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Abstract

Total joint arthroplasties are increasing worldwide in both frequency and prevalence. When
successful, they offer great improvements in quality of life. However, fractures around
implants are often difficult to manage and require prolonged inpatient stays in tertiary
hospitals. Management may differ between surgeons, but most patients will be managed
surgically if mobility or joint stability is threatened. Those affected are often at higher risk
from surgery, are frailer and at higher risk of mortality and a lifelong reduction in mobility.
The incidence of these fractures is increasing, and patients should appreciate the risk and
implications of this recognised complication of joint arthroplasty.

Abbreviations:

THA Total hip arthroplasty

TKA Total knee arthroplasty

PFF Periprosthetic femoral fracture
BMI Body mass index

ORIF Open reduction internal fixation
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1. Introduction

There is increasing demand for total knee arthroplasty (TKA) and total hip arthroplasty
(THA). The reasons are multifactorial and include an ageing population, expanding
indications for THA and population-level increase in body mass index (BN).

Quantitative estimates of the increase in the annual numberKvaty et al project a 137%
increase in demand for THA (from 208,600 to 572,000 a year) and a 601% increase for TKA
(from 450000 to 3.48 million a year) in the US between 2005 and 2030, while Culliford et al
estimate an increase from 75,366 to 95,877 THAs a year and from 76,497 to 118,666 TKAs
a year in the UK from 2012 to 2035[1,2].

Periprosthetic fractures are defined as fractures around orthopaedic implants[3]. Following
TKA and THA, periprosthetic fractures may affect the pelvis, femur, tibia or patella. This
review will focus on periprosthetic fractures of the femur (PFF) following TKA or THA. The
risk of post-operative fracture is 0.3-2.5% following TK#-6] and 0.4-3.5% following
THA[7,8]. The population incidence of Pkexpected to increase with the growing number
of patients undergoing joint arthroplasty[9].

Many parallels exist between patients with PFF and patients with a fracture to the neck of the
femur. Patients with PFF are likely to be old d&radl and often require major complex

surgery to restore mobility[10]. Following this procedure, there is a 16.5% risk of reoperation
due to surgical failure[11]. As a result, PFFs are associated with an increased mortality rate
(11-13.2% one-year post-operative approximately 2.1% higher for men and 1.2% higher

for women at age 70 when compared with individuals not affected by a PREB[11

Although these fractures affect a small proportion of all primary joint arthroplasties, against
the background of a large prevalence, periprosthetic fractures are a significant health burden
on the population and financial cost for health services[3,14].

This review will discuss the incidence of PFFs and patient and surgical risk factors. There
will be brief discussion of the fracture of other bones. We will review the current evidence
pertaining to epidemiology, fracture types and their management, the impact of these
fractures on the morbidity and mortality of patients, and the financial impact of PFFs on
healthcare services.

2. Methods

The following terms were used to conduct an extensive search of the literature on the
PubMed database up to Wy 2018: ((((((“fracture*”[All Fields]) AND “periprosthetic”[All
Fields])) or fracture, periprostheticilMeSFrms])) AND ((((((“tibia*”[All Fields]) OR
“femur”’[All Fields]) OR “femoral”[All Fields]) OR “hip”[All Fields]) OR “knee”[All

Fields]) OR “patella*”’[All Fields])) AND ((“arthroplast®*”’[ All Fields]) OR

“replacement”[All Fields]) ) AND fracture*| Title/Abstract]. The results were limited to
articles published in English, which were screened for those most relevant to the study of



periprosthetic fractures around total joint arthroplasties. The reference sections of articles
included were also searched to ensure relevant publications had not been missed.

3.

Incidence
3.1. Fractures following THA

Fractures of the proximal femur associated with THA may be intra-operative or post-
operative. The distinction is informative as it often indicates the mechanism of fracture
and will affect the management. Intra-operative fractures typically occur during forceful
preparation and insertion of a metallic implant into the proximal femur. This is necessary
to provide stability but can easily lead to fracture. Post-operative fractures invariably
occur following a low-energy fall from standing height and frequently require surgery to
restore mobility.

