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Chapter 7
Periprosthetic Femur Fractures After Total 
Hip Arthroplasty

Alirio J. deMeireles, Nana O. Sarpong, and H. John Cooper

�Introduction

Total hip arthroplasty (THA) is often regarded as the most effective treatment of 
painful hip arthritis. In 2007, Learmonth and colleagues recognized THA as the 
“operation of the century” [1]. One potentially devastating complication of an oth-
erwise extremely successful surgery is a periprosthetic fracture. The rate of fracture 
after total hip arthroplasty ranges from 0.1% to 18% [2]. In a landmark study using 
data from the Swedish Hip Arthroplasty Register, Lindahl and colleagues found the 
annual incidence of periprosthetic fractures to be 0.4% after primary THA and 2.1% 
after revision THA [3]. Using the Mayo Clinic Joint Replacement Database, Berry 
and colleagues analyzed 23,980 primary THAs and 6349 revision THAs and found 
an incidence of 1% in primary THA and 4% in revision THA [4].

The prevalence of periprosthetic fractures after THA is increasing [4–8]. There 
are multiple proposed reasons for the observed increase in complication rate. First, 
the annual number of THAs performed worldwide is increasing – this is accompa-
nied by a concomitant rise in the absolute volume of known surgical complications, 
including periprosthetic fracture [9]. Second, the increase in volume of primary 
procedures inevitably leads to an increase in revision THAs, which have been shown 
to have higher rate of periprosthetic fracture [8]. Third, as medical therapies advance 
and patients live longer, they are at higher risk of developing osteoporosis and sub-
sequently a low-energy periprosthetic fracture.

Treatment of periprosthetic fractures can be complex, as it often requires the sur-
geon to concurrently address multiple problems, including osteolysis, fracture reduc-
tion, and implant stability. Accordingly, periprosthetic fractures are generally managed 
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by surgeons with specialized training in revision arthroplasty. However, given the 
popularity of THA, all orthopaedic surgeons should be aware of the initial workup, 
management principles, and indications for referral to a specialized center. Thus, the 
purpose of this chapter is to provide a comprehensive overview of periprosthetic hip 
fractures, including initial presentation, clinical evaluation, treatment modalities, and 
expected outcomes. Though periprosthetic hip fractures may involve the acetabulum, 
the femur is most commonly affected and will therefore be the focus of this review [10].

�Risk Factors

Risk factors for periprosthetic fracture can be grouped into patient factors, surgical 
factors, and anatomical factors. Patient-specific factors associated with increased 
rate of periprosthetic fracture include older age, female gender, and higher body 
mass index (BMI) [11–13]. Notably, however, while older age and female gender 
are commonly listed as independent risk factors of periprosthetic fracture, the data 
supporting these conclusions are often confounded by the presence of osteoporosis 
[13]. Other patient-specific factors to consider include initial indication for THA, as 
patients undergoing THA for hip fracture have been shown to be at higher risk of 
subsequent periprosthetic fracture than patients who undergo a THA for osteoarthri-
tis (OA) [14, 15]. This difference is likely secondary to the higher rate of osteopo-
rosis seen in the hip fracture patient population versus the OA patient population. 
Any systemic illness known to be associated with reduced bone mineral density, 
such as chronic corticosteroid use, alcoholism, substance abuse, or rheumatoid 
arthritis, increases patients’ risk of periprosthetic fracture [16]. Similarly, neuro-
muscular disorders which predispose patients to falls, such as dementia or 
Parkinson’s disease, increase risk of periprosthetic fracture [17, 18].

Surgical factors associated with higher risk of periprosthetic fracture are largely 
related to implant type and method of fixation. For both primary and revision sur-
gery, risk of periprosthetic fracture is significantly increased with the use of unce-
mented femoral components [4, 12, 19–21]. Abdel et al. found a 14-fold increased 
risk of intraoperative periprosthetic fracture when a cementless femoral component 
was used in primary THA [8]. Herndon et al. found that increasing Dorr ratio, defined 
as inner canal diameter 10 cm distal to the midportion of the lesser trochanter divided 
by inner canal diameter at the midportion of the lesser trochanter, was associated 
with a higher rate of periprosthetic fracture [22]. In a recent systematic review and 
meta-analysis, Carli et al. found single-wedge and double-wedge femoral implants 
to be associated with a threefold increase in periprosthetic fracture rate as compared 
with anatomical, fully coated and tapered stems [21]. Additionally, the authors noted 
that among cemented stems, Exeter stems (loaded-taper) were associated with higher 
rate of periprosthetic fracture than Charnley stems (composite-beam) [21].
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Anatomical factors associated with higher risk of periprosthetic fracture include 
anatomic abnormalities of the proximal femur, tumor, and prior surgery involving 
the ipsilateral proximal femur [18]. Additionally, osteolysis of the greater trochanter 
has been shown to be associated with an increased rate of periprosthetic fracture 
[11, 23].

