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Preface

After more than a decade of SIRIS it is time to step back and
look at what has been achieved, what has changed, and
what are current opportunities and challenges.

Achievements

It is paramount to keep in mind that what goes into a regis-
try in terms of data content and data quality determines the
value of what comes out of a registry.

Thegoalofanational hipand knee arthroplastyregistryisto
achieve to cover all procedures performed in the country. A
proportion of 95% or higher is considered high quality. The
first SIRIS report mentioned a completeness of procedure
registration of 88% forthe year 2013. This year’s report indi-
cates a completeness of procedure registration of 98.5% for
the year 2022, an excellent result. Due to the longer follow-
up available the ability to link the primary operation to the
revision if one occurred has substantially increased from
19%inthefirstreportto54%inthe current. Thisisimportant
because only cases with documentation of the primary ope-
ration and the subsequent revision - if occurring during the
observation period - allow to study the influence of patient-,
implant-, technique-, and provider-related factors on revisi-
on rates. Forthe latter a high degree of completeness of the
various factors is also crucial. In this regard, it should be
noted positively that the proportion of missing data regar-
ding BMI and ASA grade has steadily decreased, from 25%
and 14%, respectively in 2015, when they were introduced,
to5% and 2%, respectively today. Togetherwith age and sex
they are important case-mix factors to consider in bench-

marking, e.g. when comparing revision rates by provider.

Another major prerequisite for a high-quality arthroplasty
registry is to obtain precise, detailed information on the im-
plants and their attributes. SIRIS has successfully achieved
this. Itisillustrated by the fact that the reporting of revision
rates has become much more granular, and that SIRIS now
provides revision rates for implants/implant combinations
overall as well as stratified by clinically relevant attributes
(e.g. cumulative risk of failure at a given point in time for an

implant-combination stratified by bearing surface used).

Building on this solid basis and informed by the practice in
other national registries SIRIS is now monitoring and com-
paring implant performance up to 11 years after surgery.
Moreover, since severalyears the registry identifies implant
outliers using a well-known methodology and publicly re-
ports them. This is most valuable information for surgeons
and their patients as well as for manufacturers, notified bo-

dies and regulators nationally and internationally.

Another important part of the activity of SIRIS is bench-
marking by provider using the cumulative risk of failure
2-years after surgery, a metric based on well-established
statistical methodology. The information allows hospitals
and individual surgeons to acknowledge their results and
work on improving it. The registry has developed a way of
interactingand collaborating with providers, which was pre-
sented with concrete, impressive examples at the annual
Swiss Orthopedics meeting 2024.

A good sign for a vibrant and connected registry including
team and stakeholders is evolving registry production. Sin-
ce2016theannualreport content startingwith 63 pages has
continuously been developed further thanks to the scien-
tific advisory board to now include over 200 pages. New
analyses are regularly added, e.g. the case concentration
score (CCS) in 2022, which allows the reader to appreciate
whether the failure rate of a specific implant is based on
data from few orfrom many hospitals. This years’ report has
a new chapter entitled “Epidemiology”. It starts with gene-
ral information on the Swiss health service and insurance
systems, which helpsinternationalreaders of the annualre-
portto betterputitinto context. The chapterthen goesonto
present valuable epidemiological information nationwide
(e.g. trends in hip and knee arthroplasty incidence, seaso-
nal patterns), by canton, and by type of hospital. The high-
light of the chapter are the cumulative postoperative revisi-
on rates by 2-yeartime periods, which show a trend towards
decreasing revision rates after hip and knee arthroplasty
forthe recent years. It is thanks to the registry that positive
developments like this can be documented, analyzed and
reported, and it might well be thanks to the interaction of
theregistry stakeholders with theregistrythatthey happen.



Regarding research and international collaborations, SIRIS
is full member of the International Society of Arthroplasty
Registries (ISAR) since 2017 and actively involved in wor-
king group projects. The registry has also become a valued
partnerin multi-registry research projects. These are usual-
ly based on aggregate data (results) rather than individual
data. Moreover, SIRIS encourages the use of its data for na-
tional research projects having resulted in scientific presen-
tations and the first publications.

Finally, the registry has notably expanded production, com-
munication (e.g. Website) and stakeholder interaction. The
now established SIRIS session at the Swiss Orthopedics
annual meeting took place for the first time in Montreux in
2018. The SIRIS team has grown and with this the ability to
increase efforts in training, coaching and auditing of the

member hospitals among other activities.

Changing landscape

SIRIS has evolved - and will have to do so in the future-ina
changing landscape of regulatory, ethical and legal frame-
works. The EU medical device regulation (EU-MDR) adopted
by Switzerland came into force in 2021. In this document
registries are mentioned, forthe first time in EU medical de-
vice legislation, as source for the independent evaluation
of long-term safety and performance of medical devices.
In particular, the new regulation requires that both manu-
facturersand notified bodies take registry dataintoaccount
in the mandatory post-market clinical follow-up. This is
good news. Another very important change in legislation is
the entryinto force of Switzerland‘s Federal Act on Data Pro-
tection (FADP) in September 2023. To navigate safely in this
complex landscape is increasingly resource-consuming for
the registry team and the participating hospitals.

Mission accomplished, what next?

Over the past twelve years SIRIS - together with its asso-
ciated partners - has established a registry that provides
high-quality nation-wide post-market surveillance of hip

and knee arthroplasties, delivers important epidemiologic

information as well as reports and communication tailored
to different stakeholder’s needs, successfully endeavors to
improve quality, and increasingly contributes to national
and international research efforts. In a little bit more than a
decade SIRIS has shown its clinical and public health utility
-within the country and beyond.

Current opportunities and challenges include the integrati-
on of shoulderarthroplasties into SIRIS starting nextyearas
well as the nation-wide collection of patient-reported out-
comes (PROs). PRO evaluations are already part of last and
this year’s annual reports. This is a welcome development
and allows to consider the benefit - or the lack of it — of a
hip orknee arthroplasty intervention in addition to the risk,
traditionally measured using the outcome revision. It will
pose, however, new challenges in terms of data collection,
analysis, interpretation, and implementation. And it will be
an opportunity and necessity to integrate patients views on
benefit and risk and what is a tolerable risk-benefit-ratio.

Certainly, as important as ever, and the main mission of the
registry, is to improve the outcomes of patients receiving
jointreplacement surgery through surveillance of long-term
safety and performance. To refine and speed up early safe-
ty signal and outlier detection remains a priority in which
SIRIS is actively involved. Progress is not linear, and even
the best intentioned and thought-through innovation, re-
form or change can give rise to new unexpected problems.
The orthopedic community has experienced thisinthe past.
Therefore, there is need to continuously be vigilant and cu-
rious at the same time. SIRIS - with the invaluable support
from the associated partners - seems perfectly suited for
this.

Anne Liibbeke-Wolff

Associate Professor,

Division of Orthopedic Surgery & Traumatology,
Geneva University Hospitals

Current President of the International Society of
Arthroplasty Registries (ISAR)
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1. Introduction

1.1 Purpose of the registry

The Swiss National Implant Registry (SIRIS) was im-
plemented in September 2012 to evaluate hip and
knee joint replacements. Registration in SIRIS is
mandatory for all Swiss hospitals performing knee
and hip arthroplasties, as they are bound to the
ANQ’s national quality agreement.

To ensure that all contributors and participants
pursue a common goal, it is essential to clearly de-
fine the aim of the SIRIS registry. This also influenc-
es the data architecture within the registry, since
there will be different requirements for each stake-
holder. The multi-partner association required to
set up the registry meant that various points of
view had to be considered to ensure success and
support. Although each partner naturally tends to
focus preferentially on their particularinterest, one
fundamental interest is common to all, namely the
long-term well-being of the patient aftera prosthet-
icjoint replacement. The following paragraphs will
explain the various perspectives of key stakehold-
ers that were considered during development of
SIRIS.

The patient’s perspective. Since patients expect
joint replacement surgery to provide them with
long-lasting, pain-free mobility, the surgical pro-
cedure must be adapted to their level of activity
and should be followed by rapid recovery without
complications. Ideally, after a prosthetic joint re-
placement and successful rehabilitation process,
patients should feel so well that they forget their
treated joint during daily living (the forgotten
joint concept). Hence, from the patient’s perspec-
tive, the registry data should be presented as to
be readily comprehensible, allowing patients to
find information of interest despite the complexi-
ty of the data and of the methodology behind the
analysis. The growing importance of functional
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results beyond revision rates is reflected the in-
clusion of PROMs in the annual report since 2022.
Nationwide registration of PROMs within SIRIS will
only be implemented in 2025, but data from the
pilot project of the Canton of Zurich already pro-
vides asolid basis forthe development of reporting
standards of PROMs and delivers first insights into
patient-related outcomes. Patients who will read
thereportmayfindtheinformation helpfulto better
understand their past or future surgery and thus be

able to better discuss it with their surgeons.

The surgeon’s perspective. For surgeons, a priority
is to avoid surgical complications and shortcom-
ings fortheir patients. In fact, the needs of patients
and the goals of surgeons are fully aligned: obtain-
ing a long-lasting, pain-free, and maximised func-
tional joint replacement. By choosing a particular
prosthesis, surgeons integrate the performance of
the implant with theirexpertise. The implants must
be well designed and impeccably manufactured to
avoid problems such as wear particle disease or
breakage. Hence, to add value from the surgeon’s
perspective, the registry should be able to identify
problematic implants within a relatively short time
frame and provide valuable early warning to sur-
geons when required. However, entering individu-
al clinical results into a registry is not a welcome
addition to an already intense daily schedule of ac-
tivities. Furthermore, although surgeons certainly
appreciate benchmarking their results, the public
availability of the information at the individual sur-

geon’s level remains a controversial aspect.

The industry’s perspective. The industry’s main
activity is manufacturing and sales, driven by a
legitimate profit-orientation. Designing and pro-
viding first-rate, problem-free implants is the most
enduring strategy in this domain, as a series of
failures may lead to allegations of negligence that
could ultimately destabilise the company. Hence,

1. Introduction



1. Introduction

the aspect of economic viability coincides with the
primary interest of the patients, namely successful
prostheticjointreplacementonthelongterm.Since
progress and technical innovation are extremely
important for an industry dedicated to providing
safe high-performance implants, the registry is re-
garded as an essential tool for post-market surveil-
lancethatvalidates improvementsin materials, de-
signs, and concepts in the real-life clinical setting.
If the industry accepts quality as being the princi-
pal market-regulating factor, then the registry is a
welcome tool and motivates participation. To date,
the publication of two-year revision rates for reg-
istered implants in the SIRIS reports was met with
greatinterestfrominvolvedindustryand orthopae-
dicsurgeons. Addingthe medium-term follow-up at
10-yearstothereportfurtherimprovesthe function

of the registry as quality assessment tool.

The hospital’s perspective. It is in hospitals that
the surgeons and patients interact, with all parties
sharing a common interest. Hospitals aim to pro-
vide high-quality healthcare at reasonable costs,
integrating volume of patients into considerations.
However, hospitals or departments also have an
interest in ensuring that patients do not forget the
institution where they were treated successfully,
making them return to the same hospital if neces-
sary, including for reasons other than a prosthetic
joint replacement. The registry is perceived as an
instrument for quality control, not only for the im-
plants used but forthe entire process, ranging from
the preoperative consultation to the procedures in
theoperatingroom, aswellasthepostoperative fol-
low-up. Personal recommendations from satisfied
patients are the very best advertising for hospitals
and related medical institutions. As institutions
providing healthcare in today’s competitive envi-
ronment, hospitals are also very keen to uphold
their reputation, and the registry is an invaluable
tool for this purpose. Additionally, since certain

Swiss cantons even require reaching a sufficient
volume of procedures in order to keep hospitals on
contract lists, it appears that participating in the
registry might be crucial for the survival of some
institutions, a strong motivation for participation
in an environment where hospital mergers and
closures are frequently discussed. Performance
benchmarks containing the two-yearrevision rates
of institutions registered in SIRIS have been pub-
lished online since 2020 (https://www.ang.ch/de/
fachbereiche/akutsomatik/messergebnisse-akut-
somatik/step2/measure/20/) and are updated
with every new report.

The healthcare insurers’s perspective. Insurers
andthird-party payers are concerned about health-
care costs, and thus aim to reduce hospitalization
costs, to avoid re-admissions for complications,
and obtain return to work of the patient as early as
possible, ifapplicable. Insurers are very conscious
of costs regarding implant pricing, medical fees,
and hospital bills. Because the insurer’s objective
is to provide equal benefits to all its clients within
the available budget, the registry is perceived as
aninstrument that can provide information regard-
ing the performance of surgeons and institutions,
functioning as a cost-quality assessment tool.
Since revision surgeries cause significant addi-
tional and potentially avoidable costs, the focus of
insurers remains the same as for patients and sur-
geons: obtaining a long-lasting, pain-free function

after prostheticjoint replacement.

The government’s perspective. The government
organises the healthcare system on behalf of all
citizens. Therefore, the main challenge it faces is
having to consider and bring together the needs
and preferences of all players in the healthcare
economy. One specific characteristic of the Swiss
healthcare system is that cantons are indepen-
dent and are the principal political and financial
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authorities for their healthcare systems. Further-
more, the healthcare system of the Principality of
Liechtenstein (FL) interacts closely with the Swiss
healthcare system and also participates in SIRIS.
Although the federal government may not have
any inherent financial interest in the healthcare
system, the cantonal governments directly bear a
major share of hospital costs and are very active
participants in all debates concerning hospital
treatments, including their outcomes and costs.
Governmentsalso haveaninterestinassessingthe
overall situation concerning the quality of health-
care provision. While patients understandably
tend to place their primary focus on receiving treat-
ment that provides optimal and long-lasting re-
sults, the government certainly shares this aim but
also hastoensure cost-effectiveness, as resources
are limited. Nevertheless, political decision mak-
ersin Switzerland at all levels have arguably so far
largely dodged that aspect, currently leaving the
Swiss healthcare system somewhat adrift when it
comes to actually allocating the limited resources
in arational and transparent manner. Despite this,
governments require data on the overall surgical
performance to assess requirements and subse-
quently plan the macroeconomic policies related
to healthcare. Hence, government health agen-
cies are commissioned to ensure that the institu-
tions under their supervision provide high-quality
healthcare to the population, whereby the agen-
cies also have an interest in benchmarking hospi-
tals and keeping insurance and third-party payer
costsdowntoareasonable minimum. Although the
fragmentation of the dataset down to the cantonal
level may sometimes preclude meaningful statisti-
cal analysis, the information can still be of interest
to the Swiss cantonal and Liechtenstein govern-
ments, as well as to the general public.

Page 10 SIRIS Report Hip and Knee 2024 1. Introduction



1. Introduction

1.2 Strong commitment

The annual report 2024 represents a collaborative
data collection involving all the institutional part-
ners of SIRISandincludes the surgeons and operat-
ingteams of orthopaedic or surgical units perform-
ing hip (150 units) or knee (145 units) replacement
surgery. Streamlining, improving, and optimising
data collection is a continuous effort involving ex-
pert groups and all partners. Crucially, this report
also contains evidencethathospitals and surgeons
are making progress beyond improving data collec-
tion. Decreasing early revision rates, fewer outlier
implants in the market, and more homogenous
early revision rates in general testify real improve-
ments in treatment quality that coincide with SIRIS
reporting.

Coverage is one important indicator of the commit-
mentofallpartiesinvolvedinSIRIS,anditcorrelates
with reporting accuracy. However, it is difficult to
assess coverage, because any benchmarkregistra-
tion system will have weaknesses. For SIRIS, only
arthroplasties performed and submitted to the
registry as closed cases can be used in the analy-
sis, as open cases may experience later modifica-
tion. As a benchmark, we use data from the hos-
pital quality report published by the Swiss Federal
Health Authorities (BAG) for the period from 2017
to 2022, as the data for 2023 are not yet available.
Thesedataare publicand canbe consideredinrela-
tion to SIRIS data, although some details regarding
coding and filtering definitions may vary. In 2022,
the coverage of SIRIS was over 98% for primary
hip and knee replacements. This not only demon-
strates the strong commitmentto the project by the
surgeons and their teams, both in public and pri-
vate hospitals, but also the high quality of the data
collection, coaching, and organisation by the SIRIS
team. Further details regarding the coverage are
provided in Chapter 2 Methods, Part 2.3 Coverage.

SIRIS has thus achieved excellent coverage within
arelatively short period of time since implementa-
tionin2o12 and continuestoimprovethe content of
the reports. The SIRIS annual report 2024 provides
information on the state of hip and knee replace-
ments in Switzerland and the Principality of Liech-
tenstein and presents a wealth of new information.
The report also provides important and verifiable
information that we hope patients, healthcare pro-
viders, third-party payers, and healthcare regula-
tors will find useful.

Table 1.1
Variables collected by the SIRIS registry

Factors Variables

Patient related Name
Surname
Date of birth
Gender
Height
Weight
Surgery related Main diagnosis

Previous surgery

Date and place of surgery
Morbidity state

Charnley class
Intervention

Approach

Positioning

Component fixation
Cementing technique
Implant related  Type of implant
Article number
LOT number
Company name

Brand name

SIRIS Report Hip and Knee 2024 Page 11



2. Methods

2.1 Maintenance and hosting of the
registry

The SIRIS registry is hosted and maintained by
SwissRDL at the Institute for Social and Preventive
Medicine (ISPM), University of Bern. A dedicated
team comprising a statistician/methodologist, a
data monitoring team, data management/IT spe-
cialists, as well as support staff, is responsible for
management and maintenance, technical support,
analysis, and reporting of the data. The data moni-
toring team supervises data quality, provides user
support and trains collaborators at the participat-
ing hospitals to ensure correct and efficient data
entry into the registry. The overall project man-
agement support at SwissRDL is provided jointly
by the data monitoring team and the statistician/
methodologist, and both are present in the SIRIS
Scientific Advisory Board that directs and over-
sees the registry and produces this annual report,
among other things.

SIRIS data are collected via an online documen-
tation platform (accessible at siris.memdoc.org)
to record data on primary arthroplasties, reop-
erations and component revisions. Furthermore,
clinics may also register post-operative follow-up
data at their discretion. All individual implants
used (including minor components) are regis-
tered alongside clinical data from the surgical
procedures. The current versions of the SIRIS CRF
(v2021) can be downloaded from www.siris-im-
plant.ch. While most participating surgical units
use the standard online interface or dedicated
apps (mostly on tablet devices) for data registra-
tion, some (mostly large) centres send data ex-
ports directly from their hospital information sys-
tems to SwissRDL via a web service client. Implant
data are mostly entered into SIRIS by scanning
the barcodes on the implant tags, which also is
the recommended procedure, being most reliable.
Manual data entry of implants is also possible
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with multiple-choice drop-down menus containing
known implants. New implants first need to be reg-
istered by SwissRDL at the request of SIRIS users
or upon notification by a producer.

The data of the SIRIS registry are stored on ded-
icated and protected servers at the University of
Bern. Patient identification data (e.g. medical re-
cord number, name, and date of birth) are stored
on a specific, physically separate, module server,
for reasons of data protection and anonymization.
The patient’s identification information is encrypt-
edinto asalted hash code to facilitate the linking of
revisions performed at different healthcare facili-
ties. This is needed to ensure continuity of implant
follow-up and to calculate revision rates. Data pro-
tection complies with current standards and the
methodology of separating the clinical data from
the patient-identifying information was reviewed
and approved by data protection delegates from
the Swiss federal authority. Patients must provide
written informed consent for data registration into
SIRIS, which is ensured by participating surgeons
and hospitals. Furthermore, patients have the
right at any time to withdraw participation, check
their data, or have their data deleted. Surgeons
and hospitals may also use their specific SIRIS
data, with certain restrictions applied, for internal
quality assessment. The SIRIS Foundation, as the
holder of the entire dataset, makes selected parts
available in anonymised form upon request for in-
dependent academic research.

It is essential that only patients confirmed alive
and residing in Switzerland are considered at risk
forthe analysis of revision rates. Patients who have
died or left the country during the observation pe-
riod are accounted for until death or until leaving
Switzerland. For this purpose, patient data from
SIRIS were cross-checked with both the database
of the Swiss Central Compensation Office (ZAS
Geneva) and the Federal Statistical Office (FSO
Neuchatel). Until 2023, SIRIS could verify annual-
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ly whether a patient had died or left Switzerland.
Fewer than 5% of patients had an unknown sta-
tus or were foreigners operated on in Switzerland
without being registered residents. These patients
were considered lost to follow-up, unless later re-
vised again in Switzerland, and were subsequently
excluded from the analysis of (long-term) revision
rates. However, the agreement with the Federal
Statistical Office regarding data exchange ended
in 2024 and the last update of mortality and mi-
gration data was received in April 2023. Patients
registered after April 2023 were deemed alive and
at risk for the remainder of 2023. Work is ongoing
regarding a new procedure for linking again these
crucial data to SIRIS.

2.2 Data quality and completeness

The data for this report were exported from the
database in June 2024. The consistency and
completeness of SIRIS data are checked in part
through systematic software-generated validation
tests, and additionally, quarterly by the registry’s
statistician/methodologist, running automated
analysis scripts for identification of likely data
errors. These are then fed back to the data mon-
itoring team, which analyses root causes of con-
firmed problems and provides feedback to affect-
ed hospitals. The latter procedure, established in
its current form in 2019, has already shown great
potential for improving data quality.

In addition to the ongoing data quality checking
routines, several specific methodological deci-
sions have been made to increase accuracy of
reporting. For example, when the information
provided on a form and the registered implants
contradict each other (e.g. hemiarthroplasty is
selected on the form, while THA components were
registered), and it has not yet been possible to
verify the case, then the implant registration in-
formation is given priority (in this example, the
case is provisionally accounted for as a THA). This
information is indicated in the relevant tables or
figures if such decisions are likely to impact the
overall results.

Two updates of the CRF have been implemented
since the launch of SIRIS. The first version was
used from 2012 to 2014, and an updated version
was in use between 2015 and 2020. Some chang-
es to the definition of existing variables (particu-
larly for the type of arthroplasty of the knee) were
introduced with this update, as well as some new
variables, notably the body mass index (BMI) and
the morbidity state according to the ASA classifi-
cation. Inconsistent use among providers of the
answer option “unknown” (one institution even

reporting unknown ASA status in almost all cases)
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indicates issues with data collection. Other com-
mon problems included impossible orinconsistent
responses, which are more frequently observed
in some sections of the forms than in others, like
revisions relating to acetabular components in
hemiarthroplasties. This could be due to a system-
atic misunderstanding of the meaning of certain
response categories (i.e. confusion between revi-
sion of the acetabular component and conversion
to THA after hemiarthroplasty) or because of ran-
dom data entry errors likely aggravated by design
issues such as long drop-down lists. The latest CRF
version 2021 has successfully addressed some of
these problems and has led to clear improvements
in data quality.

SIRIS conducted its first organisational survey in
2023. Hospitals were surveyed on several issues
including data entry mode, local responsibilities,
coverage and availability of PROMs. In the fu-
ture, this survey will be conducted annually and
contents will be rotated as needed. A noteworthy
finding of the first survey was that paper forms still
play a major role in data collection. Two thirds of
hospitals use them, typically to collect registry
data on paper first before registration in the online
system. Only a minority of hospitals register cases
directly from the operation theatre or shortly after
the operation. This is reflected in the relatively
long delay in collection of SIRIS data. Only 26% of
procedures were registered and completed within
24 hours and 65% within four weeks of operation.
Nine percent of cases were registered with a delay

of six months or longer.
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2.3 Coverage

Reliable reference data from other sources are
needed to estimate the coverage of SIRIS. Never-
theless, any benchmarking system has its specific
weaknesses and disadvantages, resulting in a cer-
tain degree of incompleteness.

One option is to compare the annual number of
cases reported in the registry with the numbers
from quality indicators for Swiss acute care hos-
pitals as published by the Federal Office of Pub-
lic Health (FOPH/BAG). This encompasses a com-
plete annual survey of all hospital discharges in
Switzerland, whereby each entry represents the
hospital discharge of a person residing in Switzer-
land and includes information about the patient’s
socio-demographic characteristics, diagnosis,and
treatment. Codes I.1.8.F, 1.1.9.F, and 1.1.10.F can
be used to identify primary hip prostheses of any
kind and for any diagnosis, while codes 1.1.15.F
and 1.1.16.F are used for total and partial knee
prostheses. At the time of writing the 2024 an-
nual report, only figures up to 31.12.2022 were
available. These figures are published online, but
only with a considerable time lag (detailed infor-
mation provided at www.bag.admin.ch). Figures
from 2017 to 2022 were therefore re-estimated.
As shown in Table 2.1, primary coverage peaked
at 98.5% in 2022, which includes the best value
ever for hip arthroplasties and the second best for
knee arthroplasties. Having to rely on figures pub-
licly available with a considerable time lag is sub-
optimal for a registry, but efforts to secure timelier
access to the actual raw figures reported by indi-
vidual hospitals to FOPH/BAG have been rejected
on legal grounds.

SIRIS also accesses annual implant sales figures
from the participating industry partners in Swit-
zerland, specifically the number of femoral stems
(indicator for hip arthroplasties) and tibia plateaus
(indicator for knee arthroplasties) sold peryear. In
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Table 2.1

previous years, the two different ways of calcu-
lating coverage rates were mostly in agreement.
However, starting in 2021 and observed increas-
ingly in 2022/2023, we find that these figures are
no longer in agreement with registry data or other
sources, at least not on a calendar year basis and
for specific hospitals. Analysis strongly suggests
that yearly sales and implant use figures in hospi-
tals do not always agree. In other words, hospitals
can report more procedures per year than implant
sales in Switzerland suggest, resulting in a cov-
erage rates above 100%. We also became aware
of the possibility that implants may be imported
directly from foreign suppliers and are therefore
not counted among official sales in Switzerland.
However, it is reasonable to assume that such dis-
crepancies tend to even out over time and across
hospitals, or appear to be relatively small. For this
type of analysis, we thus consider coverage rates
between 90% and 110% as the target zone. Feed-

back from individual manufacturers to implant re-

Retrospective coverage analysis 2017-2022 based on National

Office of Public Health figures (BAG)
AlLSIRIS figures excluding Liechtenstein

2017 2018 2019 2020 2021 2022
Primary hip prostheses
BAG 22,970 23,160 23,619 23,310 24,834 26’435
SIRIS* 20,992 21,739 22,462 22,747 24,344 26066
Primary coverage (%) 91.4 93.9 95.1 97.6 98.0 98.6
Primary knee prostheses
BAG 18,558 18,325 19,181 18,837 20,280 23’070
SIRIS** 17,108 17,440 18,546 18,588 19850 22’686
Primary coverage (%) 92.2 95.2 96.7 98.7 98.0 98.3
All primary hip and knee prostheses
BAG 41,528 41,485 42,800 42,147 45,114 49’505
SIRIS 38,100 39,179 41,008 41,335 44,194 48’752

Primary coverage (%) 91.7 94.4

95.8 98.1 98.0 98.5

*1.1.8.F/1.1.9.F/1.1.10.F (allfirst hip prostheses, all diagnoses)
**[,1.15.F/1.1.16.F (all first knee prostheses, all diagnoses)

2. Methods

ports provided by SIRIS indicates that these high
coverage rates are realistic. Forinstance, in specif-
ic implant reports, coverage rates tended to be as
high as 100% for typical standard implants such
as primary hip stems and as low as 80% for less
common implants such as acetabular reinforce-
ment cages.

Nevertheless, feedback on implant figures con-
firms the observed general upward trend in cov-
erage. We also observed a clear progression of
coverage at the hospital level since 2017, as all eli-
gible units are currently submitting cases to SIRIS.
In previous years, we had reasons to believe that
the registry already had a higher, albeit not offi-
cially recognised, coverage rate, as cases created
in the online registration system need to be com-
pleted before they can be included in the analysis.
For most procedures, at least one implant must
be registered before a case may be recognised
as completed by the system. A certain number of
incomplete and unsubmitted cases are left in the
system every year, mostly caused by missing im-
plant entries. The improvements in coverage since
2017 are, to a certain extent, due to monitoring of
and support to hospitals by SIRIS to solve submis-
sion problems. As a direct result of these efforts,
the number of registered cases keeps increasing
even after closure of each reporting period.

In recent years, however, at least part of the gap
in data entries could be explained by increasing
difficulties in obtaining informed consent from
patients. This is a topic to observe in the future,
as participation refusal poses a direct threat to
the quality of any implant registry, as very high
— ideally complete — coverage of all primary and
revision procedures is needed for reliable analy-
sis. The very principles of consent-based partici-
pation and general data protection rules denying
the registry access to certain data without explicit
consent are in conflict with the registry’s mission

of nationwide quality control.
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2.4 Statistical precision, evaluation and
outlier detection

The figures in this report are, whenever appropri-
ate, accompanied by 95% confidence intervals. A
confidence interval indicates the plausible range
within which the true value should lie with the in-
dicated probability, considering random variation
of samples of limited size. For an implant combi-
nation with large numbers, the confidence interval
is usually narrow and, as numbers get smaller, the
statistical precision decreases, which results in
wider confidence intervals. For practical purposes,
any position within the confidence interval should
be seen as a plausible value and if confidence in-
tervals overlap, they should be regarded as not
statistically different. All confidence intervals are
unadjusted for the various forms of clustering that
may also affect precision, especially when results
depend on small numbers of surgeons, hospitals
or implants. The latter aspect is a particular chal-
lenge for a medical registry in a small yet diverse
country such as Switzerland and must be evaluat-
ed on a case-by-case basis during any outlier de-
tection.

In 2022, we started reporting a simple metric that
we called the “case concentration score” (CCS) to
address this issue. The CCS represents the share
of a particular implant combination or system ac-
counted for by the hospital using it most often. We
provide this information in the interest of trans-
parency as the performance of implants used in
few places may not be an unbiased estimate of
their true performance. Since the diversity of knee
systems has also been increased to include more
complicated designs, we also provide mean age
figures for each system, as long as these designs
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were used for primary osteoarthritis. This is done
in the interest of transparency, as knee systems
used in younger patients tend to have higher revi-
sion risks not necessarily related to implant qual-
ity.

Several means are used for detection of outliers.
For clinics and individual surgeons (the latter not
being part of the scope of this report), we rely on
risk-adjusted funnel plots and use the 99.8% limit
as the relevant threshold. In other words, a clinic
is deemed an outlier if the 2-year revision rate is
higher than the range of plausible observations
in which 99.8% of observations would fall in case
of random variation. The likelihood to observe a
value outside of this range (above or below the
limits) just due to chance would be 1 in 500. In-
deed, the specific likelihood of exceeding such an
upper boundary solely by chance would be only 1
in 1,000.

For implants, we use a much simpler method but
report the results with several caveats and addi-
tional context. In this report, we continue with a
distinction between the 2-year revision rate and
the midterm evaluation, whereby the latter starts
at 5 years follow-up and currently ends at 11 years
follow-up. All implant combinations or systems
with at least 500 cases initially are evaluated.

In the short-term (2-year) evaluation, we rate an
implant as potential outlier if the observed 2-year
revision rate is more than twice as high as for
the average of the reference group (“outlier alert
boundary”). The threshold for inclusion in this
analysis was at least 50 cases reported in the
current evaluation time frame (i.e. all primary op-
erations between 1.1.2018 and 31.12.2021). We
benchmark implants within a moving time window
of 4 years to ensure that results represent current
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performance, not being affected by previous peri-
od effects. In this report, we refrained from rank-
ing the implants by their 2-year revision rates and
we excluded any potential outliers with confidence
intervals overlapping with the 95% confidence
interval of the reference group average. In other
words: the outlier status comes with varying de-
grees of statistical probability and is considered
highly likely when both the estimated revision rate
and the complete confidence interval exceed the
outlier alert boundary. For this reason, an implant
whose revision rate exceeds double the mean re-
vision rate, while the confidence interval overlaps
with the outlier boundary, is defined as a poten-
tial outlier. If the lower bound of the confidence
interval exceeds twice the mean revision rate, it
is considered a definitive outlier. Furthermore,
we identify three possible deviations from normal
mid-term performance:

1. Implants with elevated revision risk, i.e. those
whose revision rate is increased by a factor rang-
ing from 1.5 to 1.99 relative to the group average
at any time point of at least 5 years follow-up;

2. Implants with long-term outlier status, i.e. those
with a revision rate that is increased by at least a
factor 2 relative to the group average at any time
point of at least 5 years follow-up; and

3. Implants with below average revision risk, i.e.
those with a revision rate that is decreased by a
factor of at least 0.66 relative to the group average
at longest available follow-up. In other words, the
revision rate of the implant cannot be more than
66% of the relevant group average to be rated as
having revision risk below average.

All these analyses are subject to further limita-
tions linked to remaining numbers at risk over time
and consecutive spread of confidence intervals as

specified in the relevant chapters.

We thus benchmark implants directly against the
relatively narrow field of comparable products in
theirnormal variety of uses. There is no furtherrisk
adjustment, as similar products are already meant
to be used for a particular range of comparable pa-
tients and diagnoses. However, detailed outlier re-
ports are produced for manufacturers and affected
hospitals, and we also provide additional analyti-
calinformation such as risk-adjusted hazard ratios
in this context. As implant group sizes vary mark-
edly, readers must pay attention to the reported
confidence intervals and any other contextual in-
formation — especially relating to small numbers
of clinics involved — indicated on the outlier watch
board in this report.

To help readers understand the grouping decisions
of implant combinations or systems, an addition-
al online appendix to this report is provided. The
appendix lists allimplants and provides additional
information on the group composition (e.g. includ-
ed stem or cup variants), and whether or not there
is a likelihood of so-called camouflage effects,
where unreported subgroups may influence the
overall result.
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2.5 Patient-reported outcome measures
(PROMSs)

SIRIS benefitted from two local PROMs initiatives
that were conducted using the registry’s platform.
National evaluation of PROMs, with the SO-MDS at
its core, are planned for 2025 on a voluntary basis.
Between 2017 and 2020, nine hospitals in the
Cantons of Basel Stadt, Basel Landschaft, and So-
lothurn collected PROMs for elective THA and TKA
using the Core Outcome Measures Index (COMI).
Patients were followed up after 6 months and 2
years postoperatively.

Another PROMs project in collaboration with SIRIS
was initiated in 2019 by the Cantonal Health Au-
thority of Zurich in conjunction with Swiss Ortho-
paedics. All hospitals receiving public funding
for elective hip and knee arthroplasties in the
Canton of Zurich had to collect the Swiss Ortho-
paedics minimal dataset (SO-MDS), consisting
of the 5-item version of the EQ-5D quality of life
guestionnaire and a small selection of additional
questions on joint-specific pain and satisfaction.
Patients were followed up one year postoperative-
ly. Several other hospitals in other cantons also
provided the same data.

Inthe previous year, we reported both PROMs pilot
studies for hip and knee results separately. In this
report, we report only on the SO-MDS results from
all available hospitals and contrast hip and knee
results.

The primary patient inclusion rate of all participat-
ing hospitals from the Canton of Zurich reached
73% in 2023 and the 1-year follow-up rate for pri-
mary cases from 2022 with valid SO-MDS was 79%
for hip prostheses and 73% for knee prostheses.

The SO-MDS forms, limited for the present anal-
ysis to primary osteoarthritis, currently provide
data with follow-up at 1 year from 6,528 THA and
4,967 TKA. They also provide data with complete
1-year follow-up for 918 PKA.

The analysis focused on the so-called treatment
effect (TE). This was expressed on one hand as
pain reduction and on the other hand as general
quality of life improvement. The calculations are
performed on converted scales, with 0 defined
as no symptoms and positive values designating
levels of symptoms. TE is based on the following
formula:

preoperative score - postoperative score

preoperative score

In other words, this metric is the relative symp-
tom reduction expressed on a numerical scale,
whereby 1 equals complete symptom regression,
0 representing the complete absence of effect (e.g.
same pain reported as before treatment), and a
negative value represents an outcome worse than
the pre-operative state (e.g. more pain than before
treatment). The analysis excludes patients who
did not report pre-operative symptoms (= 0). The
scale can be presented as approximate percent-
age categories for comparison between settings or
types of procedures. However, readers are advised
that this purely numerical analysis may differ from
other clinical evaluations of treatment success.
We used TE for both the pain score and the EQ-5D

summary scores.

Huber), Irlenbusch U, Kddb M|, Reuther F, Kohut G, Judge A. Treatment effects of reverse total shoulder arthroplasty — a simple method to
measure outcomes at 6, 12, 24 and 60 months for each patient. BMC Musculoskelet Disord. 2020 Jun 22;21(1):397. doi: 10.1186/s12891-020-
03427-7.PMID: 32571282; PMCID: PMC7310507.

2Huber), Dieppe P, Dreinhoefer K, Giinther KP, Judge A. The Influence of Arthritis in Other Major Joints and the Spine on the One-Year Outcome
of Total Hip Replacement: A Pro-spective, Multicenter Cohort Study (EUROHIP) Measuring the Influence of Musculoskeletal Morbidity.
JBoneJoint Surg Am. 2017 Sep 6;99(17):1428-1437. doi: 10.2106/)BJS.16.01040. PMID: 28872524; PMCID: PMC5685421.
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3. Demography

3.1 Total hip arthroplasty

Since the introduction of SIRIS in 2012, a total of
226,042 primary THA were performed. Between
2018 and 2023 129,981 primary THA were im-
planted and build the base of the current report
(Table 3.1). The registry discriminates between
operations performed for primary OA (82.0%), the

largest group, for secondary OA (9.1%), which in-
cludes post-traumatic hip joint degeneration, OA
due to inflammatory diseases, avascular necrosis,
and sequels of childhood diseases such as dyspla-
sia of the hip or Perthes’ disease, and for fractures
of the hip (8.9%). The proportion of primary OA
declined between 2018 and 2023 from 84.4% to
80.9%, while the proportions of secondary OA and

fractures increased.

Table 3.1
N 19,516 20,173 20,329 21,982 23,465 24,516
Diagnosis [%]* Primary OA 84.4 83.6 82.1 81.0 80.7 80.9
Secondary OA 8.5 8.5 9.1 9.4 9.6 9.4
Fracture 7.1 7.9 8.8 9.6 9.7 9.6
Women [%)] 53.5 53.1 52.3 53.8 53.3 53.6
Mean age (SD) All 68.9 (11.5) 69.1 (11.5) 69.0 (11.6) 69.2 (11.7) 69.4 (11.5) 69.4 (11.4)
Women 70.6 (11.2) 70.8(11.2) 70.6(11.4) 70.8 (11.5) 71.0 (11.2) 70.8 (11.0)
Men 66.9 (11.5) 67.1 (11.6) 67.1 (11.6) 67.4(11.7) 67.7 (11.6) 67.6 (11.5)
Age group [%] <45 2.3 2.5 2.5 2.7 2.4 2.4
45-54 9.3 8.6 8.9 8.6 7.9 7.4
55—64 21.6 21.6 21.9 21.3 22.0 22.2
65-74 32.8 32.3 31.6 30.9 30.6 31.4
75-84 27.1 27.8 27.8 28.7 29.5 29.0
85+ 7.0 7.3 7.3 7.8 7.7 7.5
N unknown BMI (%) 3,047 (16) 2,924 (14) 2,510(12) 1,960(9) 1,329(6) 1,251 (5)
N known BMI 16,469 17,249 17,819 20,022 22,136 23,265
Mean BMI (SD) 27.2(5.2) 27.0(5.00 26.9(5.1) 26.9(5.2) 26.9(5.2) 26.9(5.2
BMI [%] <18.5 2.1 2.1 2.3 2.2 2.2 2.2
18.5-24.9 35.0 35.5 36.5 36.2 36.5 36.5
25-29.9 38.1 39.1 38.1 37.5 36.8 37.4
30-34.9 17.5 16.6 16.6 17.3 17.6 16.9
35-39.9 5.4 5.2 4.8 5.0 5.2 5.2
40+ 2.0 1.5 1.7 1.8 1.7 1.8
N unknown ASA (%) 1,704 (9) 1,496 (7) 1,237 (6) 735 (3) 382 (2) 372 (2)
N known ASA 17,812 18,677 19,092 21,247 23,083 24,144
Morbidity ASA 1 12.0 121 11.7 11.2 9.9 9.6
state [%] ASA 2 59.5 59.1 59.0 57.9 58.9 59.3
ASA 3 27.6 27.9 28.3 29.7 29.9 30.0
ASA 4/5 0.9 0.8 1.0 1.2 1.3 1.1

129,981
82.0

9.1

8.9

53.3

69.2 (11.5)
70.8 (11.2)
67.3 (11.6)
2.5

8.4

21.8

31.6

28.4

7.4

13,021 (10)
116,960
27.0 (5.1)
2.2

36.1
37.8
171
5.1
1.8

5,926 (5)
124,055

11.0
59.0
29.0

11

*A diagnostic category could not be determined in 240 cases (0.18%). Percentages shown are of N=129,741 THAs with valid diagnostic group.
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Gender and age

The male/female ratio remainded remained stable
since 2018 for primary THA, whereby there was a
slight increase in age at implantation of approxi-
mately half an year. Women represented 53.3%
of the THA registered, and their mean age of 70.8
years was higher than for men (67.3 years).
Overall, 67.1% of THAs were performed in patients
older than 65 years of age. Patients aged over 85
years represented 7.2% while patients aged <55
years constituted 11.2% of the recipients. The dis-
tribution among the age groups showed minimal
changes in the last 6 years. The implantations in
patients <45 years of age remained constant at

about 2.5%, representing 3,224 patients. In con-

Figure 3.1
Age distribution at surgery of primary total hip
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Figure 3.2

trast, the largest group were patients between
65 and 74 years of age, which covered 31.6% or
41,010 patients (Table 3.1, Figure 3.1).

BMI and ASA score

BMI and ASA scores are recorded since 2015. Data
collection is still improving. Pleasingly, the share
of unknown BMI did decrease continuously from
16% in 2018 to 5% in 2023.

The mean BMI was 27.0 kg/m?2 for all THA, where-
by 37.8% were performed in overweight patients
(BMI 25-29.9 kg/m?) and 24.0% in obese patients
(BMI>30 kg/m?) (Table 3.1). Younger patients were
observed to have higher BMI, and this observation
could be made in both male and female patients

Age distribution at surgery of revision/reoperation

of total hip arthroplasty and hemiarthroplasty
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Primary total hip arthroplasty: Mean age at primary arthroplasty depending on BMI class
Primary and secondary osteoarthritis patients only. Please note that group sizes vary considerably.
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(Figure 3.2). Moreover, the distribution of BMI re- Table 3.2
mained constant during the observation period

between 01.01.2018 and 31.12.2021 with two

years follow-up until 31.12.2023.

Most procedures were performed on healthy indi-

- b 11, 11,51
viduals (ASA class 1 and 2), but 30.1% of the THA N@2018 02023) e —— S
W Yo 51.7 57.4 63.4
were implanted on ASA class = 3 patients. The ten- omen [%}
. . . Mean age All 69.1 (10.8) 63.9 (15.3) 74.9(10.9)
dency of decreasing proportions of ASA 1 classi-
. . . (SD) Women 70.7 10.4) 65.6(15.2) 75.9 (10.4)
fied patients continued. Concurrently, the number
. . . Men 67.4(10.9) 61.6(15.2 73.1(11.5)
of patients with ASA = 3 increased.
Age group <45 1.8 10.8 0.7
. . . [%] 45-54 8.0 16.6 3.6
Unc?erlymg diagnosis 55—64 22.6 21.9 13.5
Patients treated for secondary OA were on av?rage 65—74 33.2 22.2 26.1
5.2 years younger than those treated for primary 25_84, 78.3 20.9 36.7
OA. The proportion of developmental dysplasia of 85+ 6.1 76 19.5
the hip among all THA performed for secondary OA Diagnosis  Osteoarthritis 100.0 0.0 0.0
increased from 20.5% in 2015 to 26.2% in 2023, (%] Inflammatory arthritis 0.0 43 0.0
while 56.2% were treated for avascular necrosis. Developmental dysplasia 0.0 26.2 0.0
Compared to the other main diagnostic groups, Osteonecrosis 0.0 56.5 0.0
there were more young patients treated for sec- Miscellaneous** 0.0 13.0 2.3
ondary OA (10.8% were younger than 45 years of Fracture 0.0 0.0 97.7
age) (Table 3.2). N unknown BMI (%) 10,285 (10) 933( 1,777 (15
Among the patients treated for fractures, there N known BMI 96,105 10,901 9,740
were considerably more women than men, repre-  Mean BMI (SD) 27.3(.1) 26.7 (5.4) 24.2 (4.6)
senting close to two-thirds (63.9%). The average  BMI [%)] <18.5 1.6 2.8 7.5
age of these women was 75.9 years compared to 18.5-24.9 33.8 39 55.1
73.1years for men. More than 80% of fractures oc- 25-29.9 39.0 35.0 28.2
curred in patients over 65 years of age, and more 30-34.9 18.2 15.9 7.1
than 55% in patients over 75 years. There was also 35-39.9 5.5 4.9 1.5
a much higher proportion of patients in the frac- 40+ 1.8 2.2 0.6
ture group belonging to ASA class = 3. N unknown ASA 4,953 (5) 422 (4) 53609
N known ASA 101,437 11,412 10,981
Morbidity ASA1 11.3 12.6 6.2
state [%] ASA 2 61.5 52.8 41.9
ASA 3 26.6 33.0 47.3
ASA 4/5 0.6 1.6 4.6

* Number of cases with clear diagnostic information (in 0.18% of cases we
cannot determine the diagnosis)

** Miscellaneous diagnoses are free text entries that typically describe more
complex situations. Most of those must be classified as secondary arthroses,
butthere are also entries that describe fractures or directly fracture-related
conditions such as pathological fractures or complications after
osteosynthesis.
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3.2 Hip fractures (THA and HA)

Fractures of the hip may be treated by internal
fixation, hemiarthroplasty (HA) or THA. The treat-
ment choice depends on the pathology, functional
requirements, the feasibility, as well as the expe-
rience of the treating surgeon. Additionally, pa-
tients’ age, activity level and comorbidities also
influence the choice of treatment. Only arthroplas-
ties are recorded in SIRIS. While HA treatment is

the preferred option in fragile, low-demand pa-
tients, THA is more commonly performed in health-

ier and more active patients.

Gender and age

Women represented the majority of the patients
treated for fractures, comprising 67.3% of the cas-
es. The vast majority of patients was aged 65 years
and older (91.2%), while the age group above 85
accounted for 43.3% of the hip arthroplasties

Table 3.3
Fracture of the hip: Baseline patient characteristics by year

2018 2019 2020 2021 2022 2023 2018-2023

N 3,554 3,867 4,136 4,469 4,849 4,867 25,742
Treatment with THA* [%] 39.0 41.1 43.1 47.4 47.0 48.4 44.7
Treatment with HA** [%] 61.0 58.9 56.9 52.6 53.0 51.6 55.3
Women [%)] 68.2 69.1 67.1 67.0 66.9 65.9 67.3
Mean age (SD) All 81.1(10.5) 81.0(10.7) 81.1(10.7) 80.9 (10.7) 80.8(10.7) 80.6(10.7) 80.9 (10.7)
Women 82.1(10.0) 81.7 (10.1) 82.3(10.0) 81.8(10.3) 81.9(10.0) 81.6(10.1) 81.9(10.1)

Men 78.8 (11.2) 79.4(11.7) 78.8(11.6) 79.2(11.4) 78.6(11.7) 78.7(11.5) 78.9(11.5)

Age group [%] <45 0.3 0.4 0.2 0.3 0.3 0.3 0.3
45-54 1.7 1.8 1.9 1.6 1.8 1.9 1.8

55-64 6.2 6.1 6.9 6.8 7.0 6.7 6.7

65-74 14.4 15.3 14.7 14.7 13.9 15.0 14.7

75-84 33.4 32.2 32.1 32.8 34.2 34.5 33.3

85+ 44.0 441 44.2 43.7 42.7 41.5 43.3

N unknown BMI (%) 930 (26) 893 (23) 779 (19) 716 (16) 608 (13) 534 (11) 4,460 (17)
N known BMI 2,624 2,974 3,357 3,753 4,241 4,333 21,282
Mean BMI (SD) 23.8(4.4) 23.7(4.3) 23.6(4.4) 23.8(4.3) 23.6(4.2) 23.8(4.6) 23.7 (4.4)
BMI [%] <18.5 8.9 9.0 10.1 8.7 9.5 9.1 9.2
18.5-24.9 57.8 57.3 56.8 56.7 56.5 57.2 57.0

25-29.9 25.5 26.4 25.9 26.7 26.8 25.7 26.2

30-34.9 6.5 5.5 5.6 6.4 6.2 5.9 6.0

35-39.9 0.8 1.4 1.3 1.2 0.9 1.4 1.2

40+ 0.5 0.3 0.3 0.3 0.2 0.7 0.4

N unknown ASA (%) 220 (6) 277 (7) 247 (6) 202 (5) 135 (3) 131 (3) 1,212 (5)
N known ASA 3,334 3,590 3,889 4,267 4,714 4,736 24,530
Morbidity state ASA 1 3.1 3.3 3.8 3.1 3.4 2.6 3.2
[%] ASA 2 31.6 30.7 28.9 28.1 27.5 28.6 29.1
ASA 3 58.7 58.4 60.0 60.2 60.4 60.3 59.8

ASA 4/5 6.6 7.6 7.4 8.6 8.8 8.6 8.0

*THA=Total Hip Arthroplasty. **HA=Hemiarthroplasty
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(Table 3.3). On the other hand, only 2.1% of the pa-
tients were youngerthan 55 years, 6.7% were aged
between 55 and 64 years.

Patients treated with HA were on average 11 years
older than those treated with THA (Table 3.4), and
as discussed above, younger patients were more
likely to receive THA. Overall, there were more HA
than THA. A total of 459 patients younger than 55
years of age were treated for hip fractures and,
90% of these (n = 415) were treated with THA. In-
terestingly, 44 patients younger than 55 received

Table 3.4

Fracture of the hip: Baseline patient characteristics by type of treatment

N (2018-2023)
Women [%]
Mean age (SD)

Age group [%]

N unknown BMI (%)

N known BMI
Mean BMI (SD)
BMI [%]

N unknown ASA

N known ASA

Morbidity state [%]

3.2 Demography - Hip fractures (THA and HA)

HA, while 62.5% of HA were performed in patients
aged 85 years and older. However, 20% of the pa-
tients over 85 years of age received THA, the other
80% being treated with HA (Table 3.4).

BMI and ASA score

Most patients had a normal BMI, between 18.5
and 25 kg/mz2. This was the case for 83% for both
THA and HA. THA patients were slightly more often
obese (9.2% versus 6.2%), whereas more HA pa-
tients had a BMI<18.5 kg/m2, reflecting more prev-
alent malnutrition in this group (Table 3.4).

THA HA

11,517 14,225

63.4 70.4

All 74.9 (10.9) 85.8 (7.5)
Women 75.9 (10.4) 86.3(7.2)
Men 73.1 (11.5) 84.7 (8.1)
<45 0.7 0.0
45-54 3.6 0.3
55-64 13.5 1.2
65-74 26.1 5.4
75-84 36.7 30.5
85+ 19.5 62.5
1,777 (15) 2,683 (19)

9,740 11,542

24.2 (4.6) 23.3 (4.2)

<18.5 7.5 10.7
18.5-24.9 55.1 59
25-29.9 28.2 24.5
30-34.9 7.1 5.0
35-39.9 1.5 0.9
40+ 0.6 0.2
536 (5) 676 (5)

10,981 13,549

ASA 1 6.2 0.7
ASA 2 41.9 18.6
ASA 3 47.3 69.9
ASA 4/5 4.6 10.7
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3.3 Total knee arthroplasty

In 2023, the total number of primary TKA registered
in SIRIS reached 175,003 cases. Between 2018
and 2023 102,136 pimary TKA were performed

Gender and age

The share of women (59.4%) and the mean age of
the patients (69.7 years) remained constant be-
tween 2018 and 2023. The proportion of younger
patients (0.5% younger than 45 years of age and
5.6% aged 45-54 years) and of patients older than
85 years (4.6%) did not change significantly in re-
cent years (Table 3.5 and Figure 3.3). On average,
women were older than men when TKA was per-
formed (Figure 3.5).

