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ABSTRACT

Background Total hip arthroplasty (THA) presents as an ex-
cellent treatment for the osteoarthritic hip, demonstrating
good survival rates. However, aseptic loosening and infection
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are the main causes of operative revision. The methods used
in revision surgery are non-modular or modular THA implants.
In addition to the abovementioned revision reasons for THA,
this treatment could be associated with the possibility of fem-
oral stem fracture, especially in the modular system. The topic
of material failure has been focused on in the public media.
The question arises as to how such media reports correlate
with the published literature. The observed mentioned num-
ber of cases concerning a femoral stem fracture vary between
one single case and up to 18.5% within a clinical study, thus
presenting an inhomogeneous data situation with a large
span. The specific aim of this systematic review is to establish
facts and clarify the number of unforeseen events of a femoral
stem fracture based on peer review articles and registry data.
This clarification is important to us, as these media reports
have led to uncertainty among patients.

Methods A systematic review was performed in accordance
with the PRISMA statement. Peer review articles in English
and German, presenting original articles, meta-analyses, or
case reports, were searched from the turn of the millennium
up to December 2019. Only articles that reported a femoral
stem component fracture, with content of clinical data as well
as register data, were included. Relevant papers published
after the defined research time frame were taken into account
within the discussion.

Results In total, 218 fractures of a femoral stem (141 primary
and 77 revision THA) component could be identified within
the selected literature. Most cases of a femoral stem fracture
occurred in the modular THA implants compared to the non-
modular stems. Regarding revision THA, in summary, 77 im-
plants, presenting 23 non-modular and 54 modular implants,
failed by means of femoral stem fracture. A review of 11 Na-
tional Joint Registries shows a revision rate between 0.04 and
0.05% in only 2 registers according to the specific subject of a
femoral stem fracture. For the remaining 9 registers, how-
ever, detailed information is lacking and only nonspecific in-
formation such as a generic “implant failure” or “other rea-
son” (which can cover a multitude of causes) is supplied.
Conclusion A femoral stem fracture presents a devastating
complication for the patient, the surgeon as well as for the
manufacturer of the implant. Modular THA implants play an
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increasingly valuable role concerning restoration of individual
anatomy in modern THA revision surgery, especially within
complex cases. Regarding revision procedures, data suggests
a lower risk of femoral stem fracture for modular implants
compared to primary procedures, while the risk of fracture
for non-modular implants seems to increase during revision.
Ultimately, it cannot be proven whether this is actually appli-
cable, since the absolute number of implanted prosthesis sys-
tems is not known. Various implant-, patient-, and surgeon-
related factors may lead to these reported femoral stem frac-
tures. However, this systematic review suggests that this is, in
general, a rare complication.

ZUSAMMENFASSUNG

Einleitung Die Hiftendoprothetik stellt eine ausgezeichnete
Behandlungsoption der Hiiftgelenksarthrose dar und weist
gute Langzeitiiberlebensraten der Implantate auf. Aseptische
Lockerungen und Infektionen sind die Hauptursachen fiir eine
Revision des primdren Hiiftgelenkersatzes. Die in der Revi-
sionschirurgie verwendeten Implantatkonzepte sind als nicht
modulare oder modulares Hiiftendoprothesensystem verfiig-
bar. Neben den genannten Revisionsgriinden wird in der mo-
dularen Revisionsendoprothetik vereinzelt {iber gebrochene,
femorale Schaftkomponenten berichtet. Das Thema des Ma-
terialversagens in der Endoprothetik ist in Fokus der Medien
gerlickt. Es stellt sich die Frage, wie solche Medienberichte
mit der veroffentlichten Literatur korreliert. Die genannten
Fallzahlen femoraler Schaftbriiche variieren von Einzelfdllen
bis zu 18,5 % in klinischen Studien. Ziel der Arbeit ist es, Daten
aus der Literatur und Registern zu sammeln, um eine mog-
lichst realitdtsnahe Frakturrate fir die femorale Schaftkom-
ponente zu ermitteln. Die Kldrung der Sachlage ist wichtig,
da derartige Medienberichte zur Verunsicherung der Patien-
ten fihren.

Material und Methode GemiR den PRISMA-Richtlinien wur-
de eine systematische Literaturrecherche durchgefiihrt. Peer-
Review-Artikel in englischer und deutscher Sprache wurden
im Zeitraum Januar 2000 bis Dezember 2019 recherchiert.

