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Abstract Knee replacement is an effective treatment for pain
and functional impairment secondary to degenerative joint
conditions. The number of knee replacements performed con-
tinues to rise. Periprosthetic fractures around total knee
arthroplasties are a relatively rare complication but are com-
plex injuries that require the treating surgeon to be familiar
with and proficient at arthroplasty and trauma reconstructive
techniques. An increase in life expectancy and in the func-
tional demands of elderly patients may lead to an increased
incidence of periprosthetic fractures. Supracondylar fractures
of the femur are the most common type and this review will
focus on the incidence, risk factors, classification, investiga-
tion, and treatment options for periprosthetic fractures around
total knee arthroplasties.
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Introduction

The number of knee replacement procedures performed an-
nually is increasing dramatically. In the United Kingdom,
90,842 knee replacement procedures were performed in
2012, which represents a 7.3 % increase over the previous
year [1]. It is, therefore, expected that the incidence of
periprosthetic fractures around the knee associated with pri-
mary and revision total knee arthroplasty (TKA) will also rise.
Treatment of these fractures is complex as well as time and

resource consuming. Newer treatment modalities in the form
of locking plate fixation and nailing techniques as well as
endoprostheses have improved the outcomes in these techni-
cally demanding injuries. The purpose of the current article is
to review the incidence and prevalence of these fractures,
along with the various classification systems in use and review
the management of these fractures. The focus will be on
femoral fractures as these are by far the commonest with
significant morbidity and mortality.

Incidence

The incidence of periprosthetic fractures around the knee in
primary TKA has been variably reported to be between 0.1 %
and 2.5 % [2–4]. Supracondylar femoral periprosthetic frac-
tures are by far the commonest with an incidence of 0.3 %–
2.5% after primary TKA and 1.6–38% after revision TKA [3,
5–8, 9•]. Tibial periprosthetic fractures are less common with
an incidence of 0.4 % in the primary setting and a higher
incidence in revision TKA [10]. Patellar periprosthetic frac-
tures appear to be more common when the patella is
resurfaced [11] but their overall incidence is low. This has
been reported in literature as around 0.68 % but the true
incidence may be considerably higher as majority of these
fractures tend to be asymptomatic and therefore undetected
[12].

Predictors of fracture

Osteopenia appears to be an important predisposing factor
contributing to periprosthetic fractures [3, 13, 14].Other risk
factors include old age [9•], chronic use of corticosteroids
[15], inflammatory arthropathy including rheumatoid arthritis
[3], local osteolysis and stress risers from screw holes, as well
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as significant deformity or previous surgery [16•]. Rheuma-
toid arthritis is a risk factor in itself although associated
osteopenia and use of corticosteroids may contribute to the
increased incidence [17•]. Patients with pre-existing neurolog-
ic problems like epilepsy, Parkinson’s disease, and poliomy-
elitis also appear to be at a higher risk of periprosthetic
fractures [18]. Anterior femoral notching is controversial.
Although deep anterior notches more than 3 mm have been
shown to reduce flexural and torsional strength in biomechan-
ical studies [19, 20], this does not seem to be reflected in the
clinical setting [21, 22]. Meek et al reviewed the Scottish
database and identified, age above 70 years and female gender
to be at a higher risk of periprosthetic fractures [9•].

Singh et al reported an incidence of 1.1 % and 2.5 % in
primary and revision TKA, respectively, in their review of
more than 17,000 primary and 4000 revision TKA [23•].
Interestingly, in their study, a lower age was associated with
a higher incidence of fracture. Patients between the age of 60
and 80 were found to have a 40% lower risk than those below
the age of 60 years. The authors felt that this was attributed to
a more active lifestyle of younger patients, and the fact that
patients having a TKA at a younger age were more likely to
have an underlying condition making them prone for osteo-
porosis and fractures. There was an increased risk of
periprosthetic fractures if the patient had a 3+ score on the
Deyo-Charlson index for comorbidities [24]. In revision
TKA, an underlying diagnosis of nonunion, infection, or
previous surgery increased the risk of periprosthetic fracture.

Classification

Periprosthetic fractures around the knee can be broadly clas-
sified into intraoperative fractures and postoperative fractures.
They can be further classified by the anatomic location into
femoral, tibial, or patellar fractures.

Intraoperative fractures

Intraoperative fractures on the tibial side are more common in
revision surgery. Intraoperative femoral fractures can be either
metaphyseal or diaphyseal and usually are detected only in the
postoperative period. They are more likely to occur in poste-
rior stabilized knees.