�Clinical Evaluation

�History and Physical Examination

A thorough history and physical exam is a mandatory aspect of the workup in a 
patient with a suspected periprosthetic fracture. Low-energy falls from a sitting 
or standing position have been shown to cause 75% of periprosthetic femur 
fractures after primary THA and 56% of fracture after revision THA [11, 24, 
25]. Patients with low-energy injury mechanisms should be evaluated for pos-
sible medical causes of their fall, such as syncope, acute coronary syndrome, 
arrhythmia, head injury, or cerebrovascular accident. As such, “mechanical fall” 
should be a diagnosis of exclusion, particularly in the geriatric patient popula-
tion with multiple medical comorbidities. Contributing medical conditions, 
when identified, should be co-managed with the appropriate medical specialty. 
Less commonly, younger patients with higher levels of activity may experience 
fracture secondary to high-energy trauma, but this comprises <10% of reported 
cases [26].

It is important to determine pre-injury functional status, including the presence 
or absence of thigh pain, or pain with initiation of motion after sitting (“start-up” 
pain) as these symptoms can indicate a loose femoral component. If possible, the 
surgeon should obtain the patient’s medical record, including prior operative reports 
and radiographs, as they are helpful to properly identify the devices currently 
implanted as well as pertinent prior surgical details such as abnormal anatomy or 
intraoperative complications. If outside records are not available, consultation with 
senior surgeons or experienced industry representatives is often successful in iden-
tifying the patient’s implants. Recently, Karnuta et  al. have shown that artificial 
intelligence can be used to identify arthroplasty implants using hip radiographs with 
99% accuracy [27].

After a general assessment, a secondary survey, and, if appropriate, completion 
of Advanced Trauma Life Support (ATLS) protocols, attention should be turned to 
the exam of the affected extremity. Given the robust soft tissue sleeve of the sur-
rounding area, gross deformity is not often seen. However, as with all orthopaedic 
patients, exam and documentation of the skin and distal neurovascular status are 
mandatory.
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�Imaging Studies

An anteroposterior (AP) pelvis and standard AP and lateral radiographs of the 
affected hip should be obtained. These views allow for determination of important 
fracture characteristics, component positioning, degree of osteolysis, adequacy of 
bone stock, and implant stability. It is also important to obtain full-length femur 
radiographs as they better allow full assessment of fracture propagation distally, the 
presence of distal femur hardware, and any complicating femoral anatomy. 
Furthermore, these images should be compared and scrutinized against previous 
radiographs, whenever available, to elucidate progression in loosening or osteolysis 
and assess for any subtle subsidence or shift in implant position. Routinely obtain-
ing advanced imaging such as computed tomography (CT) scans, magnetic reso-
nance imaging (MRI), or ultrasound is not warranted, though the improved detail 
provided by CT scans can be helpful for surgical planning. CT can occasionally be 
helpful in identifying subtle nondisplaced fracture extension from the stem tip and 
may provide further insight into osteointegration of uncemented implants when 
radiographs are not definitive.

�Laboratory Investigations

In the setting of a fracture, erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) level are not sensitive indicators of infection, as they are increased 
with trauma due to the inherent inflammation [13]. In a retrospective review of 204 
patients with periprosthetic hip fracture, Chevillotte et al. found a false-positive rate 
for infection of 43% for CRP level and 31% for ESR [28]. Therefore, Pike et al. 
argue that in the absence of evidence of infection on history and exam, and with 
radiographs that demonstrate a stable THA, surgeons may proceed with operative 
intervention without further infectious workup [13]. Shah and associates evaluated 
the efficacy of common diagnostic tests for periprosthetic joint infection and found 
synovial white blood cell (WBC) count with a cutoff of 2707 WBC/uL and differ-
ential cutoff of 77% polymorphonuclear cells to be the best diagnostic predictors of 
infection [29]. Surgeons may choose to send frozen section specimens if suspicions 
of infection based on patient history, physical exam, or imaging [13]. The patient 
may be further evaluated with image-guided hip joint aspiration with subsequent 
gram stain and culture, though this delays operative intervention by 5–7  days. 
Routine tissue cultures for permanent analysis should be sent in the setting of all 
revision arthroplasty procedures.