THAs may be fixed to the femur with or without bone cement. Cemented THAS raly on
layer of bone cement between implant and bone for fixation, while the femoral
components of cementless THAs are wedged into position following femoral canal
preparation and undergo osseointegration over the following months. Older literature
finds rates of intra-operative fracture for cementless THA to be 3-5.4%][15,16], and rates
for cemented THA to be 0.1-2.5%[15,17,18]. A cohort study by Abdel et al of 32644
primary total hip arthroplasties at a single academic centre in the United States conducted
over the course of 40 years found that 1.7% of patients had intra-operative fractures [7].
Interestingly, they differentiated between stem types and reported that intra-operative
fractures occurred in 3.0% of cementless stems but only 0.23% of cemented stems,
eqguating to a hazard ratio of over 13.

The cumulative incidence of post-operative fractures varies considerably. Lindahl et al
report a cumulative incidence of 0.4% following primary THA in their national Swedish
cohort study of 1049 patients with PFF over 21 years with data collected from the
Swedish National Hip Arthroplasty Register [8]. Also, the National Joint Registry 2017

for England, Wales and Northern Ireland records a revision rate of 0.67 per 1000 patient
years due to periprosthetic fractures[20]. Meanwhile, Cook et al found a ten-year
cumulative incidence of 3.5% in their single-centre study of 6458 primary THAsover
17-year period[19]. Abdel et al report a ten-year incidence following primary THA of

1.6%, which is very similar to the 1.7% reported by Meek et al in their Scottish cohort
study of 52,136 primary THAs. Abdel et al also report a 20-year incidence of 3.5%[7].
Given that theirs was a single-centre study, Abdel et al may underestimate rates of PFF as
those managed at other centres are less likely to be reported. The disparity between
national registry and other published data may arise because only PFFs which underwent
reoperation were included in the Swedish registry, while only those revised were included
in theUK registry data, excluding those which underwent conservative management in
both, and open reduction and internal fixation (ORIF) in the UK registry. The incidences
of PFF depend on several factors, including the use of cemented stems, patient
demographics and the follow-up period.

PFF rate is much higher following revision THA single-centre cohort study of 5417
revision THAs reported intra-operative fractures in 12%, with three times as many



occurring in cementless THAs[21]. Post-operative fractures occurred in 11% after 20
years, with no difference between cemented and cementless.

3.2. Fractures following TKA

Fractures associated with TKAs may affect the distal femur (supracondylar fractures), the
proximal tibia or the patella. This section of the review focuses on fractures of the distal
femur, reflecting clinical impact and coverage in the literature. The incidence of
supracondylar periprosthetic fractures in th€ is increasing in line with the increasing
numbers of TKAs performed per year[10]. The incidence following primary TKA is
reported to be 0.3-2.5%][5,22,23]. The incidence following revision surgery varies greatly,
from 1.6% to 38% in a literature review by Whitehouse et al[24]. A recent cohort study

by Meek et al of over 40,000 TKAs found the ten-year cumulative incidence of
supracondylar fractures to be 1.3% for primary TKAs and 2.2% for revision
procedures[10]. The National Joint Registry 2017 data suggest a lower revision rate for
periprosthetic fracture, of 0.15 per 1000 patient years[20]. As with periprosthetic
fractures around hips, this is likely to be an underestimation, as those fractures treated
conservatively or with ORIF are not reported. Tibial fractures occur in 0.4% of primary
procedures, and the incidence is higher in revision surgery[25], when intra-operative
fractures are more common[24]. Patellar fractures have been found in 0.68-1.19% of
TKAS[26,27], but this is likely ti be an underestimate, as a significant proportion are
asymptomatic and often not associated with a traumatic event[26]. Of note, a review of
the literature by Chalidis et al found less than 1% of patellar fractures occurred in patients
without resurfaced patellas[27].

