have been implanted
in the last three years. Although this represents a
very large collection of elbow replacements, the
procedures are varied, as are the indications, so that

the categorisation into sub-groups still leaves relatively
small groups which are currently difficult to analyse in
terms of outcome.

The extensive re-classification work has enabled much
more clarity, for example, whether the procedure has
included a radial head implant and whether the distal
humeral implant has been used as a hemiarthroplasty.

Although similar for the first three years, the revision
rate for acute trauma cases is better than for elective
cases thereafter. The numbers for trauma cases are
relatively small and the indications for acute surgery
are somewhat different. The difference between acute
and elective outcomes will therefore need further
elaboration when larger numbers are available.

The very small numbers of elbow replacements
performed by surgeons, and by each unit, continue and
have not changed significantly in the last three years.
This is the subject of a discussion process with Getting
It Right First Time (GIRFT) and the British Elbow and
Shoulder Society (BESS) to decide whether regional
rationalisation of these procedures can be introduced.
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The main outcome analyses in this report relate

to primary and revision joint replacements, unless
otherwise indicated. We included all patients with
at least one primary joint replacement carried out
between 1 April 2003 and 31 December 2019
inclusive, whose records had been submitted to the
NJR before 1 March 2020.

Information governance and
patient confidentiality:

NJR data are collected via a web-based data

entry application and stored and processed in
Northgate Public Services’ (NPS) data centre. NPS

is ISO 27001 and ISO 9001 accredited, and

compliant with the NHS’s Data Security and
Protection Toolkit. Data linkage to other datasets is
approved by the Health Research Authority under
Section 251 of the NHS Act 2006. Please visit https://
www.hra.nhs.uk/about-us/committees-and-
services/confidentiality-advisory-group/.

Data quality:

High quality data is the foundation of any joint
replacement register and the National Joint Registry
fully understands and endorses this. From inception,
it was mandatory to record hip and knee arthroplasty
procedures from the independent sector but not
initially so in NHS hospitals. It was not until 1 April
2011 that it also became mandatory to enter publicly
financed procedures into the NJR.

When the NJR was started, the funding model was
based on a levy system. The manufacturer collected a
small levy for every construct they sold. This practice
continued from 2003 to 2014 after which the funding
model changed. This levy system generated an
additional source of data from which the NJR could
compare sales to uploads into the NJR. This process
gave a crude estimate of the compliance of the NJR
and for the first four years of the registry, compliance
could have been improved. Post 2008 the compliance
was in excess of 95% and on occasion greater than
100%. When compliance was over 100%, this was
indicative of the practice of stockpiling prostheses, see
Figure 3.D1.

Figure 3.D1 Compliance rates from 2003 to 2014.
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Comparing procedures to a levy had utility, however

it was not sufficiently refined to distinguish within

year compliance and differential compliance in the
upload of primary and revision procedures. An
additional comparator was therefore needed to assess
compliance, and the Hospital Episode Statistics (HES)
service has been used for this purpose for English
hospitals since 2006.

The comparison of data entry on to the NJR and HES
data gave a clear indication of the degree to which
data might be missing, but does not itself supply or
correct the missing data. For this reason a formal audit
cycle capable of reconciling two sources of data and
allowing their correction was set up using data from
each NHS hospital’s Patient Administration System
(PAS) and each independent hospital’s business
administration system.

In 2015 a comprehensive retrospective audit of 149
NHS trusts for procedures uploaded in the 2014/15
financial year was initiated. This audit compared

procedures uploaded to the NJR against a local
hospital’s Patient Administration System (PAS).
Records were identified from the local hospital-based
OPCS4 codes and then matched to records held
within the NJR, see Figure 3.D2. Records that were
found on the local hospital PAS but not on the NJR
were subsequently uploaded to the NJR bringing
compliance as near to 100% as possible. This
procedure could not be followed if the patient had
not given consent to data release. It was expected
that neither the NJR nor the local hospital’s PAS
system alone could be regarded as a definitive list

of hip or knee replacements, however, the union of
both the NJR and local hospital data was considered
the gold standard from which to calculate voluntary
unprompted compliance at upload. This figure is
important for healthcare provider institutions as a
measure of compliance with data entry processes
but does not represent the final data completeness of
records in the NJR. It is important to note that nearly
all unmatched procedures identified by the audit were
subsequently uploaded into the NJR.

Figure 3.D2 Schematic presentation of NJR data compliance audit.
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The audit was expanded to include hip and knee
procedures performed in the independent sector in the
2015/16 financial year, ensuring complete coverage

Table 3.D1 Percentage compliance prior to the audit cycle.

Percentage missing NJR records (%)
2014/15 2015/16 2016/17 2017/18

Procedure

Hip primary 4.3
Hip revision 8.1
Knee primary 3.5
Knee revision 8.8

The results from both phases of the audit are
tabulated above. Voluntary unprompted compliance
was greater than 95% for primary procedures and
greater than 90% for revision procedures in the

first year of the audit. This has subsequently been
improved by the audit cycle.

Following the audit, 96.7% of all primary and revision
procedures have been uploaded into the NJR for
patients who consented to use of their data.