Figure 3.3

Age distribution at surgery of primary total and
partial knee arthroplasty

Alldocumented operations

%
40

30
20

10

<45 45-54 55-64 65-74 75-84
Total knee arthroplasty (TKA)
Partial knee arthroplasty (PKA)

85+ Age
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BMI and ASA score

The share of unknown BMI constantly decreased
from 15% in 2018 to 6% in 2023. It seems that al-
most all participating institutions have realised
the importance of BMI for risk adjustments, as
missing values may lead to overestimation of revi-
sion rates. These data allow for a risk adjustment
most often favourable to the provider. Between
2018 and 2023, the BMI remained constant at
mean 29.3 kg/m?. The distribution among the BMI
subgroups did not change relevantly over time (Ta-
ble 3.5).

In all BMI subgroups, women were older than men
at primary TKA, although the difference decreased
with age and when the BMI exceeded 30 kg/m?
(Figure 3.5). The difference in younger patients
was mainly due to men’s higher share of post-trau-
matic OA. Younger patients tended to be obese
more frequently. The mean age at surgery was ap-
proximately 70 years for patients with a BMI under
30 kg/m?, whereas patients with a BMI of more
than 40 kg/m? had surgery performed between 5
and 6 years earlier (Figure 3.5). In posttraumatic
(secondary) OA, the mean BMI was significantly

Age distribution at surgery of revision/reoperation
of total and partial knee arthroplasty
Alldocumented operations

%
40

30
20

10

<45 45-54 55-64 65-74 75-84 85+
unlinked rev./reop. of TKA and PKA

linked rev./reop. of TKA linked rev./reop. of PKA

Age
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Table 3.5
Primary total knee arthroplasty: Baseline patient characteristics by year

2018 2019 2020 2021 2022 2023 2018-2023

N 14,717 15,528 15,439 16,683 19,274 20,495 102,136
Diagnosis [%] Primary OA* 89.3 88.9 88.6 87.0 86.9 87.2 87.9
Secondary OA 10.7 111 11.4 13.0 13.1 12.8 121

Inflammatory origin 0.9 0.9 0.9 1.0 1.0 1.0 1.0

Fracture 2.1 2.2 2.2 2.4 2.3 2.3 2.3

Lesion of ligament 4.8 5.2 5.7 5.9 5.9 5.6 5.5

Infection 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Osteonecrosis 1.7 1.5 1.4 1.9 1.9 1.8 1.7

Other** 1.3 1.4 1.2 1.7 1.8 1.8 1.6

Women [%] 60.5 59.7 58.4 59.9 59.1 58.7 59.4
Mean age (SD) All 69.4 (9.7) 69.8 (9.5) 69.5(9.4) 69.6(9.5) 69.8 (9.5) 69.9 (9.4) 69.7 (9.5)
Women 69.9 (9.7) 70.5(9.6) 70.1(9.6) 70.1(9.6) 70.4(9.6) 70.3(9.4) 70.2 (9.6)

Men 68.6 (9.6) 68.9 (9.3) 68.8(9.2) 68.8(9.3) 69.0(9.2) 69.4(9.2) 68.9 (9.3)

Age group [%] <45 0.5 0.4 0.5 0.5 0.5 0.5 0.5
45-54 6.3 6.0 5.7 5.7 5.4 4.7 5.6

55-64 24.3 23.0 24.6 24.6 24.5 24.6 24.3

6574 36.3 36.2 36.0 35.4 35.3 35.3 35.7

75-84 27.8 29.3 28.9 29.5 29.8 30.6 29.4

85+ 4.8 5.1 4.2 4.4 4.6 4.3 4.6

N unknown BMI (%) 2,261 (15) 2,290 (15) 1,923 (12) 1,523(9) 1,332(7) 1,136 (6) 10,465 (10)
N known BMI 12,456 13,238 13,516 15,160 17,942 19,359 91,671
Mean BMI (SD) 29.5 (5.5) 29.5(5.6) 29.2(5.5) 29.2(5.6) 29.2(5.5) 29.2 (5.6) 29.3 (5.6)
BMI [%] <18.5 0.5 0.6 0.6 0.6 0.5 0.5 0.5
18.5-24.9 20.6 20.8 22.2 22.0 22.3 22.1 21.8

25-29.9 38.5 38.8 38.1 38.0 37.8 38.2 38.2

30-34.9 25.4 24.9 24.6 24.8 24.8 24.6 24.8

35-39.9 10.6 10.2 10.1 9.9 10.5 10.4 10.3

40+ 4.5 4.8 4.3 4.6 4.2 4.3 4.4

N unknown ASA (%) 1,187 (8) 1,160 (7) 1,016 (7) 574 (3) 441 (2) 420 (2) 4,798 (5)
N known ASA 13,530 14,368 14,423 16,109 18,833 20,075 97,338
Morbidity state ASA 1 8.2 8.1 7.9 6.9 6.9 6.3 7.3
[%] ASA 2 63.1 61.5 62.1 61.9 63.0 63.5 62.6
ASA 3 28.2 29.9 29.6 30.8 29.5 29.8 29.7

ASA 4/5 0.4 0.5 0.4 0.4 0.5 0.4 0.4

* As of SIRIS version 2021, and pending further review, this category includes the newly introduced category ,,secondary arthritis after
meniscus surgery“. This category accounts for more than 6% of current entries, but shows large variability between hospitals.
**Asmall number of newly added cases with ,,secondary OA caused by patellarinstability“ were added to this category.
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Figure 3.5

Primary total knee arthroplasty: Mean age at primary arthroplasty depending on BMI class
Alldiagnoses. Please note that group sizes vary considerably.

Mean age in years

74
79| 73:3
70
68
e=@== \WWomen
"] s —0— Men 64.7
64 64.1
<1é.5 18.5L24.9 25—‘29.9 30—34.9 35—‘39.9 46+ BMI class
(n=642) (n=27,056) (n=48,140) (n=31,006) (n=12,960) (n=5,588)
Table 3.6
Primary total knee arthroplasty: Baseline patient characteristics by main diagnostic group
Based on 102,036 cases with diagnostic information**
Primary OA* Secondary OA
N (2018-2023) 89,677 12,359
Women [%] 61.0 47.7
Mean age (SD) All 70.3 (9.1) 65.2 (10.6)
Women 70.6 (9.3) 66.5 (11.3)
Men 69.9 (8.9) 63.9 (9.8)
Age group [%] <45 0.2 2.1
45-54 4.6 12.9
55-64 22.8 35.0
6574 36.7 28.8
75-84 31.0 18.2
85+ 4.8 2.9
N unknown BMI (%) 9,347 (10) 1,097 (9)
N known BMI 80,330 11,262
Mean BMI (SD) 29.5 (5.6) 28.2 (5.1)
BMI [%] <18.5 0.5 0.8
18.5-24.9 211 27
25-29.9 37.9 40.3
30-34.9 25.1 22.7
35-39.9 10.8 7.0
40+ 4.7 2.5
N unknown ASA (%) 4,353 (5) 435 (4)
N known ASA 85,324 11,924
ASA state [%] ASA1 6.7 11.8
ASA 2 62.6 62.5
ASA 3 30.3 25.2 * Including,arthritis after meniscus surgery*

** Number of cases with clear diagnostic information

ASA 4/5 0.4 0.5 (in 0.1% of cases we cannot determine the diagnosis)

Page 26 SIRIS ReportHip and Knee 2024 3.3 Demography - Total knee arthroplasty



lower overall and in all BMI subgroups (Table 3.6).
As with the BMI, the share of unknown ASA score
decreased continuously from 8% in 2018 to 2%
in 2023. This score is another important factor for
risk adjustments. The distribution of the ASA score

also remained constant over the past 6 years.

Underlying diagnosis

The most frequent indication for TKA was clas-
sified as primary OA, representing 87.9% of the
cases in the period from 2018 to 2023 (Table 3.5),
although additional reasons (such as ligament
lesions or infection) were introduced in 2015 as
possible underlying diagnosis for secondary OA,
and even though the awareness of risk factors for
knee OA has steadily increased in recent decades.
Therefore, there seems to have been an issue of
underreporting the reality. One reason could be
that primary OA is the first item to appear in the
selection menu and the choice of secondary OA
opens another dropdown menu, which both could
prevent users from selecting these items.
Secondary OA had a share of 12.1% between 2018
and 2023, not varying significantly over time. Liga-
ment lesions formed the most frequent subgroup,
followed by sequels to fractures and osteonecro-
sis, representing 5.5%, 2.3% and 1.7% respective-
ly, of all TKA. All other conditions were rare, the
proportion of inflammatory disease as reason for
TKA was 1.0%, while the category “other” repre-
sented 1.6%.

3.3 Demography — Total knee arthroplasty

Patients with secondary OA were significantly
younger (mean age 65.2 years) than those with
primary OA (mean age 70.3 years) when receiving
TKA. In addition, the share of men was higher in
secondary OA with 52.3% than for women (47.7 %)
(Table 3.6). Patients older than 65 years of age
were less frequently classified as secondary OA.
Younger age was the main reason for differences in
revision rates after TKA between primary and sec-
ondary OA (see Chapters 6.3 and 6.4).

Other factors like BMI and ASA classification did
not differ between the two groups. Of note, there
were considerable differences in distribution of
diagnosis in high-volume hospitals (please refer
to chapter 4 Epidemiology for the detailed discus-

sion).
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3.4 Partial knee arthroplasty

Atotal of 32,079 primary PKA were registered since
inception of SIRIS in 2012. The proportion of PKA
was 15.5% over the past 11 years. In 2023, 20,494
TKA and 3,407 PKA were registered, resulting in a

Table 3.7

slightly lower share of PKA of 14.2%. This propor-
tion remained about equal over the past 5 years
and is among the highest in the western world,
although clearly less than in Denmark, where the
share of PKA was 30.6% in 2023. Hospitals with
more than 100 arthroplasties per year performed
87.5% of the PKA between 2018 and 2023 (Table
3.7).

Baseline patient characteristics of primary partial knee arthroplasty by hospital service volume
Calculations of hospital service volume based on primary knee surgeries in each included year (2018-2023).

Hospital service volume* <100
N (2018-2023) 2,561
Women [%] 47.2
Mean age (SD) All 64.2 (10.3)
Women 64.0 (11.1)
Men 64.3 (9.5)
Age group [%] <45 2.1
45-54 15.8
55—-64 34.9
65-74 30.0
75-84 14.6
85+ 2.5
Diagnosis [%] Primary OA 91.3
Secondary OA 8.7
N unknown BMI (%) 426 (17)
N known BMI 2,135
Mean BMI (SD) 28.5 (4.7)
BMI [%] <18.5 0.4
18.5-24.9 22.4
25-29.9 43.7
30-34.9 24.6
35-39.9 7.5
40+ 1.5
N unknown ASA (%) 133 (5)
N known ASA 2,428
ASA state [%] ASA1 16.0
ASA 2 67.3
ASA 3 16.4
ASA 4/5 0.3

100-199 200-299 300+
4,416 4,222 7,737
45.4 47.3 47.7

64.6 (10.1) 65.1 (10.1) 65.0 (10.1)
64.3 (10.6) 64.6 (10.4) 64.9 (10.6)
64.7 (9.6) 65.5 (9.9) 65.1(9.7)
1.9 1.9 1.9

14.4 13.2 13.6

35.5 33.2 34.0

29.7 32.7 31.7

16.5 16.5 16.7

2.0 2.3 2.2

90.7 89.7 89.0

9.3 10.3 11.0

488 (11) 222 (5) 857 (11)
3,928 4,000 6,880
28.8 (5.0) 28.3 (4.9) 28.0 (4.8)
0.3 0.3 0.5

22.7 25.1 27.4

40.6 42.5 41.8

25.6 23.5 22.5

8.4 6.9 6.2

2.4 1.7 1.7

165 (4) 231 (5) 181 (2)
4,251 3,991 7,556
15.2 12.8 14.0

66.0 67.7 66.4

18.7 19.2 19.5

0.2 0.3 0.2

* Note that hospital service volume is defined as the sum of primary procedures peryear
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Table 3.8
Primary partial knee arthroplasty: Baseline patient characteristics by year

2018 2019 2020 2021 2022 2023 2018-2023

N 2,723 3,054 3,142 3,189 3,420 3,408 18,936
Diagnosis [%] Primary OA* 91.1 90.6 91.2 88.9 88.8 89.2 89.9
Secondary OA 8.9 9.4 8.8 11.1 11.2 10.8 10.1

Inflammatory origin 0.1 0.1 0.2 0.3 0.3 0.3 0.2

Fracture 1.0 0.6 0.8 0.8 0.9 0.9 0.8

Lesion of ligament 1.6 2.1 2.1 2.4 2.1 2.0 2.1

Infection 0.0 0.0 0.0 0.0 0.1 0.0 0.0

Osteonecrosis 5.0 5.5 4.5 5.6 5.2 5.2 5.2

Other** 1.5 1.5 1.5 2.2 2.7 2.4 2.0

Women [%] 47.9 48.7 47.8 46.6 45.0 46.4 47.0
Mean age (SD) All 64.8 (10.3) 64.7 (10.3) 64.6 (10.2) 64.5(10.0) 65.1(9.9) 65.0 (10.0) 64.8 (10.1)
Women 64.8 (10.8) 64.6(10.8) 64.3(11.0) 64.3 (10.1) 64.7 (10.4) 64.9(10.6) 64.6 (10.6)

Men 64.8(9.9) 64.8(9.8) 64.9(9.5) 64.7 (10.0) 65.3(9.5) 65.2(9.6) 65.0 (9.7)

Age group [%] <45 2.2 2.1 2.2 1.9 1.5 1.7 1.9
45-54 14.1 14.5 14.2 14.5 13.2 13.5 14.0

55—-64 32.7 34.1 34.2 34.6 35.4 34.6 34.3

65-74 32.1 30.6 31.2 31.7 30.9 31.0 31.2

75-84 16.4 16.4 16.0 15.2 16.8 17.1 16.3

85+ 2.5 2.4 2.2 2.0 2.2 2.2 2.2

N unknown BMI (%) 449 (16) 441 (14) 344 (11) 297 (9) 257 (8) 205 (6) 1,993 (11)
N known BMI 2,274 2,613 2,798 2,892 3,163 3,203 16,943
Mean BMI (SD) 28.3(4.6) 28.4(5.00 28.5(4.9) 28.4(5.00 28.2(4.7) 28.3(4.9 28.3 (4.8)
BMI [%] <18.5 0.5 0.5 0.5 0.3 0.2 0.3 0.4
18.5-24.9 24.1 25.0 24.7 25.7 26.0 24.9 25.1

25-29.9 43.8 41.7 40.9 40.0 42.5 42.7 41.9

30-34.9 24.3 23.0 24.8 23.9 23.1 23.4 23.7

35-39.9 5.7 8.1 7.4 8.0 6.6 6.4 7.0

40+ 1.6 1.8 1.8 1.9 1.5 2.3 1.8

N unknown ASA (%) 175 (6) 165 (5) 150 (5) 58 (2) 81 (2 81 (2) 710 (4)
N known ASA 2,548 2,889 2,92 3,131 3,339 3,327 18,226
Morbidity ASA 1 17.1 16.9 14.5 14.8 12.3 11.0 14.3
state [%] ASA 2 66.1 65.1 68.5 65.9 66.7 67.6 66.7
ASA 3 16.7 17.8 16.7 19.0 20.8 21.1 18.8

ASA 4/5 0.2 0.2 0.2 0.3 0.3 0.2 0.2

* Asof SIRIS version 2021, and pending further review, this category includes the newly introduced category,,secondary arthritis after
meniscus surgery“. This category accounts for more than 6% of current entries, but shows large variability between hospitals.
** Asmall number of newly added cases with ,,secondary OA caused by patellarinstability“ were added to this category.
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Gender and age

Age at surgery was lower for PKA than for TKA,
with the age peak at 55-64 years for the former,
compared to 65-74 years for the latter (Table 3.5
and 3.8). In 15.9% patients were younger than 54
years of age, whereas patients older than 85 years
accounted for 2.2%. Elderly patients are of special
interest as surgical risks can be reduced remark-
ably by PKA compared to TKA. Underlying diagno-
sis, gender, age distribution, BMI or ASA score did
not vary relevantly over the past six years (Table
3.8).

BMI and ASA score

The BMI was not recorded in 11% between 2018
and 2023. The mean BMI was 28.3 kg/m2. The ASA
score was not reported in 4% of the cases regis-
tered between 2018 and 2023. Over the whole pe-
riod, patients with an ASA score of 3 and 4 repre-
sented 20.0%, while it was significantly higher in
TKA with 30.1% (Table 3.5). Recipients of PKA were
not only healthier but also significantly younger
than in TKA cohort (64.8 versus 69.7 years) (Table
3.8).

Page 30 SIRIS Report Hip and Knee 2024

Underlying diagnosis

Between 2018 and 2023, 89.9% of the OA were
classified as primary, the remaining 10.1% being
secondary. In 5.2% of the latter an osteonecro-
sis was registered, in 2.1% a ligament lesion and
2.0% were classified as “other reason”. Frac-
tures were rare (0.8%). In 0.2% only a PKA was
performed when an inflammatory arthritis was

present (Table 3.8).
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4. Epidemiology

4. Epidemiology

Switzerland has a complicated and probably
unique health care system. Beside a national
health service each canton has full responsabili-
ty for its own health service. In fact, the state of
Switzerland acts in a subsidiarity for questions of
nationwide importance as it was the case for in-
stance during the COVID-19 epidemic. But even
university hospitals belong not to the responsibil-
ity of the nationwide Health care system but are
owned by certain cantons. In addition, beside a
public health service ruled by the cantons a strong
part of the market is organised privately. Most of
the private hospitals have though a public man-
date of the cantons and take a share of the public
health service of the cantons.

The insurance system is as complicated as the
organisation of the health service. Till now three
classes of health insurance exist, public, private
and semi-private in between. Each inhabitant
must pay fees for health insurance. In case of a
hospital stay, costs are paid in a small part by the
patient whereas the bigger part is shared between
insurance company and canton, depending on the

insurance model. Only in case of an accident a
Swiss wide insurance system exists which covers
all costs including work incapacity or if necessary,

pension.

Traditionally the French speaking, western part
of Switzerland has close contacts to France as
has Canton Ticino to northern Italy or the Ger-
man speaking part to Germany and Austria. These
contacts and the fact that Switzerland as a small
country traditionally negotiated with the whole
world, created a melting pot of different concepts
and principles in orthopaedic surgery and hip and
knee arthroplasty. This might explain why we can
report about almost any existing arthroplasty
brand and technology existing, although limited in
numbers. In that context it is pure fortune that the
Swiss joint registry is organised nationwide and
holds a participation rate of 98.5% by its compul-
sory contribution.

Because of the above mentioned fragmentation,
the chapter epidemiology will highlight results
nationwide, by canton or region and then by hos-
pitals.
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4.1 Hip arthroplasty of the revisions could be linked to arthroplasties
registered in SIRIS since 2012. The proportion of
4.1.1 Nationwide data, Switzerland and linked revisions increased from 13.1% in 2012
Principality of Liechtenstein to 53.7% in 2023. There are still 46.3% unlinked
revisions, either because the index arthroplasty
Incidence of THA and HA was performed prior to implementation of SIRIS in
Since 2012, 226,042 primary THA and 25,297 pri- 2012, orifthe index arthroplasty was not recorded
mary HAwere registered in SIRIS, as well as 30,216 (Table 4.1).
revision arthroplasties of the hip. A total of 39.6%

Table 4.1
Total and partial hip arthroplasty (THA and HA), primary and revisions/reoperations
Alldocumented operations

Year Primary Primary Primary Primary Annual Linked Linked Unlinked Rev./Reop. % Linked
THA HA others total growth Rev./ Rev./Reop. Rev./ total* Rev./
or type rate Reop. of HA? Reop.? Reop.

unclear primary  of THA?
2012 6,705 637 3 7345 113 6 792 911 13.1
2013 16,898 1,935 4 18,837 406 39 1,872 2,317 19.2
2014 17,181 2,029 1 19,211 2.0% 570 60 1,902 2,532 24.9
2015 17,687 1,982 5 19,674 2.4% 723 65 1,814 2,602 30.3
2016 18,703 1,999 4 20,706 5.2% 843 85 1,715 2,643 35.1
2017 18,887 2,094 9 20,990 1.4% 866 78 1,677 2,621 36.0
2018 19,516 2,255 5 21,776 3.7% 968 101 1,566 2,635 40.6
2019 20,173 2,356 7 22,536 3.5% 1,107 105 1,515 2,727 44.4
2020 20,329 2,424 5 22,758 1.0% 1,241 107 1,447 2,795 48.2
2021 21,982 2,398 7 24,387 7.2% 1,326 116 1,314 2,756 52.3
2022 23,465 2,622 1 26,088 7.0% 1,331 136 1,306 2,773 52.9
2023 24,516 2,566 5 27,087 3.8% 1,436 124 1,344 2,904 53.7
All 226,042 25,297 56 251,395 10,930 1,022 18,264 30,216 39.6

!Does not represent a full year of data, as data collection in most hospitals started only in October 2012

2j.e. primaries already registered in SIRIS

3can be of THAand HA

“including linked revisions/reoperations of procedures that were classified as ,primary others*“ or of unclear type
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The number of THA has steadily increased over
the past years from 228 per 100’000 inhabitants
in 2013 to 277 per 100’000 inhabitants in 2023.
Looking specifically at the population at risk — the
age group between 50 to 89 years, accounting
for 98% of the recipients of THA — the incidence
of THA was 662 per 100,000 inhabitants at risk in
2023 (Figure 4.1).

In 2020, a significant drop occurred, due to restric-
tions linked to the COVID-19 pandemic. Before

mately 0.5% peryear. The growth rate increased to
5.9%in 2021 and 5.8% and 2022 respectively, de-
creasing to 3.3% in 2023. Large parts of the peak
in 2021 and 2022 seem to be a rebound effect
after the COVID-19 pandemic. The reasons for the
recent increase are most probably multifactorial
and may include demographic growth, increased
patient expectation about quality of life, and
availability of such procedures. In 2023, the curve
flattened again, and future development has to be

2020, the average annual increase was approxi- observed.
Figure 4.1
Per 100’000 residents and per 100’000 residents at risk*
700+
641
606 662
600+
575 573 578 599 594 586 591 572
500+
Primary THA
per 100,000 population at risk
400+ .
Primary THA
per 100,000 population
3004
228 229 233 244 244 243 246 240
256 270 277
2004
100+

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
*Age group 50-89 years accounts for 93% of all recipients of THA

Adjusted for estimated coverage. SIRIS figures excluding Liechtenstein.
Coveragerates 2013-2016 estimated at 91%; 2017-2022 based on federal health office data; 2023 estimated at 98.6%
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Seasonality

In general, primary arthroplasties follow a season-
al pattern, with more implantations performed in
Q1 and Q4, and a dip in Q3, due to reduced de-
mand and supply during summer vacations (Figure
4.2). During the COVID-19 pandemic, the seasonal
pattern was interrupted, while in 2021 it was par-
tially restored. In 2022, the seasonal pattern was
regained again. The treatment of fractures and

revision arthroplasties did not follow a seasonal

Revision rates

Revision rates increase over time. At 2 years, the
average revision rate for all THA was 2.8% (Cl
2.7-2.9) and 3.4% (ClI 3.2-3.7) for HA, while the
11-year revision rates were 5.3% (Cl 5.1-5.4) and
6.9% (Cl 6.0-8.0), respectively (Figure 4.3). Par-
ticularly, the results for HA have slightly improved
compared to the previous periods. The compari-
son of different periods since 2015 shows a trend
of decreasing revision rates in more recent years

pattern. (Figure 4.4). This is one of the desired effects of
aregistry.
Figure 4.2
Seasonal pattern of SIRIS submissions 2019-2023
Interventions 2019 2020 2021 2022 2023
6000
5000_\-/' \-/ '\f -\I
4000 -
3000
2000 -
0+
Q1 Q2 Q3 Q@ 'Q Q2 Q@ Q@ Q@ Q @3 Q@ 'Q Q@ Q@ Q@ !'Q1 Q@ Q3 Q4
2019 2020 2021
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3
THA primary/secondary OA 5,106 4,275 3,987 5,091 4,840 4,403 4,493 4,757 5,185 5,045 4,318
THA/HA fractures 940 918 1,058 944 1,040 949 1,024 1,118 1,102 1,064 1,135
Hip revisions 721 663 659 683 746 610 776 663 717 651 689
2022 2023
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
THA primary/secondary OA 5,674 5,104 4,657 5,749 6,341 5,175 4,761 5,879
THA/HA fractures 1,142 1,181 1,228 1,298 1,243 1,156 1,173 1,295
Hip revisions 689 703 681 705 766 740 669 729
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THA prim./
sec. OA
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THA/HA
fractures

Hip
revisions

Q4
5,305
1,159

691
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Figure 4.3
Kaplan Meier estimate of cumulative postoperative revision risk after primary hip arthroplasty
Time since operation, 2012-2023, all services, all diagnoses

% | of implants revised
8

7

e

3
2 Hemiarthroplasty (HA)
1 Total hip arthroplasty (THA)
95% confidence interval
0
I I I I I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation
Failure rate 1 year 2 years 3 years 5 years 6 years 8 years 9years 10years 11 years
HA 2902731 3.43B237 396742 481451 5.3857) 59G466 6.7(977) 6.96.0-8.0) 6.9 6.0-8.0)
THA 2.3(2.22.3) 2.802729 3.2(3.132 3.73.73.8 4.03.9-41) 4.615-47) 4.9851) 5.3(5.1-54 5.7 (5.5-5.8)
N at risk 0 year lyear 2years 3years b5years 6years 8years 9years 10years 11 years
HA 25,297 15,730 11,288 8,149 3,537 2,316 907 510 251 50
THA 226,042 193,137 164,457 140,776 95,025 76,299 42,951 28,771 16,019 4,459
Figure 4.4
Kaplan Meier estimate of cumulative postoperative revision risk after THA by time period
Time since operation, 2015-2023, primary OA, follow-up extended to 31 May 2024
% | of implants revised = 2015/2016
4 — 2017/2018
— 2019/2020
3 e 2021/2022
s 2023
2
1
95% Cl
0
I I I I I I I I T
0 1 2 3 4 5 6 7 8 Years since primary operation
Failure rate 1 year 2 years 3 years 4 years 5 years 6 years 7 years 8 years 9 years
2015/2016 2.1 (1.92.3) 2.7 (2528 3.0(2.83.2 3.3(3.135 3.6(3.4-3.8 3.83G.6-4.00 4.1(3G.9-4.4) 4.4 41-4.6) 4.6 (4.3-4.8)
2017/2018 2.1(2.0-2.3) 2.6 (2.4-2.8) 2.9(2.73.00 3.1(2.933) 3.4(3.23.6) 3.6 (3.4-3.8) 3.8 (3.6-4.0)
2019/2020 2.1(1.92.2) 2.5(232.6) 2.82.63.00 3.0(2.93.2 3.2(3.0-3.4)
2021/2022 2.0 (1.8-2.1) 2.4(2.222.5 2.52.4-2.7)
2023 1.7 1.5-1.9)
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4.1.2 Data by hospitals

In 2023, 147 hospital units performed primary
THA, with a yearly average load of 132 THA per
unit. The number of units varied since 2018 from
year to year but was declining overall. There was a
shift towards larger units and the number of small-
er units were declining. However, these numbers

Table 4.2

also may reflect administrative measures, includ-
ing mergers. At the same time, the number of THA
implanted per unit was increasing (Table 4.2). The
number of services performing less than 100 pri-
mary THAs per year remained stable at 56 units.
At the same time, services with volumes »300 con-
tinue to increase in numbers and cases. There is a

case concentration in the large centres (Table 4.3)

Number of participating hospital services (N) and median procedures (M) per unit per year

2022
150
122
110

142

2023
147
132
105

16
131
12

2023
2,439/9.9
56
4,887/19.9
37
7,473/30.5
34
9,717/39.6
20

2018 2019 2020 2021
Primary total hip N services 154 152 153 149
arthroplasty M per service 86 87 94 117
Primary hemiarthroplasty N services 125 126 125 105
of the hip M per service 10 10 10 16 17
Revision arthroplasty N services 127 137 134 140
(THA or HA) M per service 9 10 12 12 11
Table 4.3
Number of hospital services and number of primary total hip arthroplasty according to hospital volume
2018 2019 2020 2021 2022
<100 N procedures/% 3,040/15.7 2,236/12.1 2,829/14.0 2,355/10.9 2,431/10.4
N services 74 64 73 61 56
100-199 N procedures/% 5,742/29.7  6,669/33.3 5,551/27.5 6,097/27.9  6,675/28.6
N services 44 51 43 46 50
200-299 N procedures/%  4,242/21.9  4,424/22.1  4,995/24.8 5,185/23.8 5,751/24.6
N services 19 20 22 24 26
»300 N procedures/%  6,303/32.6  6,522/32.5 6,800/33.7 8,178/37.4  8,509/36.4
N services 15 15 15 18 18
Figure 4.5
Cases per hospital sevice 2023: Total hip arthroplasty (THA) and hemiarthroplasty of the hip (HA)
1,200
1,000
mmm  Primary hemiarthroplasty of the hip
800 Primary total hip arthroplasty
=== Hip revision (THA or HA)
600
I
400 h, |
i |
200 o0, I|.|I| .1 || i II'II|I || T
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Hospital services N =150
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Figure 4.5 illustrates the distribution of the work-

load among the 150 units participating in 2023,

included three units performing only HA and no

THA. The largest unit performed 1,277 primary

THA, while the smallest performed only two prima-

ry THA. Hip revisions were performed in 109 units.

However, 45 of them did less than 10 revisions per

year (Figure 4.5).

Table 4.4

N (2018-2023)

Women [%]

Mean age (SD) All
Women
Men

Age group [%] <45
45-54
55—-64
65-74
75-84
85+

Diagnosis [%)] Primary OA
Secondary OA
Fracture

N unknown BMI (%)

N known BMI

Mean BMI (SD)

BMI [%)] <18.5
18.5-24.9
25-29.9
30-34.9
35-39.9
40+

N unknown ASA (%)

N known ASA

Morbidity state [%] ASA1
ASA 2
ASA 3
ASA 4/5

4.1 Epidemiology - Hip arthroplasty

15,192
52.8

70.2 (11.2)
71.7 (11.0)
68.5 (11.1)
1.7

7.6

20.2

31.6

30.0

8.9

80.1

7.8

121
2,473 (16)
12,719
26.9 (5.0)
2.3

36.3

37.6

17.7

4.7

1.5

404 (3)
14,788
11.3

59.0

28.4

1.3

A total of 15,192 hips (12.5%) were implanted in
units performing fewer than 100 procedures per
year. In 2023, 36% (n=47,299) of the primary THAs
were implanted in the 20 services performing more
than 300 procedures peryear. In these larger units,
arthroplasties for secondary OA were performed
more frequently, and the share of young patients
was higher. (Table 4.4).

34,676 32,814 47,299
53.9 52.4 53.6

69.8 (11.2) 69.4 (11.3) 68.3 (12.0)
71.5 (10.8) 70.9 (11.1) 69.9 (11.7)
67.8 (11.4) 67.7 (11.3) 66.4 (12.0)
1.9 21 3.4

7.8 8.1 9.3

211 21.9 22.7

32.0 31.9 31.0

29.4 28.5 271

7.9 7.5 6.6

81.6 84.1 81.4

7.6 7.3 11.9

10.8 8.6 6.7
4,042 (12) 2,957 (9) 3,549 (8)
30,634 29,857 43,750
27.1 (5.2) 27.1 (5.2) 26.8 (5.1)
2.2 2.0 2.2

35.3 35.5 37.0

37.7 37.6 38.0

17.5 17.4 16.4

5.5 5.5 4.8

1.8 2.0 1.6

1,832 (5) 1,449 (4) 2,241 (5)
32,844 31,365 45,058
10.4 10.6 11.6

58.9 59.7 58.5

29.5 28.8 29.0

1.2 0.9 1.0
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Reporting of prostheses-related revision rates by
hospitals

The national average revision rate at 2 years for
THA for primary OA of 2.5% (Cl 2.4-2.7%), served
as reference for calculating the outlier status of
individual hospitals, implants and surgeons. The
results for all participating units (hospitals) are
shown in funnel plots (Figure 4.6). Results were
risk-adjusted for age, sex, BMI, ASA, and Charnley
scores, if available, and restricted to arthroplas-
ties performed solely for primary OA. Each dot rep-
resents a hospital service. Confidence intervals

were centred on the national average. Following
convention, the 99.8% control limits were used
to define the outer limits. Although the spread of
outcomes in Switzerland was relatively homoge-
neous, there were some exceptions. For THA, there
were four units, one more than in 2022, that were
detected as outliers and 16 institutions with an el-
evated revision risk, two more than 2022.

HA were analysed separately based on primary im-
plantation of a HA. In 2023 there were two outli-
ers, of which one was exactly at the boundary, and
three services with an elevated revision risk, one
more than 2022.

Interpretation of funnel plots

- Theblueline denotes the Swiss average 2-year

revision rate

Figures 4.6
O/O |
1541
e Register average THA
! @ Clinic
101 \ Clinic with elevated revision rate
\ ® Outlier-Clinic
; ——  —— 99.8% limits
t N 95.0% limits
° e\ °
5 o 8 \'\- —
Soo 00T id N0, - —
%op § &°.° o e g S g g
..};%3:;0'.‘.' ° e %o °© _'______‘_ ___’_ .
L i —
N - °
0 ®so—— -
T T T T T T T
0 500 1,000 1,500 2,000 2,500 3,000

Number of operations in reporting period (THA, primary OA)

* Numberof operations in the reporting period 01/2018-12/2021 (4-year moving
average, follow-up to 12/2023).

THA results restricted to patients with primary osteoarthritis (prim OA).
Results are risk-adjusted forage, sexand BMI, ASA, Charnley Score if available.

Page 38 SIRIS Report Hip and Knee 2024

- Clinics that lie between the 95% limits (grey

dots) have revision rates that are within the
statistically expected range of observations
given theiroperation volume

- Clinics below the 95/99.8% limits are performing

betterthan the average

- Clinics above the 95% limit and below the 99.8%

limit (orange dots) have elevated 2-year revision
rates. This could be due to random variation,
but we recommend that possible reasons are
investigated, in particularif the position should
be stable overtime or worsen.

- Clinics above the 99.8% limit (red dots) have

2-yearrevision rates that deviate markedly from
the national average (unlikely to be due to
random variation alone).
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Table 4.5

4.2 Hip fractures

Between 2018 and 2023, theregistry recorded a to-
tal of 25,742 primary hip arthroplasties performed
for fractures, with an annual increase of 7-8% per
year. However, between 2022 and 2023, no more
growth was observed, disregarding an irrelevant
increase of only 18 cases (Table 3.3). Among these
patients, 44.7% were treated with THA and 55.3%

with HA. There was a clear trend towards treatment
with THA, proportions increasing from 38.5% in
2017 to 48.8% in 2023.

Hospitals

One-third (31%) of all patients with a fracture were
treated in a hospital with a volume of 100-199 pri-
mary arthroplasties peryear (Table 4.5), while 21%

were treated in institutions that performed fewer

Fracture of the hip: Baseline patient characteristics by hospital service volume*
Calculations of hospital service volume based om primary hip surgeries in each included year (2018-2023).

N (2018-2023)
Treatment [%]

Women [%]

Mean age (SD)

Age group [%]

N unknown BMI (%)

N known BMI
Mean BMI (SD)
BMI [%]

N unknown ASA (%)

N known ASA

Morbidity state [%]

<100

5,347

Total Hip Arthroplasty (THA) 34.4
Hemiarthroplasty (HA) 65.6
69.0

All 81.8 (9.9)
Women 82.5 (9.5)
Men 80.2 (10.6)
<45 0.2
45-54 1.3
55-64 5.2
65-74 14.0
75-84 33.6
85+ 45.8
1,363 (25)

3,984

23.7 (4.3)

<18.5 8.8
18.5-24.9 56.9
25-29.9 26.5
30-34.9 6.4
35-39.9 1.1
40+ 0.3
205 (4)

5,142

ASA1 3.5
ASA 2 28.8
ASA 3 58.8
ASA 4/5 8.9

* Note that service volume is defined as the sum of primary procedures peryear

4.2 Epidemiology — Hip fractures

100-199 200-299 300+
7,899 6,189 6,307

47.2 45.3 49.9

52.8 54.7 50.1

68.2 66.2 65.7

80.7 (10.7) 80.8 (10.7) 80.5 (11.2)
81.7 (10.1) 81.9 (10.1) 81.7 (10.4)
78.6 (11.5) 78.8 (11.5) 78.3 (12.2)
0.3 0.3 0.6

1.7 1.8 2.3

7.1 6.9 7.2

151 15.1 14.3

33.7 32.9 32.9

42.1 43.1 42.8
1,494 (19) 850 (14) 753 (12)
6,405 5,339 5,554
23.7 (4.4) 23.8 (4.4) 23.7 (4.3)
9.3 9.0 9.7

57.4 56.8 56.8

26.0 26.5 25.9

5.6 6.0 6.2

1.3 1.1 1.1

0.4 0.6 0.3

570 (7) 257 (4) 180 (3)
7,329 5,932 6,127

3.1 3.2 3.0

30.1 29.2 27.9

58.8 60.1 61.5

8.0 7.5 7.7
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than 100 primary arthroplasties per year. The age
distribution in the four categories (<100 cases/
year, 100-199, 200-299, »300) was comparable,
with an average age between 80.5 and 81.8 years.
Hospitals with smaller caseloads (<100 per year)
treated more octogenarians and it is interesting
to note that the percentage of patients treated by
HA in the low-volume institutions was significantly
higher (65.6% compared to the national average of
52.6%) (Table 4.5). This may indicate under-treat-
ment, whereby the reason for this is unclear. One
explanation may be that surgeons not trained to
perform THA participated in the treatment of hip

fractures in these smaller institutions.

Figure 4.7

Two-year revision rate of primary hemiarthroplasty by service*

Reporting of prostheses-related revision rates by
hospitals

The national average revision rate at 2 years for HA
of 3.4% (ClI 3.2-3.7) (Figure 4.3), served as refe-
rence for calculating the outlier status of individu-
al hospitals, implants and surgeons. The results of
the participating units are shown in the funnel plot
(Figure 4.7). For HA, there was one outlier unit and
four services had an elevated revision risk, one
more than 2022.

Interpretation of funnel plots

% - Theblueline denotes the Swiss average 2-year
304 \ revision rate
\ - Clinics that lie between the 95% limits (grey
25 K dots) have revision rates that are within the
'\‘ \ —  Register average partial HA sFatistica.lly expec.ted range of observations
204 i \ ® Clinic given theiroperation volume
\ \ Clinic with levated revision rate - Clinics belowthe 95/99.8% limits are performing
154 & \ ® Outlier-Clinic betterthan the average
\ —— - —— 99.8% limits
o~ N o 95.0% limits - Clinics above the 95% limit and below the 99.8%
104 °, : ) 3 ™~ —~ limit (orange dots) have elevated 2-yearrevision
o * T .. T — - ° rates. This could be due to random variation,
o _qoo TrTT e AU oo but we recommend that possible reasons are
51 % °,. ¢ _ oo investigated, in particularifthe position should
e e °* Q. ° . o R be stable overtime orworsen.
o0 eo® ° f O T L e —— — —
0] ssmeseo—cer—rr — — — 7 — : : : : - Clinics above the 99.8% limit (red dots) have
0 50 100 150 200 250 300 350 400 450 500 2-yearrevision rates that deviate markedly from

Number of operations in reporting period (HA)

the national average (unlikely to be due to
random variation alone).

* Numberof operations in the reporting period 01/2018-12/2021 (4-year moving

average, follow-up to 12/2023).
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4.3 Knee arthroplasty

4.3.1 Nationwide data, Switzerland and
Principality of Liechtenstein

Incidence of TKA and PKA

Since 2012, 207,177 primary knee arthroplasties
were registered in SIRIS, of which 175,003 were
TKA and 32,079 were PKA (Table 4.6 and Figure
4.8). The incidence of TKA and PKA has steadily in-
creased over the past years, growing from 169 per
100’000 inhabitants in 2013 to 233 per 100°000
inhabitants in 2023. Considering only the popula-
tion atrisk — the age group between 50 to 89 years,

accounting for 98% of the recipients of TKA — the
incidence of TKA was 581 per 100,000 inhabitants
atrisk in 2023 (Figure 4.9). This incidence is one of
the highest for TKAin Europe as well as worldwide.
Initially, this increase could mainly be explained
by an improving coverage rate, as the number of
participating services and the data completeness
both increased over time. In the annual report of
2023, a growth rate of 13.8% was reported for
2022, which was in fact even 14.2% after later
data consolidation. The annual increase in 2023
was comparatively much lower, with 5.3%. and
even lower than the 6.5% observed in 2019 (Table
4.6, Figure 4.9). As postulated last year, the peak

Table 4.6
Total and partial knee arthroplasty (TKA, PKA), primary and revisions/reoperations
Alldocumented operations

Year Primary Primary Primary Primary Annual Linked Linked Unlinked Rev./Reop. % Linked

TKA PKA others Total growth Rev./Reop. Rev./Reop. Rev./Reop. Total> Rev./Reop.
or type uncl. ljate of TKA? of PKA? canbe of TKA
primary

20121 4,655 938 5 5,598 19 2 510 531 4.0
2013 12,665 2,402 12 15,079 181 51 1,251 1,486 15.6
2014 13,042 2,338 11 15,391 2.1% 396 110 1,118 1,624 31.2
2015 13,437 2,391 6 15,834 2.9% 594 124 1,071 1,790 40.1
2016 14,600 2,456 8 17,064 7.8% 837 195 1,135 2,171 47.5
2017 14,469 2,619 15 17,103 0.2% 945 264 1,089 2,303 52.5
2018 14,717 2,723 11 17,451 2.0% 1,037 288 1,088 2,418 54.8
2019 15,528 3,054 6 18,588 6.5% 1,199 298 1,057 2,556 58.6
2020 15,439 3,142 5 18,586 0.0% 1,316 401 1,051 2,770 62.0
2021 16,683 3,189 3 19,875 6.9% 1,348 404 1,013 2,772 63.2
2022 19,274 3,420 3 22,697 14.2% 1,552 452 934 2,944 68.1
2023 20,494 3,407 10 23,911 5.3% 1,641 469 1,021 3,134 67.3
All 175,003 32,079 95 207,177 11,065 3,058 12,338 26,499 53.3

*Doesnotrepresentafull year of data, as data collection in most hospitals started only in October 2012
2j.e. primaries already in SIRIS
3including linked revisions/reoperations of procedures that were classified as ,,primary others* or of unclear type
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in 2022 seems to be explainable in large parts by
a considerable rebound effect after the restrictions
on elective surgery during the COVID-19 pandemic.
In the meantime, the increase of incidence of knee
arthroplasties may have reached a more moder-
ate level, although the rate is still higher than the
increase of the population at risk, which reached
1.5% in 2023 (Table 4.9). Further development will

be monitored in the coming years.

Figure 4.8
Case number growth 2021-2023 by Canton

4,000
3,500
3,000
2,500
2,000

1,500

m 2021 2022 2023

1,000

500

SA——rr

The proportion of PKA among all primary knee ar-
throplasties was 15.5% over the past 11 years. In
2023, 20,494 TKA and 3,407 PKA were performed,
resultingin a slightly sinking share of PKA of 14.2%
whereas in 2020 it was at 16.9% (Table 4.6).
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Figure 4.9
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Incidence of primary total knee arthroplasties registered in SIRIS

Per 100,000 residents and per 100,000 residents at-risk*.
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400 1
TKA per 100’000
population at risk
3007 1KA per 100°000
population 222 233
188 185 181 186 180 195
200
169 172 175
100
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

*Age group 50-89 years accounts for 98% of all recipients of TKA. Adjusted for estimated coverage. SIRIS figures excluding Liechtenstein.
Coveragerates 2013-2016 estimated at 92%; 2017-2022 based on federal health office data; 2023 estimated at 98.3%
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Figure 4.10

Seasonality

TKA has a clear seasonal pattern in Switzerland,
with highest numbers in Q1 and Q4 and lowest
activity in Q3. This pattern only changed in 2020
and 2021 due to the restrictions associated with
the COVID-19 pandemic, and recurred in 2022. The
seasonal influence is less marked for PKA than for
TKA. Whereas revision arthroplasty of the knee
seems to be performed more or less uniformly over
the whole year (Figure 4.10).

Seasonal pattern of SIRIS submissions 2019-2023
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Revision rates

Comparing the revision rates over different time
periods using Kaplan-Meier estimates, there is a
trend towards a progressive improvement since
2019, although the differences are not yet statisti-
cally significant (Figure 4.11). Such improvements
over time would be one of the main goals of an im-
plant registry.

There was a significant difference in survival of
TKA compared to PKA, being significant from the
first postoperative year onwards, as depicted in a
cumulative Kaplan-Meier estimate (Figure 4.12).
At 11 years, revision rate for TKA was 8.0% (7.8-
8.2%), whereas it was 14.1% (13.4-14.9%) for PKA.

2022 2023
)
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I I knee
| Knee
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2019 2020 2021
Q1 Q2 Q@ a4 Q1 Q2 Q3 Q1 Q2 Q3 4
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Figure 4.11
Kaplan Meier estimate of cumulative postoperative revision risk after total knee arthroplasty by time period
Time since operation, 2015-2023, all services, all diagnoses, follow-up extended to 31 May 2024

"é; of implants revised 2015/2016
T —— 2017/2018
6 B E —— 2019/2020
5 2021/2022
2023
4
3
2
1
95% Cl

0

[ I I I I I I I [

0 1 2 3 4 5 6 7 8 Years since primary operation
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2015/2016 1.6 (1.5-1.8) 3.5(3.33.8) 4.6 (4.4-4.9) 5.3 (5.0-5.6) 5.8 (5.5-6.1) 6.3(6.0-6.6) 6.8(6.57.1) 7.26.97.6) 7.7 (7.4-8.1)
2017/2018 1.7 (1.6-1.9) 3.6 (3.4-3.9) 4.6 (4.4-4.9) 5.3(5.0-5.5) 5.8(5.5-6.1) 6.3 (6.0-6.6) 6.6 (6.3-6.9)

2019/2020 1.8(1.6-1.9 3.53.3:3.7) 4.3 (4.1-4.6) 4.9 (4.6-5.2) 5.4 (5.1-5.7)

2021/2022 1.6 1.4-1.7) 3.1(2.93.4) 4.3 (4.0-4.5)

2023 1.2 (1.1-1.4)

Figure 4.12
Kaplan Meier estimate of cumulative postoperative revision risk after primary knee arthroplasty
Time since operation, 2012-2023, all services, all diagnoses
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Total knee arthroplasty (TKA)
Partial knee arthroplasty (PKA)
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0 1 2 3 4 5 6 7 8 9 10 Years since primary operation

Failure rate 1 year 2 years 3 years 5 years 6 years 8 years 9 years 10years 11 years
TKA 1.6 1.5-1.6) 3.3(3.2-3.4) 4.3 (4.2-4.4) 5.5(.4-5.6) 6.0(5.9-6.1) 6.8(6.7-7.00 7.3(71-7.4) 7.6 (7.4-7.8) 8.0 (7.8-8.2)
PKA 2.502.3-27) 4.7 46.4-49) 6.0(.7-6.3) 8.1((7.7-8.4) 8.9 8.6-9.3)10.8(10.3-11.2) 11.9(11.4-12.4) 12.9(12.3-13.5) 14.1(13.4-14.9)

N atrisk 0year lyear 2years 3years 5years 6years 8years 9years 10years 11 years
TKA 182,927 159,115 133,451 113,347 78,242 63,350 37,286 25,611 15,743 6,715
PKA 33,459 29,176 24,726 21,223 14,299 11,645 7,034 5,008 3,161 1,364
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4.3.2 Regional data, Cantons and
Principality of Liechtenstein

The numbers of knee arthroplasties increased in
most cantons, including the Principality of Liech-
tenstein, between 2021 to 2022, but there were
considerable regional differences. Whereas in
Geneva the growth rate was only 2.9%, TKA in
Schwyz did increase by 30.5%. As cantons with
larger populations like Zurich (13.5%) and Bern
(15.7%) had considerable growth, this had an ef-
fect nationwide. Only Glarus and the Principality of
Liechtenstein observed a decrease in numbers of
knee arthroplasty (Figure 4.8).

It is interesting to note that no particular increase
in TKA incidence is observed in Zurich, despite
minimal case numbers being introduced in 2018,
as such a measure may lead to less stringent appli-
cation of indications. Indirect signs of widening in-
dications for knee arthroplasty, such as increasing
numbers in particularly young or particularly old
patients, as had been observed in the USA, could
also not be detected in the SIRIS dataset. The
share of these extreme age groups did not change
since 2018 (Table 3.5).

4.3 Epidemiology — Knee arthroplasty

Type of knee systems

Of note is the fact that the knee replacement sys-
tems used varied significantly between hospitals
and cantons, respectively regions. Traditionally,
posterior stabilized (PS) TKA were used more com-
monly in the western part of Switzerland, whereas
in the German-speaking cantons, cruciate retain-
ing (CR) and cruciate sacrificing (CS), including
ultra-congruent (UC) TKA, were favoured. In con-
trast, the implantation of medial-pivot (MP) knees
did not appear to follow a particular regional pat-
tern in Switzerland but seemed to be preferred in
specific hospitals. Figure 4.13 illustrates the vari-
ability of the different types of TKA used in Swit-
zerland, and changes between the periods span-
ning 2018-2020 and 2021-2023, respectively.

Bearing type

The proportion of mobile-bearing polyethylene
(PE) liner did rapidly decrease over the past six
years, from 39.4% in 2018 to 18.7% in 2023 (Fig-
ure 4.14). However, the bearing type showed again
a high regional variability (Figure 4.15). The reduc-
tion in the use of mobile-bearing implants also
is not a general effect but differs considerably by
region. In some cantons, the share of mobile bear-
ings even increased (e.g., Uri, Jura, Ticino), com-
paring the periods 2018-2020 and 2021-2023 (Fig-
ure 4.15).
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Figure 4.13
Relative share of TKA procedures using CR, CS, PS, MP by Swiss Canton and Principality of Liechtenstein:

comparing 2018-2020 with 2021-2023

NB: Medial pivot was not available as aresponse category before SIRISv2021. AllGMK Sphere knee systems are counted as medial pivot,
regardless of the type chosen locally at data entry.
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Primary total knee arthroplasty: Type of bearing
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Patella resurfacing

The patella was not resurfaced in 65.5% of the
primary TKA performed between 2018 and 2023
(Figure 4.16). However, the resurfacing rate in-
creased continuously since 2018, from 29.9% to
39.3% in 2023. As for the type of knee system or

Figures 4.15

regarding the selection between fixed and mobile
bearings, there were considerable differences be-
tween the cantons (Figure 4.17). As an example,
patella resurfacing never occurred in Glarus since
2018. Some of these differences can be explained
by the use of PS TKA, traditionally more popular

Share of TKA procedures with mobile bearing by Swiss Canton and Principality of Liechtenstein:

Comparing 2018-2020 with 2021-2023
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Figure 4.16

Primary total knee arthroplasty: Patellar component

Percentage peryear, all diagnoses.
2018 2019 2020
N 14,707 15,521 15,437
No 70.0 67.9 68.2
Yes 29.9 32.0 31.8

Status 0.1 0.0 0.0
after
patellectomy

2021
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65.0
35.0
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2022
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36.7
0.1
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in the western, French-speaking part of Switzer-
land as well as in some specific centres, where
primary resurfacing of the patella is recommended
more often than in other designs. The continuous
increase in primary patella resurfacing is thus not
homogenous but underlies regional differences,
correlated with the TKA system used and surgeon
preferences. In many cantons, the resurfacing rate
increased significantly from the period 2018-2020
to 2021-2023. Only in the Principality of Liechten-
stein, the resurfacing rate decreased in the same
period (Figure 4.17).