Postoperative fractures

A significant proportion of these fractures occur in the
supracondylar area of the femur. Various classification sys-
tems have been proposed, but the one used most commonly is
the Lewis and Rorabeck classification [4, 25], which considers
fracture displacement and fixation status of the femoral com-
ponent. Type 1 fractures are undisplaced, type 2 fractures have

greater than 5 mm of displacement or an angulation more than
5° but the prosthesis is stable. Type 3 fractures have a loose
component irrespective of fracture displacement. An alterna-
tive classification was proposed by Kim et al, which took into
consideration the amount of bone in the distal fragment, the
position and fixation of the component, and fracture reduc-
ibility, thereby guidingmanagement [26]. Type 1 fractures had
a stable and well-aligned component. 1A fractures were
undisplaced or reducible, and 1B fractures were irreducible
necessitating open reduction and internal fixation. Type 2
fractures were reducible with good bone stock but a loose or
maligned component, which benefitted from a revision
arthroplasty. Type 3 fractures were severely comminuted with
poor distal bone stock and a loose and maligned component
and warranted the use of a distal femoral replacement.

Tibial periprosthetic fractures can be classified into 4 types
based again on anatomic location and component fixation
[10]. Type 1 fractures involve the tibial plateau. These are
the commonest and are frequently associated with loosening.
Type 2 fractures occur around the prosthetic stem and are
essentially traumatic in etiology, although osteolysis is a con-
tributing factor. Type 3 fractures occur distal to the component
and type 4 involves the tibial tuberosity. These are further
subcategorized into those with well-fixed prosthesis, those
with a loose prosthesis, and those which are intraoperative.

Patellar periprosthetic fractures are also classified taking
into account the component stability, quality of the bone stock,
and integrity of the extensor mechanism. Type 1 and 2 frac-
tures have a well-fixed prosthesis and types 3 and 4 have a
loose prosthesis. The extensor mechanism is disrupted in type
2 fractures, whereas type 4 fractures are associated with poor
bone stock [12].

Investigations

Standard anteroposterior and lateral radiographs of the knee,
to include views of the length of the affected bone when a
fracture is present is the mainstay of radiological investigation.
The fracture is classified according to the chosen classification
system as described above. The radiographs are carefully
analyzed for any evidence of implant loosening such as mi-
gration with reference to bony landmarks of the segment still
attached to the prosthesis, radiolucencies at the bone/cement
interface, implant/cement interface, or bone/implant interface.
If previous radiographs are available, these should also be
analyzed for comparison and note should be made of any
progression.

If the patient was experiencing pain associated with the
affected joint prior to sustaining the fracture, this may suggest
pre-existing loosening of the implant. Note should be made of
the bone stock available for fixation with particular reference
to osteolysis and comminution. If doubt remains, a
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computerized tomography (CT) scan is a useful adjunct to
assess bone stock and the relationship to the implant in situ
when planning fixation. If fixation has been planned, the
surgeon should have adequate resources available to change
to a suitable revision implant intraoperatively if loosening is
discovered. Loosening may be secondary to infection. The
authors recommend screening with a thorough patient history
and serological markers (CRP, ESR) where there is any sug-
gestion of loosening. If these are raised or the suspicion of
infection is raised by the history or imaging, preoperative
aspiration should be performed with synovial white cell count
(WCC), polymorphonuclear (PMN) cell proportion and mi-
crobiological analysis. The authors recommend the use of the
thresholds described by the International Consensus on
Periprosthetic Joint Infection (CRP >10 mg/L, ESR
>30 mm/hour, synovial WCC >3000 cells/μL and synovial
PMN% >80 %) [27].

Treatment

Intraoperative fractures

These fractures, when detected intraoperatively are relatively
easy to manage. They are usually undisplaced and implant
stability is not usually compromised. Moreover, they are not
associated with soft tissue damage. Metaphyseal femoral frac-
tures can usually be managed with a single transcondylar
screw fixation and diaphyseal perforations can be treated with
stemmed components, which bypass the perforation by at
least 2 cortical dimensions [25]. Tibial intraoperative fracture
is more common in the revision scenario and again can usually
be treated by either a screw fixation or a stemmed implant or
both without significant change in the postoperative rehabili-
tation protocol. Transverse patellar fractures usually tend to be
undisplaced and can be treated conservatively, although occa-
sionally these warrant tension band wiring to minimize the
chances of extensor mechanism disruption in the postopera-
tive period. When their fractures are detected in the immediate
postoperative period, conservative management is usually
satisfactory with a period of protected weight bearing with
or without hinged braces, although these cases need to be
monitored carefully for loss of alignment.