Neben Registerdaten wurden nur wissenschaftliche Artikel
mit klinischen Daten, die unterschiedliche femorale Schaft-
briiche abhandelten, eingeschlossen. Relevante Beitrdge, die
nach dem definierten Recherchezeitraum veréffentlicht wur-
den, sind in der Diskussion dieser Arbeit berlicksichtigt.
Ergebnisse Insgesamt konnten 218 Frakturen femoralen
Schaftkomponenten (141 primdre und 77 Revisionsendopro-
thesensysteme) gezahlt werden. Die meisten Schaftbriiche
traten bei modularen Systemen auf. Bei den 77 Revisions-
endoprothesensystemen brachen anteilig 23 nicht-modulare
und 54 unterschiedliche modulare Implantate. Die Durchsicht
von insgesamt 11 Endoprothesenregistern ergab, dass in nur
2 Registern die Revisionsrate aufgrund femoralen Schaftbri-
che beschrieben wurde, die zwischen 0,04% und 0,05% lag.
Bei den verbleibenden 9 Registern fehlen detaillierte Anga-
ben. Hier werden nur unspezifische Informationen angege-
ben, wie z.B. ein allgemeines ,Implantatversagen” (das eine
Vielzahl von Implantatkomponenten umfassen kann) oder
solche Ereignisse werden unspezifizierend unter der Kategorie
»anderer Revisionsgrund“ subsummiert.

Diskussion Der femorale Schaftbruch stellt fir den Patien-
ten, den Chirurgen und den Implantathersteller eine gravie-
rende Komplikation dar. Modulare Systeme spielen in der mo-
dernen Hiiftrevisionschirurgie, insbesondere in komplexen Si-
tuationen, eine immer wertvollere Rolle. Die modulare Revi-
sions-Hiftendoprothetik scheint ausweislich der vorgelegten
Analyse ein geringeres Risiko flir einen femoralen Schaftbruch
im Vergleich zu modularen Systemen in der Primdrversorgung
aufzuweisen, wahrend das Frakturrisiko beim nicht modula-
ren Implantat in der Revisionsendoprothetik einen erhéhten
Absolutwert zeigte. Ob dies tatsachlich zutreffend ist, kann
letztendlich nicht belegt werden, da die absoluten Zahlen
der implantierten Prothesensysteme nicht bekannt sind. Un-
terschiedlichste implantat-, patienten- und chirurgisch-asso-
ziierte Faktoren kénnen zum femoralen Schaftbruchs fiihren.
Die Daten dieser systematischen Literaturrecherche zeigen je-
doch, dass der femoralen Schaftbruch eine eher selten auftre-
tende Komplikation ist.

Introduction

Since its introduction in the 1960s, modern total hip arthroplasty
(THA) has been shown to be an excellent and reliable treatment
for the osteoarthritic hip [1]. Survival rates for THA of 95% after
10 and 80% after 25 years are reported [2]. Case numbers of
THA treatment have increased. For example, within the Swedish
Hip Arthroplasty Registry (SHAR), the number of primary THAs
has more than doubled from 1995 to 2017 [3]. In summary, THA
surgery has the potential to be put forward as “the operation of
the century” [4].

However, long-term survival of THA is a multifactorial issue. It
can be influenced by three factors, which may have a unilateral or
reciprocal effect on the long-term outcome of THA treatment.
First, the patient (i.e., age, body mass index, health status, activity
level), second, the surgeon or applied surgical technique (i.e., ex-

perience, approach, technique), and third, the implant itself (i.e.,
cementless or cemented THA, design, materials, modularity, bear-
ing surface, ball head size) are influencing factors [1]. A greater
economic burden of 52% for THA revision surgery in comparison
with total knee arthroplasty is reported [5]. The SAHR identifies
aseptic loosening or osteolysis and infection as well as dislocation
presenting as the top three reasons for revision of primary THA.
The number of revisions following primary THA has increased by
upto50% from 1995 to 2017. In the case of are-revision, the cause
is most likely to be the same as the one for the first revision [3].
THA revision surgery presents a more challenging treatment
for the surgeon in comparison with primary THA. Each revision
surgery is accompanied by a loss of bone substance as well as
bone stock quality due to stress shielding and/or bone cement
failure, which is different in each patient. For a revision of failed
primary THAs, different implant systems based on different con-
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cepts are available nowadays on the market. Usually, the stem of a
THA revision system is cementless and distally anchored via press-
fit within its surrounding bone [6]. Two concepts or “philoso-
phies” of femoral stem design in THA revision surgery do exist:
the non-modular stem versus modular stem design. However,
both concepts are distinguishable through a longer stem com-
pared to the primary THAs, which is necessary to enable the men-
tioned distal press-fit anchoring of the femoral implant.

Modularity within THA revision surgery provides many advan-
tages to surgeons and patients. Advantages of modularity in hip
revision surgery include improved intraoperative flexibility in
complex cases, the opportunity of an individual adjustment of
the leg length, femoral antetorsion, offset, and an individual so-
called “fit and fill” at the metaphyseal and diaphyseal femur,
which results in good implant-to-bone contact as well as an im-
provement of proximal stabilisation and bone regeneration. Fur-
thermore, it offers the opportunity of an isolated exchange of
the proximal femoral implant segment without removing the en-
tire femoral implant. Modular cup components enable individual
reconstruction of the hip rotation centre [7]. An increasing trend
of cementless modular revision stems is observable in revision
surgery after primary THA [8].