Figure 4.17

4.3.3 Data by hospitals

In 2023, 145 hospitals registered TKA, 127 PKA,
and 135 revision arthroplasties of the knee. SIRIS
has achieved a 100% participation rate since
2018 for primary TKA and PKA, as well as revision
arthroplasty of the knee for institutions with rel-
evant numbers. As SIRIS is highly dependent on
data quality, such a deed merits congratulations
of the participating surgeons. The median proce-
dure figures per hospital (Table 4.7) showed ini-

Share of TKA procedures with patella resurfacing by Swiss Canton and Principality of Liechtenstein:
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tially a relatively stable pattern between 2017 and
2021, but jumped upwards considerably in 2022
and maintained that growth rate in 2023.

Table 4.8 highlights the distribution of case num-
bers within service size categories. The numbers
of knee arthroplasties performed in Switzerland
in the different services characterised by volume
(yearly numbers of procedures <100, 100-199,
200-300, »300) are illustrated in Table 4.1_G. The

tal increased from 67 in 2015 to 111 in 2023, a
clear increase in volume per unit. Simplifying the
classification into centres with less than 200 and
more than 200 interventions peryear shows a con-
centration over time towards larger centres (Fig-
ures 4.19). This reflects not only a real caseload
increase over time but may be induced by hospital
mergers. In revision arthroplasty, the effect was
less clear until 2017, perhaps because of smaller

median annual number of primary TKA per hospi- numbers.
Table 4.7
Number of participating hospital services (N) and median procedures (M) per unit per year
2018 2019 2020 2021 2022 2023
Primary arthroplasty of the knee (TKA) N services 151 148 146 145 145 144
M per service 78 77 77 86 106 111
Primary partial arthroplasty of the knee N services 129 127 128 127 127 126
M per service 11 12 12 13 14 14.5
Revision arthroplasty of the knee N services 134 133 130 134 135 135
(TKA or partial) M per service 9 9 13 12 13 16
Table 4.8
Number of hospital services and number of primary total knee arthroplasties according to hospital volume
2018 2019 2020 2021 2022 2023
<100 N procedures/% 3,590/24.5 3,184/20.5 2,721/17.7 2,551/15.4 2,699/14.1 2,904/14.2
N services 90 81 78 72 65 66
100-199 N procedures/% 4,327/29.5 4,523/29.1 4,698/30.5 4,778/28.9 5,551/28.9 5,235/25.5
N services 35 37 39 40 42 38
200-299 N procedures/% 3,273/22.3 3,461/22.3 3,240/21.0 4,041/24.4 3,452/18.0 3,590/17.5
N services 16 17 16 19 18 17
»300 N procedures/%  3,480/23.7  4,352/28.0  4,754/30.8 5,185/31.3 7,493/39.0 8,766/42.8
N services 9 12 13 14 20 23
Figure 4.18
Cases per hospital service 2023: Total and partial knee arthroplasty
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Figures 4.19

What share of selected procedures is performed in hospital
services with different service volumes?
Servicevolumeis defined as the sum of primary procedures peryear
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High-volume services tended to perform more PKA
and revision arthroplasties than smaller units,
while some centres seemed to focus on PKA and/
or revision, perhaps reflecting a sort of sub-spe-
cialisation (Figure 4.18). Hospitals with more than
100 knee arthroplasties of all types per year per-
formed 87.5% of the PKA between 2018 and 2023
(Table 3.7).
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Demography, type of OA Classification of primary and secondary OA in the
Gender, mean age, age groups, BMI, and ASA clas- 36 hospitals with more than 200 procedures per
sifications did not differamong low or high-volume yearvaried remarkably. Primary OA was registered
(<100, 100-199, 200-299, 300+ primary TKA per asthe diagnosis leading to the operation between
year) hospitals (Table 4.9). 52% and up to over 94% of the cases, indicating
The most frequent indication for TKA had been varying practice in coding of diagnosis (Figure
classified as primary OA, representing 87.9% of 4.20). In units with a high share of secondary OA,
the cases in the period 2018-2023 (Table 3.5). a meniscectomy was indicated most frequently

Table 4.9
Baseline patient characteristics of primary total knee arthroplasty by hospital service volume
Calculations of hospital service volume based on primary hip surgeries in each included year (2018-2023).

Hospital service volume <100 100-199 200-299 300+
N (2018-2023) 17,341 28,818 21,507 34,470
Women [%] 59.7 59.1 60.2 58.9
Mean age (SD) All 70.0 (9.7) 70.0 (9.4) 69.8 (9.5) 69.3 (9.4)
Women 70.5 (9.7) 70.6 (9.6) 70.1 (9.6) 69.8 (9.6)
Men 69.3 (9.6) 69.1 (9.2) 69.2 (9.4) 68.5 (9.2)
Age group [%] <45 0.5 0.4 0.5 0.5
45-54 5.9 5.1 5.4 5.9
55—-64 22.8 24.0 24.0 25.5
65-74 35.1 35.5 36.2 35.9
75-84 30.5 30.2 29.2 28.3
85+ 5.2 4.8 4.8 3.9
Diagnosis [%]  Primary OA 88.6 88.9 88.5 86.3
Secondary OA 11.4 111 11.5 13.7
N unknown BMI (%) 2,576 (15) 2,371 (8) 1,702 (8) 3,816 (11)
N known BMI 14,765 26,447 19,805 30,654
Mean BMI (SD) 29.3 (5.6) 29.6 (5.6) 29.4 (5.6) 29.0 (5.5)
BMI [%] <18.5 0.6 0.5 0.6 0.5
18.5-24.9 21.4 20.4 21.3 23.4
25-29.9 38.4 37.7 37.6 39.0
30-34.9 24.6 25.6 25.6 23.7
35-39.9 10.7 11.0 10.2 9.5
40+ 4.4 4.8 4.7 3.9
N unknown ASA (%) 785 (5) 1,052 (4) 963 (4) 1,998 (6)
N known ASA 16,556 27,766 20,544 32,472
ASA state [%] ASA1 7.3 7.0 6.4 8.1
ASA 2 61.6 63.7 62.0 62.5
ASA 3 30.5 28.9 31.0 29.0
ASA 4/5 0.6 0.5 0.5 0.3
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as a previous operation, although this diagnosis
does not significantly influence demography nor
outcome after knee arthroplasty and is thus in-
cluded among primary OA cases for calculations of
revision rates. The increasing share of secondary
OA in some hospitals can partially be explained
by the introduction of more coding options with
the 2015 version of the CRF. Rates of secondary
OA due to other causes also greatly varied among
the high-volume centres, similar to proportions of
post meniscectomy OA. A technical bias towards
primary OA is possible, as this diagnosis is on top
in the selection menu and thus possibly decreas-
es the probability of selecting other alternatives
mentioned below, even if more appropriate. Real
discrepancies in patient demographics among the
36 high-volume hospitals do not explain these
considerable differences, as all other parameters
were comparable. Increasing rates of secondary
OA risk influencing revision rates, a benchmark
established solely on arthroplasties performed for
primary OA. A selection bias would lead to under-
estimation of revision rates, as secondary OA is
known to be associated with higher revision rates,
corresponding to more complex cases or cases

with particular risks.

Figure 4.20

Two-year revision rates

Figures 4.21 shows funnel plots of risk-adjusted
early revision rates, considering age, sex, BMI,
ASA, and Charnley scores, if available, for TKA and
PKA and revision TKA excluding isolated patella
resurfacing alone. An additional implant, such as
a secondary patella resurfacing or an additional
PKA, also counts as a revision, by definition. Each
dot represents a hospital service.

As revision rates improve with time (Figure 4.11),
not only will the register average decrease but also
the confidence interval will narrow. The spread of
outcomes in Switzerland was relatively homoge-
neous, although there were exceptions, and there
appears to be more variation with knee than with
hip procedures. More clinics with elevated revision
rates (orange dots) and outliers (red dots) can be
identified for TKA than for PKA, which could not be
expected as the early revision rate of PKA is clearly
higher than for TKA and small errors end more of-
ten in early failures in PKA due to smaller implants
exposed to higher stress forces.

When isolated secondary patella resurfacing is
excluded, the spread of results becomes less pro-
nounced, especially because of the reduced num-
ber of outliers. This implies that secondary patella
resurfacing still played a prominent role as early
revision after primary TKA (Figure 4.21).
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Osteoarthritis after meniscus surgery (still combined with primary OA in analyses)
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Figures 4.21
Two-year revision rate of primary total knee arthroplasty by service*
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Interpretation of funnel plots

- The blue line denotes the Swiss
average 2-year revision rate
Clinics that lie between the 95%

limits (grey dots) have revision rates
that are within the statistically
expected range of observations given
their operation volume

Clinics below the 95/99.8% limits are
performing better than the average
Clinics above the 95% limit and
below the 99.8% limit (orange dots)
haveelevated 2-year revision rates.

This could be due to random

variation, but we recommend that
possible reasons are investigated,

in particular if the position should be
stable over time or worsen.

Clinics above the 99.8% limit (red dots)
have 2-year revision rates that

deviate markedly from the national
average (unlikely to be due to
random variation alone).

*Number of operations in the reporting period
01/2018-12/2021 (4-year moving average,
follow-up to 12/2023)

TKAresults restricted to patients with primary
osteoarthritis (prim OA). Results are risk-
adjusted for age, sexand BMI, ASA, Charnley
Scoreifavailable
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5. Hip arthroplasty

Overview of data structure

Primary
procedures

All primary THAand HA

gl

226,042

Primary procedures
N= 251,339

Other/unclear
56

24,621
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Chapter

in the SIRIS report

3.
Demography
4.
Epidemiology

5.1
Primary total
hip
arthroplasty

5.2
Revision of
total hip

arthroplasty

5.3
First revision
of primary
total hip
arthroplasty,

5.4
Results of
implants in
total hip
arthroplasty

5.5
Treatment
of hip fractures

5.6
First revision
after fracture
of the hip

5.7
Results of
implants after
hip fracture

prim./sec. OATHA

fractures THA/HA

Revision/reoperation
procedures

18,264

95%+ are estimated to be
revisions of THAs.

We suspect that some
conversions are captured in
other revision categories.

Revision procedures
N= 30,241

Component revision

29,359
Reoperation
882

5. Hip arthroplasty



Types of analysis Kaplan-Meier estimates

Report section

Hip overview

First revision of
primary THA

First revision of
THA/HA after
fracture of the hip

Hip implants

(minimal number in group)

2012-2023

Adjusted for censoring
events

All total hip arthroplasties
(THA)

All hemi arthroplasties
(HA)

THA for various subgroups

HA with bipolar versus
unipolar heads

THA after fracture of the hip

Uncemented stem-cup
combinations,
THA after primary OA (500+)

Hybrid fixation stem-cup
combinations,
THA after primary OA (500+)

Uncemented stem-cup
combinations, THA after
secondary OA (500+)

Long-term evaluation
5-10 years: elevated
revision rate or outlier

Online appendix forimplants

2-year revision rates
(implants 2018-2021 with
completed 2-year follow-up)

Adjusted for censoring
events

THA for various subgroups

HA for various subgroups

THA for various subgroups

Uncemented stem-cup
combinations,
THA after primary OA (50+)

Hybrid fixation stem-cup
combinations,
THA after primary OA (50+)

Uncemented stem-cup
combinations, THA after
secondary OA (50+)

Uncemented stem-cup
combinations,
THA after fracture OA (50+)

Hybrid fixation stem-cup
combinations,
THA after fracture (50+)

Cemented stem-head
combinations,
HA after fracture (50+)

2-year evaluation

(two times group average=

outlier status)

Funnel plots of 2-year
hospital revision rates
(implants 2018-2021 with
completed 2-year follow-up)

Risk-adjusted and adjusted
for censoring events

THA after primary osteo-
arthritis (primary OA).

ANQ online reporting,
above 99.8%= outlier status

All hemi arthroplasties
(HA)
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https://www.siris-implant.ch/en/Downloads&category=16

Until 31.12.2023, the total number of primary THA
registered in SIRIS reached 226,042 cases (Table
4.1). The current 4-year moving window includes
129,981implantations. The share of women (53.3%)
and the mean age of the patients (69.2 years) re-
mained constant throughout the current period of
observation from 2018 to 2023.

Please consult Chapters 3 Demography and Chap-
ter 4 Epidemiology for further details regarding in-
cidence and demographic characteristics.
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The register categorises primary THA into three
groups: THA for primary OA, for secondary OA and
forthe treatment of fractures, astherevisions rates
differ significantly between the groups (Table 5.1).
The latter group, behaving relevantly differently
from the other groups, is considered more in detail
inthe section 5.8 Fractures of the hip.

In over 99% of cases a conventional THA was im-
planted in all three main diagnostic groups. Resur-
facing of the hip has largely been abandoned in
Switzerland, only 26 cases were treated this way in

the past 5 years (Table 5.1).



Table 5.1

N (2018-2023) N % N % N %
Previous surgery None 103,067 96.9 10,031 84.8 10,321 89.6
Internal fixation femur 702 5.9 901 7.8
Osteotomy femur 454 3.8 49 0.4
Internal fixation acetabulum 83 0.7 106 0.9
Osteotomy pelvis 278 2.3 7 0.1
Arthrodesis 6 0.1 3 0.0
Other previous surgery 3,323 3.1 377 3.2 171 1.5
Intervention Total hip replacement (as entered on SIRIS form) 106,191 99.8 11,778 99.5 11,429 99.2
Hip resurfacing 24 0.0 2 0.0 0 0.0
Other (other cat. and free text entr. recog. as THA)*** 175 0.2 54 0.5 88 0.8
Approach Anterior 57,161 53.7 5,586  47.2 6,486 56.3
Anterolateral 31491 29.6 3,808 32.2 2,800 24.3
Posterior 13,746 12.9 1,581 13.4 1,383 12.0
Lateral 3,546 3.3 613 5.2 641 5.6
Other approach 446 0.4 246 2.1 207 1.8
Fixation All uncemented 92,982 87.4 9,566 80.8 5,793 50.3
Hybrid* 11758 11.1 1,563 13.2 4,667 40.5
All cemented 1,004 0.9 355 3.0 661 5.7
Reverse hybrid** 417 0.4 181 1.5 206 1.8
Reinforcement ring, femur uncemented 82 0.1 65 0.5 50 0.4
Reinforcement ring, femur cemented 147 0.1 104 0.9 140 1.2
N (2021-2023) N % N % N %
Technology Conventional 36,792 65.8 4,113 63.1 3,877 57.9
Computer assisted cup 76 1.2 32 0.5
Computer assisted stem 84 1.3 16 0.2
Robotic assisted (image guided, CT based) 54 0.8 10 0.1
Patient specific cutting blocks 25 0.4 5 0.1
Intraoperative fluoroscopy/radiography 2290 35.1 2,783 41.6
Add. intervention None 53,914 96.4 5,729 87.9 5,813 86.8
Acetabular roof reconstruction 641 1.1 177 2.7 73 1.1
Central osseous reconstruction 474 0.8 147 2.2 127 1.9
Proximal femur osteotomy 9 0.0 20 0.3 19 0.3
ORIF/CRIF acetabulum 26 0.0 15 0.2 108 1.6
Cerclage femur 378 0.7 170 2.6 357 5.3
ORIF/CRIF femur 40 0.1 24 0.4 87 1.3
Augments 11 0.0 13 0.2 9 0.1
Other 587 1.0 346 5.3 303 4.5
Total THA (multiple responses) 55,937 6,520 6,694

* acetabulum uncemented, femur cemented

** acetabulum cemented, femur uncemented

***in case of inconsistencies between form entry and implant registration, we use the implant in determining the relevant category
(e.g. entered ,bipolar prosthesis“ but registered stem and dual mobility cup) . Such cases are routinely counted as THAs, but still retained in
the ,other“ category chosen by the user.
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Figure 5.1
Share of dual-mobility cups over time by main pathology

35
304 Fracture
Secondary OA

254 Primary OA
20+
15+
104
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Tables 5.2

Primary total hip arthroplasty: Component fixation methods by diagnostic group by year

Primary osteoarthritis o
2018 2019 2020 2021 2022 2023 1000
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Table 5.3
Surgical approach in total hip arthroplasty for primary osteoarthritis by year (in %)

Anterior

Anterolateral

Lateral

Posterior

Other approach

Total [N]

Figure 5.2
Relative share of total hip arthroplasty procedures using different surgical approaches by Swiss Canton and
Principality of Liechtenstein (2018-2023)
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The use of dual mobility cups (DMC) has increased
over the last 10 years, particularly in the fracture
group, where1/3 ofthe THA performedin 2023 were
made using a DMC. The use of DMC also increased
in primary and secondary OA, however at a much
lower level (Figure 5.1).

Fixation of the stem differed significantly among
the main diagnostic groups but did not change
significantly since 2018 (Tables 5.2). Uncemented
stems were used in more than 80% of primary and
secondary OA, whereas approximately 50% of the
stems had cemented fixation when treating frac-
tures. Cages and reinforcementrings were used no-
ticeably more frequently in the secondary OA and
the fracture groups. This is most probably due to
more complex deformities of the acetabulum need-
ing advanced reconstruction techniques.

2018 2019 2020
49.1 50.5 52.8
32.0 31.4 30.7
4.9 4.6 3.7
13.3 12.8 12.4
0.6 0.7 0.5
16,369 16,802 16,643

M Anterior

Ju AG ZG SO T

5.1 Primary total hip arthroplasty
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Approach

For primary OA, the anterior approach was used
most often, followed by the anterolateral approach.
Approaches first started to be recorded in 2015.
Since then, the use of the anterior approach has
gradually increased, reaching 56.8% in 2022 pla-
teauing at 56.3% in 2023. The anterolateral ap-
proach also has gained popularity, reaching 28.5%
in 2023, while the lateral approach became less
popular. The share of the posterior approach re-
mained constant at approximately 13% (Table 5.3).
However, there was a high variability of the distri-
bution of approaches between the different geo-
graphic areas, as shown in Figure 5.2.

2021 2022 2023 2018-2023
55.7 56.8 56.3 53.7
27.8 27.8 28.5 29.6

2.9 2.5 1.9 3.3
13.3 12.6 13.1 12.9
0.3 0.2 0.2 0.4
17,802 18,930 19,844 106,390

Anterolateral Lateral [l Posterior [l Other

ZH GE LU VS GL
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The bearingis one of the mostimportant factors for
wear and consequently implant survival. Improve-
ment of bearing materials has led to a decrease in
osteolysis and loosening, with decreasing require-
ments forrevision consecutive. The selection of the
bearing depends, amongst other criteria, on the ac-
tivity level and the age of the patient. Bearings with
favourable wear characteristics, e.g., ceramic on
highly crosslinked polyethylene (CoXLPE) and ce-
ramic on ceramic (CoC), were most frequently used
in younger patients. Currently, the most frequent-
ly used bearing in Switzerland was CoXLPE and
its use continued to increase. In 2023, this combi-
nation was chosen in 67.3% of all primary THA for
primary OA (Table 5.4). Metal on conventional PE
(MoCPE) continued to have avery low share, essen-
tially unchanged around 1.6% over the years. Cera-
mised metal (CM) heads were used in 6.9%, most
frequently in combination with XLPE. Interestingly
its use was independent of age. Probably because
it is used only by few centers. The second most
used bearing was CoC, accounting for 14.0% of the
primary THA in 2023. However, its use was slowly
declining over the years. It was used most often in
patients <45 years of age, where it was chosen in
25.08% (Table 5.5). However, even in patients >85
years of age 69.8% received XLPE cups, more often
combined with a ceramic head.
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Correction of polyethylene classification 2024

The classification of polyethylene in the previous reports had at-
tempted to separate highly cross-linked polyethylene from all oth-
ervariants, thereby leaving certain materials that were described
by the manufacturers as moderately cross-linked grouped with
conventional UHMWPE. However, this distinction, which relies on
inconsistent definitions of the degree and nature of cross-linking,
cannot be justified any longer and therefore SIRIS now classifies
all polyethylene liners as either “conventional polyethylene” (CPE)
or “cross-linked polyethylene” (XLPE). The definition follows other
registries (e.g. AOANJRR: “XLPE is classified as ultra-high-molec-
ular-weight polyethylene that has been irradiated with high-dose
(250 kGy) gamma or electron beam radiation.”The abbreviation
XLPE is used generically, despite also having been branded for a
specific product by one manufacturer (Smith&Nephew). While the
definition may be perceived as confusing, it is in fact very simple,
as irradiation doses below 50 kGy are used solely for sterilisation
purposes, not for cross-linking.



Table 5.4

Metal on conventional polyethylene (MoCPE)
Ceramic on conventional polyethylene (CoCPE)
Metal on cross-linked polyethylene (MoXLPE)
Ceramic on cross-linked polyethylene (CoXLPE)
Metal on metal (MoM)

Ceramic on ceramic (CoC)

Ceramicised metal on conventional polyethylene
(CMoCPE)

Ceramicised metal on cross-linked polyethylene
(CMoXLPE)

Other

N (bearing surface known)
N (bearing surface unknown)

* Femoral heads and acetabularinserts/monobloc cups

Table 5.5

Metal on conventional polyethylene (MoCPE)
Ceramic on conventional polyethylene (CoCPE)
Metal on cross-linked polyethylene (MoXLPE)
Ceramic on cross-linked polyethylene (CoXLPE)
Metal on metal (MoM)

Ceramic on ceramic (CoCQ)

Ceramicised metal on conventional polyethylene
(CMoCPE)

Ceramicised metal on cross-linked polyethylene
(CMoXLPE)

Other

N (bearing surface known)
N (bearing surface unknown)**

* Femoral heads and acetabularinserts/monobloc cups

1.9
4.5
11.9
60.0
0.0
14.8
0.3

6.7

0.0

16,098
271

0.0
1.3
5.2
62.8
0.0
25.08
0.00

5.58

0.0

1,810
55

1.7
4.2
11.2
60.4
0.0
15.2
0.4

6.8

0.0

1.5
3.9
9.6
62.7
0.0
14.9
0.3

7.1

0.0

16,410 16,371

392

0.2
1.3
5.9
63.7
0.0
21.66
0.04

7.17

0.0

8,379
136

272

0.3
2.0
6.6
66.4
0.0
17.43
0.08

7.21

0.0

23,584
510

1.9
4.6
8.8
64.1
0.0
14.2
0.3

6.2

0.0

17,512
290

0.8
4.1
8.5
65.3
0.0
13.90
0.16

7.19

0.0

34,65
730

** Please note that age is missingin 6 cases

1.3
4.8
7.7
66.6
0.0
12.9
0.3

6.4

0.0

18,538
392

2.9
7.5
11.6
62.0
0.0
9.79
0.54

5.74

0.0

29,424
721

1.5
5.7
6.7
67.3
0.0
12.2
0.3

6.3

0.0

19,109
735

7.5
10.1
17.2
52.6

0.0
7.26
1.04

4.29

0.0

6,277
199
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1.6
4.6
9.2
63.7
0.0
14.0
0.3

6.6

0.0

104,038
2,352

1.6
4.6
9.2
63.7
0.0
13.96
0.29

6.58

0.0

104,039
2,351



Fixation

Uncemented fixation of both componentswas stan-
dard for primary THA performed for primary OA, ac-
counting for 87.4% of all the cases and more than
95% of patients under the age of 65. Patients older
than 85 still received cementless implantsin 58.5%
(Table 5.6). Female patients received significantly
more often cemented stems than male patients (Ta-

ble 5.7).

Table 5.6

Primary total hip arthroplasty: Fixation methods in primary osteoarthritis by age* (in %)

<45 45-54 55-64 65-74 75-84

All cemented 0.3
All uncemented 97.0
Hybrid** 1.7
Reverse hybrid*** 0.9
Reinforcement ring, femur cemented 0.00
Reinforcement ring, femur uncemented 0.2
N 1,865

* Please notethatage is missingin 6 cases
** acetabulum uncemented, femur cemented
***acetabulum cemented, femur uncemented

Table 5.7

0.2 0.2 0.6 1.5
97.4 96.2 91.2 78.6
1.9 3.1 7.8 19.1
0.3 0.3 0.3 0.5
0.09 0.10 0.08 0.19
0.1 0.1 0.1 0.0
8,515 24,094 35,295 30,145

85+ All
4.2 0.9
58.5 87.4
35.6 111
1.1 0.4
0.48 0.14
0.1 0.1

6,476 106,390

Primary total hip arthroplasty: Fixation methods in primary osteoarthritis by gender (in %)

Women
All cemented 1.3
All uncemented 82.6
Hybrid* 15.3
Reverse hybrid** 0.5
Reinforcement ring, femur cemented 0.20
Reinforcement ring, femur uncemented 0.1
N 55,017

* acetabulum uncemented, femur cemented
**acetabulum cemented, femur uncemented
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Men All
0.6 0.9
92.5 87.4
6.5 11.1
0.2 0.4
0.07 0.14
0.1 0.1

51,373 106,390

5.1 Primary total hip arthroplasty



Technology

Navigation, roboticsorpatientspecificinstruments
(PSI) are not widely used in THA what is observed
in Switzerland, contrary to knee arthroplasty. Such
aidswere usedin about 6% of all cases only. Onthe
other hand, intraoperative fluoroscopy was report-
edtobeusedinaboutonethirdofallcases. Theuse
of fluoroscopy was slightly increasing over the last
three years (Figure 5.3).

Figure 5.3
Primary total hip arthroplasty: Technologies used in primary OA
%

70 Conventional
60 Intraoperative fluoroscopy/radiography
mm Computer assisted cup
50 Computer assisted stem
40 == Robotic-assisted (image-guided, CT based)
Patient specific cutting blocks

30
20
10

| - — —

2021 2022 2023
Technology [%] 2021 2022 2023 2021-2023
Conventional 69.6 65.5 62.7 65.8
Intraoperative fluoroscopy/radiography 27.9 32.2 34.4 31.7
Computer assisted cup 2.6 2.0 1.7 2.1
Computer assisted stem 2.6 2.2 2.1 2.3
Robotic-assisted (image guided, CT based) 0.4 0.6 1.1 0.7
Patient specific cutting blocks 0.8 1.0 1.4 1.1
N 17,163 18,930 19,844 55,937

Multiple responses possible (percentages do not sum to 100)
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SIRIS has been recording all revision procedures
since 2012, irrespective of whether it was the first
or any subsequent revision. Unlinked revisions
are procedures where the primary intervention is

not documented in SIRIS. This includes hip arthro-

plasties performed before implementation of the
registryin 2012, as well as revisions of later arthro-
plasties not registered within SIRIS. The share of
unlinked revisions steadily decreased from 80.8%
in 2013 to 46.3% (Table 4.1, p.32). In 2023, a total
of 2,904 revisions were carried out, of which 1,306
were unlinked (Table 5.8). The overall revision bur-

denin 2023 was approximately 11%.

Table 5.8
N 1,534 1,488 1,411 1,273 1,269 1,306
Women [%] 49.5 50.8 45.8 51.6 49.6 47.7
Mean age (SD) All 74.0 (11.5) 74.4(10.8) 73.9(11.8) 75.1(11.5) 76.3(11.2) 76.6(11.0)
Women 75.2 11.7) 75.5(10.5) 76.2 (11.1) 75.9(11.6) 77.5(10.8) 78.1(10.7)
Men 72.8 (11.1) 73.2(10.90 71.9 (11.9) 74.2 (11.3) 75.2(11.5) 75.2(11.0)
Age group [%] <45 0.9 0.9 1.8 1.2 1.1 0.5
45-55 5.8 4.0 4.7 4.7 3.5 4.0
55-65 13.0 14.2 13.1 11.0 10.1 10.3
65-75 27.8 26.3 26.1 25.5 21.0 21.2
75-85 34.8 36.4 36.1 35.9 38.9 38.3
85+ 17.6 18.2 18.1 21.7 25.5 25.7
N unknown BMI (%) 289 (19) 291 (20) 210 (15) 133 (10) 107 (8) 111 (8)
N known BMI 1,245 1,197 1,201 1,140 1,162 1,195
Mean BMI (SD) 26.7 (5.2) 26.8(5.4) 26.9(5.4) 26.6(5.5 26.2(5.1) 26.6(5.6)
BMI [%] <18.5 2.4 2.4 2.4 2.5 2.8 3.6
18.5-24.9 37.8 41.0 37.6 42.3 42.1 39.6
25-29.9 38.2 34.1 36.9 32.8 36.3 33.7
30-34.9 14.4 14.6 16.0 14.8 12.9 15.8
35-39.9 5.2 5.8 5.0 5.5 4.5 5.2
40+ 1.9 2.0 2.1 2.0 1.4 2.1
N unknown ASA (%) 150 (10) 156 (10) 120 (9) 53 (4) 39 (3) 30 (2)
N known ASA 1,384 1,332 1,291 1,220 1,230 1,276
Morbidity state ASA 1 6.2 3.7 3.6 3.9 2.4 2.5
[%] ASA 2 43.3 42.7 441 39.0 36.3 35.9
ASA 3 47.9 49.0 48.3 52.0 54.6 54.1
ASA 4/5 2.6 4.6 4.0 5.2 6.7 7.5

*includes a small proportion of reoperations that are not counted as component revisions in the evaluative parts of this report
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8,281
49.2

75.0 (11.3)
76.3 (11.1)
73.7 (11.4)
1.1

4.5

12.1

24.8

36.7

20.9

1,141 (14)
7,140

26.6 (5.4)
2.7

40.0

35.4

14.8

5.2

1.9
548 (7)
7,733
3.7
40.3
50.9
5.1



First revisions are revisions that are linked to a
primary THA registered in SIRIS, occurring for the
first time, as opposed to re-revisions, which are
repeated revisions after previous revisions. SIRIS
differentiates between early revisions, performed
within the first 2 years after implantation and long-
term revisions, now up to 11 years after the index
operation. The 2-year revision rates were calcu-
lated for a moving 4-year window, which includes
the last 4 years with a full 2-year follow-up. For this
report, this corresponds to primary THA implanted
between 01.01.2018 and 31.12.2021. For long-term
outcomes, cumulative revision rates were calculat-

ed using KM survival estimations.

The current 4-year movingwindow included 82,000
documented primary THA, of which 67,616 had
been made forprimary OA, 7,268 for secondary OA,
and 6,878 for the treatment of fractures. A total of
2,346 ofthese THA were revised within 2 years, cor-
responding to an overall revision rate of 2.9% (Cl
2.8 -3.0%). Forprimary OA, the 2-yearrevision rate
was 2.5% (Cl 2.4 - 2.7%), whereas forsecondary OA
it was 3.9% (Cl 3.5 — 4.4%) and for fractures 5.2%
(Cl 4.7 — 5.7%), each significantly different from the
others (Table 5.9).

Thelowest 2-yearrevision rate (2.1%) was observed
in the age group 55-64 years old. The highest revi-
sion rates were observed in patients <55 and in pa-

tients »75 years of age.

Table 5.9

Revised

N at risk* N %**

Overall (moving average) 82,000 2346 2.9
Diagnosis Primary OA 67,616 1708 2.5
Secondary OA 7,268 282 3.9

Fracture 6,878 340 5.2

Overall Primary OA 67,616 1708 2.5
Gender Women 34,886 890 2.6
Men 32,730 818 2.5

Age group <55 6,908 199 2.9
55—-64 15,115 320 2.1

65-74 22,610 544 2.4

75-84 18,846 528 2.8

85+ 4,137 117 2.9

BMI group <18.5 937 16 1.7
18.5-24.9 19,956 399 2.0

25-29.9 23,338 534 2.3

30-34.9 10,719 327 3.1

35-39.9 3,239 139 4.3

40+ 1,076 58 5.4

Unknown 8,351 235 2.8

Morbidity ~ ASA 1 7,626 127 1.7
state ASA 2 38,679 888 2.3
ASA 3 16,566 561 3.4

ASA 4/5 396 8 2.0

Unknown 4,349 124 2.9

* Number of patients with at least two years follow-up
(i.e. primary prosthesis in moving average).
** Rates adjusted for effects of mortality and emigration.

95% Cl
lower upper
2.8 3.0
2.4 2.7
3.5 4.4
4.7 5.7
2.4 2.7
2.4 2.7
2.4 2.7
2.5 3.3
1.9 2.4
2.2 2.6
2.6 3.1
2.4 3.4
1.1 2.8
1.8 2.2
2.1 2.5
2.8 3.4
3.7 5.1
4.2 7.0
2.5 3.2
1.4 2.0
2.2 2.5
3.2 3.7
1.0 4.0
2.4 3.4
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The most frequent cause of early first revision of
primary THA for primary OA was infection (27.9%),
followed by periprosthetic fracture (18.9%), dislo-
cation (16.7%), and femoral loosening (16.5%) (Ta-
ble 5.10). Approximately one-sixth of all revisions
(15%) were undertaken for malposition of eitherac-

etabularorfemoral components.

Table 5.10

Infection 477  27.9
Periprosthetic fracture 322 18.9
Dislocation 286 16.7
Loosening femoral 282 16.5
Position/orientation of cup 139 8.1
Loosening acetabular 131 7.7
Position/orientation of stem 118 6.9
Spacer 16 0.9
Implant failure 13 0.8
Impingement 13 0.8
Wear 12 0.7
Trochanter pathology 11 0.6
Acetabular protrusion 10 0.6
Osteolysis FE 0.5
Osteolysis AC 0.2
Squeaking 1 0.1
Other 197 11.5
Total 2018-2023 2,040

* Early firstrevisions are those occurring within 2 years of
the primary arthroplasty

SIRIS Report 2024 Hip arthroplasty

During the moving period of interest, there were in
total 1,708 first revisions. The spectrum reached
from exchange of the head or the inlay only to com-
plete exchange of all components (13.0%) (Table
5.11). The most frequently performed operation
was the exchange of the femoral component only
(23.8%). The exchange of the acetabular com-
ponent as isolated procedure was performed in
14.7%. There were 42 (2.5%) component reimplan-
tations after Girdlestone or spacer implantation
registered as first revision, despite no previous
component removal being registered. Obviously,

Table 5.11

Exchange acetabular and femoral components
Exchange acetabular component and head
Exchange femoral component

Exchange head and inlay

Exchange acetabular component

Exchange femoral component and inlay

Component reimplantation
(after spacer or Girdlestone)

Exchange head
Component removal, spacer implantation
Girdlestone

Exchange femoral component,
inlay and osteosynthesis

Exchange inlay
Other intervention
Total 2018-2023

* Early first revisions are those occurring within 2 years of the

primary arthroplasty

222
251
407
269

80
106

42

178
34
16
26

22
55
1,708

13.0
14.7
23.8
15.7
4.7
6.2
2.5

10.4
2.0
0.9
1.5

1.3
3.2
100.0



these were not first revisions but appeared as first
revisions because the first revision after THA (spac-
erimplantation, Girdlestone) was not documented.
The registry does not correct this faulty entry, as it
documents at least that there was a revision per-
formed. Surgeons are invited to document all the
revisions performed, and to carefully chose among
the options available during data entry to avoid

such mistakes.

Three different situations of early first revision were
analysed more in detail, considering the type of
fixation and whether primary or revision implants
were used in relation to age at revision. Revision of
both the acetabularand the femoralimplants, fem-
oral revision only, and component reimplantation
after spacer/Girdlestone procedures. The distribu-
tion of implants used differed among these three
revision situations (Table 5.12). Overall, primary
uncemented stems (including uncemented short
stems) were used in 40% of all revisions, cement-
ed primary stems in 26% and uncemented revi-
sion stems in 32%. Cementless stems were used
in younger patients, the share of cemented stems
increasing with age. The use of cemented revision
stems was exceptional. Table 5.13 gives an over-
view of the brands used at revision.

For acetabularrevisions, standard uncemented ac-
etabular cups were used in 77%, while cemented
cups without cages were used in 11%. Reconstruc-
tion cages were used in 10%. Specific revision cups
were used only rarely. An overview of the implants
used is provided in Table 5.13.
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Table 5.12

Type of revision of femoral components
AC + FE revision cem. primary stems
uncem. primary stems
short stems

cem. revision stems

uncem. revision stems

FE revision with orwithout inlay) cem. primary stems
uncem. primary stems
short stems

cem. revision stems

uncem. revision stems

Component reimplantation @fterspacen cem. primary stems
uncem. primary stems
short stems

cem. revision stems

uncem. revision stems

Type of revison of acetabular components
AC + FE revision cem. primary cups
uncem. primary cups
revision cups

AC roof ring or cage

AC revision (with or without head) cem. primary cups
uncem. primary cups
revision cups

AC roof ring or cage

Component reimplantation @fterspacen cem. primary cups
uncem. primary cups
revision cups

AC roof ring or cage

0.0
50.0
12.5

0.0
37.5

100%

10.0
90.0
0.0
0.0
0.0
100%

0.0
100.0
0.0

0.0
100%

0.0
100.0
0.0
0.0
100%

7.7
92.3
0.0
0.0
100%

0.0
100.0
0.0
0.0
100%

15.8
57.9
2.6
0.0
23.7
100%

20.4
57.1
10.2
0.0
12.2
100%

0.0
100.0
0.0

0.0
100%

0.0
97.3
0.0
2.7
100%

12.9
80.6
0.0
6.5
100%

0.0
100.0
0.0
0.0
100%

141
49.3
7.0
1.4
28.2
100%

231
35.1
14.2
0.7
26.9
100%

10.0
40.0
0.0

50.0
100%

5.9
88.2
0.0
5.9
100%

7.8
78.9
4.4
8.9
100%

0.0
72.7
9.1
18.2
100%

23.5
36.3
8.8
0.0
31.4
100%

31.4
25.2
6.6
0.9
35.8
100%

20.8
54.2
4.2

20.8
100%

10.9
83.2
1.0
5.0
100%

7.0
76.7
3.1
13.2
100%

8.3
79.2
8.3
4.2
100%

25.3
33.7
9.6
0.0
31.3
100%

26.0
22.7
9.9
2.2
39.2
100%

38.5
15.4
0.0

46.2
100%

111
79.0
2.5
7.4
100%

17.9
59.3
0.8
22.0
100%

27.3
72.7
0.0
0.0
100%

38.9
33.3
5.6
0.0
22.2
100%

46.3
111
5.6
0.0
37.0
100%

33.3
33.3
0.0

33.3
100%

18.8
68.8
0.0
12.5
100%

17.6
58.8
0.0
23.5
100%

0.0
100.0
0.0
0.0
100%

68
132
25

94
320
209
209

69

250
746

12
22

17
52

27
262

18
310

49
300

62
420

5
40

3
51

eclass categories used: 34-32-10-01, 34-32-10-02, 34-32-10-03, 34-32-10-05, 34-32-10-06, 34-32-10-08, 34-32-10-09, 34-32-10-10, 34-32-10-

11. Asmall proportion of tumor systems such as MUTARS is excluded.
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Table 5.13

Cem. primary stems
(104)

Twinsys 54
SPII Lubinus 41
Corail 36
Quadra-C 34
Weber 22
Centris 19
Avenir 17
Quadra-P (cem) 17
MS-30 12
Other stems 62

Uncem. primary stems
(10+)

Corail collared 77
Avenir 52
Quadra-H 48
Polarstem 43
Corail 36
Twinsys 33
CLS Spotorno 23
Quadra-P 21
Stellaris 14
Other stems 50

Short stems* (10+)

Optimys 32
Amistem-C 27
Fitmore 23
Other stems 22
Cem. revision stems
(10+)

Arcad L XL 11
Other stems 2
Uncem. revision stems
(10+)

Corail collared 120
Revitan 53
Wagner SL 33
Quadra-R 32

Mathys modular 26
revision

MRP-titan 24
Lima revision 23
Alloclassic SLL 21
Redapt 15
Restoration mod- 15
ular

M-Vizion 10
Other stems 20

Cem. primary cups (10+)

Polarcup 27
DS evolution (cem) 19
Versacem 17
Avantage 11
Other cups 16
Centris 19
Avenir 17
Quadra-P (cem) 17
MS-30 12
Other stems 62

Uncem. primary cups
(10+)

Pinnacle 72

RM pressfit vitamys 65

Allofit 53
Polarcup 49
Versafitcup DM 48
Versafitcup trio/ccl. 42
Bi-Mentum 36
Symbol DMHA 31
Avantage 22

Fitmore

™

DS evolution
G7 DM hemispher-
ical

Mpact

R3

Gyros
Liberty
Delta TT DM
Other cups

Revision cups (8+)
Pinnacle

Other cups

AC roof ring or cage
(10+)

ZB reinforcement
rings
Burch-Schneider
cage

Other cages

22
21
17
17

17
14
12
12
11
92

56

18

12

eclass categories used: 34-32-10-01, 34-32-10-02, 34-32-10-03, 34-32-10-05, 34-32-10-06, 34-32-10-08, 34-32-10-09, 34-32-10-10, 34-32-10-

11.Asmall proportion of tumor systems such as MUTARS is excluded.

* Please note that both Fitmore and Amistem are originally classified as a regular primary stems. We reclassified them as short stems.
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Table 5.14 gives an overview of the revision rates
depending on implant fixation, bearing and surgi-
calapproach, whereby the 2-yearrevision rate was
2.5% (1,708 of 67,616 primary THA) on average. The
parameters that were associated with above aver-
age revision rates included all cemented fixation
(3.0%), MoCPE bearings (3.6%), and the use of a
posterior approach (3.4%). CoXLPE (2.3%) and an-
terior or anterolateral approaches were associated

with below average revision rates.

Table 5.14

Overall (moving average)

Fixation

All cemented

All uncemented

Hybrid

Articulation

Metal on conventional polyethylene (MoCPE)
Ceramic on conventional polyethylene (CoCPE)
Metal on cross-linked polyethylene (MoXLPE)
Ceramic on cross-linked polyethylene (CoXLPE)
Ceramic on ceramic (CoC)

Ceramicised metal on conventional polyethylene (CMoCPE)
Ceramicised metal on cross-linked polyethylene (CMoXLPE)

Approach
Anterior
Anterolateral
Lateral
Posterior

Other approach

SIRIS Report 2024 Hip arthroplasty

Figures 5.4 shows the cause and frequency distri-
bution (Kernel density estimation) of revision over-
all and separately for cemented and uncemented
femoral implants. Most revisions occurred during
the first 3 months after primary THA, including high
and early peaks of periprosthetic fractures and dis-
locations as reasons for revision. Although infec-
tion and aseptic loosing were more frequent com-
plications, their curves were flatter and remained
elevated over a longer period. In cemented stems,
dislocation and infection were the predominant
reasons for early revision, whereas other compli-
cations occurred later and were distributed over a
longer period. In uncemented stems, periprosthet-
ic fractures predominated the early postoperative
period and occurred at a higher frequency.

Revised 95% Cl

N at risk* N %** lower upper
67,616 1,708 2.5 2.4 2.7
754 22 3.0 2.0 4.5
59,042 1,471 2.5 2.4 2.6
7,652 204 2.7 2.4 3.1
1,173 42 3.6 2.7 4.9
2,841 105 3.7 3.1 4.5
6,866 210 31 2.7 3.5
41,059 978 2.4 2.3 2.5
9,798 260 2.7 2.4 3.0
199 8 4.1 2.1 8.0
4,455 72 1.6 1.3 2.0
35,230 842 2.4 2.3 2.6
20,570 490 2.4 2.2 2.6
2,698 68 2.6 2.0 3.2
8,762 292 3.4 3.0 3.8
356 16 4.6 2.9 7.4

* Number of patients
with at least two years
follow-up (i.e.
primary prosthesisin
moving average).

** Rates adjusted for
effects of mortality
and emigration.



Figures 5.4

Reason for early first revision by time interval since primary total hip arthroplasty

4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023).
Early first revisions are those occurring within 2 years of the primary arthroplasty.
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The cumulative incidence rates show the long-term
behaviour of implants. Figures 5.5 presents the
cumulative incidence rates up to 11 years postop-
eratively for all primary THA performed for prima-
ry OA, overall and separately for cemented and
uncemented femoral components, illustrating the
proportion of implants having experienced at least
one revision due for the frequent reasons for revi-
sion. Loosening and periprosthetic fractures were
the dominant reasons for revisions over the whole
observation period. Cumulative revision rates for
infection, dislocation and osteolysis did not differ
between cemented and uncemented stems, where-
as periprosthetic fractures occurredmore frequent
with uncemented stems, both on the short term as
up to eleven years postoperatively (Figures 5.5).

Figures 5.5 — Partone
Cumulative incidence rates for different revision diagnoses (primary OATHA)

Time since operation, 2012-2023, all services, % of implants revised
%

all fixation 2.0 — Loosening
techniques —— Dislocation
1.5 —— Periprosthetic fracture
—— Infection
1.0 Osteolysis
= |mplant failure / wear
0.5 ER— Implant orientation / position
— Other reasons
Q| em—
6 ! 2‘ ‘3 l‘l é 6| ‘7 é é 1|0 1‘1 Time to revision in year
lyear 2years 3years b5years 7years 9years 10years 11 years
Loosening 0.4 (0.4-0.4) 0.6 (0.6-0.7) 0.8 (0.7-0.8) 1.0 (1.0-1.1) 1.3 (1.3-1.4) 1.6 1.5-1.7) 1.7 (1.6-1.8) 1.8 (1.7-2.0)
Dislocation 0.4 (0.4-0.4) 0.4 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.5-0.5) 0.5 (0.5-0.6) 0.6 (0.6-0.7) 0.6 (0.6-0.7) 0.7 (0.6-0.7)

Periprosthetic fracture
Infection

Osteolysis

Implant failure / wear
Implant orientation / position
Otherreasons
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0.5 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.5-0.5) 0.6 (0.6-0.6) 0.7 (0.7-0.8) 0.9 (0.9-1.0) 1.1 (1.0-1.2) 1.2 (1.1-1.4)
0.6 (0.5-0.6) 0.7 (0.6-0.7) 0.7 (0.7-0.7) 0.8 (0.7-0.8) 0.8 (0.8-0.9) 0.9 (0.9-1.0) 0.9 (0.9-1.0) 1.0 (0.9-1.0)
0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.2 (0.1-0.2) 0.2 (0.1-0.2)
0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.1 (0.0-0.1) 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.2 (0.1-0.2) 0.2 (0.2-0.3) 0.3 (0.2-0.4)
0.2 (0.2-0.2) 0.2 (0.2-0.3) 0.3 (0.3-0.3) 0.4 (0.3-0.4) 0.4 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.5-0.6)
0.2 (0.2-0.3) 0.3 (0.3-0.3) 0.4 (0.3-0.4) 0.4 (0.4-0.4) 0.4 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.4-0.5)
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Figures 5.5 — Parttwo
Cumulative incidence rates for different revision diagnoses (primary osteoarthritis THA)
Time since operation, 2012-2023, all services, % of implants revised

%
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%

lyear 2years 3years 5years 7years 9years 10years 11 years
0.4 (0.4-0.4) 0.6 (0.6-0.7) 0.8 (0.7-0.8) 1.0 (1.0-1.1) 1.3 (1.2-1.4) 1.6 1.5-1.7) 1.7 1.6-1.8) 1.8 (1.7-2.0)
0.4 (0.3-0.4) 0.4 (0.4-0.4) 0.4 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.5-0.6) 0.6 (0.5-0.6) 0.6 (0.6-0.7) 0.6 (0.6-0.7)
0.5 (0.4-0.5) 0.5 (0.5-0.5) 0.5 (0.5-0.5) 0.6 (0.6-0.6) 0.7 (0.7-0.8) 0.9 (0.9-1.0) 1.1 (1.0-1.2) 1.3 (1.1-1.4)
0.6 (0.5-0.6) 0.6 (0.6-0.7) 0.7 (0.7-0.7) 0.8 (0.7-0.8) 0.8 (0.8-0.9) 0.9 (0.8-1.0) 0.9 (0.9-1.0) 0.9 (0.9-1.0)
0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.1 (0.0-0.1) 0.1 (0.1-0.1) 0.2 (0.1-0.2) 0.2 (0.1-0.2)
0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.1 (0.0-0.1) 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.2 (0.1-0.2) 0.2 (0.2-0.3) 0.3 (0.2-0.4)
0.2 (0.2-0.2) 0.2 (0.2-0.3) 0.3 (0.3-0.3) 0.4 (0.3-0.4) 0.4 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.5-0.6)

0.2 (0.2-0.3) 0.3 (0.3-0.4) 0.4 (0.3-0.4) 0.4 (0.4-0.5) 0.4 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.4-0.5) 0.5 (0.4-0.5)

cemented femur 2.0 —— Loosening
= Dislocation
1.5 ——— Periprosthetic fracture
—— Infection
1.0 — Osteolysis
= |mplant failure / wear
0> i} —— —— Implant orientation / position
o — Other reasons
(I) 2‘ BI‘ 4‘ § 6I 7I é 9I l(l) 1‘1 Time to revision in year
lyear 2years 3years b5years 7years 9years 10years 11 years
Loosening 0.3 (0.3-0.4) 0.6 (0.5-0.7) 0.8 (0.7-0.9) 1.1 (1.0-1.3) 1.5 (1.3-1.7) 1.7 (1.4-2.0) 1.7 (1.5-2.0) 1.7 (1.5-2.0)
Dislocation 0.5 (0.4-0.6) 0.5 (0.5-0.6) 0.6 (0.5-0.7) 0.6 (0.5-0.8) 0.7 (0.6-0.9) 0.8 (0.7-0.9) 0.8 (0.7-0.9) 0.9 (0.7-1.2)

Periprosthetic fracture
Infection

Osteolysis

Implant failure / wear
Implant orientation / position
Other reasons
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0.3 (0.3-0.4) 0.4 (0.3-0.5) 0.4 (0.4-0.5) 0.5 (0.4-0.6) 0.7 (0.5-0.8) 0.8 (0.7-1.1) 1.0 (0.7-1.2) 1.0 (0.7-1.2)
0.6 (0.6-0.8) 0.7 (0.6-0.8) 0.8 (0.7-0.9) 0.9 (0.8-1.0) 0.9 (0.8-1.1) 1.0 (0.8-1.1) 1.0 (0.8-1.2) 1.1 (0.9-1.3)
0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.0 (0.0-0.1) 0.1 (0.0-0.1) 0.1 (0.1-0.2) 0.2 (0.1-0.4) 0.2 (0.1-0.4) 0.2 (0.1-0.4)
0.0 (0.0-0.1) 0.0 (0.0-0.1) 0.0 (0.0-0.1) 0.1 (0.0-0.1) 0.1 (0.0-0.2) 0.1 (0.1-0.3) 0.2 (0.1-0.5) 0.2 (0.1-0.5)
0.2 (0.1-0.2) 0.2 (0.2-0.3) 0.3 (0.2-0.3) 0.4 (0.3-0.5) 0.5 (0.4-0.6) 0.5 (0.4-0.7) 0.5 (0.4-0.7) 0.5 (0.4-0.7)
0.2 (0.2-0.3) 0.3 (0.2-0.4) 0.3 (0.2-0.4) 0.3 (0.3-0.4) 0.3 (0.3-0.4) 0.3 (0.3-0.4) 0.3 (0.3-0.4) 0.3 (0.3-0.4)
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Bearings and head sizes

The 2-year revision rate for the current 4-year mov-
ing window was lowest for CMoXLPE (1.6%) and
CoXLPE (2.3%), followed by CoCand MoXLPE (2.8%)
(Table 5.14). At 11 years, the estimated cumulative
revision rate for CMoXLPE had the lowest revision
rate of 2.9% (Cl 2.4-3.6%)and CoXLPE had a revi-
sion rate of 4.7% (Cl 4.5 — 5.0%). In contrast, the
highest cumulative revision rate was observed for
CMoCPE (9.9% (Cl 4.7 — 16.7%), followed bx MoCPE
with a rate of 8.5% (Cl 6.7—10.7) (Figure 5.6). How-
ever, for both bearings this observation has to be
taken with care, considering small numbers with
wide confidence intervals.

