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CHAPTER 1
General introduction and thesis outline

GENERAL INTRODUCTION AND THESIS OUTLINE

General introduction
Total hip arthroplasty (THA) is a surgical procedure to restore the functionality of
the hip joint after osteoarthritis, trauma, or other diseases that prevent normal
functioning of the hip. THA can be considered as one of the most successful and
cost-effective interventions in medical history and has therefore been called the
operation of the century (1). Annually, large numbers of THA are placed worldwide.
In the USA, projections show that by 2030 over 635,000 primary THAs will be
placed each year (2). Also in the Netherlands, the number of THA is increasing (3).
According to the Dutch Arthroplasty Register (LROI), the number of primary THA
placed in 2010 was 23,350, which increased to over 33,000 primary THA placed in
2019 (4). Projections made in 2010 for the Netherlands showed that by 2030, over
51,000 primary THA will be placed in the Netherlands (3).
The survival of THA in patients over 65 years can be considered exceptional (5-7).
After the procedure, patients report a significant increase in quality of life, experience
a regained physical mobility and report a reduction in pain (8).
Due to the success of THA in the elderly population, this procedure is nowadays
also offered to an increasing number of younger patients as well. By the year 2030,
more than half of all primary THA will be placed in patients younger than 65 years
of age, with the biggest increase expected in patients aged between 45 and
54 years (2, 9). In these young patients, the primary diagnosis for THA is more
often secondary osteoarthritis, where developmental dysplasia of the hip (DDH),
osteonecrosis and Post-Perthes disease are often the reason for developing
end-stage secondary osteoarthritis (4). Literature shows that the outcome in terms
of survival of THA in patients younger than 55 years is inferior when compared to
older patients, especially in the mid- and long-term (4-7, 10-14). Due to this inferior
outcome of primary THA in young patients, the increase in number of primary THA
placed in young patients and the fact that many young patients will outlive their
prosthesis due to their longer life expectancy, an increase in number of revision hip
arthroplasty is inevitable in this young patient group (9, 10). Therefore, it is of major
importance to evaluate the outcome of primary and revision THA in these younger
patients (15-17). This can help patients in the decision-making process prior to
primary surgery, as they need to be informed on the long-term results of THA, and
their chances in facing future revisions and staying mobile in their future life.
The focus of this thesis is on the survival and outcome of patients younger than
55 year with a total hip replacement. Using data from the Dutch Arthroplasty Register,
we aimed to identify trends in used implants and techniques in THA in young
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patients, investigated patient and surgical factors related to early revisions, and
determined the outcome of revision hip arthroplasty in this patient group.

The history of total hip arthroplasty
The earliest attempts of THA were performed at the end of the 19th century, where
ivory was used to replace a femoral head of patients with an affected hip joint as a
result of tuberculosis. In 1925, Smith-Petersen introduced the first mould
arthroplasty made of glass, which consisted of a hollow hemisphere fitting between
the femoral head and acetabulum, to provide a new smooth surface for movement
(1, 18, 19). In 1938, Wiles described the first prosthetic THA using stainless steel
components which were fixated to the bone using screws (20). However, it was Sir
John Charnley who revolutionized the concept of THA with the introduction of a
low friction arthroplasty. It consisted of three parts; a metal femoral stem with a
fixed metal head, a polyethylene acetabular component and acrylic bone cement
(21). He made three contributions to the evolution of THA; the concept of low
friction arthroplasty by using a small femoral head that was rotating in a polyethylene
cup, the use of bone cement for fixation of components to the bone and the
introduction of high-density polyethylene as bearing material (1, 21). This concept
acted as the base for many new designs that have been developed in the last
decades.
After the introduction of the of a low friction prosthesis by Charnley, many new
innovations took place in THA. Early failures of cemented stems were associated
with areas of bone destruction and osteolysis. It was believed that this was caused
by cement particles, which resulted in early loosening of cemented components
(22, 23). This resulted in the development of prostheses that could be implanted
without the use of bone cement; cementless THA. These components were
designed with a porous or roughened surface to allow bony ingrowth to the
component, in order to provide a stable implant. Cementless implants are still very
common in current hip arthroplasty.
However, the problem of osteolysis was not solved with the introduction of
cementless implants. Further research indicated that polyethylene debris was
causing loosening of the implant. Therefore, new bearing surfaces were introduced
to overcome this problem, such as the use of cross-linked polyethylene,
metal-on-metal bearings or ceramic-on-ceramic bearings. However, especially the
use of large headed metal-on-metal components raised concerns about high
levels of metal ions within the body, resulting in adverse effects (24, 25).
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A recurring concept throughout the history of hip arthroplasty is the hip resurfacing
arthroplasty (HRA). The most early designs of HRA originate from the 1940s, but the
first designs combining the use of two components placed over the femoral head
and in the acetabulum were introduced in the 1970s (26). These designs were
developed to overcome the fact that most patients were unable to return to high
impact sports or high functional demands (27). It was thought that this bone sparing
procedure would lead to easier options for revision, and would result in the ability
to return to high impact sports, as it would more closely mimic the anatomy of a
natural hip joint (28). Unfortunately, these early designs showed poor long-term
survival compared to THA (29, 30). However, in an effort to overcome the poor
survival, HRA was reintroduced in the 1990s using low wear metal-on-metal as
bearing type (31, 32).
Although the introduction of new designs in hip arthroplasty were not always
successful, these examples show that research and developments in THA were
always focused on finding new bearings, designs and techniques, in an attempt to
find the combination that resulted in the fewest complications and best long-term
survival (1, 18).

The history of arthroplasty registers
With the introduction of new prosthesis designs and the use of new materials, it
was Göran Bauer, an orthopaedic surgeon form Sweden, who realised that it would
be impossible for an individual surgeon to base the choice of an optimal operative
treatment on his/her own experience (33). Additionally, the literature available in
that time gave little guidance, since it mainly dealt with reports of specific methods
or implants used in various conditions. Therefore, he recognised that there was a
need for a multicentre project to gather enough experience to judge the
performance of the newly designed implants (34, 35). Although the first registry on
joint prostheses was initiated in 1969 at the Mayo Clinic in Rochester (MN, USA), the
first nationwide registry on joint prosthesis was established in Sweden in 1975,
which collected data on total knee arthroplasty; the Swedish Knee Arthroplasty
Register (SKAR). The aim was to give early warning of inferior designs and present
results based on the experience of a whole nation instead of that of specialized
hospitals. In that same year, a national study on all reoperations after THA was
initiated in Sweden by Peter Herberts. It was designed as a retrospective trial that
would last for 2 years (1976-1977). The goal of this study was to learn more about
severe complications of THA and thereby improve the results of this procedure (36).
Almost all hospitals performing hip replacement surgery participated in this study.
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Encouraged by the success of this project, the orthopaedic profession in Sweden
was asked again to participate in a prospective and continuous national multicentre
study of reoperations after THA. With this study, the Swedish Hip Arthroplasty
Register (SHAR) was founded in 1979 as the first nationwide register focusing on
reoperations after total hip arthroplasty (36, 37). Up to 1991, participating hospitals
delivered details about primary hip arthroplasties on an aggregated level and for
each year. Since 1992, all primary total hip arthroplasties were also recorded in
detail in the SHAR (36).
Thereafter, more Scandinavian countries followed, with the introduction of the
Finnish National Arthroplasty Register in 1980, the Norwegian Arthroplasty Register
in 1987 and the Danish Hip Arthroplasty register in 1995 (37, 38). In 1998, the first
English-language arthroplasty registry was initiated, with the New Zealand Joint
Registry for THA and TKA. After New Zealand, the Australian Orthopaedic Association
National Joint Replacement Registry was founded in 1999, the nationwide Canadian
Joint Replacement Registry in 2001 and the National Joint Registry of England and
Wales in 2002. In 2007, also in the Netherlands a joint registry was established; the
Dutch Arthroplasty Register (Landelijke Registratie Orthopedische Implantaten, LROI).
Already within a few years after the establishment of several national joint registries,
some very important results were found, and the advantages and possibilities of
using data of national joint registries became very clear and evident. For example,
from the Norwegian register, it became clear that the use of a new type of bone
cement (BoneLoc) introduced in the early 1990s, resulted in an increased failure
rate after only 2 years follow-up (39). Another finding was the higher failure rate of
certain hip resurfacing designs. Data from the National Joint Registry of England,
Wales, Northern Ireland and the Isle of Man showed that one particular design, the
ASR implant, had a higher revision rate compared to other hip resurfacing designs
and to total hip replacements, which resulted in the ASR implant being withdrawn
from the market in 2010 (28, 40).

Dutch Arthroplasty Register
After a first attempt to start a nationwide registry in the Netherlands failed in 1992,
the Dutch Arthroplasty Register was initiated by the Netherlands Orthopaedic
Association (NOV) in 2007 (37, 41). In 2007, the LROI started with the registration of
total hip- and total knee arthroplasty. Since 2014, shoulder-, ankle- and elbow
arthroplasties are registered within the LROI. In 2016, wrist- and finger arthroplasty
were also added. The primary goal of the registry is to provide traceability of all
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orthopaedic implants used in the Netherlands and to provide information of results
of orthopaedic implants on a nationwide basis to patients, orthopaedic surgeons,
hospitals, health insurance companies and industry (41).
Registration in the LROI is performed using a registration form available in the LROI
portal, to collect patient- and surgical characteristics (Figure 1). When the form is
filled in by the surgeon, the information is subsequently entered in a central
database. The LROI contains information on patient characteristics, surgical- and
prosthesis characteristics, and Patient Reported Outcome Measures (PROMs).
When a new patient is entered in the LROI, the patient receives an automatically
generated patient number. To register a new patient in the LROI, hospital patient
number, gender, date of birth and (encrypted) social security number (BSN) are
required. These variables do not change over time, so remain the same for all future
procedures registered for that specific patient. When registering a surgical procedure,
the joint, type of procedure (primary or revision), side of procedure, date of
procedure, and hospital of procedure are entered in the LROI. Additional patient
characteristics, such as postal code, Body Mass Index (BMI), smoking status,
diagnosis, ASA-classification, Charnley-score and previous operations are also
entered at the moment of registering a new surgical procedure, as these variables
might change over time (42). Date of death of a patient is registered within the LROI
using data of Vektis, a company collecting data on the costs and quality of health
care in the Netherlands (43).
Besides patient characteristics, also surgical- and prosthetic characteristics are
collected in the LROI. Anonymized surgeon number, type of prosthesis, surgical
approach and method of fixation are registered for each procedure. For THA, the
acetabular component, the femoral component, the femoral head and the inlay
component are registered. In case of cemented fixation, also the type of cement
used can be registered. Stickers attached to the components by the manufacturers
can be placed on the registration form. The sticker of each prosthesis component
contains a product number (REF-number) and a batch number (LOT-number)
(Figure 2). The product number can be used to identify the characteristics of the
prosthesis, where the batch number can be used to identify the production details
of that specific component of the prosthesis. Prosthesis characteristics are derived
from an implant library within the LROI, which contains several core characteristics
of all prostheses used in the Netherlands since 2007. The characteristics include
the name of the prosthesis, the manufacturer, the component, the type, the material,
the coating of the prosthesis, the method of sterilization of the polyethylene, and
the diameter of the femoral head (44, 45). At the moment, there are more than
36,000 different components within the implant library of the LROI (42).
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Heup Primair
Landelijke Registratie Orthopedische Implantaten

Heup Primair:
Eerste plaatsing
van prothese ter
vervanging van
het heupgewricht

Versie: 1 oktober 2016

Ponsplaatje of patiëntsticker

Patiënt
Ziekenhuispatiëntnummer

Burger Service Nummer (BSN)

Postcode (alleen cijfers)
Roken

Lengte (cm)
☐ Nee

☐ Ja

Gewicht (kg)

BMI*

Diagnose
Diagnose1

☐
☐
☐
☐
☐

Artrose
Dysplasie
Reumatoïde artritis
Fractuur (acuut)
Osteonecrose

ASA classificatie

☐
☐
☐
☐

I
II
III
IV

Normaal gezonde patiënt
Patiënt met matige systemische afwijkingen
Patiënt met ernstige systemische afwijkingen, die beperken maar niet invalideren
Patiënt met zeer ernstige afwijkingen, die chronisch bedreigend zijn voor het leven

Charnley score

☐
☐
☐
☐

A
B1
B2
C

Eén heupgewricht aangedaan met artrose
Beide heupgewrichten aangedaan met artrose
Contralaterale heupgewricht met een heupprothese
Meerdere gewrichten aangedaan door artrose of een chronische ziekte die de kwaliteit
van leven beïnvloedt (voornamelijk lopen)
Niet van toepassing, geen sprake van artrose

☐

☐
☐
☐
☐
☐
☐

Post-Perthes
Tumor (primair)
Tumor (metastase)
Laat posttraumatisch
Inflammatoire artritis
Andere diagnose, specificeer

Type operatie
Specialisme

☐ Orthopedie

☐ Traumachirurgie

Operatiezijde

☐ Rechts

☐ Links

Type prothese

☐ Totale heupprothese
☐ Kophalsprothese

☐ Resurfacing prothese
☐ Ander type prothese, specificeer

Benadering

☐ Direct lateraal
☐ Posterolateraal
☐ Anterolateraal

☐ Anterieur
☐ Trochanter osteotomie
☐ Anders, specificeer

Botgraft gebruikt2

☐ Nee

Operatiedatum

BIG nummer hoofdoperateur
BIG nummer assisterend chirurg

☐ Ja, autograft

☐ Ja, allograft

☐ Ja, combinatie van auto- en allograft

Figure 1 Registration form used to collect patient- and surgical characteristics in the LROI
(www.lroi.nl)
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Figure 2 Sticker with characteristics of component used (www.lroi.nl)

Next to patient characteristics, surgical- and prosthetic characteristics, also Patient
Reported Outcome Measures (PROMs) are collected within the LROI. The registration
of PROMs was initiated in 2014. With every surgical procedure registered in the LROI, at
three different time points (within a range defined by the LROI) PROMs questionnaires
can be registered; pre-operatively (a maximum of 182 days preoperatively), 3 months
postoperatively (between 63 and 110 days postoperatively) and 12 months postoperatively (between 323 and 407 days postoperatively). The Netherlands Orthopaedic
Association (NOV) advised which PROMs to collect (46). For THA, collected PROMs
consist of general PROMs and joint-specific PROMs (42). The general PROMs
collected are a Numeric Rating Scale (NRS) measuring pain during activity and in
rest, the EuroQoL 5-Dimensions (EQ-5D-3L) questionnaire with EQ-5D index score
and thermometer to measure health perception and health-related quality of life
and an anchor question (only measured postoperative). Hip-specific PROMs consist
of the Oxford Hip Score (OHS) (47), and the Hip disability and Osteoarthritis Outcome
Score (HOOS-PS) to assess physical functioning and disability (48). All questionnaires
are available for the patient on paper or online, and are subsequently entered in the
LROI. It is also possible for the patient to receive an automated notification by email
to fill in the post-operative questionnaires. As recommended by the NOV, PROMs
are only collected for patients with primary osteoarthritis as diagnosis (46, 49).
Collecting PROMs of patients with other diagnoses is optional for hospitals.
Additionally, the collection of the OHS was also optional for hospitals. However,
this advice changed since 2020, where the NOV recommended to collect the OHS
for all patients with primary osteoarthritis, and to make collection of the HOOS-PS
score optional for hospitals (46).

Completeness of the LROI
A high completeness of a national arthroplasty registry is of major importance, for
a good assessment of the quality of orthopaedic arthroplasty care (50). The first
three years of the LROI (2007-2009) are considered as a starting phase of the
register. In 2007, 59 hospitals (64%) reported to the LROI, which increased to 87
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hospitals (96%) in 2008, and 90 hospitals (98%) in 2009. Since 2009, the proportion
of hospitals participating to the LROI has been over 98%. In 2012, all hospitals in the
Netherlands performing THA reported to the LROI (44).
The completeness of the LROI has been assessed and validated, and is reported
each year in the annual report (4, 44, 51). Two methods are used to determine the
completeness of registration data in the LROI. Data from the LROI is validated using
data from Vektis, which is a company established by health insurers. Vektis collects
and analyses data on the costs and quality of health care in the Netherlands. Data
from Vektis mainly originates from reimbursement files of health care insurers.
Therefore, Vektis has national data on medication use, data on primary health care
and any other types of insured care in the Netherlands (52). A second method used
is to validate the data within the LROI using data from the hospital information
system (HIS) of each hospital. Every hospital in the Netherlands has its own
electronic HIS, which contains patient medical records. Each HIS contains
administrative patient information and administration of hospital visits. A study on
the LROI data for the years 2009-2012 using data of Vektis showed a completeness
of 88% for primary THA in 2009. This increased to 98% for primary THA in 2012.
Additionally, a comparison using data from all HIS showed a completeness of 97%
of primary THA in 2013. The completeness of revision hip arthroplasty was 88% is
2013 (44, 53). According to the most recent annual report, 100% of the hospitals
performing primary THA in the Netherlands reports to the LROI (4). The
completeness of primary THA reached 99% in 2019, based on data from the HIS of
each participating hospital. The completeness of revision hip arthroplasty reached
97% in 2019 (4). Therefore, the completeness of the LROI for both primary- and
revision THA can be considered high in most recent years when compared with the
completeness of other national joint registries (5-7).
Not only the completeness of a national arthroplasty registry is of importance, but
also the validity of the data registered. Therefore, it is important that the quality of
the data in the registry is evaluated and validated on a regular basis (54). Within the
LROI, there are certain conditions for data entry to increase the validity of the data,
such as ranges for dates (date of birth, date of surgery), or a notification message
when there is no data entered in a certain field (42). Each hospital is able to check
the validity of their data within the LROI using the LROI dashboard. In 2019, the
validity of the registration of THA in the LROI was 96.0%. Additionally, the validity of
variables as gender, date of birth, type of procedure and side of procedure was
100% in 2019, where validity for BMI, smoking, ASA-classification and fixation was
ranging between 97.6% and 99.7% (4). Thereby, next to the completeness, also the
validity of data within the LROI can be considered high.
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THA in young patients
Originally, THA was intended for the elderly patient suffering of osteoarthritis.
However, in the last decades, there has been an increase in the number of THA
placed in patents younger than 55 years. For example, Kurtz et al. projected the
demand of primary THA in the population younger than 65 years of age in the
United States (9). They projected that by 2030, 52% of all primary THA placed in the
United States, will be in patients younger than 65 years. The biggest growth was
expected in the group of patients between 45 and 54 years old. Where in 2006
approximately 34,300 patients in that age group received a primary THA, projections
show that in 2030 approximately 202,500 patients between 45 and 54 years will
receive a THA, resulting in an increase by a factor of 5.9. Also in other age groups
the demand for THA is projected to increase, with a factor of 3.3 in patients younger
than 45 years and a factor 3.9 in patients between 55 and 64 years. In other
countries, the increase in primary THA in young patients was also described. In
Finland, the incidence of THA in patients younger than 60 years had an annual
increase of 4.5% between 1980 and 2007. The growth was especially pronounced
in patients in age groups 40-49 and 50-59 years (55).
Also in the Netherlands, the number of primary THA in young patients is increasing
(4). In 2010, 1,047 primary THA were placed in patients younger than 50, and 2,798
in patients between 50-59 years. In 2019, this increased to 1,390 primary THA in
patients younger than 50 years, and 4,093 in patients between 50-59 (Table 1).
Table 1 Proportion (%) per year by age category in primary THA
2010
<50

2011

2012

2013

2014

2015

2016

2017

2018

2019

4.49

4.48

4.63

4.69

4.76

4.73

4.46

4.43

4.32

4.18

50-59

12.00

12.48

12.30

12.76

12.34

12.39

12.59

11.99

12.18

12.31

60-69

31.16

31.90

32.15

32.29

32.36

32.76

32.81

31.18

30.21

30.13

70-79

37.17

36.22

35.71

35.10

35.63

35.05

35.41

37.51

38.01

38.87

>80

15.18

14.92

15.22

15.16

14.92

15.06

14.74

14.89

15.28

14.51

Total (n) 23.315 23.865 25.362 26.097 28.150 28.873 29.651 30.449 31.927 33.248

The outcome of THA in the younger population is suggested to be inferior when
compared to the general THA population. Several registry reports and cohort
studies show a lower survival of THA in younger patients (4-7, 10, 12, 56, 57). In
Figure 3, the cumulative failure rate of all THA placed in the Netherlands is shown
by age category. The failure rate of patients younger than 50 years of age is around
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2020, available from: https://www.lroi-report.nl/)

Figure 3 Cumulative revision percentage of total hip arthroplasties by age category in the Netherlands in 2007-2019 (n=314,245) (LROI Report
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8% at 11 years follow-up, and failure rates decrease with age. For patients older than
80 years, the failure rate is around 3% at 11 years follow-up. Therefore, it is clear that
the outcome of THA in younger patients, in terms of survival of the primary
prosthesis, is lower when compared to older patients.
Another method that exposed the higher failure rate of THA in younger patients
was described by Bayliss et al. (10). They introduced the use of the lifetime revision
risk (LTRR) as an approach to illustrate the risk of revision surgery following hip
replacement. Lifetime risk data describes the probability of an event occurring over
the course of a lifetime. Using LTRR, the problems faced by younger patients
became clearly exposed. For patients aged 50–54 years, LTRR increases up to 29%,
compared to 5% in patients over 70 years. Therefore, it is clear that survival of THA
in patients younger than 55 years is inferior when compared to patients in older age
groups.
A first important reason for higher failure rates in these younger patients are the
more complicated primary surgeries, due to congenital, developmental, or
traumatic anatomical abnormalities in this patient group. In 2019, 86.5% of all
primary THA placed in the Netherlands was due to primary osteoarthritis of the hip.
However, only 3% of all primary THA placed because of primary osteoarthritis, was
in patients younger than 50 years, and 12% in patients between 50-59 years. More
complex diagnoses were more prevalent in younger patient groups. For example,
developmental dysplasia of the hip (DDH) was the diagnosis for primary THA in 1.6%
of all THA placed in the Netherlands in 2019. However, 42% of those cases were in
patients younger than 50 years, and 30% in patients between 50-59 years. Also
other diagnoses, such as (avascular) osteonecrosis and Post-Perthes disease, were
more often seen in younger patients, resulting in more complex primary surgery in
this patient group.
A second important reason for a higher failure rate in young patients, is a higher
activity level in this patient group after the procedure. Younger patients are willing
to return to work, sports and physical social activities in their daily life (12). This
results in an increased load on the prosthesis, which may result in early wear of the
components and loosening of the implant (58-60).
Lastly, due to their younger age, these patients will most certainly outlive their
primary THA. Therefore, revision surgeries are often inevitable in this patient group.
The importance of anticipating on future revisions that young patients will face has
to be emphasized. Only if these patients are revisable at the moment of a failed
primary or revision implant, patients can maintain a high level of mobility.
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Outline of this thesis
Since the number of primary THA placed in younger patients is increasing, and the
survival of these prostheses is lower compared to older patients, we analysed the
outcome of THA in young patients in the Netherlands using data from the Dutch
Arthroplasty Register.
We aimed to determine which procedures are most successful, and investigated
which implant or technique produced the highest functionality one year after THA.
Additionally, the Department of Orthopaedics of the Radboudumc has a long
tradition in treating young patients with a total hip replacement. Within this project,
using the local register, the outcome of these patients was evaluated in this thesis
with a special focus on long-term survival data and the outcome of subsequent
revisions.

Questions addressed is this thesis:
1. What are trends in method of implant fixation, bearing type, head diameter and
surgical approach in the last ten years in patients younger than 55 years old in
the Netherlands using data from the Dutch Arthroplasty Register?
2. What is the influence of both patient-related and surgical factors on the risk of
early revision procedures in young patients?
3. What are the differences in the method of fixation used between primary and
revision hip arthroplasty in young patients, and what are reasons for these
differences?
4. What is the outcome of primary THA and their subsequent revision procedures
in patients younger than 50 years performed in the Radboudumc using a
standard surgical procedure?
5. What is the clinical and radiographic outcome of cemented revision THA
performed with impaction bone grafting in patients younger than 55 years old.
6. What is the mid-term failure rate of revision hip arthroplasty performed in
patients younger than 55 years?
7. Is there an improvement of PROMs in young patients receiving primary THA?
Can different recovery trajectories be identified in this patient group, and what
are factors associated with an improvement in PROMs?
Chapter 2 presents an overview of trends in both patient- and surgical characteristics
in young patients with a primary THA in the Netherlands. It describes the trend in
method of fixation, bearing surface, surgical approach and head diameter over
time since the start of registration. Additionally, it provides the 5-year survival rate
stratified for year of procedure of THAs placed between 2007 and 2011. In Chapter 3,
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the focus is on the risk of revision in young patients. Survival of all THA in young
patients in the Netherlands was determined up to 5 years, and the association
between patient- and surgical characteristics and the risk of early revision was
estimated.
In literature, there is limited information on the method of fixation in revision hip
arthroplasty. Therefore, in Chapter 4, we included a large cohort of primary THA
and their subsequent revision procedures in patients younger than 55 years at the
moment of primary THA. We aimed to assess differences in the method of fixation
used between primary and revision hip arthroplasty in young patients. Additionally,
we determined the survival of revision procedures that changed or did not change
in method of fixation.
In Chapter 5, we determined the outcome of more than 1,000 THA in patients
under 50 years at primary procedure performed at the Radboudumc using a
standard surgical procedure. Due to their young age at primary THA, revision
surgeries in young patients are often inevitable and even more challenging than
primary surgery. However, there is little data available on the outcome of these
revision procedures in young patients. Therefore, the focus in this chapter was not
only on the outcome of primary THA, but also on the outcome of their subsequent
revisions and re-revisions.
In Chapter 6, we analysed the clinical and radiographic outcome of young patients
who received a cemented revision at the Radboudumc, with impaction bone
grafting on both the acetabular and femoral side.
In Chapter 7, we focused on the outcome of revision hip arthroplasty. Understanding
of the extent of the problem in revision arthroplasty in young patients is of major
importance, not only to reduce the number of re-revisions, but also to provide
realistic expectations for this young patient group. We aimed to determine the
failure rate of revision hip arthroplasty performed in patients younger than 55 years
of age using data from the LROI.
In Chapter 8, we identified and analyzed recovery trajectories in young THA patients
up to one year postoperatively using PROMS.
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CHAPTER 2

Abstract
Background: Total hip arthroplasty (THA) is one of the most successful interventions
in medical care. Because of shifting trends in THA, and failure rates being higher in
younger patients, we aimed to assess trends in implant fixation, bearing type, head
diameter and surgical approach in patients younger than 55 years old in the
Netherlands using data from the Dutch Arthroplasty Register (LROI).
Methods: Trends in method of implant fixation, bearing type, head diameter and
surgical approach were analyzed over year of surgery (2007 to 2016) and over age
groups (< 25, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54 years).
Results: Between 2007 and 2016, a total number of 19,915 primary THA were
performed in patients <55 years. Osteoarthritis was the most prevalent diagnosis
(66.1%). Uncemented fixation was used in 79.5% of all performed THAs. The use of
32 mm head diameters increased (from 32.6% in 2007 to 50.1% in 2016), where an
increasing trend towards the use of ceramic-on-polyethylene as most frequently
used bearing type was present (from 37.5% in 2007 to 53.8% in 2016). The
posterolateral surgical approach was the most frequently use approach, however,
the anterior approach is used increasingly (0.1% in 2007 to 21.1% in 2016). Ceramic-on-polyethylene bearing surfaces, 32 mm head diameters and the anterior
approach were most commonly used in patients between 50-54 years.
Conclusion: There was a clear preference for uncemented fixation in young
patients. In head diameter, bearing type and surgical approach clear trends were
visible. Characteristics of THA in young patients were subject to changing
perspectives.

28

TRENDS IN TOTAL HIP ARTHROPLASTY

Introduction
Total hip arthroplasty (THA) has proven to be one of the most successful interventions
in medical care (1). Although THA was originally intended for elderly people, an
increasing number of procedures is performed in younger people (2-5). Projections
by Kurtz et al. (3) show that by the year 2030, 52% of primary THA will be implanted
in patients younger than 65 years, where the biggest growth is expected in patients
aged 45-55 years. Also in the Netherlands, the number of THA in this age group has
been projected to increase (6).
The outcome of THA in older patients can be considered exceptional (7-9). After
the procedure, patients report a significant increase in quality of life, experience a
regained physical mobility and reduction in pain (10). However, the outcome of
THA in patients younger than 50 years is still inferior when compared to older
patients, especially in the mid- and long-term (9, 11-13). Young patients outlive their
prosthesis due to their longer life expectancy, and the less successful survival of
THA in patients younger than 65 years old leads to higher revision rates (9, 14).
In the last ten years, the overall viewpoint towards THA has changed. For example,
fixation of THA shifted towards an uncemented approach at the expense of
cemented fixation. Another trend was the increase in use of large metal on metal
heads, where the use of these heads phased out after 2012 because of reported
higher failure rates (7-9, 15).
Because of these shifting trends in the perspective towards THA in general, and
failure rates being higher in younger patients, it is valuable to analyse trends in THA
characteristics in this young patient population.
Therefore, the aim of our study was to assess trends in method of implant fixation,
bearing type, head diameter and surgical approach in the last ten years in patients
younger than 55 years old in the Netherlands using data from the Dutch Arthroplasty
Register.

Methods
The Dutch Arthroplasty Registry (LROI; www.lroi.nl) collects data about joint
arthroplasties on a nationwide basis. Initiated by the Dutch Orthopaedic Association,
data collection started in 2007. The LROI contains information on patient characteristics (e.g. age, sex and BMI), surgical approach, fixation and characteristics of the
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prostheses. Bearing type and femoral head size were based on an implant library
within the LROI, which contains several core characteristics of all prostheses used
in the Netherlands (16). Coverage of all Dutch hospitals was reached in 2012,
completeness of registered primary procedures was over 95% since 2012 (16, 17).
Patients under 55 years of age, who received a primary THA in the Netherlands
between the start of registration in 2007 and 31 December 2016, were included in
our study population. The cut-off point for 55 years was chosen because this is the
general consensus in literature and other register reports (9, 18).

Statistical analysis
Descriptive statistics were used to summarize the data. Continuous variables were
presented as median and interquartile range, categorical data as counts and
percentages. Data were categorized by year of surgery (2007-2016) and age group
(< 25, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54 years).
Temporal trends and trends over age groups in THA characteristics were visually
portrayed and described using graphical and tabular presentations.
To analyze if trends in THA characteristics have an effect on short-term survival,
Kaplan-Meier survival analyses were performed to estimate the 5-year survival for
THA placed in 2007-2011, with endpoint revision for any reason. These years were
selected as for these years a complete 5 years follow-up was available. Differences in
survival between years were tested using log-rank tests. All analyses were performed
using statistical software (IBM SPSS Statistics 22). R version 3.2.4 (R Foundation
for Statistical Computing, Vienna, Austria) was used for data visualization.

Results
Patient characteristics
A total of 19,915 primary THAs in patients aged under 55 were registered. From the
moment coverage of all Dutch hospitals was reached in 2012, the number of THA
increased from 2,177 to 2,689 in 2016, an increase of almost 25% in 5 years. The
largest proportional increase was seen in patients aged between 45 and 49 years;
from 183 THAs in 2007 to 728 THAs in 2016 (Table 1).
Median age of all included patients was 49.0 years (IQR: 45.0 - 52.0). 53.7% of
procedures were performed in women.
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Table 1 Number of THAs by age group across years

2007

< 25

25-29

30-34

35-39

40-44

45-49

50-54

Total

30

20

21

53

96

183

374

777

2008

24

31

29

80

139

277

585

1164

2009

33

32

61

88

201

343

797

1552

2010

38

37

63

116

257

515

898

1922

2011

44

38

81

121

246

522

994

2045

2012

48

31

63

126

297

580

1032

2175

2013

53

50

68

126

308

597

1166

2366

2014

68

40

83

120

309

699

1280

2599

2015

62

50

69

144

300

721

1569

2613

2016

41

42

76

151

260

728

1391

2685

2

The most prevalent diagnosis was osteoarthritis (66.1%), followed by hip dysplasia
(9.8%), osteonecrosis (9.8%), trauma (4.2%), fracture (2.5%), rheumatoid arthritis
(2.2%) and other causes (5.4%) (Table 2). Noteworthy are the relative high percentages
of dysplasia and post-Perthes in the patient groups <25, 25-29 and 30-34 years
(Table 3).

Trends over year of surgery
Fixation
The majority of implants placed between 2007 and 2016 were placed using
uncemented fixation (Figure 1a). Cemented implants accounted for 9.7%, and
reversed hybrid (cemented cup, uncemented femur) for 8.2% of procedures. Hybrid
fixation (uncemented cup, cemented femur) was used in 1.6% of cases.
In the last decade, hybrid and reversed hybrid fixation have been increasingly used;
the growth of reversed hybrid fixation is noteworthy: in 2007, 1.8% of THAs were
fixated using the reversed hybrid method. In 2016, this had increased to 9.5%. The
total number of hybrid fixation (including reversed) increased from 2.6% in 2007 to
11.7% in 2016 (Figure 1a). The use uncemented fixation was relatively stable over the
study period.