A. J. deMeireles et al.
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�Classification

The Vancouver classification, initially proposed in 1995 by Duncan and Masri, is 
considered one of the most useful classification systems in orthopaedics due to its 
ability to direct treatment and prognosis [30, 31]. The classification system was 
initially designed to describe postoperative periprosthetic femur fractures but has 
since been modified by Masri et al. to include both intraoperative and postoperative 
fractures [32]. The intraoperative fracture classification focuses primarily on frac-
ture location, pattern, and stability, while the postoperative classification empha-
sizes not only fracture location but also implant stability and adequacy of femoral 
bone stock (Tables 7.1 and 7.2). The Vancouver classification has been validated by 
multiple investigators [33, 34]. In the European validation of the Vancouver classi-
fication system, Rayan et  al. found excellent intra- and interobserver reliability 
among medical students, surgical trainees, and senior orthopaedic surgeons [34]. 
Similarly, in a review of 45 radiographs of patients with periprosthetic femur frac-
tures, Naqvi et al. found an 81% interobserver agreement with a κ value of 0.68 
when classifying B1, B2, and B3 fractures [35].

�Intraoperative Vancouver Classification

Intraoperative periprosthetic fractures are first defined by their location and then 
subclassified based on fracture type. Type A fractures are located at the proximal 
metaphysis, Type B fractures are located at the proximal diaphysis, and Type C 
fractures are distal to the tip of the femoral component. Each fracture is then 
assigned a subtype: Type 1 is a simple cortical breach, Type 2 is a nondisplaced 
fracture line, and Type 3 is a displaced fracture.

Table 7.1  Intraoperative 
Vancouver classification

Type Fracture pattern

A1 Metaphysis; cortical breach
A2 Metaphysis; nondisplaced linear crack
A3 Metaphysis; displaced, unstable fracture
B1 Diaphysis; cortical breach
B2 Diaphysis; nondisplaced linear crack
B3 Diaphysis; displaced, unstable fracture
C1 Distal to stem tip; cortical breach
C2 Distal to stem tip; nondisplaced linear 

crack
C3 Distal to stem tip; displaced, unstable 

fracture
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�Postoperative Vancouver Classification

Type A fractures represent fractures involving the greater or lesser trochanters and 
are subclassified as AG and AL, respectively. Fractures through the greater trochanter 
are usually the result of particle-induced osteolysis secondary to polyethylene wear 
[36]. Type B fractures involve the proximal metaphysis or diaphysis around the 
implanted stem. Type B fractures are further classified based on the stability of the 
femoral component as well as the femoral bone quality. Stable fractures are classi-
fied as Type B1, unstable fractures with adequate bone quality are classified as Type 
B2, and unstable fractures with poor bone quality are classified as Type B3. Data 
from the Swedish Hip Arthroplasty Register demonstrated that more than 80% of 
periprosthetic fractures are Type B fractures [3]. Lindahl and colleagues reported 
that for Type B fractures after primary THA, approximately 25% of fractures were 
stable (i.e., Type B1), while approximately 75% of fractures were associated with a 
loose stem (i.e., Type B2 or B3) [3]. In contrast, for periprosthetic fractures occur-
ring after revision THA, data from the Swedish Hip Arthroplasty Register found 
that 50% of stems were loose while 50% of stems were stable [3]. Lastly, Type C 
fractures occur distal to the tip of the femoral stem.

It is crucial to appropriately differentiate between Type B1 and Type B2/B3 frac-
tures as an unstable femoral component necessitates revision arthroplasty tech-
niques [25]. In fact, data from the Swedish Hip Arthroplasty Register demonstrated 
a 30% revision rate for B1 fractures treated with open reduction and internal fixa-
tion (ORIF), while there was an 18.5% revision rate for B2 fractures treated with 
revision arthroplasty [7]. The authors suggested that some of their B1 fractures were 
initially misclassified and were actually B2 fractures, in which case ORIF alone 
would have been an inappropriate management [7, 25, 37, 38].