4. Risk factors

The risk factors for periprosthetic fractures are important to understand when counselling
patients and investigating novel approaches to prevention and treatment. Risk factors for
periprosthetic fracture can be broadly divided into patient-related and surgery-related
categories.

4.1. Patient-related risk factors

Advanced age and female gender are frequently described as risk factors for PFFs due to
reduced bone quality in these patients[28]; however, these findings are not entirely
consistent throughout the literature. Wu et al found a significant association between
patient age and increased fracture risk following cementless THA in their study of 425
patients over three years[29], and Meek et al found increased risk of fracture with
increasing age following TKA and THA[10]. Conversely, while they found an increased
risk of intra-operative fracture during cementless THA in older patients, Abdel et al found
no significant association between patient age and risk of post-operative fractures in their
study encompassing 17466 uncemented THAS, although they do not describe how they
control for those patients who die during the follow-up period[7]. Singh et al found a
bimodal relationship between patient age and PFF risk following 17633 TKAs in one
centre over a 19 year period, with those under 60 and over 80 years of age at the highest
risk[30].

There are similar controversies regarding patient gender. Meek et al found increased risk
of fracture in female patients following TKA or THA across 96647 primary



arthroplasties[10], while Lindahl et al found no association of risk of fracture following
THA with gender in 321 patients with PFF[31]. Of note, the latter study recorded
fractures using a reoperation database, and so did not include those managed
conservatively. Thien et al found increased risk of fracture for women with cementless
THA and reduced risk for those with cemented THA in a study of a database of 437,629
patients[32]. The increased use of corticosteroids and higher activity levels (and therefore
opportunities for trauma) in younger patients are suggested to be confounding
factors[30,33].

Other risk factors specifically relate to bone health. Osteoporosis is a well-recognised risk
factor for periprosthetic fractures[33]. Wu et al found osteoporosis, as quantified by
Singh’s index, to be associated with risk of fracture following THA[29], and Beals and

Tower showed that a significant proportion of patients with PFF have osteopenia or
previous fragility fractures[34]. Merkel and Johnson described increased risk of
periprosthetic fracture following TKA in patients with osteoporosis in their study of 34
patients with periprosthetic supracondylar fractures[5]. As may be expected, patients who
undergo THA due to hip fracture are more likely have a subsequent periprosthetic
fracture[35]. Inflammatory arthropathies have been associated with increased risk|[5,8],
perhaps due to associated osteopenia, concurrent comorbidities and steroid use [36].

4.2.Surgery-related risk factors

Intra-operative and post-operative periprosthetic fractures are more likely around
cementless implants [7]. Long-term stability in cementless THAs is dependent on a
process of fixation between implant and bone called osseointegration, but initial stability
relies on the generation of frictional forces between the implant and the bone, and it is
during this period that cementless THAS are at greatest risk of periprosthetic fracture[37].
The majority of intra-operative fractures occur during insertion of the femoral stem, with
increased risk in female and older patients as both of these groups are more likely to have
poorer bone quality[7,32]. These findings suggest that the incidence of intra-operative
PFFsis increased by forceful placement of the femoral component, which is common
during cementless THA. Interestingly, gender and age do not influence intra-operative
periprosthetic fracture in cemented THA, where forceful instrumentation of the proximal
femur is far less common [7]. The majority of post-operative fractures occur within the
first six months, with the revision rate for cementless stems reported to be ten times that
of cemented stems [32]. The overall rate of post-operative fractures 20 years after THA
was found to be 3.5%, again with a greater incidence following cementless THA (7.7%)
than after cemented THA (2.1%)[7].

With cementless implants, there are subdivisions by shape of the femoral component. A
systematic review by Carli et al showed that two subtypes of implant (single- and double-
wedge) have increased rates of PFF, suggesting the geometry of the implant is a factor, in
addition to the method of insertion [38]. Regarding cemented implants, polished tapered
stems, which are designed to wedge in a cement mantle in the proximal femur, were
associated with a greater incidence of PFF than others.