Head size and bearing type influence wear, which
can lead in the long term to osteolysis and loosen-
ing. Head size has an impact on stability, with larg-
er heads being more stable, reducing the risk of

dislocation, compared to smaller diameters. How-

Figure 5.6

ever, large heads bear the risk of increased wear,
particularly with CPE. Heads with a diameter 240
mm had an excessively high revision rate of 12.1%
at 11 years (Figure 5.7). However, these were used
mostly in CoC bearings. Bearings with diameter 32
or36 mm had an identical revision rate throughout
the entire observation period. At 11 years follow-up,
their revision rate was 4.9% and 5.0%, respective-
ly. Heads diameter 28 mm were associated with a
slightly higherrevision rate at 11 years of 5.7%.

The relationship between head size and bearing
type was further analysed. whereby results were
broken down between head sizes of 28, 32, and 36
mm and the bearings MoCPE, CoCPE, MoXLPE, CoX-
LPE, MCoXLPE, and CoC. The results are presented
in Table 5.15.

Although CMoXLPE has the lowest cumulated re-
vision rate at eleven years, this result should be

interpreted with caution. It is used with a limited

Estimated failure rates of primary total hip arthroplasty for different bearing surfaces
Time since operation, 2012-2023, all services, diagnosis primary OA

%
8 '—'
—— MoCPE
6 s COCPE
e \IOXLPE
° /_-—4—’/_'_—'# ——— CoXLPE
4 —— CoC
= CMoCPE
3 — CMoXLPE
2
1
0
T T I T T I I T T I T T
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation
1 year 2 years 3 years 5 years 6 years 8 years 9years 10years 11 years
MoCPE 2.9 (2.43.6) 3.3(2.73.9 3.402.9-41) 4.2(3.550 4.8%.057) 6.4(376 7.66.2:9.2 8.06.4-9.8) 8.5(6.7-10.7)
CoCPE 2.502.228 2.902633 3.302.937 3.93.543 4.303.9-49 50557 5.4%861) 5835167 6.3(5.47.3)
MoXLPE 2.2(2.1-2.4) 2.8(2.63.00 3.2(3.0-3.5 3.8(3.5-4.00 4.0(3.8-4.3) 4.54.2-48) 4.7 4.4-5.1) 5.1 4.7-5.5 5.3 (4.9-5.8)
CoXLPE 1.901.82.00 2.402325 2.702628 3.13.033 3.43B.235 3.936841) 4.24.0-4.4) b.4.2-46) 4.7 (4.5-5.0)
CoC 2.2(2.02.4) 2.8(2.6-3.00 3.23.0-3.5) 3.93.6-4.2) 4.2 (4.0-45 4.8.5-51) 5.14.7-5.4 5.6(5.2-6.0) 6.0 (5.5-6.6)
CMoCPE 2.91.7-48) 3.4(2.1-5.5 3.7(2.3-58 4.02.56.4) 4.0@2.5-6.4) 6.6(3.9-11.0) 6.6 (3.9-11.0) 6.6 (3.9-11.0) 9.0 (4.7-16.7)
CMoXLPE 1.10.91.3) 1.501.217) 1.70.419 2.01.72.3) 2.1@1.824) 2.40.0-28 2.50213.00 2.92.43.6) 2.92.4-3.6)
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Figure 5.7

Estimated failure rates of primary total hip arthroplasty for different types of head sizes
(standard cups: primary OA & all uncemented fixation)

Time since operation, 2012-2023, all services, diagnosis primary OA

%
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12 @ 40+ (0.26%)
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8
6 @3 28 (8%)
@32 (53%)
4 @36 (38%)
2
95% confidence interval
0
I I I I I I I I T I I I
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation
] lyear 2years 3 years 5 years 6 years 7years 8years 10years 11 years
28 (8%) 2.1(1.82.4) 2.6(2.32.9 2.9(2.6-3.3) 3.5(3.2:3.9 3.83.4-4.2) 4.4 (4.0-4.9 4.8(4.3-52) 5.2(4.7-58) 5.7 (5.0-6.4)

32 (53%) 1.9 (1.8:2.00 2.42.3-2.5 2.7 (2.62.8) 3.2(3.13.3) 3.43.33.6) 4.03.9-4.2) 4.3 (4.1-4.5) 4.6 (4.4-4.9 4.9 (4.6-5.1)
36 (38%) 1.91.82.1) 2.42.326) 2.82.729 3.3(3.13.5 3.53.43.7) 4.0(3.8-4.2) 4.3 (4.0-45 4.6(4.3-4.9 5.0 (4.6-5.4)
40+ (0.26%) 2.1(1.1-4.2) 4.8(3.0-7.6) 6.4 (4.2-9.5) 8.3 (5.7-11.9) 9.1 (6.4-13.011.0 (7.8-15.5) 11.0 (7.8-15.5) 12.1 (8.5-17.2) 12.1 (8.5-17.2)

Table 5.15

Estimated failure rates of primary total hip arthroplasty for different types of head sizes by bearing surface
(standard cups: primary OA & all uncemented fixation)

Time since operation, 2012-2023, all services, diagnosis primary OA. Only showing combinations with 500+ cases.

@ / bearing surface 1 year 2 years 3 years 5 years 6 years 8years 10years 11 years
28 [/ CoCPE 2.7 (1.8-4.0) 2.8(1.9-42 3.3(2.3-48 3.902.854 4.002.956) 4.63.363 4.6(3363) 5.2(3.67.5)
28 / MoXLPE 2.3(1.83.00 2.7(13.4) 3.22.5-4.0 3.6209-45 4.03.3-49 4.63.856) 5.74.66.9 5.74.6-6.9)
28 / CoXLPE 1.8(1.522 2.502129 2.62230 3.3@23838 3.5(3.040 4203648 4.94.2-56) 5.64.6-6.7)
28 / CoC 211334 2.90.9-4.4 3.3023-49 4.002858 453263 4.73366 5.23.675 5.23.675
32 / MoCPE 4.6 (3.0-6.8) 5.0(3.47.4) 5.03.4-7.4) 5.9(4.1-85 6.7 (4.6-9.5) 9.4 (6.6-13.4) 10.4 (7.2-15.1)

32/ CoCPE 2.8(2.23.7) 3.2(2.5-41) 3.7(2.9-46) 4.33.553) 4.73.8-5.8 5.5(.4-6.8) 7.8(6.0-10.0) 8.7 (6.4-11.9)
32 / MoXLPE 2.6 (2.3-3.00 3.2(2.93.6) 3.7(3.3-41 4.33.9-48 4.6(4.1-5.00 5.1(4.6-56) 5.6(5.1-6.2) 5.7 (5.1-6.4)
32 / CoXLPE 1.81.71.9 2.3(2.22.4 2.50.4-2.79 3.002.831) 3.2(3.03.3) 3.83.6-4.0 4.3(4.0-4.6) 4.5 (4.1-4.8)
32/ CoC 2.0(1.72.3) 2.6(2.229 2.92.633 3.63.1-4.0 3.9354.4 4.43.9-50 5.1@.5-59 5.7 4.9-6.7)
32 / CMoXLPE 0.90.71.2 1.3¢.016 1.4@1.118 1.8(1.4-22 1.901.524 2.3(1.82.9) 2.6(1.9-3.5) 2.6(1.9-3.5)
36 / MoXLPE 1.81.52.2 2.42.029 2.802.433 3.32.838 3.53B.041) 3.93G346 4.53.853 5.13.86.9)
36 / CoXLPE 2.01.82.1) 2.402326 2.7026-29 3.23.03.4) 3.43136 3.83.641) 4.303.9-4.6) 4.5 (4.1-5.0)
36 / CoC 2.2(1.92.4) 2.82.53.0 3.2(2.935 3.903.542 4.23.84.6) 4.7%3-51 5.5.9-6.00 6.0(5.3-6.8)
36 /| CMoXLPE 0.9 0.6-1.3) 1.20.9-1.7) 1.5@1.12.00 1.81.4-2.4) 1.8@1.4-2.4) 1.9@1.4-2.6) 2.8(1.9-4.0) 2.8 (1.9-4.0)
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number of stems and cups from one company only,
all of which perform very well in the registry. In ad-
dition, CM is not widely used but concentrates on
few centres and few surgeons.

MoCPE was used only in combination with 32 mm
heads and appeared to have the highest revision
rate at 10 years of 10.4% (Cl 7.1-15.1). MoCPE with
28mm heads were mainly used in fractures, ce-
mented stems and in dual mobility cups. These
groups were not part of this analysis and were
therefore excluded.

For the head diameters 32 and 36 mm, CMoXLPE
had the lowest revision rates with 2.6% and 2.8%
respectively at eleven years. CoXLPE had a revision
rate of 4.5%. For MoXLPE, CoCPE, and CoC the long-
term results varied depending on the head size.

Component fixation also affected the revision rate
(Figure 5.8). Hybrid fixation showed slightly better
revision rates at 11 years with 4.7% (Cl 4.3-5.3%)

than uncemented fixation with 5.1% (Cl 4.9-5.3%)
or all cemented with 5.4% (Cl4.1-7.1%). Although
the revision rates for hybrid fixation tended to run
belowtherevisionrates foruncemented fixation for
most of the observation time, confidence intervals
remained largely overlapping, indicating no statis-
tical significance (Figure 5.9).

Data on BMI is collected since 2015, the observa-
tiontime thereforeis limited to eightyears. BMI had
a high impact on the risk of revision (Figure 5.10),
with a positive correlation (meaningincreasing risk
with increasing BMI).

The 2-year revision rate for patients with BMI »40
kg/m2 was 6.2% (Cl 5.3-7.3%), more than three
times higher than in patients with normal weight.
Most revisions occurred within the first 2 to 3
months and the most frequent reason for revision
was infection, accounting for up to one-third of all
revisions in this population. This was followed by

Figure 5.8
%
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4 (AC unc. FE cem.)
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0
T I I I T I I T T I I T
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation
All cem. 2.8(2.13.6) 3.2(2.5-4.00 3.4(2.7-42) 3.9(3.1-48 4.63.7-5.7) 5.03.9-6.2) 5.0(3.9-6.2) 5.4 (4.1-7.1)
Alluncem. 2.0 (1.9-2.1) 2.5@2.4-2.6) 2.82.72.9 3.3(3.23.4) 3.63.53.7) 4.14.0-43) 4.4 4345 4.8 4.6-4.9
Hybrid 1.91.72.1) 2.402.226) 2.7253.0 3.436137 3.63.440 413845 444048 4.6(4.1-5.0)
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periprosthetic fracture, femoral loosening, and periprosthetic fractures and dislocations occurred
dislocation. However, only infections were more approximately at the same rates as in patient
frequent in this subgroup, whereas revisions for with normal weight, while femoral and acetabular

loosening were even less frequent.

Figure 5.9
Estimated failure rates of primary total hip arthroplasty for different fixation methods
Time since operation, 2012-2023, all services, diagnosis primary OA
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5 All uncemented
Hybrid
4 (AC unc. FE cem.)
3
95% confidence interval
2
1
0
T T I T T T I T T T \ T
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation

1 year 2 years 3 years 5 years 6 years 8 years 9years 10years 11 years
Alluncem. 2.0 (1.92.1) 2.5@2.42.6) 2.8(2.72.9 3.3(3.23.4) 3.6(3.53.7) 4.1.0-43) 4.4 %345 4.84.6-4.9 5.1 (4.9-53)
Hybrid 1.9 1.72.1) 2.42.226) 2.7(253.0 3.43.137) 3.63.4-4.00 4.13.8-4.5 4.44.0-48 4.6(4.1-50) 4.7 (4.3-53)

Figure 5.10
Estimated failure rates of primary total hip arthroplasty for different BMI

Time since operation, 2015-2023, all services, diagnosis primary OA.
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<18.5 1.3 (0.920 1.8@1326 2.31.732 2.601.936 3.402546 4.2(3158 4.23158 573789
18.5-24.9 1504170 1.9@082.0 2.22.023) 2.402326 2702529 29027310 3.23.034 3.53.33.8
25-29.9 1.81.72.0 2.3124) 2.502427 27629 3.002831) 3.2(3.033 3536337 3.7G.53.9
30-34.9 242226 3.002832 3.4(36237 3.7G440 3.93642 413844 444047 4.7 6350
35-39.9 3.83.4-43 4.4G.0-49 4.7 6353 5.21657 556062 5.6(5.163) 5.9(366 5.9(.36.6)
40+ 5.6 4.7-6.6) 6.2(537.3) 6.6(5.67.7) 6.8(5.98.00 7.3(6.2-8.5 7.4(6.387) 7.66.590 7.6(6.59.0)
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While underweight patients initially had a lower
revision risk, the revision rate started to rise at 5
years, and at 8 years the revision rates were com-
parable to those patients with a BMI of between 35
and 39.9 kg/mz2. Figure 5.11 shows the estimated
failure rates with confidence intervals for the differ-
ent groups.

Figure 5.11

Dual mobility cups

Dual mobility cups (DMC) were increasingly used
both for primary THA (Figure 5.1) as well as in re-
visions. The main indication is to reduce the risk
of dislocation, respectively the risk for revision for
instability. The exact role of DMC is still debated,
and several questions concerning their use are not

Estimated failure rates of primary total hip arthroplasty for different BMI
Time since operation, 2015-2023, all services, diagnosis primary OA.
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6 I1 2I ‘3 ‘4 5I I6 ‘7 é Years since primary operation
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30-39.9 2.7 2629 3.33.13.5) 3.7(3.5-4.00 4.0(3.8-43) 4.3.0-4.5 4.50.2-47) 4.7 w.450 5.0 4.6-5.3)
40+ 5.6 4.7-66) 6.2(53-7.3) 6.6(5.67.7) 6.8(5.9-8.00 7.3(6.2.85 7.4(6.3-87) 7.6(6.59.0 7.6(6.5-9.0)
<30 171618 2.12.0-22 2.3@2325 2.602527) 292730 3.1@2932 3.43.235 3.73.53.8
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yet fully answered. Compared to regular cups, the with cemented stem fixation (hybrid fixation) was
cumulative revision rate forallDMCin the presence lower, but still increased compared to THA with
of an uncemented stem was elevated for the whole regular cups, with both cemented and uncemented
observation period (Figure 5.12), albeit without stems (Figures.13).

statistical significance. The revision rate for DMC

Figure 5.12
Estimated failure rates of primary total hip arthroplasty for different types of cups (primary OA & all uncemented fixation)
Time since operation, 2012-2023, all services, diagnosis primary OA.
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1 year 2 years 3 years 5 years 6 years 8 years 9years 10years 11 years
Reg.cup 2.0(.92.00 2.5@2.425 2.82.729 3.336.23.4 3.5G436 4.16.042 4.3 245 4.7549 5.04.85.2)
DMC 2.6 (2329 2.92633) 3.32937) 3.63.2:41) 3.9354.4) 4.7 254 51559 5.14.559 6.2%.8-8.0

Figure 5.13
Estimated failure rates of primary total hip arthroplasty for different types of cups (primary OA & hybrid fixation)
Time since operation, 2012-2023, all services, diagnosis primary OA.
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DMC 2.0(1.52.6) 2.40.831 2.8(2.13.6) 3.7(29-48 3.729-48 4.03.153) 5.50G684 5.503684 553684
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DMC are provided in three different design philos-
ophies: hemispherical, spherico-cylindrical, and
superior extended coverage. Comparison of these
three types is possible until 8 years of follow-up.
Uncemented dual mobility cups with superior ex-
tended coverage had the lowest revision rate with
4.5% (C13.9 -5.2%) ateightyears. and increased to
6.0% (Cl 4.6-7.8%) at eleven years. Details regard-
ing the DMC models currently used figure in Figure
5.14.

Figure 5.14

Short stems

The definition of a short stem remains a matter of
debate, as no internationally accepted classifica-
tion is available yet. Particularly, there is no con-
sensus whether shortened stems with diaphyseal
fixation should also be considered as short stems.
For this analysis, the classification of the French
Hip & Knee Society was used!. This classification
separates short stems into five types, depending
on the zone of fixation: cephalic (type 1), isolated
cervical (type 2), calcarfemorale (type 3), metaphy-
seal (type 4), and conventional metaphyseal-dia-

Estimated failure rates of primary total hip arthroplasty for different types of dual mobility cups

(primary OA & all uncemented fixation)

Time since operation, 2012-2023, all services, diagnosis primary OA.
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*The hemispherical group is not well represented in SIRIS data. It comprises Symbol/DS evolution cups as well as the modular G7 cups

3.0 2.2-4.0) 3.4 2.6-4.6) 4.3 (3.2-5.8) 5.3 (3.8-7.4) 5.9 (4.2-8.4) 5.9 (4.2-8.4)
2.3(1.8-3.1) 2.8 (2.2-3.7) 3.2 (2.4-4.2) 3.5 (2.6-4.7) 4.0 (2.8-5.6) 5.4 (3.4-8.3) 5.4 (3.4-8.3)
2.5 (2.2-2.9) 2.8 (2.5-3.3) 3.1 (2.7-3.6) 3.4 (3.0-3.9) 3.7 (3.2-4.2) 4.5 (3.9-5.2) 4.9 (4.2-5.7) 4.9 (4.2-5.7) 6.0 (4.6-7.8)

1 ErivanRetal. French Hip & Knee Society classification of short-stem hip prostheses:
Inter- and intra-observer reproducibility. Orthop Traumatol Surg Res. 2022, 108(1):103126.
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physeal shortened stems (type 5). The classifica-
tion of a wide variety of implants is provided in the
publication. There are currently 24 different short
stemsorshortened stemsin usein Switzerland. For
statistical analysis, only stems with more than 500
implantations were considered individually in this
report. The remaining short stems were grouped
as “other”. Compared to the standard uncement-
ed stems, the short stems showed a wider range of
revision rates (Figure 5.15), whereby the so-called
calcar-guided short stems (type 3) performed well.
Particularly the type 5 short stems showed a wide

Figure 5.15

range of revision rates with some associated with
excellent results, while others performed far less
well. Itisimportant to note that short stems did not
universally perform well or poorly as a group. The
reason for the heterogenous revision rates most
likely is multifactorial, including the design of the
stem, of any coating, of the bearings used, etc.
Hence, as in primary uncemented stems, each im-
plant has to be assessed separately for its perfor-
mance and longevity. However, the well performing
implants had a flatter revision curve than regular
stems.

Estimated failure rates of primary total hip arthroplasty for different types of stems

(primary OA & all uncemented fixation)

Time since operation, 2012-2023, all services, diagnosis primary OA
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One of the key elements of an arthroplasty regis-
try is to analyse the performance of implants re-
garding revision rates over time. While short-term
results largely reflect a surgeon’s or a hospital’s
performance, long-term results depend more on
the design and quality of the implants. A total hip
replacement comprises at least three components:
the stem, the cup, and the head. Considering the
modularity of the cup, including dual mobility sys-
tems, it is sensible to focus investigations on com-
binations in current use and to compare those with
each otheras it could be that a cup works well with
one stem but poorly with another — and vice versa.
Forthisreason, the following tables present results
of implant combinations used at least 50 times for

Table 5.16

Actis Pinnacle

Amistem-H prox coating Versafitcup trio/ccl.

Amistem-P Versafitcup trio/ccl.
Avenir Allofit

Avenir Fitmore

Corail Pinnacle

Corail collared Novae TH/Bi-Mentum
Corail collared Pinnacle

Fitmore Allofit

Fitmore Fitmore

Optimys RM pressfit vitamys
Polarstem Polarcup

Polarstem R3

Quadra-H Versafitcup trio/ccl.
Quadra-P Versafitcup trio/ccl.
Twinsys RM pressfit vitamys

other combinations
Total

SIRIS Report 2024 Hip arthroplasty

primary OA within the current moving 4-year win-
dow. THA performed for primary and for secondary
OA are considered separately. The internationally
recognised benchmark considers only primary OA.
The reader is reminded to consider statistical pre-
cision of the results. A single revision weighs much
more in a small group than in a large group. Hence,
there is always a trade-off between statistical sta-
bilityand the necessity to identify possible low-vol-
ume outliers. Methodological details are provided
in Chapter 2 Methods.

Since the launch of the registry, SIRIS has docu-
mented a total of 171 different brands of stem (in-
cluding all currently identified sub-variants), of
which 33 were implanted less than 10 times, while
another 40 were used in 10 to 49 cases only. There
were 131 different brands of cups, of which 24 were

implanted less than 10 times and another 25 were

28 119 185 221 405 534
1,278 857 49 28 0 0
1 383 1,182 1,226 1,208 1,136
1,161 1,139 1,037 713 619 514
300 280 257 186 119 67
1,141 1,147 1,236 1,251 1,067 976
25 45 97 330 337 482
1,278 1,398 1,569 1,882 2,156 2,197
508 527 561 617 682 847
594 620 623 577 608 541
1,750 1,830 2,107 2,489 3,044 3,422
217 189 209 173 217 204
649 684 764 805 936 1,005
1,055 977 742 474 182 14
0 33 241 544 866 1,036
402 407 394 415 424 451
3,651 3,713 3,241 3,508 3,534 3,594
14,038 14,348 14,494 15,439 16,404 17,020

1,492
2,212
5,136
5,183
1,209
6,818
1,316

10,480
3,742
3,563

14,642
1,209
4,843
3,444
2,720
2,493

21,241

91,743



used in 10 to 49 cases. This resulted in 1,297 differ-
ent stem/cup combinations, of which only 248 were
used in more than 50 cases. It is noteworthy that
almost half of all recognised combinations were
registered less than 5 times. Yet, this remarkable
diversity accounted for less than 1% of all regis-
tered THA.

The current 4-year moving window covers 108 com-
binations with more than 5o cases.

A so-called case concentration score (CCS) was in-
troduced since the annual report 2022. It indicates
the percentage of implantations performed by the
main user hospital service. A higher value signifies
an increased likelihood of bias due to local effects
induced by a single provider unit. Hence, a share of
»50% would suggest that reported results are likely
dominated by data from one hospital service while
a score of 100% indicates that the implant is used
in one hospital only.

5.4.1 Eleven-yearrevision rates

Uncemented combinations for primary OA

The register now can provide an overview of the
11-year performance of implant combinations. The
revision rates are shown for 1, 3-, 5-, 7- and 11-years
follow-up. Table 5.16 shows the stem/cup com-
binations used in 75% of the THA performed for
primary OA and their evolution between 2018 and
2023. Two stems (Amistem-H proximal coating and
Quadra-H) were still used in large numbers in 2017.
Their use declined gradually since then, as they
were replaced by the next generation Amistem-P
and Quadra-P. Table 5.17 shows the revision rates
for the period since 2012 for implantations carried
out for primary OA, whereby only stem/cup combi-
nations with n» 500 were presented. At 11 years, the
average revision rate for all uncemented stem/cup
combinations was 5.1% (Cl 4.9-5.3).

Four implant combinations with an elevated revi-
sion rate were detected. The corresponding KM
estimates are illustrated in Figure 5.16. Exception/
Avantage and SL Plus MIA/HI already appeared
in 2022 as implant combinations with elevated
revision rates. Polarstem/EP-fit and Quadra-H/
Versafitcup trio/ccl, which appeared as outliers

Figure 5.16
Implant combinations with elevated long-term revision rates (primary OA, uncemented THA)
o)
o S
10
9
8
7
6
5 . .
— Alloclassic + Fitmore
4 — Amistem-H + Versafitcup trio/ccl.
3 — Exception + Avantage
—— SL-plus MIA + HI
2 = = = other combinations
1
0 Lower limit @ Upper limit
T I I I I I I T I I I T
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation

An elevated revision rate was defined as a deviation of at least 50% above the group average at any time between year 5 and year 10
(and lower bounds of the 95% confidence interval exceeding the upper bound of the group average; and at least 50 cases at risk at
5years). The dots indicate upper and lower limits.
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Table 5.17

Actis

Alloclassic
Amistem-H
Amistem-H collared
Amistem-H prox coating
Amistem-P

Avenir

Avenir

Avenir

CLS Spotorno

CLS Spotorno
Corail

Corail collared
Corail collared
Corail collared
Exception

Fitmore

Fitmore

Fitmore
Individual/custom hip
Optimys

Optimys

Optimys

Polarstem
Polarstem
Polarstem
Quadra-H
Quadra-H
Quadra-P
Quadra-P

SBG

SL-plus MIA
SL-plus MIA
SL-plus MIA

SPS evolution
Tri-Lock

Twinsys

other combinations
CH average for group

Pinnacle

Fitmore
Versafitcup trio/ccl.
Versafitcup trio/ccl.
Versafitcup trio/ccl.
Versafitcup trio/ccl.
Alloclassic

Allofit

Fitmore

Allofit

Fitmore

Pinnacle

Gyros

Novae TH/Bi-Mentum
Pinnacle

Avantage

Allofit

Fitmore

RM pressfit vitamys
April ceramic
Anexys

RM pressfit

RM pressfit vitamys
EP-fit

Polarcup

R3

Mpact

Versafitcup trio/ccl.
Mpact

Versafitcup trio/ccl.
R3

EP-fit

HI

R3

April ceramic
Pinnacle

RM pressfit vitamys

1,492
728
7,315
554
3,243
5,137
591
10,800
2,740
1,514
1,852
13,157
956
1,336
13,934
1,135
7,631
5,953
1,542
1,264
519
726
20,711
820
2,317
7,703
535
7,173
547
2,720
1,640
1,252
848
1,997
1,615
767
4,525
21,410

30
67
15
100
12
15
68
11
16
33
24
11
65
29
21
78
66
27
83
21
28
18

53
76
63
43
18
66
23
43
29
45
65
39
66
14

1.3 (0.8-2.0)
2.2 (1.4-3.6)
1.9 (1.6-2.3)
0.9 (0.4-2.2)
2.1 (1.7-2.7)
2.5 (2.1-3.0)
1.9 (1.0-3.3)
1.9 (1.7-2.2)
3.2 (2.6-3.9)
2.6 (1.9-3.5)
1.7 (1.2-2.4)
2.1 (1.9-2.4)
2.1 (1.4-3.2)
1.6 (1.1-2.5)
1.4 (1.3-1.7)
3.4 (2.5-4.6)
1.8 (1.5-2.1)
1.9 (1.5-2.2)
1.3 (0.9-2.0)
1.8 (1.2-2.7)
1.6 (0.8-3.2)
2.7 (1.7-4.2)
1.8 (1.6-1.9)
3.8 (2.7-5.4)
2.0 (1.5-2.7)
1.1 (0.9-1.3)
2.2(1.33.9)
2.0 (1.7-2.4)
1.6 (0.8-3.1)
1.2 (0.8-1.7)
1.3 (0.9-2.0)
1.9 (1.3-2.9)
2.0 (1.3-3.2)
0.9 (0.6-1.4)
5.0 (4.0-6.1)
1.3 (0.7-2.4)
2.3 (1.9-2.8)
2.6 (2.4-2.9)

2.0 (1.9-2.1)

1.7 (1.1-2.8)
4.2 (2.9-5.9)
3.1 (2.8-3.6)
1.8 (1.0-3.4)
2.9 (2.4-3.5)
3.1 (2.6-3.7)
2.4 (1.4-4.0)
2.6 (2.3-3.0)
4.0 (3.3-4.8)
3.9 (3.1-5.1)
2.3(1.73.1)
3.0 (2.8-3.4)
2.7 (1.9-4.0)
2.6 (1.6-4.4)
2.0 (1.8-2.3)
4.5 (3.4-5.9)
2.7 (2.4-3.2)
2.7 (2.3-3.2)
2.1 (1.5-3.0)
2.8 (2.0-4.0)
2.1(1.1-3.8)
2.8 (1.8-4.4)
2.2 (2.0-2.4)
4.6 (3.3-6.3)
2.2 (1.7-2.9)
1.6 (1.3-1.9)
2.9 (1.7-4.7)
3.0 (2.6-3.4)
2.0 (1.0-4.0)
1.5(1.0-2.3)
1.9 (1.3-2.7)
2.2 (1.5-3.2)
3.8 (2.7-5.4)
1.3 (0.8-1.9)
6.4 (5.3-7.7)
2.8(1.8-4.3)
2.9 (2.5-3.5)
3.8 (3.5-4.1)

2.8 (2.7-2.9)

1.7 (1.1-2.8)
4.9 (3.6-6.8)
4.3 (3.9-4.8)
1.8 (1.0-3.4)

3.3 (2.7-4.0)

2.8 (1.7-4.5)
3.0 (2.7-3.4)
4.3 (3.6-5.1)
4.3 (3.4-5.5)
2.9(2.2-3.8)
3.6 (3.3-4.0)
2.7 (1.9-4.0)
2.6 (1.6-4.4)
2.4 (2.1-2.7)
5.3 (4.1-6.8)
3.1(2.7-3.5)
3.2(2.8-3.7)
2.3 (1.6-3.3)
3.4 (2.4-4.9)
2.1(1.1-3.8)
3.4 (2.2-5.1)
2.4 (2.2-2.6)
4.9 (3.6-6.7)
2.2 (1.7-2.9)
1.7 (1.4-2.1)
2.9 (1.7-4.7)

3.7 (3.3-4.2)

2.4(1.7-3.3)
2.5(1.8-3.6)
5.2 (3.8-7.1)
1.4 (0.9-2.0)
6.7 (5.5-8.0)
3.1 (2.1-4.7)
3.4 (2.8-4.0)
4.6 (4.3-4.9)

3.3(3.2-3.4)

5.9 (4.3-7.9)
5.5 (5.0-6.1)
2.6 (1.4-4.7)

3.8 (3.1-4.7)

3.2 (2.0-5.0)
3.5 (3.1-3.9)
4.5 (3.7-5.4)
4.6 (3.6-5.8)
3.0 (2.2-3.9)
4.2 (3.8-4.6)

3.6 (2.5-5.3)

2.7 (2.4-3.1)
6.4 (5.0-8.2)
3.5 (3.0-4.0)
3.4(2.9-4.0)
2.3(1.6-3.3)
3.7 (2.6-5.3)
2.9 (1.4-5.7)
3.8 (2.4-5.8)
2.5(2.3-2.8)
5.2 (3.8-7.1)
2.4(1.8-3.2)

2.0 (1.7-2.4)

5.1 (4.5-5.7)

2.6 (1.8-3.6)
2.5(1.8-3.6)
7.0 (5.2-9.4)
1.5 (1.0-2.1)
7.0 (5.8-8.5)
3.5 (2.4-5.2)
4.0 (3.4-4.7)
5.3 (5.0-5.7)

3.9 (3.7-4.0)

5.9 (4.3-7.9)

7.7 (6.9-8.5)

3.9 (2.5-6.2)
4.0 (3.5-4.5)
4.5 (3.7-5.4)
5.5 (4.3-7.1)
3.6 (2.6-4.9)
6.0 (5.2-6.9)

4.0 (2.7-5.9)

3.4 (2.7-4.2)
7.6 (5.9-9.9)
4.1 (3.5-4.8)

3.9 (3.3-4.6)

6.7 (2.8-15.6)

2.7 (2.3-3.0)
6.6 (4.7-9.4)
4.6 (2.3-9.2)

2.5(2.0-3.1)

7.4 (6.2-8.7)

2.8 (1.9-4.0)
10.4 (6.2-17.2)
2.2 (1.4-3.4)
8.3 (5.9-11.4)
3.5 (2.4-5.2)
5.3 (4.3-6.6)
6.8 (6.3-7.4)

5.1 (4.9-5.3)

* Share ofimplants accounted for by main user hospital service. A higher share signifies an increased likelihood of biased figures due to local
effects. Ashare of 50%+ would suggest that reported results are likely determined by one hospital service.
Please note thatif reported stem-cup combinations involve multiple sub-variants, it is possible that the long-term performance of these

sub-variants may be significantly different from their combined performance.
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Figure 5.17

in 2023, improved and no longer had an elevated
revision rate. The combination Fitmore/Allofit and
Amistem-H/Versafitcup trio/ccl. reached the status
of elevated revision rate in 2023. These four stem
combinations represent approximately 7% of all
implant combinations. None of the above was an
early outlier at 2 years.

There is one outlier with increased revision rates,
SPS Evolution/April ceramic, which already had
outlier status at 2 years, a timepoint the revision
rate already amountedto 7.7% (Cl 5.7-10.2%). After
asteep earlyrise of the revision rate, the curve flat-

tened overthe subsequentyears, although the out-
lier boundary still exceeded at 5 years follow-up.
The revision rate of this combination amounts to
8.3% (Cl 5.9-11.4%) at 11 years (Figure 5.17). This
particularly high revision rate is mainly caused by
one single centre.

Therearesiximplantcombinationswith abelow-av-
erage revision rate in 2023, two more than in 2022
(Figure 5.18). The curves of these well-performing
implant combinations displayed two patterns: the
first with a revision rate increasing early but then
an almost horizontal continuation, and the second

Implant combinations with long-term evaluation outlier status (primary OA, uncemented THA)

%
9

8

-

Lower limit

—— SPS evolution + April ceramic
= == other combinations

.

e Upper limit

T \ \ T T \ \ T
2 3 4 5 6 7 8 9

T T
10 11 Years since primary operation

Outlier status was defined as arevision rate of twice the group average at any time between year 5 and year 10 (and lower bounds of the 95% confi-
denceinterval exceeding the upper bound of the group average; and at least 50 cases at risk at 5 years). The dots indicate upper and lower limits.

Figure 5.18

Implant combinations with below-average long-term revision rates (primary OA, uncemented THA)
0/0 .

P .

— Fitmore + RM pressfit vitamys
— Optimys + RM pressfit vitamys
- = Polarstem + Polarcup

—— Polarstem + R3

—— SL-plus MIA + EP-fit

_--" = SL-plus MIA + R3
2 e e r = = = other combinations
1
o Lower limit e Upper limit
I I I I I T I I I I I I
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation

Below-average was defined as an 9-year/10-year revision rate of up to 66% of the group average (and upper bounds of the 95% confidence interval
staying below the lower bound of the group average; and at least 25 cases at risk at 9 years/10 years). The dots indicate upper and lower limits.
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Figures 5.19
All remaining implant combinations with average revision risks (primary OA, uncemented THA)

%

6 .
5 . :
4
= Actis + Pinnacle
3 . Amistem-H collared + Versafitcup trio/ccl.
) ——— Amistem-H prox coating + Versafitcup trio/ccl.
= Amistem-P + Versafitcup trio/ccl.
1
o Lower limit e Upper limit
0
T T T T T T T I8
% ¢
6 .
——— Avenir + Alloclassic
5 —— Avenir + Allofit
4 ——— Avenir + Fitmore
3 = (LS Spotorno + Allofit
= (LS Spotorno + Fitmore
2
1
0
T T T T T T T T Pl
% .
6 = Corail + Pinnacle
= Corail collared + Gyros
5 ——— Corail collared + Novae TH/Bi-Mentum
4 ——— Corail collared + Pinnacle
3
2
1

o

%
6 < ———— Fitmore + Allofit
5 . . — Fitmore + Fitmore
——— Individual/custom hip + April ceramic
4 = Optimys + Anexys
3 ——— Optimys + RM pressfit
2
1
0
T T T T T T
0,
/; = Quadra-H + Mpact
= Quadra-P + Versafitcup trio/ccl.
6 = Quadra-P + Mpact
5 = Quadra-H + Versafitcup trio/ccl.
4 —— Polarstem + EP-fit
3
2
1
0
T T T T T T ) T T
°§° —— SBG+R3
= Tri-Lock + Pinnacle
4 Twinsys + RM pressfit vitamys
3
2 Also showing upperand lower
1 limits (corresponding to
0 o Lower limit e Upper limit elevated and below-average
: T , . ‘ ‘ ‘ . . . ‘ ‘ versionrisk at 150% and 66% of
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation the group average respectively).
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Table 5.18_Partone

with avery low initial revision rate followed by a flat
rise.The SLPlus MIAstem, animplantwith elevated
revision rates when combined with the EP-Fit cup,
is among the best-performing implants when com-
bined with the R3 cup. This is a perfect example of
the importance of analysing every implant combi-
nation separately.

The KM estimate of cumulative revision risk for all
other uncemented implant combinations is shown
in Figures 5.19. These curves run between the up-
per and lower limits corresponding to the elevated
revision risk at 150%, respectively the below-aver-
age revision risk at 66% from the groups’ average.
Most cup systems are modular allowing the use of

different bearings.

For the most commonly used 75% of implant com-
binations, the revision rate was calculated depend-
ing on the bearing surface. The results, sorted by
implant combination, are shown in Table 5.18. Al-
though there were differences between the various
bearings, these did not reach statistical signifi-
cance except for Amistem-H/Versafticup trio/ccl.
combined with MoXLPE, which had a significantly
elevated revision rate at 11 years. This was mainly
due to early revisions, after which the curves had a
more parallel evolution. Overall, the pattern is not
uniform as shown by examples in which CoXLPE
had more revisions than MoXLPE. However, there
was a trend towards slightly more revisions using

CoCbearings.

Actis Pinnacle 1,019 COXLPE 1.4(0.9-2.4) 22(1.33.7) 2.2(1.33.7)

Alloclassic Fitmore 681 COXLPE 1.9(1.1-3.3) 3.9(2.6-5.6) 4.7(3.3-6.6) 5.7(4.1-7.8) 5.7 (4.1-7.8)
Amistem-H Versafitcup trio/ccl. 2,410 CoC 1.6(1.22.2) 2.8(2.2-3.6) 3.7(3.0-4.5) 4.6(3.8-5.6) 6.5(5.2-7.9)
Amistem-H Versafitcup trio/ccl. 3,137 COXLPE 1.5(1.12.0) 2.8(2.33.4) 3.9(3.3-4.6) 4.9(4.2:58) 6.8(5.8-8.0)
Amistem-H Versafitcup triofccl. 1,288 MoXLPE 2.8(2.03.9) 4.0(3.1-5.2) 5.8(4.6-7.2) 7.4(6.0-9.0) 9.2(7.4-11.3)
Amistem-H collared Versafitcup trio/ccl. 543 CoC 0.9(0.4-2.2) 1.9(1.0-3.5) 1.9(1.0-3.5 2.7(1.5-4.8)
Amistem-H prox coating Versafitcup trio/ccl. 1,389 CoC 1.4(0.92.2) 2.1(1.5-3.0)0 2.5(1.83.5) 2.8(2.0-3.8)
Amistem-H prox coating Versafitcup trio/ccl. 1,336 CoXLPE 2.7(2.03.7) 3.4(2.6-4.5) 3.8(2.8-4.9) 4.6(3.3-6.2)
Amistem-P Versafitcup trio/ccl. 2,606 CoC 2.0(1.5-2.6) 2.5(1.9-3.2)

Amistem-P Versafitcup trio/ccl. 1,953 CoXLPE 2.4(1.8:3.2) 2.9(2.2:3.8)

Avenir Allofit 8,157 COXLPE 1.7(1.52.0) 2.4(2.12.7) 2.8(2.4-3.2) 3.2(2.8:3.7) 3.9(3.3-4.6)
Avenir Allofit 2,178 MOXLPE 2.4(1.83.1) 3.2(2.5-4.0) 3.4(2.7-43) 3.6(2.9-4.6) 3.8(3.0-4.8)
Avenir Fitmore 2,059 COXLPE 3.3(2.6-4.2) 4.0(3.3-5.0) 4.4(3.6:5.4) 4.7 (3.8-5.8) 4.7(3.8:5.8)
Avenir Fitmore 563 MOXLPE 2.7(1.6-4.4) 3.6(2.3-5.5) 3.6(2.3-5.5) 3.6(2.3-5.5) 3.6 (2.3-5.5)
CLS Spotorno Allofit 1,186 COXLPE 3.0(2.2:4.2) 4.5(3.4-5.8) 4.8(3.7-6.2) 51(3.9-6.5 6.4(4.7-8.7)
CLS Spotorno Fitmore 878 COXLPE 2.1(1.3-3.3) 2.7(1.8-4.0) 3.5(2.4-5.1) 3.7(2.6-5.3) 3.7(2.6-5.3)
CLS Spotorno Fitmore 950 MOXLPE 1.4(0.82.4) 1.9(1.23.1) 2.4(1.53.6) 2.4(1.53.6) 3.6 (2.2-5.9)
Corail Pinnacle 1,830 CoC 2.1(1.62.9) 3.5(2.7-4.4) 4.3 (3.5-5.4) 4.7(3.8-5.8) 6.8(5.3-8.8)

Please note thatif reported stem-cup combinations involve multiple sub-variants, itis possible that the long-term performance of these
sub-variants may be significantly different from their combined performance.
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Table 5.18_Part two

Corail

Corail

Corail collared
Corail collared
Corail collared
Corail collared
Exception
Fitmore
Fitmore
Fitmore
Fitmore
Fitmore
Individual/custom hip
Optimys
Optimys
Polarstem
Polarstem
Polarstem
Polarstem
Quadra-H
Quadra-H
Quadra-H
Quadra-P
Quadra-P

SBG

SBG

SL-plus MIA
SL-plus MIA
SPS evolution
Tri-Lock
Twinsys

Pinnacle 10,288
Pinnacle 872
Gyros 808
Novae TH/Bi-Mentum 1,070
Pinnacle 2,171
Pinnacle 11,293
Avantage 903
Allofit 5,389
Allofit 2,114
Fitmore 2,885
Fitmore 3,022
RM pressfit vitamys 1,409
April ceramic 1,239
RM pressfit vitamys 20,247
RM pressfit 582
Polarcup 1,181
Polarcup 809
R3 5,146
R3 2,370
Versafitcup trio/ccl. 1,115
Versafitcup trio/ccl. 4,495
Versafitcup trio/ccl. 1,413
Versafitcup trio/ccl. 677
Versafitcup trio/ccl. 1835
R3 776
R3 833
EP-fit 571
R3 1,955
April ceramic 1,598
Pinnacle 736
RM pressfit vitamys 4,406

CoXLPE
MoXLPE
CoCPE
CoCPE
CoC
CoXLPE
CoXLPE
CoXLPE
MoXLPE
CoXLPE
MoXLPE
CoXLPE
CoC
CoXLPE
CoCPE
CMoXLPE
CoXLPE
CMoXLPE
CoXLPE
CoC
CoXLPE
MoXLPE
CoC
CoXLPE
CMoXLPE
CoC

CoC
CMoXLPE
CoC
CoXLPE
CoXLPE

2.1 (1.9-2.4)
1.7 (1.1-2.9)
2.1 (1.3-3.4)
1.9 (1.2-3.0)
1.8 (1.3-2.5)
1.4 (1.2-1.6)
3.6 (2.5-5.0)
1.6 (1.3-2.0)
2.2 (1.6-2.9)
1.6 (1.2-2.2)
2.1 (1.6-2.6)
1.2(0.7-1.9)
1.9 (1.2-2.8)
1.8 (1.6-1.9)
1.9 (1.1-3.5)
1.8 (1.2-2.8)
2.4 (1.5-3.7)
0.8 (0.6-1.1)
1.6 (1.2-2.2)
1.5 (1.0-2.4)
2.1 (1.7-2.6)
2.3(1.6-3.2)
1.2 (0.6-2.4)
1.2 (0.8-1.8)
1.3 (0.7-2.4)
1.5 (0.8-2.6)
2.6 (1.6-4.3)
0.9 (0.5-1.4)
4.9 (4.0-6.1)
1.1 (0.5-2.2)

2.3(1.9-2.8)

3.0 (2.7-3.3)
2.5 (1.7-3.9)
2.9 (1.9-4.3)
3.1(1.8-5.2)
2.5(1.9-3.3)
1.9 (1.6-2.2)
4.5 (3.3-6.1)
2.5 (2.1-2.9)
3.2 (2.5-4.1)
2.3 (1.8-2.9)
3.1 (2.5-3.8)
1.7 1.1-2.5)
2.9 (2.1-4.1)
2.2 (2.0-2.4)
2.1(1.2:3.7)
2.0 (1.3-3.0)
2.6 (1.7-4.0)
1.3 (1.0-1.7)
2.0 (1.5-2.7)
2.3 (1.6-3.4)
3.2(2.73.7)
2.9 (2.1-3.9)
1.2 (0.6-2.4)
1.4 (0.9-2.1)
2.2 (1.3-3.5)
1.7 (1.0-2.9)
2.6 (1.6-4.3)
1.2 (0.8-1.8)
6.4 (5.3-7.8)
1.9 (1.1-3.2)

2.9 (2.5-3.5)

3.4 (3.13.8)
3.0 (2.0-4.5)
2.9 (1.9-4.3)
3.1(1.8-5.2)
3.1 (2.4-4.1)
2.1 (1.8-2.5)
5.2 (3.9-7.0)
2.7 (2.3-3.2)
3.6 (2.9-4.5)
3.1 (2.5-4.0)
3.4 (2.7-4.1)
1.8 (1.2:2.7)
3.5 (2.5-4.9)
2.4(2.1-2.6)
2.8 (1.6-4.7)
2.0 (1.3-3.0)
2.6 (1.7-4.0)
1.5 (1.2-2.0)
2.2 (1.6-2.9)
2.7 (1.9-3.9)
4.0 (3.5-4.7)

3.5 (2.6-4.7)

2.9 (1.9-4.4)
1.9 (1.2-3.2)
2.8 (1.7-4.6)
1.4 (0.9-2.0)
6.7 (5.5-8.0)
2.3 (1.4-3.7)

3.4 (2.8-4.0)

3.9 (3.5-4.4)
5.2 (3.6-7.6)

3.9 (2.6-5.8)

3.6 (2.8-4.7)
2.5(2.1-2.9)
6.1 (4.7-8.0)
3.2 (2.7-3.8)
3.8 (3.0-4.8)
3.1 (2.5-4.0)
3.6 (3.0-4.4)
1.8 (1.2-2.7)
3.8 (2.7-5.4)
2.5 (2.3-2.8)
3.2 (1.9-5.4)
2.0 (1.3-3.0)
2.9 (1.9-4.4)
1.8 (1.4-2.4)
2.4(1.8-3.1)
3.6 (2.5-5.2)
5.6 (4.8-6.5)

4.5 (3.4-5.9)

2.9 (1.9-4.4)
2.4 (1.4-4.2)
2.8 (1.7-4.6)
1.4 (1.0-2.1)
7.1 (5.8-8.5)
2.7 (1.7-4.3)

4.0 (3.3-4.7)

5.7 (4.7-6.9)

7.6 (5.0-11.4)

4.3 (2.9-6.3)
3.0 (2.3-3.9)
7.1 (5.3-9.3)
3.3 (2.8-4.0)
4.6 (3.6-5.8)
3.4 (2.6-4.4)

4.2 (3.4-5.3)

6.8 (2.8-16.0)

2.7 (2.3-3.0)

5.5 (2.7-11.1)

2.8 (2.1-3.7)

8.7 (6.3-12.0)

6.5 (4.9-8.5)

2.8 (1.7-4.6)
2.3 (1.4-3.5)
8.3 (5.9-11.5)
2.7 (1.7-4.3)

5.4 (4.3-6.6)

Please note thatif reported stem-cup combinations involve multiple sub-variants, itis possible that the long-term performance of these

sub-variants may be significantly different from their combined performance.
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been withdrawn meanwhile from the market, like
There were 20 hybrid implant combinations, in- the Centris and the use of others was declining
dicating an uncemented cup combined with a ce- (Weber). On the other hand, Corail and Twinsys
mented stem, covering 75% of all primary THA were increasingly used. At 11 years, the average
for primary OA (Table 5.19). Some stems have revision rate for all hybrid stem/cup combinations

was 4.8 (Cl 4.3-5.3%) (Table 5.20).

Table 5.19
Amistem-C Mpact 26 27 31 15 20 22 141
Amistem-C Versafitcup DM 23 27 29 26 24 44 173
Amistem-C Versafitcup trio/ccl. 187 207 161 181 192 157 1,085
Avenir (cem) Allofit 130 98 94 94 96 102 614
Avenir (cem) Fitmore 28 53 53 77 131 111 453
Centris RM pressfit vitamys 50 31 55 64 0 0 200
Corail (cem) Novae TH/Bi-Mentum 1 1 14 37 73 95 221
Corail (cem) Pinnacle 118 129 150 168 187 230 982
Exeter V40 Symbol DMHA/DS evol. 0 0 0 25 38 40 103
Harmony (cem) Liberty 27 24 14 26 13 0 104
MS-30 Allofit 43 48 43 68 234 216 652
MS-30 Fitmore 90 70 55 16 32 35 298
Original Mueller Fitmore 37 30 20 19 5 16 127
Quadra-C Mpact DM 20 29 24 21 1 2 97
Quadra-C Versafitcup trio/ccl. 178 209 155 79 13 1 635
Quadra-P (cem) Versafitcup trio/ccl. 0 0 9 49 72 86 216
Twinsys (cem) RM pressfit 5 18 19 34 13 10 99
Twinsys (cem) RM pressfit vitamys 157 196 198 284 318 416 1,569
Twinsys (cem) Symbol DMHA/DS evol. 9 9 20 14 31 19 102
Weber Allofit 77 48 38 31 30 29 253
Weber Fitmore 195 180 162 148 104 39 828
other combinations 458 491 404 474 505 622 2,954
Total 1,859 1,925 1,748 1,950 2,132 2,292 11,906
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There were no combinations with elevated mid-
term revision rates, nor outliers, to be observed.
While two implant combinations (Corail [cem]/
Pinnacle and MS-30/Allofit) had a below-average
long-term revision rate (Figure 5.20), all remaining
implants were within the upper and lower limits

Table 5.20

(Figure 5.21). Some curves did run below the lower

limit but were not implant combinations with be-

low-average long-term revision rates because their

confidence intervals were wide and overlapping

with the reference group, due to small numbers,

and therefore were not statistically different.

Long term evaluation: Failure rates of primary total hip arthroplasty hybrid combinations (primary OA)

Time since operation, 2012-2023

Stem component Cup component

Amistem-C Versafitcup trio/ccl.
Avenir (cem) Allofit

Corail (cem) Pinnacle

MS-30 Allofit

MS-30 Fitmore

Quadra-C Versafitcup trio/ccl.
Twinsys (cem) RM pressfit vitamys
Weber Allofit

Weber Fitmore

other combinations -
CH average for group

Total CCS*
N
2,337 23
782 19
1,740 18
881 52
843 53
1,038 32
1,831 18
776 28
2,385 28
8,447

1 year
(95% CI)

2.6 (2.0-3.4)
1.7 (1.0-3.0)
1.2 (0.8-1.9)
1.7 (1.0-2.8)
1.3 (0.7-2.4)
2.3 (1.6-3.5)
1.1 (0.7-1.7)
1.8 (1.1-3.1)
1.5 (1.1-2.1)
2.2(1.9-2.5)

1.9 (1.7-2.1)

3 years
(95% ClI)

3.3 (2.6-4.1)
2.4 (1.5-3.9)
1.8 (1.2-2.5)
2.0 (1.2-3.3)
1.7 (1.0-2.9)
3.2 (2.3-4.5)
1.7 (1.1-2.5)
2.9 (1.9-4.4)
2.5(1.9-3.2)
3.2 (2.8-3.6)

2.7 (2.5-3.0)

5 years
(95% CI)

3.9 (3.1-4.8)
3.2(1.9-5.1)
2.0 (1.4-2.9)
2.0 (1.2-3.3)
1.9 (1.1-3.1)
3.8 (2.8-5.3)
2.9 (1.9-4.5)
3.4 (2.3-5.0)
3.3 (2.6-4.1)
3.9 (3.5-4.4)

3.4 (3.13.7)

7 years
(95% Cl)

4.3 (3.4-5.3)
3.2 (1.9-5.1)
2.2 (1.5-3.1)
2.0 (1.2-3.3)
2.1 (1.3-3.5)
4.4 (3.2-6.2)
3.3(2.2-5.2)
4.7 (3.2-6.8)
4.0 (3.2-5.0)
4.3 (3.8-4.8)

3.8 (3.5-4.2)

11 years
(95% CI)

5.5 (4.2-7.2)

2.2 (1.5-3.1)
2.0 (1.2-3.3)

3.7 (2.1-6.5)

7.3 (4.5-11.7)
5.3 (3.8-7.3)
5.1 (4.4-5.9)

4.8 (4.3-5.4)

* Share of implants accounted for by main user hospital service. A higher share signifies an increased likelihood of biased figures due to local
effects. Ashare of 50%+ would suggest that reported results are likely determined by one hospital service.