Head size
In 2007, the most commonly used head diameter was 28 mm (41.4%). The use of
28 mm diameter heads declined over the years from 41.4% in 2007 to 19.5% in 2016
(Figure 1b). The use of large femoral heads (≥38 mm) also declined remarkably. In
2009, 12.5% of THAs used a large femoral head, however, thereafter the use of
large heads decreased to almost zero. In 2016, the most common diameter for this
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Table 2 Demographic characteristics by year of surgery
Total (%)

2007 (%)

2008 (%)

2009 (%)

2010 (%)

Number of THA

19,915

777 (3.9)

1,165 (5.8)

1,555 (7.8)

1,924 (9.7)

Median age (IQR)

49.0 (45.0-52.0) 49.0 (43.0-52.0) 50.0 (44.0-52.0) 50.0 (44.0-53.0) 49.0 (44.0-52.0)

Male, N (%)

9,215 (46.3)

Median BMI (IQR)1

26.9 (24.1-30.5)

338 (43.6)

509 (43.9)

711 (45.8)

876 (45.6)

Diagnosis
Arthrosis

13,156 (66.1)

520 (66.9)

719 (61.7)

955 (61.4)

1,231 (64.0)

Dysplasia

1,957 (9.8)

49 (6.3)

106 (9.1)

149 (9.6)

175 (9.1)

Osteonecrosis

1,944 (9.8)

72 (9.3)

125 (10.7)

173 (11.1)

222 (11.5)

Late Posttraumatic

840 (4.2)

13 (1.7)

14 (1.2)

61 (3.9)

98 (5.1)

Fracture

492 (2.5)

26 (3.3)

67 (5.8)

54 (3.5)

31 (1.6)

RA

435 (2.2)

19 (2.4)

37 (3.2)

42 (2.7)

54 (2.8)

Post-Perthes

387 (1.9)

6 (0.8)

9 (0.8)

40 (2.6)

48 (2.5)

IA1

37 (0.2)

Other

667 (3.3)

72 (9.3)

88 (7.6)

81 (5.2)

65 (3.4)

ASA-class.
ASA I

9,327 (46.8)

274 (35.3)

527 (45.2)

845 (54.3)

1,017 (52.9)

ASA II

8,396 (42.2)

143 (18.4)

283 (24.3)

540 (34.7)

737 (38.3)

ASA III-IV

1,369 (6.9)

25 (3.2)

105 (9.0)

115 (7.4)

132 (6.9)

Missing

824 (4.1)

335 (43.1)

250 (21.5)

55 (3.5)

38 (2.0)

384 (49.4)

597 (51.2)

786 (50.5)

954 (49.6)

Charnley-class.1
A

4,217 (21.2)

B1

1,906 (9.6)

B2

1,049 (5.3)

C

129 (0.6)

Missing/Unknown

12,462 (62.6)

Side (%)
Right

10,290 (51.7)

1:

Available since 2014
RA: rheumatoid arthritis, IA: Inflammatory arthritis

patient group was 32 mm. In 2007, approximately one out of three THAs (32.6%)
had a femoral head diameter of 32 mm; by 2016, this had increased to 1 out of 2
(50.1%). The use of 36 mm femoral heads increased from 9.4 % in 2007 to 20% in
2016 (Figure 1b).
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2011 (%)

2012 (%)

2013 (%)

2014 (%)

2015 (%)

2016 (%)

2,046 (10.3)

2,177 (10.9)

2,368 (11.9)

2,599 (13.1)

2,615 (13.1)

2,689 (13.5)

49.0 (44.0-52.0) 49.0 (44.0-52.0) 49.0 (44.0-52.0) 49.0 (45.0-52.0) 49.0 (45.0-52.0) 50.0 (45.0-52.0)
953 (46.6)

1,332 (65.1)

1,012 (46.5)

1,077 (45.6)

1,248 (48.1)

1,265 (48.4)

1,226 (45.6)

26.9 (24.1-30.4)

26.9 (24.1-30.5)

26.9 (24.2-30.7)

1,696 (65.3)

1,775 (67.9)

1,833 (68.2)

1,496 (68.7)

1,599 (67.5)

200 (9.8)

197 (9.0)

234 (9.9)

278 (10.7)

255 (9.8)

314 (11.7)

223 (10.9)

176 (8.1)

227 (9.6)

251 (9.7)

241 (9.2)

234 (8.7)

89 (4.3)

106 (4.9)

104 (4.4)

126 (4.8)

133 (5.1)

96 (3.6)

37 (1.8)

40 (1.8)

50 (2.1)

52 (2.0)

69 (2.6)

66 (2.5)

56 (2.7)

49 (2.3)

46 (1.9)

47 (1.8)

45 (1.7)

40 (1.5)

45 (2.2)

37 (1.7)

43 (1.8)

53 (2.0)

46 (1.8)

60 (2.2)

12 (0.5)

11 (0.4)

9 (0.3)

64 (3.1)

76 (3.5)

60 (2.5)

84 (3.3)

40 (1.5)

37 (1.4)

987 (48.2)

1,050 (48.2)

1,134 (47.9)

1,231 (47.4)

1,142 (43.7)

1,120 (41.7)

895 (43.7)

958 (44.0)

1,033 (43.6)

1,199 (46.1)

1,265 (48.4)

1,343 (49.9)

127 (6.2)

125 (5.7)

161 (6.8)

154 (5.9)

202 (7.7)

222 (8.3)

37 (1.8)

44 (2.0)

40 (1.7)

15 (0.6)

6 (0.2)

4 (0.1)

1,478 (56.9)

1,385 (53.0)

1,354 (50.4)

632 (24.3)

651 (24.9)

623 (23.2)

1,083 (52.9)

1,141 (52.4)

1,230 (51.9)

294 (11.3)

364 (13.9)

391 (14.5)

53 (2.0)

35 (1.3)

41 (1.5)

142 (5.5)

180 (6.9)

280 (10.4)

1,333 (51.3)

1,336 (51.1)

1,446 (53.8)

Bearing surface
Over the last decade, ceramic-on-polyethylene (C-PE) became the most frequently
used bearing surface. In 2007, 37.5% of THAs used C-PE as bearing type, increasing
to 53.8% in 2016. The use of metal-on-metal (MoM) bearing surface decreased
from 2008 onwards, and has no longer been used in the Netherlands after 2013.
The percentage of metal-on-polyethylene (M-PE) remained stable at around 20%
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Table 3 Demographic characteristics by age group
Total (%)

< 25 (%)

25-29 (%)

30-34 (%)

35-39 (%)

Number of THA

19,915

441 (2.21)

371 (1.86)

614 (3.08)

1,125 (5.65)

Median age (IQR)

49.0 (45.0-52.0) 20.0 (17.0-23.0)

27.0 (26.0-29.0)

33.0 (31.0-34.0)

37.0 (36.0-38.0)

Male, N (%)

9,215 (46.3)

182 (41.3)

174 (46.9)

311 (50.7)

557 (50.5)

Median BMI (IQR)1

26.9 (24.1-30.5)

22.9 (20.0-27.0)

24.8 (22.0-28.0)

25.2 (22.4-29.4)

26.6 (23.5-20.0)

Arthrosis

13,156 (66.1)

92 (20.9)

91 (24.5)

175 (28.5)

448 (39.8)

Dysplasia

1,957 (9.8)

95 (21.5)

64 (17.3)

121 (19.7)

212 (18.8)

Osteonecrosis

1,944 (9.8)

106 (24.0)

99 (26.7)

141 (23.0)

211 (18.8)

Late Posttraumatic

840 (4.2)

18 (4.1)

17 (4.6)

37 (6.0)

65 (5.8)

Diagnosis

Fracture

492 (2.5)

4 (0.9)

5 (1.3)

11 (1.8)

24 (2.1)

RA

435 (2.2)

35 (7.9)

21 (5.7)

47 (7.7)

42 (3.7)

Post-Perthes

387 (1.9)

44 (10.0)

38 (10.2)

38 (6.2)

52 (4.6)

IA1

37 (0.2)

3 (0.7)

3 (0.8)

3 (0.5)

7 (0.6)

Other

667 (3.3)

44 (10.0)

33 (8.9)

41 (6.7)

64 (5.7)

ASA I

9,327 (46.8)

247 (56.0)

200 (53.9)

322 (52.4)

615 (54.7)

ASA II

8,396 (42.2)

138 (31.3)

120 (32.3)

213 (34.7)

376 (33.4)

ASA III-IV

1,369 (6.9)

42 (9.5)

32 (8.6)

57 (9.3)

78 (6.9)

Missing

824 (4.1)

14 (3.2)

19 (5.1)

22 (6.3)

56 (5.0)

A

4,217 (21.2)

82 (18.6)

56 (15.1)

119 (19.4)

239 (21.2)

B1

1,906 (9.6)

40 (9.1)

29 (7.8)

50 (8.1)

82 (7.3)

B2

1,049 (5.3)

19 (4.3)

15 (4.0)

31 (5.0)

42 (3.7)

C

129 (0.6)

11 (2.5)

9 (2.4)

10 (1.6)

9 (0.8)

Missing/Unknown

12,462 (62.6)

289 (65.5)

262 (70.6)

404 (65.8)

753 (67.0)

10,290 (51.7)

215 (48.8)

175 (47.2)

309 (50.3)

536 (47.6)

ASA-class.

Charnley-class.1

Side (%)
Right
1:

Available since 2014
RA: rheumatoid arthritis, IA: Inflammatory arthritis

during the last decade. The use of ceramic-on-ceramic (CoC) as bearing type
decreased in the last few years. In 2007, CoC was used in 11.6% of THAs. The
percentage of CoC peaked in 2011, where approximately 1 out of every 4 prostheses
used CoC as bearing type (23.2%). Trends indicate a continuing decrease in the use
of CoC, as only 8.7% of THA used CoC as bearing type in 2016 (Figure 1c).
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40-44 (%)

45-49 (%)

50-54 (%)

2,413 (12.12)

5,165 (25.94)

9,786 (49.14)

43.0 (41.0-44.0)

47.0 (46.0-48.0) 52.0 (51.0-53.0)

1,216 (50.4)

2,515 (48.7)

4,260 (43.5)

26.8 (23.9-30.4)

27.1 (24.2-30.9)

27.1 (24.5-30.5)

1,381 (57.2)

3,486 (67.5)

7,483 (76.5)

335 (13.9)

533 (10.3)

597 (6.1)

309 (12.8)

468 (9.1)

610 (6.2)

117 (4.8)

228 (4.4)

358 (3.7)

48 (2.0)

125 (2.4)

275 (2.8)

75 (3.1)

82 (1.6)

133 (1.4)

56 (2.3)

88 (1.7)

71 (0.7)

5 (0.2)

8 (0.2)

8 (0.1)

87 (3.6)

147 (2.8)

251 (2.6)

1,268 (52.5)

2,545 (49.3)

4,130 (42.2)

903 (37.4)

2,069 (40.1)

4,577 (46.8)

144 (6.0)

335 (6.5)

680 (6.9)

98 (4.1)

216 (4.2)

399 (4.1)

479 (19.9)

1,157 (22.4)

2,085 (21.3)

200 (8.3)

540 (10.5)

965 (9.9)

95 (3.9)

273 (5.3)

574 (5.9)

19 (0.8)

27 (0.5)

44 (0.4)

1,620 (67.1)

3,168 (61.3)

6,118 (62.5)

1,237 (51.3)

2637 (51.1)

5,186 (53.0)

2

Surgical approach
Throughout the last ten years, the posterolateral technique was the most commonly
used approach , with 60% of procedures using the posterolateral approach (Figure
1d). There was a clear trend towards an increased use of the anterior approach over
the last decade; in 2007 this approach was not used in the Netherlands, while in
2016 approximately 1 out of 5 THAs in young patients was performed using an
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anterior approach (21.1%). This increase was at the cost of the anterolateral and
direct lateral approach (Figure 1d).

A

B

C

D

Figure 1 (A) Fixation type by year of surgery; (B) head diameter by year of surgery; (C) bearing
type by year of surgery; and (D) surgical approach by year of surgery

Trends over age groups
Fixation
Uncemented fixation was used more frequently in patients aged 50-54 years than in
patients <25 years (Figure 2a). 7.7% of THAs performed in the age group 50-54 years
used cemented fixation. In patients younger than 25 years, 30.2% of THAs were placed
using cemented fixation. The percentage of hybrid fixation (including reversed hybrid
fixation) did not change over age groups. Uncemented fixation was used more often
in the oldest patient groups when compared with the youngest patients; 56.5% in
patients <25 years, compared to 81.7% in patients aged 50-54 years (Figure 2a).
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A

B

2
C

D

Figure 2 (A) Fixation type by age group; (B) head diameter by age group; (C) bearing type by
age group; and (D) surgical approach by age group

Head size
In patients under 25 years, 28 mm head diameters were used in 49.2%, where only
27.1% of THAs in the oldest patient group used 28 mm head diameters (Figure 2b).
Head diameters of 32 mm and 36 mm were used more often in patients aged
50-54 years than in young patients (< 25 years); 43.6% and 22.4% vs. 30.6% and 8.6%
respectively. As described, the use of large head diameters (≥ 38mm) was low; only
3.8% of all THAs used head diameters of ≥38 mm. The percentage was similar over
all age groups, varying between 3.8% and 4.4%. In the youngest patient group, only
0.9% of all THAs were placed using a head diameter ≥ 38mm (Figure 2b).
Bearing surface
M-PE was used more frequently in younger patients compared to older patient
groups (Figure 2c). In patients under 25 years, 36.3% of THAs used a M-PE bearing
surface compared to 19.0% in patients older than 50 years. In patients older than 50
years, C-PE was most frequently used bearing type; in 51.3% of THAs C-PE was
used as bearing surface, where 38.5% of THAs used C-PE in the youngest patient
group. The use of other bearing types, such as CoC, oxidized zirconium-PE and
MoM, remained relatively similar across age groups.(Figure 2c)
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Surgical approach
The posterolateral approach was more often conducted in younger patients; 69.4%
of procedures used this approach in patients under 25 years, where 59.7% of THAs
in the oldest group used the posterolateral approach. In contrast, the anterior
approach was more often used in older patients (10.5%) compared to patients
under 25 years (5.9%). There was an increasing trend towards the use of the anterior
approach over age groups (Figure 2d). This could indicate an existing age-related
choice of THA characteristics in the Netherlands.

Survival analysis
The number of THAs placed in 2007-2011 was 7,460. The 5-year survival of THAs
placed between 2007 and 2011 per year was 95.5% (CI: 93.7% - 96.7%), 94.9% (CI:
93.5% - 96.0%), 93.6% (CI: 92.3% - 94.7%), 96.1% (CI: 95.1% - 96.9%) and 95.7% (CI:
94.7% - 96.5%), respectively (p = 0.02) (Figure 3).

Figure 3 Five-year survival of THAs placed in 2007-2011
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Discussion
The aim of this paper was to assess trends in THA in patients younger than 55 years
in the Netherlands, and to identify possible temporal trends or trends over age
groups. Furthermore, short-term survival was assessed to compare the outcome
after different trends in THA. Therefore, patient and implant characteristics obtained
by the LROI were analyzed.
The number of hip replacements performed in young patients in the Netherlands
is increasing every year. Since full registration was achieved in 2012, the increase in
number of THA was almost 25%, which is impressive, but in line with literature (6).
Uncemented fixation is clearly the most used type of fixation of THA in patients
younger than 55 years of age in the Netherlands. This is in line with results reported
from other registries (7-9). In Sweden, a trend towards uncemented fixation in
patients younger than 60 years is present since 2000 (7). The percentage of
uncemented fixation reached almost 60% in 2014, where in older patients cemented
fixation is still used most frequently. In addition, a recent paper of Kumar et al.
assessed trends in young (< 55) patients from the Trent Regional Arthroplasty
Registry, where over 1,000 primary THAs were evaluated (18). The trend towards
uncemented fixation was still increasing in this region, with 37.6% uncemented
fixation in 2001 to 53.8% in 2011. Based on these reports we can conclude that also
in other countries trends towards uncemented fixation are present in young
patients. However, in comparison with these other countries, the percentage of
uncemented fixation in young patients in the Netherlands is already relatively high.
There is no clear consensus about the best fixation method in the young population.
A recent review concluded that uncemented fixation results in higher survival in
patients younger than 55 years old (19), but others report no difference in survival
between cemented and uncemented THA in these young patients, even after 25
years follow-up (20). Nevertheless, the increase in uncemented fixation in the
Netherlands follows the same pattern as other countries.
The type of bearing surface used has changed in the last decade. The percentage
of C-PE implants increased from 37.5% to 53.8% of all THA procedures. This increase
is in line with literature, where also a shift towards the use of C-PE bearings is
described in young patients (21). Very distinct is the decline of MoM implants. Since
2012, this bearing type is rarely used anymore in the Netherlands. This is as
expected, since the Netherlands Orthopaedic Society advised against the use of
MoM implants in 2012, which was well accepted by surgeons. Furthermore, a lot of
failures were reported on MoM prostheses (22). An analysis by Smith et al. reported
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an overall 5-year revision rate for MoM implants of 6.2%, where they found a 5-year
survival of (large diameter) CoC-implants of 2.0 % (23). Another recent review
reported an increased risk in mortality in MoM THA when compared with non-MoM
THA (24). In addition, they reported an increased risk of revision in MoM THA.
Another argument for the decrease in MoM implants might be the corresponding
trend in large head diameters, where the use of head diameters larger than 38 mm
in THA also declined since 2009. A total of 755 implants (3.8% of all procedures)
with large head diameter were implanted between 2007 and 2016. Most of these
implants (63.8%) had a MoM bearing surface. Therefore, it can be concluded that
the decreasing trend in large head diameters is partly caused by the decline in the
use of MoM. In the last years, a trend towards a head diameter of 32 mm became
visible. This is in line with a recent paper of the Swedish Hip Arthroplasty Register,
where since 2010 the same trend is present (25). Smaller head diameters are more
often used in young patients (<25 years). This could have an underlying anatomical
reason, where very young patients may have a smaller hip joint, deformed hip joint
due to childhood hip disease, or less space due to possible reconstruction when
compared to older patients. Considering the trend in bearing type and head
diameter, Dutch surgeons appear to follow reported evidence to prevent the use
of THA characteristics with a high risk of failure.
An interesting trend is the increase in the use of the anterior surgical approach over
the last decade. A recent review of Higgins et al. concluded that the anterior
approach benefits in patient reported pain and function outcomes, where the
posterior approach was associated with lower amounts of blood loss and operative
time (26). However, these findings were not statistically significant. In another
review, Meermans et al. reported that there is no clinical evidence that the anterior
approach resulted in better outcomes when compared to the posterolateral
approach (27). Despite the lack of evidence in the anterior approach being superior
to the posterolateral approach, still a growing percentage of THA in this patient
group is conducted using the anterior approach. It is interesting to follow this
existing trend in coming years, to see whether the anterior approach will continue
to become more popular in the Netherlands.
There was a significant difference in 5-year survival of THAs placed between 2007
and 2011. However, we think this is due to the high failure rates observed in 2009,
where the percentage of MoM implants placed was relatively large. The use of
these implants has been reported to result in high failure rates. In literature, no
difference was found in short-term survival between different THA characteristics
(28, 29). Further analyses, including more recent years, are necessary to determine
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possible differences in survival rates due to changing trends for individual THA
characteristics.
Our study has some potential limitations that have to be discussed. First, data
registration was incomplete in the first years. Although we do not think this would
result in any difference of described trends, this might have influenced the results.
Second, in this study only short-term survival rates were estimated. Mid- and
long-term survival might show differences in effect of changing trends in THA
characteristics. Finally, survival was estimated with endpoint revision for any reason.
Different endpoints (e.g. reoperation, dislocation, infection) might potentially be
more sensitive to detect differences in effect of changing trends in THA characteristics.
In conclusion, there is a clear preference for uncemented fixation in young patients.
In head diameter, bearing type and surgical approach clear trends are visible over
both year of surgery and age group. Characteristics of THA in young patients in
the Netherlands are subject to changing perspectives, and differ with age, but are
supported by reported literature.

41

2

CHAPTER 2

References
1.
2.
3.

4.
5.
6.

7.
8.
9.

10.
11.
12.
13.
14.

15.

16.

17.
18.
19.
20.
21.

22.
23.

42

Learmonth ID, Young C, Rorabeck C. The operation of the century: total hip replacement. Lancet.
2007;370(9597):1508-19.
Charnley J. Arthroplasty of the hip. A new operation. Lancet. 1961;1(7187):1129-32.
Kurtz SM, Lau E, Ong K, Zhao K, Kelly M, Bozic KJ. Future young patient demand for primary and
revision joint replacement: national projections from 2010 to 2030. Clin Orthop Relat Res. 2009;
467(10):2606-12.
Skytta ET, Jarkko L, Antti E, Huhtala H, Ville R. Increasing incidence of hip arthroplasty for primary
osteoarthritis in 30- to 59-year-old patients. Acta Orthop. 2011;82(1):1-5.
Adelani MA, Keeney JA, Palisch A, Fowler SA, Clohisy JC. Has total hip arthroplasty in patients 30 years
or younger improved? A systematic review. Clin Orthop Relat Res. 2013;471(8):2595-601.
Otten R, van Roermund PM, Picavet HS. [Trends in the number of knee and hip arthroplasties:
considerably more knee and hip prostheses due to osteoarthritis in 2030]. Ned Tijdschr Geneeskd.
2010;154:A1534.
The Swedish Hip Arthroplasty Register. Annual Reoprt 2014. 2014.
Association AO. National Joint Replacement Registry, Annual Report 2016. 2016.
National Joint Registry for England W, Nothern Ireland and the Isle of Man. 13th Annaual Report 2016
[updated 08-11-2018. Available from: http://www.njrreports.org.uk/Portals/0/PDFdownloads/NJR%20
13th%20Annual%20Report%202016.pdf.
Shan L, Shan B, Graham D, Saxena A. Total hip replacement: a systematic review and meta-analysis on
mid-term quality of life. Osteoarthritis Cartilage. 2014;22(3):389-406.
De Kam DC, Busch VJ, Veth RP, Schreurs BW. Total hip arthroplasties in young patients under 50 years:
limited evidence for current trends. A descriptive literature review. Hip Int. 2011;21(5):518-25.
Lee PT, Lakstein DL, Lozano B, Safir O, Backstein J, Gross AE. Mid-to long-term results of revision total
hip replacement in patients aged 50 years or younger. Bone Joint J. 2014;96-B(8):1047-51.
Gee MJ, Ajuied A, Shah Z, George M, Bankes MJ. Systematic review of total hip arthroplasty in patients
under 30 years old. Hip Int. 2013;23(4):345-51.
Bayliss LE, Culliford D, Monk AP, Glyn-Jones S, Prieto-Alhambra D, Judge A, et al. The effect of patient
age at intervention on risk of implant revision after total replacement of the hip or knee: a population-based cohort study. Lancet. 2017;389(10077):1424-30.
Huang DC, Tatman P, Mehle S, Gioe TJ. Cumulative revision rate is higher in metal-on-metal THA than
metal-on-polyethylene THA: analysis of survival in a community registry. Clin Orthop Relat Res.
2013;471(6):1920-5.
van Steenbergen LN, Denissen GA, Spooren A, van Rooden SM, van Oosterhout FJ, Morrenhof JW, et
al. More than 95% completeness of reported procedures in the population-based Dutch Arthroplasty
Register. Acta Orthop. 2015;86(4):498-505.
LROI. Online LROI annual report 2017.
Kumar A, Bloch BV, Esler C. Trends in total hip arthroplasty in young patients - results from a regional
register. Hip Int. 2017:443-8.
Moskal JT, Capps SG, Scanelli JA. Still no single gold standard for using cementless femoral stems
routinely in total hip arthroplasty. Arthroplast Today. 2016;2(4):211-8.
Kim YH, Park JW, Kim JS, Kim IW. Twenty-Five- to Twenty-Seven-Year Results of a Cemented vs a
Cementless Stem in the Same Patients Younger Than 50 Years of Age. J Arthroplasty. 2016;31(3):662-7.
Rajaee SS, Theriault RV, Pevear ME, Smith EL. National Trends in Primary Total Hip Arthroplasty in
Extremely Young Patients: A Focus on Bearing Surface Usage From 2009 to 2012. J Arthroplasty.
2016;31(9 Suppl):63-8.
Singh G, Meyer H, Ruetschi M, Chamaon K, Feuerstein B, Lohmann CH. Large-diameter metal-on-metal
total hip arthroplasties: a page in orthopedic history? J Biomed Mater Res A. 2013;101(11):3320-6.
Smith AJ, Dieppe P, Vernon K, Porter M, Blom AW. Failure rates of stemmed metal-on-metal hip
replacements: analysis of data from the National Joint Registry of England and Wales. Lancet.
2012;379(9822):1199-204.

TRENDS IN TOTAL HIP ARTHROPLASTY

24.

25.
26.
27.
28.

29.

Pijls BG, Meessen JM, Schoones JW, Fiocco M, van der Heide HJ, Sedrakyan A, et al. Increased
Mortality in Metal-on-Metal versus Non-Metal-on-Metal Primary Total Hip Arthroplasty at 10 Years and
Longer Follow-Up: A Systematic Review and Meta-Analysis. PLoS One. 2016;11(6):e0156051.
Cnudde P, Nemes S, Bulow E, Timperley J, Malchau H, Karrholm J, et al. Trends in hip replacements
between 1999 and 2012 in Sweden. J Orthop Res. 2017:432-42.
Higgins BT, Barlow DR, Heagerty NE, Lin TJ. Anterior vs. posterior approach for total hip arthroplasty, a
systematic review and meta-analysis. J Arthroplasty. 2015;30(3):419-34.
Meermans G, Konan S, Das R, Volpin A, Haddad FS. The direct anterior approach in total hip arthroplasty:
a systematic review of the literature. Bone Joint J. 2017;99-B(6):732-40.
Varnum C, Pedersen AB, Kjaersgaard-Andersen P, Overgaard S. Comparison of the risk of revision in
cementless total hip arthroplasty with ceramic-on-ceramic and metal-on-polyethylene bearings. Acta
Orthop. 2015;86(4):477-84.
Mihalko WM, Wimmer MA, Pacione CA, Laurent MP, Murphy RF, Rider C. How have alternative bearings
and modularity affected revision rates in total hip arthroplasty? Clin Orthop Relat Res. 2014;472(12):3747-

43

2

CHAPTER 3
The risk of revision after total hip
arthroplasty in young patients depends on
surgical approach, femoral head size and
bearing type; an analysis of 19,682 operations
in the Dutch Arthroplasty Register
M.F.L. Kuijpers, G. Hannink, S.B.W. Vehmeijer, L.N. van Steenbergen,
B.W. Schreurs
BMC Musculoskelet Disord 20, 385 (2019)

CHAPTER 3

Abstract
Background: Total hip arthroplasty (THA) is used increasingly in younger patients.
There is little knowledge about the effect of THA characteristics on risk of revision,
especially in young patients. Therefore, we studied the influence of both patientrelated and surgical factors on the risk of revision using data from the Dutch
Arthroplasty Registry (LROI).
Methods: All patients younger than 55 years with a primary THA implanted in the
Netherlands between 2007 and 2017 were selected (n = 19,682). The covariates
age, sex, primary diagnosis, ASA-classification, surgical approach, fixation method,
bearing type, head size and year of surgery were entered into Cox proportional
hazards models to calculate hazard ratios for the risk of revision.
Results: The overall 5-year survival of primary THA was 95.3% (95% CI: 94.9-95.6).
Use of the anterior approach resulted in a lower risk of revision than the use of the
posterolateral approach (HR: 0.66, 95% CI: 0.47 - 0.92). THAs with a head diameter
≥ 38 mm had a higher risk of revision (HR: 1.90, 95% CI: 1.33-2.72) than THAs with
32 mm heads. Use of MoM bearings resulted in an increased risk when compared
to C-PE (HR: 1.76, 95% CI: 1.27-2.43).
Conclusion: The risk of revision in patients younger than 55 years depends on
surgical approach, head size and bearing type. The anterior approach resulted in a
decreased risk of revision, whereas use of ≥ 38 mm heads and MoM bearings
resulted in an increased risk of revision for any reason.
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Introduction
Total hip arthroplasty (THA) has shown to be a cost-effective treatment for osteoarthritis of the hip, with reported increase in quality of life, regained physical ability
and reduction of pain (1, 2). THA is used increasingly in young patients, and this
number will grow in the coming years. By the year 2030, it is estimated that more
than 25% of all THA will be placed in patients under the age of 55 (3). However,
the outcome of THA in these young patients is inferior compared with older
patients (4-6). The main complications after THA include dislocation, infection,
and loosening of the femoral or acetabular component. Young patients will outlive
their prosthesis due to longer life expectancy, and survival at mid- and long-term
is lower in patients younger than 55 years when compared with older patients (7).
Many studies reported factors that are associated with an increased risk of revision.
For example, use of the posterolateral approach is associated with higher risks of
revision due to dislocation and infection when compared with the anterior
approach, and also resulted in more reoperations (8, 9). Also the use of larger head
diameters is associated with a lower risk of revision, where heads larger than 28 mm
have a lower risk when compared to heads smaller than 28 mm (10). However,
these studies were not specific for young patients and the sample size of the
described studies was low.
Understanding of factors that are associated with early revisions is of major
importance, not only to be able to reduce the risks of revision, but also to provide
realistic expectations to this young patient group.
Therefore, we studied the influence of both patient-related and surgical factors on
the risk of revision due to any reason using data from the Dutch Arthroplasty
Register (LROI).

Methods
The LROI (Dutch Arthroplasty Registry) collects data about joint arthroplasties on a
nationwide basis. Initiated by the Dutch Orthopaedic Association, data collection
started in 2007. Coverage of all Dutch hospitals was reached in 2012. The database
has a completeness of over 95% of primary THA and 88% for revision arthroplasty
(11). Patient characteristics are recorded at the moment of the primary procedure.
Prostheses characteristics are derived from an implant library within the LROI,
where all characteristics of prostheses used in the Netherlands are available (11).
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For the present study, we included all patients younger than 55 years with a primary
THA implanted in the Netherlands in the period between 2007 and 2017. Exclusion
criteria were hip resurfacings, a surgical approach other than a posterolateral,
anterior, direct lateral or anterolateral approach, and a bearing type other than ceramic-on-polyethylene (C-PE), metal-on-metal (MoM), ceramic-on-ceramic (CoC),
metal-on-polyethylene (M-PE) and oxidised zirconium-on-polyethylene (Zr-PE).

Statistics
Continuous variables were described using means and standard deviations, or medians
and interquartile ranges, where appropriate. Categorical data were described using
count and percentages.
Kaplan-Meier survival analyses were used to determine the 5-year survival rate with
end-point revision for any reason. Cox proportional hazards models were used to
analyse the influence of various covariates on the hazard ration (HR) of revision for
any reason. The covariates age, sex, ASA-classification (I, II, III-IV), primary diagnosis,
head size (22-26 mm, 28 mm, 32 mm, 36 mm and ≥ 38 mm), fixation method,
surgical approach, bearing type (C-PE, MoM, M-PE, CoC and Zr-PE) and period of
surgery (2007-2011, 2012-2016) were initially investigated as single covariates
resulting in a crude HR with 95% CI with endpoint any reason. Primary diagnosis
was dichotomized into primary osteoarthritis and secondary osteoarthritis.
Secondary osteoarthritis results from a condition that changes the cartilage
environment, including trauma, congenital or developmental joint abnormalities,
metabolic defects and infection (12, 13). Therefore, we included multiple diagnoses,
such as dysplasia, osteonecrosis, (acute) fracture, inflammatory arthritis, late
posttraumatic, post-Perthes and rheumatoid arthritis into secondary osteoarthritis.
Multivariable Cox proportional hazard regression analyses were used to estimate
adjusted HRs with 95% CI for endpoint revision for any reason, while adjusting for
all mentioned covariates. Due to low numbers of events, we decided not to
calculate the risk of revision for other endpoints than any reason to prevent violation
of the events per variable ratio (14). The proportional hazard assumption was
checked for all variables added to the Cox proportional hazard model. All analyses
were performed using R version 3.2.4 (R Foundation for Statistical Computing,
Vienna, Austria).
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Results
Patient- and implant characteristics
Between January 1 st, 2007 and December 31 st, 2016, a total number of 19,682
THAs were registered in patients under 55 years in the LROI. Mean age was 47.1 years
(SD 7.33), more THAs were placed in women (53.3%). The most prevalent diagnosis

Table 1 Patient and implant characteristics of 19,682 THA in patients younger
than 55 years old

3

N (%)
Male
Age (y)a
ASA-classification
ASA I
ASA II
ASA III-IV
Diagnosis
Primary osteoarthritis
Secondary osteoarthritis
Fixation
Cemented
Uncemented
Hybrid
Reversed hybrid
Head Diameter
22-26 mm
28 mm
32 mm
36 mm
≥ 38 mm
Bearing type
C-PE
MoM
M-PE
CoC
Zr-PE
Surgical approach
Posterolateral
Anterior
Direct lateral
Anterolateral
a Median (IQR)

9,127 (46.4)
49.0 (45.0 - 52.0)
9,323 (47.4)
8,371 (42.5)
1,368 (7.0)
13,035 (66.2)
6,453 (32.8)
1,924 (9.8)
15,701 (79.8)
312 (1.6)
1,614 (8.2)
163 (0.8)
5,600 (28.5)
8,165 (41.5)
4,212 (21.4)
750 (3.8)
9,493 (48.2)
899 (4.6)
3,825 (19.4)
2,701 (13.7)
1,132 (5.8)
12,367 (62.8)
2,053 (10.4)
4,014 (20.4)
1,248 (6.3)
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Table 2 Reason for revision as percentage of all revisions
N (%)
Dislocation

176 (22.5)

Loosening femur

141 (18.0)

Infection

132 (17.5)

Loosening acetabulum

117 (14.9)

Periprosthetic fracture

49 (6.3)

Other

208 (26.6)

Total

783 (100)

The total is more than 100%, as patients can have more than one reason for revision

was osteoarthritis (66.2%), and almost half of patients were ASA I (48.3%). Most
THAs had an uncemented fixation (79.8%, n = 15,701), had a 32 mm head diameter
(41.5%, n = 8,165) and a C-PE bearing (48.2%, n = 9,493). The posterolateral
approach was used most frequently (62.8%, n = 12,367), followed by the direct
lateral approach (20.4%, n = 4,014), anterior approach (10.4%, n = 2,053) and the
anterolateral approach (6.3%, n = 1,248). Patient- and implant characteristics are
described in Table 1.