Femoral notching is a common surgical error resulting from accidental perforation of the
anterior femur during TKA surgery. This has been implicated as a risk factor for
supracondylar periprosthetic fractures. In biomechanical cadaveric studies, Lesh et al



found reduced torsional and bending strength in ten human femurs with full-thickness
anterior cortical notches when compared with those without[39]. However, these findings
have not been replicated in clinical studies. Ritter et al found no increased incidence in
those with femoral notching in a study of over 1000 TKAs[40]. Gujarathi et al similarly
found no association in their radiographic analysis of 200 TKAs followed up for a mean

of nine years[41]. If there is a causal relationship between femoral notching and PFFs, a
much larger study would be required to provide adequate power[28]. Poor operative
technique, including component malpositioning, malalignment and excessive resection, is
also associated with increased risk of fracture[28].

5. Fracture classification and management

Management of periprosthetic fractures aims to restore mobility, reduce pain and improve
guality of life. Given the rare and complex nature of periprosthetic fractures, variable degrees
of local surgical experience may be available, without clear consensus for management. As a
general principle, stable undisplaced fractures around implants and fractures involving bone
which is not involved in direct weight bearing can be managed non-operatively; displaced
fractures are managed with ORIF; loose components are fixed with revision procedures; and
those with insufficient bone stock require more complex management.

As with most fracture types, there are several recognised systems of classification for
periprosthetic fractures. The most useful are those which have good inter-observer fidelity
and which guide management.

PFFs can be classified as using thé8AC method of the Unified classification system
(figure 1) Apophyseal fractures of periarticular muscle attachments (e.g. trochanteric);
fractures extending into thgedof the bone implant interface; and fractures whichGlear
of or distal to the implant.

Type A fractures are rarely involved in the direct transfer of body weight through the hip and
can be treated non-operatively with a period of non-weight-bearing[42]. If displaced, they
may be treated by tension band wif43]. If the fracture is caused by osteolysis from

implant wear, polyethylene exchange may be required after fracture healing[#ajshell”
fractures in this region were described more recently and usually occur intra-operative
They require revision if the implant is loose[44].

B-type fractures are in the region of the impldmune interface and are further divided into

three subtypes.Bare stable and usually require ORIF[45]; uff&ctures the implant is

loose, and revision arthroplasty is required{46Bs the implant is loose with inadequate

bone remaining, and management can include proximal femoral replacement and bone
grafting[47]. C-type fractures are below the implant, and can often be treated with ORIF if far
enough away from the distal end of the implant to allow adequate plating[47].

Supracondylar femoral fractures around TKAs can be classified in a similar way using the
universal system outlined above.
6. Morbidity and Mortality

Risk of mortality followingPFFis comparable to that following neck of femur fractures.
Older patients and those wigthigher BMI are more likely to die following periprosthetic



femoral fractures, and overall post-operative mortality is 11-17.7%; 13% will require re-
operation[3,12,48,49]. Griffiths et al found a 30-day mortality of 10% and major
complications in 23% in their cohort of sixty operatively managed proximal periprosthetic
fractures, with worse outcomes in those with a delay to surgery of more than 72 hours and an
Abbreviated Mental Test Score (AMTS) of 8 or less[50]. Bhattacharyya et al found one-year
mortality rates of 2.9% following primary joint arthroplasty, 11% following surgical

treatment oPFF, and 16.5% after primary hip fracture in their case-control study of 726
patients[12]. Similarly, Shields et al analysed the fracture registry at their centre over a three-
year period and found a mortality rate of 17.7% in the year following periprosthetic fracture,
as compared with 21.2% for native neck-of-femur fractures[3]. In addition to a risk of death,
the impact of these fractures on quality of life is significant due to a prolonged reduction in
mobility. Despite appropriate surgical management, patients generally do not return to the
same level of mobility, have worse hip scores and are in more pain than prior to their
fracture[51].