Modular THA revision systems are associated with increasing
implant costs, the risk of fretting corrosion, implant loosening or
osteolysis, implant dissociation, and implant breakage [9-12].
However, a proper surgical technique respecting the instructions
for use are essential for the performance of modular THA revision
systems [7]. The topic of implant stem fracture is reported only
occasionally within the current literature [13-15]. Implant stem
fracture within THA, especially with modular systems, is based on
various fracture mechanisms [16]. “Implant fracture” can refer to
a breakage of the femoral stem or its modular junctions (if avail-
able) or ball head as well as the acetabular cup or its insert.

One associated disadvantage of modular revision stems is the
parameter of force transmission between both modular parts (if a
proper surgical technique/implant setup technique is missing),
which is associated with a higher risk of junction fracture because
of fretting corrosion processes [9-11, 17]. Another reason for the
modular junction fracture described in the literature is the lack of
medial bone support around the proximal THA component with
simultaneous firm osteointegration of the distal shaft component
almost up to the modular junction level [9,18]. The risks men-
tioned are not only caused by the THA design, but also by the in-
traoperative application by the surgeon [19]. In addition, patient’s
body weight and activity play an important role in the breakage of
modular THA components [9, 20]. From a surgical aspect, compo-
nent safety of THA is not a given if user error occurs due to non-
observance of the manufacturer’s instruction for use and specifi-
cations of the respective implant. Also their off-label use (e.g.,
BioBall Adapter System; Merete GmbH, Berlin, Germany), and
contamination in the area of the morse taper junction by organic
material such as blood, tissue, bone, etc., are common [19].

The reported fracture rate for modular THA is inhomogeneous
and ranges from case reports of a single patient [18] at over 1.4%
(1 of 72 cases) [11], up to 18.5% (5 of 27 cases) [10, 17] for mod-
ular revision stems within a clinical trial. A review by Fink [16] re-
sulted in 24 cases. The most recent publication from the year

2020 reported, for the first time, data regarding the number of
units in a single type of Implant sold in conjunction with its num-
ber of failures [19]. Their systematic classification registered a to-
tal of 113 femoral shaft fractures (out of a total of 37600 implants
sold). National Joint Registries report implant fracture (failure)
rates from 0.6 to 10.0% [3,21]. However, these percentages are
related to the reason for revision of the primary THA only. The
types of revision THA systems are not considered and detailed in-
formation concerning the kind of failure is lacking (i.e., fracture
ball head, stem component, etc.).

Heck et al. [22] did the last detailed review investigating im-
plant component failure in THA. Out of a total of 64483 collated
metallic femoral components, a stem fracture was reported in
172 cases. This means a failure rate of 27 per 10000 cases. How-
ever, information regarding the design or type of system is lack-
ing. The highest failure rates given, 45 and 24 cases, resulted out
of different THA designs from two different implant manufac-
turers, respectively.

The discussion about implant safety and how to substantiate it
for market approval is not really a new debate [22]. Rather, it has
been the subject of political and scientific debate in recent years
[23] due to the public media discussion in November 2018 about
the “implant files” story that focused on breast implant surgery,
cardiac valve failures, and THA systems (addressing breakage of
primary modular systems and metal ion release of hip resurfacing
and large diameter ball heads). It is necessary to elucidate this is-
sue by a systematic review, based on facts found in the scientific
literature as well as from data in available registers.

Objectives of this systematic review:

1. Reporting the fracture rate for femoral stem components after
primary implantation and for revision THA surgery of the hip
joint by using the literature and registers.

2. Identification of the breakage area and cause of the femoral
stem fracture.

3. Which implantation systems are affected and could be associ-
ated with a higher risk? Non-modular or modular THA stem
components?

Material and Methods

Our systematic review of femoral stem fractures is reported ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) protocols [24].

Literature search

A literature search was performed using the following bibliogra-
phies: PubMed, Medline, and the Cochrane Database depending
on the available access rights. Articles were searched from the
turn of the millennium up to December 2019. These databases
continued to be viewed from this end date and relevant papers
that were published after the defined research time frame were
taken into account within the discussion. Articles in English and
German presenting original articles, meta-analyses, or case re-
ports were considered for this review. The search strategy con-
sisted of the following components, each defined by a combina-
tion of controlled vocabulary and free text terms:
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» Fig. 1 Applied nomenclature of femoral stem components. Stems were categorised according to a monobloc primary, b modular primary,
¢ monobloc revision, and d modular revision THA systems. Each femoral stem design was subcategorised according to the region of the fracture -

proximal (blue), intermediate (red), and distal (green) parts.