Reasons for revisions
The overall rate of revision was low. In total, there were 783 revisions one year
after THA (3.98%). The most common reason for revision was dislocation (22.5%),
followed by femoral loosening (18.0%), infection (16.9%)and acetabular loosening
(14.9%) (Table 2).
The overall survival of primary THA with end-point revision for any reason at 1, 2
and 5 years follow up was 98.3% (95% CI: 98.2-98.5), 97.3% (95% CI: 97.1-97.6) and
95.3% (95% CI: 94.9-95.6), respectively.

Unadjusted risk of revision for any reason
In the unadjusted Cox regression, a decreased risk of revision for any reason for the
anterior approach was found. Additionally, also the direct lateral approach was
associated with a decreased risk of revision. Furthermore, a head diameter of
28 mm and ≥ 38 mm were associated with a higher risk of revision when compared
to a head diameter of 32 mm. Finally, use of CoC as bearing type resulted in a
decreased risk of revision, where use of MoM resulted in a significant increased risk
of revision (Table 3).
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Table 3 Risk of revision for any reason
Gender

Crude HR (95 % CI)

Adjusted HR (95 % CI)a

p-value b

Female

1.02 (0.89 - 1.16)

1.09 (0.94 - 1.26)

0.27

Age

1.00 (0.99 - 1.01)

1.00 (0.99 - 1.01)

0.9

2007-2011

1

1

-

2012-2016

0.94 (0.82 - 1.09)

1.13 (0.96 - 1.35)

0.14

1

1

-

Year of surgery

ASA-classification
ASA I
ASA II

0.98 (0.85 - 1.13)

1.00 (0.85 - 1.16)

0.9

ASA III-IV

1.24 (0.97 - 1.60)

1.25 (0.94 - 1.64)

0.12

1

1

-

1.04 (0.91 - 1.20)

0.95 (0.81 - 1.12)

0.55

1

1

-

3

Diagnosis
Primary osteoarthritis
Secondary

osteoarthritisc

Surgical approach
Posterolateral
Anterior

0.52 (0.38 - 0.71)

0.66 (0.47 - 0.92)

0.01

Direct lateral

0.82 (0.70 - 0.98)

0.86 (0.71 - 1.04)

0.12

Anterolateral

1.05 (0.82 - 1.34)

1.16 (0.89 - 1.52)

0.27

Fixation
Uncemented

1

1

-

Cemented

1.15 (0.93 - 1.42)

0.91 (0.67 - 1.23)

0.54

Hybrid

1.24 (0.75 - 2.08)

1.32 (0.74 - 2.35)

0.35

Reversed hybrid

1.21 (0.96 - 1.52)

1.19 (0.91 - 1.55)

0.22

32 mm

1

1

-

22-26 mm

1.54 (0.79 - 2.99)

1.49 (0.75 - 2.99)

0.26

28 mm

1.21 (1.03 - 1.43)

1.11 (0.92 - 1.34)

0.28

36 mm

1.02 (0.84 - 1.23)

1.14 (0.92 - 1.42)

0.22

≥ 38 mm

2.85 (2.27 - 3.57)

1.90 (1.33 - 2.72)

<0.001

1

1

-

Head Diameter

Bearing type
C-PE
MoM

2.39 (1.94 - 2.94)

1.76 (1.27 - 2.43)

<0.001

M-PE

1.06 (0.88 - 1.27)

1.02 (0.83 - 1.26)

0.83

CoC

0.77 (0.61 - 0.97)

0.77 (0.60 - 1.00)

0.05

Zr-PE

0.92 (0.67 - 1.28)

0.90 (0.64 - 1.25)

0.52

aMultivariable

Cox regression analysis performed with 17,288 observations and 741 events (complete cases);
p-value based on adjusted HR; cincludes dysplasia, osteonecrosis, (acute) fracture, inflammatory arthritis,
late posttraumatic, Post-Perthes and rheumatoid arthritis
b
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Multivariable risk of revision for any reason
The use of the anterior approach resulted in a decreased risk for revision after THA
when compared with the posterolateral approach (HR: 0.66, 95% CI: 0.47 - 0.92,
p = 0.01). THAs placed using the direct lateral (HR: 0.86 (95% CI: 0.71 - 1.04, p = 0.1))
or anterolateral approach (HR: 1.16 (95% CI: 0.89 - 1.52, p = 0.3)) had no significant
different risk of revision compared to the posterolateral approach (Table 3, Figure 1).

Figure 1 Adjusted survival probability by surgical approach

The use of head diameters ≥ 38 mm resulted in an increased risk of revision when
compared to 32 mm heads (HR: 1.90 (95% CI: 1.33-2.72, p <0.001), Figure 2).
Additionally, the use of MoM bearings had an increased the risk of revision (HR: 1.76
(95% CI: 1.27-2.43, p <0.001)).
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Figure 2 Adjusted survival probability by head diameter

Discussion
The aim of this paper was to assess the influence of both patient-related and
surgical factors on the short-term risk of revision in young patients, using data from
the LROI. After adjusting for patient- and THA characteristics, our analysis shows a
significant decreased risk of revision for any reason for the anterior approach. The
use of the direct lateral approach and the anterolateral approach resulted in a
reduced risk of revision, however these findings were not significant.
In literature, there is limited evidence about the effect of surgical approach on the
short-term risk of revision in young patients. Recent reports, assessing the short-term
complication rate between the anterior and posterolateral approach, found no
significant difference in postoperative complication rate and risk of revision (15, 16).
Some reports claim a favourable outcome of the anterior approach over the
posterolateral approach when looking at recovery time and stability of the hip
(17-19). However, these studies did not focus on young patients and concluded that
more evidence was needed.
We found an increased short-term risk of revision with increasing head diameters,
which is in line with literature and registry reports (8, 20, 21). In literature, the use of
small head diameters is associated with an increased risk of dislocation (22, 23).
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When we look at the rate of revision for dislocation in our population, we can
conclude that the overall rate is low. Only 0.89% of all THAs were revised for
dislocation 5 year after procedure, which is comparable with literature (24). Due to
these low numbers, we were not able to determine the effect of patient- and
surgical characteristics on the risk of revision due to dislocation as endpoint.
It might be possible that the lower risk of revision of the anterior approach disappears
after a longer follow-up. Another study based on LROI data evaluated the effect of
surgical approach in all ages. (25). In contrast to the current finding, they found the
highest risk of revision for any reason for the anterior approach, even after exclusion
of the first 150 procedures of each centre that performed the anterior approach to
correct for a possible learning curve. Also other studies did not find an effect of
surgical approach on a longer term (9, 26). However, because of a higher activity
level in young patients, and the high burden of young patients needing a revision
procedure, it is of interest to analyse the short-term risk of complications.
Lastly, we found an increased risk for revision for MoM bearings. These findings are
described extensively in literature and registry reports (20, 21, 27). The use of other
bearings did not result in significant differences when compared to C-PE.
In our study, we found low numbers of reported periprosthetic fractures, especially
in the anterior group. A possible explanation might be a better bone quality and
flexibility in young patients, which can result in less fractures after THA. However, a
second explanation can be due to underreporting of periprosthetic fractures in the
registry, where a reoperation with no replacements of any of the components of
the implant, is not registered as a revision. A similar explanation would apply to
infections, where treatment of infection without replacement of any of the
components is not reported as a revision for infection in the registry (28). Therefore,
the actual percentage of revision, due to periprosthetic fractures and infections,
might be higher than reported in this paper.
Because of the increasing use of the anterior approach, the effect of a learning
curve for this approach should be addressed. De Steiger et al. concluded that 50 or
more procedures need to be performed before the rate of revision is no different
from performing 100 or more procedures (29), where the most reduction in
complication rate occurred after the first 100 THAs (30). Out of 100 institutes in the
Netherlands, 27 performed at least 5 or more THAs using the anterior approach.
Therefore, it can be concluded that the possible effect of a learning curve is present
in our data. Despite this possible effect, the rate of revision was still lower for the
anterior approach, when compared to all other approaches.
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This study has some potential limitations that have to be considered. First, the
follow-up of this study was limited. The effect of patient- and THA characteristics
on risk of revision can change when follow-up is increased to a long term. However,
especially for this young patient group, risk of revision on a short term is of major
interest. Second, in our analysis we were unable to adjust for some variables that
measure the patient’s demand on the implant, such as BMI and activity levels, as
these were not, or only limited available from the Dutch Arthroplasty Register.
Therefore, some residual confounding may be present. Lastly, we did not account
for the possible effect of bilateral cases on the assumption of independence of
observations in our statistical analysis. It has been shown that ignoring data
dependency within a subject in studies involving bilateral cases may result in biased
estimates (31, 32). The extent of the resulting bias, however, was not determined in
these studies.
Robertsson and Ranstam investigated if ignoring bilateral operations in statistical
analyses biases the results, by analysing 55,298 prostheses in 44,590 patients using
data from the Swedish Knee Arthroplasty Register (33). They found that the effect
of neglecting bilateral prostheses is minute, possibly because bilateral prosthesis
failure is a rare event, and concluded that the revision risk of implants can be
analysed without consideration for subject dependency, at least in study populations
with a relatively low proportion of subjects having experienced bilateral revisions.
The percentage of bilateral implants in our cohort was 10.3%, which is considerably
lower than the proportion of bilateral implants in the study of Robertsson and
Ranstam (19.4%) (33). Therefore, we think the possible effect of dependency
between observations may be negligible in our analysis.

Conclusion
In conclusion, there is a significant reduced risk of revision in patients younger than
55 years when the anterior approach was used. The use of head diameters ≥ 38
mm resulted in an increased risk of revision when compared with 32 mm heads,
whereas the use of MoM as bearing type had also an increased risk of revision. The
effect of THA characteristics is rarely evaluated in this young patient group.
Understanding of risk factors is necessary to prevent early revisions, and manage
expectations of young patients.
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Abstract
Background: Worldwide, the majority of total hip arthroplasties (THA) placed in
patients younger than 55 years are uncemented. However, little is known about the
preferred method of fixation in revision hip arthroplasty in young patients. The aim
of this study was to assess potential differences in the method of fixation used
between primary- and revision THA in young patients using data from the Dutch
Arthroplasty Register.
Methods: All primary THA placed in patients younger than 55 years, registered in
the LROI between 2007 and 2019 were included (n=28,516). Kaplan-Meier survival
analyses were used to estimate the survival of primary THA by method of fixation.
Additionally, survival of revision procedures that changed or did not change in
method of fixation were estimated. McNemar’s test was used to assess differences
in the proportion of cemented and uncemented fixation between primary- and
revision THA.
Results: In all acetabular revisions, the use of cemented fixation increased statistically
significant with 39% (95%CI 34-45, p<0.001) from 23% in primary THA to 62% in
revision procedures. In all femoral revisions, the increase of cemented fixation was
also statistically significant with 25% (95%CI 19-31, p<0.001), from 11% in primary THA
to 36% in revision surgery. For both revised acetabular- and femoral components,
we found no statistically significant difference in the 5-year survival between revision
procedures that changed or did not change in method of fixation.
Conclusion: There was a significant change towards cemented fixation between
primary- and revision THA in young patients in the Netherlands, which was especially
pronounced in acetabular revisions. No significant difference in short-term survival
was found between revision procedures that changed or did not change in method
of fixation. Long-term follow-up data is needed to evaluate the effect of this change
in fixation method on the outcome of revision procedures in young patients.
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Introduction
In recent years, the number of total hip arthroplasties (THA) placed in young
patients has increased. Projections show that in 10 years, more than half of all
primary THA will be placed in patients younger than 65 years, with the biggest
increase expected in patients between 45 and 55 years of age (1, 2). Unfortunately,
registry data show lower survival rates of primary THA in these younger patients
when compared to patients older than 55 years (3-5). Due to this lower survival,
in combination with the increase of the number of THA performed, an increase in
revision hip arthroplasty in younger patients is inevitable (1, 6, 7).
Remarkably, there is little data available on the outcome of revision procedures in
young patients. To our knowledge, there are only two papers on the long-term
outcome of revision THA in patients younger than 55 years at the time of their
revision. One study reported an alarming survival rate of 63% at 10 years using
uncemented implants (8), where the other, using a biological reconstruction technique
with impaction bone grafting and cemented THA, showed more promising results
with a 10-year survival rate of 87% (9).
In addition, there is little information available on the fixation techniques used in
revision procedures in these young patients. As in most countries, the majority of
primary THA in the Netherlands are placed using uncemented techniques (10).
However, there is no information available based on registry data on the method of
fixation used in revision procedures in young patients.
In this study we included a large cohort of primary THA and their subsequent
revision procedures in patients younger than 55 years at the moment of primary
THA from the Dutch Arthroplasty Register (LROI). The aim of this study was to
assess differences in the method of fixation used between primary and revision hip
arthroplasty in young patients using data from the LROI.

Methods
The Dutch Arthroplasty Register was initiated by the Netherlands Orthopaedic
Association (NOV) in 2007. It is a nationwide, population-based register, collecting
data about joint arthroplasty in the Netherlands. Coverage of all Dutch hospitals
was reached in 2012. Completeness of the register reached 99% in 2019 for primary
THA, and 97% of revision hip arthroplasty (3). Prostheses characteristics are derived
from an implant library within the LROI, where all characteristics of prostheses used
in the Netherlands are available (11).
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For the present study, we included all primary THAs performed in patients younger
than 55 years, registered in the LROI between 1st January, 2007 and 31st December,
2019. Exclusion criteria for primary procedures were hip resurfacings, and primary
THA inserted for oncological reasons. Next, we extracted all subsequent revision
procedures from this cohort to study the method of fixation in primary- and revision
THA.
Within the LROI, a revision procedure is defined as an exchange of at least one of
the components of the prosthesis. Three different types of revision procedures are
distinguished; I) a total revision, where both the acetabular and femoral part of the
implant are exchanged, II) a major partial revision procedure, where the acetabular
or the femoral component of the implant is exchanged, III) a minor partial revision,
where only the head and/or insert of the implant is exchanged.
In the LROI, fixation method is registered as uncemented fixation, cemented fixation,
hybrid fixation (cemented stem, uncemented cup), or reversed hybrid fixation
(uncemented stem, cemented cup). Therefore, acetabular components were defined
as cemented when registered as part of a complete cemented THA or registered as
part of a reversed hybrid in primary- and revision THA, and defined as uncemented
when registered as part of a complete uncemented THA or as part of a hybrid THA.
Femoral components were defined as cemented when registered as part of a
complete cemented THA or as part of a hybrid THA, and defined as uncemented
when registered as part of a complete uncemented THA or as part of a reversed
hybrid THA.

Statistics
Baseline characteristics of all included patients were provided. Continuous variables
were described using means and standard deviations, or median and interquartile
range, where appropriate. Categorical data were described using counts and
percentages. McNemar’s test was used to assess differences in the proportion of
cemented and uncemented fixation between primary and revision hip arthroplasty.
Differences in proportions were reported including their 95% confidence intervals
(CI). Confidence intervals accounting for matched nature of the data were calculated
as described by Agresti and Min (12). Level of significance was set at P < 0.05.
Using Kaplan-Meier survival analyses, survival rates by method of fixation were
estimated at 5 and 10 years follow-up. Survival time of both primary THA was
calculated as time between the moment of implantation and revision procedure,
death of the patient, or the end of study follow-up (31st December, 2019).
Additionally, Kaplan-Meier survival analyses were used to determine the survival at
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5 years follow-up of revision procedures that changed or did not change of method
of fixation.
All analyses were performed using R version 3.5.1 (R Foundation for Statistical
Computing, Vienna, Austria).

Results
Primary THA
In total, 28,516 primary THAs in patients younger than 55 years were registered in
the LROI between 1st January 2007 and 31st December 2019. More women received
a THA (53.5%), median age at time of primary THA was 50 years (range: 11 – 54).
Other patient characteristics are presented in Table 1.
The most common reason for primary THA was osteoarthritis (67%), followed by
dysplasia (10%) and osteonecrosis (9%). Most primary THA were placed as full
uncemented (80%), followed by full cemented (9%), reversed hybrid (8%) and hybrid
fixation (2%). Mean follow-up of primary THA was 5.2 years (SD: 3.4).
Using Kaplan-Meier, the survival of all primary THA was determined for different
methods of fixation. The survival at 10 years follow-up for cemented THA was 91.9%
(95% CI: 90.2-93.3), for uncemented THA 93.3% (95% CI: 92.7-93.7), for hybrid THA
88.8% (95% CI: 82.3-93.0) and for reversed hybrid 92.4% (95% CI: 90.6-93.8) (Table 2,
Figure 1).

Revision THA
There were 1,285 revision procedures registered within the study follow-up. The most
common reason for revision was dislocation (21%), followed by femoral loosening
(18%) and infection (18%) (Table 3).
In 284 cases, there was no revision of the acetabular and/or femoral component.
These cases involved revision of the femoral head and/or insert of the implant
(minor partial revision, n = 252), were registered as other type of revision (n = 20),
or were missing (n = 12). These cases were excluded from further analysis as the
fixation of the cup or stem did not change during the procedure.
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Table 1 Patient characteristics of 28,516 primary THA
N (%)
Age (median)

50 (11-54)

Gender
Male

13,275 (46.6)

Female

15,210 (53.3)

ASA
I

12,545 (44.0)

II

12,908 (45.3)

III – IV

2,187 (7.7)

Fixation
Cemented

2,654 (9.3)

Uncemented

22,785 (79.9)

Reversed hybrid

2,206 (7.7)

Hybrid

586 (2.1)

Bearing typea
C-PE

14,696 (51.5)

CoC

3,391 (11.9)

M-PE

5,154 (18.1)

MoM

939 (3.3)

Zr-PE

1,952 (6.8)

Surgical approach
Posterolateral

16,934 (59.4)

Anterior

4,788 (16.8)

Direct lateral

4,685 (16.4)

Anterolateral

1,551 (5.4)

Head diameter
22-88 mm

7,172 (25.2)

32 mm

13,144 (46.1)

36 mm

6,143 (21.5)

≥ 38 mm

811 (2.8)

aC-PE: Ceramic-on-polyethylene, MoM: Metal-on-metal, CoC: Ceramic-on-ceramic, M-PE: Metal-onpolyethylene, Zr-PE: Oxidised zirconium-on-polyethylene

Therefore, 1,001 procedures involved a revision of the acetabular component and/
or the femoral component. In an additional 77 cases, there was no re-implantation
of the acetabular- and femoral component, as these were registered as Girdlestone
situation. These cases were also excluded from further analysis, resulting in 924
revision procedure with an exchange of the acetabular and/or femoral component.
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Table 2 Survival of all primary THA by method of fixation
Method of fixation

5-year

10-year

Cemented

94.6 (93.5-95.5)

91.9 (90.2-93.3)

Uncemented

95.7 (95.4-96.0)

93.3 (92.7-93.7)

Hybrid

95.0 (92.1-96.9)

88.8 (82.3-93.0)

Reversed hybrid

94.6 (93.5-95.6)

92.4 (90.6-93.8)

4

Figure 1 Survival of all primary THA by method of fixation with endpoint revision of any reason

A total revision, replacing both the acetabular and femoral component, was performed
in 182 cases.
A major partial revision, replacing the acetabular component or femoral component,
was performed in 742 cases. In 439 of those cases the acetabular component was
revised, where in 303 of those cases the femoral component was revised (Figure 2).
The most common reason for a total revision was infection (n = 53), followed by
femoral loosening (n = 50). The most common reason for revision of only the
acetabular component was acetabular loosening (n = 151), followed by dislocation
(n = 134). For revision of only the femoral component, the most common reason
was femoral loosening (n = 176), followed by periprosthetic fracture (n = 61).
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Table 3 Reason for revision
All
revisions (1,285)

Only cup
revisions (439)

Only stem
revisions (303)

236

4

7

Wear

72

41

4

Periprosthetic fracture

93

10

61

Dislocation

269

134

39

Girdlestone

40

1

0

Femoral loosening

237

1

176

Acetabular loosening

203

151

4

PAOa

27

8

8

MoMb

84

55

0

Other

288

127

56

Infection

aPeriarticular

ossification, bSymptomatic metal-on-metal

Figure 2 Flowchart of all included total hip replacements

Type of fixation used in total revisions
From the 182 total revision procedures, primary fixation was cemented in 27 cases
(15%), uncemented in 139 cases (76%), hybrid in 4 (2%) and reversed hybrid in 11 (6%).
In 1 case, primary method of fixation was registered as missing. Fixation method
changed towards cemented fixation in revision procedures, where 65 cases (36%)
were fixated using bone cement. Uncemented fixation was used in 72 cases (40%),
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hybrid in 4 (2%) and reversed hybrid in 36 cases (20%). In 5 cases, method of fixation
used for the revision procedure was registered as missing (Table 4). Therefore, primary
acetabular components were fixated cemented in 38 cases (21%) and uncemented
in 143 cases (79%). The proportion of cemented fixation of acetabular components
in total revisions procedures increased statistically significant with 36% (CI 28 – 44,
p < 0.001), where 101 cups (55%) were fixated cemented, compared to 76 uncemented
cups (42%) (Figure 3). For femoral components, a similar trend was seen. Primary
stems were fixated cemented in 31 cases (17%), and uncemented in 150 cases (82%).
In revision procedures, the use of cemented fixation for femoral components
increased statistically significant with 22% (CI 13 – 30, p < 0.001), with 69 cemented
stems (38%), compared to 108 uncemented cases (59%) (Figure 3).
Table 4 Method of fixation in primary and revision THA for total revisions (n=182)

4

Revision
Cemented

Uncemented

Hybrid

Primary

Reversed
hybrid

Missing

Total

Cemented

17

4

1

5

0

27

Uncemented

41

62

3

28

5

139

Hybrid

1

3

0

0

0

4

Reversed hybrid

6

2

0

3

0

11

Missing

0

1

0

0

0

1

65

72

4

36

5

182

Total

Fixation of acetabular component
In 439 revision procedures, only the acetabular component was revised. From these
procedures, 328 cups (75%) were fixated uncemented in primary THA (registered as
uncemented and hybrid), where 103 cups (23%) were placed using bone cement
(registered as cemented a reversed hybrid). Again, method of fixation changed
towards the cemented fixation in revision surgery. In total, 273 revised cups (62%)
were fixated using bone cement (registered as cemented or reversed hybrid),
and only 161 (37%) revised cups were fixated uncemented (registered as uncemented
or hybrid), resulting in a clear change towards cemented fixation when only the
acetabular component was revised (Table 5). The proportion of cemented fixation
between primary and revision THA in acetabular revision procedures increased
statistically significant with 39% (CI 34 – 45, p < 0.001) (Figure 4).
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Figure 3 Change in method of fixation in all total revisions, with acetabular fixation of total
revisions on the left and femoral fixation of all total revisions on the right. Percentages do not
add up to 100%, as cases with missing method of fixation are not shown in this Figure.

Table 5 Method of fixation in primary and revision THA for cup revisions (n=439)
Revision
Cemented

Uncemented

Hybrid

Primary
Cemented
Uncemented
Hybrid
Reversed hybrid
Missing
Total

Reversed
hybrid

Missing

Total

46

3

0

3

0

52

155

144

1

19

3

322

3

3

0

0

0

6

42

6

0

1

2

51

4

4

0

0

0

8

250

160

1

23

5

439

Fixation of femoral component
In total, there were 303 revision procedures where only the femoral component
was revised. Again, a change towards cemented fixation was present. Of 303 femoral
revisions, 260 stems (86%) were placed uncemented in primary THA (registered
as uncemented and reversed hybrid), compared to 34 cemented (11%) stems
(registered as cemented and hybrid). After revision surgery, 190 revised stems (62%)
were fixated uncemented, and 110 stems (36%) were fixated using bone cement
(Table 6). In cases with a femoral revision procedure, the proportion of cemented
fixation between primary and revision THA increased statistically significant with
25% (CI 19 – 31, p < 0.001) (Figure 4).
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Figure 4 Change in method of fixation for all acetabular revisions (left) and femoral revisions
(right) between primary- and revision THA. Percentages do not add up to 100%, as cases with
missing method of fixation are not shown in this Figure.

Table 6 Method of fixation in primary and revision THA for stem revisions (n=303)
Revision
Cemented

Uncemented

Hybrid

Primary

Reversed
hybrid

Missing

Total

Cemented

18

9

0

0

0

27

Uncemented

64

160

11

0

2

327

2

5

0

0

0

7

11

10

0

1

1

23

3

5

1

0

0

9

98

189

12

1

3

303

Hybrid
Reversed hybrid
Missing
Total

Survival of revision THA
Using Kaplan-Meier, the survival of both revised acetabular- and femoral components
was determined, with endpoint re-revision of the component, stratified for change
in method of fixation. For revised acetabular components that changed in method
of fixation, survival at 5 years follow-up was 90.6% (95% CI: 83.9-94.6), where
survival of components that did not change in method of fixation was 93.6%
(89.1-96.3), which was not significantly different (p = 0.30) (Table 7, Figure 5).
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Table 7 Survival of revised acetabular- and femoral components by change
in method of fixation

Revised acetabular components
Revised femoral components

Method of fixation

2-year

5-year

Change

95.3 (90.8-97.6)

90.6 (83.9-94.6)

No change

94.4 (90.3-96.8)

93.6 (89.1-96.3)

Change

98.9 (92.3-99.8)

98.9 (92.3-99.8)

No change

97.2 (93.5-98.8)

96.1 (91.3-98.3)

Figure 5 Survival of revised acetabular components with endpoint re-revision of the acetabular
component

For revised femoral components that changed in method of fixation, survival at
5 years follow-up was 98.9% (95% CI: 92.3-99.8), where survival of components
that did not change was 96.1% (95% CI: 91.3-98.3), which was not significantly
different (p = 0.22) (Table 7, Figure 6).
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Figure 6 Survival of revised femoral components with endpoint re-revision of the femoral
component

Discussion
The aim of this paper was to assess differences in the method of fixation used
between primary and revision hip arthroplasty in young patients using data from
the LROI. We found a remarkable increase in the use of cemented fixation in revision
hip arthroplasty, when compared to primary THA, especially for the acetabular
component.
Data on the long-term outcome of revisions in young patients are lacking, as only
two reports are available. One report based on uncemented revision procedures in
young patients under the age of 55 years showed disappointing results (8), where
another study reporting on cemented revisions in young patients with bone
impaction grafting showed more promising results (9). However, information based
on large cohorts in young patients in which the type of fixation in revision surgery
has been studied is lacking in literature.
As in most countries, in primary total hips implanted in patients under 55 years,
most primary THA in the Netherlands were placed as full uncemented fixation
(80%), followed by full cemented fixation (9%), reversed hybrid (8%) and hybrid
fixation (2%). We found a remarkable increase in the use of cemented fixation in
revision hip arthroplasty, when compared to primary THA, especially for the
acetabular component. In acetabular revisions only, the use of cemented fixation
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increased statistically significant with 39% (CI 34 – 45) from 23% in primary THA,
compared to 62% in the revision procedures. The same pattern was seen at the
femoral side, however this increase was less pronounced. Cemented fixation in
cases where the femoral component was exchanged increased significantly with
25% (CI 19 – 31), from 11% in primary THA, to 36% in revision THA.
As this study is an observational study using registry data, it is somewhat difficult to
find explanations for this finding. The first explanation may be that cemented
fixation in primary THA, especially in patients older than 70 years, is still regularly
performed in the Netherlands. According to the LROI, still 23% percent of primary
THA are cemented (10). Therefore, many Dutch orthopaedic surgeons still have the
skills to perform a well cemented hip implant. We explored if the change in fixation
could be explained by referrals of these younger patients to other centres for their
revision procedure, as contrasting fixation policies in different hospitals could
explain the observed trend towards cemented fixation. However, from all procedures
with only an acetabular revision (n = 439), only 88 procedures (20%) were conducted
in a different hospital compared to the primary procedure. From those 88 cases, 57
cases changed in method of fixation. However, in cases where there was no change
in hospital between primary and revision THA, still 1 out of 3 cases changed in
method of fixation (129 out of 338). From all procedures where only the femoral
component was revised (n = 303), 41 cases were revised in a different hospital.
From those 41 cases, 14 cases had a change in fixation method between the
primary- and revision THA. In the cases that did not change from hospital, a similar
number had a change in method of fixation (88 out of 262). Therefore, considering
the large number of cases that changed in method of fixation in the same hospital,
we do not think this explains the change in method of fixation between primary
and revision THA.
Secondly, the increase in the use of cemented fixation in revision hip arthroplasty
might be explained by an increase in the use of bone grafts in revision procedures,
as acetabular bone loss is a major concern for surgeons during revision hip
arthroplasty in younger patients (13, 14). Traditionally, bone impaction grafting on
both the acetabular and femoral side has been popular in the Netherlands (15, 16).
However, registration of bone grafts was incorporated within the LROI not before
2014. Therefore, the effect of the use of bone grafts could not be explored for all
years, as these data was not complete for all years of inclusion.
Thirdly, it might be expected that surgeons are more willing to change the method
of fixation when revising an early failure. Therefore, we analysed time to revision in
procedures that changed or did not change in method of fixation. For acetabular

72

CHANGE IN METHOD OF FIXATION

revisions, time to revision for cases that changed in fixation was 3.6 years (SD: 3.0),
and 2.8 years (SD: 2.5) for cases that did not change in method of fixation. For
femoral revisions, time to revision in cases that changed was 2.5 years (SD: 2.5),
where time to revision in cases that did not change was 2.1 years (SD: 2.4). For both
acetabular and femoral revisions, mean time to revision for cases that changed in
method of fixation was higher. Therefore, this does not explain the change in
method of fixation between primary and revision THA.
For both the revised acetabular- and femoral component, we found no statistically
significant difference in the 5-year survival between revision procedures that
changed or did not change in method of fixation. Only a few cohort studies report
on the effect of fixation type in revision procedures. For the acetabular side, Lie et.
al found a statistically significant reduced risk of failure for uncemented revisions
(17), where a study from the Swedish Hip Arthroplasty Register found no differences
in survival between cemented and uncemented revised acetabular components
(18). At the femoral side, uncemented fixation was associated with an increased risk
of failure of revision procedures (19), where others found no effect of method of
fixation on survival of revision procedures (20, 21). However, some of these studies
were single centre studies with relatively low patient inclusion (19, 21). None of
these studies focussed on young patients. Additionally, a change in method of
fixation between primary and revision hip arthroplasty was not described. Although
we found no difference in survival of revised components, more long-term data is
needed to evaluate the effect of different methods of fixation on the survival of
revision procedures.
There are a few limitations of this study that have to be considered, Firstly, the
completeness of revision hip arthroplasty in the LROI is lower compared to the
completeness of primary THA, especially in the first years of the registry, where
there was no complete coverage of all Dutch hospitals (11). Therefore, we might
have missed revision procedures in our analyses, which may have influenced our
findings. Secondly, as already mentioned, the effect of the use of bone grafts could
not be explored for all years, as registration of bone grafts within in LROI started in
2014. Lastly, as already described, there is no information within the LROI regarding
the presence or magnitude of possible bone defects. Additionally, we did not
analyse the use of any cup-cage constructions or triflange acetabular components
in this study. Furthermore, the use of extended trochanteric osteotomies in revision
hip arthroplasty is not registered within the LROI. All these factors might steer the
surgeon in the decision to use cemented or uncemented fixation.
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Conclusion
We found an unexpected and remarkable change in method of fixation between
primary- and revision hip arthroplasty in young patients in the Netherlands using a
large dataset from the Dutch Arthroplasty Registry (LROI). There was a large
increase in the use of cemented fixation during revision procedures. In cases where
only the acetabular component was revised, cemented fixation even became the
dominant method of fixation. No significant difference in short-term survival was
found between revision procedures that changed or did not change in method of
fixation. Unfortunately, the possible clinical effect of method of fixation on the
outcome of revision hip arthroplasty is not clear at the moment, as the clinical
follow-up is relatively small. Therefore, further studies are needed to evaluate this
significant change in fixation method in young patients on the outcome of revision
procedures.
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Abstract
Background: Due to the increase in quality of life after a total hip replacement
(THA), this treatment is now offered to ever younger people. However, the outcome
of primary THA in young patients is still inferior compared to older patients.
Therefore, focus in studying outcomes of THA in young patients should also be on
the outcome of subsequent revision and re-revision procedures, as this will be a
growing problem in young patients receiving primary THA. Therefore, we studied
the outcome of all consecutive primary THAs and their subsequent revisions in
patients under 50 years performed at our institute.
Methods: All consecutive primary THAs placed between 1988-2018 in patients
under 50 years in our tertiary care institute were included (n=1,049). We always
used cemented implants, and in case of acetabular or femoral bone defects,
impaction bone grafting (IBG) was used. Kaplan-Meier survival analyses were used
to determine the survival rate of primary- and revision THA with end-point revision
for any reason and endpoint revision for aseptic loosening.
Results: Mean age at primary THA was 38.6 years (range: 12-50). Mean follow-up of
primary THA was 8.7 years (range 2.0-31.5). Survival rate for all primary THA,
acetabular components only and femoral components only at 20 years follow-up
with endpoint revision for any reason was 66.7% (95%CI: 60.5-72.2), 69.1% (95%CI:
63.0-74.4) and 83.2% (95%CI: 78.1-87.3), respectively. In total, 138 revisions were
performed, mean age at revision was 48.2 years (range 23-72). Survival of all subsequent
revision procedures, revised acetabular- and revised femoral components at 15 years
follow-up with endpoint revision for any reason was 70.3% (95%CI: 56.1-80.7),
69.7% (95%CI: 54.3-80.7) and 76.2% (95%CI: 57.8-87.4), respectively.
Conclusions: The long-term outcome of cemented primary and revision THA is
promising in these young patients. We showed that our philosophy of using IBG in
case of acetabular and femoral defects, is a very suitable option to consider in young
patients. Surgeons must realise that the knowledge of the outcome of subsequent
revision surgery, which is inevitable in young patients, is of great importance to
inform young patients prior to their primary surgery.
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Introduction
Total hip arthroplasty (THA) is one of the most successful surgical interventions
improving the life of millions of people (1). Due to the impressive improvement in
quality of life and the reduction in pain after THA, this technique is considered in
ever younger patients. By the year 2030, 52% of primary THAs are expected to be
implanted in patients younger than 65 years, with the strongest increase in patients
aged between 45 and 55 years (2).
The short-term success after THA is quite attractive for young patients as pain is
mostly dramatically reduced, function is restored and quality of life is improved.
However, for patients under 55 years, the survival with endpoint revision of the
implant for any reason is shown to be inferior in many studies, when compared to
patients older than 70 years (3-5). The main reasons for higher revision rates in these
younger patients are more complicated primary surgeries due to acetabular and/or
femoral defects and the higher demands and activity levels of these younger patients,
leading to early wear and loosening of the implant. Additionally, due to their young
age at primary surgery, these patients will most certainly outlive their primary THA.
Therefore, the real focus in studying outcomes of THA in young patients should be
on the outcome of subsequent revision surgery. Only successful subsequent
revision surgery will keep these patients mobile. In a study from Bayliss and
colleagues, where lifetime revision risk (LTRR) was used to describe the risk of
revision following THA, the problems faced by younger patients became painfully
exposed (6). For patients aged 50–54 years, LTRR increases up to 29%, compared
to 5% in patients over 70 years, with many revisions performed within 5 years after
primary surgery. Additionally, revisions performed within 5 years after surgery have
higher re-revision risks (5). These numbers are worrisome and show the importance
of more long-term (re-)revision data, which are still lacking in younger patients
cohorts. To our knowledge, there are only two papers on the long-term outcome
of revision THA in patients younger than 55 years at the time of their revision (7, 8).
One study reported an alarming survival rate of 63% at 10 years follow-up(7), where
the other, using a biological reconstruction technique with impaction bone grafting
(IBG), showed more promising results with a 10-year survival rate of 87% (8).
To fill the knowledge gap on the outcome of subsequent revision procedures in
young patients, we analysed more than 1,000 consecutive primary THA inserted in
patients under 50 years all performed at our institute using a standard surgical
procedure in combination with a cemented implant. We determined not only the
outcome of primary THA, but focused on the outcome of their subsequent revisions
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and re-revisions. Additionally, we determined the Girdlestone load, the number
of cases in this series that ended with a permanent explantation of the THA,
a devastating end situation after failed hip arthroplasty surgery seriously limiting
the mobility of the patient.