7. Financial Implications

The financial implications of periprosthetic fractures are significant. For all periprosthetic
fractures of the femur, a US study found an avenmadmspital cost of $24,800 per PFF[3].

study from a large UK teaching hospital of 146 patients found the miediespital cost of
proximal PFF (following THA or hemiarthroplasty) to be £23,500[14], significantly higher
than the average cost of managing a patient with a fractured neck of femur at the same
hospital (£12,200), perhaps representing the significant implant and other surgical costs[52].
Average stay was 38 days; ward costs accounted for the majority of expenses (80%), and cost
was significantly increased when further surgery was requiredildjore recent Welsh

study of 90 periprosthetic hip fractures found a mean cost of £31,370 and a length of stay of
43 days[53]. Revision arthroplasty was associated with reduced length of stay, faster
mobilisation and overall lower costs. Mortality at six months was 10%, in keeping with rates
reported in the literature.

A nationwide US study found that patients admitted with fractures around TKA treated with
ORIF cost $25,500 and with revision TKA cost $37,700 on average, as compared with
$16,900 for primary TKA[54]. Length of stay was also significantly increased as compared
with primary TKA, and rates of readmission within 90 days were over 20% for either method
of surgical management of periprosthetic fracture.

These figures underestimate the true cost of periprosthetic fractures, given the requirement
for social care, outpatient care, adaptations to reduced mobility and further operative
management which are not included in these papers.

8. Conclusions

Periprosthetic fractures associated with TKA and THA occur in a small number of patients
but represent a significant risk of mortality and morbidity. This review focused mainly on
periprosthetic fractures of the femur. The incidence of these events is increasing with a
greater prevalence of arthroplasty in the population, and post-operative PFF occurs in
approximately 3% of all femoral arthroplasty patients, with rates much higher following
revision surgery. The risk of death is reported in the literature as being in excess of 10%, and
very few patients return to baseline function, comparable with that of patients with a native
fracture to the neck of the femur. Management of PFF involves significant financial costs,



much higher than the cost involved in the management of patients with neck-of-femur
fracture, with the majority of costs relating to prolonged hospital stay. Some of the risk
factors for periprosthetic fractures are patient-related. Reduced bone health seen in steroid
use, inflammatory arthropathy and osteoporosis is associated with increased PFF rates. The
prevalence of the latter factor is increased in older, female patients, leading to suggestions
that age and gender are themselves independent risk factors. However, increased incidence of
fracture in these groups is not reported entirely consistently throughout the literature. Other
factors relate to the surgery and implants themselves, with cementless stems for THA
presenting a higher risk of PFF, and certain femoral components presenting at higher risk of
fracture than others. Management of periprosthetic fractures depends on the displacement of
the fracture, the effects of the fracture on the implant, and the remaining bone stock available.
Management for more complex fractures &éesss clear consensus, and the choice of

technique may depend on individual surgeon preference or ability. Given the importance of
weight bearing, especially in more frail patients, non-operative management is generally
reserved for undisplaced, stable fractures and non-ambulatory patients. Outcomes are better
for patients who are managed promptly and are therefore able to weight bear earlier, and so
patients with PFF should be treated with similar priority to patients with neck-of-femur
fracture. A medical and orthopaedic multi-disciplinary team approach is crucial to early
recognition and prompt treatment of patients to reduce morbidity. Little is known about the
specific modifiable risk factors for patient mortality and morbidity, and so further work is
required to identify key targets to improve the morbidity and mortality of these patients in the
acute hospital setting. This work must be used to establish key guidelines and standards of
care which may improve the care and survival of patients with periprosthetic fracture.
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Figure Legend

Figure 1: Unified Classification System for periprosthetic fracture around total hip
replacementAc: Apophyseal fracture of greater trochanter: Apophyseal fracture of
lesser trochanteBa: Fracture into the bed of the bone with a stable impBmnt-racture into
the bed of the bone with an unstable impl8&at.Fracture into the bed of the bone with an
unstable implant and inadequate bone remair@ndrracture clear of the implant
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