Postoperative fractures

The treatment of periprosthetic fractures of the distal femur
with a well-fixed TKA in situ can be divided into nonopera-
tive and operative intervention. The population that suffers
from periprosthetic distal femoral fractures is often elderly
with multiple comorbidities; this leads to a high risk of mor-
tality. When the risk of mortality is high, nonoperative

intervention may be chosen but is generally limited to those
with nondisplaced fractures [28, 29] and nonambulatory
patients.

Conservative

Conservative treatment typically requires a prolonged period
of immobility with union taking between 2 and 4 months [30];
this period of immobility and its attendant complications may
be a greater risk to the patient than that posed by operative
intervention. Comparative cohort studies have shown that
better functional results are achieved with stable fixation than
with conservative treatment, by permitting early motion and
avoiding postoperative stiffness [18]. Close observation of
those treated conservatively is required. Loss of alignment or
displacement may require operative fixation where this is an
option for the patient. Although techniques such as the use of
intramedullary Rush rods improve stability compared with
conservative treatment alone, the time to union and necessary
period of protected activity is not improved [31, 32].

Operative fixation

When operative intervention is chosen, the method will be
guided by a variety of factors such as how well fixed the
implant is, the fracture pattern (including presence or absence
of comminution), the presence of infection, other implants
proximal or distal to the TKA, periprosthetic bone stock,
and bone quality [33••]. When there is no infection present
and the implant is well-fixed, the option to retain the implant
may be taken. Operative strategies in this context include the
use of retrograde intramedullary nailing, open reduction and
internal fixation (ORIF) with non-locked or locked plates and
the use of external fixation techniques.

The technique selected will in part depend upon the skill-
set of the treating surgeon, the soft tissue envelope, bone
stock, equipment availability, and implant compatibility [34].
The goals of surgery are to achieve satisfactory fixation in the
distal femur and proximally, restoring alignment with respect
to flexion/extension, varus/valgus and rotation, minimizing
soft tissue stripping, avoiding damage to the indwelling im-
plants and the fixation interface, and preventing intraoperative
and postoperative complications. Patients should be medically
optimized as far as possible prior to surgical intervention to
minimize the associated morbidity and mortality in this high-
risk population. When the implants are loose or bone stock
insufficient to achieve stability, revision of the TKA with
standard revision components or an endoprosthesis is recom-
mended and will be discussed later. Comparison of the differ-
ent methods is hampered by the design of available studies
(predominantly level IV studies), small case numbers, selec-
tion and reporting bias.
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Intramedullary nailing

Retrograde intramedullary nailing is an attractive option, in
that it may minimize any soft tissue stripping required if
fracture reduction can be achieved by closed means. It pro-
vides a load-sharing construct and when satisfactory fixation
is achieved, allows for early weight bearing. It is worth re-
membering that few patients in this cohort are capable of
effective touch or partial weight bearing and, therefore, the
authors’ preferred strategy is one of full weight bearing as
tolerated as soon as possible. Where this cannot be achieved,
patients are realistically non-weight bearing.

In addition to the size and location of the box of the TKA
design dictating compatibility with nailing, the presence of a
stem on the femoral component, patella baja, and hardware or
implants proximal to the knee may preclude the use of a nail.
The authors prefer to perform a formal arthrotomy to correctly
identify the nail insertion point, confirm that this is satisfac-
tory to achieve femoral alignment, and protect the implants
themselves from the nail instrumentation and nail during
insertion. Intraoperative fluoroscopy is essential to determine
correct alignment. A diaphyseal fit is required to achieve
satisfactory stability and as such long, proximally locked nails
are required. If a total hip arthroplasty is present proximally,
care must be taken to avoid creating a stress riser
between the implants. Bridging of a region between
proximal and distal implants may be required if this
situation arises. Intramedullary nail designs that permit
the creation of a fixed angle device are useful augments to the
technique.