Please note that if reported stem-cup combinations involve multiple sub-variants, it is possible that the long-term performance of these sub-va-

riants may be significantly different from their combined performance.

Figure 5.20

Implant combinations with below-average long-term revision rates (primary OA, hybrid THA)

%

o Other combinations

Corail (cemented) + Pinnacle

6 .
5 . _r_r—!
4 T
3
2
1
Lower limit e Upper limit
0
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0 1 2 3 4 5 6 7 9 10

MS-30 + Allofit

11 Years since primary operation

Below-average was defined as a 9-year revision rate of up to 66% of the group average (and upper bounds of the 95% confidence interval
staying below the lower bound of the group average; and at least 25 cases at risk at 9 years). The dots indicate upper and lower limits.

Page 92 SIRIS Report 2024 Hip arthroplasty

5.4 Results of implants in total hip arthroplasty



Uncemented combinations for secondary OA Furthermore, there were no outliers at 11 years, nor
Table 5.21 shows the 19 implant combinations that combinations with a below-average long-term revi-
cover 75% of all uncemented THA performed for sion rate (Figures 5.23).

secondary OA and their use over the last 5 years.

The 11-year revision rates for the period since 2012 Hybrid and cemented combinations

was 7.0% (Cl 6.3-7.9%) (Table 5.22). Being signifi- forsecondary OA

cantly higher than the revision rates observed for Because of the relatively small numbers entered in
uncemented and hybrid THA performed for prima- the database, the data for all cemented and hybrid
ry OA, this illustrates the importance of coding the fixations for secondary OA are not presented while
underlying diagnosis correctly for proper analysis the results for THAs used to treat fractures are pre-
of the results. Although there were no outliers at sentedin Chapters.7.

11 years, one combination (Quadra-H/Versafitcup

Trio/ccl.) continued to have an elevated long-term

revision rate (Figure 5.22).

Figure 5.21
All remaining implant combinations with average revision risks (prim OA, hybrid fixation THA)

%

6 .
‘ Amistem-C + Versafitcup trio/ccl.
5 Avenir (cemented) + Allofit
= MS-30 + Fitmore
4
3
2
1
o Lower limit e Upper limit
0
I T
%
7
| Quadra-C + Versafitcup trio/ccl.
6 . Twinsys (cem.) + RM pressfit vitamys
. . Weber + Allofit

. Weber + Fitmore

5 [ |
J

I I I T I I I I I I
0 1 2 3 4 5 6 7 8 9 10 Years since primary operation

Also showing upperand lower limits (corresponding to elevated and below-average version risk at
150% and 66% of the group average respectively).

5.4 Results of implants in total hip arthroplasty SIRIS Report 2024 Hip arthroplasty Page 93



Table 5.21

Actis

Amistem-H prox coating

Amistem-P

Avenir

CLS Spotorno
Corail

Corail collared
Corail collared
Fitmore

Fitmore

Fitmore
Individual/custom hip
Optimys

Polarstem
Polarstem
Quadra-H
Quadra-P

Twinsys

other combinations
Total

Table 5.22

Amistem-H

Avenir

Corail

Corail collared
Fitmore

Optimys

Polarstem

Quadra-H

other combinations
CH average for group

Pinnacle
Versafitcup trio/ccl.
Versafitcup trio/ccl.
Allofit

Allofit

Pinnacle

Novae TH/Bi-Mentum
Pinnacle

Allofit

Fitmore

RM pressfit vitamys
April ceramic

RM pressfit vitamys
Polarcup

R3

Versafitcup trio/ccl.
Versafitcup trio/ccl.
RM pressfit vitamys

Versafitcup trio/ccl.
Allofit

Pinnacle

Pinnacle

Allofit

RM pressfit vitamys
R3

Versafitcup trio/ccl.

115

90
30
65

105
121
32

22
149

61
79

33
366
1,283

556
809
984
1,343
1,504
1,688
799
603
7,237

9 15 36 69 71
56 3 3 0 0
41 111 117 99 78
90 101 54 67 61
35 23 9 5 6
77 78 110 89 73
6 16 37 32 54
107 123 199 237 193
123 131 173 179 163
58 52 37 46 52
11 33 23 23 16
20 18 35 23 29
145 179 218 266 294
19 30 29 46 37
73 89 89 91 98
70 51 43 13 1

2 20 40 100 128
26 33 40 37 39
376 375 373 427 397
1,344 1,481 1,665 1,849 1,790
14 1.8(1.0-3.3) 2.6(1.5-4.3) 3.8(2.5-5.8) 4.9 (3.3-7.2)
14 3.5(2.4-5.1) 4.6(3.3-6.4) 5.0 (3.6-6.9) 5.6 (4.1-7.7)
10 2.8(1.9-4.0) 3.7(2.7-5.2) 4.4(3.2-6.1) 4.9 (3.6-6.7)
29 2.2(1.5-3.1) 3.1(2.2-4.3) 3.8(2.8-5.2) 3.8(2.8-5.2)
89 1.5(1.0-2.3) 2.6(1.9-3.7) 2.7(2.0-3.8) 2.9 (2.1-4.0)
18 2.6(2.0-3.5) 3.2(2.4-4.2) 3.7(2.8-4.9) 4.4(3.3-6.0)
79 2.2(1.4-3.5) 3.0 (2.0-4.6) 3.3(2.2-5.0) 3.6 (2.4-5.5)
26 3.5(2.3-5.3) 5.1(3.6-7.3) 7.5(5.5-10.2) 8.9 (6.6-11.9)
3.4(3.0-3.9) 4.5(4.0-5.1) 5.2 (4.6-5.8) 6.1 (5.5-6.8)
2.9(2.6:3.2) 3.9(3.6-4.3) 4.6 (4.3-5.0) 5.4(4.9-5.8)

201
177
447
463
108
492
150
964
890
277
112
147
1,251
163
501
257
290
208
2,314
9,412

10.2 (6.9-15.1)
5.6 (4.1-7.7)
7.5 (4.9-11.2)
4.6 (3.0-7.1)

4.1 (2.8-6.2)

4.2 (2.7-6.4)
12.3 (7.4-20.0)
7.1 (6.2-8.1)

7.0 (6.3-7.9)

* Share ofimplants accounted for by main user hospital service. Ahigher share signifies an increased likelihood of biased figures due to local
effects. Ashare of 50%+ would suggest that reported results are likely determined by one hospital service.

Please note that if reported stem-cup combinations involve multiple sub-variants, it is possible that the long-term performance of these sub-
variants may be significantly different from their combined performance.
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Figure 5.22
Implant combinations with elevated long-term revision rates
(sec OA, uncemented THA)

Quadra-H + Versafitcup trio/ccl.

%
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An elevated revision rate was defined as a deviation of at least 50% above the group average at any time
betweenyear 5 and year 10 (and lower bounds of the 95% confidence interval exceeding the upper bound of the group average;

and at least 50 cases atrisk at 5 years). The dots indicate upper and lower limits.

Figures 5.23
Allremaining implant combinations with average revision risks (sec. OA, uncemented THA)
% = Amistem-H + Versafitcup trio/ccl.Corail
10 R .
= Corail + Pinnacle
9 —— Avenir + Allofit
3 —— Corail collared + Pinnacle
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p = Fitmore + Allofit
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limits (corresponding to elevated
2 and below-average version risk at
1 150% and 66% of the group average
o Lower limit e Upper limit respectively).
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The 2-year revision rate is an important time point
for gathering initial results about the early perfor-
mance of an implant, especially since most early
complications occur within the first 3 months af-
ter surgery (Figure 5.4, Figure 5.5 see Page 74).
The average revision rate is calculated for the
moving 4-year window period from 01.01.2018 to
31.12.2021. Due to the moving 4-year window for
the analysis of the 2-year revision rates, some re-
sults may differ from those reported in 2023.

A total of 58,299 uncemented THA had been per-
formed duringthe period of interest for primary OA.
The average revision rate was 2.5% (Cl 2.4-2.6%).
Table 5.23 shows the 2-year revision rates of all
uncemented implant combinations for primary OA
with n>50, representing 96% of all combinations.
Overall, 2,334 implant combinations were used in
less than 5o cases during the 4-year observation
period. Six stem/cup combinations were identified
as potential outliers and were further analysed fol-
lowing the protocol in Chapter 2 Methods and pre-
sented in the outlier watchlist at the end of this re-
port. GTS/Gy bispherical, Polarstem/EP-fitand SPS
Evolution/April ceramic turned out to be outliers
three years in a row. However, GTS/G7 bispherical
isnolongerin use. Polarstem/EP-fitis stillused but
improving. SPS Evolution/April ceramic remains in
use, but the results are worsening. The combina-
tion Nanos/R3 is a first-time outlier. A detailed as-
sessment of the outliers is presented in the outlier
watch list at page 183.

Figure5.24 shows the alphabetical list of stem/cup
combinations with respect to the group average
and outlier boundary, being twice the value of the

group average.

Important information on the use of the implant performance tables below

© Estimated revision rate exceeds the alert boundary, but we do not identify this implant combination as an outlier because the 95%
confidence interval overlaps the confidence zone of the reference group.

® |dentified as potential outliers. Please note the statistical confidence intervals. The outlier status comes with varying degrees of statistical
probability. We considerthe potential outlier status ,,highly likely“ when both the estimated revision rate and the complete confidence
interval exceed the outlieralert boundary.

Please be aware that relatively rare implant combinations are frequently used in only a small number orindeed only in one hospitalin
Switzerland. Observed revision rates may be determined by local factors and performance may differ significantly between locations.
Manufacturers of detected outlierimplants and the hospitals where they were used (and revisions occurred) have been informed by SIRIS.
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Table 5.23_Partone

Accolade Il Trident 11 35 101 8 8.0(4.1-15.3)
Actis Pinnacle 39 553 7 1.3 (0.6-2.6)
Alloclassic Alloclassic 97 63 1  1.6(0.2-10.9
Alloclassic Allofit 82 114 2 1.8 (0.4-7.0)
Alloclassic Fitmore 86 92 1 1.1 (0.2-7.5)
Amistem-H Versafitcup trio/ccl. 42 124 1 0.8 (0.1-5.6)
Amistem-H collared Versafitcup trio/ccl. 100 153 1 0.7 (0.1-4.6)
Amistem-H prox coating  Mpact 30 243 5 2.1 (0.9-4.9)
Amistem-H prox coating  Versafitcup trio/ccl. 14 2,212 63 2.9 2.2:3.7)
Amistem-P Mpact 38 273 9 3.3 (1.8-6.3)
Amistem-P Versafitcup DM 33 67 2 3.0(0.8-11.5)
Amistem-P Versafitcup trio/ccl. 15 2,792 76 2.7 (2.2-3.4)
Ana.Nova alpha proxy Ana.Nova alpha 96 158 2 1.3 (0.3-5.0)
Avenir Ades DM 94 63 1 1.6(.2-10.7)
Avenir Allofit 14 4,050 95 2.4 (1.9-2.9)
Avenir Avantage 22 74 2 2.7(0.7110.4)
Avenir Fitmore 26 1,023 47 4.6 (3.5-6.1)
Avenir complete Allofit 40 62 3.3 (0.8-12.5)
Brexis Xentrax 100 51 3 5919171
CLS Spotorno Allofit 47 386 15 3.9 (2.4-6.4)
CLS Spotorno Fitmore 33 486 6 1.2 (0.6-2.7)
Corail Fitmore 95 229 1.3 (0.4-4.0)
Corail Pinnacle 14 4,775 144 3.0 (2.6-3.6)
Corail collared Fitmore 82 51 1 2.00.3132
Corail collared Gyros 53 442 13 3.0 (1.7-5.0)
Corail collared Novae TH/Bi-Mentum 37 497 9 1.8 (1.0-3.5)
Corail collared Pinnacle 24 6,127 106 1.7 1.4-2.2)
Corehip Plasmafit 74 185 0.0 (-)
Exacta Jump system/JS traser 90 150 2.7 (1.0-7.0)
Exacta S Jump system/JS traser 53 174 2.9 (1.2-6.8)
Exception Allofit 44 118 2 1.7 (0.4-6.6)
Exception Avantage 65 328 13  4.0(2.3-6.8)
Exception Exceed 95 79 2.5(0.6-9.7)
Expersus Primaro 98 60 0 . (=)
Fitmore Allofit 78 2,213 36 1.6 (1.2-2.3)
Fitmore Fitmore 36 2,414 47 2.0 (1.5-2.6)
Fitmore RM pressfit vitamys 89 547 10 1.8 (1.03.4)
GTS G7 bispherical 92 62 5 8.2(3.5-18.5)
H-Max S Delta TT 41 169 2 1.2 (0.3-4.7)
H-Max S Symbol DMHA/DS evol. 74 121 4 3.4 (1.3-8.7)

*  Share ofimplants accounted for by main userhospital service. A higher share signifies an increased likelihood of biased
figures due to local effects. A share of 50%+ would suggest that reported results are likely determined by one hospital service.

** Number of patients with at least two years follow-up (i.e. primary prosthesis in moving average).

*** Rates adjusted for effects of mortality and emigration.
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Table 5.23_Part two

Individual/custom hip
Individual/custom hip
Link LCU

Metafix

Minimax

Nanos

Optimys

Optimys

Optimys

Optimys

Optimys

Polarstem
Polarstem
Polarstem
Polarstem
Polarstem
Quadra-H
Quadra-H
Quadra-H
Quadra-P
Quadra-P

SBG

SBG

SL-plus

SL-plus MIA
SL-plus MIA
SL-plus MIA

SMS

SPS evolution

SPS evolution

SPS evolution
Stelia-Stem
Symbol

Tri-Lock

Twinsys

Twinsys

Twinsys

Twinsys

other combinations
CH average for group

April ceramic
Pinnacle
Mobilelink

Trinity

Versafitcup trio/ccl.
R3

Anexys

RM pressfit

RM pressfit vitamys

Symbol DMHA/DS evol.

Trident I

EP-fit

HI

Novae TH/Bi-Mentum
Polarcup

R3

Mpact

Versafitcup DM
Versafitcup trio/ccl.
Mpact

Versafitcup trio/ccl.
R3

Xentrax

HI

EP-fit

HI

R3

Versafitcup trio/ccl.
April ceramic

April poly

Liberty

BSC pressfit

Symbol DMHA/DS evol.

Pinnacle

Anexys

RM pressfit

RM pressfit vitamys

Symbol DMHA/DS evol.
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25
55
75
65
36
42
29
27

41
96
92
97
100
64
51
47
36
20
79
35
42
100
100
41
46
71
61
35
28
31
100
75
75
36
39
16
46

530
99

91
158
116
105
270
285
8,176
101
91
348
64

61
788
2,902
453
110
3,248
163
818
799
82
102
240
316
444
135
552
86

80

97

97
169
75

76
1,618
69
2,334
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1.7 (0.9-3.3)
1.0 (0.1-7.0)
3.3 (1.1-9.9)
4.4 (2.1-9.0)
3.5 (1.3-9.0)
5.8 (2.6-12.4)
3.0 (1.5-5.9)
3.2 (1.7-6.0)
2.2 (1.9-2.6)
1.0 (0.1-6.8)
2.2 (0.6-8.5)
5.2 (3.3-8.1)
0.0 (-)

4.9 (1.6-14.5)
1.4 (0.8-2.5)
1.7 1.3-2.2)
2.7 (1.5-4.6)
0.9 (0.1-6.3)
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Figure 5.24

2-year revision rates of uncemented primary total hip arthroplasty combinations (primary OA)
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)
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Figure 5.25

Amistem-C Mpact 35 99 6 6.1(2813.) :
Amistem-C Versafitcup DM 31 105 2 1.9(0.5-7.5) :
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* Share ofimplants accounted for by main userhospital service. A higher share signifies anincreased
likelihood of biased figures due to local effects. A share of 50%+ would suggest that reported results
are likely determined by one hospital service.
** Number of patients with at least two years follow-up (i.e. primary prosthesis in moving average).
*** Rates adjusted for effects of mortality and emigration.
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Hybrid combinations for primary OA Uncemented combinations for secondary OA
Atotal of 7,428 hybrid THA had been performed for A total of 5,762 uncemented THA had been per-
primary OAwithinthe moving 4-yearwindow period formed for secondary OA within the current moving
from 01.01.2018 to 31.12.2021. The average 2-year 4-year window period. The average 2-year revision
revision rate was 2.6% (Cl 2.3-3.0%) (Figure 5.25). rate was 3.5% (Cl 3.1-4.0%) and none of the im-
There were no outliers regarding the short-term re-  plant combinations were considered to be outliers
vision rates detected in the current period of obser-  (Figure 5.26).

vation.
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Figure 5.26
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Table 5.24

5.5 Treatment of hip fractures

Between 2018 and 2023, the registry recorded a
total of 25,742 primary hip arthroplasties perfor-
med for fractures, of which 44.7% were THA and
55.3% HA (Table 3.3). Previous internal fixation was
registered in 6.3% of the THA and 1.1% of the HA.
However, the laps of time between internal fixation
and arthroplasty is unknown, as internal fixation is
notregistered in any registry in Switzerland.

Most HA stems were cemented (86.1%) compared
to 46.3% uncemented stems in the THA group (Ta-
bles 5.24). The share of cemented stems for HA re-

mained stable since 2018. The share of uncemented

Fracture of the hip: Surgery characteristics by main treatment group

N (2018-2023)

Previous surgery?

Approach

Fixation

None

Internal fixation femur

Osteotomy femur

Internal fixation acetabulum
Osteotomy pelvis

Arthrodesis

Other previous surgery

Anterior

Anterolateral

Posterior

Lateral

Other approach

All uncemented / uncemented stem
Hybrid*

All cemented / cemented stem
Reverse hybrid**

Reinforcement ring, femur uncemented

Reinforcement ring, femur cemented

! multiple responses possible; does not sum to 100%
*acetabulum uncemented, femur cemented **acetabulum cemented, femur uncemented
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stems in the THA group showed a variable course
with dips in 2019 and 2023. All cemented fixation
decreased from 8.7% to 4.4% between 2018 and
2023. However, the hybrid fixation showed a com-
pensatory rise (Figure 5.27 and Table 5.25).

The most common approaches for both procedures
were a direct anterior or an anterolateral approach,
both used in over 75% of the cases. In both HA and
THA, the share of the anterior approach was the
highest, being used distinctly more frequently for
THA. The choice of the approach changed signifi-
cantly between 2018 and 2023, particularly for HA.
The use of the anterior approach rose from 38% in
201810 52.2% in 2023. The use of the anterolateral
approach declined, as did the other approaches.
The development was similar for THA, however less
pronounced (Table 5.26 and Figure 5.28).

THA HA

N revised % N revised %

10,321 89.7 13,922 979

901 7.8 157 1.1

49 0.4 15 0.1

106 0.9 5 0.0

7 0.1 1 0.0

3 0.0 0 0.0

177 1.5 127 0.9

6,486 56.3 6,586 46.3

2,800 24.3 4,042 28.4

1,383 12.0 1,975 13.9

641 5.6 1,456 10.2

207 1.8 166 1.2

5,793 50.3 1,893 13.3
4,667 40.5

661 5.7 12,252 86.1
206 1.8
50 0.4
140 1.2
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Figure 5.27
Fracture of the hip: Component fixation methods by type of treatment by year
Relative distribution peryearin %.
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Table 5.25
Fracture of the hip: Component fixation methods by type of treatment by year
Relative distribution peryearin %.

Total hip arthroplasty (THA) 2018 2019 2020 2021 2022 2023
Reinforcement ring, femur uncemented 0.4 0.4 0.4 0.4 0.5 0.4
Reinforcement ring, femur cemented 1.2 1.3 1.2 11 1.0 1.5
Reverse hybrid* 2.7 2.1 1.9 1.9 1.5 1.1
Hybrid** 37.1 41.2 39.5 39.8 39.8 44.2
Alluncemented 50.1 47.6 52.1 51.1 52.3  48.3
All cemented 8.7 7.4 4.9 5.7 5.0 4.4
Total [N] 1,386 1,591 1,782 2,119 2,281 2,358
Hemiarthroplasty (HA) 2018 2019 2020 2021 2022 2023
Uncemented stem 14.3 11.9 14.3 14.7 12.6 12.6
Cemented stem 85.7 88.1 85.7 85.3 87.4 87.4
Total [N] 2,159 2,270 2,345 2,320 2,552 2,499

* acetabulum cemented, femuruncemented = Reverse hybrid
** acetabulum uncemented, femur cemented = Hybrid
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Figure 5.28

Fracture of the hip: Surgical approach by type of treatment by year

Relative distribution peryearin %.
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Table 5.26

2021

2022

2023

Fracture of the hip: Surgical approach by type of treatment by year

Relative distribution peryearin %.

Total hip arthroplasty (THA)
Anterior

Anterolateral

Lateral

Posterior

Otherapproach

Total [N]

Hemiarthroplasty (HA)
Anterior

Anterolateral

Lateral

Posterior
Otherapproach

Total [N]
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2018
47.5
29.4

6.1
14.6
2.3
1,386

2018
38.0
31.4
16.6
12.9

1.2
2,168

Fracture of the hip

2019
51.4
28.5

6.2
12.0
1.9
1,591

2019
39.6
32.4
13.0
13.0

1.9
2,276

2020
54.7
26.1

5.9
11.4
1.9
1,782

2020
42.9
26.9
12.9
15.4

1.9
2,354

2021
59.9
22.0

5.4
10.9
1.8
2,119

2021
51.7
26.4

8.3
12.9
0.6
2,350

2022
59.8
22.0

5.3
11.2
1.7
2,281

2022
51.8
26.9

5.7
14.7
0.9
2,568

2023
59.5
21.4

5.0
12.8
1.4
2,358

2023
52.1
27.0

6.1
14.1
0.6
2,509
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5.6 Early revision after fracture of the hip  Higher BMI were risk factors for revision, whereby
the risk increase for THA already is observed at a
The 2-yearrevision rate after THA for fracture of the  BMI>30 kg/m2. Higher ASA scores tended to be as-
hip was 5.2% (Cl 4.7-5.7%) and higher than in HA  sociated with more frequent revisions in the THA
patients, where 3.5% (Cl 3.1-4.0%) had been revi- group (Table 5.27). In the HA group, uncemented
sed. The 2-year revision rate of THA for the treat- stems had an increased risk for revision caused
ment of fractures was more than twice that of THA  mainly by periprosthetic fractures. A posterior
for primary OA (5.2% vs 2.5%). approach bore a higherrisk of revision for both THA
and HA, whereby for THA the effect was significant-
ly higher (7.3% vs 5.7% as shown in Table 5.28).

Table 5.27
Fracture of the hip: First revisions within 24 months overall and according to baseline characteristics
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)

Total hip arthroplasty Hemiarthroplasty
At risk* Revised 95% ClI At risk* Revised 95% Cl

N N %** lower upper N N %** lower upper

Overall (moving average) 6,878 340 5.2 4.7 5.7 9,148 280 3.5 3.1 4.0
Gender Women 4,402 206 4.8 4.2 5.5 6,465 193 3.3 2.9 3.9
Men 2,476 134 5.8 4.9 6.8 2,683 87 4.0 3.3 5.0

Age group <55 293 14 4.9 2.9 8.1 35 4 13.0 5.1 31.1
55-64 930 51 5.6 4.3 7.3 120 7 6.2 3.0 12.6

65-74 1,868 91 5.0 4.1 6.1 502 33 7.6 5.4 10.5

75-84 2,458 123 5.2 4.4 6.1 2,769 97 3.9 3.2 4.7

85+ 1,329 61 5.1 4.0 6.5 5,722 139 2.8 2.4 3.3

BMI group <18.5 416 19 4.8 3.1 7.5 751 15 2.5 1.5 4.2
18.5-24.9 3,069 124 4.2 3.5 5.0 4,185 97 2.6 2.2 3.2

25-29.9 1,573 97 6.3 5.2 7.7 1,755 72 47 3.7 5.9

30-34.9 410 33 8.4 6.1 11.6 350 24 7.4 5.0 10.9

35-39.9 81 7 9.0 4.4 18.0 73 9 13.6 7.3 24.6

40+ 32 1 3.1 0.4 20.2 13 1 8.3 1.2 461

Unknown 1,297 59 4.9 3.8 6.3 2,021 62 3.6 2.8 4.6

Morbidity state ASA1 427 14 3.3 2.0 5.5 71 5 7.7 3.2 175
ASA 2 2793 114 441 3.4 4.9 1,684 49 3.1 2.4 4.1

ASA 3 2,977 172 6.2 5.3 7.1 5,980 189 3.6 3.1 4.2

ASA 4/5 255 16 7.1 4.4 11.4 893 17 2.3 1.5 3.8

Unknown 426 24 6.0 4.0 8.8 520 20 4.5 2.9 6.9

* Number of patients with at least two years follow-up (i.e. primary prosthesis in moving average).
** Rates adjusted for effects of mortality and emigration.
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Reasons for early first revision

Dislocation, periprostheticfracturesandinfections
were the three leading reasons for revision in both
the THA and the HA groups (Table 5.29). However,
infections were by far the most important cause of
revision in the HA group, representing 35% of the
registered cases, whilethe most frequent cause for
revision in fracture THA was dislocation (25.3%),
followed closely by revision for periprosthetic frac-
ture (25.0%).

A more detailed analysis of the reasons for revision
of HA analysing separately unipolar and bipolar
heads showed differences. However, small num-
bers limit any further analysis (Table 5.30). The
revision rates of unipolar and bipolar heads for ce-
mented HA showed that bipolarheads had a higher
revision rate in the first year whereas afterwards,
the difference was not significant. After 4 years and
up to 11 years of follow-up, the revision rates of un-
ipolar heads and bipolar heads remained similar

(Figure 5.29).

Table 5.28
Fracture of the hip: First revisions according to stem fixation and approach
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)

Total hip arthroplasty Hemiarthroplasty

At risk* Revised 95% ClI Atrisk*  Revised 95% CI
N N %** lower upper N N %** lower upper
Overall (moving average) 6,878 340 5.2 4.7 5.7 9,148 280 3.5 3.1 4.0
All cemented / cemented stem 444 18 4.5 2.9 7.1 7,836 214 3.2 2.8 3.6

All uncemented / uncemented stem 3,461 184 5.5 4.8 6.3 1,258 63 5.5 4.3 7.0
Hybrid 2,717 124 4.8 4.0 5.7
Anterior 3,720 167 4.7 4.1 5.5 3,949 116 3.4 2.8 4.0

Anterolateral 1,794 86 5.0 4.1 6.1 2,672 64 2.8 2.2 3.5

Lateral 402 17 4.5 2.8 7.1 1,155 33 3.4 2.4 4.8
Posterior 827 59 7.3 5.7 9.4 1,243 63 5.7 4.4 7.2
Other approach 135 11 8.8 50 15.3 129 4 3.9 1.5 10.2

* Number of patients with at least two years follow-up (i.e. primary prosthesis in moving average).
** Rates adjusted for effects of mortality and emigration.
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Table 5.29 Table 5.30

Fracture of the hip: Reasons for early first revisions Fracture of the hip: Reasons for early first revisions
4-year moving average covering implants between 01.01.2018 and (unipolarvs. bipolar heads),cemented stems only
31.12.2021, with two years follow-up (31.12.2023). 4-year moving average covering implants between 01.01.2018 and
Total hip Hemi- 31.12.2021, with two years follow-up (31.12.2023).
arthroplasty arthroplasty Unipolar Bipolar
N % N % heads heads
Dislocation 86 253 65 23.2 L L
Periprosthetic fracture 8 25.0 55 19.6 Infection 53 42.4 33 375
Infection 82 241 98  35.0 Dislocation 19 15.2 28 31.8
Loosening femoral 48 141 27 9.6 Periprosthetic fracture 17 13.6 9 10.2
Loosening acetabular 33 97 Loosening femoral 11 8.8 11 12.5
Position/Orientation of cup 19 5.6 Impingement 3 2.4 2 23
Position/Orientation of stem 15 4.4 8 2.9 Wear 0 00 0 00
Implant breakage 5 15 1 0.4 Acetabular osteolysis 0 0.0 1 14
Femoral osteolysis 2 06 0 0.0 Femoral osteolysis 0 00 0 00
Trochanter pathology 2 06 0 0.0 Trochanter pathology 0 0.0 0 00
Acetabular protrusion 2 06 6 2.1 Status after spacer 0 0.0 0 00
Wenr 1 03 7 1.8 Implant breakage 0 0.0 0 0.0
Metallosis 1 0.3 0 0.0 Blood ion level 0 0.0 0 0.0
Status after spacer 1 0.3 0 0.0 Position/Orientation of stem 0 0.0 0 0.0
Impingement 1 03 0 0.0 Acetabular protrusion 0 0.0 0 0.0
Acetabular osteolysis 0 0.0 1 0.4 Other 22 176 6 638
Blood ion level 0 0.0 0 0.0
Squeaking 0 0.0 0 0.0 Early first revisions are those occurring within 2 years of the primary
Other 30 8.8 36 12.9 ?;tlh(;gilasty.Multiple responses possible (percentages do not sum
Figure 5.29

Fracture of the hip: Estimated failure rates of hemiarthroplasty of the hip: unipolar heads versus bipolar heads
Time since operation, 2012-2023, only cemented stems % of implants revised.

%
8
7 .
I— Bipolar femoral head
6 Unipolar femoral head
5
4
3
2
1
95% confidence interval

0

T T T I T T I T T I I T

0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation

1 year 2years 3years 5years 6years 8years 10years 11 years
Unipolar femoral head 2.3 (2.12.6) 2.92.63.2) 3.4(3.13.8) 4.5(.05.0 4.9 (4355 5.34.6-6.2) 6.0(%.9-7.3) 6.0 (4.9-7.3)
Bipolar femoral head 3.1(2.735 3.4(3.03.9 3.733-43) 4.23.6-48 4.53.9-53) 5.1%.2-6.2) 6.6(4.9-8.9) 6.6 (46.9-8.9)
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The analysis again is limited by small numbers re-
maining at the end of the observation period. The
higher early revision rate of bipolar heads was due
totherate ofdislocationthatwas significantly high-
er. Dislocations also occurred earlier in this sub-
group. Periprosthetic fractures were more frequent
in HAwith unipolar heads, as were infections.

The cumulative incidence figures of revision rates
over time provide an additional perspective on the
reasons for revision (Figures 5.30). It highlights re-
visions for infection and for dislocation tended to
occurratherearly on, asindicated by a steep initial
spike followed by very gradual long-term growth.
These observations were more frequent in THA. In-
cidents of loosening and periprosthetic fractures

were the drivers of later revisions.

Table 5.31

Type of revisions

Among the hip arthroplasties performed for
fracture of the hip, 302 THA revisions and 257 HA
revisions were carried out during the moving obser-
vation period. The most frequent type of revision
was conversion of HA to THA (almost 40% of the
revisions). The second most frequentrevisioninthe

HAgroupwasthe exchange ofthe head (Table 5.31).

Fracture of the hip: Type of revisions by primary treatment modality, THA versus HA
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)

Total hip Hemi-
arthroplasty arthroplasty
N % N %

Exchange acetabular and femoral components 42  13.9

Exchange acetabular component 15 5.0

Exchange acetabular component and head 55  18.2
Exchange femoral component 63 20.9 38 14.8
Exchange femoral component and inlay 20 6.6 6 2.3
Exchange head 22 7.3 60 23.3
Exchange inlay 2 0.7 2 0.8
Exchange head and inlay 48  15.9 22 8.6
Conversion of hemi-prosthesis to THA without stem exchange 58 22.6
Conversion of hemi-prosthesis to THA with stem exchange 42  16.3
Component removal, spacer implantation 9 3.0 3 1.2
Component reimplantation (after spacer or Girdlestone) 2 0.7 3 1.2
Girdlestone 4 1.3 3 1.2
Exchange femoral component, inlay and osteosynthesis 9 3.0 6 2.3
Other intervention 11 3.6 14 5.4
Total 302 100.0 257 100.0

HA:inapprox. 11% of cases response categories involving acetabular components were chosen.

These were recoded to conversions.
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Figures 5.30
Fracture of the hip: cumulative incidence rates for different revision diagnoses
Time since operation, 2012-2023, all services, % of implants revised.
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5.7 Results of implants after hip fracture
2-year revision rate

Uncemented THA combinations for fractures

There were 20 uncemented stem/cup combina-
tions, accounting for 75% of all THA performed for
fracture ofthe hip (Tables.32). Thetable also shows
thedistribution ofthe implants used between 2018
and 2023. The revision rates for combinations with
n>5o are shown in Figure 5.31. None of the implant

combinations was suspicious.

Table 5.32
Fracture of the hip: Top 75% of primary total hip arthroplasty uncemented combinations 2018-2023

Stem component Cup component 2018 2019 2020 2021 2022 2023 2018-2023
Alloclassic Fitmore 12 14 5 13 9 7 60
Amistem-H prox coating Versafitcup trio/ccl. 76 63 6 9 0 0 154
Amistem-P Versafitcup trio/ccl. 1 15 83 87 117 93 396
Avenir Allofit 68 70 78 69 65 75 425
Avenir Fitmore 12 9 7 13 9 1 51
CLS Spotorno Allofit 18 15 11 10 2 5 61
Corail Pinnacle 35 61 68 76 66 57 363
Corail collared Bimobile 0 0 0 20 122 94 236
Corail collared Gyros 18 13 19 1 0 0 51
Corail collared Liberty 1 0 13 53 4 1 72
Corail collared Novae TH/Bi-Mentum 3 5 26 59 68 86 247
Corail collared Pinnacle 46 49 63 105 145 137 545
Fitmore Allofit 15 18 15 26 20 38 132
Fitmore Fitmore 14 15 21 14 26 12 102
Optimys RM pressfit 13 12 9 9 12 4 59
Optimys RM pressfit vitamys 90 91 115 158 158 155 767
Optimys Symbol DMHA/DS evol. 5 5 11 19 16 25 81
Polarstem R3 14 13 16 10 23 19 95
Quadra-H Versafitcup trio/ccl. 33 28 31 19 10 0 121
Quadra-P Versafitcup trio/ccl. 0 0 8 16 22 31 77
Twinsys RM pressfit vitamys 29 24 26 34 31 36 180
other combinations 170 205 257 241 249 246 1,368
Total 673 725 888 1,061 1,174 1,122 5,643
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Figure 5.31
Two-year revision rates within 24 months of uncemented primary total hip arthroplasty combinations to treat fractures
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)
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Hybrid THA combinations for fractures used fewerthan 100 times during the observed pe-

There were 21 stem/cup combinations covering riod between 2018 and 2023 (Table 5.33). The re-
75% of the hybrid THA performed for fractures of vision rates for the 10 combinations with n»so are
the hip treated, but 12 of these combinations were presented in Figure 5.32 and show that none of the

implants reached potential outlier status.

Table 5.33
Fracture of the hip: Top 75% of primary total hip arthroplasty hybrid combinations 2018-2023
Stem component Cup component 2018 2019 2020 2021 2022 2023 2018-2023
Amistem-C RM pressfit vitamys 9 5 6 6 5 6 37
Amistem-C Versafitcup DM 25 16 12 9 6 18 86
Amistem-C Versafitcup trio/ccl. 54 86 94 108 106 82 530
Avenir (cem) Allofit 16 30 33 40 49 74 242
Avenir (cem) Fitmore 19 26 37 65 58 45 250
CCA RM pressfit vitamys 10 19 9 10 19 73
Centris RM pressfit 10 12 10 38
Centris RM pressfit vitamys 35 30 32 53 150
Corail (cem) Novae TH/Bi-Mentum 0 2 8 28 52 68 158
Corail (cem) Pinnacle 14 37 39 76 118 146 430
Exacta S Symbol DMHA/DS evol. 0 24 38 67
Exeter V40 Symbol DMHA/DS evol. 7 16 29 52
MS-30 Allofit 10 29 42 81
MS-30 Fitmore 21 10 1 0 41
Quadra-C Mpact 24 19 16 8 15 83
Quadra-C Mpact DM 3 9 32 34 32 14 124
Quadra-C Versafitcup trio/ccl. 64 72 64 35 21 4 260
Twinsys (cem) RM pressfit 6 5 6 6 12 5 40
Twinsys (cem) RM pressfit vitamys 43 69 72 75 119 147 525
Twinsys (cem) Symbol DMHA/DS evol. 3 4 13 13 38
Weber Allofit 9 10 4 2 36
Weber Fitmore 38 51 46 37 33 26 231
other combinations - 144 152 180 217 192 265 1,150
Total 522 667 718 854 916 1,045 4,722

Important information on the use of the implant performance tables below

© Estimated revision rate exceeds the alert boundary, but we do not identify this implant combination as an outlier because the 95%
confidence interval overlaps the confidence zone of the reference group.

® |dentified as potential outliers. Please note the statistical confidence intervals. The outlier status comes with varying degrees of statistical
probability. We considerthe potential outlier status ,,highly likely“ when both the estimated revision rate and the complete confidence
interval exceed the outlieralert boundary.

Please be aware that relatively rare implant combinations are frequently used in only a small number orindeed only in one hospitalin
Switzerland. Observed revision rates may be determined by local factors and performance may differ significantly between locations.
Manufacturers of detected outlierimplants and the hospitals where they were used (and revisions occurred) have been informed by SIRIS.
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Figure 5.32

Two-year revision rates within 24 months of hybrid primary total hip arthroplasty combinations to treat fractures
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)
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Hemiarthroplasty

The choice of implant combination for the treat-
mentof hip fractureswith HAwas less variable than
forTHA and there were only nine stem/head combi-
nations accounting for 75% of all components (Ta-
bles.34). These combinations were used ratherfre-
quently overthe last 11 years, and it is worth noting
that neither combination was used fewer than 300
times during the last 5 years. The revision rates for
combinations with n>so, which are more than the

above-mentioned nine combinations, are shown in

Figure5.33.

The average revision rate of this subgroup was
3.2% (Cl 2.8-3.6%). There were two implant com-
binations that were detected as outliers. Among
these, the combination Harmony (cem)/Symbios
bibop was used in one center only, illustrating the
importance of single centres on the revision rates
of specific implants.as a single combination (Ta-
ble 5.33). For the 2023 report, the analysis of the
Harmony-related data could be split up into three
different head types, of which one has arather high
revision rate, while none of the implants reached

potential outlier status.

Table 5.34

Fracture of the hip: Top 75% stem/head combinations used in hemiarthroplasty (HA) 2018-2023

Stem component Cup component 2018 2019 2020 2021 2022 2023 2018-2023
Amistem-C Medacta bipolar head 95 92 114 151 170 189 811
Amistem-C Medacta endohead 289 281 329 377 415 375 2,066
Avenir (cem) ZB bipolar head 60 79 99 69 100 106 513
Avenir (cem) ZB unipolar head 14 28 44 72 69 67 294
CCA Hemihead SS 430 438 395 350 289 184 2,086
Centris Hemihead SS 113 109 103 113 0 0 438
Corail (cem) J&) modular head carthcart 42 85 105 173 257 270 932
Twinsys (cem) Hemihead SS 71 97 124 121 236 327 976
Weber ZB unipolar head 252 225 168 140 151 103 1,039
other combinations 494 586 531 440 547 533 3,131
Total 1,860 2,020 2,012 2,006 2,234 2,154 12,286

Important information on the use of the implant performance tables below

© Estimated revision rate exceeds the alert boundary, but we do not identify this implant combination as an outlier because the 95%
confidence interval overlaps the confidence zone of the reference group.

® |dentified as potential outliers. Please note the statistical confidence intervals. The outlier status comes with varying degrees of statistical
probability. We considerthe potential outlier status ,,highly likely“ when both the estimated revision rate and the complete confidence
interval exceed the outlieralert boundary.

Please be aware that relatively rare implant combinations are frequently used in only a small number orindeed only in one hospitalin
Switzerland. Observed revision rates may be determined by local factors and performance may differ significantly between locations.
Manufacturers of detected outlierimplants and the hospitals where they were used (and revisions occurred) have been informed by SIRIS.
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Figure 5.33

Two-year revision rates of cemented primary HA components

4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)
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Original Mueller ZB unipolar head 36 194 3
Quadra-C Medacta bipolar head 37 111 8
Quadra-C Medacta endohead 39 85 4
Twinsys (cem) Hemihead SS 30 413 12
Twinsys (cem) Mathys bipolar steel head 30 138 2
Weber ZB bipolar head 50 213 5
Weber ZB unipolar head 30 785 19
other combinations 568 19
CH average for group 804 23

*  Share ofimplants accounted for by main user hospital service. A higher share signifies an increased
likelihood of biased figures due to local effects. A share of 50%+ would suggest that reported results

are likely determined by one hospital service.
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6. Knee arthroplasty

Overview of data structure (annual report 2024)
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Overview of of types of analyses for determining revision rates (annual report 2024)

Types of analysis Kaplan-Meier estimates

Report section
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6.1 Primary total knee arthroplasty

The total number of primary TKA registered in
SIRIS at the end of 2023 reached 175,003 cases
(Table 4.6, Page 41). The share of women (59.4%)
and the mean age of the patients (69.7 years) re-
mained constant throughout the entire registration
period. Please consultalso chapters 3 Demography
and 4 Epidemiology for further details regardingin-

cidence and demographic characteristics.

Previous surgery

Between 2018 and 2023, no previous surgery was
recorded in 67.8% of the TKA registered, while
17.9% had former meniscectomy and 15.6% ar-
throscopy. Assuming a meniscectomy was perfor-
med at every arthroscopy, one could estimate open
meniscectomy having been performed in 2.3% of
the cases. Preceding ACL reconstruction was re-
gistered in 5.2%, and osteotomy at tibial level in
1.4%, but at the femur only in 0.4%. All other con-
ditions were rare, in 2.1% “other” former surgeries
were reported (Table 6.1). The rate of previous ar-
throscopies preceding TKA in primary OA was con-
stantly decreasing since 2012, with the share being
much higherin secondary OA (Figure 6.1).

Figure 6.1

Type of knee prosthesis

The classification of the TKA systems registered
in SIRIS was adapted in 2021 with the last revisi-
on of the case report form (CRF), because of pre-
viously not unambiguous terminology. Between
2018 and 2023, the share of cruciate-sacrificing/
ultracongruent systems (CS/UCOR) was 24.8%, for
posteriorstabilized (PS) itwas 27.4% and posterior
cruciate-retaining (PCR/CR) it was 25.4%. A medial
pivot (MP) was used in 17.3%, whereas semi-cons-
trained/constrained condylar knees (SC/CCK) or
hinged implants were used only in 1.3% and 2.8%
of the cases, respectively. Bicruciate-retaining
knees (BCR) were rarely used (1.0%) as well (Table
6.1). The share of MP implants seemed to increase
nationwide and replace more traditional designs
such as PS, PCR/CR and CS/UCOR. The proportion
of SC/CCK TKA was approximately 1.6% in primary
and approximately 3.3% in secondary OA. For hin-
ged systems, the share almost tripled in secondary
OA (approx. 4.4% versus approx. 1.6% in primary
OA). Of note, the knee replacement systems used
varied significantly between cantons, regions, and
hospitals (see chapter 4 Epidemiology).

Share of TKA patients who had knee arthroscopy prior to arthroplasty (%)
Secondary OA categories were different before 2015 and therefore cannot be compared

%
30- 29 29 29 29
27
27
26

25 N = H B B 2 25

22

2 22
20— - - - - - - - - -
w 16 16
15 o B = 140 BE W g 1y
[l Primary OA*
10 = = = = = = = = = Secondary OA
5_ || || || || || || || || || *Including ,arthritis after
meniscus surgery“

0l

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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Type of bearing ringtype showed again a high variabilityamongthe
The rate of mobile bearing polyethylene (PE) liners  differentcantons of Switzerland, including the Prin-
did rapidly decrease over the past six years, from cipality of Liechtenstein (see chapter 4 Epidemiolo-
39.4% in 2018 t0 18.7% in 2023 (Figure 4.14, page gy). The type of PE (CPE vs XLPE) was not analysed
46). However, one must note thatthe choice of bea- so farin TKA.

Table 6.1
Primary total knee arthroplasty: Surgery characteristics
alldiagnoses

N (2018-2023) N % N (2021-2023) N %
Previous surgery Additional Intervention
None 69,297 67.8 None 53,254 95.4
Knee arthroscopy 15,897 15.6 Osteosynthesis FE 67 0.1
Meniscectomy 18,248 17.9 Osteosynthesis Tl 47 0.1
ACL reconstruction 5,304 5.2 Osteosynthesis PAT 4 0.0
Osteotomy tibia close to knee 2,585 2.5 Removal of metalwork 746 1.3
Osteosynthesis tibia close to knee 1,457 1.4 Operation extensors 352 0.6
Surgery for patella stabilization 1,276 1.2 Reconstruction plasty 54 0.1
Synovectomy 802 0.8 Tibial tubercle osteotomy 816 1.5
Osteotomy femur close to knee 438 0.4 Other additional intervention(s) 600 1.1
Osteosynthesis femur close to knee 529 0.5 Total TKA (multiple responses) 55,794
Surgery for treating infection 182 0.2 Additional components
Uy O R SEN Stem FE (cemented)* 963 1.7
iner 2l 2l Stem FE (uncemented)** 333 0.6
Intervention Stem Tl (cemented)*** 3,213 5.7
CS (cruciate sacrificing) / UCOR 25,310 24.8 Stem Tl (uncemented)**** 538 1.0
PS (posterior stabilized) 28,036 27.4 Sleeve FE 34 0.4
PCR (posterior cruciate retaining) 25,961 25.4 Sleeve TI 104 0.2
BCR (bicruciate retaining) 978 1.0 Augments FE 68 0.1
Hinge type 1,992 2.0 Augments TI 120 0.2
SC/ CCK (semi-constrained/constrained) 1,372 1.3 Augments PAT 2 0.0
Other (Medial-Pivot)? 17,708 17.3 Bone homologous 29 0.1
Other 711 0.7 Bone autologous 103 0.2
Technology Cone FE 3 0.0
Conventional 71,463 70.0 el o Ol
Computer assisted / navigation 10,162 9.9 et e ESpONSes) b
Patient specific instrumentation 17,514 171 :* 2(2):2 Vv:,'::: Eg;?:gt restrictor :::* ;5;:2 \x:m zzz?:;res"mor
Robotic-assisted (v2021) 3,589 3.5

1 Medial pivot was not available as aresponse category before SIRIS
Other 1,586 1.6 v2021. AllGMK Sphere knee systems are counted as medial pivot,
regardless of the type chosen locally at data entry.
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Patellaresurfacing

The patella was not resurfaced in 65.5% of primary
TKA during the period 2018 to 2023 (Figure 4.16 p.
47). However, the resurfacing rate increased conti-
nuously since 2018 from 29.9% to 39.3% in 2023.
However,therewereagain considerabledifferences
between the cantons (see chapter 4 Epidemiology).
Increasing resurfacing rates may be partially due to
the prosthesis type used, as resurfacing of the pa-
tella is recommended more frequently in PS knees
than in other TKA types. Please refer to the annual
report 2021 regarding more details about patella
resurfacing. Particularly, it could be demonstrated
that whether the patella is resurfaced primarily or
not is even more dependent on the surgeon’s per-
sonal preference than on the knee system type or
geographic region. The observed trend toward pri-
mary patella resurfacing in the past years may well
be explained by a surgeon’s intent to prevent early
revision and improve the two-yearrevision rates re-
ported for himself and the hospital, independently
of functional outcomes. The same effect could be
observed in Australia overthe past 10 years.

Figure 6.2

Fixation and use of stems

Fixation of TKA mostly was fully cemented, with a
proportion of 76.9 % over the past six years. Use
of hybrid fixation of the components remained con-
stantwith 15.9%. Interestingly, cementless fixation
represented only 3.5% of the TKA in 2018, but the
share tripled within 6 years to 10.2% in 2023 (Fi-
gure 6.2). Stems (femoral and/or tibial) were used
in 9.0% of primary TKA, mostly (in 74.3%) on the
tibial side, and 82.7% were cemented (Table 6.1).
Obesity (=30 kg/m?) was not associated with use of
a tibial stem, despite such recommendations from
several studies. Stems were mainly associated
with higher intrinsic stability of the knee system
(SC/CCKorhingetype). Stems were also used more
frequently in PS than in the PCR/CR, CS, or MP
designs (Figure 6.1).

Primary total knee arthroplasty: Component fixation by year

Percentage peryear, all diagnoses.
%

100 . . Alluncemented
80| | . . . . mmmm Reverse hybrid*
60| | | | | | mmm Hybrid**
Allcemented
401+ _— — e — _—
200+ _ _— — — B
* femur cemented, tibia uncemented
0 ** femur uncemented, tibia cemented
2017 2018 2019 2020 2021 2022
2018 2019 2020 2021 2022 2023 2018-2023
N 14,707 15,521 15,437 16,681 19,273 20,495 102,114
All uncemented 3.5 4.0 5.5 8.1 8.5 10.2 6.9
Reverse hybrid* 0.3 0.4 0.5 0.2 0.1 0.2 0.3
Hybrid** 14.2 14.2 16.3 16.2 17.0 17.0 15.9
All cemented 82.0 81.5 77.7 75.5 74.4 72.6 76.9
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Additional components

More information about components in primary
TKA were introduced on the 2021 version of the
CRF, improving registering possibilities. The most
common additional components were tibial stems
in 6.7% of the cases, whereby 85.7% of them were
cemented. Femoral stems were used in 2.3% of
the primary TKA, 74.3% being cemented. Sleeves,
cones, augments, or additional homologous or au-
tologous bone grafting were rarely necessaryin pri-
mary TKA (Table 6.1). Most of the stems were used
inhinged orprimary SC/CCKTKA systems, irrespec-
tive ofthe underlying BMI (benchmark setat 30 kg/
m2). Stems were also significantly more frequently
used in PS than other knee types such as PCR/CR,
CS, or MP (Figure 6.3). BMI 230 kg/m? did not lead
to a more frequent use of stems on the tibial side,
despite availability of corresponding recommen-
dations in the literature since many years. Femoral
and tibial stems were used more often in patients
with a BMI 230 kg/m? only together with SC/CCK
knee systems (Figure 6.1).

Additional interventions

Additional interventions were rarely performed
during primary TKA (4.6% of cases on average bet-
ween 2018 to 2023). The removal of internal fixa-
tion devices (1.3%) and osteotomies of the tibial
tubercle (1.5%) were the most common additional
surgical steps, while 1.1% were reported as “other”
(Table 6.1).