Search strategy (A)

1. Fatigue fracture AND modular THA AND revision NOT peripros-
thetic.

2. Failure AND modular AND revision NOT periprosthetic.

3. Failure AND modular AND revision AND THA NOT peripros-
thetic.

Search strategy (B) using MeSH-Terms

1. Arthroplasty, Replacement, Hip[Mesh] AND fatigue fracture
AND modular THA AND revision NOT periprosthetic.

2. Arthroplasty, Replacement, Hip[Mesh] AND failure AND modu-
lar AND revision NOT periprosthetic.

3. Arthroplasty, Replacement, Hip[Mesh] AND failure AND modu-
lar AND revision AND THA NOT periprosthetic.

The initial screening for article inclusion or exclusion based on the
title and abstract of the resulting articles was performed by M.S.
When information regarding femoral stem component fractures
within the abstract was insufficient or if there was any doubt, the
studies were nevertheless considered. In addition, further publi-
cations were found by reviewing literature lists of already included
publications (cross-referencing).

The available full text of the eligible studies was evaluated by
M.S., with F.S. and R.F. consulting when necessary.

Sukopp M. et al. Femoral Stem Fracture... Z Orthop Unfall 2022; 160: 160-171 | © 2021. The author(s).

Inclusion and exclusion criteria

Journal (with peer a review process) articles with content of clini-
cal data (out of clinical trials or case reports) as well as data from
different registries (newest available report) were included in this
systematic review. Eligible manuscripts were selected if they gave
an account of (a) revision THA and/or (b) primary THA. Only ar-
ticles that reported a fracture of the femoral stem component
were included.

Articles about fractures of the femoral ball head, acetabular
cup component, or insert were excluded as well as articles regard-
ing periprosthetic fractures and fractures of the femoral neck of
the femur bone. Further exclusion criteria were non-clinical stud-
ies, animal studies, and experimental or phantom model investi-
gations.

Data extraction

Data out of the included articles was extracted by M.S. Histo-
grams were extracted or calculated from the included articles.
Data synthesis and analysis

Due to the large number of terms used in the literature to de-
scribe the assemblies of a THA as well as the fact that an exact lo-
calisation of each individual fracture was not explicitly described
in the literature, a specific nomenclature was defined for the pre-
sented results of this review (» Fig. 1). Failure of femoral stem
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» Fig. 2 Flow chart selection of case series’ and cohort studies for systematic review of femoral stem fractures following the PRISMA protocol.

components was categorised according to the three possible re-
gions of implant fracture: the (i) proximal, (ii) intermediate, and
(iiii) distal part of the femoral stem component.

Femoral stem components were categorised according their
indication (primary or revision) and system design specification
(non-modular or modular), resulting in four investigated study
groups:

1. Primary THA non-modular stem.
. Primary THA modular stem.
. Revision THA non-modular stem.
. Revision THA modular stem.

N W N

To avoid a potential effect of publication bias, results of this sys-
tematic review on femoral stem component fractures will be com-
pared to the results found in the registries and in the single past
review of Heck et al. [22]. This will take place in the discussion sec-
tion.

Results

The initial literature research resulted in 755 (search strategy A)
and 496 (search strategy B) identified journal articles in PubMed|
Medline (> Fig. 2). The used key words combination Fatigue frac-
ture AND modular AND revision AND hip NOT periprosthetic re-
sulted in 25 articles, Failure AND modular AND revision NOT peri-
prosthetic in 634 articles, and failure AND modular AND revision
AND THA NOT periprosthetic in 96 articles for search strategy A.
Used MeSH Terms Arthroplasty, Replacement, Hip[Mesh] AND fa-
tigue fracture AND modular THA AND revision NOT periprosthetic
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resulted in 3 articles, Arthroplasty, Replacement, Hip[Mesh] AND
failure AND modular AND revision NOT periprosthetic in 393 ar-
ticles, and Arthroplasty, Replacement, Hip[Mesh] AND failure
AND modular AND revision AND THA NOT periprosthetic in 100
articles.

After abstract review (screening), according to inclusion/exclu-
sion criteria, a remaining 76 full text journal articles proved to be
suitable. No article was excluded because of available access
rights. Of these articles, a total of 18 articles were excluded, as
they had different elimination criteria. Thus, 61 case descriptions
in 58 publications (articles) were included qualitatively and quan-
titatively. The remaining articles focused on case descriptions of
THA revision surgery (n=29) and primary THA (n =32).

To summarise: 51 articles with 5 or less cases of femoral stem
fractures were found. Additionally, there were 7 articles found
with 5 cases or more, up to a maximum of 67 cases, of femoral
stem fractures [13,25-30].