A thorough history and physical exam can aid the surgeon in determining 
whether the femoral component is loose. Preexisting anterior thigh pain, start-up 
pain, pain with non-weight-bearing range of motion, or a progressive limb length 
discrepancy can all be signs of a loose femoral component [25]. Furthermore, radio-
graphic signs such as femoral component subsidence, circumferential radiolucent 
lines in the Gruen zones, and cement mantle failure are all suggestive of a loose 
femoral stem [25]. Ultimately, however, femoral component stability is confirmed 
during intraoperative assessment, highlighting the importance of surgical planning 
for all possible operative scenarios.

Table 7.2  Postoperative Vancouver classification

Type Fracture pattern Subtype Stem Bone stock

A Involving the greater trochanter AG N/A N/A
Involving the lesser trochanter AL N/A N/A

B Fracture around or just below the femoral component B1 Stable Adequate
B2 Unstable Adequate
B3 Unstable Inadequate

C Fracture well distal to the tip of the femoral stem N/A Stable N/A
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�Management

�Vancouver Type A

For Type AG fractures, when there is less than 2 cm of displacement of the greater 
trochanter, Marsland et al. argue that nonoperative management is sufficient due to 
the stabilization imparted by the tendons of the vastus lateralis and abductor muscu-
lature [38]. If nonoperative management is pursued, patients should limit active 
abduction to decrease the deforming forces of the abductor tendon on the greater 
trochanter. With significant displacement about the greater trochanter, progression 
of displacement on serial radiographs, or abductor musculature weakness, operative 
management should be considered. If there is a high suspicion of particle-induced 
osteolysis of the greater trochanter, the polyethylene liner should be exchanged. 
Surgical fixation of the greater trochanter can occur with wires, cables, or claw 
plates [39]. Ricci and colleagues advocate for the use of trochanteric claw plates 
followed by partial weight bearing with or without an abduction brace for 
8–12 weeks [40].

Fractures through the lesser trochanter (Type AL) are rare and may often be man-
aged nonoperatively. They are generally the result of an avulsion of the lesser tro-
chanter and do not need to be addressed unless there is significant distal extension 
with involvement of the medial cortex, as this could result in destabilization of the 
stem. If the implant is determined to be at risk of destabilization, cerclage wire fixa-
tion provides adequate implant stability [38]. Abdel et al. recommend patients avoid 
full weight bearing and active hip abduction for 6–12 weeks [41]. Orthopaedic sur-
geons should be wary of concomitant nondisplaced AG and AL fractures, as this 
pattern may be contiguous, may signify a loose femoral component, and should be 
treated as such.

There is minimal data reporting directly on outcomes after operative manage-
ment of Type A periprosthetic fractures. Most recommendations stem from studies 
examining outcomes after greater trochanteric osteotomies or nonunions [42, 43]. 
Lindahl reported on a series of 31 cases of claw plate fixation of the greater trochan-
ter, 8 of which were for acute fracture. The authors noted union in 28 out of 31 
patients, with 3 patients going on to fibrous union [42].

�Vancouver Type B1

Type B1 periprosthetic fractures occur about the femoral component and are defined 
by the presence of a well-fixed femoral component. In the past, these injuries were 
treated with nonoperative management or skeletal traction, but these techniques are 
no longer recommended given the significant complications associated with pro-
longed immobilization [44]. After transition away from nonoperative management, 
open reduction and internal fixation (ORIF) became a common treatment for 
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Vancouver Type B1 fractures [13]. Most recently, however, to minimize the soft tis-
sue dissection that accompanies standard ORIF techniques, minimally invasive 
plate osteosynthesis (MIPO) techniques with standard compression plates or lock-
ing plates have gained popularity [45] (Fig. 7.1).