Methods
We performed a retrospective cohort study of all patients who received a primary
THA under the age of 50 between 1st January 1988 and 31st December 2017 in our
tertiary care institution. Primary THA performed because of a tumour (primary or
metastatic) were excluded.
In total, we included 1,049 primary THAs in the study period. During follow-up,
68 patients (92 hips) died. These cases were included in the analyses, and censored
at the time of death. 114 cases were not reviewed at the outpatient clinic since
2015. Most of these 114 cases were planned for an update in 2020, however due to
the COVID-19 pandemic we had to postpone their controls. However, follow-up
data and status of these cases were included in the analyses and subsequently
censored up to the moment of their last outpatient clinic visit.

Surgical procedure
All primary THAs were placed using the posterolateral approach, and all prostheses
were placed using bone cement on both the acetabular and femoral side. In these
young patients, acetabular bone deficiencies at primary surgery are often
encountered due to developmental dysplasia of the hip or trauma. For the
reconstruction of the defects, impaction bone grafting (IBG) was used. The femoral
head was used as autograft in primary THA. In primary cases with a very hard
sclerotic subchondral layer after reaming we used IBG. In some primary cases with
larger defects, the autograft was combined with a fresh frozen femoral head
allograft obtained from the bone bank. In primary cases where the femoral head
was not available for autograft, only allograft was used. In case of a segmental or
medial wall defect of the acetabulum, a lateral rim or medial wall titanium mesh
was used, followed by IBG. The bone graft was morselised with a rongeur to
provide bone chips with a diameter of 0.7 to 1.0 cm. These bone chips were then
impacted with metal impactors. The aim was to reconstruct the original centre of
rotation by using the transverse ligament as a landmark. Next, the antibiotic-loaded
cement was pressurized into the acetabulum and the cup was cemented into the
acetabulum (Figure 1). On the femoral side a cemented stem was inserted using
third generation cementing techniques.
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Figure 1 Acetabular impaction bone grafting (IBG) a) A metal mesh is used to close the medial wall
acetabular defect and a superolateral rim mesh is used to cover a superolateral bone defect.
Meshes are fixated with screws. b) A femoral head is morselized to provide bone chips.
The bone chips are placed in the reconstructed acetabulum and impacted. c) The bone chips
are compressed layer by layer in the acetabulum. d) Bone cement is introduced and is
pressurized to force bone cement into the graft before placement of the cup.

In the subsequent revision cases, after removal of the cup and/or stem and after
taking microbial cultures, bone defects were reconstructed using the same
technique of acetabular IBG and a cemented cup. In cases with femoral defects,
femoral IBG was applied. In case of a revision procedure due to infection, a
two-stage procedure was performed. The techniques of acetabular and femoral
IBG have been extensively described in the literature(9-13). This study was
conducted and reported according to STROBE-guidelines(14).

Statistical analysis
The survival time of the primary THA was calculated as time from the primary
procedure to the date of revision procedure, death of the patient or at the date of
last visit to the outpatient clinic. In case of a Girdlestone situation, follow-up ended
at the moment of explantation of the components. Using Kaplan-Meier survival
analyses we estimated survival including 95% confidence interval (CI) of all primary
THA with endpoint revision for any reason, and with endpoint revision for aseptic
loosening. Additionally, we estimated the survival of the acetabular- and femoral
component separately with endpoint revision for any reason. Furthermore, survival
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was stratified for gender, different age groups (<30, 30-39, 40-49) and different
primary indications for THA. Survival rates were reported (where possible) at 10, 20
and 25 years follow-up.
Next, we determined the survival of subsequent revision procedures, where survival
time of revisions was calculated as time between the implantation of the revision
prosthesis and re-revision procedure, death of the patient, or date of last outpatient
clinic visit. Survival of revision procedures was reported at 10 and 15 years follow-up.
All analyses were performed using R version 3.5.1 (R Foundation for Statistical
Computing, Vienna, Austria).

Results
A total of 1,049 consecutive primary THA procedures were performed in 860
patients younger than 50 years of age. Mean age at time of primary THA was 36.7
years (range: 12 - 50), with 590 cases (56.2%) being female.
The most prevalent primary diagnoses were developmental dysplasia (DDH, n = 299)
and avascular necrosis (AVN, n = 288). Mean follow-up of all primary THA was
8.7 years (range 2.0 – 31.5). Other patient characteristics are shown in Table 1.
Table 1 Patient characteristics of 1,049 primary THA
N (%)
Age
Gender
Male
Female
ASA
ASA I
ASA II
ASA III-IV
Missing
Indication
Primary OA
DDH
RA
AVN
Post-Perthes
Posttraumatic
Other

82

38.6 (SD: 9.3)
459 (43.8)
590 (56.2)
395 (37.7)
329 (31.4)
82 (7.8)
243 (23.2)
88 (8.4)
299 (28.5)
72 (6.9)
288 (27.5)
69 (6.6)
74 (7.1)
159 (15.2)
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The most used acetabular component was the Exeter Contemporary flanged cup
(n = 582), the most used femoral component was the Exeter stem (n = 890).
An overview of the used components is shown in Table 2.
Table 2 Overview of used components
Acetabular component
Contemporary flanged

582

De Puy Elite Plus LPW Cup

141

Contemporary hooded

134

Exeter rimfit

61

Muller

57

Exeter

48

Charnley/Ogee

13

Avantage

10

Missing

3

Femoral component
Exeter

890

Charnley

123

Muller

33

Missing

3

5

Acetabular IBG was used in 769 THAs (73.3%), of which in 581 cases an autograft
was used, in 97 cases a combination of both autograft and allograft, and in 73 cases
only an allograft. Of all primary acetabular components, in 240 cases a rim mesh was
used, in 52 cases a medial mesh, and in 44 cases a combination of both was used.

Survival of primary THA
In total, 138 (13.2%) revision procedures were performed of any component for any
reason. Mean age at time of first revision was 48.2 (range 23 - 72) years.
In 127 cases the acetabular component was revised, of which in 61 cases in
combination with a revision of the femoral component. In 74 cases, the reason for
acetabular revision was aseptic loosening, in 27 cases septic loosening was the
cause of acetabular revision (Table 3).
In 10 hips, only the femoral component was revised. In 4 cases, the reason for femoral
revision was aseptic loosening, 1 for dislocation and 5 for other reasons. One case
had a revision of only the femoral head, due to recurrent dislocations (Table 3).
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Table 3 Characteristics (Re-)Revisions
Revisions N (138)

Re-Revisions (22)

48.2

51.1

Male

55 (39.9)

10

Female

83 (60.1)

12

Cup

127

20

Stem

71

10

Head

1

-

Aseptic

78

4

Septic

27

11

Dislocation

14

3

Wear

4

0

Other

12

4

Missing

3

0

Age
Gender

Component

Reason of revision

In 4 cases (4 patients), there was no re-implantation of a THA during the first revision
procedure due to infection, eventually resulting in a permanent Girdlestone situation.
In all other cases with septic loosening, a second-stage re-implantation procedure
was performed.
Kaplan-Meier analysis showed a survival rate for all primary THA with end-point
revision for any reason of 90.7% (95% CI: 88.2 - 92.7) at ten years, 66.7% (95% CI:
60.5 – 72.2) at 20 years and 54.4% (95% CI: 45.7 – 62.2) at 25 years follow-up (Figure 2).
Survival rates for primary acetabular- and femoral components separately, and survival
rates with end-point aseptic loosening are shown in Table 4.

Age groups
In total, there were 253 (24.1%) cases younger than 30 years, 315 (30.0%) cases in
the age group 30-39 years and 481 (45.9%) patients in age group 40-50 years.
In patients younger than 30, survival for any reason was 90.3% (95% CI: 84.4 – 94.1),
69.5% (95% CI: 56.0 – 79.6) and 66.1% (95% CI: 51.3 – 77.3) at 10, 20 and 25 years
follow-up, respectively. For patients between 30 and 39, survival for any reason was
88.4% (95% CI: 82.7 – 92.3), 68.6% (95% CI: 57.4 - 77.4) and 56.4% (95% CI: 39.8 – 70.0)
at 10, 20 and 25 years follow-up, respectively. For the age group 40-49 years,
survival was 92.4% (95% CI: 88.9 - 94.9), 63.5% (95% CI: 53.6 - 71.8) and 47.8%
(95% CI: 34.9 – 59.5) at 10, 20 and 25 years follow-up, respectively (Table 5).
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Table 4 Survival rates of all primary THA with end-point revision for any reason
and end-point aseptic loosening
10 year

20 year

25 year

Overall any reason

90.7 (88.2 - 92.7)

66.7 (60.5 - 72.2)

54.4 (45.7 - 62.2)

Cup any reason

91.7 (89.3 - 93.6)

69.1 (63.0 - 74.4)

56.6 (47.9 - 64.5)

Stem any reason

94.3 (92.2 - 95.8)

83.2 (78.1 - 87.3)

76.9 (69.0 - 83.0)

All aseptic

95.8 (93.7 - 97.2)

76.5 (70.2 - 81.6)

62.3 (52.5 – 70.7)

Cup aseptic

96.3 (94.3 – 97.6)

77.5 (71.3 – 82.5)

63.6 (53.8 – 71.8)

Stem aseptic

97.9 (96.2 – 98.8)

90.5 (85.6 – 93.8)

83.6 (75.1 – 89.4)

Table 5 Survival rates of all primary THA by age groups with end-point revision for
any reason
KM all primary THA (1,049)

10 year

20 year

25 year

<30 year (253)

90.3 (84.4 – 94.1)

69.5 (56.0 – 79.6)

66.1 (51.3 – 77.3)

30-39 (315)

88.4 (82.7 – 92.3)

68.6 (57.4 – 77.4)

56.4 (39.8 – 70.0)

40-49 (481)

92.4 (88.9 – 94.9)

63.5 (53.6 – 71.8)

47.8 (34.9 – 59.5)

5

Diagnosis
The most prevalent primary diagnosis was DDH. Survival for patients with DDH was
89.9% (95% CI: 84.5 - 93.5) and 83.7% (95% CI: 75.6 – 89.3) at 10 and 15 years
follow-up, respectively. For patients receiving THA for AVN, survival was respectively
90.3% (95% CI: 84.6 – 94.0) and 81.2 (95% CI: 72.1 – 87.6) at 10 and 15 years
follow-up. Survival rates of other indications for primary THA are shown in Table 6.
Table 6 Survival rates of all primary THA by diagnosis with end-point revision for
any reason
10 year

15 year

Primary OA

92.8 (81.3 – 97.3)

86.6 (65.5 - 95.2)

DDH

89.9 (84.5 - 93.5)

83.7 (75.6 - 89.3)

RA

88.6 (77.5 - 94.5)

79.2 (65.0 - 88.2)

AVN

90.3 (84.6 – 94.0)

81.2 (72.1 - 87.6)

Other

93.0 (86.1 - 96.5)

80.7 (68.8 - 88.4)

Post-Perthes

94.7 (79.1 - 98.7)

89.4 (68.2 - 96.8)

Post-traumatic

88.0 (75.5 – 94.4)

78.6 (59.1 - 89.5)
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Revision THA
Of the 138 revision THAs, 22 cases required a re-revision THA. Mean age at
re-revision surgery was 51.7 (range 33 – 71) years. Mean follow-up of the revision
cases was 6.5 (range 0.1 - 21.7) years. In 20 re-revisions, a cup re-revision was
performed, of which 8 cases combined with a re-revision of the femoral component.
Aseptic loosening of the cup was the cause in 4 cases and septic loosening in 11
cases. All cases with septic loosening were re-revised with a two-stage procedure.
In 2 cases, only a femoral re-revision was performed. Dislocation was the cause in
1 case, the other case was due to a fracture of the femoral component.
Using Kaplan-Meier survival analysis, the survival of revision THA with endpoint
re-revision for any reason was 78.5% (95% CI: 67.3 - 86.2) at 10 year, and 70.3% (95%
CI: 56.1 – 80.7) at 15 year follow-up (Figure 2). For all revised acetabular components,
survival was respectively 78.7% (95% CI: 66.8 – 86.8) and 69.7% (95% CI: 54.3 – 80.7)
at 10 and 15 years follow-up. For all revised stems, survival was respectively 85.0%
(95% CI: 72.1 – 92.3) and 76.2% (95% CI: 57.8 – 87.4) at 10 and 15 years (Table 7).

Re-revision THA

Revision THA

0.4

0.6

Primary THA

0.0

0.2

Proportion revision free

0.8

1.0

Of the 22 re-revision procedures, 7 cases required a second re-revision (Figure 3).
Mean follow-up of all re-revision procedures was 3.5 years (range: 0.2 - 11.7). Aseptic
loosening was the reason in 2 cases, septic loosening in 3, dislocation in 1, and in 1 case
defined as other. In one case, both the acetabular and femoral component underwent
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4
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555
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46
455
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36
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23
298
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14

16

8
136

18

3
90

64

41

20

13
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22
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Revision THA
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Years

Figure 2 Survival of 1,049 primary THA and 138 revision procedures with end-point (re-)revision
for any reason
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a second re-revision, in 6 cases only the acetabular component underwent a rere-revision. In 2 of those 6 cases, there was no re-implantation of the acetabular
component, resulting in a permanent Girdlestone situation.
Table 7 Survival rates of all revision THA with end-point revision for any reason
KM Revisions (138)

5 year

10 year

15 year

Overall any reason

84.1 (75.0 – 90.1)

78.5 (67.3 – 86.2)

70.3 (56.1 – 80.7)

Cup any reason

85.1 (75.7 – 91.0)

78.7 (66.8 – 86.8)

69.7 (54.3 – 80.7)

Stem any reason

85.0 (72.1 – 92.3)

85.0 (72.1 – 92.3)

76.2 (57.8 – 87.4)

5

Figure 3 Anteroposterior radiographs after a primary THA in a patient at the age of 36 years
a) Anteroposterior radiograph of a patient with secondary osteoarthritis due to epiphyseal
dysplasia bilaterally. b) A cemented total hip prosthesis was inserted at both sides at the age
of 36 years in 1989. c) Pre-operative radiograph from 2015 with loosening of the cup at the
left side. No signs of loosening at the right side. d) Postoperative radiograph after cup revision
in 2015 at the left side due to aseptic loosening in 2015. Primary prosthesis at the right side
still in place after 25 years. e) Pre-operative radiograph from 2019 with again loosening of the
cup at the left side due to septic loosening. f) Postoperative radiograph after re-revision of the
cup in 2019. Primary prosthesis at the right side is still in place after more than 30 years
without signs of loosening. However, there is some wear of the cup visible. At the last review
the infection of the left hip was cured.
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Mobility of patients
As stated before, out of 138 revision procedures, there were 4 cases where there
was no re-implantation of components during the revision procedure, resulting in
a permanent Girdlestone situation. Explantation of the prosthesis in these cases
was 0.1, 0.3, 0.9 and 4.6 years after the primary procedure, all because of septic
reasons. In all 22 re-revision procedures, there was re-implantation of components,
so all patients remained mobile after their revision procedure.
From the 7 cases that underwent a second re-revision, there was no re-implantation of
any of the components in 2 cases, resulting in a permanent Girdlestone situation,
both for persistent infection at respectively 8.9 and 6.7 years after the original
primary THA. Of the whole group of 1,049 primary THA, the Girdlestone load at the
moment of latest review was 6 out of 860 patients (0.7%), all for septic reasons. This
Girdlestone load, that includes the outcome of revisions and re-revisions, proves
that with our treatment philosophy the number of cases that were unrevisable
during our study period was limited. Except for septic reasons, in all cases with a
failed primary or revision procedure, re-implantation of components was achieved.

Discussion
The aim of this paper was to focus on the outcome and the survival of both primary
THA and subsequent revision procedures, performed in a large cohort of patients
younger than 50 years, Additionally, we determined the Girdlestone load in this
study, as a Girdlestone is the final failure of the primary THA. When performing THA
in young patients, it is of major importance to have an idea on the outcome of the
subsequent revision of the hip implant, as revision procedures are inevitable in
these younger patients.
This study provides a crucial update to the literature on revision hip arthroplasty in
young patients. To our knowledge, this is the largest long-term follow-up study of
a single centre cohort of patients younger than 50 years, which also reports the
outcome of the subsequent revisions within the study group. The importance of
anticipating on future revisions has to be emphasized. It cannot be denied that
these patients are still young when they need a revision procedure, with a mean
age of 48 years at the time of revision surgery in our study group. Even at the time
of re-revision, they were still young with a mean age of 52 years. To evaluate the
true value of different techniques that are being used worldwide, it is not only
important to report on the results of primary THA, but maybe even more important
to report the results of revisions and even re-revisions procedures, as the outcome
of these subsequent revisions will determine the long term succes.
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Our method to use cemented THA combined with morselized bone grafts in young
patients to reconstruct bone loss if needed, leads to very acceptable long-term
outcomes of primary THA and their subsequent revisions. At 20-years follow-up,
survival of primary THA was 66.7% (95% CI: 60.5 - 72.2) with end-point revision for
any reason, with still 90 patients at risk at that time point. The acetabular component
showed a promising survival of 69.1% (95% CI: 63.0 – 74.4) at 20 years of follow-up
with end-point revision for any reason and a survival of 77.5% (95% CI: 71.3 – 82.5)
for endpoint aseptic loosening.
When our results of primary THA in young patients are compared with long-term
follow-up data in the general population, our results are similar, which is remarkable.
A large systematic review and meta-analysis by Evans et al. showed a 25-year
pooled survival of 57.9% (95% CI 57.1 – 58.7) in a patient group with a mean age 69
years(15), which is based on long-term follow-up data of the Australian registry and
the Finnish registry.
Follow-up of the subsequent revision procedures in our study showed a survival of
70.3% (95% CI: 56.1 – 80.7) at 15 years. In the available literature, only few studies
report on the outcome of revision procedures in young patients(7, 16-20). However,
none of these studies did also report on the outcome of the primary procedures.
Strömberg et al. reported an overall survival of 76% after 8 years follow-up using
cemented revision THA(19). Lee et al. reported a survival revision procedures of 63%
at 10 years follow-up(7). Girard et al. reported on 77 revision procedures in patients
younger than 30 years(17). They reported a survival rate at 10-year follow-up of
36%. A study by Raut et al. described the survival of 87 cemented acetabular revision
procedures in patients younger than 55 years(20). Survival of these revision
procedures was 90% at six years follow-up. Therefore, our results of revision hip
arthroplasty are very satisfying when compared with the available literature.
Another important item that we determined is the Girdlestone load, the proportion
of patients who are not revisable anymore. It is important to realize that these
patients will generate high costs for the society, next to the major impact of this
permanent situation on their future lives with limited mobility, great leg length
discrepancy and often persisting pain(21). In our study, only 6 out of 1,049 cases
had a permanent Girdlestone situation, resulting in a Girdlestone load of 0.7%.
In this study, the most prevalent reason for revision was aseptic loosening (56.5%),
followed by infection (19.5%). However, 11 out of 22 re-revision procedures were
due to an infection, and only 4 revision procedures were re-revised for aseptic
loosening. A similar result was found in an analysis of revision procedures in the
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Dutch Arthroplasty Register (22). In a study on 1,037 revision procedures after a
primary THA in young patients under 55 years, the rate of infection was 16% in
the all revision procedures, which increased to 35% in all re-revisions procedures.
Therefore, in prevention of re-revision procedures, management of infections is of
major importance(23).
One of the strengths of this study is that we have been able to monitor almost the
complete study group throughout our follow-up. 114 patients did not visit the
outpatient clinic since 2015, and might therefore be considered as lost to follow-up.
However, as explained above, this was partly because of the COVID-19 pandemic.
Follow-up for these patients ended at the moment of last visit, so therefore we did
not miss any failure of the prosthesis or death in our analysis. All revisions, except
for one, were performed in our hospital. One cup revision was performed in a
nearby hospital. However, we have included the data of this particular case until the
revision surgery.
In our study, the possible effect of competing risks has to be addressed (24, 25). In
this study, death might be a competing risk for our end-point of interest; revision
surgery. Using competing risk analyses, we assessed the cumulative incidence of
revision for any reason, where death was considered a competing risk. We found a
cumulative failure rate of 29.9% (95% CI: 24.9 – 35.1) at 20 years follow-up for all
primary THA, where failure of revision THA was 27.3% (95% CI: 17.1 – 38.6) at
15 years follow-up. When comparing the cumulative failure rate with the KaplanMeier survival estimate, we might underestimate the survival of both primary- and
revision THA in this patient group when using Kaplan-Meier with an absolute
difference of 3.4% and 2.4%, respectively.
Next to the possible effect of competing risks, there are other limitations that
should be addressed. All patients in our centre received a cemented prosthesis,
using the posterolateral approach in all procedures. Although this provides
homogeneity in our cohort, our results might be less generalizable. However, the
outcome of the subsequent revision performed with our technique can be used as
a benchmark for other surgical methods.
In conclusion, this study provides an important update on the outcome of revision
hip arthroplasty in young patients, filling in a gap in literature. The current study can
be used as a benchmark for other techniques and prostheses used in young patients.
Both the patient and orthopedic surgeon must realise that revision procedures are
inevitable in patients receiving their primary THA at young age. Therefore, data on the
outcome of revision procedures are essential for both patient and orthopedic
surgeon in the decision making process prior to a total hip replacement.
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Abstract
Background: The increasing number of THAs in younger patients will inevitably
result in an increase of revision procedures. However, there is little evidence about
the outcome of revision procedures in this patient group. Therefore, we updated a
previous study conducted 5 years ago about the outcome of revision procedures in
patients younger than 55 years.
Questions/purposes: We sought to provide a concise update on the previously
reported (1) long-term failure rate as defined by repeat revision, (2) clinical outcome
as defined by the Oxford Hip score and the Harris Hip score, and (3) radiographic
outcome of cemented revision THA performed with impaction bone grafting
on both the acetabular and femoral sides in one surgery in patients younger than
55 years old.
Methods: Between 1991 and 2007, we performed 86 complete THA revisions in
patients younger than 55 years. In 38% (33 of 86) of revisions, bone impaction grafting
was used on both the acetabular and femoral side because of acetabular and
femoral bone stock loss. Mean age at time of revision was 46 ± 8 years. No patient
was lost to follow-up, but six patients died during follow-up, including three since
2015, leaving 27 for analysis here at a mean of 17 ± 5 years. Failure was calculated
using competing risk analysis. For clinical outcome, we assessed the Harris Hip
score and the Oxford Hip score from our longitudinally maintained institutional
database. Radiographic analysis was performed to evaluate radiographic loosening,
defined as radiolucencies ≥ 2 mm in all zones or ≥ 5 mm migration for both
components. The acetabular component was also considered loose with tilting ≥ 5°
Results: The 15-year failure rate of revision THA was 27% (95% CI 13 to 44) for
re-revision of any component for any reason and 10% (95% CI 3 to 25) for re-revision
of any component for aseptic loosening. The mean Harris Hip score increased from
55 ± 18 preoperatively to 74 ± 22 at latest follow-up. Eight cups were considered
radiographically loose, seven of which were re-revised. No stems were considered
radiographically loose. Failure rate with endpoint radiographic loosening at 15 years
was 23% (95% CI 10 to 39).
Conclusions: We conclude that impaction bone grafting with a cemented cup and
a cemented stem is a valuable biological revision technique that results in a stable
and durable solution, after one or even multiple previous revision THAs. Although
current implants may prove sufficient in most cases, they do not promote bone
stock preservation of bone stock. We believe that in young patients with bone stock
loss, impaction bone grafting can be used as long as the defect can be contained
adequately with a metal mesh and viable bone bed is available for revascularization.
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Introduction
The number of THAs in patients younger than 55 years is increasing each year [12, 17].
Consequently, an increase in revision hip arthroplasty in younger patients can be
expected. Unfortunately, data on survivorship of revision hip arthroplasty performed
in patients younger than 55 years is limited, and the data available are not
encouraging [1, 8, 10, 14]. The only study reporting the long-term survivorship after
revisions in these patients of which we are aware shows a disappointing outcome of
63% at 10 years and 47% at 15 years with an endpoint of re-revision for any reason [14].
The management of bone loss remains a considerable challenge in revision hip
surgery and is especially true for young patients facing a revision. These patients
still have a long life expectancy after their index primary hip arthroplasty and may
undergo several revision procedures. Restoring bone stock may facilitate these
further revisions. Impaction bone grafting is a biological reconstruction technique—
first described in 1984 by Slooff et al. [22] for the acetabulum and in 1993 by Gie
et al. [6] for the femur—which aims to restore these bone stock defects, resulting in
a stable construct remaining present over time. Multiple centers have reported
satisfactory results, with up to 30 years of follow-up on the acetabular side [2, 4, 7,
19, 24] and 20 years on the femoral side [5, 13, 16, 23, 24]. In a previous study from
our center, te Stroet et al. [24] reported on the outcome of 34 revision hip surgeries
in 33 patients who underwent revision when they were younger than 55 years. All
patients underwent a total revision, receiving both acetabular and femoral bone
impaction grafting in one surgery. In that time, mean follow-up was 12 ± 4.6 years.
The 10-year survival of revisions with the endpoint of re-revision of any component
for any reason was 87%, the survival of revisions with the endpoint of re-revision of
any component for aseptic loosening was 97%. Because of the lack of long-term
data of hip revisions performed in younger patients, we wished to update the
previous study [24]. In this follow-up report, we specifically sought to determine:
(1) the long-term risk of re-revision, (2) the clinical outcome as expressed by Harris
Hip Score and (3) the risk of radiographic loosening, defined as radiolucencies ≥ 2 mm
in all zones or ≥ 5 mm migration for both components of cemented revision THA
performed with impaction bone grafting on both the acetabular and femoral sides
in one surgery in patients younger than 55 years old.
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Methods
The update of the study was approved by our institutional review board. All patients
were followed as part of a longitudinally maintained institutional database, and the
data were retrospectively analysed. For detailed information on patients and
methods, we refer to the previous publication [24]. Briefly, between 1991 and 2007,
we performed 86 complete THA revisions in patients younger than 55 years. In 40%
(34 of 86) of these revisions, impaction bone grafting was used on both the
acetabular and femoral sides. In these revision procedures, the surgeon decided
intraoperatively to perform impaction bone grafting, as bone stock at both the
acetabular and femoral sides was not sufficient for primary fixation without
impaction bone grafting. One revision was excluded as the bilateral revised hip of
this particular patient was already included. Therefore, 38% (33 of 86) of hips were
included in this update (Fig. 1). At the time of our last review, no patient was lost to
follow-up with regard to the risk of failure. During study follow-up, six patients died
(three additional deaths since our latest report [24]). No deaths were related to the
surgery and the results of these six patients were included in the final analyses.
The mean age of the 19 women and 14 men at the time of revision was 46
± 8 years. The indication for revision was aseptic loosening of both components
in 19 hips, septic loosening in 14, and one patient also had stem malposition with
aseptic cup loosening. In all cases, both acetabular and femoral bone stock loss
was present, which was treated with impaction bone grafting on both the acetabular
and femoral sides. Both cup and stem were cemented in all cases.
Of the 14 hips revised because of septic loosening, 12 were revised with a two-stage
procedure.
The current update of these 33 complete revision THAs was performed in July
2019. The minimum follow-up for inclusion was 5 years. The mean follow-up of the
surviving hips was 17 ± 5 years.
Bone stock defects have been classified on the acetabular side according to
Paprosky et al. [18] (three Type 1, seven Type 2A, 14 Type 2B, three Type 2C, three
Type 3A, and three Type 3B), and on the femoral according to Della Valle et al. [3]
(seven Type 1, 17 Type 2, six Type 3A, one Type 3B and two Type 4). The surgical
technique of impaction bone grafting of both the acetabulum and the femur has
been described before [20, 21]. All femoral revisions were performed using the X
Change femoral revision system (Stryker-Howmedica, Newbury, UK).
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34 complete THA's with IBG
on both sides

6 patients died

12 had a reoperation of either component
for any reason

3 hips underwent irrigation
and debridement

9 hips were re-revised

2 hips were eventually re-revised

11 re-revisions

6
7 re-revisions
of both components (Table 1)

4 acetabular
re-revisions (Table 1)

Figure 1 Flowchart of the outcome of all patients

Primary and Secondary Study Outcomes
Our primary study outcome was the probability of re-revision. We assessed this by
using competing risk analyses, with re-revision of any component for any reason
and reoperation for any reason as an endpoint, where death was considered a
competing event. Next, we determined the failure rate of revision procedures
with the endpoint re-revision of any component for aseptic loosening, where death
and other reasons for re-revision were considered competing events. Lastly, we
determined specific cup- and stem failure for the endpoints of re-revision for any
reason, re-revision for aseptic loosening, and reoperation for any reason. For all
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endpoints, the failure rate including 95% confidence interval was determined at
10-, 15- and 20-year follow-up.
Our secondary study outcomes were clinical and radiographic outcome. We assessed
the clinical outcome by seeing all patients on a regular basis at our institution.
An independent research assistant obtained all clinical and functional scores.
We assessed the Harris Hip score (Harris Hip score: worst score 0, best score 100)
[9] and the Oxford hip score (Oxford Hip score: worst score 0, best score 48) [15]
to measure clinical outcome. The scores provided here were from the latest
follow-up visit.
Radiographic loosening was defined as radiolucencies of ≥ 2 mm around the
acetabular component in all three zones using the DeLee and Charnley classification,
or migration of ≥ 5 mm, or tilting ≥ 5°. For the femoral component, we defined
radiographic loosening as radiolucencies of ≥ 2 mm in all seven Gruen zones or
subsidence of the femoral component of more than 5 mm. All radiographs were
scored based on the consensus of two authors (TN, BWS). Using a competing risk
analysis, we determined the failure rate with an endpoint of radiographic loosening;
we considered death as a competing event.

Results
Failure Risk
In total, 11 hips were re-revised (compared with six re-revisions in our previous
report) (Table 1). Competing risk analysis showed a risk of re-revision of any
component for any reason of 27% (95% CI 13 to 44) at 15 years follow-up (Fig. 2A).
The risk of re-revision of any component for aseptic loosening, was 10% (95% CI
3 to 25) at 15 years follow-up (Fig. 2B). In total, 12 hips underwent a reoperation
(compared with nine in our previous report). The risk of reoperation for any
component for any reason was 30% (95% CI 15 to 46) at 15 years follow-up (Fig. 2C).
The risk of re-revision of the acetabular component with endpoint aseptic loosening
was 10% (95% CI 3 to 25) at 15 years (Fig 3A). For the femoral component, the risk
of re-revision with endpoint aseptic loosening was 4% (95% CI 0 to 16) at 15 years
(Fig. 3B). We further analysed the risk of failure for separate components at different
times of follow-up (Table 2).
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Table 1 Indications for re-revision in 11 patients
Components
re-revised

Indication for re-revision follow-up

Survival (years)

7 Re-revisions of
both the acetabular
and femoral
component

1 Aseptic loosening

11.7

3 Septic loosening
(one with conversion to permanent
excision arthroplasty)

11.3 and 11.2
3.6*

1 Stem re-revision for malpositioning
causing recurrent dislocation
(with later re-revision of both
components for septic loosening)

1.6

1 Cup re-revision for traumatic
loosening after a fall
(with later re-revision of both
components for septic loosening)

8.7
9.8*

1 Cup re-revision for aseptic loosening
(with later re-revision of the stem for
periprosthetic fracture)

24.4
24.9*

4 Aseptic loosening

2.6, 10.8, 16.2, and 17.4

4 Cup re-revisions

2.9*

* Survival until the event described between parenthesis.