It should be mentioned, that 18 publications with a total of 121
reported fractures are included in this review, presenting articles
by industrial partners, or those with some partial industry partic-
ipation within the published investigation.

Complete data set

A total of 218 fractures (141 cases in primary THA and 77 cases in
revision THA) of a femoral stem component were documented in
the selected literature (» Fig.3). Most cases of a femoral stem
fracture occurred in primary as well as revision THA using modular
implant systems. Within the primary THA group, 12 stem compo-
nents were of a non-modular stem and 129 were of a modular

Z Orthop Unfall 2022; 160: 160-171 | © 2021. The author(s).
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» Fig. 3 Number of published femoral stem fractures for primary
and revision THA, categorised according monobloc (dark grey) and
modular systems (grey).

THA system design. Regarding the revision THA group, 23 non-
modular stem implants and 54 modular implants failed by means
of femoral stem fracture. Especially for the proximal part of the
femoral stem, the data suggests that modular stems fractured
more often during primary THA interventions (106 cases) than
during revisions (5 cases).

For non-modular stem systems, this trend seems to be con-
trary. More fractures exist for revision THA implants (18 cases)
than for primary interventions (4 cases) (> Fig. 4). It has to be em-
phasised that this data is based on published cases without any
knowledge of absolute values (sold numbers of implants, compli-
cation rate, etc.).

Forty-five femoral stem implants cracked in the distal part, 37
in the intermediate part, and 133 in the proximal part (> Fig. 4). In
only three cases was the fracture level not explicitly stated, thus a
categorisation according to the specific nomenclature (» Fig. 1)
of this review was not possible.

The respected reasons for implant failure have been taken
from the identified articles and are partly not fact-based assump-
tions of the authors (> Table 1). In summary, a total of 52 cases of
a femoral stem fracture were attributed to the implant (i.e., de-
sign influences or metallurgical properties, laser engraving, etc.)
[18,25-28,31-41], 30 cases to the surgeon (i.e., electrocautery
contact to the implant, incorrect handling of implant, etc.) [30,
42-55], and 22 cases to the patient (i.e., bone loss, tissue reac-
tion, BMI, trauma) [9, 17,56 -65]. One hundred and ten cases re-
sulted out of a mixture of the three given causes for failure [13,
15,29,66-75]. However, for four cases, the reason is unknown
and not given within the reference [18,76,77]. A detailed analysis
of implant-related factors indicates 24 cases related to stem frac-
ture (initiated by crack, friction, corrosion, etc.) are due to design
influences, 17 cases due to the manufacturing process, e.g., laser
engraving, and 11 cases due to metallurgical properties.

Subanalysis of THA revision implant systems

In the revision THA non-modular stem group, 23 stem fractures
were localised in 18 cases at the proximal end and in 5 cases at
the distal end of the femoral stem (» Fig. 4). This trend was re-

120

100
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60

Kiewpd
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20

VHL

120

100

femoral stem fractures [n]

80

60

UoISIASl

40

20

non-modular-stem modular-stem

Design

Region of fracture

M Distal part

Eintermediate part

WProximal part

Mot identifiable from literature source

» Fig. 4 Number of femoral stem fractures classified according to
the region of the fracture for monobloc and modular THA designs.
Proximal (blue), intermediate (red), and distal (green) parts of a
THA system - not identifiable from the literature source (lilac).

versed for the reported 54 femoral stem fractures within the
modular revision THA group, while 34 stems were broken at the
distal part and 5 at the proximal part. Additionally, in this group,
there was a breakage of the stem in its intermediate part in 14
cases and in 1 case, the region of the femoral stem fracture could
not be deduced.

For modular THA systems, there were 25 articles with a case
series of 5 or less femoral stem fractures. A case series of 6 stem
fractures was published by Lakstein et al. [27] and Benoist et al.
[26] for a modular THA revision system. Merini et al. [25] reported
on 16 fractures for a non-modular stem THA revision system.

Registry Data

A total of 11 National Joint Arthroplasty Registries were included
(» Table 2). Relevant information could be identified in only eight
registries. Detailed information on femoral stem fractures was
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» Table 1 Identified reasons for femoral stem fracture.

Fracture reason Cases Primary THA

b3 Non-mod-
ular stem

Implant related

Design influences, undersizing, bending 24 0

moment initiation, geometry

Manufacturing process, e.g., laser 17 1

engraving

Metallurgical properties 11 4

Surgeon related

Electrocautery contact to the implant, 14 3

incorrect handling of implant, etc.