In an excellent review of surgical management of Type B1 injuries, Pike et al. 
highlighted their current recommendation for Type B1 fractures with MIPO 
techniques using either a compression plate or a locking plate [13] (Fig. 7.2). 
The use of locking plates provides surgeons with an important mechanical 
advantage in osteopenic bone inherent in the geriatric patient population. If the 
femoral bone stock is inadequate, a locked plate augmented with cortical strut 
allograft is used [46]. Lastly, if there is a Type B1 fracture with an ipsilateral 
stemmed total knee arthroplasty (TKA), a locked plate spanning the TKA and 
THA femoral stems should be used. Haddad et al. note that while MIPO tech-
niques are recommended as the standard of care for most B1 fractures, trans-
verse or short oblique fractures at the tip of the femoral stem are not appropriate 
to treat with plating alone [10]. In these cases, revision to a long stem femoral 
implant which bypasses the distal fracture line by at least two cortical diameters 
is a more appropriate method of treatment [47]. Postoperatively, Marino et al. 
recommend non-weight bearing on the affected extremity until radiographic evi-
dence of fracture callus is present [48].

�Vancouver Type B2

In Type B2 periprosthetic fractures, the fracture occurs about a loose femoral com-
ponent, with adequate femoral bone stock. These fractures therefore necessitate 
revision arthroplasty with a long cementless femoral component which bypasses the 

Vancouver B

Stable Stem

B3 - Inadequate
bone stock

MIPO, Minimally invasive plate osteosynthesis; PFR, proximal femoral replacement; APC, allograft prosthesis composite

Revision w/ extensively
porous coated modular
stem ± strut allograft

Unstable Stem B2 - Adequate
bone stock

For severe bone
loss, consider
PFR or APC

Revision w/ extensively
porous coated modular
stem, ± strut allograft

B1 - StableIntraoperative
Test of Stability

MIPO w/
locking plate
and cerclage
wires

Fig. 7.1  An algorithm for Vancouver Type B periprosthetic fractures. MIPO Minimally invasive 
plate osteosynthesis, PFR proximal femoral replacement, APC allograft prosthesis composite
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distal fracture line by at least two cortical diameters along with fixation of the frac-
ture (Fig. 7.3). Given the high rate of osteoporosis in patients with periprosthetic 
fractures, early literature focused on the use of cemented long-stem prosthesis. 
However, likely due to the tendency for cement to interpose between fracture frag-
ments and prevent union, mid- and long-term outcome studies for cemented stems 
demonstrated high failure rates [49].

a b

c d e f

Fig. 7.2  (a) Anteroposterior (AP) radiograph of an 87-year-old female patient with a history of 
right THA demonstrating a right Vancouver Type B1 periprosthetic fracture which occurred after 
a ground-level fall; (b) AP radiograph of the right femur again demonstrating a Vancouver Type B1 
periprosthetic fracture; (c, d) AP radiographs demonstrating open reduction and internal fixation 
(ORIF) of a Vancouver Type B1 periprosthetic fracture with a spanning plate and cerclage wires; 
(e, f) lateral radiographs of the same patient again demonstrating ORIF of a Vancouver Type B1 
periprosthetic fracture
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�Extensively Porous-Coated Stems

There was a period when surgeons preferred to use extensively porous-coated long-
stem implants for periprosthetic femur fractures, which provide excellent distal 
diaphyseal fixation and demonstrate significantly improved outcomes compared to 
cemented stems [50]. For maximal distal interference fit, a minimum of 4–6 cm of 
intact distal diaphysis is recommended for femoral reconstruction prior to fracture 
fixation [25] when using these types of stems. If cortical bone is determined to be 
inadequate, cortical allograft struts are used to augment fixation and provide addi-
tional rotational stability [51]. Postoperatively, Ding et al. recommend patients be 
made partial weight bearing for 1–4 weeks after surgery, with progression to full 
weight bearing by 1–3 months, depending on the severity of the bone defect [52].

In a series of 20 patients with Type B2 fractures treated with extensively porous-
coated long stems, Garcia-Rey et al. reported a 100% union rate and no thigh pain 
at an average follow up of 8.3  years [53]. In a review of 118 Type B fractures, 
Springer et al. found that extensively porous-coated stems performed significantly 
better with regard to survival rate and rate of nonunion as compared with proximally 
coated stems or cemented stems [54].