Clinical Outcome Scores
In our previous report [24], the mean Harris Hip score was 55 ± 18 preoperatively
and increased to 80 ± 16 points postoperatively. At latest follow-up, the mean
postoperative Harris Hip score was 74 ± 22. The mean postoperative Oxford Hip
score was 36 ± 10 in our previous report, and currently 33 ± 11. We did not assess any
statistical differences between preoperative and postoperative scores, as postoperative
scores were not applicable as 11 patients were re-revised and six patients died at
latest follow-up. Therefore, clinical outcome data could not be assessed for these
patients. Additionally, due to missing preoperative data, we were only able to compare
preoperative and postoperative Harris Hip score for six patients, and Oxford Hip score
for three patients. Harris Hip score at final follow-up was available for 15 patients,
and Oxford Hip score for 13 patients.

Radiographic Analysis
In total, eight cups were considered radiographically loose (compared with four
radiographically loose cups in our previous report). Seven of these eight cups were
re-revised. One patient underwent debridement and irrigation and was functioning
well on low-dose antibiotics for chronic infection. Of the acetabula that were not
re-revised, we could score trabecular incorporation in 99% (68 of 69) zones; one
was obscured by metal mesh. In 91% (62 of 68) of zones, we saw incorporation.
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Figure 2 Shown here is the cumulative failure rate of revisions procedures of any component
(A) for any reason and (B) for aseptic loosening and (C) reoperation for any reason.
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Figure 2 Continued.

Out of all stems, none were considered radiographically loose. Between the two
study periods (10-year and 15-year follow-up), 21 stems showed no subsidence,
nine showed 1 mm of subsidence and three stems showed 2 mm of subsidence.
Therefore, all stems were considered radiographically stable. Mean subsidence of
the stem within the mantle was 2.9 ± 2.1 mm. Failure rate with endpoint radiographic
loosening at 15 years was 23% (95% CI 10 to 39).
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Figure 3 The cumulative failure rate of revision procedures for aseptic loosening of (A) the
acetabular components and (B) the femoral components is shown here.
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22% (10 - 37)

Reoperation for any reason (events = 12)

22% (10 - 37)

Reoperation for any reason (events = 12)
10% (2 - 23)
0% (NA)
19% (8 - 34)

Re-revision for any reason (events = 7)

Re-revision for aseptic loosening (events = 2)

Reoperation for any reason (events = 8)

Survival femoral components only

13% (4 - 26)
3% (0 - 13)

Re-revision for any reason (events = 11)

Re-revision for aseptic loosening (events = 6)

Survival acetabular components only

13% (4 - 26)
3% (0 - 13)

Re-revision for any reason (events = 11)

10 years
Failure rate
(95% CI)

Re-revision for aseptic loosening (events = 6)

Survival complete revision THA

Re-revision

14
14

30% (15 - 46)
21% (8 - 37)
4% (0 - 16)
23% (10 - 39)

19
23
23
20

13

12

13

27% (13 - 44)
10% (3 - 25)

13

12

22

30% (15 - 46)

19

13

13

23% (10 - 39)

4% (0 - 16)

21% (8 - 37)

41% (22 - 60)

21% (7 - 40)

38% (19 - 57)

41% (22 - 60)

21% (7 - 40)

38% (19 - 57)

Number at 20 years
risk
Failure rate
(95% CI)

22

27% (13 - 44)
10% (3 - 25)

22
22

15 years
Failure rate
(95% CI)

Number
at risk

Table 2 Survival at different times of follow-up for different endpoints
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Discussion
THA is increasingly performed in younger patients, many of whom will live long
enough to undergo revision. Unfortunately, little is known about survivorship of
revision hip arthroplasty performed in patients younger than 55 years, and most of
what has been reported is rather discouraging [1, 8, 10, 14]. Since our earlier paper,
no new evidence has been published reporting on the long-term survivorship of
revision THA implants in patients younger than 55 years. This current study updates
our previous paper [24] on the outcome of complete revisions in patients younger
than age 55 years using impaction bone grafting on both sides, focusing on the
long-term failure rate, clinical outcome, and radiographic outcome in this young
patient group. The 15-year risk of failure was 27% with the endpoint of re-revision of
any component for any reason, and 10% with the endpoint of re-revision of any
component for aseptic loosening. These results are certainly promising for these
young patients.

Limitations
This study has several limitations, a few of which have remained the same since our
previous report [24]. Several acetabular and femoral zones were treated with mesh
for extensive reconstruction. The mesh obscured the view of the bone stock for
radiological evaluation. However, no difference in clinical or failure outcome was
seen in these cases.
Secondly, the set of data that was available was limited, as 11 patients were re-revised,
and six patients died. Therefore, clinical outcome data could not be assessed for
these patients. Additionally, due to missing preoperative data, we were only able to
compare preoperative and postoperative outcome data for a small group of
patients. Therefore, we did not perform a statistical comparison.
Although extensive acetabular and femoral defects were part of this study, the study
also includes revisions with less severe defects, and impaction bone grafting was
performed at the discretion of the operating surgeon. We also note that impaction
bone grafting is technically demanding, and it may not yield the same results in the
hands of surgeons who do it less frequently. Thus, our results may be different
compared with other surgeons. Further, the environment of implant choices has
changed. With newer implants and better bearings, such as highly crosslinked
polyethylene, the proportion of young patients going on to revision, particularly for
wear-related issues, may decrease considerably. In addition, the revision options
available now compared with 20 years ago are substantially more versatile, but
none of these newer methods is able to restore bone stock. Especially in these
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younger patients already facing a revision at a young age, unfortunately future
revisions can be expected. The available bone stock at the next revision will
determine the outcome of the subsequent revision.

Failure Risk
The 15-year risk of failure was 27% with the endpoint of re-revision of any component
for any reason, and 10% with the endpoint of re-revision of any component for
aseptic loosening. There are few studies on the outcome of revisions in young
patients. One multicenter study included 77 revision procedures in 55 patients,
all younger than 30 years, with a mean follow-up of 6.2 years. The authors reported
a disappointing 10-year survivorship of 36% for re-revision for any reason [8].
A case-controlled study, comparing mostly uncemented revisions with primary
THAs, reported a survival of 69% of revision procedures after a mean follow-up of
6.7 years. However, a loss to follow-up of 29.3% (43 revisions) was reported as well
[1]. In a study reporting on 181 mostly uncemented revisions (109 of which were
revisions of both components) in 102 patients 50 years of age or younger, a mean
follow-up of 11 years was seen. This third study had 27 patients lost to follow-up
and 67 lost radiographs. They reported a 10-year survival for re-revision for any
reason of 63% [14]. Lastly, a study based on the Dutch Arthroplasty Register on 1037
revision THA procedures in patients younger than 55 years showed a worrisome
overall 10-year survival rate of 72%, which decreased to 55% for index revisions due
to infection [11]. Our 10-year results were at least comparable to all these studies.
At 15 years, we still show results that are at least comparable to the 10-year results
described in the studies discussed above.

Outcomes Scores
In our previous report, we found a significant improvement in the Harris Hip score.
The Harris Hip score did not appear to have changed at latest follow-up compared
with the scores in our previous report. However, no meaningful statistical analysis
could be performed at this point; we could only include the scores of patients who
were not lost to death and who underwent a re-revision. The slight decrease in the
mean Harris Hip score and Oxford Hips score is likely a function of normal aging.
The improvement in preoperative and postoperative the Harris Hip score and the
Oxford Hip score is still comparable with studies described in our previous report [1,
14, 24].

Radiographic Findings
Similarly, impaction bone grafting provides durable radiographic results, although
detailed radiological interpretation of graft incorporation in hips that undergo
impaction bone grafting remains difficult; failure risk of radiographic loosening was
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23% (95% CI 10 to 39) at 15 years follow-up. In 91% of all acetabular zones,
incorporation was seen, whereas in 92% of all femoral zones incorporation was
seen. These percentages are comparable with our previous report [24], and other
studies where they reported graft union in 64 of 67 surviving acetabular reconstructions performed with irradiated allografts (95.5%) [4], and trabecular
incorporation in 87% in 75 femoral bone impaction grafting revisions [25]. Since our
previous report, no other studies were published reporting on the outcome of
revision in young patients, making a comparison of radiographic findings not
possible.

Conclusion
We conclude that impaction bone grafting with a cemented cup and a cemented
stem is a valuable biological revision technique that results in a stable and durable
solution, after one or even multiple previous revision THAs. Current implants for
revision surgery are substantially more versatile than in the past and may prove to
be sufficient in most cases. On the acetabular side, these include jumbo cups and
highly porous surface geometries; extensively porous coated stems often provide
durable femoral fixation. However, we do not yet have long-term data on the use
of these options in young patients and none of them promote preservation of bone
stock, as is the case with impaction bone grafting. We believe that as long as the
defect can be contained adequately with a metal mesh and a viable bone bed is
available for revascularization, the impaction bone grafting technique can be used
and can facilitate an eventual future revision. We caution, however, that use of
impaction bone grafting is technically complex, and should be performed by an
experienced surgeon.
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Abstract
Introduction: The increasing use of hip arthroplasties in young patients will inevitably
lead to more revision procedures at younger ages, especially since the outcome
of their primary procedures is inferior compared to older patients. However, data
about the outcome of revision hip arthroplasty in young patients are limited.
We determined the failure rates of revised hip prostheses performed in patients
under 55 years using Dutch Arthroplasty Register (LROI) data.
Methods: All 1,037 revised hip arthroplasty procedures in patients under 55 years
at the moment of revision registered in the LROI during the years 2007-2018 were
included. Kaplan-Meier survival analyses were used to calculate failure rates of revised
hip arthroplasties with end-point re-revision for any reason. Competing risk analyses
were used to determine the probability of re-revision for end-points infection,
dislocation, acetabular- and femoral loosening, while other reasons for revisions
and death were considered as competing risks.
Results: Mean follow-up of revision procedures was 3.9 years (0.1 to 12). 214 re-revisions
were registered. Most common reason for the index revision was dislocation (20%),
most common reason for re-revision was infection (35%). The 5-year failure rate of
revised hip prostheses was 22% (95% CI 19-25), and the 10-year failure rate was 28%
(CI 24-33). The 10-year cumulative failure rates of index revisions with end-point
re-revision for infection was 7.8% (CI 6.1 – 9.7), acetabular loosening 7.0% (CI 4.1 – 11),
dislocation 3.8% (CI 2.6 – 5.2), and femoral loosening 2.7% (CI 1.6 – 4.1). The 10-year
implant failure rate of index revisions with reason infection was 45% (CI 37-55) with
end-point re-revision for any reason.
Discussion: Failure rate of revised hip prostheses in patients under 55 years is
worrisome, especially with index revisions due to infection. This information facilitates
realistic expectations for these young patients at time of primary THA.
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Introduction
Total hip arthroplasty (THA) is used more and more in younger patients (Kurtz et al.
2009, Otten et al. 2010). Projections show that by the year 2030, more than half
of all primary THA will be placed in patients younger than 65 years of age, with the
biggest increase expected in patients between 45 and 54 years old (1).
However, the outcome of primary THA in young patients is inferior compared to
older patients (2-4). Due to this increase in number of primary THA in young
patients, and the inferior outcome, an increase in number of revision arthroplasty is
inevitable in young patients. Bayliss et al. already showed that the lifetime risk of
revision (LTRR) after THA increases with decreasing age at the time of primary
surgery, with LTRR reaching almost 30% in patients between 50-54 years of age (5).
Data about survivorship of revision procedures in young patients are limited. There are a
few studies available that assessed the survival of revision procedures. The outcome
of these studies was disappointing, with reported survival rates between 36% and
87% at ten-year follow-up (6-10). Beside this inferior outcome, most of these studies
were single centre studies and had small sample sizes. In addition, previous reports
focused primarily on implant design (10) or surgical technique (11), and there is a
lack of reports focusing on the outcome of revisions in young patients using registry
data. Understanding of the extent of the problem in revision arthroplasty in young
patients is important, not only to reduce the number of re-revisions, but also to
provide realistic expectations for this young patient group (12).
Therefore, we determined the failure rate of revision hip arthroplasty performed in
patients younger than 55 years of age using data from the Dutch Arthroplasty
Register (LROI).

Methods
The LROI (Dutch Arthroplasty Register) is a nationwide population-based register
collecting data about arthroplasties. Initiated by the Dutch Orthopaedic Association,
data collection started in 2007. The database has coverage of all Dutch hospitals,
a completeness of over 95% of primary THA and 88% for revision arthroplasty (13),
and 98% for both primary and revision THA in recent years (14). Prosthesis characteristics are derived from an implant library within the LROI, which contains core
characteristics of prostheses used in the Netherlands based on the article number (13).
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For this study, we selected all primary THA placed between 1st January, 2007 and
31 st December 2018 in patients younger than 55 years in the Netherlands
(n = 28,034). Primary THA performed because of a tumor (primary or metastatic)
were excluded. Next, we included the subsequent revision procedures from this
cohort in patients who were younger than 55 at time of their index revision
procedure (n = 1,037) (Figure 1). A revision procedure was defined as an exchange
of at least 1 of the components of the implant. Within the LROI, 3 revision categories
are distinguished: 1) Total revision; indicates a revision of the complete prosthesis,
replacing both the acetabular and femoral part, 2) Major partial revision; indicates a
revision procedure where at least the femoral or the acetabular part is revised, and
3) Minor partial revision; indicates a revision procedure where only the head and/or
the liner of the prosthesis is replaced. 2-stage revisions and Girdlestone procedures
are registered at time of the definitive re-implantation of the prosthesis/components.
This study was conducted and reported according to STROBE-guidelines.

Statistics
Survival time of the implant inserted during the revision procedure was calculated
as time from the index revision procedure to re-revision, death of the patient or the
end of study follow-up (1 st January 2019). In case of a Girdlestone procedure during
the revision procedure, survival time is calculated between the re-implantation of
the prosthesis (index revision) and re- revision, death of the patient or the end of

Figure 1 Flowchart of patient selection.
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study follow-up. Kaplan-Meier survival analyses were used to estimate the survival of the
implants inserted during all index revision procedures with end-point re-revision for any
reason. Results of Kaplan-Meier analyses were reported as cumulative failure rate
(1 – KM) with 95% confidence intervals (CI).
Next, implant survival with end-point re-revision for any reason for the following
subgroups; 1) revision category (i.e. total revision, major- , and minor partial revision),
and 2) reason for index revision (i.e. acetabular loosening, dislocation and infection)
were estimated using Kaplan-Meier survival analyses. Log-rank tests were used to
test for differences in survival between groups.
Using competing risk analyses, the probabilities of re-revision with end-point
re-revision for acetabular- and femoral loosening, dislocation, and infection were
determined, where death and other reasons for re-revision were considered as
competing events. All analyses were performed using R version 3.5.1 (R Foundation
for Statistical Computing, Vienna, Austria).

Ethics, data sharing, funding and potential conflict of interest
Ethical approval was not applicable, as all data was received completely anonymous.
This study was funded by the Van Rens Foundation, the Netherlands (VRF2017-009).
The funding body had no role in the design of the study, data collection, analysis
and interpretation and in writing of the manuscript. Data are available from the
LROI (Dutch Arthroplasty Registry) but restrictions apply to the availability of these
data, which were used under license for the current study. The authors declare that
they have no competing interests.
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Results
Characteristics of the study population
Between January 1 st, 2007 and December 31 st, 2018, 1,037 index revisions (number
of patients = 1,019) were registered in the LROI. Median age at time of revision was
49 years (18 - 54), and 53% were females. Other patient- and implant characteristics
are shown in Table 1.
The most common reason for the index revision was dislocation (20%), followed by
infection (16%), acetabular loosening (16%) and femoral loosening (16%) (Table 2).
The mean follow-up of the index revision procedures was 3.9 years (0.1 to 11.8).
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Table 1 Patient characteristics of 1,037 revisions including (%)
Index revisions (1,037)
Age (y)a

49 (18 - 54)

Sex
Female

548 (53)

Male

488 (47)

Missing

1 (0.1)

ASA-classification
I

401 (39)

II

470 (45)

III-IV

115 (11)

Missing

51 (5)

Reason for index revisionb
Loosening acetabulum

162 (16)

Loosening femur

162 (16)

Dislocation

210 (20)

Infection

169 (16)

Wear cup/liner

35 (4)

Periprosthetic fracture

75 (7)

Otherc

414 (40)

aMedian (range), bTotal is more than 100%, as patients can have more than 1 reason for revision. cIncludes
periarticular ossification, symptomatic MoM and Girdlestone procedures

Out of 1,037 index revisions, 21% of cases had a replacement of both the acetabular
and femoral component (total revision). In 53% of all index revisions, there was at
least a replacement of the acetabular or femoral component (major partial revision),
where 18% were a revision of the head and/or a replacement of the liner (minor
partial revision). Of all major partial revisions, 57% involved a cup revision, where in
43% the femoral component was revised. In 8% of all index revisions, the revision
category involved either a Girdlestone procedure, was reported as other, or was
missing. In 3 cases, there was no re-implantation of a prosthesis after a Girdlestone
procedure. Therefore, these cases were excluded from the survival analyses.
There were 169 index revisions because of an infection. Of these, 44% cases had a
minor partial revision (replacing only the head or liner), indicating a DAIR procedure.
Furthermore, 29% of these cases were registered as a Girdlestone procedure, indicating
a 2-stage revision procedure. Additionally, 22% of these cases were registered as
total revision, of which 13 cases had Girdlestone as reason for revision. Therefore,
these procedures can also be considered as a 2-stage revision, resulting in a total of
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Table 2 Characteristics of 214 re-revisions including (%)
Re-revisions (214)
Age (y)a

50 (19 – 58)

Sex
Female

103 (48)

Male

111 (52)

ASA-classification
I

51 (24)

II

117 (55)

III-IV

36 (17)

Missing
Reason for

10 (5)
re-revisionb

Loosening acetabulum

34 (16)

Loosening femur

21 (10)

Dislocation

34 (16)

Infection

74 (35)

Wear cup/liner

8 (4)

Periprosthetic fracture

7 (3)

Otherc

96 (45)

aMedian (range), bTotal is more than 100%, as patients can have more than 1 reason for revision. cIncludes
periarticular ossification, symptomatic MoM and Girdlestone procedures

37% 2-stage revision procedures. The remaining 14% of total revision procedures
were 1-stage revisions procedure. There were 4% major partial revisions with reason
infection; 2 cup revisions and 4 stem revisions, which were also considered as
1-stage revision procedure.

Re-revision procedures
214 re-revision procedures were registered. The most common reason for re-revision
was infection (35%), followed by acetabular loosening (16%) and dislocation (16%)
(Table 2).
Out of 214 re-revision procedures, 29% had a replacement of both the acetabular
and femoral component (total re-revision). In 41% cases of al re-revisions, there was
at least a replacement of the acetabular or femoral part (major partial re-revision),
where 18% of cases were a revision of the head and/or a replacement of the liner
(minor partial re-revision). From all major partial re-revisions, 76% involved the cup,
where 24% involved the femoral component. In 12% of the re-revised hips, the type
of re-revision involved a Girdlestone procedure, was reported as other, or was missing.
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Failure rates of index revisions
Using Kaplan-Meier, the 5-year implant failure rate of the 1,037 index revisions with
endpoint re-revision for any reason was 22%. At 10-year follow-up, the implant
failure rate was 28%. The 5- and 10-year cumulative failure rates of index revisions
with end-point re-revision for infection was 7.5% and 7.8%. For acetabular loosening,
the 5- and 10-year cumulative failure rates were 3.1% and 7.0%. For dislocation, this
was 3.8% and 3.8%. For femoral loosening, the 5- and 10-year cumulative failure
rates were 2.3% and 2.7% (Table 3).
Table 3 Failure rate of all index revisions, by category of revision and by reason
for index revision
5-year failure rate
(95% CI)

10-year failure rate
(95% CI)

Any reason

22% (19-25)

28% (24-33)

Dislocation

3.8% (2.6 – 5.2)

4.2% (3.0 – 5.8)

All index revisions with
end-point re-revision for

Infection

7.5% (5.9 – 9.3)

7.8% (6.1 – 9.6)

Acetabular loosening

3.1% (2.1 – 4.4)

7.0% (4.1 – 11)

Femoral loosening

2.3% (1.5 – 3.5)

2.7% (1.6 – 4.1)

Revisions category
Total revision

15% (11 - 21)

18% (13 - 21)

Major partial revision

16% (13 - 20)

22% (17 - 27)

Minor partial revision

31% (24 - 39)

50% (32 - 73)

45% (37 - 55)

45% (37 - 55)

Reason for index revision
Infection
Dislocation

22% (16 - 29)

29% (20 - 41)

Acetabular loosening

22% (16 - 33)

31% (21 - 44)

Femoral loosening

18% (13 - 26)

22% (14 - 34)

Failure rates by revision category
The 5- and 10-year failure rate for total revision procedures was 15% and 18% (CI
12.5-21.2). For major partial revisions, 5- and 10-year failure rate was 16% and 22%.
For minor partial revisions, this was 31% and 50% (Table 3). Log-rank test showed a
significant difference in failure between categories of revision (p < 0.001, Figure 2).
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Figure 2 Failure rate by revision category with end-point re-revision for any reason.

Failure rates by reason of index revision
The failure rate of index revisions with reason infection was high. Using Kaplan-Meier
analyses, the 5-year implant failure rate of these procedures, with end-point
re-revision for any reason was 45%. At 10 years, the failure rate was 45%. For index
revisions with reason dislocation, 5-year failure rate with end-point re-revision for
any reason was 22%, and failure rate at 10 years was 29%. For index revisions with
reason acetabular loosening, the 5- and 10-year implant failure rate was 22% and
31%. For index revisions with reason femoral loosening, 5-year failure rate with
end-point re-revision for any reason was 18%, and failure rate at 10 years was 22%
(Table 3, Figure 3).
Additionally, patients who had an index revision with reason infection had a high
cumulative failure rate for end-point re-revision for a recurrent infection. At 5 years,
more than 30% of all patients underwent a re-revision procedure with reason
infection (cumulative failure rate: 30%; CI 23 - 38). The competing risk analysis
showed that the cumulative failure for a re-revision with recurrent reason was much
lower for patients who underwent an index revision with reason dislocation,
acetabular loosening or femoral loosening. Only 8% of patients who underwent
their index revision procedure with reason dislocation, had a re-revision for another
dislocation (cumulative failure rate: 8.3%, CI 4.7 – 13). For acetabular loosening, this
was only 5.3% (CI 2.3 – 10) at 5 years. For femoral loosening, the cumulative failure
rate at 5 years for recurrent loosening of the femur was 5.0% (CI 2.2 – 9.5).
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Figure 3 Failure rate by reason of index revision with end-point re-revision for any reason.

Discussion
Our analysis showed a 5-year failure rate of index revision procedures with
end-point re-revision for any reason of 22% (CI 19-25), and 28% (CI 24-33) at 10-year
follow-up.

Comparison with literature
Survival at 5-year follow-up was lower when compared to the available literature on
young patients (8, 9, 15). Few papers analyzed the mid-long-term survival of
revisions in this patient group, the number of included patients in these studies was
limited, and focus was primarily on implant design.
Te Stroet et al. reported a survival of 87% after a follow-up of 10 years in a single
centre study with only 34 revision procedures (9). Lee et al. reported a survival of
63% at 10-year follow-up, where survival at 5 years was approximately 88% (8).
Several studies assessed the survival of revision hip arthroplasty in older patients,
where reported survival varied between 81% and 83% at 5 years (16, 17) and 72% at
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10 years (18). However, these results are relatively dated, and reason for revision was
not reported in all studies, which makes comparison difficult.
The most prevalent reason for the index revision was dislocation, where the most
common reason for re-revision was infection. The rate of infections in the index
revision procedures was 16%, which increased to 35% in all re-revisions procedures.
That infections are more prevalent as reason for re-revisions when compared to
index revision procedures shows that management of infections plays an important
role for prevention of re-revisions. Additionally, it is known that dislocation is a
common complication associated with THA(19-21). This was confirmed in our data,
where dislocation was the most frequent reason for index revisions (16%). However,
in re-revision procedures, dislocation as reason for re-revision is less pronounced
when compared to infections. For prevention of re-revisions, the focus should be
on treatment of infections (22).
Moreover, the survival of index revisions with reason infection was poor. At 5 years,
almost half of all revised hips due to an infection, resulted in a re-revision.
Furthermore, the number of re-infections was high in this group. Within 5 years,
approximately 30% of all index revisions with reason infection, underwent a
re-revision for a re-infection. For other reasons for revision, these numbers were
much lower, with only 8% for dislocation, and 5% for both acetabular and femoral
loosening.
We found a substantial difference in failure rates between the different categories
of revision. Approximately 70% of all index revisions were a partial revision, where in
the majority of these procedure, either the cup or the stem was replaced (major
partial revision). Failure rate of the minor partial revisions (replacement of head and/
or insert) was higher when compared to major partial revisions or total revisions,
which is supported by data from the Swedish Hip Arthroplasty Register (23). A
possible explanation for this might be the high percentage of index revisions with
reason infection using this method, or the exchange of heads to prevent further
dislocations. Of all minor partial revisions, 40% were DAIR procedures (minor partial
revisions for infection). The numbers of index revisions with reason infection using
a total revision or a major partial revision were much lower, with respectively 17%
and 1%. Nevertheless, the effectiveness of the minor partial revision should be
reconsidered, as survival of this revision category is lower.

Limitations and strengths
The completeness of revision hip arthroplasty in the Dutch Arthroplasty Register is
lower compared to the completeness of primary THA, especially in the period
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2007-2009, where there was no complete coverage of all Dutch hospitals. Second,
there is most likely an underregistration of infections in the registry, as re-operations
for infection without replacement of any of the components are not registered in
the LROI (24-26). In addition, since the outcome of index revisions due to infection
is poor, particularly information related to use of antibiotics (e.g. type of antibiotics,
use of antibiotic-loaded bone cement, and adherence to guidelines on antibiotics
administration) would be valuable to obtain insight into this serious problem.
Unfortunately, this information is not available from the Dutch Arthroplasty Register.
A strength is that, compared with literature, our analysis includes a much larger
number of revision procedures.

Conclusion
The cumulative failure rate in revision hip arthroplasty performed in patients under
55 years is worrisome. Especially the outcome of index revisions due to infection is
alarming, with a failure rate of 45% at 10 years follow-up. Moreover, within 5 years,
30% of all patients with an index revision for infection, underwent a re-revision
procedure with reason infection. Therefore, in the prevention of (re-)revisions,
management of infections should play an essential role.
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Abstract
Background: Total hip arthroplasty (THA) has shown to be a successful and costeffective treatment. However, around 10-20% of patients do not respond favourably.
Little is known about this response in young patients after receiving THA, despite
this patient group is growing in recent years. The aim of this study was to explore
different recovery trajectories in patients according to their HOOS-PS score in a
cohort of young patients using data from the Dutch Arthroplasty Register (LROI).
Methods: We used HOOS-PS score data up to one year post-operatively from the
LROI from all patients younger than 55 years who received a primary THA between
2014 and 2019. To investigate whether different recovery trajectories could be
distinguished, we performed latent class growth analysis (LCGA). Subsequently, we
used multivariable multinomial logistic regression analyses to determine factors
associated with class membership.
Results: A total of 3,207 patients were included. LCGA identified 3 groups of patients;
Optimal responders (74.6%; continuous improvement in the first year), good
responders (20.6%; large initial improvement, which levels off) and poor responders
(4.7%; small initial improvement, followed by deterioration of outcome). Female sex
(OR: 1.51; 95%CI: 1.17 – 1.95), ASA II (OR: 1.38; 95%CI: 1.06 – 1.81), smoking (OR:
1.38; 95%CI: 1.01 - 1.89) and cemented fixation (OR: 1.74; 95%CI: 1.04 - 2.93) were
associated with membership of the good responders. ASA II (OR: 1.87; 95%CI: 1.21
– 2.88), ASA III-IV (OR: 3.42; 95%CI: 1.65 – 7.12) and smoking (OR: 2.34; 95%CI: 1.55
– 3.53) were associated with class membership of the poor responders.
Conclusion: Three recovery trajectories could be identified; Optimal responders,
good responders and poor responders. Female sex, higher ASA classifications,
smoking and cemented fixation were associated with a suboptimal result after
primary THA in young patients. These findings can aid in the process to determine
which patients are at risk of a suboptimal outcome, and helps young patients in the
management of their expectations prior to their surgery.
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Introduction
Total hip arthroplasty (THA) has shown to be a successful and cost-effective
treatment for osteoarthritis of the hip, providing an increase in quality of life,
reduction in pain and improved physical ability (1, 2). However, around 10-20% of
patients do not respond as favourably, and still report pain and functional disability
after THA (3-5). This indicates the existence of different recovery trajectories
between patients after THA.
Several reviews report about possible predicting factors for a less favourable
outcome of THA, such as increased body mass index (BMI) or worse pre-operative
functioning (6, 7). However, results of studies included in these reviews are
conflicting. To further evaluate the outcome of THA, it is of importance to have a
better understanding of differences in response patterns between patients. A suitable
statistical method to gain insight in different patterns in the response after THA is
latent class growth modelling (LCGM) (8, 9). The advantage of this type of analysis
is that multiple response patterns can be modelled for different subgroups of
patients (10). Thereby, this analysis identifies different clusters of data in such way that
homogeneity is maximized within a certain class, and heterogeneity is maximized
between different classes (11). Only few studies within the field of orthopaedics
used this method to assess possible differences in post-operative response patterns
(10, 12). However, these studies did not focus on young patients.
In recent years, THA is used increasingly in young patients (<55 years), and this
number will grow in the coming years (13). The outcome of THA in these young
patients is, in terms of prosthesis survival, inferior when compared to older age
groups (14, 15). However, for these young patients, functional outcome is of even
more importance, as these patients are willing to return to work, sports and physical
social activities in their daily life (16).
Therefore, the aim of this study was to identify recovery trajectories in patients
according to their reported pain, functionality and physical ability after THA in a
cohort of young patients using data from the Dutch Arthroplasty Register (LROI).
Additionally, we investigated whether differences in recovery trajectories were
associated with patient- and surgical characteristics.
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Methods
The LROI (Dutch Arthroplasty Register) is a nationwide population-based register
collecting data about joint arthroplasties. Initiated by the Netherlands Orthopaedic
Association, data collection started in 2007. The database has coverage of all Dutch
hospitals, a completeness of over 95% of primary THA and 88% for revision
arthroplasty (17), and 99% for primary THA and 97% for revision THA in recent years
(18). Large-scale collection of hip-specific and general health-related Patient
Reported Outcome Measures (PROMs) was initiated in 2014. As recommended by
the Netherlands Orthopaedic Association, PROMs are only collected for patients
with primary osteoarthritis as diagnosis. Collecting PROMs of patients with other
diagnoses is optional. Hip-specific PROMs in the LROI consist of the EuroQoL
5-Dimensions (EQ-5D-3L) questionnaire with EQ-5D index score and thermometer
to measure health perception and health-related quality of life, the Hip disability
and Osteoarthritis Outcome Score (HOOS-PS) to assess physical functioning and
disability, a Numeric Rating Scale (NRS) measuring pain during activity and in rest
and an anchor question (only measured postoperative). Additionally, the Oxford Hip
Score (OHS) is collected, but this is optional for hospitals (19).

Data selection
For this study, we obtained collected PROMs data from the LROI from all patients
younger than 55 years who received a primary THA between January 1st, 2014 and
31 st December, 2018 (n = 16,429). The outcome of interest of this study was
reported hip-specific problems measured with the Hip disability and Osteoarthritis
Outcome Score - Physical function Short form (HOOS-PS), as this PROM evaluates
physical functioning and disability, which is particularly important for young patients (16).
The HOOS-PS is a validated, hip-specific, 5-item measure of physical functioning
derived from the items of activity during daily life, sports, and recreational activities.
The HOOS-PS aims to measure physical functioning with fewer items and similar
validity compared to the full-length measurement instrument (HOOS), resulting in a
decrease in burden of the responder and in administrative load (20). The HOOS-PS
ranges from 0 to 100. Lower scores indicate a higher level of physical function (21, 22).
As PROMs are only collected from patients with primary osteoarthritis, only patients
with primary osteoarthritis as diagnosis were selected (n = 11,300). Patients were
asked to complete the HOOS-PS preoperatively (a maximum of 182 days
preoperatively), at three months postoperatively (between 63 and 110 days postoperatively) and at 12 months postoperatively (between 323 and 407 days postoperatively), where the ranges are defined by the LROI. Patients who completed
the HOOS-PS at in at least two out of three time-point were included. Lastly,
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patients who underwent a revision procedure within 1 year post-operatively (n = 45),
patients with a head diameter ≥ 38 mm (n = 9) and patients with metal-on-metal as
bearing type (n = 1) were excluded from the analysis (Figure 1), which resulted in
3,207 cases included in this study (28.4% of all patients <55 in the LROI).

Figure 1 Flowchart of inclusion of patients.