Contamination of surface properties 16 1

Patient related

Bone loss, tissue reaction, BMI, trauma 22 1

Combination of all

Implant, surgeon, and patient related 110 0

Other

unknown 4 2

b3 218 12

Revision THA Literatur
Modular Non-mod- Modular
stem ular stem stem
13 2 9 [18,27,28,31,
32,36-40]
0 16 0 [25,33]
0 0 7 [26,34,35,41]
1 0 10 [30,42-44,
53]
11 0 4 [46-52,54,
55]
3 5 13 [9,17,56-65]
100 10 [13,15,29,
66-75]
1 0 1 [18,76,77]
129 23 54 58 articles
61 case de-
scriptions

Remark: Sources [18, 66,73] are listed twice for case description. Source [18] reported implant-related reasons for fractures and one case was unclear.
Sources [66] and [73] reported case descriptions for column primary and revision THA.

only available from the SHAR and the Australian Orthopaedic As-
sociation National Joint Replacement Registry (AOANJR) [3,12].

The AOANJR reports classified the cases into fractures of the
femoral stem, of the ball heads, as well as for the acetabular cup
and liners, respectively. The number of documented femoral stem
fractures at 163 cases was the highest type of implant fracture
rate compared to that of 45 femoral ball heads, 92 acetabular
cups, and 131 liner fractures. The revision rate due to stem frac-
tures in a total of 386101 primary THAs was 0.04% [12].

In the SHAR, 172 revised THAs are described to be as a result of
“implant fracture”. One hundred and forty cases (0.6 % of all revi-
sions) referred to a femoral stem fracture in the period of time
from 1999 to 2017 (» Table 2). Accordingly, from a total of
278287 primary hip arthroplasty failures (reported within the
registries), this resulted in a 0.05% revision rate. However, the ex-
act number is not known, because these 140 cases were based on
the assumption “ ... if the stem of the hip prosthesis is revised as a
result of an implant fracture, then it is highly probable that it is a
case of a stem fracture ...” [3]. Karrholm et al. [3] note that the
reported cases of a femoral stem fracture “ ... could involve a
slight overestimation” as a result of the abovementioned analysis
approach.

For the remaining registries, no detailed information concern-
ing the type of implant failure (i.e., stem, ball head, cup or liner)
was published [21,78 - 82]. Implant or component failure of 0.9%
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was recorded in the Norwegian Register [80], and up to 10.0% in
the Register for Emilia-Romagna Region (RIPO) [21]. This resulted
in a calculated fracture rate ranging from 0.2% [78] up to 0.5%
[21] in a worst case scenario (» Table 2).

Also, in the Canadian Joint Replacement Register (CJRR), there
was no specific information regarding the type of implant fracture
available. Implant fracture (let alone it’s type) was not recorded in
a separate category, rather it was listed cumulatively under the
blanket term “Remaining reasons for revision” and was found to
be between 7.3 and 28.0% depending on the gender and age of
the patient group [83]. However, the term “Remaining reasons
for revision” included in its category, next to an implant fracture
event, other types of events such as bearing wear, osteolysis, pain
of unknown origin, implant dissociation, acetabular erosion, leg
length discrepancy, and stiffness.

The Michigan Arthroplasty Registry Collaborative Quality Ini-
tiative (MARCQI) reports “component fracture/failure” for THA,
in summary, at 4.4% and gives individual numbers classified by
THA systems. Within this classification, a total number of implan-
tation procedures as well as the number of surgeons performing
these surgical procedures is given. But, a detailed description of
which part/component of the THA system fractures is also miss-
ing in the MARQI [82].

To complete the review of the registries, it should be noted that
the New Zealand Joint Registry [84], the Dutch Arthroplasty Regis-
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> Table 2 Register data reporting the number of revision cases after primary THA related to implant fracture.

Register Type of femoral component failure THA

Fracture clearly stated Failure gener- No. primary No. revisions after primary

al
Stem Neck General Cases Overall frac- Cases Fracture (fail-
not specified ture (fail- ure) rate
Exchangeable Fixed Fracture incl. UL

[n] [n] [n] [n] [n] [%] [n] [%]
Australia’ 2163 b26 137 n.i 386101 *0.04 214533 1.1
Sweden? €140 n.i n.i n.i 278287 €0.05 924447 *0.6
UK3 n.i. n.i. n.i. e’"3787 1091892 *0.30 115777 *3.3
Germany* n.i. n.i. n.i. *329 9140871 *0.20 916453 h2.0
Norway> n.i. n.i. n.i. i403 *203232 *0.20 1*46921 *0.9
Italy® n.i. n.i. n.i. k383 k81530 k0,50 k3814 10.0
USA-MARCQI” n.i. n.i. n.i. 164 m87765 *0,07 *1461 4.4
Danmark® n.i. n.i. n.i. 11021 °182737 *0,56 21418 4.7
New Zealand® n.i. n.i. n.i. n.i. 4137341 n.c. P19582 n.c.
Dutch'® n.i. n.i. n.i. n.i. 247633 n.c. n*2509 n.c.
USA™ n.i. n.i. n.i. n.i. U405 346 n.c. 110188 n.c.
)3 303 26 137 5987 3242735 277103
> without New Zealand, 303 26 137 5987 2452415 244824