Figure 6.3
Use of stems by BMI (%)
% | Tibial components 68.7 69.9 70.8 Femoral components 69.8  69.3
70 ! . . . .
60.5
60 B BMi 0
BMI 30+
50 46.4
40 36.5
30
20
9.7 11.1

10

20 2.2 - 0.2 0.2 08 1.2

CR/CS/MP etc. PS Hinged SC/CKK CR/CS/MP etc. PS Hinged SC/CKK
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Technology

Between 2018 and 2023, 67.6% of the primary TKA
in Switzerland were performed conventionally,
without additional technological assistance. The
share of computer navigation was 9.9% and conti-
nuously decreased from 11.8% in 2018 to 8.3% in
2023.0ntheotherhand, the use of patient-specific
instrumentation (PSl) increased from13.6%in 2018
t020.2%in 2023. Robotic-assisted TKA (imageless
and image-based) were classified as “other” and
accounted for5.0% of surgical interventions forthe

Figure 6.4

Primary total knee arthroplasty: Technologies used

whole period, increasing from 1.9%in 2018 to 8.9%
in 2022 (Figure 6.4). Of note, the different robotic
systems were not yet differentiated due to limited
numbers. In summary, surgeons used technical
supportin 32.4% of TKA over the past 6 years.
Minimal invasive surgery is no longer a topic in
Switzerland. It was removed from the CRF in 2021.
Anyway, there was no uniformly accepted definiti-
on, limiting the reliability of the data.

Alldiagnoses. Multiple responses possible (percentages do not sum to 100).

%
70
60 -
50+
404
304
201
.

0

2018 2019 2020 2021 2022
2018 2019

N 14,717 15,528
Conventional 70.8 70.9
Computer navigation 11.8 10.9
PSI 13.6 14.4
Minimally invasive (up to 2020) 5.7 4.9
Other technologies/robotic 1.9 3.1
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mmm Conventional
Computer navigation
mmmm Patient specific instrumentation (PSI)

Minimally invasive

I Othertechnologies/robotic
2023
2020 2021 2022 2023 2018-2023
15,439 16,683 19,274 20,495 102,136
70.6 67.0 65.6 63.3 67.6
10.8 9.7 9.1 8.3 9.9
14.5 18.6 19.7 20.2 17.1
5.0 0.0 0.0 0.0 2.3
3.1 5.5 6.0 8.9 5.0
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Table 6.2

6.2 Revision of primary total knee
arthroplasty implanted before 2012

Followinginternational guidelines, a revision is de-
fined as the addition orthe exchange of any compo-
nent. Therefore, a secondary patella resurfacing is
a revision by definition. SIRIS has been recording
all revision procedures since 2012, irrespective of
whetherit was the first orany subsequent revision.
Unlinked revisions cannot be linked to a primary
knee arthroplasty registered in SIRIS. Revisions of

index arthroplasties registered in SIRIS are named
linked revisions (see Chapter 6.3).

The share of unlinked revisions steadily decreased
from 96% in 2013 to 32.7% in 2023 (848 cases),
corresponding to unlinked TKA revisions overall in
46.7% (Table 6, p.41). A total of 5,325 unlinked TKA
revisions were performed between 2018 and 2023
(Table 6.2). As the primary TKA was not registered,
it remains unclearif the registered revision was the
first or a subsequent intervention. The rate of un-
linked revision TKA falls more rapidly than in THA,

Revision* of total knee arthroplasty (unlinked): Baseline patient characteristics by year

N
Women [%]
Mean age (SD)

Age group [%]

N unknown BMI (%)

N known BMI
Mean BMI (SD)
BMI [%]

N unknown ASA (%)

N known ASA

Morbidity state ASA 1

(%]

2018 2019 2020

957 934 928

61.5 58.9 56.6

All 71.010.3)  71.7 (10.0) 71.2 (10.0)
Women 71.7 (10.4) 72.2(10.2) 71.8 (10.5)
Men 70.0 (10.2) 70.8 (9.5) 70.3 (9.3)
<45 0.9 0.4 0.6
45-54 5.6 5.4 4.2
55-64 18.1 16.8 20.0
65-74 35.8 37.6 36.4
75-84 31.6 31.5 30.6
85+ 7.9 8.4 8.1
201 v 176 (19) 158 17)

756 758 770

29.3 (5.7) 29.5 (6.1) 29.8 (5.8)

<18.5 0.5 0.9 0.4
18.5-24.9 22.1 20.6 19.6
25-29.9 36.9 36.9 36.9
30-34.9 26.1 25.3 27.3
35-39.9 9.9 12.3 10.8
40+ 4.5 4.0 5.1
78 (8) 87 (9) 78 (8)

879 847 850

5.9 4.0 2.7

ASA 2 48.6 47.1 49.3
ASA 3 43.7 47.0 45.8
ASA 4/5 1.8 1.9 2.2

*includes a small proportion of reoperations that are not counted as component revisions in the evaluative parts of this report

6.2 Revision of primary total knee arthroplasty

2021 2022 2023 2018-2023
874 784 848 5,325

62.0 62.0 60.6 60.2
72.6 (10.3) 72.4(9.9) 72.6 (10.1) 71.9 0.1
73.1 (10.2) 72.6 (9.8 73.1 103  72.4(0.3)
71.8 (10.4) 72.1 (10.1) 71.8 (9.7 71.19.9)
0.8 0.6 1.3 0.8

3.0 4.1 3.4 4.3

17.8 14.4 14.0 17.0

32.0 34.2 33.0 34.9
35.0 38.3 39.3 34.2
11.3 8.4 9.0 8.8

111 13) 77 (10) 69 (8) 792 (15
763 707 779 4,533

29.8 (5.9) 29.4 (6.0) 29.4 (5.5) 29.5 (5.8)
0.4 1.6 0.6 0.7

21.2 19.8 19.9 20.5
34.2 37.1 38.0 36.7
26.9 27.6 26.1 26.5
10.6 7.6 11.6 10.5

6.7 6.4 3.9 5.1

43 (5) 36 (5) 2303 345 (e)

831 748 825 4,980

3.4 4.0 2.8 3.8

45.0 44.0 43.9 46.4

49.1 49.6 48.2 47.1

2.5 2.4 5.1 2.7
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which is most probably attributable to the fact that
TKA are revised earlier and more frequently than
THA. Surgeons more often did not fill in the year of
the primary TKA the older the implants were. That
this information is missing is more pronounced
than in unlinked THA. (Figure 6.5). Because of he-
terogeneity of data quality mainly in the first years
of the registry and the rapidly decreasing share of
unlinked revisions these older cases are of limited
and continuously decreasing value and were not
furtheranalysed in this report.

Figure 6.5

6.3 First revision within two years after
primary total knee arthroplasty

Linked revisions form the basis for calculations of
survival and revision rates and may be separated
into first revisions and repeat revisions. The first
revision serves to define primary implant survival
in OAclassified as primary. Caseswithisolated pre-
vious meniscus surgery were also included in the
group of primary OA.

Other causes of secondary OA, such as previous
ligament surgery, fracture fixation, osteotomy or
inflammatory arthritis, etc., were excluded, as as-
sociated revision rates may be higherdueto the un-
derlying diagnosis.

Number of unlinked revisions by year of primary implantation

250
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0

4920499%09%,99%,99% (997,990,991 199%,997 10000100 82100 109”1890 0% 007,
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6.3.1Incidence and demography

In the current 4-year moving window from 1.1.2028
- 31.12.21 with a complete 2-year follow-up until
31.12.2023 a total of 62,367 TKA were implanted
and were at risk for an early revision within the first
two years of follow-up. Of those, 2,138 were re-
vised, resulting in a 2-year revision rate of 3.5% (Cl
3.3-3.6%) (Table 6.3). Whereas the 2-year revision
rate was 3.3% (Cl 3.2-3.5%) in primary OA, the rate
increased significantly to 4.5% (Cl 4.0-5.0%) in
secondary OA. This is partially an effect of the age
difference attheindexarthroplasty, whichwas 70.3
years on average between 2018 and 2023 for pri-
mary OA, compared to 65.2 years for secondary OA
(Table 3.6, p.26). A second explanation could be
that more complex knee systems had to be used in
secondary OA more frequently at the index surgery.
Younger patients were more at risk of early revision
(5.5% for the age group under 55 and 4.0% for the
age group 55—64 years). On the other hand, older
patients (>75 years) were revised significantly less
often than all the other age groups. One reason for
this difference could be explained by the higher
functional demands of younger patients. Addition-
ally, one could assume that unsatisfactory results
after primary TKAwere better accepted by older pa-
tients due to other compromising medical reasons
and possibly more tolerance for inferior results.
Women (3.2%, Cl 3.0-3.4%) were revised less often
than men (3.6%, Cl 3.3-3.8%) although the differ-
ence was not statistically significant.

The BMI was moderately associated with short-
termrevision rates. Normal weight patients had the
lowest early revision rate at 3.0%. With BMI values
above 30 kg/m2the revision rate increased to 3.5%
and above 35 kg/m2to 4.0%. The latter value rep-
resents a statistically significant difference from
the normal weight reference group. The apparently
increased revision rate in low BMI patients might
be contributed to small numbers, as only 247 TKA

6.3 Firstrevision after primary total knee arthroplasty

patients had a BMI less than 18 kg/m2.and they
accounted for 11 early revisions. One revision more
or less could therefore dramatically influence the
outcome. Small group size is also reflected by a
wide confidence interval (Cl 2.6-8.1%). Patients
with ASA 4/5 tended to be revised more often,
the difference however remaining statistically not
significant (Table 6.3).

Table 6.3

First revision of primary total knee arthroplasty within

24 months overall and according to baseline characteristics

4-yearmoving average coveringimplants between 01.01.2018 and 31.12.2021,

with two years follow-up (31.12.2023).

Primary Revised within 24 months

Revised

N at risk” N %~

Overall (moving average) 62,367 2,138 3.5
Diagnosis Primary OA 55,048 1,816 3.3
Secondary OA 7,219 319 4.5

Overall Primary OA 55,048 1,816 3.3
Gender Women 33,724 1,064 3.2
Men 21,324 752 3.6

Age <55 2,777 151 5.5
group [%] 55-64 12,549 501 4.0
65-74 20,372 697 3.5

75-84 16,677 411 2.5

85+ 2,668 56 2.2

BMI group <18.5 247 11 4.6
18.5-24.9 9,941 296 3.0

25-29.9 18,227 558 3.1

30-34.9 12,039 413 3.5

35-39.9 5,108 204 4.0

40+ 2,303 86 3.8

BMI unknown 7,183 248 3.5

Morbidity ASA1 3,668 124 3.4
state ASA 2 31,972 1,037 3.3
ASA 3 15,599 543 3.5

ASA 4/5 209 8 4.2

ASA unknown 3,600 104 2.9

95% Cl

lower upper

3.3
3.2
4.0
3.2
3.0
3.3
4.7
3.7
3.2
2.3
1.7
2.6
2.7
2.9
3.2
3.5
3.1
3.1
2.9
3.1
3.3
2.1
2.4

3.6
3.5
5.0
3.5
3.4
3.8
6.4
4.4
3.7
2.7
2.8
8.1
3.4
3.4
3.8
4.6
4.7
4.0
4.1
3.5
3.8
8.2
3.5
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6.3.2 Reasons for first revision

The most frequent reason for first revision were pa-
tella problems, registered in 37.3%. Additionally,
an instability of the patella was reported in 3.6%.
Infection (20.6%) and femorotibial instability
(18.0%) were the second and third most frequent
reasons. Loosening of the tibial component was in-
dicated in 8.3% of the cases, joint stiffness in 8.2%
and pain of unclearorigin in 5.4%. Wear of the liner
was reported rarely (0.7%) (Table 6.4). Peripros-

Table6.4

thetic fractures of the femur, tibia, and/or patella
were rarely responsible for early revisions. How-
ever, most cases treated with internal fixation only
were probably not registered. Still, 10.5% of the rea-
sons forrevision were classified as “other”. This di-
verse group mostly consists ofthe same reasons as
listed above, but with added details and includes
numerous wound healing problems and more spe-
cial reasons, such as liner dislocations. Excluding
periprostheticinfections and fractures, most of the
other reasons appeared to be related to surgeon’s
errors in technique and/orindication.

Reason for early first revision of primary total knee arthroplasty
4-year moving average covering implants between 01.01.2018 and 31.12.2021,

with two years follow-up (31.12.2023), all diagnoses.

Early first revisions are those occurring within two years of the primary arthroplasty.

Multiple responses possible (percentages do not sumto 100).

N %
Patella problems 798 37.3
Infection 440  20.6
Femorotibial instability 384  18.0
Loosening tibia 177 8.3
Pain (of unclear origin)* 116 5.4
Joint stiffness/arthrofibrosis 175 8.2
Component malposition femur 88 4.1
Component malposition tibia 94 4.4
Loosening femur 85 4.0
Patellar instability 77 3.6
Wear of inlay 14 0.7
Loosening patella 28 1.3
Periprosthetic fracture femur 24 1.1
Sizing femoral component 33 1.5
Periprosthetic fracture tibia 16 0.7
Sizing tibial component 15 0.7
Periprosthetic fracture patella 17 0.8
Other 225 10.5
Total 2,806
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* Painwas frequently reported alongside other reasons.

The proportion of ,isolated pain“was 3.2%.
The wording was adapted inv2021 and the share
dropped accordinglyin 2021.
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Figure 6.6

Cumulative incidence rates show patella problems
to be the most prominent reason for revision sur-
gery within one year after TKA, and corresponding
revision ratesincrease thereafter more rapidly than
all other reasons (Figure 6.6). Kernel density esti-
mation — that evaluates the frequency at a given
time — depicts that only infections were revised
early after primary TKA, whereas peaks for reasons
linked to the patella, femorotibialinstability, isolat-
ed pain of unknown origin and loosening of the tibi-
alcomponent appeared after 9 months follow-up to
culminate at 15 months, reflectingthe usual pattern

in patients with unsatisfactory results after TKA, as
“waitand see” often is recommended. The bell-like
pattern drives the revision rates upwards with on-
going time, in what might resemble logistic growth
curves (slow increase followed by steeper growth
and then a flattening out effect). Patella problems
contributed to the observed pattern of revisions,
causing a disproportionate number of revisions
between 11.1 and 18.7 months after implantation,
with the median at 14.8 months. Revision for joint
stiffness showed a flatter pattern, with a maximum
at 12 months (Figure 6.7 and Table 6.5).

Cumulative incidence rates for different revision diagnosis of primary total knee arthroplasty
Time since operation, 2012-2023, all services, % of implants revised. Detailed reasons for revisions available since 2015.

%
3.0

2.5

2.0

1.5

1.0

0.5

Patella problems
Infection

Pain (isolated)
Femorotibial instability

Loosening tibia

Joint stiffness/arthrofibrosis

Malposition / wrong size

= = = = Otherreasons

0.0

Patella problems
Infection
Pain (isolated)

Femorotibial instability

Loosening TI

Joint stiffness / arthrofibrosis
Malposition / wrong size

Other reasons

2 3 4 5 6

1 year 2 years 3 years

0.4 (0.4-0.4) 1.3(1.2.1.3) 1.7 (1.6-1.8)
0.5 (0.5-0.5) 0.7 (0.6-0.7) 0.8 (0.7-0.8)
0.0 (0.0-0.00 0.1(0.1-0.1) 0.1 (0.1-0.2)
0.3(0.2-0.3) 0.6(0.6-0.7) 0.9 (0.8-0.9)
0.1 (0.1-0.) 0.3 (0.3-0.4 0.5(0.5-0.5
0.1 0.1-0.2) 0.3(0.3-0.3) 0.4(0.3-0.4)
0.1 0.1-01) 0.3(0.3-0.3) 0.4 (0.4-0.4)
0.3(0.3-0.3) 0.5 0.4-0.5) 0.6 (0.5-0.6)
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7 8 Time to revision in years
5 years 6 years 7 years 8 years
2.2(2.123) 2.402325 2.62.52.8 2.9(2.83.1)
0.9 0.9-1.00 1.0@.0-1.1) 1.1@.0-1.2) 1.1@1.0-1.2
0.1 0.1-0.1) 0.1(0.1-0.1) 0.10.1-02 0.1(0.1-0.2)
110112 1.2@.213 1.3@.214 1.4@1.3-1.5
0.8 (0.7-0.8 0.9(0.81.00 1.0(0.9.1.1) 1.11.0-1.2
0.4 (0.4-0.5 0.4 (0.4-0.5) 0.5(0.4-0.5 0.5 (0.4-0.6)
0.5 (0.5-0.5) 0.5(0.5-06) 0.6(0.5-0.6) 0.6 (0.6-0.7)
0.7 (0.6-0.7) 0.7 (0.7-0.8) 0.8 (0.7-0.99 0.8(0.8-0.9)
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Figure 6.7
Time interval between primary total knee arthroplasty and first revision by reason
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)

Density
0.8
0.6 —— Patella problems
e |nfection
= Pain (isolated)
0.4 . .
= Femoral instability
- Loosening tibia
0.2 — |oint stiffness/arthrofibrosis
Other
0.0
I I T T T T T T T
0 3 6 9 12 15 18 21 24 Time to revision in months
Table 6.5

First revision of primary total knee arthroplasty within 24 months overall and according to component fixation
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023), all diagnoses.

Primary TKA Revised within 24 months
Revised 95% Cl

N at risk® N %?* lower upper
Overall 62,367 2138 3.5 3.3 3.6
Component fixation
All cemented 49,295 1679 3.5 3.3 3.6
All uncemented 3,323 141 4.3 3.6 5.0
Hybrid* 9,513 306 3.3 2.9 3.6
Reverse hybrid** 215 11 5.1 2.9 9.1
Patellar replacement ! Number of patients with at least two years follow-up
With patellar replacement 20,104 586 3.0 2.7 3.2 (i.e. primary prosthesis in moving average).
2 Rates adjusted for effects of mortality and emigration.
Without patellar replacem. 42,223 1549 3.7 3.5 3.9 -
* femuruncemented, tibia cemented
Status after patellectomy 19 2 10.5 2.7 35.9  **femur cemented, tibia uncemented
Table 6.6

Median time interval between primary total knee arthroplasty and early first revision* (in months) according to reason
alldiagnoses

N Median IQR25% IQR75%

Patella problems 798 14.8 111 18.7
Infection 440 5.2 1.3 11.8
Pain (isolated) 30 15.4 12.2 18.1
Femoral instability 384 13.7 8.6 18.3
Loosening tibia 177 14.5 11.1 19.7
Joint stiffness/arthrofibrosis 175 12.0 7.0 17.2 * Earlyfirstrevisions are those
Other 1,231 13.7 8.3 17.9 occurring within 2 years of the

primary arthroplasty
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Fixation and first revision

Uncemented TKAwere revised more often (4.3%, Cl
3.6-5.0%) than fully cemented TKA (3.5%, Cl 3.3—
3.6%) in the first two years after index surgery. Ig-
noring the proportionally irrelevant reverse hybrid
fixation, hybrid fixation tended to perform best,
with a 2-year revision rate at 3.3% (Cl 2.9-3.6%).
Non-cemented had a higher revision rate (Table
6.6), the difference however was statistically sig-
nificant only the first two years after TKA (Figure
6.8). It seems that the higher revision rate of un-
cemented TKA is an increased risk for up to three

Figure 6.8

years after operation, perhaps reflecting failed os-
teointegration orfailures due to malalignmentand/
orinsufficient bone quality. From the 4th year after
index surgery, the curve is moving on a higher level
than for the cemented and the hybrid fixation TKA
but evolving parallel. All curves seem to converge
8 years after surgery (Figure 6.8). It is also import-
ant to consider that all TKA brands were included
in this KM estimation of cumulative revision risk,
mixing in various effects. Younger age (<60 years)
was correlated with an elevated early revision rate,

independently of the fixation method (see above).

Estimated failure rates of primary total knee arthroplasty for different fixation methods

Time since operation, 2012-2023, all services, all diagnoses.
%
8

7

All uncemented

All cemented

Hybrid (reverse)

95% confidence interval

T T T T T T T
0 1 2 3 4 5 6
lyear 2years 3years

All cemented

All uncemented 2.0 1.8-2.3) 4.1 (3.7-4.5) 5.0 (4.5-5.5) 6.1 (5.6-6.7)

1 \ \ \
7 8 9 10

6 years

\
11 Years since primary operation

8years 9years 10years 11 years

1.6 1.5-1.7) 3.3 (3.2-3.4) 4.4 (4.2-4.5) 5.6 (5.4-5.7) 6.1 (5.9-6.2) 6.9 (6.8-7.1) 7.4 (7.2-7.6) 7.7 (7.5-8.0) 8.1 (7.9-8.4)
6.5 (5.9-7.1) 7.2 (6.6-7.9) 7.5 6.9-8.2) 8.1 (7.4-8.9) 8.4 (7.6-9.3)

(reverse) hybrid 1.5 1.3-1.6) 3.2 (3.0-3.4) 4.1 (3.9-4.4) 5.2(5.0-5.5) 5.9 (5.6-6.2) 6.7 (6.3-7.0) 7.3 (6.9-7.7) 7.6 (7.2-8.0) 7.9 (7.4-8.4)
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Role of the type of knee arthroplasty and of the
BMI on first revision

Two years after index TKA differences between
types of arthroplasties were small, only PS showed
a significantly higher revision rate (3.7%, Cl 3.5-
3.9%) than other types as PCR/CR, UCOR or MP.
Different systems grouped as “other arthroplas-
ty” had a higher early revision rate than the rest
of the TKA systems but remaining statistically not

Figure 6.9

significant due to small numbers and therefore
bigger confidence intervals (3.9%, Cl 3.4-4.4%). In
mid-term PCR/CR seemed to perform best. PS was
associated with the highest revision rate, with the
difference increasing from the 6th year after prima-
ry TKA onwards (Figure 6.9). This could be partially
explained by a certain selection bias, as PS knees
are usually selected for more complex cases with
more pronounced deformities and ligament imbal-

ances, such asin fixed valgus OA.

Estimated failure rates of primary total knee arthroplasty for different implant types

Time since operation, 2012-2023, all services, all diagnoses.

PCR (posterior cruciate retaining)

%
7 — (S (cruciate sacrificing) / UCOR
6 = PS (posterior stabilized)
——— Medial Pivot
5
—— other arthroplasty
4
3
2
1
0
I I T I I T I I
0 1 2 3 4 6 7 8 Years since primary operation
1 year 2 years 3 years 4 years 5 years 6 years 7 years

PCR (posteriorcruciateret.) 1.5 (1.4-1.7) 3.2 (3.1-3.4) 4.3 (4.1-4.5)

CS (cruciate sacr)/UCOR  1.5(1.4-1.6) 3.2(3.1-3.4) 4.2(3.9-4.4) 4.7 4550 5.14.853) 5.5(.358 6.0(5.7-6.3)
PS (posterior stabilised) 1.7 1.6-1.90 3.7 (3.53.9 4.7 4.5-49 5.4(51-57) 6.0(586.3) 6.7 (6.4-7.1)
Medial Pivot 1.7 1.6-1.9) 3.6(3.33.9) 4.6 (4.3-5.00 5.3(4.957) 6.0(5.6-6.4) 6.3 (5.8-6.8)
other arthroplasty 2.3(.02.7) 3.93.4-4.4) 5.0.5-56) 5.4.86.0 5.9(5.265 6.3(5.67.0)

5.0 (4.7-5.3) 5.5(5.2-5.8) 6.0 (5.7-6.3) 6.4 (6.0-6.7)

7.4 (7.0-7.7)
6.5 (6.0-7.1)
6.6 (5.9-7.4)

8 years

6.9 (6.6-7.4)
6.5 (6.1-6.8)
7.8 (7.4-8.2)
6.7 (6.2-7.3)
7.0 (6.2-8.0)

*Medial pivot was not available as a response category before SIRISv2021. Inthe annual report 2020, only free text ,,other“ responses were
identified as and recoded to medial pivot. However, this missed a number of GMK Sphere total knee systems that were incorrectly registered as
othertypes, mainly CS/UCOR. In this report, all GMK Sphere knee systems are counted as medial pivot, regardless of the type chosen locally at

data entry.
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Concerning the use of stems in primary TKA type m2ended in an even higherrevision rate compared
PCR/CR, CS, PS or MP, the revision rate did not dif- to no stem use (Figures 6.10 and 11). This was not
fer with or without the stem when the BMI was less expected, as the literature is reporting significant-
than 30 kg/m2. According to the results in the reg- ly lower revision rates when using tibial stems in
istry, the use of stems in patients with BMI 230 kg/ obese patients. The opposite observation in SIRIS

Figure 6.10
Estimated failure rates of primary total knee arthroplasty: use of stems (CR/CS/PS/MP)
Time since operation, 2015-2023, all services, all diagnoses, only cemented tibias

%
10 —— no stem used (BMI <30)
9 ——— stem used (BMI <30)

8 ——— stem used (BMI 30+)

; ——— no stem used (BMI 30+)
6

5

4

3

2

1

0

I T T T I T T T I
0 1 2 3 4 5 6 7 8 Years since primary operation

1 year 2 years 3 years 4 years 5 years 6 years 7 years 8 years
no stem used (BMK30) 1.4 (1.3-1.5) 3.2(3.1-3.4) 4.2 (4.0-4.4) 4.7 (4.5-4.9 5.2(5.0-5.4) 5.7 5.4-5.9 6.1(5.9-6.4) 6.6 (6.3-6.9)
stem used (BMI¢30) 1.81.32.4 3.1243.9 4.03250 4.73759 4.83.86.0 6.14.878 7.3(55-9.6) 8.8 6.3-12.1)
stem used (BmI 30+) 2.7 (213.6) 4.33.5-5.4) 5.84.771) 6.5(6.28.0 7.5(6.0-9.3) 8.1(6.5-10.2)10.3 (7.9-13.5)10.3 (7.9-13.5)
no stem used Bmi30+) 1.8(1.7-1.9) 3.7 (3.53.9) 4.7 (4.5-4.9) 5.5(5.2-5.8) 6.1(5.8-6.4) 6.7 (6.4-7.0) 7.2 (6.8-7.5) 7.6 (7.2-8.0)

Figure 6.11
Use of stems as a percentage of primary TKAs with cemented tibias
Can be femoral ortibial stems; form responses suggest 3:1 Tl stems to FE stems

% 10.5
10 Figures 2012-2020 based on registered components 9.0 9.4
(provisional analysis, which is likely incomplete)
8 Figures 2021-2023 based on SIRISv2021 form responses
plusregistered components
6 5.9
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could speak for a certain selection bias with oth-
er influencing factors than BMI alone (e.g. osteo-
porosis). Definitive conclusions however may not
be drawn, as further subgrouping would be nec-
essary, made impossible due to small numbers.
However, those differences are either not or at best
borderline statistically significant.

Figure 6.12

For primary TKA with higher intrinsic stability (SC/
CCK or hinge type) survival up to 8 years after TKA
was comparable with or without stems for all types
of subsystems when the BMI was lower than 30 kg/
m2. Again stemmed constrained TKA with BMI »30
kg/m2 was associated with higher revision rates
being pronounced from the 4th year afterindex sur-
gery (Figure 6.12).

Estimated failure rates of primary total knee arthroplasty: use of stems (Hinged, SC/CCK)
Time since operation, 2015-2023, all services, all diagnoses, only cemented tibias

%
10 —— no stem used (BMI<30)
9 ——— stem used (BMI <30)
8 ——— stem used (BMI 30+)
; ——— no stem used (BMI 30+)
6
5
4
3
2
1
0
I T T T I T T T I
0 1 2 3 4 5 6 7 8 Years since primary operation
1 year 2 years 3 years 4 years 5 years 6 years 7 years 8 years
no stem used (8BMK30) 2.5 (1.63.8) 3.6 (2.55.3) 5.0 (3.66.9 5.2(3.87.2) 5.5(4.0-7.6) 5.54.0-7.6) 5.5(4.07.6) 5.5 (4.0-7.6)
stem used (BMIk30) 2.31.732 3.802.9-51) #4.8(3.7-63) 5.24.0-6.8 58477 58.4s77) 5.8@w.477 5.8.477)
stem used (BMI30+) 2.8(1.9-4.1) 3.9@2.7-5.5 4.5(3.2-6.3) 6.6 4.8-9.1) 8.1(5.9-11.2) 8.1(5.9-11.2) 8.1 (5.9-11.2) 9.5 (6.4-13.8)
no stem used Bmi304) 1.9 (1.0-3.8) 3.0(1.7-5.3) 4.2 (2.6-6.8) 4.2 (2.6-6.8) 4.7 (2.9-7.6) 5.4(3.3-8.7) 5.4(3.3-8.7) 5.4(3.3-8.7)

Page 136 SIRISReport2024 Knee arthroplasty 6.3 First revision after primary total knee arthroplasty



Patella resurfacing and first revision

Revision was clearly associated with a higher prob-
ability for revision when the patella was not resur-
faced initially, becoming significant from the first
year on and remaining significant at up to eleven
years follow-up (Figure 6.13). Early revision rates
at two years after primary TKA differed significant-
ly from 2.8% (Cl 2.7-3.0%) t0 3.6% (Cl 3.5-3.7%),
respectively. Between 3 and g years after TKA, the
revision rates developed in parallel for TKA without
and with patella resurfacing, although the curve of
TKAwith patellaresurfacing seemedto flatten from
8 years onwards, increasing again the gap (Figure
6.13). It seems that secondary resurfacing had only
anarrow time window between one and three years
afterindex surgery forthe common complaint of an-
teriorknee pain after primary TKA.

6.3.3 Type of revision surgery at
first early revision

Complete revision of both femoral and tibial com-
ponents was performed in 22.8% of the cases. In
24.6%,onlythe PElinerwas exchanged. Secondary
resurfacing of the patella alone was performed in
24.6%. A combined exchange of the PE liner with
secondary patella resurfacing was conducted in
6.6% of the cases.

Technologywas mostly conventional (97.5%), tech-
nical assistancewas rare (2.1% foralltechnologies)
(Table 6.7).

Type of implants and fixation

With 31.0%, SC/CCK systems formed the largest
group of implants used in revision TKA. PCR/CR
TKA were used in 6.1% of the revisions, whereas
25.6% were PS, 8.9% were classified as CS or UCOR
implants, and in 20.1% of cases, a hinge-type pros-
thesis was used, whereas MP was only used in
4.4% of the revisions (Table 6.7).

Figure 6.13
Estimated failure rates of primary total knee arthroplasty: Status of patella after primary operation
Time since operation, 2012-2023, all services, all diagnoses.

%
8

Patella not resurfaced

; Patella resurfaced

95% confidence interval

T I I I T I I I I I I T
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation

1 year 2years 3years b5years 6years 8years 9years 10years 11 years
Patella resurf. 1.4(1.31.5 2.8(2.73.00 3.7 (3.53.8) 4.7 (4.5-4.9) 5.2 (4.9-5.4) 5.9 (5.6-6.2)6.3 (6.0-6.6) 6.5 (6.2-6.9) 7.2 (6.7-7.7)

Patella not resurf. 1.7 1.6-1.7) 3.6 3.5-3.7) 4.6 (4.5-4.8) 5.9 (5.7-6.0) 6.4 (6.3-6.6) 7.3 (7.1-7.5) 7.8 (7.6-8.0) 8.2 (8.0-8.4) 8.5 (8.2-8.8)
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Table 6.7
Early first revision of primary total knee arthroplasty: Surgery characteristics
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)

Intervention type® N % Type of arthroplasty N %
Complete revision 487 22.8 SC / CCK (semi-constrained / constrained) 227 31.0
Exchange of PE 527 24.6 Hinge type 147 20.1
Subsequent patella prosthesis 527 24.6 PS (posterior stabilized) 188 25.6
Tibial revision 124 5.8 CS (cruciate sacrificing) / UCOR 65 8.9
Reimplantation of prosthesis 38 1.8 PCR (posterior cruciate retaining) 45 6.1
Subsequent patella prosthesis 141 6.6 Medial-Pivot® 32 4.4
with exchange of PE BCR (bicruciate retaining) 9 1.2
Patella revision 124 5.8 Other 20 2.7
Component removal 70 3.3
with spacer implantation Technology 2 i
Femoral revision 71 33 Conventional 1991 97.5
Prosthesis preserving revision 1 0.0 Computer assisted / navigation L
Osteosynthesis 3 01 Patient specific instrumentation 19 0.9
Arthrodesis 25 1.2 Robotic-assisted (v2021) 0 0.0
Component removal 11 0.2 Ll e 05
without spacer implantation
Reconstruction after injury 4 041
of extensor mechanism
Plastic reconstruction 4 0.1
Other 104 2.0

Additional intervention N %  Addtional components® N %
None 808 79.1 Stem FE (cemented)* 273 37.4
Osteosynthesis FE 3 0.3 Stem FE (uncemented)** 149 20.4
Osteosynthesis Tl 1 04 Stem Tl (cemented)*** 322 4441
Osteosynthesis PAT 1 04 Stem Tl (uncemented)*** 157 21.5
Removal of metalware 11 14 Sleeve FE 28 3.8
Operation extensors 40 3.9 Sleeve Tl 93 12.7
Reconstruction plasty 8 0.8 Augments FE 218 29.9
Tibial tubercle osteotomy 85 8.3 Augments TI 81 1141
Other additional intervention(s) 84 8.2 Augments PAT 0 0.0
Total revisions (multiple responses) 1,021 Bone homologous 9 1.2

Bone autologous 18 2.5
* 61% with cement restrictor Cone FE 3 04
**  27% with coating Cone Tl 15 21
o 32%with cementrestrictor Total revisions (multiple responses) 730

**** 30% with coating

2 includes a small proportion of reoperations that are not counted as component revisions in the evaluative parts of this report.
® Entered as ,,other“intervention and then recoded before 2021. As of form version 2021, SIRIS lists Medial Pivot as a separate main category.
¢ After complete, FE, Tl revisions or component reimplantations. Detailed data available since 2021, but main categories available since 2015.
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Fixation of the revision implants was fully cement-
ed in the vast majority, with a mean value of 90.3%
over the last 5 years, fluctuating between 87.2%
and 95.3% since 2018 (Figure 6.14). Early revision
TKA was associated with patella resurfacing in
76.7% of cases (11 percentage points higher than
in primary TKA), but this includes cases where the
primary patella component was left in place as the
combined percentage of procedures where a patel-
la component could have been replaced or added
barely exceeds 60% of first revisions. An exact
countofhow many patella components were added
at revision is limited by incomplete registration of
the primary components.

Figure 6.14

Patella

Isolated patella resurfacing was performed in
24.6% ofthefirstrevisions. In additional 6.6%, sec-
ondary patella resurfacing was combined with an
exchange of the PE liner (Table 6.7 and Figure 6.15).
The share of primary patellaresurfacing not revised
atrevision TKAremains unknown, possibly explain-
ing the rather low rate of patella resurfacing at first
revision, although patella problems were the most
important reason forre-intervention.

Early first revision of primary total knee arthroplasty: Component fixation
Component fixation only applicable when new components were implanted.

%
100 4

80 |
60 |
40

20

0
2018 2019 2020 2021
N 192 200 182 175
All uncemented 0.5 2.5 3.8 2.9
Reverse hybrid* 0.0 2.0 1.6 1.1
Hybrid** 4.2 50 4.9 4.6
All cemented 95.3 90.5 89.6 91.4

6.3 First revision after primary total knee arthroplasty

Alluncemented
mmmm Reverse hybrid*
mmmm Hybrid**

s All cemented

* femur cemented, tibia uncemented
**femur uncemented, tibia cemented

Early first revisions are those occurring within 2
years of the primary arthroplasty

2022 2023 2018-2023
179 195 1,123
5.0 2.6 3.3
2.2 0.0 1.4
5.6 4.6 4.9

87.2 92.8 90.3
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Additional components

Since 2015, increasing numbers of tibial and fem-
oral stems were used. Augments were also used
more frequently, but more on the femoral side. Tib-
ial sleeves decreased since 2021 whereas femoral
ones slightly increased at the same time (Figure
6.15). At first revision TKA, 65.6% received a tibial
and 57.8% a femoral stem, and 67.2% of the tibial
and 64.7% femoral stems were cemented. Femoral
augments were used in 29.9%, tibial onesin 11.1%.
Reinforcement of the metaphysis by tibial sleeves
was appliedin 12.7%, femoral ones in 3.8%. Cones
wererarely used, in 2.1% at the tibialand in 0.4% at
the femoral level. Cones were used less frequent-
ly as sleeves. Whereas cones are available in most
of the brands providing revisions systems, sleeves
are mainly associated with one brand. Bone graft-
ingwas used in 3.7% only of the first revisions, and
then autologous bonein 66.7%.

Figure 6.15

Additional interventions

In 79.1% of first revisions, no additional interven-
tion was necessary. Tibial tubercle osteotomy was
performed in 8.3% of the cases, in 3.9% additional
intervention at the extensor apparatus was per-
formed, while a formal reconstruction plasty of
the extensor apparatus was registered in 0.8%.
Removal of orthopaedic orfracture fixation devices
was donein combination with revisionin only 1.1%.
In 8.2%, “other” additional interventions were re-
corded (Table 6.7).

Technology

As in unlinked revisions, also first revisions were
performed mostly conventionally (97.5%). Com-
puter navigation (1.2%) or PSI (0.9%) did play mi-
nor rolls. Robotic assistance would technically be
possible in revision TKA but may be hindered by
medicolegal constraints in some of the systems

available.

Selected additional components used in early first revisions (%)
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Figure 6.16

6.4 Re-Revision of knee arthroplasty

Re-revisions after revision TKA were considered
when they occurred after partial or complete revi-
sions, re-implantations orexchange of the liner. We
call these first revisions “index revisions” for this
analysis. Please note that this does not include re-
visions after conversions of PKA to TKA, which are
presented in a separate analysis.

6.4.1 Reasons for re-revision TKA
As multiple reasons for revision may be registered,

individualrates donotadd up. This mayalso lead to

under- or overestimation of some topics.

Cumulative repeated revision rates after revision
TKAfrom 2012 onwards are depicted in Figure 6.16.
Infection took the lead early on as reason for re-re-
vision, followed by a clear gap by the equally pre-
valent problems of femorotibial instability, patella
problems, loosening of the tibial component and
“other reasons”. Interestingly, patella problems
still played an important role in TKA re-revisions,
even while one would assume the patella was re-
surfaced either at primary TKA or at the first revi-
sion. The share of unresurfaced patellae at time of
re-revision is unclear, as is the rate of revision for
malposition or wear/loosening of patella buttons.
Joint stiffness seemed to play a minor role, as did
malposition or malsizing of the components. Isola-
ted pain of unknown origin was rarely reason for a

re-revision.

Cumulative incidence rates for different re-revision diagnosis of primary total knee arthroplasty
Time since revision, 2012-2023, all services, % of implants re-revised. Detailed reasons for revisions available since 2015

%
6 = Patella problems
5 - |nfection

= Pain (isolated)
4 == Femorotibial instability

= Loosening Tl
3 — Joint stiffness / arthrofibrosis
, - Malposition / wrong size

= === Otherreasons
1
0

I T T I I T T I I
0 1 2 3 4 5 6 7 8 Time to re-revision in years
1 year 2 years 3 years 5 years 6 years 7 years 8 years

Patella problems 0.8(0.71.00 1.8(.52.1) 2.4(2.1-2.8 3.4(3.03.9 3.73.242 3.93.444) 4.13.5-47)
Infection 3.83.4-4.2) 4.8(4.4-52) 5.2(4.857 6.05566 6.2(5.76.8 6.3(5.7-6.8 6.4(5.87.0
Pain (isolated) 0.1 0.0-0.2 0.30.2-04) 0.403-06) 0.403-06) 0.4(0.3-06) 0.5(0.3-0.7) 0.5(0.3-0.7)
Femorotibial instability 1.2(1.01.4) 2.001.723) 2.62.229 3.63.2-41) 4.13.6-47) 4.4(3.850 4.7 4.1-5.4)
Loosening TI 0.6 (0.5-0.8) 1.6(1.4-1.9 2.3 (2.02.6) 3.2(2.83.7) 3.73.2-42) 4.13B.5-47) 4.4(3.85.2)
Joint stiffness / arthrofibrosis 0.4 (0.3-0.6) 0.9 (0.71.1) 1.1(0.9-1.3) 1.5@1.21.8) 1.5@1.21.9 1.7@1.32.00 1.8(1.4-2.3)
Malposition / wrong size 0.4(0.3-0.5) 0.6 0508 1.00.812 1.3@117) 140117 150219 1.5@1.21.9
Other reasons 1.00.81.2) 1.6(1.4-1.9 2.2(1.92.5 3.0(2.63.5 3.53.0-4.00 3.63.1-41) 3.8(3.2-4.4)

6.4 Re-revision of knee arthroplasty

SIRIS Report 2024 Knee arthroplasty Page 141



Type of previous revision TKA and re-revision
TKA

Complete revision of TKA tended to perform better
from the first year onwards and up to 11 years of
follow-up regarding risk of repeated revision than
partial revision (Figure 6.17). Re-revision rate at
11 years was 24.7% (Cl 21.3-28.4%) for partial and
20.7% (Cl119.1-22.5%) for complete revision, the dif-
ference not being statistically significant. This rate
is almost three times higher than after primary TKA
(Figure 6.8). Early, 2-year re-revision rates reached
8.3% (Cl 7.7-9.0%) forcomplete and 10.8% (Cl 9.6—
12.2%) for partial revision respectively, whereas
it was 3.5% (Cl 3.3-3.6%) after revision of primary
TKA (Table 6.3).

Ifonlythelinerwas exchanged at revision, the early
re-revision rate was 16.9% (Cl 15.6—18.4%), rising
to 28.8% (Cl 26.1-31.7%) at eleven years. Compa-
red to partial or complete revision exchange of PE
liner had significantly higher re-revision rate at 2
years, whereas after 11 years only the difference
to complete revision remained significant (Figure
6.17).

Component reimplantation - standing mostly for a
staged revision surgery due to periprosthetic infec-
tion and temporary spacer implantation - had an
early (two year) re-revision rate of 13.4% (Cl 11.2—
16.0%). The re-revision rate increased overtime up
t0 27.9% (Cl 23.6—32.7%) 11 years after reimplanta-
tion. Reimplantation performed even better regar-

dingrepeatedrevision than partial revision until six
years after revision surgery and then picked up to
the same level from the seventh year up to the last
follow-up at 11 years (Figure 6.17).
Figure 6.17
Estimated failure rates after revision of total knee arthroplasty: types of revisions
Time sincerevision, 2012-2023. Start point of analysis: first registered component revision in SIRIS that meets the inclusion criteria.

End point of analysis: next registered component revision. Partial revision comprises femoral revision, tibial revision and patella revision.
Reimplantation refers to implantation of total knee system after spacer (revisions due to infection).

%
28 Complete revision
Partial revision
24
Only change of PE
20 Reimplantation
Comprises linked and unlinked revisions.
16 . . .
A small proportion of revisions of partial
knees may beincluded because they
12 cannot bereliably excluded when the
revisionis not linked to a primary SIRIS
8 case
4
0
I T I I I I I I T I I I
0 1 2 3 4 5 6 7 8 9 10 11 Years since revision operation
1 year 3 years 5 years 6 years 8 years 10 years 11 years
Complete revision 4.433.9-4.9) 10.8 (10.0-11.6) 14.6(13.7-15.5) 15.9(14.9-16.9) 18.3(17.2-19.6) 19.6(18.3-21.0) 20.7(19.1-22.5)
Partial revision 5.8(4.9-6.8) 13.5(12.0-15.00 17.5(15.8-19.3) 19.5(17.6-21.5) 21.1(19.1-23.3) 22.2(20.0-24.6) 24.7(21.3-28.4)
Only change of PE  13.1(11.9-14.4) 19.8(18.3-21.4) 22.9(21.2-247) 24.1(22.3-25.9) 25.7(23.7-27.8) 28.8(26.1-31.7) 28.8(26.1-31.7)
Reimplantation 7.96.2-9.9) 16.9(14.4-19.8) 20.9(17.9-24.2) 23.4(20.2-27.1) 27.0(23.0-31.5) 27.9(23.6-32.7) 27.9(23.6-32.7)
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Figure 6.18

Patella and re-revision TKA

Isolated secondary patella resurfacing was as-
sociated with an early re-revision rate of 7.8% (Cl
6.9-8.9%), which is in the range of the results after
complete revision. Secondary patella resurfacing
combined with liner exchange led to 9.4% (Cl 7.7—
11.6%) of re-revisions, worse but not significantly
different to isolated secondary patella resurfacing
(Figure 6.18). Ten-years results are still lacking, but
at 8 years secondary patella resurfacing in combi-
nation with liner exchange performed better than
secondary resurfacing alone, also not statistically
significant. This was comparable to the re-revision
rates after complete TKA revision (Figure 6.17). It is
unclear if PE wear played a role in cases of isola-

ted patella resurfacing from 7 years after revision
surgery onwards. As stated before, the type of PE
(CPE vs XLPE) was not analysed so far in knee ar-
throplasty. The main reason forre-revision after se-
condary patellaresurfacing, with orwithout PE liner
exchange was femorotibialinstability (Figure 6.19).
Astonishingly, (persistent) patella problems were
the second most frequent reason, confirming that
anteriorknee pain after TKA often has othercauses,
which cannot be solved by secondary patella res-
urfacing alone. Loosening of the tibial component
was an important cause of re-revision, whereas
joint stiffness, isolated pain or “other reasons”,
fortunately, did not play an important role in this
context (Figure 6.19).

Estimated failure rates after revision of total knee arthroplasty: Secondary patella replacement
Time sincerevision, 2012-2023. Start point of analysis: first registered component revision in SIRIS that meets the inclusion criteria.

End point of analysis: next registered component revision

%
20
18 Secondary patella
16 Secondary patella + PE
14 Comprises linked and unlinked revisions.
A small proportion of revisions of partial
12 knees may be included because they
10 cannotbereliably excluded when the
revision is not linked to a primary SIRIS
8 case
6
4
2
0
I I T I I I T I I I
2 3 4 5 6 7 8 9 10 11 Years since revision operation
1 year 3 years 5 years 6 years 8 years 10 years 11 years
Secondary patella 4.1 3.5-4.9 10.5(9.4-11.7) 12.9 (11.6-14.3) 14.6 (13.1-16.1) 19.1 (17.1-21.4) 21.3 (18.6-24.3) 22.8 (19.5-26.5)

Secondary patella +PE

6.4 Re-revision of knee arthroplasty

5.5%.2-72) 11.8(9.8-14.3) 14.9 (12.4-17.8) 15.2 (12.6-18.3) 15.2 (12.6-18.3)
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6.4.2 Conversion of PKA to TKA and
re-revision

Re-revision rate after conversion of a PKA to TKA
reached 10.1% (Cl 8.7-11.6%) after two years and
21.6% (Cl 18.5-25.0%) after 11 years, respectively
(Figure 6.20). This is comparable to the re-revision
rates after revision TKA and far worse than the re-
vision rates after primary TKA (3.5% at two years
(Cl 3.3-3.6%), and 8.0% at 11 years (Cl 7.8-8.2%))
(Table 6.3, Figure 4.12, p.44).

Obviously, a conversion from PKA to TKA was not
equivalent to a primary TKA but remains a revi-
sion with higher repeated revision rates than ob-
served after primary TKA. This contradicts some
surgeons’ opinion that technically a conversion
can be compared to primary TKA to some extent,
aslongno bone defect does require arevision type
TKA system, including stems, augments and/or
cones/sleeves. Main reasons for re-revision after
conversion were femorotibial instability and tibial
loosening, followed by patella problems. All other

reasons were noted less frequently, isolated pain
played an only limited role this time (compare first
revision of PKA in chapter 6.7) (Figure 6.21).

Figure 6.19
Cumulative incidence rates for different re-revision diagnosis after secondary patella replacements (TKA)

Time since revision, 2012-2023, all services, % of implants re-revised. Detailed reasons for revisions available since 2015.
Comprises of all secondary patella replacements (with or without PE replacement)

%
6

— Patella problems
5 — |nfection

——— Pain (isolated)
4 == Femorotibial instability

== Loosening Tl
3 —— Joint stiffness / arthrofibrosis
, ——— Malposition / wrong size

= === Otherreasons
1
0

T I I T T I T T T
0 1 2 3 4 5 6 7 8 Time to re-revision in years
1-year 2-years 3-years 5-years 6-years 7-years 8-years

Patella problems 1.3(0.9-1.7) 2.1@.726 2.72234 3.502943 4.03350 4.23E.451) 4.83.7-6.1)
Infection 1.2 09-1.6) 1.7(1.322 1.801.423 2.3(1.82.9 2.501.93.2 2.6(2.03.5 2.6(.0-3.5
Pain (isolated) 0.1 (0.0-0.2) 0.4 0.2:07) 0.5(0.3-0.8) 0.7 (0.4-1.1) 0.7 0.4-1.1) 0.7 (0.4-1.1) 0.7 (0.4-1.1)
Femorotibial instability 1.2 (0.9-1.7) 2.4(1.93.00 3.6(2.9-43) 4.53.854 4.94159 5.44.4-65 6.2 (4.9-7.7)
Loosening TI 0.4 (0.2-06) 1.3(0.9-1.7) 1.8(1.4-2.4) 2.0(1.62.7) 2.7(2.03.6) 3.2(2.4-43) 4.3(3.1-6.0)
Joint stiffness / arthrofibrosis 0.3 (0.1-0.5) 0.6 (0.4-1.00 1.1 (0.8-1.6) 1.7 (1.22.3) 1.81325 1.9@0.427) 2.3(1.5-3.5
Malposition / wrong size 0.3(0.2-05 0.9 (0.6-1.3) 1.50.120 2.2(1.72.9 2.41832 2.6(1.93.5 2.8(2.13.9
Other reasons 0.6 0.4-0.90 1.0(0.7-1.4) 1.2(0.91.7) 1.5(1.12.0 1.7@0.32.4 1.9@1.42.7) 2.3(1.53.5
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Figure 6.20
Estimated failure rates after conversion from partial knee to total knee arthroplasty

Time since operation, 2012-2023. Start point of analysis: first registered component revision in SIRIS that meets the inclusion criteria.
End point of analysis: next registered component revision.
%

25
Conversion to TKA
20
15
10
5
95% confidence interval
0
T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11  Years since primary operation
1 year 2 years 3 years 5 years 6 years 7 years 8 years 9 years

Conversion  4.9(.0-6.00 10.1(8.7-11.6) 12.7(11.1-14.5) 16.5(14.6-18.7) 17.0(15.0-19.3) 19.5(17.1-22.3) 20.9(18.1-24.1) 21.6(18.5-25.0)
to TKA

Figure 6.21
Cumulative incidence rates for different re-revision diagnoses of conversions to primary total knee arthroplasty
Time since revision, 2012-2023, all services, % of implants re-revised. Detailed reasons for revisions available since 2015.

%
7 — Patella problems
6 —— |nfection
5 ——— Pain (isolated)
== Femorotibial instability
4 ——— Loosening Tl
3 = Joint stiffness / arthrofibrosis
——— Malposition / wrong size
2 = === Otherreasons
1
0
T I I T T I I T T
0 1 2 3 4 5 6 7 8 Time to re-revision in years
1-year 2-years 3-years 5-years 6-years 7-years 8-years
Patella problems 1.0 0.6-1.7) 2.8(2.13.8) 3.3(2544) 4.03.053 4.03.053 4.03.053) 4.03.0-53)
Infection 0.9 (0.5-1.4) 1.8(1.22.6) 2.0(1.42.9) 2.3(1.633) 2.3(1.633 2.31.633 2.3(1.63.3)
Pain (isolated) 0.1 0.0-0.4) 0.2(.1-0.7) 0.2(0.1-07) 0.7 0.31.6) 1.00.42.2 1.00.4-2.2) 1.0(0.4-2.2)
Femorotibial instability 1.10.71.8) 2.9(2.23.9 4.33.355 5.4.269 5.44.26.9 6.8(5.0-9.3) 8.1(5.4-12.0)
Loosening Tl 0.9 0.51.5 2.2(.53.1) 3.3(444) 513967 513967 55173 554173
Joint stiffness / arthrofibrosis 0.7 0.4-1.3) 1.0 0.6-1.6) 1.00.6-1.7) 1.2 0.71.90 1.40.82.4) 1.8(1.033) 1.8(1.0-3.3)
Malposition / wrong size 0.6 0.3-1.1) 0.9(0.5-1.5 1.50.02.4) 2.4(1.636 2.41636 3.01849 3.0(1.84.9
Other reasons 0.6 0.3-1.1) 1.2(0.71.9 1.50.92.2 1.7@.126 1.7@1.12.6) 2.2(1.33.8 3.0(1.6-5.6)
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6.5 Results of implants in total knee
arthroplasty

6.5.1 Long-term survival

Table 6.8 shows the TKA systems used most com-
monly in Switzerland, representing 75% (76,615)
of the primary TKA from 2018 until 2023. The 25%
less commonly usedimplants accounted for 24,455
cases during this period. Only 401 implant combi-
nations (0.4%) could not be classified, similarly to
therate of missingimplants observed inthe annual
report of 2023.