Statistics
Multiple imputation by chained equations procedures using predictive mean
matching were used to impute missing values. In total, ten imputed datasets were
created. Missing data ranged from 0.03% for gender up to 16.3% for 12 months
post-operative HOOS-PS score (Table 1).
To investigate whether different recovery patterns could be distinguished in the
outcome of the HOOS-PS, we used Mplus Version 8.4 (Muthén & Muthén) to
perform latent class growth analysis (LCGA). For the HOOS-PS, we performed a
1-class to 4-class latent class growth model for all 10 imputed datasets, as a model
with more classes showing only small variations on the same recovery pattern
would be less meaningful. As described by Ram and Grimm (23), we based our
model selection on a combination of visual inspection of the plots, considering
interpretability and clinical meaningfulness. Next, we examined the relative fit
statistics Bayesian Information Criteria (BIC), Akaike Information Criteria (AIC) and
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Table 1 Patient and surgical characteristics of 3,207 included cases

Age (mean ± sd)

Total n (%)

Missing n (%)

49.2 ± 5.1

10 (0.3)

Gender

1 (0.0)

Male

1,508 (47.1)

Female

1,698 (52.9)

BMI (mean ± sd)

28.0 ± 4.9

ASA

2 (0.1)

I

1,394 (43.5)

II

1,606 (50.1)

III-IV

205 (6.4)

Smoking

53 (1.7)

No

2,551 (80.9)

Yes

603 (19.1)

Surgical approach

45 (1.4)

Posterolateral

1,685 (52.5)

Anterior

1,068 (33.3)

Anterolateral

156 (4.9)

Direct lateral

253 (7.9)

Fixation method

15 (0.5)

Uncemented

2,766 (86.2)

Cemented

164 (5.1)

Hybrid

74 (2.3)

Reversed hybrid

188 (5.9)

Head diameter

72 (2.2)

22-28 mm

482 (15.0)

32 mm

1,879 (58.6)

36 mm

774 (24.1)

Bearing type

115 (3.6)

CoP

1,938 (60.4)

CoC

319 (9.9)

MoP

586 (18.3)

ZoP

249 (7.8)

Preoperative HOOS-PS score (mean ± sd)

6 (0.2)

49.8 ± 16.4

231 (7.2)

3 months postoperative HOOS-PS score (mean ± sd)

18.5 ± 14.4

487 (15.2)

12 months postoperative HOOS-PS score (mean ± sd)

12.4 ± 14.3

524 (16.3)
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Adjusted BIC, where a lower value indicates a better fit for all statistics. Lastly, we
evaluated the entropy of the model, where a higher entropy (ranging from 0 to 1)
indicates a higher confidence in the correct classification of individuals (23). On the
basis of these considerations, we chose the model that had the lowest relative fit
statistics of the models that still had good interpretability and clinical meaningfulness,
as well as an adequate entropy (> 0.80) as our final model (23). We used this final
model to further explore patient- and surgical characteristics associated with the
different trajectories of recovery. Subsequently, we used the ‘r3step’ procedure in
Mplus to perform both univariable and multivariable multinomial logistic regression
analyses on each of the 10 imputed datasets, to determine the effect of variables on
class membership. The resulting regression coefficients of the 10 imputed datasets
were pooled using Rubin’s rule. Multiple imputation and pooling of regression
coefficients was performed using R version 3.5.1 (R Foundation for Statistical Computing,
Vienna, Austria) with package ‘mice’. Results of univariable and multivariable multinomial
logistic regression analyses are shown as (OR; 95% CI).

Results
In total, we were able to include 3,207 cases in this study. An overview of imputed
data is shown in Table 2. Model statistics of all imputed datasets are shown in Table 3.
The relative fit statistics (BIC, AIC, Adjusted AIC) continued to decrease up to the
4-class model, indicating a better fit with increasing number of classes. In all datasets,
entropy was the highest for the 2-class model, and comparable for the 3-class and
4 class model. However, group sizes became very small in the 4-class model.
Additionally, the 4-class model showed only small variations in recovery patterns,
and therefore considered less clinically relevant and meaningful. Therefore, based
on relative fit statistics, entropy and group sizes, the 3-class model was chosen as
the final model.

HOOS-PS
Figure 2 shows the different recovery trajectories in young patients based on the
pooled HOOS-PS data. The largest class consisted of 2,391 cases (74.6%). The mean
pre-operative pooled HOOS-PS score of this class was 48.1. This group showed
a steep decline in score in the first 3 months post-operatively, which indicates
a substantial increase in physical function. Pooled HOOS-PS score at 3 months
post-operatively was 14.0. After the first 3 months, the HOOS-PS score declined
even more towards a mean score of 6.0, indicating a further improvement of
physical functioning up to 12 months post-operatively. We labelled this class as the
‘optimal responders’.
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253 - 285

159 (5.0)

256 (8.0)

Anterolateral

2,778 (86.6)

165 (5.1)

74 (2.3)

190 (5.9)

Uncemented

Cemented

Hybrid

Reversed hybrid

Fixation method

Direct lateral

157 - 163

1,080 (33.7)

Anterior

188 -1 91

74 - 75

164 - 167

2,777 - 2,780

1,077 - 1,085

1,713 (53.4)

1,706 - 1,718

612 - 620

614 (19.1)

Posterolateral

Surgical approach

Yes

No

1,606 - 1,607
205 - 205

2,587 - 2,595

205 (6.4)

III-IV

2,593 (80.9)

1,607 (50.1)

II

Smoking

1,395 (43.5)

1,395 - 1,396

1,698 - 1,699

1,698 (52.9)

28.0 ± 4.9

1,508 - 1,509

I

ASA

BMI (mean ± sd)

Female

Male

49.2 - 49.2

Range2

1,509 (47.1)

49.2 ± 5.1

Gender

3,207

N

All cases1 (%)

Age (mean ± sd)

HOOS-PS

126 (5.3)

55 (2.3)

104 (4.3)

2,106 (88.1)

174 (7.3)

115 (4.8)

832 (34.8)

1,270 (53.1)

414 (17.3)

1,977 (82.7)

134 (5.6)

1,152 (48.2)

1,105 (46.2)

27.8 ± 4.9

1,221 (51.1)

1,170 (48.9)

49.2 ± 5.4

2,391 (74.6)

Optimal
responders1
(%)

124 - 128

52 - 57

100 - 108

2,064 - 2,144

167 - 180

110 - 119

819 - 851

1,250 - 1,284

403 - 431

1,941 - 1,999

128 - 141

1,126 - 1,183

1,092 - 1,116

27.8 - 27.9

1,201 - 1,243

1,144 - 1,187

49.2 - 49.3

2,356 - 2,430

Range2

48 (7.2)

14 (2.1)

53 (8.0)

548 (82.5)

63 (9.5)

35 (5.3)

205 (30.9)

360 (54.2)

148 (22.3)

515 (77.6)

53 (8.0)

366 (55.1)

245 (36.9)

28.2 ± 5.0

397 (59.8)

267 (40.2)

48.7 ± 6.1

664 (20.7)

Good
responders1
(%)

44 - 51

12 - 18

47 - 58

519 - 581

58 - 72

31 - 40

187 - 215

349 - 381

136 - 162

495 - 544

47 - 61

338 - 391

232 - 256

25,8 - 28.5

377 - 421

250 - 287

48.5 - 48.8

631 - 699

Range2

15 (9.9)

5 (3.3)

8 (5.3)

125 (82.2)

18 (11.8)

9 (5.9)

43 (28.3)

83 (54.6)

52 (34.2)

100 (65.8)

18 (11.8)

89 (58.6)

46 (30.3)

28.2 ± 5.1

81 (53.3)

72 (47.4)

48.7 ± 5.4

152 (4.7)

13 - 18

4-6

6 - 11

116 - 132

14 - 23

7 - 11

40 - 47

77 - 90

49 - 58

93 - 108

15 - 21

82 - 95

39 - 50

28.0 - 28.6

74 - 88

68 - 78

48.4 - 48.9

143 - 162

Poor
Range2
responders1
(%)

Table 2 Patient- and surgical characteristics of all cases and cases by class. Estimates are pooled across the 10 multiple
imputed datasets.
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1,920 (59.9)

795 (24.8)

32 mm

36 mm

607 (18.9)

258 (8.0)

MoP

ZoP
201 (8.4)

254 - 262

-39800.90

-38908.96

-38575.83

-38423.85

1-class

2-class

3-class

4-class

Log
Likelihood
79613.80
77837.87
77179.65
76883.69

79650.24

77264.68

76993.04

AIC

77898.60

BIC

Table 3 Pooled LCGA model fit statistics

2Range

247 (10.3)
431 (18.0)

1,512 (63.2)

2,005 - 2,020
324 - 335

602 (25.2)

789 - 800

601 - 610

332 (13.9)
1,457 (60.9)

486 - 498
1,911 - 1,927

76935.82

77220.19

77866.82

79631.17

Adjusted
BIC

cases are rounded to the closed value
(lowest and highest value) of all means across 10 multiple imputed datasets

330 (10.3)

CoC

1Pooled

2,012 (62.7)

CoP

Bearing type

492 (15.3)

22-28 mm

Head diameter
327 - 343

Entropy

0.87

0.87

0.90

194 - 206

421 - 442

243 - 255

1,474 - 1,533

589 - 610

1,436 - 1,483

130 (19.6)

24.5

74.6

87.7

100.0

%class1

47 (7.1)

142 (21.4)

63 (9.5)

412 (62.0)

153 (23.0)

381 (57.4)

123 - 139

%class2
12.3
65.8

20.7

43 - 52

128 - 154

59 - 67

388 - 442

146 - 162

358 - 401

30 (19.7)

%class3

10 (6.6)

34 (22.4)

19 (12.5)

89 (58.6)

41 (27.0)

81 (53.3)

-

7.5

4.7

-

27 - 35

%class4

8 - 12

30 - 38

16 - 21

82 - 95

39 - 46

75 - 91

-

2.2

-

-
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HOOS−PS score

60

40

20

Class
Optimal responders
Good responders
Poor responders
0
0

3

6

Months

9

12

Figure 2 Different recovery trajectories (including 95% CI) based on HOOS-PS score, where
a lower scores represents a better outcome. Three response patterns could be identified;
‘Optimal responders’, ‘Good responders’ and ‘Poor responders’.

The second class consisted of 664 cases (20.7%). Pooled mean pre-operative
HOOS-PS score for this group was 53.8. Similar to the first class, also this group
showed a steep decline in HOOS-PS score during the first 3 months. Pooled mean
HOOS-PS score decreased to 28.5 at 3 months post-operatively, indicating an
increase in physical functioning in this time period after surgery. However, this class
showed no further improvement, as the mean HOOS-PS score was 26.0 at 12 months
post-operative. Therefore, we labelled this class as the ‘good responders’.
The third class consisted of 152 cases (4.7%). Pooled mean pre-operative HOOS-PS
score was with 58.1 the highest of all three groups. This group showed a small
decrease is HOOS-PS score within the first 3 months after surgery, where the
pooled mean score at 3 months post-operatively was 44.9. However, after this
time-point, this group showed an increase in HOOS-PS score up to 12 months
post-operative, where pooled mean HOOS-PS score was 55.7. This indicates a
decrease of physical functioning of these patients after the first 3 months postoperative. This class was labelled as the ‘poor responders’. Patient- and surgical
characteristics for all cases and by different classes are shown in Table 2.
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Univariable and multivariable multinomial regression analysis
In both the univariable and multivariable multinomial regression analysis, the optimal
responders were chosen as the reference group. Results of the univariable multinomial regression analysis for the HOOS-PS are presented in Table 4.
Table 4 Results of univariable multinomial logistic regression analysis using HOOSPS data. Estimates are pooled across the 10 multiple imputed datasets.
Good responders
p-value
vs. optimal responders
(OR, 95% CI)

Poor responders vs.
Optimal responders
(OR, 95% CI)

p-value

0.98 (0.96 – 1.00)

0.047

0.98 (0.96 – 1.01)

0.20

Male

1

-

1

-

Female

1.53 (1.20 – 1.95)

0.001

1.07 (0.75 – 1.55)

0.70

1.03 (1.01 – 1.05)

0.007

1.02 (0.98 – 1.06)

0.41

I

1

-

1

-

II

1.38 (1.08 – 1.77)

0.012

1.55 (1.06 – 2.27)

0.024

III-IV

1.55 (0.96 – 2.49)

0.07

2.26 (1.21 – 4.22)

0.011

No

1

-

1

-

Yes

1.43 (1.05 – 1.93)

0.023

2.62 (1.76 – 3.91)

<0.001

Posterolateral

1

-

1

-

Anterior

0.90 (0.40 – 2.06)

0.79

0.80 (0.33 – 1.97)

0.61

Anterolateral

1.11 (0.66 – 1.87)

0.70

1.18 (0.53 – 2.64)

0.68

Direct lateral

1.40 (0.94 – 2.11)

0.10

1.74 (0.91 – 3.31)

0.09

Uncemented

1

-

1

-

Cemented

2.16 (1.36 – 3.43)

0.001

1.22 (0.47 – 3.15)

0.69

Reversed Hybrid

1.48 (0.95 – 2.30)

0.08

2.04 (1.11 – 3.76)

0.023

Hybrid

0.90 (0.39 – 2.07)

0.81

1.35 (0.46 – 3.95)

0.58

32 mm

1

-

1

-

22-28 mm

1.61 (1.22 – 2.13)

0.001

1.57 (0.98 – 2.53)

0.06

36 mm

0.86 (0.67 – 1.12)

0.27

1.09 (0.72 – 1.66)

0.67

CoP

1

-

1

-

CoC

0.89 (0.62 – 1.29)

0.55

1.28 (0.74 – 2.22)

0.38

MoP

1.28 (0.94 – 1.73)

0.11

1.31 (0.84 – 2.06)

0.23

ZoP

0.80 (0.52 – 1.24)

0.32

0.77 (0.36 – 1.64)

0.49

Age
Gender

BMI
ASA

Smoking

Approach

Fixation

8

Head diameter

Bearing type
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Table 5 Results of multivariable multinomial logistic regression analysis using
HOOS-PS data. Estimates are pooled across the 10 multiple imputed
datasets.
Good responders
p-value
vs. optimal responders
(OR, 95% CI)

Poor responders vs.
Optimal responders
(OR, 95% CI)

p-value

0.98 (0.96 – 1.00)

0.08

0.98 (0.95 – 1.01)

0.16

Male

1

-

1

-

Female

1.51 (1.17 – 1.95)

0.002

1.07 (0.72 – 1.58)

0.75

1.02 (1.00 – 1.05)

0.06

0.99 (0.96 – 1.03)

0.73

Age
Gender

BMI
ASA
I

1

1

-

II

1.38 (1.06 – 1.81)

0.02

1.87 (1.21 – 2.88)

0.005

III-IV

1.59 (0.91 – 2.77)

0.10

3.42 (1.65 – 7.12)

0.001

No

1

-

1

-

Yes

1.38 (1.01 – 1.89)

0.04

2.34 (1.55 – 3.53)

<0.001

Posterolateral

1

-

1

-

Anterior

0.95 (0.71 - 1.27)

0.73

0.79 (0.49 – 1.26)

0.31

Anterolateral

1.11 (0.63 – 1.94)

0.72

1.06 (0.47 – 2.39)

0.89

Direct lateral

1.38 (0.87 – 2.18)

0.17

1.54 (0.74 – 3.21)

0.24

Uncemented

1

-

1

-

Cemented

1.74 (1.04 – 2.93)

0.03

0.75 (0.24 – 2.41)

0.63

Reversed Hybrid

1.45 (0.91 – 2.31)

0.12

1.90 (0.96 – 3.74)

0.06

Hybrid

0.83 (0.34 – 2.04)

0.68

1.03 (0.33 – 3.24)

0.95

32 mm

1

-

1

-

22-28 mm

1.24 (0.90 – 1.71)

0.18

1.44 (0.80 – 2.60)

0.23

36 mm

1.09 (0.79 – 1.50)

0.60

1.19 (0.69 – 2.04)

0.53

CoP

1

-

1

-

CoC

0.96 (0.60 – 1.55)

0.87

1.44 (0.73 – 2.83)

0.29

MoP

1.02 (0.73 – 1.44)

0.91

1.27 (0.74 – 2.17)

0.38

ZoP

0.82 (0.52 – 1.30)

0.40

0.84 (0.38 – 1.85)

0.66

Smoking

Approach

Fixation

Head diameter

Bearing type
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In the multivariable analysis, female patients (1.51; 1.17 – 1.95), ASA II (1.38; 1.06 – 1.81),
smoking (1.38; 1.01 - 1.89) and cemented fixation (1.74; 1.04 - 2.93) were associated
with membership of the good responders. For class membership of the poor
responders, ASA II (1.87; 1.21 – 2.88), ASA III (3.42; 1.65 – 7.12) and smoking (2.34;
1.55 – 3.53) were associated in the multivariable analysis. Results of the multivariable
multinomial regression analysis for the HOOS-PS are presented in Table 5.

Discussion
In this study, we identified three different recovery trajectories in young patients
according to their HOOS-PS score using data from the LROI.
The ‘optimal responders’ represent patients with the most favourable trajectory
after primary THA, where patients being member of the ‘poor responders’ had the
least favourable response after primary surgery. Our results showed that female
sex, ASA II or ASA III-IV classification, smoking and a cemented fixation were
statistically significantly associated with being ‘good responder’ or a ‘poor
responder’. However, the vast majority (95%) of young patients shows a favourable
outcome after primary THA (optimal responders and good responders), where only
5% of patients show little to no improvement one year postoperatively (poor
responders).
Several systematic reviews examined the role of different factors on the response
after primary THA, however, none of these reviews focussed on young patients.
A review of Lungu et al. showed poorer outcomes after primary THA in patients
with higher levels of pre-operative pain and physical functioning, higher BMI and
worse general health (7). A review by Buirs et al. showed an association between
BMI, age, comorbidity, preoperative physical functioning and mental health with
functional outcome after primary THA (24). This is in line with our study, where
patients with worse general health (ASA II or ASA III-IV) were more likely to be an
‘good responder’ or a ‘poor responder’. However, in contrast to these reviews, we
found no association between a worse outcome and an increased BMI.
Our results showed that a cemented fixation was associated with a less optimal
patient reported outcome after primary THA, as these patients were more often
member of the good responders. This is in line with a study from the Swedish
register, in which the role of implant fixation on patient reported outcome up to
one year postoperative was investigated (25). They found that uncemented fixation
was associated with better outcomes after primary THA when compared to
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cemented fixation, as patients reported better health related quality of life, lower
postoperative pain and greater satisfaction after primary THA. Another study found
similar results, with a higher decrease in patient reported postoperative pain and
increase in selfcare after the use of uncemented fixation (26). Other studies reported
contrasting findings, with no difference in patient reported outcome between
cemented and uncemented fixation (27), or even better results after cemented
fixation (28). However, most of these studies did not use the HOOS-PS to assess
patient reported outcome, and did not focus solely on young patients. The
association between cemented fixation and a worse patient reported outcome
found in this study might be influenced by the choice for fixation for certain patients.
For example, patients with larger bone defects might be more often treated with a
cemented prosthesis. Unfortunately, as data of these factors are not available in the
LROI, this effect could not be examined within this study.
Only few other studies used LCGA to determine different response patterns in
patients after primary THA. Hesseling et al. found also 3 distinct postoperative
trajectories after analysing the Oxford Hip Score (OHS) in a large cohort of patients
with a mean age of 69 years (10). This study confirms our findings, as they also
found that female sex, ASA II or ASA III-IV and smoking were associated with
suboptimal patient reported outcomes after primary THA. Additionally, an
association between obesity, age above 75 years, direct lateral approach, reversed
hybrid fixation and poorer scores in EQ-5D domains and worse patient reported
outcomes was reported. They also found a small portion of patients (8%) who
showed initially a small increase in reported outcome, which decreased after 3
months postoperative. Although this study did not focus on young patients, this
might confirm the finding of the ‘poor responders’ in our study, as we found a
similar pattern. Other studies examining different response patterns after primary
THA used predefined subgroups (29), had only short-term follow-up and had small
number of included patients (12), which made comparison of results difficult.
In the present study, psychological and mental factors were not taken into account
in our analysis. The HOOS-PS aims to evaluate the physical outcome of patients.
However, especially in young patients, the mental and psychological factors might
be of importance in the outcome of patient reported outcome. For example, it was
found that pre-operative expectations contributed strongly to the final degree of
satisfaction after primary THA (30). Additionally, pre-operative expectations were
positively related to improvement in pain and function after THA (31). Especially in
younger patients, willing to return to work, sports and physical social activities in
their daily life, pre-operative expectations might be relatively high. Therefore, it
would be of interest to take these factors into account in the analysis of patient
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reported outcome in young patients. Unfortunately, these data are not registered
within the LROI.
Minimal clinically important difference (MCID) for the HOOS-PS score was
estimated to be 23 points, which was achieved in the optimal- and good responders
(32). In contrast, MCID was not achieved for the poor responders, where the 12
months post-operative score of the poor responders was even worse than the
pre-operative score of the optimal- and good responders, which is worrisome.
Identifying patients who are more likely to have a worse outcome can help in the
management of expectations prior to primary THA. Additionally, this information is
valuable for orthopaedic surgeons, as this can aid in the process to determine
which patient are at risk of a suboptimal outcome.
In this study, a few limitations have to be considered. First, although we used
multiple imputation to complete the HOOS-PS score for cases with a missing score
at one time point, we were able to include still only 28.4% of all patients younger
than 55 years registered in the LROI. In addition, not all hospitals were collecting
PROMs-data since the start of registration of PROMS in the LROI, which may have
influenced the completeness of our data. However, in 2018, 34.0% of all cases in
the LROI had completed the pre-operative, 3- and 12 months postoperative PROMs.
Additionally, this percentage was much lower in previous years, ranging from 8.1%
to 32.2% (18). Therefore, when compared with the completeness of PROMS-data
within the LROI, the inclusion of cases in this study is acceptable. However, is must
be noted that the overall completeness of PROMs within the LROI is low, as a
response rate of 60% is advised by the International Society of Arthroplasty Registers
(ISAR) (33). Therefore, the completeness of our data is a strong limitation of this
study.
A second limitation is that motivated patients are more likely to complete the
questionnaires at all time-point, where patients with postoperative complications
are more likely to have incomplete PROMs (34), which might have affected our
findings. Additionally, we found small differences in patients who were included in
our analyses and patients who were excluded, as included patients were slightly
older, were more often non-smokers and had lower ASA-classification. However,
included patients did not differ from excluded patients in sex and BMI. Despite
these small differences, we think that the effect of these differences on the
generalizability of our results to the entire cohort of young patients is small.
In conclusion, we found three distinct response patterns in young patients after
primary THA, which could be classified as ‘optimal responders’, ‘good responders’
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and ‘poor responders’. Female sex, ASA II classification, smoking and cemented
fixation was associated with being a good responder, where an ASA II or ASA III-IV
classification and smoking were associated with being a ‘poor responder’. The
‘poor responders’ showed almost no improvement in patient reported outcome 1
year after primary THA. This information is valuable for both patients and
orthopaedic surgeons, as these findings can aid in the process to determine which
patient are at risk of a suboptimal outcome. Additionally, this study helps young
patients in management of their expectations prior to their surgery.
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CHAPTER 9
Summary and General Discussion

SUMMARY AND GENERAL DISCUSSION

Summary
In recent years, the number of total hip arthroplasties (THA) performed in young
patients has increased considerably (1-3). Although the survival of THA in patients
over 65 years can be considered exceptional, the outcome of THA in patients
younger than 55 years is inferior when compared to older patients, especially in the
mid-term and long-term (4-7).
The main objective of this thesis was to evaluate the outcome of THA in young
patients in the Netherlands using data from the Dutch Arthroplasty Register (LROI).
We analysed the trends of used types of THA in young patients in the Netherlands
and studied the mid-term survival of THA. Additionally, we analysed which
procedures are most successful, and identified the ones that have a higher risk for
early revisions. Moreover, the Department of Orthopaedics of the Radboudumc
has a long tradition in treating young patients with a total hip replacement. In these
procedures, a biological reconstruction technique with impaction bone grafting
(IBG) is used, to restore bone stock if necessary, in combination with a cemented
prosthesis. The long-term follow-up of these procedures in young patients was
evaluated. Finally, by analysing PROMs available in the LROI data up to one year
postoperatively, we investigated which implant characteristics or techniques
produced the highest functionality one year after THA.
In order to reach the objectives of this thesis, research questions were formulated
and answered in different chapters.
1. What are trends in method of implant fixation, bearing type, head diameter
and surgical approach in the last ten years in patients younger than 55 years old
in the Netherlands?
In the last decade, there have been changes in techniques and types of prosthesis
used in THA. For example, in recent years, fixation of THA has shifted worldwide
towards an uncemented approach. Another trend was the increase in use of large
metal on metal heads as, where the use of these heads phased out after 2012
because of reported higher failure rates (7-9). In Chapter 2, we analysed trends in
prosthesis- and surgical characteristics used in the last ten year in the Netherlands
in patients under 55 years. Trends in the method of implant fixation, bearing type,
head diameter and surgical approach were analyzed over year of surgery (2007 to
2016). To analyze if these trends in THA characteristics were associated with
short-term survival, Kaplan-Meier survival analyses were performed to estimate the
5-year survival for THA placed in 2007-2011, with endpoint revision for any reason.
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The majority of THA inserted in young patients were uncemented. In the last
decade, the growth of reversed hybrid fixation (uncemented stem, cemented cup)
was substantial. In 2007, 1.8% of THAs were fixated using the reversed hybrid
method. In 2016, this had increased to 9.5%. In 2007, the most commonly used
head diameter was 28 mm. However, the use of 28 mm diameter declined over the
years towards 19.5% in 2016. A trend towards the use of 32 mm was seen, where
this head diameter was the most frequent reported size in this patient group in
2016. The use of large femoral heads (≥38 mm) declined remarkably. For bearing
type, a trend towards ceramic-on-polyethylene (CoPE) was seen. The use of
metal-on-metal (MoM) bearing surface decreased from 2008 onwards, and has no
longer been used in the Netherlands after 2013. The percentage of metal-on-polyethylene (M-PE) remained stable at around 20% during the last decade. The
posterolateral technique was the most commonly used approach in young patients.
However, there was a clear trend towards an increased use of the anterior approach
over the last decade; in 2007 this approach was rarely used in the Netherlands,
while in 2016 21.1% of THAs in young patients was performed using an anterior
approach.
We found a significant difference in the 5-year survival of THAs stratified by year of
procedure. The survival of THA placed in 2009 was the lowest (93.6%; 95%CI: 92.3%
- 94.7%), where the survival of THA placed in 2010 was the highest (96.1%; 95%CI:
95.1% - 96.9%). We think this is due to the high percentage of MoM implants placed
in 2009. Characteristics of THA in young patients were subject to changing
perspectives. Uncemented fixation was used the most in young patients. In head
diameter, bearing type and surgical approach clear trends were visible.
2. What is the influence of both patient-related and surgical factors on the risk of
early revision procedures in young patients?
In Chapter 3, we studied the association of patient characteristics and surgical
factors on the risk of an early revision procedure. The study reports on 19,682 THAs
in patients younger than 55 years registered in the LROI between 2007 and 2017.
Kaplan-Meier survival analyses were used to determine the 5-year survival rate with
end-point revision for any reason. Multivariable Cox proportional hazard regression
analyses were used to estimate adjusted hazard ratios for endpoint revision for any
reason. In this model, we adjusted for the covariates age, sex, ASA-classification (I,
II, III-IV), primary diagnosis, head size (22-26 mm, 28 mm, 32 mm, 36 mm and ≥ 38
mm), fixation method, surgical approach, bearing type (CoPE, MoM, MoPE, CoC
and ZoPE) and period of surgery (2007-2011, 2012-2016). Diagnosis was
dichotomized into primary osteoarthritis and secondary osteoarthritis.
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The most common reason for revision was dislocation (22.5%), followed by femoral
loosening (18.0%), infection (16.9%) and acetabular loosening (14.9%). The overall
survival of primary THA with end-point revision for any reason at 1, 2 and 5 years
follow up was 98.3% (95%CI: 98.2-98.5), 97.3% (95%CI: 97.1-97.6) and 95.3% (95%CI:
94.9-95.6), respectively. The use of the anterior approach resulted in a decreased
risk for revision after THA when compared with the posterolateral approach (HR:
0.66, 95%CI: 0.47 - 0.92). THAs inserted using the direct lateral or anterolateral
approach had no significant different risk of revision compared to the posterolateral
approach. The use of head diameters ≥ 38 mm resulted in an increased risk of
revision when compared to 32 mm heads (HR: 1.90; 95%CI: 1.33-2.72). Additionally,
the use of MoM bearings had an increased risk of revision (HR: 1.76; 95%CI:
1.27-2.43). We found no effect of age, gender, ASA-classification, diagnosis and
method of fixation on the risk of an early revision. As already discussed in Chapter 2,
there was an increased risk on an early revision for MoM bearings and large head
diameters.
3. What are the differences in the method of fixation used between primary
and revision hip arthroplasty in young patients, and what are reasons for these
differences?
As described in Chapter 2 and Chapter 3, the number of THA performed in young
patients has increased in recent years. Additionally, the survival of primary THA in
young patients is inferior when compared to older patients (4-6). Due to this lower
survival, in combination with the increase of the number of THA performed, an
increase in revision hip arthroplasty in younger patients is inevitable (2, 10, 11).
Remarkably, there is little data available on the outcome of revision procedures in
young patients. Additionally, there is little information available on the fixation
techniques used in revision procedures in these young patients. As shown in
Chapter 2, the majority of primary THA in the Netherlands are inserted using
uncemented techniques. However, there is no information available based on
registry data on the method of fixation used in revision procedures in young
patients. In Chapter 4, we aimed to describe any differences in method of fixation
used between primary- and revision hip arthroplasty. For this study, we included all
primary THAs performed in patients younger than 55 years, registered in the LROI
between January 2007 and December 2020. Next, we extracted all subsequent
revision procedures from this cohort to study the method of fixation in primaryand revision THA. In the LROI, fixation method is registered as uncemented fixation,
cemented fixation, hybrid fixation (cemented stem, uncemented cup), or reversed
hybrid fixation (uncemented stem, cemented cup). In this study, 28,516 primary
THAs registered in the LROI in patients younger than 55 years could be included. In