Dutch, USA

Remark: n.i. = not identifiable; n. c. = not to be calculated; *the values were recalculated using the data published within the registers. * *Addition of cases pu-

blished within the registers. Data source:

1[12] taken from Table HT15 & PHT27,

2[3] taken from “Table 8.3.4 & 9Table 8.3.6,

3[79] taken from ¢Table 3.17 & Table 3.7,

4[78] taken from 9Table 2 & "Table 12,

> [80] taken from 'Table 2 & iTable 3,

6[21] taken from Table page 52,

7[82] taken from 'Table 5 & ™Table 10 (include primary and revisions),
8[81] taken from "Table 12.1 & °Table 10.1,

9 [84] taken from PTable ,Revision hips* page 21 & 9Table ,, All hip arthroplasty“ page 14,

10[85] taken from Table ,Number of Primary THA and revision Arthroplasties ...“ page 21 & *Table ,Cumulative revision percentages of cemented ...“ page 39/

»Cumulative revision percentages of cemented ...“ page 40,
11[86] taken from ‘Figure 31 & “Figure 12.

ter [85], and the American Joint Replacement Registry (AJRR) [86]
do not provide specific details about implant fractures. This event
may be listed under “other events”, which in contrast to CJRR, is
not explicitly specified. In its annual report, the AJRR addresses
the potential danger of a hip fracture in modular hip stems, but
does not cover it with case numbers from the register. Only the
case numbers of operated modular systems are shown [86].

Discussion

The systematic review of femoral stem fractures in THA ultimately
resulted in 185 cases. In general, a fracture series of five or less
cases was reported. In summary, only five journal articles could
be identified that dealt with a femoral stem fracture of more than
five cases [13,25-28].
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It is conspicuous with regard to the event of a femoral stem
fracture, the two companies named at positions 1 and 2 with the
highest number of cases according to Heck et al. [22] still hold the
top two positions (with regards to the number of femoral stem
fractures) circa 25 years later. However, only the pole position
has changed between the two companies. The described case
numbers of 172 femoral stem fractures of Heck et al. [22] match
the reported data within this systematic review of 218 cases.

Modular THA systems reveal more stem fractures than non-
modular stem systems. The exact location of the stem fracture
could not always be reliably determined from the papers. The rea-
sons for stem breakage were not always described based on facts.
A detailed retrieval analysis of each fracture case with the help of
the entire biomechanical and material sciences tool kit is a man-
datory requirement. However, case reports in general can only de-
liver analysis results by methods that are available on site.
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» Fig.5 Reported numbers of THA (black line) and TKA (grey dotted line) replacements between 2000 and 2017. Plotted data taken from OECD

88].

It seems to be that the proximal part of modular THA revision
systems, in comparison to non-modular stem systems, is probably
due to the fact that the surgeon can react more flexibly to individ-
ual patient conditions during the operation (especially in complex
cases) and thus the biomechanical conditions can be optimally re-
stored. Modular prostheses are therefore indispensable during re-
vision, with a lower risk of fracture compared to primary proce-
dures, while the risk of fracture for non-modular stem prostheses
increases during revision. To give a clear statement, knowledge of
the absolute values (number of implants sold, number of proce-
dures, full list of serious adverse events for the individual product,
etc.) for each available THA revision system is necessary. Remem-
ber, the data presented here is based on published cases without
any knowledge of these absolute values.

To avoid a potential effect of publication bias on the event of a
femoral stem component fracture, a look inside common regis-
tries was done to compare given stem fracture rates with the re-
sults of this review. Registries providing detailed information
about femoral stem fractures indicate similar case numbers.

The AOANJR provides the most detailed overview on the sub-
ject of implant fracture with a reported revision rate of 0.04%
[12]. Within this report, a fracture classification considering fem-
oral ball head, acetabular insert, the femoral stem, and its modu-
lar junctions (if available) as well as fracture of the acetabular cup
components was given. The implant fracture rate of the remain-
ing registries had a worst case of 0.5% (» Table 2). However, as
given within AOANJR or SHAR, a lack of information exists about
the type of fracture event, exact region of the fracture, as well as
the type of component that failed. Because of the lack of details
concerning fracture region and/or component, it is impossible to
compare data among the various registries in detail. Some regis-
tries are too small and unable to investigate the rare event of a
THA component fracture [87]. This may explain why the listing of
this event is not kept separately. To study a rare event, a merging
of databases between the registries would be useful and recom-
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mendable. This would require an equal structure of primary data
as well as a detailed description of the event “fracture”, as fulfilled
in the AOANJR.