Plating

Open reduction and internal fixation with plates may be
divided into non-locking (standard or conventional) plating
and locking plates. Polyaxial screw orientation, which is
available in some locking plate designs, allows the surgeon
to optimize stability while avoiding damage to the in situ
implant or interface [35, 36•]. Although some early reports
suggested satisfactory results with non-locking plates [37],
these have been unsatisfactory in the treatment of
periprosthetic distal femoral fractures where comminution
and osteoporosis were present [38]. Cohort studies have dem-
onstrated that the use of locked plate fixation achieves satis-
factory rates of union (96 %) but this may take up to 6 months
and require restricted weight bearing for up to 3 months [39•].
In this study, the quickest recovery was noted in distal femoral
replacements, utilized when implants in situ were unstable.
Norrish et al found a mean time to union of 3.7 months with
the use of a LISS plate although the follow-up in their series
was incomplete [40]. Union was achieved in 11 of 12 cases;
follow-up and matching to primary knee replacements in 5
patients revealed no difference in the Oxford Knee Score or

Short-Form 12 score. Recent evidence suggests that supple-
mentation of locking plate fixation with cerclage wires may
lead to a lower rate of complication, a faster time to union, and
a lower revision rate (0 % cf 20 %) [41••], although care must
be taken not to excessively strip the soft tissues in the
metaphyseal region, which risks devascularization and an
increased risk of nonunion.

Hoffmann et al assessed the outcome of 36 periprosthetic
distal femoral fractures fixed with locking plates and noted
nonunion in 8 cases and hardware failure in 3 cases [42••].
Nonunion was less frequent when less invasive surgical
methods were employed but there was no difference in infec-
tion rate. Postoperative stiffness was common in this study.
Ehlinger et al stated that minimally invasive surgery in con-
junction with the use of locked plating may prevent further
soft tissue damage [43••]. The method may lead to an in-
creased need for restricted weight bearing in the postoperative
period but achieves high rates of consolidation (94 %).

Retrograde intramedullary nailing has been shown to be
superior in some respects to ORIF when non-locking plates
are used [44]. In this particular study, the only superiority was
in operative time and intraoperative blood loss. When the use
of retrograde intramedullary nails is compared with non-
locked plates, a relative risk reduction of 87 % for developing
a nonunion and 70 % for requiring revision surgery is ob-
served [45]. In vitro comparisons have shown that the retro-
grade intramedullary nail may provide superior stability when
compared with locking plate fixation in specimens with no
fracture gap or a 10 mm fracture gap [46]. The authors suggest
that locked lateral plating may not be appropriate in the setting
of significant medial comminution or a fracture gap. Large
et al found in vivo that the use of non-locked plates or
retrograde intramedullary nails was associated with higher
rates of malunion (47 % cf 20 %), nonunions (16 % cf 0 %),
and complication rates (42 % cf 12 %) than when locked
plates were used. Kiliçoğlu et al demonstrated no difference
in the time to union, range of motion, Knee Society Score or
sagittal and coronal alignment when retrograde intramedullary
nailing was compared with ORIF with locking plates [47•].
Althausen et al compared a small series of patients in whom 4
different methods were used for operative stabilization of
periprosthetic femoral fractures (5 LISS plates, 4 Rush rod
fixation, 2 standard plate fixations and 1 retrograde
supracondylar nail) [48]. Poorer range of motion was seen in
Rush rods and standard plating. Adequate correction and
maintenance of alignment was only achieved with the use of
the LISS.

A recent systematic review demonstrated advantages for
retrograde intramedullary nailing and locked plate fixation
when compared with nonoperative treatment and standard
plating [49••]. When retrograde intramedullary nailing was
compared with locked plating, no significant difference was
observed for the rate of nonunion (odds ratio=0.39, 95 % CI
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0.13–1.15) or revision surgery (odds ratio 0.65, 95%CI 0.31–
1.35) but a higher malunion rate (odds ratio=2.37, 95 % CI
1.17–4.81) was seen with nailing. As discussed by the authors
of this study, it is worthy of note that only level IVevidence is
available for these comparisons and there is a need for
robust level I or II evidence to provide robust data to
guide treatment.

External fixation

External fixation techniques may provide adequate correction
of alignment, stability and allow knee motion during the
postoperative phase. Good results have been reported in case
series and reports [50–52] where sufficient expertise is avail-
able but these reports involve very small numbers and their
generalizability is limited.