153

9

CHAPTER 9

total, 1,285 subsequent revision procedures were registered within the study
follow-up. A total revision, replacing both the acetabular and femoral component,
was performed in 182 cases. A major partial revision, replacing the acetabular
component or femoral component, was performed in 742 cases. In 439 of those
cases the acetabular component was revised, where in 303 of those cases the
femoral component was revised.
We found a significant change towards cemented fixation in revision hip arthroplasty.
Cemented acetabular fixation in total revisions increased statistically significant
with 36% (95%CI: 28 – 44), where the use of cemented femoral fixation increased
statistically significant with 22% (95%CI: 13 – 30) in revision hip arthroplasty. In
acetabular revision procedures, the proportion of cemented fixation between
primary and revision procedures increased significantly with 39% (95%CI: 34 – 45).
In femoral revision procedures, the proportion of cemented fixation between
primary and revision THA increased significantly with 25% (95%CI: 19 – 31). The
survival of both revised acetabular- and femoral components was determined, with
endpoint re-revision of the component, stratified for change in method of fixation.
For revised acetabular components that changed in method of fixation, survival at
5 years follow-up was 90.6% (95%CI: 83.9-94.6), where survival of components that
did not change in method of fixation was 93.6% (95%CI: 89.1-96.3). For revised
femoral components that changed in method of fixation, survival at 5 years
follow-up was 98.9% (95%CI: 92.3-99.8), where survival of components that did not
change was 96.1% (95%CI: 91.3-98.3). No significant difference in short-term
survival was found between revision procedures that changed or did not change in
method of fixation. A first explanation for the change in method of fixation may be
that cemented fixation in primary THA, especially in patients older than 70 years, is
still regularly performed in the Netherlands. According to the LROI, still 23% percent
of primary THA in the Netherlands are cemented (4). Therefore, many Dutch
orthopaedic surgeons still have the skills to perform a well cemented hip implant.
Additionally, we explored if the change in fixation could be explained by referrals of
these younger patients to other centres for their revision procedure, as contrasting
fixation policies in different hospitals could explain the observed trend towards
cemented fixation. However, we found that only around 15%-20% of revision
procedures were conducted in a different hospital compared to the primary
procedure. Additionally, around 1 out of 3 cases that did not change in hospital, still
switched in method of fixation. Therefore, we do not think this explains the change
in method of fixation between primary and revision THA. A last explanation might
be an increase in the use of bone grafts in revision procedures, as acetabular bone
loss is a major concern for surgeons during revision hip arthroplasty in younger
patients (12). However, registration of bone grafts was incorporated within the LROI
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not before 2014. Therefore, the effect of the use of bone grafts could not be
explored for all years, as these data was not complete for all years of inclusion.
Further studies are needed to evaluate this remarkable change in fixation method
in young patients on the long-term outcome of revision procedures.
4. What is the outcome of primary THA and their subsequent revision procedures
in patients younger than 50 years performed in the Radboudumc using a standard
surgical procedure?
As revision THA will be a growing problem in young patients receiving primary THA,
focus in study outcomes of THA in this patient group should also be on the outcome
of subsequent revision and even re-revision procedures. In Chapter 5, we describe
the results of a retrospective cohort study of all patients who received a primary
THA under the age of 50 between 1 st January 1988 and 31 st December 2017 at the
Department of Orthopaedics of the Radboudumc, where we could include 1,049
patients, with a mean age of 36.7 years. All primary THAs were placed using the
posterolateral approach, and all prostheses were inserted using bone cement on
both the acetabular and femoral side. In these young patients, acetabular bone
deficiencies at primary surgery are often encountered. For the reconstruction of
the defects, impaction bone grafting (IBG) was used. Using Kaplan-Meier survival
analyses we estimated the survival including 95% confidence interval of all primary
THA with endpoint revision for any reason, and with endpoint revision for aseptic
loosening. Additionally, we estimated the survival of the acetabular- and femoral
component separately with endpoint revision for any reason. Next, we determined
the survival of subsequent revision procedures, with endpoint re-revision for any
reason. Mean follow-up of all primary THA was 8.7 years (range 2.0 – 31.5). In total,
there were 138 revision procedures in the study follow-up. The survival rate for all
primary THA with endpoint revision for any reason was 90.7% (95%CI: 88.2 - 92.7)
at ten years, 66.7% (95%CI: 60.5 – 72.2) at 20 years and 54.4% (95%CI: 45.7 – 62.2)
at 25 years follow-up.
Mean follow-up of all revision procedures was 6.5 (range 0.1 - 21.7) years. Patients
were still very young at the time of revision, with a mean age of 48.2 years. There
were 22 re-revision procedures within the study follow-up. The survival of revision
procedures with endpoint re-revision for any reason was 78.5% (95%CI: 67.3 - 86.2)
at 10 year, and 70.3% (95%CI: 56.1 – 80.7) at 15 years follow-up. As revision
procedures in these young patients are inevitable, it is of major importance to
maintain their level of mobility. Therefore, we described the so-called Girdlestone
load, which is the proportion of patients in this study who ended with a permanent
explantation of the THA. During the study period, there were 6 cases where there
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was no re-implantation of components, resulting in a permanent Girdlestone
situation. Therefore, the Girdlestone load at the moment of latest review was 6 out
of 860 patients (0.7%). With this study, we found very promising long-term survival
rates of both primary- and revision hip arthroplasty. The technique used, a cemented
prostheses in combination with IBG in case of acetabular and femoral defects, is a
very suitable and proven long-term option to consider in these young patients.
5. What is the clinical and radiographic outcome of cemented revision THA
performed with impaction bone grafting in patients younger than 55 years old.
In Chapter 6, we further evaluated the outcome of revision procedures performed
with IBG in young patients who received a primary THA at the Department of
Orthopaedics of the Radboudumc. This was an update from a study described in
2015, as now long-term follow-up data was available (13). The management of
bone loss remains a considerable challenge in revision hip surgery and is especially
true for young patients facing a revision. These patients still have a long life
expectancy after their primary THA and may undergo several revision procedures.
We included 34 cemented revision hip arthroplasties performed with both
acetabular and femoral impaction bone grafting in 33 patients younger than 55
years at time of their revision procedure. The mean follow-up for the surviving hips
was 17 ± 5 years. In total, 11 hips were re-revised. Competing risk analysis showed
a risk of re-revision of any component for any reason of 27% (95%CI: 13-44) at 15
years follow-up. The risk of re-revision of any component for aseptic loosening,
was 10% (95%CI: 3-25) at 15 years follow-up. The risk of re-revision of the acetabular
component with endpoint aseptic loosening was 10% (95%CI: 3-25), and for the
femoral component 4% (95%CI: 0-16) at 15 years follow-up.
In total, eight cups were considered radiographically loose. Seven of these eight
cups were re-revised. Out of all stems, none were considered radiographically
loose. Failure rate with endpoint radiographic loosening was 23% (95%CI: 10-39) at
15 years follow-up.
We conclude that impaction bone grafting with a cemented cup and a cemented
stem is a valuable biological revision technique that results in a stable and durable
solution, after one or even multiple previous revision procedures.
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6. What is the mid-term failure rate of revision hip arthroplasty performed in
patients younger than 55 years?
As discussed in Chapter 5 and Chapter 6, revision hip arthroplasty will be a growing
problem in the future for young patients. Due to this increase in number of primary
THA in young patients, and the inferior outcome, an increase in number of revision
arthroplasty is inevitable in young patients. There are a few studies available that
assessed the survival of revision procedures. There is a lack of reports focusing on
the outcome of revisions in young patients using registry data, as most of these
studies were single centre studies and had relatively small sample size.
In Chapter 7, we present the failure rates of revised hip prostheses performed in
patients under 55 years using data from the LROI. Between 2007 and 2019, 1,037
first revisions were registered within the LROI. Out of these revisions, 21% of cases
had a replacement of both the acetabular and femoral component. In 53%, there
was at least a replacement of the acetabular or femoral component, where 18%
were a revision of the head and/or a replacement of the liner. The most common
reason for the first revision was dislocation (20%), followed by infection (16%),
acetabular loosening (16%) and femoral loosening (16%). In total, 214 re-revision
procedures were registered. The most common reason for re-revision was infection
(35%), followed by acetabular loosening (16%) and dislocation (16%). The 5-year
implant failure rate of the 1,037 first revisions with endpoint re-revision for any
reason was 22% (95%CI: 19-25). At 10-year follow-up, the implant failure rate was
28% (95%CI: 24-33).
An important finding was the high failure rate of revisions due to an infection. The
failure rate of first revisions with reason infection with endpoint re-revision for any
reason was 45% (95%CI: 37 - 55) at 5 years follow-up. For first revisions with reason
dislocation, acetabular loosening and femoral loosening, 5-year failure rate with
end-point re-revision for any reason was 22% (95%CI: 16-29), 22% (95%CI: 16-33)
and 18% (95%CI: 13-26), respectively. Additionally, patients who had an index
revision with reason infection had a high cumulative failure rate for end-point
re-revision for a recurrent infection. At 5 years, more than 30% of all patients
underwent a re-revision procedure with reason infection (cumulative failure rate:
30%; 95%CI: 23 - 38). These failure rates were much lower for dislocation (8%;
95%CI: 5-13), acetabular loosening (5%; 95%CI: 2-10) and femoral loosening (5%;
95%CI: 2-10).
In this study, we found worrisome failure rates of revision procedures in patients
younger than 55 years. Especially the outcome of index revisions due to infection
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is alarming, with a failure rate of 45% at 5 years follow-up. Moreover, within 5 years,
30% of all patients with an index revision for infection, underwent a re-revision
procedure with reason infection. Therefore, we think that in the prevention of (re-)
revisions, management of infections should play an essential role.
7. Is there an improvement of PROMs in young patients receiving primary THA?
Can different recovery trajectories be identified in this patient group, and what
are factors associated with an improvement in PROMs?
In Chapter 8, we explored different recovery trajectories in patient reported
outcome measures (PROMs) in young patients using data from the LROI. As
discussed before, the outcome of THA in young patients is, in terms of prosthesis
survival, inferior when compared to older age groups. However, for these young
patients, functional outcome is of even more importance, as these patients are
willing to return to work, sports and physical social activities in their daily life. Based
on literature, around 10-20% of patients do not respond as favourably, and still
report pain and functional disability after THA. The outcome of interest of this study
was reported general health and hip-specific problems measured with the Hip
disability and Osteoarthritis Outcome Score - Physical function Short form
(HOOS-PS), as this PROM evaluates physical functioning and disability, which is
particularly important for young patients. As the HOOS-PS score is only collected
from patients with primary osteoarthritis, only patients with primary osteoarthritis
as diagnosis were selected in this study. Patients who completed the HOOS-PS at
in at least two out of three time-point were included. Multiple imputation using
predictive mean matching was used to impute the missing values. To investigate
whether different recovery trajectories could be distinguished, we performed latent
class growth analysis (LCGA). The advantage of this type of analysis is that multiple
response patterns can be modelled for different subgroups of patients. Thereby,
this analysis identifies different clusters of data in such way that homogeneity is
maximized within a certain class, and heterogeneity is maximized between different
classes. Lastly, we used multivariable multinomial logistic regression analyses to
determine factors associated with class membership. In total, we could include
3,207 cases in this study. Following the model statistics, we chose the model with
3 different recovery trajectories as our final model. The largest group were the
‘optimal responders’, and consisted out of 74.6% of all cases. The mean pre-operative
HOOS-PS score of this class was 48.1. This group showed a steep decline in score
in the first 3 months post-operatively, which indicates a substantial increase in
physical function. HOOS-PS score at 3 months post-operatively was 14.0. After the
first 3 months, the HOOS-PS score declined even more towards a mean score of
6.0, indicating a further improvement of physical functioning up to 12 months
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post-operatively. The second group were the ‘good responders’, and consisted out
of 20.7% of all cases. Mean pre-operative HOOS-PS score for this group was 53.8.
Similar to the first class, also this group showed a steep decline in HOOS-PS score
during the first 3 months. Mean HOOS-PS score decreased to 28.5 at 3 months
post-operatively, indicating an increase in physical functioning in this time period
after surgery. However, this class showed no further improvement, as the mean
HOOS-PS score was 26.0 at 12 months post-operative. The third class were
determined as the ‘poor responders’, and consisted out of 4.7% of all cases. Mean
pre-operative HOOS-PS score was with 58.1 the highest of all three groups. This
group showed a small decrease is HOOS-PS score within the first 3 months after
surgery, where the mean score at 3 months post-operatively was 44.9. However,
after this time-point, this group showed an increase in HOOS-PS score up to 12
months post-operative, where mean HOOS-PS score was 55.7. This indicates a
decrease of physical functioning of these patients after the first 3 months postoperative. In the multivariable analysis, female patients (OR: 1.51; 95%CI: 1.17 – 1.95),
ASA II (OR: 1.38; 95%CI: 1.06 – 1.81), smoking (OR: 1.38; 95%CI: 1.01 - 1.89) and
cemented fixation (OR: 1.74; 95%CI: 1.04 - 2.93) were associated with membership
of the good responders. For class membership of the poor responders, ASA II (OR:
1.87; 95%CI: 1.21 – 2.88), ASA III (OR: 3.42; 95%CI: 1.65 – 7.12) and smoking (OR:
2.34; 95%CI: 1.55 – 3.53) were associated in the multivariable analysis. This
information is valuable for both patients and orthopaedic surgeons, as these
findings can aid in the process to determine which patient are at risk of a suboptimal
outcome. Moreover, this study helps young patients in management of their
expectations prior to their surgery.

9

159

CHAPTER 9

General Discussion
Due to the success of THA in the elderly population, this procedure is nowadays
offered to an increasing number of younger patients as well. Literature shows that
the outcome in terms of survival of THA in patients younger than 55 years is inferior
when compared to older patients, especially in the mid-term and long-term.
Therefore, it is of major importance to evaluate the outcome of primary- and revision
THA in these younger patients.
Traditionally, the treatment of hip specific problems in young patients was more
expectative, where focus was on conservative treatment policies, analgesia and
physiotherapy. For example, hip-preserving surgical procedures were mainly
performed in young patients, such as shelf reconstruction in cases with congenital
hip dysplasia and femoral and acetabular osteotomies (14). However, these
procedures did not always provide adequate functional restoration and pain relief
(15), and in the last decades the short-term success of THA became certainly more
and more attractive for young patients. A hip replacement results often in immediate
pain relief and increased hip function, where the recovery after an osteotomy is less
predictive. Therefore, the number of young patients treated with THA has increased
rapidly.
Most studies in this thesis evaluated the outcome of THA in young patients in the
Netherlands using data from the LROI. According to the annual report of the LROI
in 2020, the 11-year survival of THA in patients younger than 50 years was 91.9%
(95%CI: 91.2-92.7), where the survival of THA in patients between 50-59 years was
93.3% (95%CI: 92.8-93.7) (4). This is significantly lower when compared to older age
groups, where survival for patients between 60-69 years, 70-79 years and >80
years was 94.4% (95%CI: 94.2-94.7), 95.2% (95%CI: 95.0-95.4) and 96.6% (95%CI:
96.4-96.8), respectively. In this thesis, we found factors that were associated with
an increased risk for an early revision in young patients. We found that the use of
head diameters ≥ 38 mm resulted in an increased risk of revision when compared
to 32 mm heads. Additionally, the use of MoM bearings resulted in an increased risk
of an early revision. The increased risk of revision of MoM bearings has been
described extensively in literature, after the National Joint Registry of England,
Wales, Northern Ireland and the Isle of Man identified higher than expected revision
rates for MoM implants in 2010 (8). Additionally, also the Netherlands Orthopaedic
Association (NOV) advised against the use of MoM bearings (16). Remarkably, nearly
all Dutch surgeons followed this advice, and consequently we found that large
head MoM bearings are not used anymore in the Netherlands after 2012.
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In this thesis, we found a decreased risk for early revision in young patients after the
use of the anterior approach when compared to the posterolateral approach.
Interestingly, we also found an increase in the use of this anterior surgical approach
in young patients, where 20% of all THA was placed using this approach in 2017.
Clearly, more studies are needed to evaluate the effect of surgical approach on the
outcome of THA on the long-term. Additionally, we were not able to correct for
variables describing the mechanical loading of the prosthesis in our analysis, such
as BMI and the physical activity of the patient, as these variables were not registered
or only limited available in the LROI. However, the anterior approach was significantly
associated with a higher survival in young patients at 5 years follow-up.
Due to their young age at primary THA, revision surgeries are often inevitable in this
patient group (11). Therefore, not only should we focus on the long-term outcomes
of primary THA in these young patients, even more important is the outcome of
their subsequent revisions. This thesis highlights this problem and provides an
extensive update on the outcome of revision hip arthroplasty in young patients.
Firstly, we studied the outcome of all revision procedures registered within the
LROI. The 5-year survival of revised hip prostheses was 78% (95%CI: 75-81), and the
10-year survival was 72% (95%CI: 67-76), which is still somewhat disappointing. The
most prevalent reason for the first revision was dislocation, where the most
common reason for re-revision was infection. Additionally, the rate of infections in
all first revision procedures was 16%, which increased to 35% in all re-revisions
procedures. We found a very worrisome survival rate for revisions for infection,
where the 5-year implant survival of these procedures, with end-point re-revision
for any reason was 55%. Furthermore, patients who had a revision procedure with
reason infection had a high cumulative failure rate for end-point re-revision for a
recurrent infection. At 5 years follow-up, more than 30% of all patients who had a
first revision due to infection, underwent a re-revision procedure with reason
infection (cumulative failure rate: 30%; 95%CI: 23 - 38). Most of these re-revision
procedures due to infection occur in the first years after the revision procedure,
which is particularly disappointing for the patient. Therefore, in the management of
re-revision procedures, the focus should be on the prevention of infections.
The importance of anticipating on future revisions that young patients inevitably
will face deserves special attention. Only if these patients are revisable at the
moment of a failed primary or revision implant, patients can maintain a high level
of mobility. Two studies conducted in this thesis, in which a standard revision
technique using cemented implants in revisions in combination with bone grafts in
case of bone stock defects was used, showed that young patients can benefit from
anticipating on future revisions, resulting in acceptable survival rates at mid- to
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long-term follow-up. Therefore, we believe it is important to focus on bone stock
in younger patients, in order to be maintain the revisability of the prosthesis. We
performed the largest long-term follow-up study of a single centre cohort of
patients younger than 50 years worldwide, which also reported on the outcome of
the subsequent revisions and re-revisions within the study group. In case of
acetabular and/or femoral defects, impaction bone grafting (IBG) was used in these
patients. The aim of this technique is to biologically restore the bone stock in
patients. Young patients will almost certainly outlive their primary prosthesis, and
the bone stock left after removal of the primary prosthesis may influence both the
technical aspect of the revision procedure, as well as the survival of this revision
procedure. Therefore, we studied the outcome of both primary- and revision
procedures in patients who received a primary THA at the Radboudumc using a
standard surgical procedure in combination with IBG (17, 18). We found a survival
rate for all primary THA with end-point revision for any reason of 90.7% (95%CI:
88.2 - 92.7) at 10 years follow-up and 54.4% (95%CI: 45.7 – 62.2) at 25 years
follow-up. For all revision procedures, we found a survival with endpoint re-revision
for any reason of 78.5% (95%CI: 67.3 - 86.2) at 10 years follow-up, and 70.3% (95%CI:
56.1 – 80.7) at 15 years follow-up. Although these data are acceptable, we think that
this outcome can be improved, as many of the patients in the studied cohort still
had a cup made of traditional polyethylene. It is known that wear particles from
these cups may contribute to failure due to aseptic loosening. Recently, the
Radboudumc started to use crosslinked polyethylene as bearing in these younger
patients. Therefore, we think these survival data will further improve in the future,
as there are many data available showing that crosslinked polyethylene results in
less wear, limiting the process of aseptic loosening of components on the
long-term. In a second study in this thesis, focusing on the outcome of 34 revision
procedures with both acetabular and femoral IBG, we found a failure rate of 27%
(95%CI: 13-44) at 15 years follow-up with end-point re-revision for any reason. The
survival of revision procedures performed in the Radboudumc is higher when
compared to all revisions registered within the LROI. This might be due to the use
of IBG in the surgical procedure in the Radboudumc as, especially in young patients,
loss of bone stock will hamper future revisions. Therefore, efforts to restore bone
stock are crucial, to facilitate further revisions. Future studies are needed to evaluate
if this higher survival might be attributed by the use of IBG. However, we think that
the technique used, a cemented prostheses in combination with IBG in case of
acetabular and femoral defects, is a very suitable technique and proven long-term
option to consider in these young patients.
Another interesting aspect revealed in this thesis, is the detection of the existence
of multiple recovery trajectories after primary THA in young patients using PROMs.
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Although the survival of primary- and revision THA is of major importance to
evaluate the success of this treatment in young patients, it can be discussed that
functional outcome is of even more importance. THA has shown to be a successful
and cost-effective treatment, providing an increase in quality of life, reduction in
pain and improved physical ability. However, around 10-20% of patients do not
respond as favourably after primary THA, and still report pain and functional
disability after THA. Especially for these young patients, who are willing to return to
work and sports in their daily life, a high functionality after THA is crucial. In our
study, only 5% of young patients showed a poor functional outcome, where
functional score one year postoperatively was even worse compared to the
pre-operative score in this group. We found that ASA III-IV classification and
smoking were associated with showing little to no improvement. This information
is valuable for both patients and orthopaedic surgeons, as these findings can aid in
the process to determine which patient are at risk of a poor outcome. For these
patients, it might be beneficial to postpone a primary procedure, to reduce the risk
on a (re-)revision procedure or a poor post-operative functional outcome.

Conclusion and recommendations
The studies in this thesis evaluated the outcome of THA in young patients in the
Netherlands using data from the LROI. The LROI can be considered as a relatively
young registry when compared to other joint registries worldwide, as it was initiated
in 2007. Therefore, in the coming years, more studies are needed to confirm our
findings on the long-term. Additionally, validation of results can also be achieved by
cross referencing data between multiple national registries. Also in other countries,
more studies using registry data need to be conducted in young patients in order
to identify risk factors associated with lower survival of THA in this patient group, or
with a worse functional outcome. Traditionally, national registries share their
findings by publishing annual reports. However, in most reports data on young
patients are limited, and research conducted on young patients using registry data
is scarce. As the number of primary THA in young patients is increasing, cross
referencing of registry data on young patients would be of added value. Some
registers are relatively small, and combining data of young patients from multiple
registries would increase the power of studies examining the outcome of THA in
this patient group. Such a collaboration between national registers can already be
found in the NARA (Nordic Arthroplasty Register Association), where data of the
registries of Sweden, Norway, Denmark and Finland are combined (19). Combining
data from the LROI with data from NARA was recently already explored by van
Steenbergen et al. (20), but no data focusing on young patients were used.
Collaborations between arthroplasty registers should be extended in the future,
especially focusing on data on young patients.
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Additionally, linking registry data with other (non-orthopaedic) clinical quality
databases available could increase the validity and versatility of the LROI. For
example, data from the LROI can be linked to data collected by pharmaceutical
registries on the prescription of analgesia or antibiotics, in order to receive better
insights in post-operative pain or infections within the LROI. In this way, data from
the LROI can be used in a more innovative way to improve the outcome of THA.
Lastly, as the use of artificial intelligence is rapidly growing in medical care, the
options of using these methods on registry data should be considered (21). For
example, automated data extraction can be used to extract data from other clinical
quality databases, and automatically register these within the LROI. Therefore,
more data can be collected within the LROI, without increasing the registration
burden for hospitals and orthopaedic surgeons.
Another consideration for research on THA in young patients is the use of alternative
endpoints. Traditionally, revision surgery is used as the end-point for failure of THA
in registries. However, especially for younger patients, a revision procedure is not
always an option due to several factors, such as a high risk of complications or the
loss of acetabular bone stock. Therefore, revision surgery as measure of failure
might result in an underrepresentation of failure in this patient group. Use of
alternative end-points, such as reoperation, patient reported outcomes, functional
outcomes or mobility of the patient (Girdlestone load) would be of added value.
Additionally, the use of multiple end-points, including reoperations, will also
increase the completeness and validity of revision procedures registered within the
LROI, especially for infections. In recent years, concerns have been raised internationally regarding the validity of reported data about infections in arthroplasty
registry data. It has been suggested that due to weaknesses in the documentation
systems of such registries, the number of septic revisions is severely underreported
(22-24). One reason is that a revision procedure with reason infection is only
registered in the LROI when, during the surgery to treat the infection, one or more
components of the implant are exchanged or revised. This is not always the case in
the treatment of an infection, as often a DAIR-procedure (debridement, antibiotics
and implant retention) is performed, where not in all cases a component is
exchanged. Secondly, the registered reason for revision will presumably not change
in the LROI, despite the detection of an infection after the revision procedure. The
reason of revision is registered at the moment of the revision procedure, immediately
after finishing the surgery, and few surgeons will change the indication afterwards
when cultures taken during the procedure indicate an infection. Therefore, revision
procedures with reason infection are expected to be underreported in the LROI.
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Additionally, reoperations performed for a fissure of periprosthetic fractures will
also be registered, as there is no exchange of any of the components during these
procedures as well. Therefore, registering reoperations will increase the validity of
the data within the LROI.
As shown in this thesis, the rate of infection after revision procedures is high. This
remains an area in hip arthroplasty that can highly benefit from innovative
approaches and technologies. Due to the major negative impact of an infection
after primary- or revision THA at a young age, an option might be to treat these
patients in special centres who have extensive experience in the treatment of
infected hip arthroplasty. Additionally, research should be conducted on enhancing
and improving the delivery and efficiency of antibiotic therapies, and looking into
new treatments strategies, such as using immunotherapy or the use of nanoparticles
for antibiotic delivery (25).
Functional outcome is of even more importance for young patients compared to
elderly patients, as young patients are willing to return to work and perform physical
social activities in their daily life. Using PROMs, factors associated with an inferior
outcome can be identified. However, in 2019 only 1 out of 3 patients receiving THA
in the Netherlands completed all PROM-questionnaires at all three time points
registered in the LROI (i.e. pre-operatively, 3- and 12 months postoperatively).
Therefore, by improving the response rate of PROMs in the LROI, especially in
younger patients, more precise insights of factors associated with an inferior
outcome can be achieved. Understanding which factors are associated with an
inferior outcome is valuable for both patients and orthopaedic surgeons, as this
can aid in the process to determine which patient are at risk of a poor functional
outcome. For example, it might be beneficial for certain patients to postpone a
primary procedure when being systemically affected (ASA III-IV) to reduce the risk
on a (re-)revision or on a poor response after primary THA. Moreover, this can help
young patients in management of their expectations prior to their surgery.
Additionally, it can help in recognising patients who are more likely to have a worse
post-operative outcome. By guiding and monitoring those patients with patientspecific post-operative care, with for example physiotherapy, this worse outcome
might be prevented. Moreover, it might be beneficial to postpone a primary
procedure, to reduce the risk on a (re-)revision procedure.
The importance of anticipating on future revisions that young patients inevitably
will face has to be emphasized. It is not only important to report on the results of
primary THA, but maybe even more important to report the results of revisions and
even re-revisions procedures. We think that only in this way it is possible to evaluate
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the true value of different techniques that are being used in THA in young patients.
The ultimate goal of THA is to provide a high level of mobility for the patient. Only
if these patients are revisable at the moment of a failed primary or revision implant,
patients can maintain this mobility. Therefore, as more long-term data is becoming
available in the coming years from national joint registries, the focus in research on
THA in young patients should shift to the outcome of revision hip arthroplasty.
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In de laatste jaren is het aantal geplaatste totale heupprothesen (THP) bij jonge
patiënten aanzienlijk toegenomen (1-3). Hoewel de overleving van THP bij patiënten
ouder dan 65 jaar exceptioneel kan worden genoemd, is de uitkomst van THP bij
patiënten jonger dan 55 jaar inferieur vergeleken met de uitkomst van THP bij
oudere patiënten, met name op de midden- en lange termijn (4-7).
Het primaire doel van dit proefschrift was om de uitkomst van geplaatste THP bij
jonge patiënten in Nederland te evalueren met behulp van data uit de Landelijke
Registratie Orthopedische Implantaten (LROI). We analyseerden trends in de
gebruikte typen prothesen bij jonge patiënten in Nederland. Ook bestudeerden we
de uitkomsten van alle THP geplaatst sinds 2007 bij jonge patiënten op de middenen lange termijn. Daarnaast analyseerden we welke operatietechnieken het meest
succesvol waren, en identificeerden we welke technieken een hoger risico op een
vroege revisie hebben. Daarnaast onderzochten we met behulp van Patient Reported
Outcome Measures (PROMs) welke implantaatkarakteristieken en operatietechnieken
zorgden voor de hoogste fysieke functionaliteit van de patiënt 1 jaar na plaatsen
van de THP.
De afdeling Orthopedie van het Radboudumc heeft daarnaast veel ervaring met
het behandelen van jonge patiënten met artrose van het heupgewricht. Bij ernstige
artrose wordt het gewricht vervangen door een heupprothese. Daarbij wordt gebruikt
gemaakt van een biologische reconstructiemethode, genaamd ‘impaction bone
grafting’ (IBG). Hierbij worden, indien er sprake is van botverlies aan de komzijde,
botsnippers geïmpacteerd om het botverlies te herstellen. Vervolgens wordt een
heupprothese geplaatst die met cement wordt vastgezet. De lange-termijn follow-up
van deze THP bij jonge patiënten werd geanalyseerd.
Om bovengenoemde doelen te behalen werden de volgende onderzoeksvragen
geformuleerd en achtereenvolgens in de beschreven hoofdstukken beantwoord.
1. Wat zijn de trends in methode van fixatie, articulatie, kopdiameter en chirurgische
benadering in de laatste tien jaar bij patiënten jonger dan 55 jaar in Nederland?
De gebruikte technieken voor het plaatsen van een prothese en de verschillende
typen prothesen zijn de afgelopen tien jaar aan veranderingen onderhevig geweest.
Zo werd wereldwijd steeds vaker een ongecementeerde prothese geplaatst, met
name bij jonge patiënten. Een andere trend was het plaatsen van metaal-op-metaal
prothesen met een grote kopdiameter bij deze patiëntengroep. Het gebruik van