The long-term evaluation for all systems, all diag-
noses, and allfixation systems since 2012 is depict-
ed in Table 4.5_B, showing results up to 11 years
after surgery. Primary TKA subsystems (such as
PCR/CR or PS) were analysed separately if numbers

Table 6.8

were both sufficient and showed relevantly differ-
ent revision rates. The 11-year revision rate for all
systems was 8.0% (Cl 7.8-8.3%). The various im-
plant systems performed rather differently in the
short, medium, and long term (Table 4.5_B). Higher
confidence intervals reflect higher variability due
to small numbers.

Please take note of the case concentration score
(CCS), indicating the share of the largest providing
hospital, as individual providers may influence re-
sults of systems not widely used. A higher share
indicates an increased likelihood of bias due to
local effects. A CCS of 50% and more means that
the results are likely determined by one hospital/
surgeon.

Top 75% of primary total knee arthroplasty systems*

Alldiagnoses, all component fixations 2018-2023.

2018 2019
Attune CR-FB 677 677
Attune CR-RP 1,043 1,165
Attune PS-FB 568 544
Attune PS-RP 984 837
Balansys CR 236 294
Balansys PS 548 663
Balansys RP 574 521
Balansys UC 363 360
GMK sphere 1,719 2,019
LCS complete cemented/hybrid 613 713
Origin PS 28 219
Persona CR-MC 524 708
Persona CR-UC 1,034 1,099
Persona PS 655 600
Triathlon PS 154 184
Other systems 4,852 4,699
Total 14,572 15,302

2020 2021 2022 2023 2018-2023
841 1,248 1,692 2,079 7,214
1,335 1,416 1,602 1,462 8,023
462 498 654 601 3,327
745 744 1035 1071 5,416
355 517 920 730 3,052
599 623 570 610 3,613
443 320 310 404 2,572
387 441 594 757 2,902
2,077 2,461 3,062 3,237 14,575
669 503 47 43 2,588
354 421 538 552 2,112
971 1,246 1,803 2,153 7,405
1,163 1,101 1,259 1,400 7,056
477 786 938 905 4,361
356 553 516 636 2,399
4,066 3,643 3,574 3,621 24,455
15,300 16,521 19,114 20,261 101,070

*Constrained/hinged systems were included if used for cases of primary OA including OA after meniscectomy
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Table 6.9_Partone

Long term evaluation: Failure rates of primary total knee arthroplasty systems

Alldiagnoses, all component fixations. Time since operation, 2012-20232. Please note that if reported system involves multiple sub-variants,
itis possible thatthe long-term performance of these sub-variants may be significantly different from their combined performance.

Total CCS* Mean 1 year 3 years 5 years 7 years 11 years

number age™” (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Advance 2,095 19 68 2.2 (1.6-2.9) 5.0 (4.1-6.1) 5.9 (4.9-7.1) 6.9 (5.7-8.2) 8.0 (6.5-9.9)
Attune CR-FB 9,101 14 69 1.3 (1.0-1.5) 3.7 3.2-4.2) 4.7 (4.1-5.3) 5.7 (5.0-6.5)
Attune CR-RP 12,425 11 69 1.9 1.72.2 5.3 (4.9-5.8) 6.6 (6.1-7.2) 7.7 (7.1-8.3)
Attune PS-FB 5,402 15 70 1.5@1.2-1.8) 4.0 (3.4-4.6) 5.2 (4.5-5.9) 6.7 (5.8-7.7)
Attune PS-RP 7,452 16 70 1.7 (1.4-2.0) 4.8 (4.3-5.4) 6.3 (5.7-7.0) 7.7 (6.9-8.6)
Balansys CR 3,846 15 70 1.1 (0.8-1.5) 3.2 (2.6-4.0) 4.1 3.4-5.1) 5.2 (4.2-6.4) 5.7 (4.5-7.2)
Balansys PS 5,267 55 70 1.3 (1.0-1.6) 3.6 (3.1-4.2) 4.9 (4.3-5.7) 5.9 (5.1-6.9) 7.2 (5.9-8.8)
Balansys RP 6,790 14 70 1.4 (1.11.7) 4.2 (3.8-4.8) 5.5 (5.0-6.1) 6.9 (6.27.6) 9.0 (8.0-10.1)
Balansys UC 5,660 23 71 1.5 1.2-1.9) 4.5 (3.9-5.2) 5.6 (4.9-6.3) 7.4 (6.6-8.3) 8.3 (7.2-9.4)
E.Motion FP/UC 1,875 83 70 1.4 (1.0-2.1) 3.7 2.8-4.7) 5.1 (4.1-6.4) 6.4 (5.2.7.9) 8.0 (6.3-10.1)
Evolution 547 35 69 1.4 (0.6-3.4) 5.0 (2.8-8.9)
First/First REV 2,764 37 70 1.6 1.22.1) 4.9 (4.1-5.8) 5.9 (5.0-6.9) 7.2(6.28.4)  8.6(7.1-10.4)
GMK primary CR/UC-RP 2,622 19 70 1.5 1.1-2.9) 4.0 (3.3-4.8) 4.9 (4.1-5.8) 5.6 (4.8-6.7) 7.2 (6.1-8.6)
GMK primary PS 2,136 23 71 1.2 (0.8-1.8) 3.7 (3.0-4.7) 5.2 (4.2-6.3) 6.4 (5.3-7.6) 8.7 (7.0-10.7)
GMK sphere 18,542 12 69 1.7 1.5-1.9) 4.6 (46.2-4.9) 6.0 (5.6-6.4) 6.6 (6.1-7.1) 7.6 (6.6-8.7)
[Total 2,032 24 68 0.8 (0.5-1.4) 3.1 (2.3-4.0) 3.9 (3.1-5.1) 4.5 (3.4-6.0) 6.1 (4.0-9.1)
Innex FB 1,730 42 71 1.4 (0.9-2.1) 4.3 (3.4-5.4) 5.4 (4.4-6.6) 6.1 (5.1-7.5) 8.7 (7.1-10.7)
Innex RP 4,807 17 69 1.7 1.4-2.1) 4.6 (4.0-5.2) 5.6 (5.0-6.3) 6.4 (5.7-7.2) 8.5 (7.5-9.6)
Journey Il 2,562 28 67 3.2 (2.5-3.9) 7.7 6.7-8.9 9.5 (8.3-10.7) 11.3(10.0-12.9)
LCS complete cemented/hybrid 6,730 22 70 1.5 (1.2-1.8) 4.8 (4.3-5.3) 5.7 (5.2-6.3) 6.4 (5.8-7.1) 7.3 (6.6-8.1)
LCS complete cementless 2,982 28 69 2.0 1.5-2.6) 5.4 (4.7-63) 6.2(5.3-7.2) 6.7 (5.8-7.7) 7.4 (6.4-8.6)
Legion 1,901 17 67 2.0 (1.5-2.8) 7.0 (5.8-8.4) 9.2 (7.8-10.9) 10.6(9.0-12.5)
NK flex 1,841 41 70 1.3 (0.8-1.9) 4.0 (3.2-5.0) 5.1 (4.2-6.2) 6.0 (4.9-7.2) 7.6 (6.2-9.3)
Nexgen CR/LPS-Flex 2,210 14 69 1.5 (1.1-2.1) 3.5 (2.8-4.4) 4.5 (3.7-5.5) 4.9 (4.0-6.0) 6.7 (5.5-8.1)
Origin PS 2,112 22 69 1.8 (1.3-2.6) 4.8 (3.7-6.1) 7.6 (5.2-10.9)
Persona CPS 1,023 16 72 1.2 (0.6-2.1) 2.7 1.8-4.2) 3.6 (2.4-5.6) 3.6 (2.4-5.6)
Persona CR-MC 7,855 8 69 1.2 (1.0-1.5) 3.4 (2.9-4.0) 4.2 (3.6-5.0) 6.5 (4.8-8.9)
Persona CR-UC 10,058 38 70 0.9 (0.7-1.1) 2.6 (2.3-3.0) 3.5 (3.1-4.0) 4.0 (3.5-4.6)
Persona PS 6,831 12 70 1.7 1.4-2.1) 4.1 (3.6-4.6) 5.3 (4.7-6.0) 6.3 (5.6-7.1)
RT-plus 1,244 13 77 2.7 (1.9-3.8) 4.3 (3.2-5.7) 5.0 (3.7-6.6) 5.3 (4.0-7.0) 5.3 (4.0-7.0)
Sigma CR-FB 4,780 28 71 0.9 (0.6-1.2) 2.4 (2.0-2.9) 3.3 (2.8-3.9) 3.7 (3.2-4.3) 4.4 (3.7-5.2)
Sigma CR-RP 2,257 40 68 2.4(1.9-3.2) 5.8 (4.9-6.8) 6.6 (5.6-7.7) 6.9 (5.9-8.1) 8.4 (7.0-10.1)
Sigma PS-FB 1,335 59 72 1.1 (0.6-1.8) 3.1 (2.3-4.3) 3.9 (3.0-5.2) 4.5 (3.4-5.9) 5.6 (4.2-7.3)
Sigma PS-RP 1,660 11 70 1.6 1.1-2.4) 3.9 (3.0-4.9) 4.7 (3.8-5.9) 5.4 (4.4-6.6) 6.1 (5.0-7.4)

* Share of implants accounted for by main user hospital service. Ahigher share signifies an increased likelihood of biased figures due to local
effects. Ashare of 50%+ would suggest that reported results are likely determined by one hospital service.
** Younger mean age signifies thatthe case mixis less “usual” and potentially biased towards higher revision risk
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Survival of different knee systems

Mobile bearings did perform worse in all knee sys-
tems compared to other subtypes of TKA of the
same brand, except for Medacta. Interestingly, the
system with mobile bearing was associated with
lower long-term revision rates compared to other
knee subsystems from the same manufacturer (Ta-
ble 6.9). The revision rate after 11 years varied from
4.4% for the best to 9.0% for the worst system of
the implant list.

Other systems, accounting for under 5% of the TKA
and grouped together because of small numbers,
had a relatively poor average revision rate at 11
years 0f11.3% (Cl 9.8-13.0%).

Some problematic brands lack ten-year results so
far. They had an acceptable revision rate at one
year, but then significantly elevated revision rates
up tosevenyears (Table 6.9). Both problematic sys-
tems were identified as potential outliers. None of
the knee system used in Switzerland was classified

as definitive outlieranymore.

Table 6.9_Parttwo

One older and one of the newer TKA systems per-
formed significantly better at long term than the
Swiss average (Figure 6.22). For the older system,
this does not speak by itself for a better perfor-
mance, as older systems were often used in older
patients, inherently more reluctant to revision than
youngerand more active patients.

One newer system performed significantly worse
than the Swiss average. The effect started early
after primary TKA, and the revision rates remained
elevated up to 11 years of follow-up (Figure 6.23).
This system was classified as a potential outlier.
Another brand of the same company also showed
elevated revision rates from early on and up to 11
years, but remained within the upper limit of the
range defined as acceptable (Figure 6.24). With
one exceptionthe newersystems did notlead toim-
proved revision rates at medium and long term. The
remaining brands of TKA had revision risks within
the margins of the lower and upper limits at 66%
and 150% of the group average respectively (Fig-
ures 6.22, 23, 24).

Long term evaluation: Failure rates of primary total knee arthroplasty systems

Alldiagnoses, all component fixations. Time since operation, 2012-20232. Please note that if reported system involves multiple sub-variants,
itis possible thatthe long-term performance of these sub-variants may be significantly different from their combined performance.

Total CCS* Mean
number age**

2,714 32 69
2,016 32 70

TC-plus primary FB
TC-plus primary RP
Triathlon CR/CS 1,904 37 69
Triathlon PS 3,010 33 69
Unity 582 34 68
Vanguard CR 1,197 30 67
Vanguard PS 1,071 57 68
Other systems 8,071 71
CH average for group

1 year 3 years 5 years 7 years
(95% CI) (95% CI) (95% Cl) (95% Cl)

1.4 (1.12.0) 3.8 (3.1-4.7) 4.8 (4.0-5.7) 5.5 (4.6-6.6)
1.3 (0.9-1.9) 3.8 (3.0-4.8) 5.1 (4.1-6.3) 6.6 (5.4-8.0)
2.3(1.73.0) 5.6 (4.6-6.9) 6.7 (5.6-8.1) 7.9 (6.5-9.5)
2.2 (1.7-2.8) 5.5 (4.5-6.5) 6.5 (5.4-7.8) 7.9 (6.5-9.6)
1.3 (0.6-2.7) 2.9 (1.7-4.9) 3.31.9-56) 8.7 (26272
1.5 (0.9-2.3) 4.1 (3.1-5.5) 5.5 (4.3-7.0) 6.5 (5.1-8.2)
1.9 1.22.9) 4.8 (3.7-6.3) 6.6 (5.2-8.3) 7.4 (5.9-9.2)
2.0 1.7-2.3) 5.2 (4.7-5.8) 6.8 (6.2-7.5) 8.2 (7.5-9.0)
1.6 (1.5-1.6) 4.3 (4.2-4.4) 5.5 (5.4-5.6) 6.5 (6.3-6.6)

11 years
(95% CI)

7.6 (6.2-9.4)
8.7 (7.1-10.8)
8.7 (7.2-10.5)
8.5 (6.9-10.5)

7.6 (5.9-9.7)
8.7 (6.8-11.1)
11.3 (9.8-13.0)
8.0 (7.8-8.3)

* Share ofimplants accounted for by main user hospital service. Ahigher share signifies anincreased likelihood of biased figures due to local

effects. Ashare of 50%+ would suggest that reported results are likely determined by one hospital service.

** Younger mean age signifies that the case mixis less “usual” and potentially biased towards higher revision risk
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Figure 6.22

Implant combinations with below-average long-term revision rates (all TKA)

Below-average was defined as an 9-year/10-year revision rate of up to 66% of the group average (and upper bounds of the 95% confidence
interval staying below the lower bound of the group average; and at least 25 cases at risk at 9 years/10-years).
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Figure 6.23

Implant combinations with elevated long-term revision rates (all TKA)
An elevated revision rate was defined as a deviation of at least 50% above the group average at any time between year 5 and year 10
(and lower bounds of the 95% confidence interval exceeding the upper bound of the group average; and at least 50 cases at risk at 5 years).
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Figure 6.24

Implant combinations with long-term evaluation outlier status (all TKA)
Outlier status was defined as a revision rate of twice the group average at any time between year 5 and year 10 (and lower bounds of
the 95% confidence interval exceeding the upper bound of the group average; and at least 50 cases atrisk at 5 years).

%

15 Legion

10

— - Other systems

* Upper limit = Lower limit

T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation

6.5 Results of Implants in total knee arthroplasty SIRIS Report 2024 Knee arthroplasty Page 149



Brands and subsystems

Figures 6.25 and 26 show performance of the differ-
entTKA brands, including subsystems, up to eleven
years after surgery. The upper and lower limits of
the Swiss average are illustrated by dots. The goal
of this differentiation is to reduce camouflage ef-

Figures 6.25

fects. It could be demonstrated some years ago by
other registers, such as the British NJR, that subdi-
viding subsystems — for which the average perfor-
mance of the whole brand was within the county-
wide range or even better— some types of implants
performed significantly worse or were even outli-

Allremaining implant combinations with average revision risks (all TKA)
Also showing upperand lower limits (corresponding to elevated and below-average version risk at 150% and 66% of the group

average respectively).
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ers, the effect though hidden by the rest of the well
performing variants. In Switzerland, such an exam-
ple is the well-known Sigma TKA, which showed
different results depending on the subsystem ex-
amined. While Sigma CR-FB had excellent results,
the other variants (CR-RP, PS-FB, PS-RP) showed

Figures 6.26

a spread of results in the long-term evaluation. All
subsystems grouped together had revision rates
within the expected range, even with a tendency
toward decent 11-year results (Figure 6.26). How-
ever, PS-RP implantations cases from 2018 to 2021
had outlier status already in the 2-year evaluation

Allremaining implant combinations with average revision risks (all TKA)
Also showing upperand lower limits (corresponding to elevated and below-average version risk at 150% and 66% of the group

average respectively).
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(Figure 6.27). It could be assumed that not only
the knee system, but the surgeon does influence
results significantly. Excellent outcomes of the
Sigma PS-RP after 11 years speak for implant and
surgery quality. The more recent bad performance
at two years therefore raises the question whether
theincreased revision rates are attributable to less
experienced surgeons.

6.5.2 Two-year revision rates of TKA

The two-year revision rate of the individual im-
plants is shown in Figure 6.27, reflecting results
from TKA performed between 01.01.2018 and
31.12.2021, providing a completed two-year fol-
low-up by 31.12.2023. Numbers at risk were adjust-
ed for mortality and emigration. Of the 60 implant
combinations used (the rest being summarised un-
der “other systems”), two systems must be consid-
ered as a potential outlier. Please referto Chapter 2
Methods regarding methodological details of this
definition. As usual, the potential outlier identifi-
cation will result in an outlier report investigating
the reasons for the observed deviations from the

national average.

The first potential outlier system was used by one
single surgeon (CCS 100) with small numbers re-
flected by higher confidence intervals. 7 early re-
visions of 89 TKA at risk resulted in an elevated
revision rate of 7.9% (Cl 3.8-15.8%). Any additional
revision or prevented intervention will thus consid-
erably influence performance of the specific TKA.
The second potential outlier at two years concerns
a subtype of an older implant with otherwise solid
results overall and a result within the boundaries
for the subtype mentioned. CCS of 32 indicates
that problems in short term could be related to
certain hospitals or surgeons (Figure 6.27, Table
6.8). “Other systems”, summarising TKA with in-
sufficient numbers to be represented individually,
had a slightly better 2-year revision rate than av-
erage. As mentioned above, this group however
had above-average medium- to long-term revision
rates.

Of interest is that the two mentioned potential out-
liers in long-term (compare 6.5.1) had results with
elevated revision rates but within the boundaries
of the registry at two years.

Group average

* Share of implants accounted for by main user hospital service. A higher share signifies anincreased

likelihood of biased figures due to local effects. A share of 50%+ would suggest that reported results are

likely determined by one hospital service. | Outlier
** Number of patients with at least two years follow-up (i.e. primary prosthesis in moving average). | alert
*** Rates adjusted for effects of mortality and emigration. | boundary

Important information on the use of the implant performance tables below
O Estimated revision rate exceeds the alert boundary, but we do not identify thisimplant combination as an outlier because the 95%

confidence interval overlaps the confidence zone of the reference group.

® 2-yearrevisionrate and 95% Cl

® |dentified as potential outliers. Please note the statistical confidence intervals. The outlier status comes with varying degrees of statistical
probability. We considerthe potential outlier status ,,highly likely“ when both the estimated revision rate and the complete confidence

interval exceed the outlieralert boundary.

Please be aware that relatively rare implant combinations are frequently used in only a small number orindeed only in one hospitalin
Switzerland. Observed revision rates may be determined by local factors and performance may differ significantly between locations.
Manufacturers of detected outlierimplants and the hospitals where they were used (and revisions occurred) have been informed by SIRIS.
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Figure 6.27_Partone

Two-year evaluation: Revision rates of primary total knee arthroplasty systems within 24 months
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)
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Figure 6.27_Parttwo
Two-year evaluation: Revision rates of primary total knee arthroplasty systems within 24 months
4-year moving average covering implants between 01.01.2017 and 31.12.2020, with two years follow-up (31.12.2022).

Knee system CCS* Mean atrisk  Revised %
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* Share of implants accounted for by main user hospital service. A higher share signifies anincreased

likelihood of biased figures due to local effects. A share of 50%+ would suggest that reported results are @ 2-yearrevisionrate and 95% Cl
likely determined ?yonehospitalservice. ' . o . | outlier
** Number of patients with at least two years follow-up (i.e. primary prosthesis in moving average). | alert
*** Rates adjusted for effects of mortality and emigration. I boundary

Important information on the use of the implant performance tables below

O Estimated revision rate exceeds the alert boundary, but we do not identify thisimplant combination as an outlier because the 95%
confidence interval overlaps the confidence zone of the reference group.

® |dentified as potential outliers. Please note the statistical confidence intervals. The outlier status comes with varying degrees of statistical
probability. We considerthe potential outlier status ,,highly likely* when both the estimated revision rate and the complete confidence
interval exceed the outlieralert boundary.

Please be aware that relatively rare implant combinations are frequently used in only a small numberorindeed only in one hospital in
Switzerland. Observed revision rates may be determined by local factors and performance may differ significantly between locations.
Manufacturers of detected outlierimplants and the hospitals where they were used (and revisions occurred) have been informed by SIRIS.
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6.6 Primary partial knee arthroplasty

Since 2012, atotal of32,079 primary PKAwere regi-
stered (Table 4.6, p.41). The proportion of PKAwas
15.5% over the past 11 years. In 2023, 20,494 TKA
and 3,407 PKAwere performed, resultingin a share
of PKA of 14.2%. This proportion sank continuously
slightly since 2020 (16.9%) but remain among the
highest in the western world, although clearly less
than in Denmark, where PKA rates were 30.6% in
2023. For further details regarding incidence and
demography please consult also Chapter 3 Demo-
graphy and Chapter 4 Epidemiology.

Previous surgery

Over the past six years, no previous operations
were registered in 64.2% of the PKA, whereas
23.6% had a meniscectomy, and 19.9% an arthros-
copy. As both these options could be selected si-
multaneously, one may expect that an earlier open
meniscectomy was performed in 3.7%. Prior me-
niscal surgery declined steadily since 2012 (32%)
and was registered only in 17.8% in 2023 (Figure

Table 6.10

6.28).FormerACLreconstructionwas notedin1.9%
ofthe cases, followed next by high tibial osteotomy
in 1.2%. All other previous surgeries were very rare
(Table 6.10). The rate of arthroscopy prior to PKA
continuously decreased overthe past1oyears, cor-
respondingto the general decline of arthroscopyin

knees with degenerative disease (Figure 6.28).

Type of PKA and fixation

Medial PKA represented 83.4% of cases, lateral
PKA 6.0%, and PFJ replacement 6.6%. Others, in-
cluding combinations, were rare (1.2%). In 2.9%,
the type was incorrectly classified as a TKA (men-
tioned as “other, type unknown”), but the implant
data identified them as PKA (Table 6.10). This un-
derscores the importance of checking properly the
options available at case registration.

Most of the PKA were fully cemented during the
period from 2018 to 2023. The share of cemented
components continuously increased. The share of
uncemented PKA continuously decreased over the
same period, hybrid fixation played not an import-
antrole (Figure 6.29).

Primary partial knee arthroplasty: Surgery characteristics

Alldiagnoses, all component fixations, 2018-2023.

Previous surgery N
None 12,153
Knee arthroscopy 3,761
Meniscectomy 4,467
ACL reconstruction 369
Osteotomy tibia close to knee 220
Osteosynthesis tibia close to knee 91
Surgery for patella stabilization 203
Synovectomy 113
Osteotomy femur close to knee 24
Osteosynthesis femur close to knee 33
Surgery for treating infection 10
Surgery for tumor 7
Other 350

% Intervention
64.2 Unicompartment medial
19.9 Unicompartment lateral
23.6 Femoropatellar
1.9 Other (including combinations)
1.2 Other (type unknown)*
0.5
1.1 Technology
0.6 Conventional (including minimally invasive)
0.1 Computer assisted / navigation
0.2 Patient specific instrumentation
0.1 Robotic-assisted (v2021)
0.0 Other
1.8

*Inthose cases TKA categories were chosen on the data entry form but partial knee systems registered.
We considerimplant registration more reliable than form entry and therefore recognise them as partial knee procedures.
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1,127
1,247
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384
1,253
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424
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6.0
6.6
1.2
2.9

%
88.1
2.0
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Technology mainly on the tibial side, responsible for elevated
Between 2018 and 2023, PKA were implanted con-  early revision rate of PKA compared to TKA. Con-
ventionally in 88.1% of the cases. Technical sup- ventional computer navigation was used in 2.0%,
port in PKA was still rarely used in Switzerland, PSlin6.6% androboticsin3.0% (Table 6.10). Obvi-
accounting for 10% of all cases between 2018 to  ously trust in technology is much less pronounced
2023, although aslightincrease could be observed in Switzerland than in other countries like Austra-
since 2018 (Figure 6.30). Expectation would have lia.

been rather that technical support would be more

frequently used in PKA to prevent surgical errors,

Figure 6.28

Share of partial knee patients who had knee arthroscopy prior to arthroplasty (%)
% | 32 32
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Figure 6.29
Primary partial knee arthroplasty: Component fixation

Alldiagnoses, in percent
%

1007 All uncemented
80 mmm Reverse hybrid*
mmm Hybrid**
60
Al cemented
404
20+
. 2018 2019 2020 2021 2022 2023
2018 2019 2020 2021 2022 2023 2018-2023
All uncemented 15.7 12.4 13.4 117 128 11.8 12.9
Reverse hybrid* 0.7 0.6 0.4 0.2 0.2 0.2 0.4
Hybrid** 1.8 1.6 1.9 1.8 0.8 0.8 1.4
All cemented 81.8 85.4 84.2 86.3 86.2 87.3 85.3
N 2,546 2,892 2916 2,981 3,175 3,179 17,689

* femur cemented, tibia uncemented **femuruncemented, tibia cemented
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6.7 First revision within two years after
primary partial knee arthroplasty

6.7.1 Incidence and demography

First revisions are revisions linked to primary PKA
registered in SIRIS and occurring for the first time.
Of the 32,079 PKA documented since 2012 (Table
4.6. p.41), 12,108 had been performed between
01.01.2018 and 31.12.2021, the 4-year moving
window used to calculate the current 2-year revi-
sion rate. Of the implants in this cohort, 577 were
revised, accounting for a 2-year revision rate of
4.8% (Cl 4.4-5.2%). Younger patients had a much
higher revision risk, with revision rates of 6.3% in
the age group under 55 years, compared to 2.2% in

the age group 75—-84 years. As in TKA, younger pa-
tients were more prone to early revision, reflecting
the higher functional demands in this group and
perhaps more acceptance of inferior results by old-
er patients on the other hand due to lower activity
levels or because of avoidance of any additional
surgery because of age and comorbidities.

The 2-year revision rates for women were 5.0% (Cl
4.4-5.6%), whereas for men it was 4.2% (Cl 3.7-
4.8%), a difference not statistically significant (Ta-
ble 6.11).

Compared to previous years up to 2021, the revi-
sionrate of PKAhasincreased, asitdid forTKA. The
reason for this is likely the improved linkage rate,
leading to the detection of formerly unrecognized

revisions.

Figure 6.30
Partial knee arthroplasty: Technology assistance over time (%)
%
100 -
% '\_\_.
80
70
60 Not technologically assisted
50 Patient specific instrumentation (PSI)
40 Robotically assisted
Computer navigated
30
20
10 e
0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

NB: robotically assisted cases before v2021 were derived from free text entries.
»Other“responseswere coded as ,,Not tech. assisted“ unless they specifically

mentioned robotic, PSl oder navigation“.

There was arecognisable overlap of computer navigated and other responses,

indicating that those cases were actually robotic-assisted.
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Table 6.11

6.7.2 Reasons for revision

The main reason for revision of PKA was loosening
of the tibial component (27.9%), followed by pro-
gression of OA (16.5%), loosening of the femoral
component (12.3%), femorotibial instability (9.5%)
and pain of unclear origin (9.5%). Infections were
indicatedin 8.5%. Patella problems (7.1%) were list-
ed as often as periprosthetictibial fractures (6.9%).
In 5.2%, malposition of the tibial and in 3.3% of the

First revision of primary partial knee arthroplasty within 24
months overall and according to baseline characteristics

4-year moving average covering implants between 01.01.2018 and 31.12.2021,
with two years follow-up (31.12.2023). All diagnoses, all component fixations.

Revised 95% Cl

N at risk* N %* lower upper

Overall 12,108 577 4.8 4.4 5.2
Gender Women 5,130 253 5.0 4.4 5.6
Men 5,731 239 4.2 3.7 4.8

Age group <55 1,653 104 6.3 5.2 7.6
55-64 3,706 202 5.5 4.8 6.3

65-74 3,467 137 4.0 3.4 4.7

75-84 1,784 39 2.2 1.6 3.0

85+ 250 10 4.0 2.2 7.4

! Number of patients with at least two years follow-up
(i.e. primary prosthesis in moving average).

2 Rates adjusted for effects of mortality and emigration.

6.7 Firstrevision of primary partial knee arthroplasty

femoral component were registered (Table 6.12).
Excluding infections, most of the other reasons for
revision mentioned only two years after primary
PKA speak for technical errors or mistakes in in-
dication. Taking in account cumulative incidence
rates forrevision, isolated pain was very prominent
one year after surgery, followed by “other reasons”
and progression of OA in other compartments. All
other reasons played a less important role (Figure
6.31). Similar as in TKA only periprosthetic joint in-

Table 6.12

Reason for early first revision of primary
partial knee arthroplasty

alldiagnoses, all component fixations. 4-year moving
average covering implants between 01.01.2018 and
31.12.2021, with two years follow-up (31.12.2023).

N %
Loosening tibia 161 27.9
Progression of unicomp. OA 95 16.5
Loosening femur 71 12.3
Femorotibial instability 55 9.5
Pain (of unclear origin)* 55 9.5
Infection 49 8.5
Patella problems 41 7.1
Periprosthetic fracture tibia 40 6.9
Component malposition tibia 30 5.2
Component malposition femur 19 3.3
Joint stiffness/arthrofibrosis 16 2.8
Wear of inlay 13 2.3
Loosening patella 8 1.4
Patellar instability 5 0.9
Sizing tibial component 5 0.9
Sizing femoral component 4 0.7
Periprosthetic fracture femur 2 0.3
Periprosthetic fracture patella 2 0.3
Other 70 12.1
Total 741

* Pain was frequently reported alongside other reasons.
The proportion of ,isolated pain“was 7%.
Multiple responses possible (percentages do not sum to 100)
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Figure 6.31
Cumulative incidence rates for different revision diagnosis of partial knee arthroplasty
Time since operation, 2015-2023, all services, % of implants revised. Detailed reasons for revisions available since 2015.
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Patella problems 0.1 (0.1-0.2) 0.4(0.3-0.5 0.5 0.4-0.6) 0.7 (0.6-0.9) 0.8(.6-0.9 0.9(0.7-1.1) 0.9 (0.7-1.1)
Infection 0.3 (0.3-0.4) 0.4 (0.3-0.5) 0.4 (0.4-0.5) 0.4 (0.4-0.5) 0.4 (0.4-0.5) 0.4 (0.4-0.5 0.4 (0.4-0.5)
Pain (isolated) 0.1 ©0.1-0.1) 0.3(0.2-0.3) 0.4(0.3-0.4) 0.5 0.4-0.6) 0.5 (0.4-0.6) 0.5 (0.4-0.7) 0.7 (0.5-0.9)
Femorotibial instability 0.2 (0.1-0.3) 0.4(0.3-0.5) 0.5(0.4-0.6) 0.8(0.7-0.9 0.9(0.7-1.00 0.9(0.8-1.1) 1.0(0.81.2)
Loosening Tl 0.7 0.6-0.8) 1.501316 1.9@1.721 2502328 2.82631 3102834 3.53.139)
Joint stiffness / arthrofibrosis 0.1 (0.0-0.1) 0.1(0.1-0.2) 0.2 (0.1-0.2) 0.2(0.2-0.3) 0.2 (0.2-0.3) 0.2 (0.2:0.3)  0.2(0.2-0.3)
Progression of unicomp. OA 0.3 (0.2-:0.3) 0.8(0.7-0.9 1.2(1.0-1.3) 1.8(1.6-2.00 2.2 (2.02.5) 2.7 (2.4-3.00 3.1 (2.7-3.5)
Other reasons 0.9 (0.8-1.1) 1.4(1.215 1.6(1.51.8 2.1(1.92.3) 2.22.02.5 2.42.227) 2.6(2.3-2.9
Figure 6.32

Time interval between primary partial knee arthroplasty and first revision by reason
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023).
Early first revisions are those occurring within 2 years of the primary arthroplasty.

Patella problems
Infection

Pain (isolated)
Femoral instability

Loosening tibia

Joint stiffness/arthrofibrosis

= = Other

0 3 6 9 12 15 18 21 24 Time to revision in months

Table 6.13
Median time interval between primary partial knee arthroplasty and early first revision (in months) according to reason
alldiagnoses

N Median IQR25% IQR 75%

Patella problems 41 13.7 8.8 17.4
Infection 49 2.2 0.8 6.5
Pain (isolated) 23 16.5 10.2 20.4
Femoral instability 55 11.2 6.0 15.9
Loosening tibia 161 11.6 8.1 16.0
Joint stiffness/arthrofibrosis 16 11.7 8.8 15.4
Other 295 11.2 5.9 16.7
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fections (P)I) were revised early afterindex surgery,
most ofthe otherreasons led to arevision peak one
year after PKA. Revision for early loosening had its
peak 11.6 months after PKA. Early revision because
ofisolated painwas performed laterat median 16.5
months (Figure 6.32 and Table 6.13).

Fixation and revision

Uncemented PKA were revised significantly more
often than cemented ones until 8 years after pri-
mary PKA, the difference getting non-significant
from the gth year onward, mainly because of low

Figure 6.33

numbersin uncemented PKA with consecutive wid-
ening of the confidence interval. A higher revision
rate in uncemented PKA can be expected especial-
ly early after surgery as uncemented implants must
osteointegrate, a critical issue in some cases, par-
ticularly regarding the tibial component. After the
initialfailures had manifested, the revision curve of
the uncemented implants remained largely parallel
to the one observed for cemented implants (Figure
6.33). Of note, patients with uncemented PKA were
younger than those with cemented implants. This

selection bias also influenced the revision rate.

Estimated failure rates of primary partial knee arthroplasty

for main types of component fixation
Time since operation, 2012-2023, all services, all diagnoses

All uncemented

All cemented

95% confidence interval

%
20
15
10
5
0

T I I T I I T

0 1 2 3 4 5 6

1 year 2years 3years

All cemented
All uncemented

6.7 Firstrevision of primary partial knee arthroplasty

2.3 (2.1-2.5) 4.4 (4.2-4.7) 5.6 (5.3-5.9)
3.9 (3.3-4.6) 5.9(.1-6.7) 7.5 (6.6-8.5) 10.1(8.9-11.3) 11.0 (9.8-12.3) 12.7(11.2-14.3) 16.8 (13.9-20.3) 20.5 (15.3-27.2)

7 8 9 10 11 Years since primary operation
5 years 6 years 8 years 10 years
7.5 (7.1-79) 8.4 (8.0-8.8) 10.2 (9.7-10.7) 12.5 (11.8-13.1)

13.4 (12.5-14.2)
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Type of PKA and revision

Estimated failure rates were equal for medial and
lateral PKA. PF) performed much worse regarding
revision rates, diverging already one year after sur-
gery. At 4 years of follow-up, revision rates already
were twice as high as formedial or lateral PKA, with
a tendency for further increase (Table 6.14 and 15,
Figure 6.34).

Technical support and revision

Comparing technical support during primary PKA,
PSI and computer navigation did not perform bet-
ter than conventional technique (Figure 6.35 and
36). In contrast, robotically assisted PKAwas asso-
ciated with less revisions from early on, although
the effect seemed to flatten out from the sth year
after primary PKA (Figure 6.36). This has to be ob-

Table 6.14

Long term evaluation: Failure rates of primary patellofemoral joint systems

Time since operation, 2012-2023. All diagnoses, all components. Please note that if reported system involves multiple sub-variants,
itis possible thatthe long-term performance of these sub-variants may be significantly different from their combined performance.

Knee system Total CCS* Mean 1 year 3 years 5 years 7 years 11 years
number age**  (95%cCl) (95% CI) (95% Cl) (95% Cl) (95% Cl)

Gender PF) 1,082 8 59 2.2(1.53.4) 7.9(.2-10.00 12.1(9.8-14.8) 15.7 (12.7-19.4)

Other systems 1,101 57 3.5(.5-4.8) 12.1(10.1-14.5) 17.7 (15.1-20.7) 21.6 (18.6-25.0) 30.3 (24.5-37.1)

CH average for group 2.9 (2.2-3.7)

* Share ofimplants accounted for by main user hospital service. A higher share signifies anincreased likelihood of biased figures due to
local effects. A share of 50%+ would suggest that reported results are likely determined by one hospital service.
** Younger mean age signifies thatthe case mixis less “usual” and potentially biased towards higher revision risk.

10.1(8.7-11.6) 15.1 (13.3-17.1) 18.9 (16.7-21.3) 27.1 (22.4-32.5)

Table 6.15

Long term evaluation: Failure rates of primary partial knee arthroplasty systems

Time since operation, 2012-2023. All diagnoses, all component fixations. Please note that if reported system involves multiple sub-variants,
itis possible thatthe long-term performance of these sub-variants may be significantly different from their combined performance.

Knee system Total CCS* Mean 1year 3 years 5 years 7 years 11 years
number age**  (95%cCl) (95% ClI) (95% CI) (95% Cl) (95% Cl)

Allegretto 1,062 100 70 0.5(0.2-1.1) 1.6(1.0-2.6) 3.1 (2.2-4.5) 4.6 (3.3-6.3) 5.9 (4.2-8.2)
Balansys UNI 3,717 48 65 2.2(1.72.7) 5.3 4.6-6.1) 6.6 (5.8-7.6) 7.8 (6.9-8.9) 11.6 (9.9-13.5)
GMK uni 1,752 20 66 3.3(2.5-42 7.3(6.1-87) 9.2(78-10.9 11.4(9.6-13.4) 14.1 (11.6-17.2)
Journey uni 1,074 12 63 3.302.4-4.6) 9.1 (7.4-11.0) 16.2 (13.9-18.8) 18.5 (15.9-21.3) 25.6 (21.8-29.9)
Moto 576 18 66 2.6 (1.5-4.5) 5.6(3.8-8.4) 7.1 (4.3-11.5)

Oxford cemented/hybrid 4,311 20 66 2.6(2.23.2) 5.5(4.8-6.3) 7.3 (6.5-8.2) 9.2 (8.3-10.2) 14.3 (12.6-16.3)
Oxford cementless 3,062 10 64 3.93.3-47 7.06.1-80 9.28.1-10.5) 11.0 9.6-12.6) 18.5 (12.5-26.8)
Persona partial knee 2,826 15 65 2.0(1.52.6) 4.8(3.9-5.8 6.4 (5.2-7.8)

Physica ZUK 4,016 20 65 1.9(1.52.4) 5.6 (4.8-6.4) 7.0(6.2-8.00 9,0 (8.0-10.2) 13.3 (11.4-15.5)
Restoris MCK 790 52 65 1.3(0.72.4) 2.9(1.8-4.8) 4.7 2.5-8.7)

Sigma partial knee 5,317 17 65 2.2(1.92.7) 5.4 (4.7-6.1) 6.9 (6.1-7.7) 7.6 (6.8-8.5) 10.4 (8.8-12.3)
Other systems 1,323 64 3.6 (2.7-4.9 8.4(6.9-10.2) 10.9 (9.2-13.0) 13.9 (11.7-16.4) 20.3 (16.1-25.4)
CH average for group 2.5 (2.3-2.7) 5.7 (5.5-6.0) 7.7 (7.4-8.1) 9.4 (8.9-9.8) 13.5 (12.7-14.4)

* Share of implants accounted for by main user hospital service. Ahigher share signifies an increased likelihood of biased figures due to
local effects. A share of 50%+ would suggest that reported results are likely determined by one hospital service.
** Younger mean age signifies thatthe case mixis less “usual” and potentially biased towards higher revision risk.
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served further in the future. More robotic systems
with varying value in supporting surgery and more
surgeons with less experience could deteriorate
initially promising results, as had been observed in

Australia.

Figure 6.34
Estimated failure rates of primary partial knee arthroplasty: types of arthroplasties
Time since operation, 2012-2023, all services, all diagnoses

% |revised PFJ (incl. combinations)
25
20
15
Uni medial
Uni lateral
10
5
0
I T T I I T T T I I T T
0 1 2 3 4 5 6 7 8 9 10 11 Time to revision in years
1 year 2 years 3 years 5 years 6 years 8 years 10 years 11 years
uni medial 2.4(2.32.6) 4.6 (4.3-4.9 5.8(5.5-6.1) 7.6(7.2-7.9) 8.4(8.0-8.8) 10.2 (9.7-10.7) 12.4 (11.7-13.1) 13.4 (12.5-14.3)
uni lateral 2.7 2.03.5) 3.93.1-4.9 4.83.9-6.00 7.3(6.1-8.9 8.4(7.0-10.1) 9.8 (8.2-11.8)13.0 (10.5-15.9) 13.0 (10.5-15.9)
PFJ 2.9(2.23.7) 7.0 (5.9-8.2) 10.2(8.9-11.8) 15.3(13.5-17.3) 17.5(15.5-19.7) 21.1(18.7-23.8) 24.3(21.2-27.8) 27.7(22.9-33.2)

(incl. combinations)

Figure 6.35
Estimated failure rates of primary partial knee arthroplasty: conventional vs. patient specific instrumentation (PSI)
Time since operation, 2012-2023, all services, all diagnoses.
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0 95% confidence interval
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1 year 2years 3years 5years 6 years 8 years 10 years 11 years
Conventional 2.502.32.7) 4.7 44500 6.0(5.7-6.3) 8.1(7.8-85 9.0(8.6-9.4) 10.9 (10.4-11.4) 13.3 (12.6-13.9) 14.3 (13.5-15.2)
PSI 2.8(2.13.7) 5.14.1-6.3) 6.8 (5.6-8.2) 8.3 (6.9-10.0) 10.0 (8.3-12.0) 12.0(10.0-14.4) 12.7 10.5-15.3) 12.7 (10.5-15.3)
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Figure 6.36
Estimated failure rates of primary partial knee arthroplasty: technology assistance
Time since operation, 2012-2023, all services, all diagnoses.

%
14 -l  Not technologically assisted
12 Dl Patient-specific instrumentation PSI
Computer assisted / navigated
10 Robotically assisted
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0 1 2 3 4 5 6 7 8 9 10 11 Years since primary operation
1 year 2 years 3years 5years 6years 8 years 10 years 11 years
Not tech. assisted 2.5 (2.3-2.7) 4.7 (4.5-5.0) 6.0 (5.8-6.3) 8.2 (7.8-8.5) 9.0 (8.7-9.4)10.9 (10.4-11.4) 13.3 (12.7-14.0) 14.4 (13.6-15.3)
PSI 2.8(2.13.7) 5.1(.1-6.3) 6.8(5.6-8.3) 8.3 (6.9-10.0) 9.8 (8.2-11.8) 11.9 (9.8-14.2) 12.6 (10.4-15.2) 12.6 (10.4-15.2)

Computer navigated 3.0 (1.27.9) 4.7 (2.1-10.1) 6.5 (3.3-12.7) 10.2 (5.7-17.9)11.8(6.7-20.4) 13.9 (8.0-23.6) 13.9 (8.0-23.6)
Robotically assisted 1.4 (0.8-2.6) 2.6 (1.6-4.1) 3.3 (2.1-5.2) 5.4 (3.2-9.3)

Table 6.16

Type of early first revision of primary partial knee arthroplast
Alldiagnoses, all component fixations. 4-year moving average covering
implants between 01.01.2018 and 31.12.2021, with two years follow-up

y

(31.12.2023). Earlyfirst revisions are those occurring within two years of the

primary arthroplasty.

N %
Conversion from unicomp. to total prosthesis* 398 69.2
Exchange of PE 102 17.7
Tibial revision 24 4.2
Subsequent patella prosthesis 3 0.5
Complete revision* 13 2.3
Femoral revision 11 1.9
Patella revision 8 1.4
Component removal with spacer implantation 5 0.9
Reimplantation of prosthesis 1 0.2
Subsequent partial prosthesis, second compartment 7 1.2
Subsequent patella prosthesis with exchange of PE 1 0.2
Other 2 03
Total 575

* Alarge share of conversionsis entered locally as ,,complete revisions*.

Such responses have been recoded as conversions if TKA components were

registered orifa TKAwas indicated on the revision proforma.
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6.7.3 Type of early revision surgery

A total of 69.2% of the PKA revised were convert-
ed to TKA. Isolated liner exchange was performed
in 17.7% of revisions, followed by an isolated tib-
ial revision in 4.2% and isolated femoral revision
in 1.9% (Table 6.16). The high number of conver-
sions to TKA is even more obvious in Figure 6.37.
Subsequent PKA in another compartment was rare
(1.2%). Component removal with spacer due to PJI
was performed in only 5 of the 398 revisions. A new
PKA followed in only one case, in 4 cases probably
a conversion to TKA was performed. For re-revision
surgery after primary PKA please consult Chapter
6.4.

Figure 6.37
Cumulative incidence rates for different types of revisions of partial knee arthroplasty
Time since operation, 2012-2023, all services, % of implants revised

% |revised
10 Conversion to TKA
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0 1 2 3 4 5 6 7 8 9 10 11 Time to revision in years

1 year 2years 3years 5years 6years 8years 10 years 11 years

Conversion to TKA 1.5 1.4-1.7) 3.3(3.13.5) 4.4 (4.2-47) 6.3(5.9-6.6) 7.1(6.77.4) 8.8(8.4-9.210.8(10.2-11.4) 11.6(10.9-12.3)
Change of PE 0.6 0.5-0.7) 0.7 (0.6-0.8) 0.8 (0.7-0.9) 0.9 (0.8-1.0)0 1.0(0.9-1.1) 1.1 (0.9-1.2) 1.2 (1.1-1.4) 1.5 (1.21.9)
All other types 0.5 (0.4-0.5) 0.8 (0.7-0.9) 0.9 (0.8-1.0) 1.1 (1.0-1.3) 1.2 (1.0-1.3) 1.3 (1.1-1.5 1.5 (1.3-1.7) 1.6 (1.3-1.9)
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6.8 Results of implants in partial knee
arthroplasty

The analysis is performed separately for unicon-
dylar PKA and for PF) PKA, as the revision rates ob-
served largely differed.

6.8.1 Unicondylar partial knee arthro-
plasty

Table 6.17 shows Switzerland’s top ten most fre-
quently used unicondylar PKA systems, represen-
ting 94% (16, 455) of the PKA from 2018 until 2023.
During this period, 1,136 implants (6%) belonged
to the less common systems, grouped together as
“other”. Only 77 implants (0.4%) could not be clas-
sified, similarly to the rate indicated in the annual
report of 2023.

Long term survival of unicondylar partial knee
arthroplasty

The long-term evaluation since 2012 for all
systems, all diagnoses, and all fixation methods
is depicted in Table 6.15, showing results up to 11

years after surgery. The revision rate after 11 years
for all systems was 13.5% (Cl 12.7-14.4%), consi-
derably higher than in TKA, where an average 11-
year revision rate of 8.0% (Cl 7.8—-8.3%) was obser-
ved. Primary PKA subsystems (such as cemented or
cementless) were analysed separately if numbers
were sufficient and differed relevantly regarding
revision rates. Different implants performed rather
differently on the short, medium, and long term (Ta-
ble 6.15). The revision rate after11years varied from
5.9% forthe best to 25.6% forthe worst system. Wi-
der confidence intervals reflect higher variability
due to small numbersinthe subgroups.

Please take note of the case concentration score
(CCS), indicating the share of the largest providing
hospital, as individual providers may influence re-
sults of systems not widely used. A highervalue in-
dicates an increased likelihood of bias due to local
effects. For instance, Allegretto was implanted by
justone surgeon, resultingin a CCS of 100.

For some brands only five-year results were availa-
ble until then they performed as the Swiss average
at 5 years, one system was slightly better (Table
6.15).

Table 6.17

Top 10 (94%) of primary partial knee arthroplasty systems (all diagnoses, all component fixations) 2018-2023
Knee system 2018 2019 2020 2021 2022 2023 2018-2023
Balansys UNI 280 354 298 350 417 330 2,029
GMK uni 196 222 205 158 155 116 1,052
Journey uni 93 89 88 74 47 50 441
Moto 21 31 66 123 189 146 576
Oxford cemented/hybrid 353 313 269 253 210 195 1,593
Oxford cementless 361 317 354 318 361 342 2,053
Persona partial knee 355 423 409 442 515 592 2,736
Physica ZUK 199 251 329 332 404 470 1,985
Restoris MCK 35 128 110 112 178 227 790
Sigma partial knee 423 497 600 615 504 559 3,198
Other systems 209 239 175 195 182 138 1,138
Total 2,525 2,864 2,903 2,972 3,162 3,165 17,591
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PKA systems grouped together because of small
numbers as “other”, accounting for 6% of the PKA,
had an average revision rate at 11 years of 20.3%
(Cl 16.1-25.4%). This means that none of the less
commonly used systems would reach a place in
the midfield at eleven years of follow-up, as it was
the case for TKA. One system and the group “other
systems” were classified as definitive outliers at
11 years follow-up. One variation of another un-
cemented system was a potential outlier. Intere-
stingly, the PKA system identified as outlieris from
the same company as the two potential outlier

Figure 6.38

systems identified in TKA. As usual, the potential
outlier identification will result in an outlier report
investigating the reasons for the observed devia-
tions from the national average. As in former ye-
ars, one PKA system used by just one user had a
significantly better survival curve than the Swiss
average (Figure 6.38). These excellent results are
most probably to be explained by the outstanding
expertise of the surgeon than by the system itself.
The remaining brands of PKA had revision rates wi-
thin the margins of the lower and upper limits at
66% and 150% of the group average respectively
(Figures 6.38 and 39).

Implant combinations with below-average long-term revision rates (PK)
Below-average was defined as an 9-year/10-year revision rate of up to 66% of the group average (and upper bounds of the 95% confidence
interval staying below the lower bound of the group average; and at least 25 cases atrisk at 9 years/10-years).
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Figure 6.39

Implant combinations with long-term evaluation outlier status (all PK)
Outlier status was defined as a revision rate of twice the group average at any time between year 5 and year 10 (and lower bounds of the

95% confidence interval exceeding the upper bound of the group average; and at least 50 cases at risk at 5 years).
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Figures 6.40 show the performance of the diffe-
rent PKA brands up to eleven years of follow-up,
with upper and lower limits of the Swiss average
illustrated in dotted lines. One brand implanted
with an image-based robotic system performed at
the lower margin of the Swiss average until 4 years
after surgery but lost this favourable position due
to mid-term revisions. The rather large steps in the
KM estimate are related to relatively smallnumbers
remaining at risk over time.

Figures 6.40

Two-year revision rates of unicondylar partial
knee arthroplasty

The two-year revision rates of the unicondylar PKA
from the current moving window is shown in Figure
6.41, reflecting how the implants performed bet-
ween 01.01.2018 and 31.12.2021, with a completed
two-year follow-up by 31.12.2023. Numbers at risk
were adjusted for mortality and emigration. Of the
13 implant combinations used most frequently (the
rest being summarised under “other systems”),
nonewas identified as an outlier. The system which
got to a definitive outlier from the third year after

intervention onwards had elevated revision rate at

Allremaining implant combinations with average revision risks (all PK)
Also showing upperand lower limits (corresponding to elevated and below-average version risk at 150% and 66% of the

group average respectively).
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Figure 6.41

Two-year evaluation: Revision rates of primary partial knee arthroplasty systems within 24 months
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023)

Knee system CCS* Mean atrisk  Revised
age N** N %***(95%0) 4 6 8 10 12 14
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* Share of implants accounted for by main user hospital service. A higher share signifies anincreased Group average

likelihood of biased figures due to local effects. A share of 50%+ would suggest that reported results
are likely determined by one hospital service.