In 2019 the NJR developed an automated audit
matching tool to assist in the process of auditing trusts
and generating further capacity to expand the data
compliance audit to shoulders, elbows and ankles
replacements.

Missing data:

The effect of missing data on the statistical analysis of
data is well documented. Data which is systematically
missing (Missing Not at Random) has the potential

to induce bias i.e. to distort the truth. This is why
compliance of reporting data to the NJR by a

specific consultant or unit is essential to the quality
assurance process of consultants and units. Analysis

(@) www.njrcentre.org.uk

of all hips and knees recorded by the NJR. Since then
the audit process has been repeated each year.

5.4 4.19 4.16
11.42 8.74 9.15
4.86 3.83 3.41
12.45 9.25 8.77

of data which is missing in either a random (Missing
Completely At Random) fashion or random within
known strata (Missing At Random), e.g. method of
fixation, is known to yield unbiased results. We believe
that a coordinated systematic agreement of individuals
across the registry to under-report the failure of a
specific implant is exceedingly unlikely. Nevertheless,
we believe if this did happen the issue would be
identified and corrected by the audit process. The

low revision rates of either hip or knee replacements
also makes it exceedingly difficult to predict which

is likely to fail. Therefore, planning to omit selected
primary joint replacements which are anticipated to
fail within ten years following surgery would be unlikely
to succeed. Increased centralisation of revision joint
replacement, by specialist revision surgeons, also
means there is little motivation to omit revision which
would largely have been primary cases of another
surgeon or another unit.

We believe that missing data within the register can
be considered missing completely at random. We
propose that this missing data mechanism will ensure
that the quality assurance process of prostheses
entered into the NJR, consultant and units is
statistically valid.
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Patient level data linkage:

Documentation of implant survivorship and mortality
requires linkage of person-level identifiers, in order to
identify primary and revision procedures and mortality
events within the same individual.

Starting with a total of 3,016,279 NJR source records,
6.9% were lost because no suitable person-level
identifier was found (see Figure 3.D3). Full details of

the beginning of each sub-section of each type of

joint replacement. Cases from Northern Ireland were
excluded because of unresolved issues around tracing
mortality; and cases from the Isle of Man were also
excluded due to the inability to audit them against

local hospital data. Patients with longer follow-up may
be less representative of the whole cohort of patients
undergoing primary joint replacement than those
patients with shorter follow-up, due to difficulties with
data linkage and differential rates of reporting over time.

the inclusion and exclusion criteria can be seen at

Figure 3.D3 Initial numbers of procedures for analysis.
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HIPS: KNEES: ANKLES: SHOULDERS: ELBOWS:
1,191,253 1,300,897 6,589 45,784 4,373
primaries primaries primaries primaries primaries
123,891 83,042 803 5,087 1,231
revisions revisions revisions revisions revisions
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Linkage between primaries and
any associated revisions
(the ‘linked files’):

A total of 2,548,896 linked and analysable primary joint
replacements have been recorded by the NJR, i.e. hip,
knee, ankle, shoulder or elbow. Implant survivorship

is first described with respect to the lifetime of the
primary joint only. In sections 3.2 and 3.3, we also
provide an overview of further revisions following the
first hip or knee revision procedure.

As in previous years, the unit of observation for all
sets of survivorship analysis has been taken as the
individual primary joint replacement. A patient with left
and right replacements of a particular type, therefore,
will have two entries, and an assumption is made
that the survivorship of a replacement on one side

is independent of the other. In practice, this would
be difficult to validate, particularly given that some
patients will have had primary replacements of other
joints that were not recorded in the NJR. Established
risk factors, such as age, are recorded at the time of
primary operation and will therefore be different for
the two procedures unless the two operations are
performed on the same date.

Within the NJR, a revision is defined as any operation
performed to add, remove or modify one or more
components of a joint replacement or to perform a
debridement and implant retention (DAIR) of a joint
replacement. This therefore not only includes complete
replacement of one or both of the main components of
any joint replacement, but also, for example, liner and/
or head exchange at surgery for suspected infection
and secondary patella resurfacing of an existing total
knee replacement. Additionally we have included
DAIRs without modular exchange of components in
this definition.

Analytical methods and terminology

The NJR annual report uses a variety of statistical
methods to reflect the diversity and range of
performance within joint replacement. Analyses are
tailored to ensure results are reported in units that
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can be easily interpreted. Here we define important
concepts which underpin the analyses in the
following sections.

All cause / all construct revision

All cause revision is used as the primary outcome in
the majority of analyses due to the difficulties in defining
cause-specific failure i.e. several indications may have
been given for a particular revision. In addition, we
consider the construct as a single entity, for example,
in hips we do not differentiate between stem and
acetabular failure as it is sometimes difficult to identify
which prosthetic element failed first or is causally
responsible for the failure. It is incorrect to assume that
the failure of implants that make up a construct are
independent of each other. In knees, we similarly do
not differentiate between failure of components within
the tibia, femur or patella. Secondary patella resurfacing
after a total knee replacement is considered a revision.
In shoulders, elbows and ankles we take the same
approach and do not differentiate between the failure
of different components within the joint. Conversions

of one type of shoulder replacement to another are
considered a revision.