The given data, depending on the individual THA system de-
sign, as well as the abovementioned registries do not, in general,
indicate the exact type of reported implant fracture (ball head, in-
sert, stem ...) [78,79]. This fact explains why a comparison and/or
an assessment of a real fracture rate presents such a challenge.
Furthermore, it must be mentioned that an initial look within pub-
licly available literature databases, such as PubMed or within
registries, showed a trend of a huge number of “hits” with regards
to the term “fracture”. The term fracture is used in many different
contexts. However, appropriate care must be taken when refer-
encing corresponding case numbers on the topic of “fracture” to
avoid a misinterpretation according to an assessment of the real
fracture rate.

The latest available publication adressing the “femoral stem
fracture” topic reports on a realistic fracture rate, described by
absolute values for a specific THA revision system [19]. This paper
was published outside the time (December 2019) necessary for its
inclusion within this review. With regard to the reported fracture
rate of 0.3% (113 fractures/37 600 sold systems) of the modular
stem system (MRP-TITAN, PETER BREHM GmbH, Weisendorf, Ger-
many) published by Kriiger et al. [19], it should be noted that
these authors had access to the manufacturer’s incident database
and present no Key Opinion leaders or Design Surgeons or have
any relation to this company as a customer or for financial rea-
sons. According to the authors’ knowledge, this is a first-time
event, which requires a high degree of trust of the Kriiger et al.
group [19] on the one hand, and, on the other hand, this demon-
strates absolute transparency and commitment to the topic of im-
plant safety by the manufacturer.

Of course, there is a number of unrecorded reported cases
within this incident database, which is due to a lack of feedback
from operating clinics. In order to keep the number of unrecorded
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cases as small as possible, the legal obligation to report such seri-
ous adverse events is to be observed (i.e., EU - MDR (EU) 2017/
745 or FDA - 21CFR803).

A limitation of this systematic review is that it presented data
based on available published cases in the English and German lan-
guages. It is possible that further articles are available in other lan-
guages besides the abovementioned ones. Furthermore, a realis-
tic fracture rate is not possible to report within this review, be-
cause detailed information of absolute values for specific THA re-
vision systems is lacking. Register data also does not allow for a
clear determination of a fracture rate, since here the data is nei-
ther uniform nor prepared to the necessary extent required by
the initial research question.

Conclusion

According to the outcome of the review by Heck et al. [22] in
1995, mechanical stem failure is still reported 25 years later as a
rare and unusual complication within the registry data as well as
within the literature [3,9,22].

In comparison to the available number of, in total, 14885156
hip replacements between 2000 to 2017 reported by the Organi-
sation for Economic Cooperation and Development (OECD) [88]
(» Fig. 5), the number of reported stem fracture cases within the
literature as well as fracture rates by registries seems to be ne-
glected. Eleven registers supplied a sum total of 3242735 ob-
served primary THAs. After excluding cases of the 3 registers re-
porting no fracture, in total, 2452415 observed primary THAs
and 6453 cases could be identified as receiving revision surgery
according to an overall unspecified classification of an implant fail-
ure. This results in an overall fracture rate of 0.26%. However, 303
cases representing the total number of cases from AOANJR or
SHAR could be assigned to the event of femoral stem fracture,
which still represents a slight overestimation of real cases.

Compared to the probability of an aircraft crash, which is re-
ported as 2.6 crashes out of 1 million departures [89], the risk of
a femoral stem fracture is equal to 2.6 revisions out of 1 million
primary THAs.

For the purposes of data analysis, based on the given sources,
there is an important caveat to remember. Namely, that the re-
ported cases included multiple types of implant complications
and not just that of a femoral stem fracture. However, the calcu-
lation is based on the given numbers by analysed registers. This
means that this data also does not allow, on the one hand, a clear
determination of a fracture rate for the above discussed reasons
(data is not uniform, etc.) and, on the other hand, the absolute
numbers are unknown. The calculated number of 2.6 revisions
out of 1 million primary THAs portrays only a part of the puzzle,
because the calculated number is based on only 8 registers.

However, on the one hand, a femoral stem fracture is rare
complication, but on the other hand, it presents a devastating
complication for the patient, surgeon, and manufacturer of the
implant. Each fracture is one too many and its reason must be
worked out in detail for every single case. It is important to re-
member that all implants are subject to failure. Therefore, it is
necessary to recognise implant design limits in high-risk patients
when deciding on a stem modularity. It is necessary to understand

and recognise the problem in order to be able to counteract the
problem with the appropriate method, such as additional instruc-
tion for use, modified inclusion or exclusion criteria for patients,
and so on. Finally, a statement to improve the reporting of im-
plant fractures within registers, studies, or case reports is given
by the authors. Uniform terminology or a standard classification
proposal is mandatory to define the location/area as well as the
reason for the implant fracture in a standardised manner. This cre-
ates more transparency, and results from studies and registers
can be compared with each other more easily.
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