** Number of patients with at least two years follow-up (i.e. primary prosthesis in moving average). I outlier

*** Rates adjusted for effects of mortality and emigration.
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two years but remaining within the boundaries of
the registry. In contrast, the summary group “other
systems”waswithintheboundariesjustatoneyear
of follow-up but turned to definitive outlier status
after two years. Therefore, it should be recommen-
ded to surgeons using more exotic implants should
review their own results thoroughly and switch to a
brand more frequently used in Switzerland at any
doubt (Figure 6.41, Table 6.14).

Table 6.18
Top 5 (95%) of primary patellofemoral joint systems
2018-2023, all diagnoses, all component fixations.

6.8.2 Patellofemoral joint partial knee
arthroplasty

Table 6.18 shows Switzerland’s top five used patel-
lofemoral PKA systems, representing 97% (1402) of
theimplantsfrom 2018 until2023. Only 30implants
(3%) in this period belonged to the less common
systems declared as “other”. Quite a significative
share of 54 implants (3.6%) could not be classified,
which is more than the 30 patellofemoral PKA sum-
marised under “other systems”.

Long term survival of patellofemoral PKA

Numbers are too small to differentiate each of the g
brands, therefore comparison was reduced to the
brand which was used mostly and all the rest of
the implants, summarized under “other systems”
(Table 6.14). The singular system performed signi-

Knee system 2018 2019 2020 2021 2022 2023
Gender PF) 103 102 160 108 166 153
Hemicap PF classic/wave (PFJ) 26 23 31 40 46 22
IBalance PFJ 30 17 24 17 30 29
Journey PF) 20 18 20 18 9 19
Restoris MCK PF) 4 24 25 28 32 58
Other systems 2 0 6 13 5 4
Total 185 184 266 224 288 285
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ficantly better than all the other systems together
from the first year on, though 11 years results were
not yet available. It is essential to realise that revi-
sion rates of PF) replacements are more than three
times higher than those of unicondylar PKA eleven
years after surgery. At 7 years, the most frequently
used and best performing PF) system had arevision
rate more than double of the unicondylar PKA aver-
age (Table 6.14, Figure 6.34).

Figure 6.42

Two-year revision rate of patellofemoral PKA
The two-year revision rates of the implants are
shown in Figure 6.42, reflecting the implants per-
formed between 01.01.2018 and 31.12.2021, with
a completed two-year follow-up by 31.12.2023.
Numbers at risk were adjusted for mortality and
emigration. Of the 5 implant systems used, inclu-
ding the rest summarised under “other systems”,
none was an outlier. One system performed less
good, another system where the femoral implant
isconducted withimage-based robotics had better
results than the average.

Two-year evaluation: Revision rates of primary patellofemoral joint systems within 24 months
4-year moving average covering implants between 01.01.2018 and 31.12.2021, with two years follow-up (31.12.2023).

CCS* Mean atrisk

Revised

Knee system %
age N** N %***(o5%C) 0o 2 4 &6 8 10 12 14 16 18 20 22 24
Gender PFJ 12 59 473 21 4.5 (3.0-6.8) .
Hemicap PF classic/ 13 55 120 10 8.5 (4.6-15.2) N
wave (PF))
IBalance PFJ 16 54 88 9 10.4(5.5-19.0) °
Journey PF) 14 56 76 5 6.6(2.8-15.2) A
Restoris MCK PF| 51 60 81 3 3.7@211.0 °
Other systems 58 21 2 9.5(2.533.0 °

CH average for group

5.9 (4.5-7.7)

Group average

* Share of implants accounted for by main user hospital service. Ahigher share signifies anincreased

likelihood of biased figures due to local effects. A share of 50%+ would suggest that reported results are

likely determined by one hospital service.

** Number of patients with at least two years follow-up (i.e. primary prosthesis in moving average).

*** Rates adjusted for effects of mortality and emigration.

! Outlier
| alert
| boundary

Important information on the use of the implant performance tables below

© Estimated revision rate exceeds the alert boundary, but we do not identify this implant combination as an outlier because the 95%
confidence interval overlaps the confidence zone of the reference group.

® |dentified as potential outliers. Please note the statistical confidence intervals. The outlier status comes with varying degrees of statistical
probability. We considerthe potential outlier status ,,highly likely“ when both the estimated revision rate and the complete confidence

interval exceed the outlieralert boundary.

@ 2-yearrevisionrate and 95% Cl

Please be aware that relatively rare implant combinations are frequently used in only a small number orindeed only in one hospitalin
Switzerland. Observed revision rates may be determined by local factors and performance may differ significantly between locations.

Manufacturers of detected outlierimplants and the hospitals where they were used (and revisions occurred) have been informed by SIRIS.

6.8 Results of implants in partial knee arthroplasty
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7. Patient reported outcome measures (PROMs)

While nationwide registration of PROMs within SI-
RIS will be introduced in 2025, the core of the new
PROMs instrument has already been in use in the
Canton of Ziirich and some other hospitals since
2019. For this report, complete pre- and post-ope-
rative data were available for 7,243 THA, 5,552 TKA
and 1,008 PKA performed only for primary oste-
oarthritis. Details of the project and coverage ra-
tes can be found in the methods chapter. In short,
evaluation of PROMs is made using the Swiss Or-
thopaedics Minimal Dataset (SO-MDS), including
an evaluation of joint-specific pain and joint-spe-
cific satisfaction by a numeric rating scale (NRS),
and an evaluation of general quality of life using
the EQ-5D-5L score. This chapter focusses on the
results for hip and knee patients with a diagnosis
of primary osteoarthritis only, for reasons of com-
parability between the three groups. Results are
provided with an intention-to-treat (ITT) perspec-
tive. That is to say that revised implants are inclu-
ded in the analyses except if explicitly excluded.

7.1 Joint-specific pain

Reduction of pain is undoubtedly a core outcome
for any arthroplasty. It is noteworthy that preope-
rative pain was quite similar in all three groups.
Joint-specific pain was measured on a 0 to 10
scale. The mean pain values were 6.61 (SD 1.95)
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for THA, 6.65 (SD 1.92) for TKA and 6.40 (SD 1.77)
for PKA. Figure 7.1 highlights that the distribution
of pain scores among the three groups resembled
each other relatively closely. Most patients rated
their preoperative pain with values of seven or
eight on the ten-point NRS. Patients treated with
PKA were visibly slightly less affected by pain than
those treated with TKA, especially at the upperend
of the distribution. After treatment, the mean pain
values were reduced to 0.85 (SD 1.61) for THA,
1.67 (SD 2.04) for TKA and 1.78 (SD 2.17) for PKA.
The distribution of values is practically reversed,
but with a far larger proportion of THA patients re-
porting complete remission of pain (Figure 7.2).

Figure7.1
Preoperative pain
Primary OA
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Figure 7.2
Postoperative pain

Primary OA, follow-up 1 year (9 to 18 months allowed), intention-to-treat perspective
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Figure 7.3
Preoperative quality of life (EQ-5D-5L): mobility
Primari OA
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7.2 Quality of life

The EQ-5D-5L instrument was used to evaluate
health-related quality of life before and after tre-
atment. At its core are 5 dimensions covering pain,
mobility, self-care, ability to do usual activities
and anxiety. Highlighting the undisputed core di-
mension in elective arthroplasty, mobility, Figure
7.3 show that once again hip and knee patients
had very similar mobility restrictions before tre-
atment. Most patients reported at least moderate
problems, but over a third of THA and TKA patients
also reported severe mobility problems. Again,
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Figure 7.4

Postoperative quality of life (EQ-5D-5L): mobility
Primary OA, follow-up 1 year (up to 18 months allowed),

intention-to-treat perspective
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PKA patients were on average slightly less af-
fected. It is noteworthy that in every patient group
significant minorities of between 6.5% and 9.5%
reported no apparent mobility problems at all.

After treatment, the picture was again largely
reversed. Reflecting the diverging outcomes in
pain reduction, 78.7% of THA patients reported
no further problems, but only 60.3% of TKA and
62.6% of PKA patients reported no problems (Fi-
gure 7.4). Considering that both TKA and PKA pa-
tients already were better at baseline, treatment
gains were clearly superior in THA patients in this

respect.

THA TKA PKA

N % N % N %
no 469 6.5 412 7.4 96 9.5
problems
slight 1,112 15.4 867 15.6 220 21.8
problems
moderate 3,018 41.7 2,274 41.0 419 41.6
problems
severe 2,577 35.6 1,959 35.3 270 26.8
problems
unable 67 0.9 40 0.7 3 03
to perform
Total 7,243 5,552 1,008

THA TKA PKA

N % N % N %
no 5,702 78.7 3,348 60.3 631 62.6
problems
slight 983 13.6 1,438 25.9 255 25.3
problems
moderate 421 5.8 593 10.7 100 9.9
problems
severe 127 1.8 165 3.0 22 2.2
problems
unable 10 0.1 8 0.1 0 0.0
to perform

7,243 5,552 1,008
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So-called radar charts are useful tools for visuali-
sing concepts that have multiple dimensions. All
EQ-5D-5Litems are scaled in the same way; 5-point
ordinal categories ranging from no problem to se-
vere problem. For these depictions the scales were
recoded to depict the worst possible quality of life
states as 0 and the best possible states as 4. Fi-
gure 7.5a shows the pre- and postoperative mean
values of each item for THA patients. It is apparent
at first glance that mobility, pain/discomfort and
usual activities are the areas with most preopera-
tive problems. For example, mobility has a value

Figure7.5
Quality of life (EQ-5D-5L): overview

a) Total hip arthroplasty
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b) Total knee arthroplasty

of approximately 2.2, reflecting the above shown
majority category (mode) of 41.7% of THA patients
with moderate problems. Self-care and anxiety/
depression were rarely a problem before treat-
ment. Nevertheless, in addition to the big gains
in the three main problem areas, those areas of
lesser importance also showed potential for im-
provement.

Figures 7.5b and c show the same basic picture for
knee patients, but improvements were visibly less
pronounced in all 5 dimensions compared to THA
patients.

Mobility

[

Self care
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c) Partial knee arthroplasty
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7.3 Joint-specific satisfaction

Comparisons of pre- and postoperative satisfacti-
on ratings confirmed the above findings. Hip and
knee patients were similarly dissatisfied with their
situation before the operation. Between 73.0%
and 77.2% of the patients stated that they were
very dissatisfied. This picture was largely rever-
sed one year after the operation. But there remains
a clear satisfaction gap between hip and knee.
Whilst 81.5% of hip patients were very satisfied,
the corresponding values for knee implants were

Figure7.6
Preoperative satisfaction with current situation
Primari OA

60.9% and 63.2% (Figures 7.6 and 7.7). Although
larger shares of knee patients were dissatisfied
with their outcome, the main difference was one
of degree of satisfaction orin-between inconclusi-
veness rather than dissatisfaction.

%
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90 Total hip arthroplasty N % N %
?g I Total knee arthroplasty — very satisfied 114 1.6 75 1.4
60 I Partial knee arthroplasty ! ! somewhat satisfied 95 1.3 90 1.6
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40 i i nor dissatisfied
30 ~ || somewhat 1,186 16.4 1,033 18.6
ig 1 | ] | dissatisfied
e e mmm L0 [ verydissatisfied 5,590 77.2 4,091 73.7
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Figure 7.7
Postoperative satisfaction with current situation
Primary OA, follow-up 1 year (9 to 18 months allowed), intention-to-treat perspective
%
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70 ] Total knee arthroplasty very satisfied 5,904 81.5 3,510 63.2
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50 | neither satisfied 189 2.6 379 6.8
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PKA
N %
8 0.8
15 1.5
47 4.7
202 20.0
736 73.0
1,008
PKA
N %
614 60.9
222 22.0
89 8.8
49 4.9
34 3.4
1,008
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7.4 Treatment effects

We can evaluate treatment success more direct-
ly by calculating a quantity called the treatment
effect (refer to chapter 2.5 for details). Figure 7.8
compares the categorical distributions of the tre-
atment effect for pain between the three groups.
Small minorities of patients who did not report any
preoperative pain were excluded.

THA results were clearly best, with 62.4% of pati-
ents reporting symptom reduction of at least 95%.
This means they were pain free after treatment. A
further 28.7% reported good outcomes (reduction
of more than 50%). A typical patient with a preope-

Figure 7.8
Treatment effect pain

rative pain value of 8 would typically report a value
no higherthan 3 after treatment. Few THA patients
had less favourable outcomes. However, 2.8% re-
ported no improvement and 0.9% had more pain
one year after the THA than before. It should be
noted that these two categories include patients
with a full spread of preoperative pain values.

In contrast, only 36.5% and 34.0% of knee pati-
ents achieved a perfect, pain free, outcome. Ho-
wever, over 40% had good outcomes with more
than 50% pain reduction. Significant minorities of
both TKA and PKA patients had less than 50% pain
reduction and, most critically, between 8.1% and
9.8% of all knee patients did not benefit from the

Primary OA, follow-up 1 year (9 to 18 months allowed), intention-to-treat perspective.

Share of patients without reported pain (excluded as calculation of TE not possible)

%

o Total hip arthroplast THA TKA
otal hip arthroplas
o parhroplasly N % N %
70 I Total knee arthroplasty Worsening («-0.2) 66 0.9 135 2.5
60| [l Partial knee arthroplasty No effect (0.2-0.2) 196 2.8 305 5.6
50 . .
40 —— Amelioration <50% (0.2) 366 5.2 648 11.9
30 EE ii Amelioration »50% (0.5) 2,036 28.7 2,384 43.6
n - ] | L || Amelioration »95% (0.9 4,419 62.4 1,996 36.5
Worsening No effect Amelioration Amelioration Amelioration ’ ’
(«0.2) (-0.2-0.2) <50% >50% »95%
(<-0.2) (00.5) (00.95)
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PKA

N %
21 241

76 1.7
124 12.5
433 43.7
337 34.0

991
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surgery in terms of pain reduction. The small dif-
ferences between TKA and PKA were statistically
not significant. Differences between TKA and PKA
patients would be expected, as the latter tend to
be younger and more active than the former and
thus probably expect more from a surgical treat-
ment aiming at pain reduction and restoration of
knee function.

An interesting additional perspective can be
gained by comparing implants that were not revi-
sed during the observation period to those that
were revised either before the PROMs follow-up or
after the PROMs follow-up (Table 7.1).

Table 7.1

There were 91 THAs and 46 TKAs with a recor-
ded revision before the follow-up, and a further
33 THAs and 98 TKAs with a recorded revision
after the follow-up. Timing of early revisions dif-
fers considerably between THA and TKA and this
is reflected in those numbers. Figures 7.9 show
that both groups had markedly worse pain outco-
mes than implants that were never revised, even
though there were also implants with excellent
and good outcomes. Whilst 62.8% of unrevised
THAs had perfect outcomes, this was only the case
for 39.6% of THAs that had already been revised;
and it was even lower at 33.3% forthose cases that

Treatment effect pain (revised vs. unrevised implants)

Primary OA, follow-up 1 year (9 to 18 months allowed)

THA THA THA TKA TKA

nots Le;l;?ed re¥Lsif:wI§E'LER rev;:ﬁ:j) :EL?RE not revised so far re\fl(i)she:wl-}E"I;ER

N % N % N % N % N %

Worsening (¢-0.2) 63 0.9 2 6.1 1 1.1 122 2.3 10 10.2
No effect (-0.2 - 0.2) 185 2.7 3 91 8 8.8 270 5.1 24 245
Amelioration <50% (>0.2) 343 4.9 7 211 16 17.6 608 11.4 29 29.6
Amelioration »50% (>0.5) 1996 28.7 10 30.3 30 33.0 2343 44.0 28 28.6
Amelioration »95% (>0.95) 4372 62.8 11 33.3 36 39.6 1981 37.2 7 7.1
n 6,959 100% 33 100% 91 100% 5,324 100% 98 100%

Figures 7.9

Treatment effect pain (revised vs. unrevised implants)

Primary OA, follow-up 1 year (9 to 18 months allowed)
%

%

TKA
revised BEFORE
follow-up

N %
3 6.5
11  23.9
11 23.9
13 283
8 17.4
46 100%

100 100
90 THA not revised so far 90 I TKA not revised so far
50 [ THA revised AFTER foll 80 [ 7¢A revised AFTER foll
70 revise ollow-up 20 revise ollow-up
60 THA revised BEFORE follow-up 60 TKA revised BEFORE follow-up
50 50
40 40
30 30 i
20 20 i
10 I 10 B
Worsemng No effect Amelioration Amelioration Amelioration Worsenmg No effect Amelioration Amelioration Amelioration
(«0.2) (0.2-0.2) <50% »50% >95% (0.2) (0.2-0.2) <50% >50% >95%
(«-0.2) (0.5) (0.95) («-0.2) (0.5) (0.95)
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would still see a revision in the available observa-
tion period of up to 5 years. However, the propor-
tion of perfect outcomes was particularly small
for TKAs that would still see a revision after the
one-year follow-up (7.1%), suggesting a stronger
link between poor functional outcomes and revisi-
on likelihood. But one should not lose sight of the
absolute numbers in this context. There were still
more than 10 times as many unrevised implants
with poor functional outcomes than revised ones.
Thus, failure to reduce pain is not automatically a
determinant of early revision.

Treatment effect was also calculated for the EQ-
5D-5L quality of life measure. The EQ-5D-5L sum-
mary score was used for that purpose. Treatment
outomes in terms of quality of life resembled pain
outcomes. 59.2% of THA patients and 37.8% of
TKA patients reported complete restoration of
their quality of life.

Hip outcomes were somewhat better than knee
outcomes and TKA and PKA outcomes were largely
equivalent within the limits of statistical precisi-
on, but PKA results were more polarised than TKA
results. The bigger proportion of poor TKA results
compared to THA was statistically significant. The

Figure7.10
Treatment effect quality of life (EQ-5D-5L)

share of patients that did not appear to benefit in
terms of overall quality of life from their surgery is
much larger than for the pain outcome alone, both
for hip and knee patients. This is certainly at least
partly a reflection of the less specific outcome and
lack of joint-specific questions. Nevertheless, the
proportion of poor hip results was less than half of
that of knee results (Figure 7.10).

7.5 Conclusion

In conclusion, PROMs permit to provide a more
complete picture of the clinical effectiveness of
hip and knee arthroplasties, as revision rates illus-
trate only one aspect of outcomes. However, the
geographical coverage of those PROMs is current-
ly still very restricted, rendering generalisability
questionable. Results are mostly from the Canton
of Zurich. Specifically, the implant mix and some
other surgical aspects may not be a reflection of
Switzerland on the whole. Nationwide registrati-
on of PROMs within SIRIS is planned to be imple-
mented in 2025 and will eventually complete the
picture.

Primary OA, follow-up 1 year (9 to 18 months allowed), intention-to-treat perspective.

Share of patients without reported limitations (excluded as calculation of TE not possible)

%
100
90 Total hip arthroplasty THA TKA
?2 l Total knee arthroplasty N % N %
60 l Partial knee arthroplasty Worsening («-0.2) 160 2.2 276 5.0
50 No effect (-0.2-0.2) 396 5.5 733 13.3
40 ull Amelioration <50% (0.2) 437 6.1 505 9.2
|
30 N || Amelioration50% (o) 1,943 27.0 1,910 34.7
20 B |
10 =B !! !! Amelioration ¥95% (-0.95) 4,267 59.2 2,079 37.8
0 | e i I “ .. “ l_l n 7.203 5,503
Worsening No effect Amelioration Amelioration Amelioration ?
(-0.2) (-0.2-0.2) <50% »50% ’95%
«0.2) (0.5) (0.95)
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PKA
N %
72 7.2
164 16.4
84 8.4
2,84 28.4
397 39.7
1,001
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SIRIS outlier watch list — hip implants

Implant or implant
combination

Alloclassic + Fitmore

AMIStem + Mpact

(AMIStem +
Versafitcup DM)

Detected
as outlier
inreport

2022
2023

2019

2020
2021

Amistem-H prox coating 2022

+ Versafitcup DM

Corail + Delta motion

Exception + Exceed

GTS + Exceed

GTS + G7 bi-spherical

(Harmony + Gyracup)

Harmony + Symbol
DMHA/DS evolution

Polarstem + EP-fit

SPS evolution +
April ceramic

SPS HA + April ceramic

2023
2019

2020
2021

2019

2019
2020
2021
2022
2023
2024

2020

2022
2023

2020
2021
2022
2023
2024

2020
2021
2022
2023
2024

2021
2022

Risk-adjusted hazard ratios for 2-year revision risk

forage and sex

HR

1.49
1.55

2.14
2.00

3.11
3.14

1.53
1.59

5.27
5.15
5.15
5.15
5.33

3.97

3.67
3.66

1.93
1.89
1.92
1.94
1.87

2.22
2.33
2.50
2.44
2.49

2.61
2.61

1b95%

1.02
1.07

1.02
0.95

1.29
1.30

0.69
0.76

3.22
3.24
3.28
3.28
3.40

1.98

1.83
1.83

1.30
1.30
1.36
1.40
1.35

1.72
1.84
2.01
1.97
2.02

1.44
1.44

ub95%

2.17
2.24

4.51
4.21

7.49
7.54

3.40
3.33

8.62
8.19
8.09
8.09
8.37

7.94

7.35
7.33

2.86
2.74
2.71
2.68
2.58

2.88
2.96
3.11
3.02
3.05

4.73
4.72

Appendix: Outlier watch list — hip implants

forage, sex, BMI, ASA
and Charnley Class
(from 2015, if available)

HR 1b95%
1.26 0.60
1.24 0.59
2.30 1.03
2.18 o0.98
3.17 1.31
3.22 1.34
1.30 o0.33
1.48 0.48
3.39 1.52
3.84 1.92
3.96 2.06
3.96 2.05
4.07 211
3.55 1.76
3.20 1.60
3.20 1.60
2.52 1.42
2.31 1.39
2.14 138
2.11 14
1.99 1.33
3.67 2.47
3.50 2.42
3.50 2.1
3.46 253
3.34 2.44
2.85 1.8
2.84 1.8

ub95%

2.64
2.61

5.15
4.88

7.62
7.76

5.22
4.61

7.57
7.71
7.63
7.62
7.83

7.13

6.42
6.42

4.45
3.84
3.33
3.16
2.97

5.47
5.06
4.88
4.74
4.57

6.87
6.85

Summary

Itis very unlikely that this combination is an actual outlier combination. The
outlier detection is based on an unusual number of revisions detected in cases
from 2017. In fact, few uses were registered after 2019 (down from 100+ per year
before 2016). It was mainly in use in one hospital and therefore there is a high
likelihood of a local effect in 2017. This hospital stopped using the combination
after 2020. Performance before the 2017 peak in revisions was unremarkable and
none of the registered cases since 2019 had been revised by June 2023.

Not anymore identified as a potential outlier. The outlier status in 2019 was
caused by early implants. Performance since 2017 has been average or better.

Due to the reclassification of implants in 2022, we narrowed down the stem in
this combination to the Amistem-H proximal coating variant. This particular
combination was mainly used in one hospital and only between 2016 and 2019.
A small absolute number of revisions was recorded against a moderate number of
primary procedures, but the deviation from an average 2-year-revision rate is still
very marked, albeit with very limited statistical precision. It is also noteworthy
that the stem and the cup observed individually are performing adequately at two
years. Combination is not currently in active use.

Not anymore identified as a potential outlier. The outlier status in 2019 was
caused by early implants. Combination is not currently in active use.

Not anymore identified as a potential outlier because revision rate is now below
threshold. We already noted in past reports that it was unlikely that this combi-
nation was a genuine outlier because current use is limited to one hospital where
the performance is statistically inconclusive due to small numbers. Combination
is not currently in active use.

Not anymore identified as a potential outlier. Combination is not currently in
active use.

GTS + G7 bi-sphericalis very likely a problematic stem-cup combination. It was
practically in use in only one hospital and there were no further uses recorded
since 2021. It is noteworthy that both stem and cup observed individually have
been performing poorly. Combination is not currently in active use.

Due to the reclassification of implants, this combination is now correctly iden-
tified as Harmony + Symbol DMHA/DS. evolution (Gyracup being an alternative
brand name not actually used in Switzerland). It was in use in only one hospital
and active use ceased in 2019 after an unusual number of revisions. Only original
Symbol DMHA cups (none of the equivalent DS Evolution cups) were used in this
outlier combination. Combination is not currently in active use.

Polarstem and EP-FIT is a potential outlier combination, as its risk adjusted haz-
ard ratio has exceeded the relevant threshold of two in most evaluation periods.
Polarstem is a frequently used stem with an excellent performance record, whilst
EP-fit cups are more average. Itis noteworthy that an unusual number of infec-
tions as well as dislocations was recorded as reasons for revisions. Without the
infections, the combination’s performance would have been closer to the national
average, but still above it. Combination is not currently in active use.

SPS Evolution + APRIL Ceramic is now a definitive outlier combination considering
the overall performance over several years of both the combination and the sepa-
rate components in more than one hospital. It is noteworthy that the risk-adjusted
hazard ratio clearly exceeds the critical value of two including its confidence
interval. This combination, still in active use, exceeds the outlier boundary

both at 2-years and long-term beyond 5 years. Recommended course of action:
investigate causes of revisions where those are higher than average and observe
future performance.

SPS HA + April ceramic appears to be following the same pattern as the other
SPS/April ceramic combinations, although only actively used in significant
numbers in two hospitals and only rarely between 2017 and 2019. Active use
practically stopped in 2021 with only 2 registered uses in that year. There were
fewerthan 50 eligible cases in the current reporting period and therefore the
combination was not anymore listed in 2023.
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Implant or implant

Risk-adjusted hazard ratios for 2-year revision risk

combination e ey Clase
a6 ouliliiey (from 2015, if available)
inreport HR 1b95% ub95% HR 1b95% ub95%

SPS modular + 2019

April ceramic 2020 2.95 1.94 4.49 1.61 0.23 11.50
2021 2.90 191 441 1.59 0.22 11.32

Stelia-stem + 2019

Ana.nova hybrid 2020 2.65 171 412 2.30 126 4.22
2021 2.60 1.68 4.04 2.20 1.20 4.01

Twinsys + Selexys PC 2020 1.96 0.98 3.93 4.93 1.58 1534

Accolade Il + Trident Il 2023 2.96 1.54 569 2.60 1.08 6.26
2024 2.89 155 538 2.79 125 6.21

Symbol + Symbol 2023 2.62 131 523 2.40 119 4.81

DMHA/DS evol. 2024 1.91 103 356 1.80 0.97 3.36

Nanos + R3 2024 2.25 128 397 2.76 1.24 6.15

CCA + 2020 1.83 o075 445 1.91 o060 6.07

RM Pressfit vitamys 2021 2.05 091 463 1.86 059 5.91
2023 1.94 o0.97 388 1.62 0.61 433

PF + Fitmore 2020 0.84 o0.27 261 1.04 o044 745

Twinsys cemented + 2019

RM pressfit

Weber + Alloclassic 2019
2020 2.91 120 705 3.48 1.10 11.02

Uncemented stem-cup combinations (fractures)

CLS Spotorno + Allofit 2022 2.18 1.20 3.95 3.48 094 4.81
2023 2.09 115 379 1.97 078 4.45

Fitmore + Allofit 2022 1.37 o077 243 1.87 o0.88 3.98

Cemented stem-head combinations (fractures)

Harmony (cemented) 2024 1.75 114 268 1.53 079 2.98

+ Symbios bibop

Quadra-C + 2024 1.49 o082 270 1.61 052 5.02

Medacta bipolar head
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Summary

Not identified anymore as an outlier combination. The last registered use was in
2021. Combination is not currently in active use.

Not identified anymore as an outlier combination. The last registered use was

in 2019. Itis still listed in the annual report with an unremarkable revision rate.
This is due to the fact that years with particularly poor performance have been re-
placed with years with better performance in the evaluation period. Combination
is not currently in active use.

Not identified anymore as an outlier combination. The last use
was registered in 2019. Combination is not currently in active use.

Accolade Il + Trident Il was first registered in 2018 and only from 2019 in signif-
icant numbers. The risk-adjusted 2-year revision risk exceeds the critical value
of 2, but statistical precision is still low. It is noteworthy that early implants from
2018 and 2019 faced a particularly high 2-year revision risk, whereas results
forimplants from 2020 onwards are at least inconclusive so far. 40% of early
revisions were caused by infection, which is an unusually large proportion and
may indicate the possibility that the early revision performance of this combina-
tion was adversely affected by random events. Recommended course of action:
investigate reasons for revision and observe future performance.

Symbol + Symbol DMHA was first registered in 2019 and only in significant
numbers in 2020 (only original Symbol DMHA cups were registered in this com-
bination and none of the equivalent DS evolution cups). The risk-adjusted 2-year
revision risk has fallen below the critical value of 2 again in this evaluation period
and statistical precision is very low. Half of all registered early revisions were due
to infections, which is unusually high and raises the possibility that performance
was adversely affected by random events in one hospital in particular. Recom-
mended course of action: investigate reasons for revision and observe future
performance.

Nanos + R3 has been used in small numbers in only a few hospitals and revision
performance varies between hospitals, which raises the possibility of local
effects. The statistical precision of the potential outlier status is low. The R3 cup
is widely used and has an excellent performance record. The Nanos stem, on the
other hand, is mostly used in this particular combination. It is noteworthy that
half of early revisions were due to dislocations. Recommended course of action:
investigate reasons for revision, especially dislocations, and observe future
performance.

CCA + RM Pressfit vitamys was not identified as a potential outlierin AR2022
because of lack of statistical certainty. In the current reporting period, it still
exceeds the outline boundary with just about sufficient precision in order to be
detected as a potential outlier. This combination is still in active use, but it is
clearly a borderline case in terms of statistical precision. The number of primary
cases has fallen below the reporting threshold of 50.

PF Stems + Fitmore Cups was not actually an outlier combination. The potential
outlier status (sitting exactly on the alert level boundary in the Annual Report
2020) was an artefact of only 3 revisions against a very small volume of opera-
tions in the reporting timeframe. Combination is not currently in active use.

This combination is not identified as an outlier anymore.

Not anymore identified as a potential outlier. Active use ended in 2020.
Combination is not currently in active use.

This combination is in active use in only a few hospitals. Most revisions are reg-
istered by its main user, which leads to the conclusion that the outlier status is a
result of a local effect. This combination is not identified as an outlieranymore.

This combination is not identified as an outlier anymore.

The last registered use of this combination was in 2020. Combination is not
currently in active use.

Quadra-C and Medacta bipolar heads have been in use for some time, but
implants from the 2019 to 2021 period have shown unusually high early
revision risk. It is noteworthy that 8 out of 11 revisions were due to dislocation.
Recommended course of action: investigate reasons for revision, especially
dislocations, and observe future performance.

Appendix: Outlier watch list — hip implants



SIRIS outlier watch list — knee implants

Implant or implant
combination

Total knee systems
E.motion PS

Journey I

Physica KR

Physica PS

Physica KR/PS
Genus

Legion

Sigma PS-RP

Partial knee system
Journey Uni

Detected
as outlier
inreport

2019

2019
2020
2021
2022

2019
2020
2021
2019
2020
2021
2022

2024

2024

Risk-adjusted hazard ratios for 2-year revision risk

forage and sex

HR

2.17
2.06
1.93

3.97
3.80

3.32
3.11
3.25

1.93

1.60

1b95%

1.81
1.74
1.64

2.13
2.04

1.96
1.84
2.17

1.00

2024 1.00 o.77

2020
2021
2022
2023
2024

1.82
1.81
1.61
1.57
2.00

1.38
1.39
1.25
1.23
1.71

ub95%

2.61
2.46
2.29

7.38
7.07

5.61
5.25
4.85

1.31

2.39
2.35
2.08
2.00
2.33

Appendix: Outlier watch list — knee implants

forage, sex, BMI, ASA
and Charnley Class
(from 2015, if available)

HR

2.10
2.00
1.81

3.20
3.06

3.06
2.91
2.83

2.10

1.35

2.42

1.56
1.68
1.51
1.40
1.79

1b95%

1.69
1.63
1.48

1.20
1.14

1.73
1.65
1.73

1.00

1.54

0.96
1.10
1.02
0.96
1.39

ub95%

2.61
2.45
2.20

8.54
8.17

5.41
5.51
4.63

4.41

3.80

2.53
2.58
2.23
2.03
2.30

Summary

Not anymore identified as a potential outlier. The outlier status in 2019 was
caused by early implants. Performance has been improving over time and the last
registered primary use was in 2019. System is not currently in active use.

Itis likely that Journey Il was a problematic system in the sense that it registered
above average revision rates in several reporting periods, in particular stemming
disproportionately from some hospitals and surgeons. However, it was also
reported in AR2022 that the revision rates kept improving through the reporting
period. This system is not identified as an outlier anymore.

As of 2022, we combined Physica PS and KR into one system in our reporting. It is
likely that Physica KR/PS was a problematic knee system at least in the hospital
where the majority of implants have been used. The probability of a local hospital
effect must be rated as rather high given the evidence. This system is not identi-
fied as an outlier anymore.

The Genus total knee system has in recent years only been in use in one hospital.
During the 2019 to 2021 period, when the system was introduced in this hospital,
early revision rates were unusually high. The risk-adjusted early revision hazard
ratio exceeds the critical value of 2, but statistical precision is very low. The
likelihood of a local effect explaining the poor performance must be rated as
rather high given the data. Recommended course of action: investigate reasons
for revision and observe future performance.

The Legion total knee system has been in use for many years and early revision
risk is generally within the range of expectations. Legion was detected as a
potential long-term outlier in the 2024 reporting round for the first time because
the 10-year revision rate exceeded a critical threshold just narrowly (over 15%;
the only system in the registry with sufficient numbers reaching this level). It is
noteworthy that patella problems and subsequent (secondary) patella compo-
nents are clearly dominant occurrences. Note that the reported risk-adjusted
hazard ratios refer to all implants with full follow-up (not just 2Y). The results of
the statistical model would suggest that after risk-adjustment, performance is not
quite so elevated as seen in the unadjusted Kaplan-Meier estimates. However,
the standard SIRIS model applied may also be misleading somewhat in this case
due to violation of modelling assumptions. Recommended course of action:
investigate reasons for late revisions and observe future performance.

The Sigma PS-RP total knee system was in use from the inception of the SIRIS
registry and was gradually phased out from 2017 onwards. Revision performance
over the entire time period was almost exactly average and there was certainly
no suggestion that it was an outlier system. However, the last implants used
between 2018 and 2022 in only a few hospitals exhibited very high early revision
rates. The discrepancy between the two risk-adjusted hazard models is an arte-
fact of this development: earlier implants with only age and sex as risk-adjusters
were unremarkable in their performance; later implants with BMI, ASA and
Charnley as adjusters performed clearly worse than the average. System is not
currently in active use.

Itis likely that Journey Uni was a problematic knee system at least between 2015
and 2019, but there were signs of improvement in 2020. The statistical precision
within the report’s main timeframe of interest (2-year revision rate) is relatively
low. Whilst the system actually fell below the outlier boundary in 2022 and has so
far stayed there, the development of the revision risk beyond two years follow-up
strongly suggests an unusual pattern. The system was identified as an outlier

in the first round of long-term-evaluation (from 5 years) in 2022 and this was
confirmed in 2023 and 2024. It should also be noted that the better short-term
revision position since 2022 was also due to the inclusion of poorly performing
“other systems” in the evaluation and thus a right-shift of the outlier boundary.
Recommended course of action: investigate reasons for revisions and observe
future performance. Note that the AR2024 reported risk-adjusted hazard ratios
refer to all implants with full follow-up (not just 2Y), as the implant is now classi-
fied as a potential long-term evaluation outlier.
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List of manufacturers and distributors

List of companies with implants registered in the SIRIS registry

2021

Company

Adler Ortho

Amplitude Switzerland
Argomedical AG

Arthrex Swiss AG

Arthrosurface

ATF

B. Braun Medical AG

CeramTec

Conformis

Corin GSA GmbH

Dedienne Santé

DePuy Synthes Johnson&)Johnson
Exactech International Operation AG
Heraeus Medical Schweiz AG
Implantcast Suisse SA

Lima Switzerland

Link Implants AG

Mathys (Schweiz) GmbH, enovis
Medacta International SA

OHST Medizintechnik AG
Permedica ORTHOPAEDICS (1)
Peter Brehm GmbH (Schweiz)
PLUSOrtho Prothetik GmbH
Smith&Nephew Orthopaedics AG
Stemcup Medical Products AG
Stryker Osteonics SA

Swiss Synergy AG

Symbios Orthopédie SA

United Orthopedic Corporation Suisse SA

Zimmer Biomet
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Headquarters Switzerland

Genf
Cham
Belp

Sempach

Solothurn

Zuchwil/Zug

Zirich
Basel
Rotkreuz
Bern
Bettlach
Frauenfeld

Scairolo di Collina d‘Oro
Dietikon

Oftringen

Baar

Zirich

Biberist

Baar

Yverdon-les-Bains
Yverdon-les-Bains
Winterthur

Corporate domicile

Italy

France
Switzerland
Germany
USA

France
Germany
Germany
Germany
United Kingdom
France

USA

USA
Germany
Germany
Italy
Germany
Switzerland
Switzerland
Germany
Italy
Germany
Switzerland
United Kingdom
Switzerland
USA
Switzerland
Switzerland
Switzerland
USA



Definitions

Acetabular component The part of a hip prosthesis that is
implanted into the acetabulum —the socket part of a ball
and socket joint.

Arthrodesis A procedure in which a natural jointis fused
together.

Arthrofibrosis Rigidity of the joint as a consequence of
connective tissue adhesion.

Arthrotomy The opening of a joint during surgery.

Articulation The two surfaces that move together

(articulate) in atotal joint replacement.

ASA score The scoring system of the American Society of
Anaesthesiologists (ASA) for grading the overall physical
condition of the patient, as follows: I: fit and healthy;
II: mild disease, notincapacitating; Ill: incapacitating

systemic disease; IV: life-threatening disease.

Benchmark Comparing the performances at a specific
hospital to the mean performances of hospitals throughout
Switzerland.

Bilateral Replacing the same joint on both sides of the body
(typically both hips or knees) by means of a prosthesis (here
meaning the replacement on both sides in one session).

Body Mass Index. . Is obtained by dividing body weight

in kilograms by height in meters squared. Interpretation:
<18.5: underweight; 18.5—24.9: normal weight; 25-29.9:
overweight; 30-34.9: obese class |; 35—-39.9: obese class
II;40: obeseclass lll.

Case mix Term used to describe variation in the population,
relating to factors such as diagnosis, patient age, gender
and health condition.

Cement Material (polymethyl methacrylate) used to fix joint

replacements to bone.

Charnley score Clinical classification system — A: one joint
affected; B1: both joints affected; B2: contralateral joint
with a prosthesis; C: several joints affected ora chronic
disease that affects quality of life.

Competing risks survival analysis Method to calculate
survival taking into account various outcomes, in this case

revision and death.

Cumulative incidence Overallincidences over a specific
period of an event (such as the revision of a prosthesis or
death of a patient).

Cumulative revision percentage Overall revision percen-
tage over a specific period.

Femoral component Part of a hip orknee prosthesis that is
implanted into the femur (thigh bone) of the patient.

Girdlestone Hip revision procedure in which the hip joint
or hip prosthesis is removed and no new prosthesis
isimplanted (usually because of a bacterial infection).

Hybrid fixation Fixation of a prosthesis in which one of the
two parts of a prosthesis is cemented and the otherone

uncemented.

Head component Part of a hip prosthesis that is implanted
ontop of the femoral component of a hip prosthesis and
moves inside the acetabular component of the hip joint.

Hospital service volumes In the tables depicting the total
number arthroplasty procedures peryear. Four categories
of hospital service volume were used (<100, 100-199,
200-299, 300+ procedures peryear). The calculation
ofthe annual volume was performed separately for hip
and knee surgeries, using the average of all (primary and
revision) procedures recorded in each hospital service in

2013—2021.

Acetabularinlay (insert) Intermediate component (inner
layer), made usually of polyethylene (but also other materi-
als), which is placed in the acetabular component.

Kaplan-Meier survival analysis Method to calculate sur-
vival, in which only one end point is possible, in this case

revision.

Kernel density plot A variation of a histogram that uses
kernel smoothingto plot values. The underlying kernel is
usually Gaussian distribution. One advantage of density
plots over histograms is that they are not stepped depen-
ding of the number of bins used (histogram bars), but are
always smooth lines. The second advantage is that several
lines can be plotted over each otherand still be visible,
which could be difficult with more than two overlaying
histograms.
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Knee inlay (insert) Intermediate component of the knee
prosthesis. Itis made of polyethylene and placed between
the femoral and tibial components.

Lateral collateral ligament Lateral (outer) knee ligament.

Malalignment Malpositioning of prosthetic components
significantly deviating from physiological norms.

Meniscectomy Meniscus removal.

Metallosis Deposition of metal debris in soft tissues of the
body, usually around the prosthesis.

Osteoarthritis Disease of the joint in which the cartilage is
damaged/destroyed, and the underlying bone altered

Osteochondral bone defect Defect of the joint surface in
which both cartilage and the underlying bone are affected

Osteonecrosis Cellular death of bone tissue.

Osteosynthesis Securing broken bone parts together with

plates, pins and/or screws.

Osteotomy Cut of the bone with a saw or chiselin orderto
correctits position, to shorten or lengthen it.

Patellar component Part of a knee prosthesis that is im-

planted ontheinnerside of the knee cap.

Patellofemoral prosthesis Two-piece knee prosthesis that
provides a prosthetic (knee) articulation surface between

the patella and trochlea (furrow) of the thigh bone (femur).

Primary prosthesis The first time replacement of the origi-
naljoint with a prosthesis.

PROMs Patient Reported Outcome Measures.

Resurfacing hip arthroplasty Hip prosthesis in which the
cup (acetabulum) is replaced and a metal cap is implanted

ontop ofthe femoral head.

Reverse hybrid fixation hip prosthesis Fixation of a hip or
knee prosthesis in which one componentis cemented and

the other uncemented.

Revision A revision procedure is a secondary surgical
procedure of a patient’s hip orknee joint whereby the
complete primary implant or parts thereof are replaced by

new components.
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Reoperation All secondary procedures, where no compo-

nents of the primary implantation are removed.

Revision burden The ratio of revision procedures to all pri-
mary and arthroplasty procedures.

Sarcopenia The degenerative loss of skeletal muscle mass
and strength associated with aging.

Synovectomy Removal of inflamed mucosain a joint.

Tibial component Part of a knee prosthesis thatis inserted in
the tibia (shin bone) of a patient.

Total joint arthroplasty Arthroplasty in which the entire joint
of a patientis replaced.

Unicompartimental knee arthroplasty Replacement of half
the knee (eitherinner or outer side) by a prosthesis.

Abbreviations

ASA American Society of Anaesthesiologists
AVN Avascular Necrosis

BMI Body Mass Index

cl Confidence Interval

CRF Case Report Form

HA Hemiarthroplasty of the hip

HR Hazard ratio

IQR Interquartile range

KLM Kaplan Meier estimate

lb/ub  Lower, upperbound (of a convidential ratio)
MCL Medical Collateral (Inner Knee) Ligament

OA Osteoarthritis
PROMs Patient Reported Outcome Measures
SD Standard Deviation

SHR Subhazard ratio

Sig Significance

TE Treatment effect

THA Total Hip Arthroplasty

TKA Total Knee Arthroplasty

UKA Unicompartmental Knee Arthroplasty



Participating hospitals 2024 (144)

AG
AG
AG
AG
AG
AG
AG
AG
AG

AR
AR
AR

BE
BE
BE
BE
BE
BE

BE

BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE

BS

BS
BS

BL
BL
BL
BL

Group

Asana Gruppe

Asana Gruppe
Gesundheitszentrum Fricktal
Hirslanden Gruppe

Swiss Medical Network

Hirslanden Gruppe

Spitalverbund Appenzell (AR)

Hirslanden Gruppe
Hirslanden Gruppe
Hirslanden Gruppe

Swiss Medical Network SA
Réseau de I’Arc
Swiss Medical Network SA
Réseau de I’Arc

Insel Gruppe

Insel Gruppe

Insel Gruppe
Lindenhofgruppe
Lindenhofgruppe
Spital Emmental AG
Spital Emmental AG
Spitdler fmi
Spitdler fmi

Spital Region Oberaargau SRO
Spital STS

Spital STS

Swiss Medical Network

Universitatsspital Basel

Universitatsspital Basel

Hirslanden Gruppe

Kantonsspital Baselland

Clinic

Kantonsspital Aarau
Kantonsspital Baden
Spital Muri

Spital Zofingen

Spital Leuggern

Spital Menziken

Spital Rheinfelden
Klinik Aarau

Privatklinik Villa im Park

Berit Klinik AG
Klinik Am Rosenberg AG

Spital Herisau

Klinik Hohmad
Spitalzentrum Biel
Klinik Linde AG
Salem-Spital
Klinik Permanence

Hopital de Saint-Imier
Hopital de Moutier

Spital Aarberg
Inselspital, Unispital Bern
Spital Riggisberg
Lindenhofspital
Sonnenhofspital
Spital Burgdorf

Spital Langnau

Spital Frutigen

Spital Interlaken
Spital Langenthal
Spital Thun

Spital Zweisimmen
Privatklinik Siloah
Merian Iselin Klinik fur

Orthopddie und Chirurgie
Standort Bethesda Spital AG

Standort Uni-Spital
Praxisklinik Rennbahn
Klinik Birshof
Bruderholz

Ergolz Klinik

FL

FR
FR

GE
GE

GE
GE
GE

GL

GR
GR

GR
GR
GR
GR
GR
GR
GR

LU
LU
LU
LU
LU
LU

NE

NE

NE
NE
NE

NW

ow

Group

Hopital fribourgeois HFR

Swiss Medical Network

Hirslanden Gruppe
Hirslanden Gruppe

Swiss Medical Network

Klinik Gut
Klinik Gut

Hépital du Jura

Hirslanden Gruppe
Hirslanden Gruppe
Luzerner Kantonsspital LUKS
Luzerner Kantonsspital LUKS

Luzerner Kantonsspital LUKS

Réseau hospitalier
neuchételois

Réseau hospitalier
neuchatelois

Swiss Medical Network

Swiss Medical Network

Clinic
Liechtensteinisches
Landesspital

HFR Hopital cantonal

Clinique Générale Ste-Anne

Hopital de La Tour

Hopitaux universitaires de
Genéve HUG

Clinique La Colline SA
Clinique des Grangettes SA

Clinique Générale-Beaulieu
Kantonsspital Glarus

Flury Stiftung Spital Schiers

Gesundheitszentrum
Unterengadin
Kantonsspital Graubiinden

Regionalspital Surselva AG
Spital Davos

Spital Oberengadin

Spital Thusis

Standort Flasch

Standort St. Moritz

Site de Delémont

Klinik St. Anna AG
St. Anna in Meggen
Luzern

Sursee

Wolhusen

Schweizerisches
Paraplegiker-Zentrum

La Chaux-de-Fonds
Pourtalés

Clinique Montbrillant
Hopital de la Providence

Clinique Volta SA
Spital Nidwalden AG

Kantonsspital Obwalden

SIRIS Report Hip and Knee 2024 Page 187



SG
SG
SG

SG

SG

SG
SG
SG

SH
SH

SO
SO
SO
SO

SZ
Sz
Sz

TG
TG
TG

Tl
Tl
Tl

Tl

Tl

Tl

Tl

UR

VD

VD

VD

VD
VD

Group

Hirslanden Gruppe

Spitalregion Fiirstenland Toggen-

burg

Spitalregion Rheintal
Werdenberg Sarganserland
Spitalregion Rheintal
Werdenberg Sarganserland
Kantonsspital Graubiinden

Kantonsspital St. Gallen

Swiss Medical Network

Spitdler Schaffhausen

Swiss Medical Network

Solothurner Spitdler AG
Solothurner Spitdler AG
Solothurner Spitdler AG

Swiss Medical Network

AMEOS

Spital Thurgau AG
Spital Thurgau AG

Gruppo Ospedaliero Moncucco

Gruppo Ospedaliero Moncucco

Ente Ospedaliero Cantonale
Ente Ospedaliero Cantonale
Ente Ospedaliero Cantonale
Ente Ospedaliero Cantonale

Swiss Medical Network

Clinique CIC Suisse SA

Clinic

Spital Linth

Klinik Stephanshorn AG
Spital Wil

Spital Altstatten
Spital Grabs

Spital Walenstadt
Kantonsspital St. Gallen

Rosenklinik

Kantonsspital Schaffhausen

Privatklinik Belair

Biirgerspital Solothurn
Kantonsspital Olten
Spital Dornach
Privatklinik Obach AG

Spital Lachen
Spital Schwyz
Spital Einsiedeln

Klinik Seeschau
Kantonsspital Frauenfeld

Kantonsspital Miinsterlingen

Clinica Moncucco
Clinica Santa Chiara
Ospedale Regionale di
Bellinzona e Valli

Ospedale Regionale di
Locarno - La Carita

Ospedale Regionale di
Lugano-Civico e Italiano

Ospedale Regionale di
Mendrisio
Clinica Ars Medica

Kantonsspital Uri

CHUV Centre hospitalier
universitaire vaudois

Clinique de la Source
Clinique La Prairie

Clinique CIC Montreux

Ensemble Hospitalier de la Cote EHC Hopital de Morges
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VD

VD

VD

VD
VD

VD

VD
VD
VD

VS
VS
VS
VS
VS
VS

G
ZG

ZH

ZH
ZH
ZH
ZH
ZH
ZH
ZH
ZH
ZH
ZH
ZH
ZH
ZH
ZH
ZH
ZH

Group

Clinic

Etablissements Hospitaliers du Nord Hopital de Saint-Loup

Vaudois eHnv

Etablissements Hospitaliers du Nord Hépital Yverdon-les-Bains

Vaudois eHnv

Groupement Hospitalier de ['Ouest

Lémanique (GHOL)
Hirslanden Gruppe

Hépital intercantonal de la Broye

HIB

Hépital Riviera-Chablais HRC

Réseau Santé Balcon du Jura RSBJ

Swiss Medical Network

Swiss Medical Network

Clinique CIC Valais

Hdépital du Valais -Spital Wallis
Hdépital du Valais -Spital Wallis
Hopital du Valais -Spital Wallis
Hoépital du Valais -Spital Wallis

Swiss Medical Network

Hirslanden Gruppe

Swiss Medical Network

GZ0

Hirslanden Gruppe
Hirslanden Gruppe
See-Spital

Stadtspital Zurich
Stadtspital Zurich
Swiss Medical Network

Swiss Medical Network

Hopital de Nyon

Clinique Bois-Cerf

Payerne

Centre hospitalier de
Rennaz

Site des Rosiers
Clinique de Genolier

Clinique de Montchoisi

Clinique CIC Saxon
Spital Brig

Spital Visp
Hopital de Sion
Hopital de Martigny

Clinique de Valére

Zuger Kantonsspital

AndreasKlinik Cham Zug

Kantonsspital Winterthur
Klinik Pyramide am See
Schulthess Klinik

Spital Biilach

Spital Limmattal

Spital Mannedorf

Spital Uster

Spital Zollikerberg
Universitatsspital Ziirich
Universitatsklinik Balgrist
Spital Wetzikon

Klinik Hirslanden

Klinik Im Park

Standort Horgen
Stadtspital Zirich Triemli
Stadtspital Zirich Waid
Privatklinik Bethanien

Privatklinik Lindberg
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