Debridement And Implant Retention - DAIR

Debridement And Implant Retention (DAIR) without
modular exchange is now included in the NJR data as
of MDSv7 (June 2018). DAIRs with modular exchange
should have been collected (as a type of single-stage
revision) from inception and their reporting in hips,
knees, shoulders and elbows, along with all other
procedures captured by the NJR, has been mandatory
since 1 April 2011. Before MDSv7, DAIRs with modular
exchange were considered to be a revision in hip, knee,
shoulder and elbow but not ankle replacements. In
MDSv7, all joint types are treated the same and a DAIR
with modular exchange is considered to be a revision in
all recorded joint replacements.

Terminology note: Hip replacements

There are four distinctive design features reflected

in the analysis of data collected in the registry and
these are: 1) the type of hip replacement i.e. total hip
replacements (THR) and hip resurfacings (the NJR does
not collect data on hip hemiarthroplasty); 2) the fixation
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of the replacement i.e. cemented, uncemented, hybrid
and reverse hybrid; 3) the bearing surfaces of the hip
replacement; and 4) the size of femoral head/internal
diameter of the acetabular bearing.

Cemented constructs are fixed using bone

cement in both the femoral stem and acetabulum.
Uncemented constructs rely on press fit and osseous
integration within the femur and acetabulum that

may be supplemented (e.g. by screw fixation).

Hybrid constructs contain a cemented femoral stem
and an uncemented acetabulum. Reverse hybrid
constructs contain an uncemented femoral stem

and a cemented acetabulum. By convention, the
bearing material of the femoral head is listed before
the acetabulum. Currently, the eight main categories
of bearing surfaces for hip replacements are ceramic-
on-ceramic (CoC), ceramic-on-metal (CoM), ceramic-
on-polyethylene (CoP), metal-on-metal (MoM),
metal-on-polyethylene (MoP), metal-on-polyethylene-
on-metal (MoPoM), ceramic-on-polyethylene-on-metal
(CoPoM), and resurfacing procedures.

The metal-on-metal group in this section refers to
patients with a stemmed prosthesis (THR) and metal
bearing surfaces (a monobloc metal acetabular

cup or a metal acetabular cup with a metal liner).
Although they have metal-on-metal bearing surfaces,
resurfacing procedures, which have a surface
replacement femoral prosthesis combined with a metal
acetabular cup, are treated as a separate category.
Ceramic-on-ceramic and metal-on-polyethylene
resurfacings are now being implanted and in future
reports these will be reported as a new category,
although the numbers are likely to remain too small

for meaningful analysis for a number of years. Three
bearing materials being listed indicates the use of
dual-mobility bearing devices. The size of the femoral
head or inner diameter of a component is expressed in
millimetres.

Terminology note: Knee replacements

Knee replacements within the NJR are principally
defined by the number and type of compartments
replaced, the fixation of the components (cemented,
uncemented or hybrid), level of constraint, the mobility
of the bearing, whether the implants are of a modular

design and the presence or absence of a patella in the
primary knee replacement.

The knee is made up of three compartments:

medial, lateral and patellofemoral. When a total knee
replacement (TKR) is implanted, the medial and

lateral compartments are always replaced, and the
patella may be resurfaced. If a single compartment is
replaced then the term unicompartmental is applied to
the implant (UKR). The medial, lateral or patellofemoral
compartments can all be replaced independently,

if clinically appropriate. Medial and lateral
unicompartmental knee replacements are also referred
to as medial or lateral unicondylar knee replacements.
We also use the term multicompartmental knee
replacement to indicate the combination of more than
one unicompartmental knee replacement.

Knee replacements are also characterised by their

level of constraint (stabilisation). For example, there is
variation in the constraint of the tibial insert’s articulation
with the femoral component depending on whether

the posterior cruciate ligament is preserved (cruciate
retaining; CR) or sacrificed (posterior stabilised; PS)

at the time of surgery. Additional constraint may be
necessary to allow the implant to deal with additional
ligament deficiency or bone loss (where constrained
condylar (CCK) or hinged knee implants would be used)
in a primary or revision procedure.

In modular tibial components, the tibial insert may be
mobile or remain in a fixed position on the tibial tray.
This also applies to medial and lateral unicompartmental
knees. Many brands of total knee implant exist in
fixed and mobile forms with options for either CR or
PS constraint. Tibial elements may or may not be of
modular design. Modularity allows some degree of
patient-specific customisation. For example, modular
tibial components are typically composed of a metal
tibial tray and a polyethylene insert which may vary

in thickness. Non-modular tibial components consist
of an all-polyethylene tibial component (monobloc
polyethylene tibia) available in different thicknesses.

The NJR now distinguishes between medial and
lateral unicondylar knee replacements during the
data collection process; however this was not so in
earlier versions of the minimum dataset form (MDS).

www.njrcentre.org.uk (@)
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In addition, we now report multicompartmental knee
replacements which may include unicondylar and
patellofemoral or two unicondylar replacements.

With regard to the use of the word ‘constraint’

here, for brevity, total knee replacements are termed
unconstrained (instead of posterior cruciate-retaining)
or posterior-stabilised (instead of posterior
cruciate-stabilised).