Revision arthroplasty

Revision TKA is the preferred option especially when the
components are loose or malaligned. If the bone stock is

adequate, fracture reduction and a stemmed revision
arthroplasty is a feasible option. Realistically, this is only
feasible when the fracture pattern is simple without any liga-
mentous deficiency, there is no significant bone stock loss
after component removal, but the prosthesis is loose or
malaligned [53•]. However, if the bone stock is deficient, the
choices are between a distal femoral megaprosthesis and
allograft prosthesis composites. Saidi et al compared the re-
sults of allograft implant composites, standard revision com-
ponents, and distal femoral replacement in the management of
periprosthetic fractures especially in the elderly [54••]. Al-
though the numbers in this study were small, all 3 groups
had similar functional outcomes. Despite popular belief, the
distal femoral replacement group did not have an increased
complication rate and interestingly the recovery of patients
was quicker with a shortened surgical time and decreased
blood loss.

Endoprostheses

Distal femoral replacements have been commonly used in
tumor surgery and their efficacy has been proven at least in
the short term [55]. They are increasingly being used in the

Fig. 1 Preoperative AP periprosthetic supracondylar fracture with poor
bone stock

Fig. 2 Preoperative Lat periprosthetic supracondylar fracture with poor
bone stock
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treatment of supracondylar periprosthetic fractures with com-
ponent loosening and poor bone stock (Figs. 1 and 2). They

allow early mobilization and weight bearing thereby reducing
the complications of recumbency [56••]. They are also useful
in the management of nonunions or implant failure following
the fixation of periprosthetic fractures [57–59]. Jassim et al
reported on the use of a distal femoral replacement in 11
supracondylar periprosthetic fractures with encouraging re-
sults although their complication rate remained high. Howev-
er, none of their patients needed a reoperation [60••]. In
contrast Mortazavi et al were more guarded in recommending
distal femoral replacements as they had a 50 % complication
rate in their series of 20 patients with at least 5 needing a
reoperation [61••]. Although they appear to be an attractive
option their use should be restricted to selective indications
and surgeons familiar with their use (Figs. 3, 4, and 5).

Authors’ Preferred treatment

In our unit, these fractures are managed by a team approach
with surgeons competent in fracture fixation as well as

Fig. 3 Postoperative AP1 distal femoral replacement

Fig. 4 Postoperative AP2 distal femoral replacement Fig. 5 Postoperative Lat distal femoral replacement
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revision arthroplasty. The initial radiographs are assessed
jointly by the 2 groups of surgeons and as discussed previ-
ously the patient is medically optimized. Computed tomogra-
phy scans are obtained if necessary and an infection screen is
performed if there is any suspicion. Fracture fixation is
the preferred modality of treatment except in elderly
patients with a loose or malaligned prosthesis with bone
stock loss where revision arthroplasty is considered, although
intraoperatively all options are available to the operating
surgeon.

Complications

Periprosthetic fractures are associated with a very high mor-
bidity and mortality [9•, 62, 63]. The mortality figures can be
up to 17 % at 6 months and 30 % at 1 year [64–66]. These
fractures carry a much higher risk of mortality than distal
femoral fractures or total knee arthroplasties (TKA) in isola-
tion [67•]. Postoperative mobility of patients with
periprosthetic distal femoral fractures is reduced with a sig-
nificant proportion of patients needing long-term ambulatory
aid assistance. Some loss of alignment and loss of movement
is common in most cases, and nonunion remains a major
concern with reports varying from 0 %–50 % in various
studies [42••]. Indirect reduction techniques and submuscular
plate insertion techniques are believed to reduce the incidence
of nonunion [68].

Other complications include infection, extensor mecha-
nism disruption, implant failure, and dislocation. Most com-
plications are attributable to poor bone quality, fracture loca-
tion, and patient factors. Complications like pressure ulcers,
pulmonary embolism, confusion, urinary tract, and respiratory
infections are all consequences of prolonged immobility
[42••].

Conclusions

In conclusion, periprosthetic fractures around the knee have
devastating consequences for the patient and pose a technical
challenge for the surgeon. These fractures frequently occur in
frail, elderly patients with significant medical comorbidities
and their successful treatment involves a team approach with
skills in fixation as well as revision arthroplasty. A significant
proportion of these cases can be treated with fixation by an
intramedullary device or a locked plating system, but selected
cases will benefit from revision surgery or indeed a distal
femoral endoprosthesis, especially in patients with poor
bone stock. The goal of treatment should be to have a
well-aligned and mobile knee joint and an ambulatory
patient with a united fracture while minimizing the risk to the
patient.
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