173

NEDERLANDSE SAMENVATTING

deze prothesen daalde echter vanaf 2012, door een lage gerapporteerde overleving
en onverwacht optredende complicaties (7-9). In Hoofdstuk 2 analyseerden we
trends in prothese- en operatiekarakteristieken bij patiënten jonger dan 55 jaar in de
laatste tien jaar in Nederland. Trends in methode van fixatie, articulatie, kopdiameter
en chirurgische benadering werden geanalyseerd per jaar van operatie (2007
tot 2016). Kaplan-Meier survivalanalyse werd gebruikt om te bepalen of deze
karakteristieken invloed hadden op de 5-jaars overleving van de prothesen geplaatst
van 2007 tot 2011.
De meerderheid van alle THP bij jonge patiënten werd ongecementeerd geplaatst.
Er was een substantiële groei in het gebruik van ‘reversed hybrid’ fixatie (ongecementeerde steel, gecementeerde cup). Waar in 2007 1,8% van alle THP werd geplaatst
met een ‘reversed hybrid’ fixatie, steeg dit in 2016 naar 9,5%. De meest gebruikte
kopdiameter in 2007 was 28 mm (41,4%). Het gebruik van deze kopdiameter daalde
echter naar 19,5% in 2016. Er was een duidelijke trend naar een toenemend gebruik
van 32 mm kopjes te zien. Dit was dan ook de meest gebruikte kopdiameter in
2016. Het gebruik van koppen met een diameter van groter dan 38 mm daalde
aanzienlijk. In type articulatie was een duidelijke trend naar keramiek-op-polyethyleen te zien. Het gebruik van metaal-op-metaal prothesen daalde vanaf 2008 en
deze werden vanaf 2013 niet meer gebruikt in Nederland. Het percentage metaal-op-polyethyleen bleef stabiel op 20% gedurende de afgelopen tien jaar. De
posterolaterale benadering werd het meest gebruikt in jonge patiënten. Er was
echter een duidelijke trend naar het meer toepassen van de anterieure benadering.
In 2007 werd deze benadering zelden gebruikt in Nederland, terwijl in 2016 21,1%
van alle THP bij jonge patiënten in Nederland werd geplaatst via deze benadering.
De overleving van THP geplaatst in 2009 was het laagst (93,6%, 95% Betrouwbaarheidsinterval (BI): 95,1 – 96,9). Dit kwam waarschijnlijk door het hoge percentage
van metaal-op-metaal prothesen dat werd geplaatst in 2009. Deze studie liet zien
dat prothese- en operatiekarakteristieken bij jonge patiënten onderhevig waren aan
veranderende perspectieven in de laatste tien jaar. Ongecementeerde prothesen
werden het meest gebruikt bij jonge patiënten. Uit dit onderzoek bleek dat in
kopdiameter, articulatie en chirurgische benaderingen duidelijke trends aanwezig
waren.
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2. Wat is de invloed van patiënt- en operatiekarakteristieken op het risico van een
vroege revisieprocedure bij jonge patiënten?
In Hoofdstuk 3 bestudeerden we de associatie van patiëntkarakteristieken en
chirurgische factoren op het risico op een vroege revisie. Deze studie beschrijft
19.682 primaire THP bij patiënten jonger dan 55 jaar die tussen 2007 en 2017
werden geregistreerd in de LROI. Kaplan-Meier survivalanalyse werd gebruikt om
de 5-jaars overleving te bepalen met eindpunt revisie voor elke reden. Multivariabele
Cox proportional hazard regressieanalyse werd gebruikt om de hazard ratio’s te
schatten met eindpunt revisie voor elke reden. In dit model corrigeerden we voor
leeftijd, geslacht, ASA-classificatie (I, II, III-IV), primaire diagnose, kopdiameter
(22-26 mm, 28 mm, 32 mm, 36 mm and ≥ 38 mm), methode van fixatie, chirurgische
benadering, articulatie (CoPE, MoM, MoPE, CoC en ZoPE) en periode van operatie
(2007-2011, 2012-2016). De diagnose werd opgedeeld in primaire osteoartrose en
secundaire osteoartrose.
De meest voorkomende reden voor revisie was dislocatie (22,5%), gevolgd door
femorale loslating (18,0%), infectie (16,9%) en acetabulaire loslating (14,9%). De algehele
overleving van primaire THP met eindpunt revisie voor elke reden na 1, 2 en 5 jaar
follow-up was respectievelijk 98,3% (95%BI: 98,2-98,5), 97,3% (95%BI: 97,1-97,6)
en 95,3% (95%BI: 94,9-95,6). Het gebruik van de anterieure benadering resulteerde
in een verlaagd risico op revisie vergeleken met de posterolaterale benadering
(HR: 0,66, 95%BI: 0,47 – 0,92). THP’s die werden geplaatst met de direct laterale of
anterolaterale benadering toonden geen significant verschil in risico op revisie
vergeleken met de posterolaterale benadering. Het gebruik van kopdiameters
≥ 38 mm resulteerde in een verhoogd risico op revisie vergeleken met 32 mm
(HR: 1,90; 95%CI: 1,33-2,72). Daarnaast resulteerde het gebruik van MoM als articulatie
in een verhoogd risico op revisie (HR: 1,76; 95%BI: 1,27-2,43). In deze studie vonden
we geen effect van leeftijd, geslacht, ASA-classificatie, diagnose en methode van
fixatie op het risico op een vroege revisie. Zoals al bediscussieerd in Hoofdstuk 2,
resulteerde het gebruik van MoM als articulatie en grote kopdiameters in een
verhoogd risico op een vroege revisie.
3. Wat zijn de verschillen in methode van fixatie gebruikt in primaire en revisie THP
in jonge patiënten, en wat zijn de redenen voor deze verschillen?
Zoals beschreven in Hoofdstuk 2 en Hoofdstuk 3, steeg het aantal THP dat wordt
geplaatst bij jonge patiënten in de afgelopen jaren. Daarnaast is de overleving van
primaire THP in jonge patiënten lager vergeleken met oudere patiënten (4-6). Door
deze lagere overleving, in combinatie met de stijging van het aantal THP, is een
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stijging van het aantal revisieprocedures onvermijdelijk (2, 10, 11). Er is echter weinig
data beschikbaar over de uitkomst van revisieprocedures bij jonge patiënten.
Daarnaast is er weinig informatie beschikbaar over de gebruikte fixatietechnieken in
revisieprocedures bij jonge patiënten. Zoals aangetoond in Hoofdstuk 2, wordt de
meerderheid van primaire THP in Nederland ongecementeerd geplaatst. Er is
echter weinig informatie beschikbaar gebaseerd op registerdata over de gebruikte
methode van fixatie tijdens revisieprocedures bij jonge patiënten. Het doel in
Hoofdstuk 4 was om de verschillen in methode van fixatie tussen primaire en
revisie THP te beschrijven. Voor deze studie includeerden we alle primaire THP bij
patiënten jonger dan 55 jaar die tussen 2007 en 2020 werden geregistreerd in de
LROI. Daarna selecteerden we alle revisieprocedures binnen dit cohort om de
methode van fixatie tussen primaire en revisie THP te bestuderen. In de LROI kan
methode van fixatie geregistreerd worden als ongecementeerd, gecementeerd,
hybride fixatie (gecementeerde steel, ongecementeerde kom) en ‘reversed hybrid’
fixatie (ongecementeerde steel, gecementeerde kom). In deze studie includeerden
we 28.516 primaire THP’s uit de LROI. In totaal werden 1.285 revisieprocedures
binnen dit cohort geregistreerd. Er werden 182 totale revisies (vervanging van zowel
de acetabulaire als femorale component), en 742 ‘major partial revision’ (vervanging
van acetabulaire óf femorale component) geregistreerd. Van de ‘major partial
revisions’ werd in 439 gevallen het acetabulum vervangen, en in 303 gevallen werd
het femur gereviseerd.
We vonden een significante shift naar gecementeerde fixatie in revisieprocedures.
Gecementeerde acetabulaire fixatie in totale revisies steeg statistisch significant
met 36% (95%BI: 28-44), waar gecementeerde fixatie van het femur statistisch
significant steeg met 22% (95%BI: 13-30). In de proportie gecementeerde fixatie
tussen primaire en revisie-ingrepen in acetabulaire revisieprocedures was een
significante toename te zien van 39% (95%BI: 34-45). In femorale revisieprocedures
steeg de proportie gecementeerde fixatie significant met 25% (95%BI: 19-31). In
deze studie werd de overleving van zowel gereviseerde acetabulaire als femorale
componenten bepaald, met eindpunt re-revisie van de betreffende component,
uitgesplitst voor verandering in fixatie. Voor gereviseerde acetabulaire componenten
die wisselden van fixatie was de overleving na 5 jaar 90,6% (95%BI: 83,9-94,6), de
overleving van componenten die niet wisselden was 93,6% (95%BI: 89,1-96,3). Voor
gereviseerde femorale componenten die wisselden van fixatie was de overleving
na 5 jaar 98,9% (95%CI: 92,3-99,8), de overleving van componenten die niet
wisselden was 96,1% (95%BI: 91,3-98,3). In deze studie vonden we geen significant
verschil in korte-termijn overleving tussen revisieprocedures die wisselden van
fixatie en procedures die niet wisselden van fixatie. Een eerste verklaring voor de
shift in fixatiemethode zou kunnen zijn dat gecementeerde fixatie bij primaire THP
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nog steeds veel wordt uitgevoerd in Nederland, vooral bij patiënten ouder dan 70
jaar. Volgens de LROI is 23% van alle primaire THP’s in Nederland gecementeerd (4).
Nederlandse chirurgen hebben dus nog steeds veel ervaring met het plaatsen van
een gecementeerde prothese. Daarnaast bekeken we of de shift in fixatie
veroorzaakt werd door het doorverwijzen van deze jonge patiënten naar andere
centra. Door verschillen in protocollen per ziekenhuis zou de shift in fixatie verklaard
kunnen worden. Echter, we vonden dat slechts 15-20% van alle revisieprocedures in
een ander ziekenhuis werd uitgevoerd vergeleken met de primaire procedure.
Bovendien wisselden ongeveer 1 op de 3 procedures die niet van ziekenhuizen
veranderde toch in methode van fixatie.
Een laatste verklaring is een eventuele toename in het gebruik van botgrafts, omdat
acetabulair botverlies veel wordt gezien bij revisieprocedures bij jonge patiënten
(12). Echter, het gebruik van botgrafts wordt pas sinds 2014 geregistreerd in de
LROI. Daardoor is het effect van het gebruik van botgrafts niet te bepalen, aangezien
deze data niet compleet was voor alle geïncludeerde jaren. Verder onderzoek is
nodig om deze opvallende trend in methode van fixatie op de lange termijn te
evalueren.
4. Wat is de uitkomst van primaire THP en daaropvolgende revisieprocedures bij
patiënten jonger dan 50 jaar uitgevoerd in het Radboudumc?
De uitkomst van (re-)revisieprocedures na een primaire ingreep wordt een groeiend
probleem bij jonge patiënten. Het is daarom van groot belang dat de focus in
studies bij deze patiëntengroep wordt verlegd naar de uitkomst van revisie- en
re-revisieprocedures. In Hoofdstuk 5 beschreven we de resultaten van een
retrospectieve cohortstudie van alle patiënten jonger dan 50 jaar, die tussen 1
januari 1988 en 31 december 2017 een primaire THP hebben gekregen in het
Radboudumc. In totaal konden we 1.049 patiënten includeren, met een gemiddelde
leeftijd van 36,7 jaar. Alle primaire THP’s werden geplaatst met de posterolaterale
benadering waarbij alle componenten werden geplaatst met botcement. Aangezien
bij deze jonge patiënten acetabulair botverlies een groot probleem is, werd
impaction bone grafting (IBG) gebruikt, om het defect wat is ontstaan door dit
botverlies te reconstrueren. Met behulp van Kaplan-Meier survival analyse werd de
overleving van alle primaire THP met eindpunt revisie voor elke reden en met
eindpunt revisie voor aseptische loslating bepaald. Daarnaast werd de overleving
van zowel de acetabulaire als femorale componenten apart met eindpunt revisie
voor elke reden bepaald. De gemiddelde follow-up van alle primaire THP was 8,7
jaar. In totaal waren er 138 revisieprocedures gedurende de studie. De overleving
voor alle primaire THP’s met eindpunt revisie voor elke reden was 90,7% (95%BI:
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88,2 – 92,7) na 10 jaar, 66,7% (95%BI: 60,5 – 72,2) na 20 jaar and 54,4% (95%BI: 45,7
– 62,2) na 25 jaar follow-up. De gemiddelde follow-up van alle revisieprocedures
was 6,5 jaar, de gemiddelde leeftijd ten tijde van revisie was 48,2 jaar. Er waren
22 re-revisieprocedures gedurende de studieperiode. De overleving van revisieprocedures met eindpunt revisie voor elke reden was 78,5% (95%BI: 67,3 – 86,2) na
10 jaar, en 70,3% (95%BI: 56,1 – 80,7) na 15 jaar follow-up.
Omdat revisieprocedures in deze patiëntengroep onvermijdelijk zijn, is het van
groot belang om deze patiënten mobiel te houden. Daarom beschreven we de
zogenoemde ‘Girdlestone-index’, wat de proportie van patiënten beschrijft waarbij
de THP permanent verwijderd werd. Gedurende de studieperiode was er bij 6 van
de in totaal 860 geïncludeerde patiënten geen re-implantatie van componenten
mogelijk. De Girdlestone-index was daardoor 0,7%. Uit deze studie blijkt dat de
lange- termijn overleving van zowel primaire als revisie THP veelbelovend is. De
techniek die werd gebruikt (gecementeerde heupprothese in combinatie met IBG)
is een bewezen en geschikte optie voor jonge patiënten.
5. Wat zijn de klinische en radiografische uitkomsten van gereviseerde gecementeerde
THP waarbij IBG werd gebruikt bij patiënten jonger dan 55 jaar?
In Hoofdstuk 6 zijn de uitkomsten van revisieprocedures inclusief IBG bij jonge
patiënten uitgevoerd in het Radboudumc geëvalueerd. Dit was een update van een
eerdere studie uit 2015, waarvoor nu lange-termijn data beschikbaar kwam (13).
Het omgaan met botverlies blijft een grote uitdaging in revisieprocedures van de
heup, met name bij jonge patiënten. Door de langere levensverwachting na de
primaire ingreep kunnen zij nog meerdere revisieprocedures ondergaan. We
includeerden in deze studie 34 gecementeerde revisieprocedures met IBG aan
zowel de acetabulaire als femorale zijde in 33 patiënten jonger dan 55 jaar ten tijde
van de revisie-ingreep. De gemiddelde follow-up was 17 ± 5 jaar. In totaal werden
11 prothesen gere-reviseerd. Met behulp van competing risk analyse bleek het
risico op revisie voor elk component voor elke reden 27% (95%BI: 13-44) na 15 jaar.
Het risico op re-revisie voor elk component met reden aseptische loslating was 10%
(95%BI: 3-25) na 15 jaar. Het risico op re-revisie voor de acetabulaire component
met eindpunt aseptische loslating was 10% (95%BI: 3-25) en voor de femorale
component 4% (95%BI: 0-16) na 15 jaar. Gedurende de follow-up lieten 8 acetabulaire
componenten radiologisch los. 7 van deze 8 componenten werden gere-reviseerd,
één patiënt kreeg een langdurig lage dosering antibiotica tegen een chronische
infectie en functioneerde daarmee goed. Van alle femorale componenten was
geen enkele component radiologisch los. Het cumulatieve revisiepercentage met
eindpunt radiologische loslating was na 15 jaar 23% (95%BI: 10-39).
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Deze studie liet zien dat IBG in combinatie met een gecementeerde kop en steel
een waardevolle en stabiele biologische techniek is, resulterend in goede
uitkomsten, zelfs na een of meerdere revisieprocedures.
6. Wat is het revisiepercentage van revisieprocedures bij patiënten jonger dan 55
jaar op de midden- en lange termijn?
Zoals bediscussieerd in Hoofdstuk 5 en Hoofdstuk 6, zal het aantal revisies van
gefaalde THP’s in de toekomst een groeiend probleem worden voor jonge
patiënten. Door de stijging in het aantal primaire THP bij jonge patiënten, en de
slechtere uitkomsten daarvan, is een stijging in het aantal revisieprocedures
onvermijdelijk in deze patiëntengroep. Er zijn maar een paar studies beschikbaar
die de overleving van revisieprocedures analyseren. Er is een tekort aan studies die
zich focussen op de uitkomsten van revisies bij jonge patiënten met behulp van
registerdata, omdat de meeste van de beschikbare studies single-centre studies zijn
en weinig patiënten konden includeren. In Hoofdstuk 7 tonen we de revisiepercentages van gereviseerde THP’s bij patiënten jonger dan 55 jaar met data van de LROI.
Tussen 2007 en 2019 werden 1.037 eerste revisies geregistreerd in de LROI. Van
deze revisies werd bij 21% zowel de acetabulaire als femorale component
vervangen. Bij 53% van de revisies werd de acetabulaire óf de femorale component
vervangen. Bij 18% werd alleen de femurkop of de insert vervangen. De meest
voorkomende reden voor revisie was luxatie (20%), gevolgd door infectie (16%),
acetabulaire loslating (16%) en femorale loslating (16%). Er werden in totaal 214
re-revisies geregistreerd. De meest voorkomende reden voor re-revisie was infectie
(35%), gevolgd door acetabulaire loslating (16%) en luxatie (16%). Het cumulatieve
revisiepercentage van alle eerste revisieprocedures met eindpunt re-revisie voor
elke reden was na 5 jaar 22% (95%BI: 19-25). Na 10 jaar was dit 28% (95%BI: 24-33).
Een belangrijke bevinding van deze studie was het hoge revisiepercentage voor
revisies met reden infectie. Het revisiepercentage van deze ingrepen, met eindpunt
re-revisie voor elke reden, was 45% (95%BI: 37-55) na 5 jaar follow-up. Voor revisieprocedures voor luxatie, acetabulaire loslating en femorale loslating was het revisiepercentage lager, met respectievelijk 22% (95%BI: 16-29), 22% (95%BI: 16-33) en 18%
(95%BI: 13-26). Daarnaast hadden patiënten met een revisie voor een infectie een
hoog cumulatief revisiepercentage met eindpunt re-revisie voor een terugkerende
infectie. Na 5 jaar had meer dan 30% van alle patiënten een tweede revisieprocedure ondergaan voor een terugkerende infectie (revisiepercentage: 30%, 95%BI: 23 –
38). De revisiepercentages voor een terugkerende reden waren een stuk lager voor
luxatie (8%; 95%BI: 5-13), acetabulaire loslating (5%; 95%BI: 2-10) en femorale
loslating (5%; 95%BI: 2-10).
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Uit deze studie bleek dat de re-revisieprecentages van revisieprocedures in
patiënten jonger dan 55 jaar zorgelijk zijn. Met name de uitkomsten van revisies
met reden infectie zijn alarmerend, met een revisiepercentage van 45% na 5 jaar
follow-up. Daarnaast onderging 30% van deze patiënten een re-revisie door een
terugkerende infectie. Daarom speelt in het voorkomen van (re-)revisies management
van infecties een essentiële rol.
7. Is er een verbetering van PROMs bij jonge patiënten na een primaire THP?
Kunnen er verschillende herstelpatronen worden geïdentificeerd in deze patiëntengroep, en welke factoren zijn er geassocieerd met een verbetering in PROMs?
In Hoofdstuk 8 is onderzocht of er verschillende herstelpatronen zijn in ‘Patient
Reported Outcome Measures’ (PROMs) bij jonge patiënten met behulp van data
van de LROI. Zoals al eerder bediscussieerd zijn de uitkomsten van THP bij jonge
patiënten, met het oog op overleving van de prothese, inferieur vergeleken met
oudere patiënten. Echter, voor deze jonge patiënten zijn functionele uitkomsten
ook van groot belang. Deze patiënten willen immers terugkeren op de arbeidsmarkt,
kunnen sporten en sociale activiteiten kunnen ondernemen in hun dagelijks leven.
Uit de literatuur blijkt dat 10-20% van alle patiënten niet zoals gewenst reageert na
de THP en nog steeds pijn en suboptimale functionaliteit ervaart. De uitkomstvariabele van deze studie was gerapporteerde algehele gezondheid en heupspecifieke problemen, gemeten met de HOOS-PS (Hip disability and Osteoarthritis
Outcome Score - Physical function Short form). Deze PROM evalueert fysiek
functioneren, wat met name voor jonge patiënten van groot belang is. Omdat de
HOOS-PS alleen bij patiënten met primaire osteoartrose wordt uitgevraagd, werden
alleen patiënten met deze diagnose geselecteerd in deze studie. Patiënten die de
HOOS-PS op tenminste twee van de drie tijdpunten invulden werden geïncludeerd.
Meervoudige imputatie middels ‘predictive mean matching’ werd gebruikt om
missende waarden te imputeren. Om te onderzoeken of er verschillende herstelpatronen konden worden onderscheiden, maakten we gebruik van ‘latent class
growth analysis’ (LCGA). Het voordeel van deze analyse is dat er meerdere herstelpatronen gemodelleerd kunnen worden voor verschillende subgroepen van
patiënten. Deze analyse identificeert verschillende clusters van data op een manier
waarbij homogeniteit in de data wordt gemaximaliseerd binnen een bepaalde
klasse, en heterogeniteit tussen bepaalde klassen wordt gemaximaliseerd. Tenslotte
gebruikten we multivariabele logistische regressie om factoren te identificeren die
geassocieerd waren met het behoren tot een bepaalde klasse. In totaal konden
we 3,207 cases includeren in deze studie. Op basis van de statistieken van de
verschillende modellen werd het model met 3 verschillende klassen gekozen als
best passende model. De grootste groep waren de ‘optimale herstellers’ en bestond
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uit 74,6% van alle cases. De gemiddelde preoperatieve HOOS-PS score van deze
groep was 48,1. Deze groep kenmerkte zich door een grote daling in HOOS-PS
score in de eerste 3 maanden na de operatie, waarbij een daling in HOOS-PS score
duidt op een verbetering van fysiek functioneren. Na 3 maanden was de score 14,0.
De score daalde na de eerste 3 maanden zelfs verder naar 6,0, wat duidt op een
verdere verbetering van fysieke functionaliteit tot 1 jaar postoperatief.
De tweede groep waren de ‘goede herstellers’, bestaande uit 20,7% van alle cases.
De gemiddelde preoperatieve HOOS-PS score was 53,8. Vergelijkbaar met de
eerste klasse, kenmerkte ook deze groep zich door een grote daling van de score
in de eerste 3 maanden na de operatie, naar een score van 28,5. Echter vertoonde
deze klasse geen verdere verbetering; de HOOS-PS-score bleef met 26,0 nagenoeg
gelijk 1 jaar na de operatie.
De derde klasse kenmerkte zich als ‘matige herstellers’ en bestond uit 4,7% van
de cases. De gemiddelde preoperatieve score was met 58,1 het hoogste van alle
drie de groepen. Deze groep toonde een kleine verbetering in HOOS-PS score na
3 maanden (44,9). Echter, na 3 maanden steeg de HOOS-PS score tot 1 jaar
postoperatief naar 55,7. Dit betekent een verslechtering van fysiek functioneren na
de eerste 3 maanden na de operatie. In de multivariabele analyse bleken vrouwelijk
geslacht, ASA-II, roken en gecementeerde fixatie geassocieerd met het behoren bij
de ‘goede herstellers’. ASA-II, ASA III en roken waren geassocieerd met het behoren
tot de ‘matige herstellers’.
Deze informatie is waardevol voor zowel patiënten als orthopedisch chirurgen,
omdat deze resultaten kunnen helpen in het bepalen welke patiënten een hoger
risico lopen op een suboptimale uitkomst. Daarnaast helpt het jonge patiënten in
de verwachtingen van herstel voor de operatie.
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Algehele discussie
Door het succes van de totale heupprothese bij oudere patiënten, wordt deze
ingreep ook aan steeds meer jongere patiënten aangeboden. Uit de literatuur blijkt
dat de uitkomst van THP bij patiënten jonger dan 55 jaar qua overleving lager ligt
dan bij oudere patiënten, met name op de midden- en lange termijn. Het is daarom
van groot belang om de uitkomst van primaire en revisie THP bij deze jonge
patiëntengroep te evalueren.
De behandeling van heup-specifieke problemen bij jonge patiënten was traditioneel
meer op basis van expectatief beleid, gefocust op conservatieve behandelmethoden, pijnstilling en fysiotherapie. Heupsparende procedures werden bijvoorbeeld
voornamelijk uitgevoerd bij jonge patiënten, zoals femorale en acetabulaire
osteotomieën of pandakplastieken bij een aangeboren heupafwijking (14). Deze
behandelingen resulteerden echter vaak niet in voldoende functioneel herstel en
vermindering in pijn (15). Door de veel sterkere vermindering van klachten op de
korte termijn na plaatsing van een THP, werd het ook bij jonge mensen steeds aantrekkelijker een THP te plaatsen. Dit resulteert vaak in een onmiddellijke vermindering
van pijn en een stijging in functionaliteit van de heup, terwijl het herstel na een
osteotomie minder voorspelbaar is. Daardoor is het aantal jonge patiënten wat een
THP heeft gekregen snel gestegen.
De meeste studies in dit proefschrift evalueerden de uitkomst van THP in jonge
patiënten in Nederland met behulp van data van de LROI. Volgens de jaarrapportage
uit 2020 van de LROI, was de 11-jaars overleving van THP bij patiënten jonger dan
50 jaar 91,9% (95% BI: 91,2-92,7) en de overleving van THP bij patiënten tussen de
50-59 jaar 93,3% (95% BI: 92,8-93,7) (4). Dit is significant lager dan de overleving
bij oudere leeftijdsgroepen, waar de overleving bij patiënten tussen de 60-69 jaar,
70-79 jaar, en >80 jaar respectievelijk 94,4% (95% BI: 94,2-94,7), 95,2% (95% BI:
95,0-95,4) en 96,6% (95% BI: 96,4-96,8) was. In dit proefschrift vonden we factoren
die geassocieerd zijn met een verhoogd risico op een vroege revisie bij jonge
patiënten. Zo resulteerde het gebruik van een kopdiameter ≥38 mm in een verhoogd
risico op revisie vergeleken met een kopdiameter van 32 mm. Daarnaast resulteerde
het gebruik van metaal-op-metaal als articulatie in een verhoogd risico op een
vroege revisie. Dit verhoogde risico van metaal-op-metaal werd al uitvoerig
beschreven in de literatuur, nadat de National Joint Registry of England, Wales,
Northern Ireland and the Isle of Man al in 2010 hogere revisiepercentages
identificeerde voor deze implantaten (8). De Nederlandse Orthopedische Vereniging
(NOV) adviseerde daarom in 2012 het gebruik van deze implantaten te beëindigen
(16). Bijna alle Nederlandse chirurgen volgden dit advies op; we vonden dat
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metaal-op-metaal implantaten in combinatie met grote kopdiameters na 2012 niet
meer werden gebruikt in Nederland.
In dit proefschrift vonden we een verlaagd risico op een vroege revisie na gebruik
van de anterieure benadering vergeleken met de posterolaterale benadering.
Interessant genoeg was er ook een stijging zichtbaar in het gebruik van deze
benadering bij jonge patiënten; in 2017 werd 20% van alle THP geplaatst via deze
benadering. Aanvullend onderzoek is nodig om het effect van de chirurgische
benadering te evalueren op de lange termijn. Bovendien was het in deze studie niet
mogelijk in onze analyse te corrigeren voor variabelen die betrekking hebben op de
belasting van de prothese, zoals BMI en de fysieke activiteit van de patiënt, omdat
deze variabelen pas sinds 2014 worden geregistreerd in de LROI. Echter was de
anterieure benadering geassocieerd met een statistisch significant hogere overleving
na 5 jaar bij jonge patiënten.
Door de jonge leeftijd ten tijde van de primaire THP zijn revisieprocedures bijna
onvermijdelijk in deze patiëntengroep (11). Daardoor is het van groot belang om
niet alleen naar de lange-termijn uitkomst van primaire ingrepen te kijken, maar ook
naar de uitkomst van revisieprocedures. Dit proefschrift voorziet in een uitgebreide
update over de uitkomst van revisieprocedures bij jonge patiënten. Ten eerste werd
de uitkomst van alle revisieprocedures die geregistreerd waren in de LROI
geanalyseerd. De 5-jaars overleving van gereviseerde THP was 78% (95% BI: 75-81),
en de 10-jaars overleving was 72% (95% BI: 67-76), wat teleurstellend is. De meest
voorkomende reden van revisie was luxatie, waar de meest voorkomende reden
voor re-revisie infectie was. Het aandeel infecties bij de eerste revisies was 16%, wat
steeg naar 35% voor alle re-revisies. De overleving van revisies met reden infectie
was zorgwekkend; de 5-jaars overleving van deze procedures, met eindpunt
re-revisie voor elke reden, was 55%. Daarnaast hadden patiënten met een revisie
met reden infectie, een hoge cumulatieve faalkans voor het eindpunt re-revisie
voor een re-infectie. Na 5 jaar follow-up had meer dan 30% van alle patiënten met
een revisie door een infectie, een re-revisie voor wederom een infectie (30%; 95%
BI: 23-38). De meeste van deze re-revisies vonden plaats in de eerste jaren na de
revisieprocedure, wat zeer zorgwekkend is voor de patiënt. Daarom moet de focus
op preventie van infecties liggen om een stijging in het aantal re-revisies in de
toekomst te voorkomen.
Het belang van anticiperen op toekomstige revisieprocedures die jonge patiënten
bijna gegarandeerd moeten ondergaan verdient speciale aandacht. Alleen als het
mogelijk is om patiënten te reviseren op het moment van het falen van een primaire
of revisieprothese, kunnen zij een hoge mobiliteit behouden. Twee studies in dit
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proefschrift, waarin een standaard revisietechniek met een gecementeerde prothese in
combinatie met botgrafts wordt beschreven, lieten zien dat jonge patiënten kunnen
profiteren van het anticiperen op toekomstige revisies, door reeds bij de eerste
operatie het bot zoveel mogelijk te herstellen. Dit resulteerde in acceptabele
overleving op de midden- en lange termijn. Het is daarom van groot belang om
te focussen op de reconstructie van het botbed bij jonge patiënten, zodat de
prothesen kunnen worden blijven gereviseerd. We beschreven de grootse
lange-termijn studie van een single-centre cohort van patiënten jonger dan 50 jaar
wereldwijd, waarin ook de uitkomst van revisies en re-revisies werd beschreven. In
het geval van acetabulaire of femorale defecten, werd IBG toegepast bij deze
patiënten. Het doel van deze techniek is om het botbed op een biologische wijze
aan te vullen, door botsnippers te impacteren op het bot. De uitkomst van zowel
primaire als revisie procedures bij patiënten waarin in het Radboudumc een
gecementeerde primaire prothese inclusief IBG werd geplaatst werd beschreven
(17, 18). De overleving van alle primaire THP’s met eindpunt revisie voor elke reden
was 90,7% (95% BI: 88,2-92,7) na 10 jaar follow-up en 54,4% (95% BI: 45,7 – 62,6) na
25 jaar follow-up. Voor alle revisieprocedures vonden we een overleving met
eindpunt re-revisie voor elke reden van 78,5% (95% BI: 67,3 – 86,2) na 10 jaar
follow-up, en 70,3% (95% BI: 56,1 – 80,7) na 15 jaar follow-up. Ondanks dat deze
uitkomsten acceptabel zijn, denken wij dat deze uitkomsten verbeterd zouden
kunnen worden, omdat veel van deze patiënten in het bestudeerde cohort een cup
van traditioneel polyethyleen hadden. Het is bekend dat wear-partikels van deze
cups kunnen bijdragen aan aseptische loslating. Recent is het Radboudumc gestart
met het gebruik van crosslinked polyethyleen bij jonge patiënten. Omdat er veel
data beschikbaar is die laat zien dat crosslinked polyethyleen resulteert in minder
wear, zal de overleving in de toekomst in onze optiek verbeteren, aangezien het
proces van aseptische loslating verminderd wordt. In een tweede studie in dit
proefschrift, waarin werd gefocust op de uitkomst van 34 revisieprocedures met
zowel acetabulaire als femorale IBG, vonden we een faalkans van 27% (95% BI:
13-44) na 15 jaar follow-up met eindpunt re-revisie voor elke reden. De overleving
van revisieprocedures uitgevoerd in het Radboudumc is hoger vergeleken met de
overleving van alle revisies geregistreerd in de LROI. Dit zou kunnen komen door
het gebruik van IBG tijdens de operatie in het Radboudumc omdat, vooral in jonge
patiënten, het verlies van botbed toekomstige revisies in de weg zit. Daarom zijn
handelingen om het botbed te herstellen cruciaal, om toekomstige revisies mogelijk
te maken. Meer studies zijn nodig om te evalueren of deze hogere overleving komt
door het gebruik van IBG. Echter denken wij dat het gebruik van een gecementeerde
prothese, in combinatie met IBG, een zeer geschikte techniek is om te overwegen
in jonge patiënten.
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Met behulp van PROMS beschreven we het bestaan van meerdere herstelpatronen
bij jonge patiënten na een primaire THP. Ondanks dat de overleving van primaire en
revisieprocedures van enorm belang is om het succes van deze behandeling bij
jonge patiënten te evalueren, is de functionele uitkomst misschien wel van een nog
groter belang. THP heeft bewezen een succesvolle en kosteneffectieve behandeling
te zijn, die voorziet in een verhoging van kwaliteit van leven, vermindering in pijn en
een stijging van functionaliteit. Echter, nog steeds is ongeveer 10% tot 20% van de
patiënten niet tevreden na een primaire THP en ervaart nog steeds een verminderde
functionaliteit en pijn. Met name voor deze jonge patiënten, die graag normaal
willen kunnen werken en sporten, is een hoge functionaliteit cruciaal. In onze
studie vonden we dat maar 5% van de jonge patiënten een slechte functionaliteit
rapporteerden, die zelfs nog slechter was dan de preoperatieve score. Uit onze
studie bleek dat ASA III-IV classificatie en roken geassocieerd waren met het
vertonen van geen verbetering. Deze informatie is waardevol voor zowel de patiënt
als orthopedisch chirurg, omdat dit kan helpen in het beslissingsproces voor de
operatie. Voor deze patiënten zou het van waarde kunnen zijn om de primaire
operatie uit te stellen, om het risico op een (re-)revisie of een slechte functionele
uitkomst te verkleinen.

Conclusie en aanbevelingen
De studies in dit proefschrift evalueerden de uitkomst van THP bij jonge patiënten
in Nederland met behulp van data van de LROI. De LROI kan worden beschouwd
als een relatief jong register vergeleken met andere registers wereldwijd. Er zijn
daardoor in de komende jaren meer studies nodig om onze bevindingen op de
lange termijn te bevestigen. Daarnaast kunnen de resultaten ook gevalideerd
worden door data uit te wisselen tussen verschillende landelijke registers.
Traditioneel delen registers hun uitkomsten via jaarrapportages. Echter zijn data
over jonge patiënten schaars en wordt er weinig onderzoek naar deze groep
gedaan op basis van registerdata. Door het stijgende aantal THP dat geplaatst wordt
bij jonge patiënten is het uitwisselen van data van grote meerwaarde. Sommige
registers zijn relatief klein, waardoor het combineren van data van verschillende
registers de power van studies kan vergroten. Deze samenwerking kan al gevonden
worden in de NARA (Nordic Arthroplasty Register Assocation), waar data van de
registers van Zweden, Noorwegen, Denenmarken en Finland worden gecombineerd
(19). Daarnaast werd het combineren van data van de LROI met de NARA recent al
gedaan door van Steenbergen et al. (20), maar in deze studie werd de focus niet
gelegd op jonge patiënten. Samenwerkingen tussen registers zouden in de
toekomst moeten worden uitgebreid, met name voor de jonge patiëntengroep.

185

NEDERLANDSE SAMENVATTING

Het linken van registerdata met (niet-orthopedische) klinische registers zou daarnaast
de validiteit en veelzijdigheid van de LROI kunnen vergroten. Door bijvoorbeeld
data van de LROI te koppelen met data over voorschriften voor pijnstillers of
antibiotica van farmaceutische registers, kan er een beter beeld worden verkregen
over postoperatieve pijn of infecties binnen de LROI. Op deze manier kan data van
de LROI op een meer innovatieve manier worden gebruikt om de uitkomst van THP
te verbeteren. De enorme groei van ‘artificial intelligence’ in de gezondheidszorg
zou ook een mogelijkheid kunnen zijn om in te zetten binnen de LROI (21). Ook
automatische data extractie zou gebruikt kunnen worden om data van andere
klinische databases te extraheren en automatisch te registreren in de LROI.
Daardoor kan er meer geregistreerd worden in de LROI, zonder de registratielast
voor ziekenhuizen en orthopedisch chirurgen te verhogen.
Een andere optie in het onderzoek naar THP bij jonge patiënten is het gebruik van
alternatieve eindpunten. De revisieprocedure wordt normaal gesproken gebruikt
als het eindpunt voor het falen van de prothese in registerdata. Echter, een revisieprocedure is door meerdere factoren niet altijd een optie, met name voor jonge
patiënten. Daardoor kan het gebruiken van dit eindpunt resulteren in een onderrepresentatie van het falen van prothesen bij deze patiëntengroep. Gebruik van
andere eindpunten, zoals reoperatie, PROMs, functionele uitkomsten of mobiliteit
van de patiënt (Girdlestone load) kan van grote meerwaarde zijn. Het gebruik van
alternatieve eindpunten, zoals reoperaties, zou daarnaast de compleetheid en
validiteit van revisieprocedures geregistreerd in de LROI kunnen vergroten, met
name voor infecties. Er is internationaal veel onduidelijkheid over de validiteit van
infectiedata in registerdata. Er wordt gesuggereerd dat door slechte registratie er
een onderregistratie is van het aantal septische revisies (22-24). Een voorbeeld is
dat een revisie met reden infectie alleen wordt geregistreerd in de LROI als er tijdens
de behandeling een of meerdere componenten verwisseld worden. Dit is niet
altijd het geval bij de behandeling van een infectie, waar bijvoorbeeld vaak een
DAIR-procedure (debridement, antibiotics and implant retention) wordt uitgevoerd.
Bovendien zal de reden van revisie niet worden aangepast als na de operatie blijkt
dat er sprake was van een infectie. De reden van revisie wordt namelijk op het
moment van de revisie ingevuld. Wanneer de kweken na een operatie positief zijn,
zal dit niet achteraf worden aangepast. Er is daarom een vermoeden van onderregistratie van infecties in de LROI. Ingrepen voor een fissuur of een periprostethische
fractuur zullen ook worden opgenomen in de LROI als reoperaties worden
geregistreerd. De registratie van reoperaties zal daardoor de validiteit van de LROI
vergroten.
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Zoals beschreven in dit proefschrift, is de kans op een infectie na een revisieprocedure
hoog. Dit blijft een gebied binnen de orthopedie wat kan profiteren van innovatieve
technologieën. Door de grote negatieve gevolgen van een infectie na een primaireof revisieprocedure op jonge leeftijd, zou het behandelen van deze patiënten in
gespecialiseerde centra, waar veel ervaring is in de behandeling van infecties, een
goede optie zijn. Toekomstig onderzoek moet zich richten op het verbeteren van
de effectiviteit van antibiotica, of nieuwe strategieën onderzoeken, zoals immunotherapie of het gebruik van ‘nanoparticles’ bij het gebruik van antibiotica (25).
Functionele uitkomsten zijn voor jonge patiënten van een nog groter belang
vergeleken met oude patiënten. Door het gebruik van PROMs kunnen factoren
worden geïdentificeerd die geassocieerd zijn met een slechte functionele uitkomst.
Echter, slechts 1 op de 3 patiënten die een THP kreeg in Nederland in 2019, vulden
alle PROMs-vragenlijsten in (preoperatief, 3- en 12 maanden postoperatief). Door
het responspercentage, met name bij jonge patiënten, van PROMs in de LROI te
verhogen, kunnen er betere en meer precieze factoren worden geïdentificeerd.
Begrip van welke factoren geassocieerd zijn met een inferieure uitkomst is
waardevol voor zowel de patiënt als de orthopedisch chirurg, omdat dit kan helpen
om te bepalen welke patiënten een hogere kans hebben op een slechte functionele
uitkomst. Het kan voor sommige patiënten met een hoge ASA-classificatie helpen
om een primaire operatie uit te stellen, om het risico op een slechte uitkomst te
verlagen. Ook kan het jonge patiënten helpen hun verwachtingen voor een
operatie goed in te schatten. Daarnaast kan het ervoor zorgen dat patiënten die
meer kans hebben op een slechte uitkomst eerder herkend worden. Door deze
patiënten goed te begeleiden met patiënt-specifieke zorg, met bijvoorbeeld
gerichte fysiotherapie, kan een slechte uitkomst (deels) vermeden worden.
Het belang om bij jonge patiënten te anticiperen op revisieprocedures in de toekomst
moet meer benadrukt worden. Het rapporteren van de uitkomst van primaire
procedures alleen is niet voldoende. Het rapporteren van uitkomsten van revisies of
zelfs re-revisies is essentieel. In onze visie is het alleen op deze manier mogelijk om
de waarde van verschillende technieken die gebruikt worden in jonge patiënten te
evalueren. Het ultieme doel van THP is om een hoge mobiliteit te bereiken voor de
patiënt na de procedure. Alleen als het mogelijk blijft om deze patiënten te reviseren
bij een gefaalde prothese, blijft het mogelijk deze mobiliteit te behouden. Gelet op
het gegeven dat er steeds meer lange-termijn data beschikbaar wordt in nationale
registers, moet de focus in onderzoek naar de uitkomst van THP in jonge patiënten
verschuiven naar de uitkomst van revisieprocedures.
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