We assume the absence of a patella in the upload of
knee components is indicative that the patella has not
been resurfaced.

Terminology note: Ankle replacements

Ankle replacements used within the NJR are principally
uncemented devices. However, in terms of fixation we
now report the presence or absence of cement used
within the ankle construct. The presence of cement

is defined by the inclusion of cement product details
within the prosthesis upload.

Terminology note: Shoulder replacements

Shoulder replacements within the NJR are principally
defined by the type and sub-type of replacement.

The four main types of replacement are 1) proximal
humeral hemiarthroplasty, 2) conventional total
shoulder replacement, 3) reverse polarity total shoulder
replacement and 4) interpositional arthroplasty.

There are three main sub-types based on variations
on the humeral side of the joint. These include 1)
resurfacing i.e. putting a new metal surface over the
existing humeral head, 2) stemless i.e. removing the
humeral head and putting on a new head with an
anchoring device which does not project beyond the
metaphysis of the proximal humerus, and 3) stemmed
i.e. replacing the humeral head and utilising an
anchoring device which projects into the diaphysis of
the humerus.

Descriptive statistics

In simple cases we tend to report simple descriptive
statistics including: numbers (n), frequencies (N=),
percentages (%), minimums (mMin), maximums (max),
interquartile ranges (IQR) (25th centile, 75th centile),
means (SD) and medians (50th centile) of the data.
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Survival analysis methods

In more complex analyses that focus on either implant
failure (denoted revision), recurrent implant failure (re-
revision) or mortality we use ‘survival analysis methods’
which are also known as ‘time to event’ methods.

Survival analysis methods are necessary in joint
replacement data due to a process known as
‘censoring’. There are two forms of censoring which
are important to consider in joint replacement registry
data: administrative censoring and censoring due to
events, such as death.

Administrative censoring creates differential amounts
of follow-up time, i.e. patients from 2003 will have
been followed up for more than 16 years, whilst
patients collected last year will have one year of
follow-up or less. Survival analyses methods allow us
to include all patients in one analysis without being
concerned if patients have one day, one year or one
decade of observed follow-up time; these methods
automatically adjust analyses for the amount of
follow-up time.

In the case of analyses which estimate implant failure,
death events are also censored, specifically they

are considered non-informative censoring events.
This assumes that death is unrelated to a failing
implant, and can be safely ignored whilst estimating
implant failure (revision). See Sayers et al. 2018

Acta Orthopaedica, 89:3, 256-258, for an extensive
discussion on this problem.

The survival tables in this report show ‘Kaplan-Meier’
(KM) estimates of the cumulative chance (probability)
of failure (revision) or death, at different times from the
primary operation. In the joint replacement literature
they are often referred to as KM or simply survival
estimates. We additionally show 95% Confidence
Intervals for each estimate (95% CI). Confidence
intervals illustrate the uncertainty around the estimate,
with wide confidence intervals indicating greater
uncertainty than narrow ones. Strictly they are
interpreted in the context of repeated sampling i.e. if
the data were collected in repeated samples we would
expect 95% Cls generated to contain the true estimate
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in 95% of samples. However, confidence intervals

are strongly influenced by the numbers of prosthesis
constructs at risk and can become unreliable when
the numbers at risk become low. In tables, including
risk tables within figures, we highlight in blue italics all
estimates where there are less than 250 prosthesis
constructs at risk or remaining at risk at that particular
time point.

Kaplan-Meier estimates can also be displayed
graphically using a connected line plot. Figures are
joined using a ‘stair-step’ function. Each ‘stair’ is flat,
reflecting the constant nature of the estimate between
the events of interest. When a new event occurs the
survival estimate changes, creating a ‘step’. Changes
in the numbers at risk because of censoring do not
themselves cause a step change but if the numbers
at risk become low, when an event does occur, the
stair-step might appear quite dramatic. WWhenever
possible, the numbers at risk at each time point have
been included in the figures, allowing the reader

to more appropriately interpret the data given the
number of constructs at risk. We highlight in blue
italics all estimates where there are less than 250
prosthesis constructs at risk or remaining at risk at
that particular time point. The Kaplan-Meier estimates
shown are technically 1 minus the Kaplan-Meier
estimate multiplied by 100, therefore they estimate the
cumulative percentage probability of construct failure.

In the case of revisions, no attempt has been made
to adjust for the risk of death, as analyses attempt
to estimate the underlying implant failure rate in

the absence of death, see Sayers et al. 2018 Acta
Orthopaedica, 89:3, 256-258 for an extensive
discussion on competing risks. Briefly, the Kaplan-
Meier estimator estimates the probability of implant
failure (revision) assuming the patient is still alive.

Prosthesis Time Incidence Rates - PTIRs

Prosthesis time incidence rates are used to describe
the incidence (the rate of new events) of specific
modes of failure in joint replacement. The PTIR
expresses the number of revisions divided by the total
of the individual prosthesis-years at risk. Figures here
show the numbers of revisions per 1,000 years at
risk. PTIR in other areas of research are often known
as ‘person-time’ incident rates, however, in joint
replacement registers the base unit of analysis is the
‘prosthesis construct’.

Note: This method is only appropriate if the hazard
rate (the rate at which revisions occur in the unrevised
cases) remains constant across the follow-up period.
The latter is further explored by sub-dividing the time
interval from the primary operation into intervals and
calculating PTIRs for each interval. We have explored
temporal changes for hips and knees in this report.
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3.2 Outcomes after
hip replacement
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3.2.1 Overview of primary hip
replacement surgery

This section looks at revision and mortality outcomes
for all primary hip operations performed between

1 April 2003 and 31 December 2019 (inclusive).
Patients operated on at the beginning of the registry
therefore had a potential 16.75 years of follow-up.
This year, follow-up is reported at a maximum of
either 15 or 16 years in the tables and figures,
although beyond 15 years the numbers at risk are
particularly low in some categories.

Figure 3.H1 (page 42) describes the data cleaning
applied to produce the total of 1,191,253 hips
included in the analyses presented in this section.

Over the lifetime of the registry, the 1,191,253 primary
hip replacement procedures contributing to our
revision analyses were carried out by a total of 3,720
unique consultant surgeons working across 476

units. Over the last three years (1 January 2017 to 31

17th Annual Report

December 2019), 281,196 primary hip procedures
(representing 24.1% of the current registry) were
performed by 2,303 consultant surgeons working
across 420 units.

Looking at caseload over this three-year period, the
median number of primary procedures per consultant
surgeon was 64 (interquartile range (IQR) 4 to 209) and
the median number of procedures per unit was 607
(IQR 299 to 926). A proportion of consultants will have
commenced independent practice during this period,
some may have retired, and some surgeons may have
periods of inactivity within the coverage of the NJR,
therefore their apparent caseload would be lower.

The majority of primary hip procedures were carried
out on women (females 59.9%: males 40.1%). The
median age at primary operation was 69 (IQR 61 to
76) years. Osteoarthritis was given as a documented
indication for surgery in 1,090,244 (91.5% of the
cohort) and was the sole indication given in 1,052,601
(88.4%) primary hip replacements.
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Figure 3.H1 Hip cohort flow diagram.

Hip procedures recorded by the NJR N=1,446,433

*Reoperation procedures N=1,354
*Non-consenting procedures N=58,666
*Non-traced procedures N=48,207
*Invalid IDs N=3
N “nvalidiDs N = 3
Consenting / Traced / With valid IDs N=1,338,682
*Procedures prior to April 2003 N=48
*Patients who died before an operation date N=43
*Procedures with a listed age <0 or >100 years N=44
*Patient procedures 2110 years old at administrative
censoring date N=5
v
Procedures with concordant date information N=1,338,546
*No gender recorded N=2
*No side recorded =0
Procedures with concordant patient information N=1,338,544

Northern Ireland N=16,834

Isle of Man N=600
States of Guernsey N=0
Unknown =1

English and Welsh procedures N=1,321,109
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Duplicate primary procedures based on:

NHS No / Date / Side / Age at op/ Gender / ASA grade

/ Procedure type / Prostheses used / Indications / Unit N=974
Duplicate same day revision procedures based on:

NHS No / Date / Side / Procedure type N=34

Unique procedures N=1,320,101

Procedures (2,356 hips) with

an inconsistent operative pattern N=4,957
Procedures (1,262,642 hips) with a consistent operative pattern
N=1,315,144
*All revision procedures N=123,891
*Of which, hip procedures where the first record-
ed procedure in a sequence is a revision N=81,940
Primary procedures (Revision analyses) N=1,191,253
Bilateral procedures (same day) N=5,215

Ipsilateral procedures (Mortality analyses) N=1,186,038

* Reasons not necessarily mutually exclusive
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Table 3.H1 Number and percentage of primary hip replacements by fixation and bearing.

Percentage of each
Number of bearing type used
primary hip | within each method

Bearing surface within Percentage of all

Fixation fixation group operations of fixation| primary hip operations

328 507 86.8 27.6
MoM 411 0.1 <0.1
CoP 46,957 12.4 3.9
MoPoM 2,197 0.6 0.2
Others <0.1
—
173,611 39.0 14.6
MoM 29,029 6.5 2.4
CoP 108,161 24.3 9.1
CoC 130,627 29.4 1.0 §
CoM 2,152 0.5 0.2 <
MoPoM 724 0.2 01 2
CoPoM 319 0.1 01 €
Others 116 <0.1 <0.1 é
149 561 57.1 126 &
MoM 2,733 1.0 02 ©
CoP 79,343 30.3 6.7
CoC 26,528 10.1 2.2
MoPoM 2,761 1.1 0.2
CoPoM 670 0.3 0.1
Others 169 <0.1
——n
21, 273 68.2
CoP 9,720 31.1 0.8
Others 214 <0.1
—
38,919 99.6
Others 146 <0.1

Table 3.H1 shows the breakdown of cases by the The dual mobility bearings are described either as dual
method of fixation and within each fixation sub-group, mobility, to contrast to standard unipolar bearings, or
by bearing surfaces. Bearing surface combinations are where numbers allow, are categorised by the material
reported as a separate group where there were more of each part of the bearing surface (e.g. metal-on-
than 250 cases. The most commonly used operation polyethylene-on-metal (MoPolM) and ceramic-on-

type overall remains cemented metal-on-polyethylene polyethylene-on-metal (CoPoM)). The numbers of
(86.8% of all cemented primaries, 27.6% of all other combinations of dual mobility (such as ceramic-
primaries). In this year’s report, dual mobility bearings on-polyethylene-on-ceramic (CoPoC)) were too small
are included as separate categories for the first time. to include as separate groups this year.
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Table 3.H2 shows the annual rates by fixation over the same period and the use of uncemented

and bearing groups for each year for primary hip implants doubled. Figure 3.H2 (a) illustrates the
replacements. Although the absolute number of temporal changes in fixation and type of primary hip
cemented implants used annually has remained stable replacements. Figure 3.H2 (b) shows dual mobility
between 2006 and the current year, the proportion bearings as a separate group to illustrate their steadily
of all hips that are cemented has nearly halved. increasing use, which has been most marked in the
The percentage of hybrid implants used has tripled hybrid fixation group (see Table 3.H2).

Figure 3.H2 (a) Fixation by year of primary hip replacement.

70
60
[%2]
2
=
@ 50
£
s
« 40+
(@]
S
> 30
-—
®
© 20+
O]
o
10
O_
T T T T T T T T T T T T T T T T T
™ <t 0 © I~ [ce] [e2} o ~ AN (3] < 0 (] N~ (e} (2]
o o o o o o o ~ ~— ~— ~ ~— ~ ~ ~— ~ ~
o o o o o o o o o o o o o o o o o
N N N N N N N N N N N N N AN N N N

Year of primary

—8— Cemented —®— Uncemented —®— Hybrid —@— Reverse hybrid —®— Resurfacing

(@) www.njrcentre.org.uk




National Joint Registry | 17th Annual Report | Hips [ INEEE

Figure 3.H2 (b) Unipolar THR fixation and main bearing type by year of primary hip replacement.
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Figure 3.H3 (a) Cemented primary hip replacement bearing surface by year.
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Figures 3.H3 (a) to (d) illustrate the temporal changes
in the bearing surface. Groups that contain more
than 500 procedures are plotted separately. Since
2012 there has been a marked increase in the

use of ceramic-on-polyethylene bearings and a
corresponding decrease in the use of ceramic-on-
ceramic bearings.
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Figure 3.H3 (b) Uncemented primary hip replacement bearing surface by year.
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Figure 3.H3 (c) Hybrid primary hip replacement bearing surface by year.
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Figure 3.H3 (d) Reverse hybrid primary hip replacement bearing surface by year.
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Figure 3.H3 (e) Trends in fixation, bearing and head size in primary unipolar total hip replacement
by year.
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Figure 3.H3 () illustrates the temporal changes

in common head sizes, by method of fixation and
bearing type in primary unipolar total hip replacement.
In 2003 the vast majority of hip replacements

utilised heads of 28mm or smaller across all fixation
methods. Since 2003, a progressive shift away from
small (22.25mm or 26mm) heads in cemented hip
replacements to larger head sizes (>28mm) with
alternative fixation methods (uncemented or hybrid)
has been observed. In 2019 the three most common

(@) www.njrcentre.org.uk

head sizes are 32mm (1st), 36mm (2nd) and 28mm
(8rd), with 22.25mm and 26mm rarely being used. The
use of ceramic-on-ceramic bearings across all head
sizes, but most notably 36mm, has declined since
2011. This decline, conversely, corresponds with an
increase in ceramic-on-polyethylene bearings with
32mm heads. The choice of bearing, head size and
fixation method is much more heterogeneous in 2019
compared to 2003.
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Table 3.H3 provides a breakdown by fixation type

and bearing surface describing the age and gender
profile of recipients of primary hip replacements.
Patients receiving resurfacing and ceramic-on-ceramic

bearings tended to be younger and those receiving
metal-on-polyethylene-on-metal dual mobility bearings
were older than the other groups. Those receiving
resurfacings were more likely to be men.

Table 3.H3 Age at primary hip replacement by fixation and bearing.

By bearing surface Age (years)
leatlon within fixation group Median (IQR¥) Mean (SD)

Percentage
males (%)

AII cases

Cemented and

1,191,253

69 (61 to 76) 68.1 (11.4)
All cemented _ 378,279| 74 (6810 79) 73.0 (9.1)

MoP 328,507 5 (69 to 80) 742 (8.2) 32.9
MoM 411 72 (65 to 78) 711 (9.6) 33.3
CoP 46,957 65 (59 to 71) 64.5 (10.4) 38.1
MoPoM 2,197 77 (69 to 83) 75.5 (10.6) 30.7
Others 207 75 (65 to 83) 72.3 (13.9) 28.5

All uncemented ] 444,739| 65 (580 72) 64.4(11.3)|  44.9]

Uncemented and

MoP 173,611 1 (64 to 76) 69.9 (9.5) 414
MoM 29,029 3 (57 to 70) 63.0 (11.1) 50.8
CoP 108,161 4 (57 to 70) 63.0 (10.1) 46.1
CoC 130,627 60 (52 to 66) 58.7 (11.2) 471
CoM 2,152 3 (56 to 69) 62.0 (10.6) 421 §
MoPoM 724 2 (610 79) 69.6 (13.9) 401 %
CoPoM 319 59 (51 to 69) 60.4 (13.1) 58.6 %
Others 116 62 (52 to 71) 60.8 (13.8) 457
Arhybrid || ooiges| foeatorn] 601109 ar4fe
Hybrid and g
MoP 149,561 4 (68 1o 79) 731 (8.7) 349 3
MoM 2,733 5 (57 to 74) 64.6 (12.5) 46.4 ©
CoP 79,343 66 (59 to 72) 64.9 (10.6) 40.6
CoC 26,528 60 (53 to 66) 59.0 (11.9) 40.8
MoPoM 2,761 6 (68 to 82) 741 (11.2) 34.3
CoPoM 670 68 (58 to 77) 66.9 (13.1) 46.7
Others 169 67 (58 to 74) 65.4 (13.1) 485

Alireversehybrid | | 31,207| 70 (64 to 77) 69.7 (9.8)

Reverse hybrid and

MoP 21,273 73 (68 to 78) 72.8 (8.1) 35.5
CoP 9,720 64 (58 t0 69) 63.0 (9.7) 39.8
Others 214 72 (56 to 81) 67.9 (16.0) 29.9

All resurfacing ] 39,065| 55 (48 to 60) 53.9 (9.1)

Resurfacing and
MoM
Others

38,919
146

55 (48 to 60)
55 (48 to 62)

53.9 (9.1)
54.3 (11.0)

73.2
51.4

Unclassified I 36,198| 69 (60 to 77) 67.7 (12.5)

*IQR=interquartile range.
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Table 3.H4 Primary hip replacement patient demographics.

_ Males Females All
N (%) N (%) N (%)
ASA 1 86,831 (18 2) 100,817 (14.1) 187,648 (15.8)
ASA 2 310,640 (65.0) 494,436 (69.3) 805,076 (67.6)
ASA 3 77,638 (16.2) 113,981 (16.0) 191,619 (16.1)
ASA 4 3,088 (0.6) 3,675 (0.5) 6,763 (0.6)
ASA 5 61 (<0.1) 86 (<0.1) 147 (<0.1)
2?5;?&%2523 443,597 (92.8) 646,647 (90.7) 1,090,244 (91.5)
OsiEazilliils 25 e 429,318 (89.8) 623,283 (87.4) 1,052,601 (88.4)
sole reason for primary
Age Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR)
66.5(11.6)  68(59t075)  69.2(11.2) 70(63to77)  68.1(11.4) 69 (61 to 76)

Table 3.H4 shows the American Society of
Anesthesiologists (ASA) grade and indication for
primary hip replacement by gender. A greater
number of females than males undergo primary
hip replacement and ASA 2 is the most common
ASA grade. Only a small number of patients with
a grade greater than ASA 3 undergo a primary hip

replacement. The majority of cases are performed for

osteoarthritis. A total of 1,052,601 (88.4%) primary

hip replacements were recorded in the NJR where the

sole indication was osteoarthritis.

(@) www.njrcentre.org.uk
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3.2.2 First revisions after primary hip surgery

A total of 34,978 first revisions of a hip prosthesis estimates; procedures have been grouped by the
have been linked to NJR primary hip replacement year of the primary operation. Figure 3.H4 (a) plots
surgery records of operations undertaken between each Kaplan-Meier survival curve with a common
2003 and 2019. origin, i.e. time zero is equal to the year of operation.

This illustrates that revision rates increased between
Figures 3.H4 (a) and (b) illustrate temporal changes 2003 and 2007/8 and then declined between 2007/8
in the overall revision rates using Kaplan-Meier and 2019.

Figure 3.H4 (a) KM estimates of cumulative revision by year, in primary hip replacements.
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Figure 3.H4 (b) shows the same curves plotted against
calendar time, where the origin of each curve is the
year of operation. In addition, the revision rate at 1,

3, 5, 7, 10 and 13 years has been highlighted. Figure
3.H4 (b) separates each year, allowing changes in
failure rates over time to be clearly identified. If revision
surgery and timing of revision surgery were static
across time, it would be expected that all of the failure
curves would be the same shape and equally spaced;
departures from this indicate a change in the number
and timing of revision procedures. It is also very clear
that the 3, 5, 7 and 10-year rate of revision increases
for operations occurring between 2003 and 2008 and
then reduces for operations occurring between 2008
and 2019. The early increases may be partly a result
of under-reporting in the earlier years of the registry,
but is also contributed to by the usage of metal-on-
metal bearings, which peaked in 2008 and then fell
(see Table 3.H2). Given a similar pattern is observed
in knees, which were not affected by the high revision
rates of metal-on-metal bearings, the decreases
observed since 2009 also represent improved
outcomes overall as a result of clinician feedback and
adoption of evidence-based practice.

Table 3.H5 (page 58) provides Kaplan-Meier estimates
of the cumulative percentage probability of first
revision, for any cause, firstly for all cases combined

17th Annual Report

and then by type of fixation and by bearing surface
within each fixation group. The table shows updated
estimates at 1, 3, 5, 10, 13 and 15 years from the
primary operation together with 95% Confidence
Intervals (95% Cl). Estimates in blue italics indicate
time points where fewer than 250 cases remained

at risk, meaning that the estimates are less reliable.
Kaplan-Meier estimates are not shown at all when the
numbers at risk fell below ten cases.

Further revisions in the italicised groups would be
highly unlikely and, when they do occur, they may
appear to have a disproportionate impact on the
Kaplan-Meier estimate, i.e. the step upwards may
seem steeper. Furthermore, the upper 95% Cl at
these time points may be underestimated. Although
a number of statistical methods have been proposed
to deal with this, they typically give different values
and, as yet, there is no clear consensus for the large
datasets presented here.

The revision rate of dual mobility bearings appears
marginally higher at five years than that of other
unipolar bearings, except metal-on-metal, however the
numbers at risk are small and thus it is difficult to draw
firm conclusions as yet.
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Figure 3.H5 KM estimates of cumulative revision in cemented primary hip replacements by bearing.
Blue italics in the numbers at risk table signify that fewer than 250 cases remained at risk at these time points.
20
_ 154 S
3 S
S z
i i}
> D
2 104 <
[} c
= £
© -
= ©
E 5
© 2
5 ©
0 -
T T T T T T T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Years since primary
Key: Numbers at risk
= \lOP 328507 300544 273208 245488 217059 188850 161198 135551 111915 91401 73143 56724 41850 28238 17883 9070 3069
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Figures 3.H5 to 3.H8 (pages 60 to 62) illustrate the is encouraging that these are becoming more widely
differences between the various bearing surface sub- used with time. Dual mobility bearings do seem to have
groups for cemented, uncemented, hybrid and reverse slightly higher early revision rates than other options for
hybrid hips, respectively. Metal-on-metal bearings cemented and uncemented fixation. Given the relatively

continue to perform worse than all other options

small numbers and the likely case mix selection, these

regardless of fixation. The failure rates for ceramic-on- patterns should continue to be monitored.
polyethylene bearings remain particularly low and it
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Figure 3.H6 KM estimates of cumulative revision in uncemented primary hip replacements by bearing.
Blue italics in the numbers at risk table signify that fewer than 250 cases remained at risk at these time points.
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Figure 3.H7 KM estimates of cumulative revision in hybrid primary hip replacements by bearing.
Blue italics in the numbers at risk table signify that fewer than 250 cases remained at risk at these time points.
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Figure 3.H8 illustrates the revision rate of metal-on-
polyethylene and ceramic-on-polyethylene bearings
used with reverse hybrid fixation in primary total hip
replacement. This shows little difference for the first 12

years. After 12 years the numbers at risk are very low
and thus it is difficult to interpret survivorship at greater
than 12 years.

Figure 3.H8 KM estimates of cumulative revision in reverse hybrid primary hip replacements by bearing.
Blue italics in the numbers at risk table signify that fewer than 250 cases remained at risk at these time points.
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In Figures 3.H9 (a) and 3.H9 (b), the whole cohort has the age groups was greater in women than in men.
been sub-divided by age at primary operation and by Thus, for example, women under 55 years had higher
gender. Across the whole group, there was an inverse revision rates than their male counterparts in the same
relationship between the probability of revision and age band, whereas women aged 80 years and older
the age of the patient. A closer look at both genders had a lower revision rate than their male counterparts.

(Figure 3.H9 (a)) shows that the variation between

Figure 3.H9 (a) KM estimates of cumulative revision in all primary hip replacements by gender and age.
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In Figure 3.H9 (b), primary total hip replacements
with metal-on-metal (or uncertain) bearing surfaces
and resurfacings have been excluded. The revision
rates for the younger women are noticeably reduced

compared to the data in Figure 3.H9 (a) which includes

metal-on-metal bearings; an age trend is seen in both
genders but rates for women are lower than for men
across the entire age spectrum. The age mediated
disparity in revision rates for women appears to be
increasing with longer follow-up.

excluding MoM and resurfacing.

Males

Cumulative revision (%)

Figure 3.H9 (b) KM estimates of cumulative revision in all primary hip replacements by gender and age,
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Table 3.H6 further expands Table 3.H5 to show
separate estimates for males and females within each
of four age bands, <55, 55 to 64, 65 to 74 and >75
years. Estimates are shown at 1, 3, 5, 10, 13 and 15
years after the primary operation. These refine results
shown in earlier reports, but now with larger numbers
of cases and therefore generally narrower confidence
intervals. The relatively good results obtained with
ceramic-on-ceramic and ceramic-on-polyethylene

www.njrcentre.org.uk

®

bearings in younger patients are striking. Resurfacing
arthroplasty continues to show high failure rates in all
groups, especially women. Even in males under 55
years of age, resurfacing has twice the revision rate of
some alternatives out to 13 years. Dual mobility age
and gender sub-groups are too small at this stage to
provide firm conclusions on relative revision rates.
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