Several complications associated with extensively porous-coated stems have 
been described. In a review of 21 patients with Type B2 and B3 fractures treated 
with extensively coated steams, Sheth et al. report complications in 33% of patients 
including nonunion, infection, subsidence, and instability. Similarly, Garcia-Rey 
et al. found that 50% of patients with Vancouver B2 fractures treated with exten-
sively porous-coated stems had subsidence of >1  cm [53]. Further, six patients 
(15%) were noted to have a leg-length discrepancy of >1 cm, and two patients had 
a discrepancy of >2 cm [53].

a b c

Fig. 7.3  (a) Anteroposterior (AP) radiograph of a 92-year-old female patient with a history of 
bilateral THA demonstrating a left Vancouver Type B2 periprosthetic fracture which occurred after 
a ground-level fall; (b, c) AP and lateral radiographs demonstrating a revision arthroplasty with a 
modular fluted tapered stem and cable fixation. Note an extended trochanteric osteotomy was used 
for removal of the index femoral component

A. J. deMeireles et al.
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�Modular Tapered Stems

Another option that allows for distal diaphyseal engagement in the setting of a loose 
femoral component (Vancouver B2), and one which has taken over as the predomi-
nant stem type used in this setting, is the modular tapered fluted stem. The tapered 
design of the stem allows for axial stability, while the splines allow for rotational 
stability of the femoral implant. The modular proximal component of these stems 
mates via a Morse taper and allows the surgeon to exercise greater control over limb 
length, offset, and femoral version. Additionally, modular tapered fluted stems can 
achieve stability with <4  cm of engagement with the distal diaphysis [55]. The 
selected implant should be of sufficient length to bypass the distal aspect of the 
fracture line by at least two femoral cortical diameters.

There are multiple described techniques for insertion of modular tapered stems; 
however, the author’s preferred technique is to first reconstruct the femur and then 
proceed with fracture reduction. A prophylactic cable should be placed 1 cm distal 
to the distal aspect of the fracture line to prevent distal fracture propagation during 
femoral component revision. Next, manual sequential tapered reamers are used to 
reduce the risk of iatrogenic cortical perforation. The selected modular tapered 
fluted stem is then impacted into the distal femur, and trial components are used to 
obtain the desired limb length, stability, and version. Two to three cables or wires 
are then used to secure the proximal fracture fragments. Some authors choose to 
augment the intramedullary fixation with cortical strut grafts depending on specific 
fracture characteristics (i.e., transverse fracture) [56]. Postoperatively, patients may 
be protected weight bearing with no abduction for 4–6 weeks.

Outcomes for the use of modular fluted tapered stems in the setting of peripros-
thetic fracture have been largely positive. In a review of 44 patients with Type B2 
and B3 fractures, Abdel et al. reported a 2% nonunion rate and a mean Harris Hip 
score of 83 at 4.3 year average follow-up [57]. The authors note, however, that 7 of 
44 patients went on to reoperation, 5 for recurrent instability, and 2 for deep infec-
tion [57]. Similarly, Munro et al. reported on 55 patients (38 Type B2, 17 Type B3) 
treated with modular fluted tapered stems. At mean follow-up of 54 months, the 
authors found only one radiographic nonunion and two revision operations, one for 
subsidence and one for deep infection [55]. Additionally, the authors reported excel-
lent patient-reported outcome scores [55]. Recently there has been interest in using 
non-modular titanium tapered fluted stems for periprosthetic fractures, with good 
short-term results reported [58].

Subsidence is the most common complication seen with the use of modular 
fluted tapered stems. Munro et al. noted a 24% rate of subsidence in their cohort, 
though only 1 patient out of 55 required revision [55]. Hernandez-Vaquero noted a 
50% rate of subsidence in their cohort, with a mean subsidence of 3.9 mm [59]. The 
authors note that none of the patients who experience subsidence required revision 
surgery [59]. To combat subsidence, Patel and colleagues recommend choosing a 
stem that is one or two sizes bigger than the final reamer [60].

7  Periprosthetic Femur Fractures After Total Hip Arthroplasty
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�Vancouver Type B3

Type B3 fractures are defined by a loose femoral stem and severely deficient femo-
ral bone stock. Several of the implant options used in Type B2 fractures (i.e., exten-
sively porous-coated stems, modular tapered stems) are also used in Type B3 
fractures. It is important to note that bone loss visualized intraoperatively is likely 
to be more severe than estimated with standard preoperative radiographs [61]. In the 
setting of severe bone loss extending beyond the femoral isthmus, some Type B3 
fractures may not be amenable to treatment with modular tapered stems, as these 
constructs rely on distal diaphyseal fixation, although there have been several 
reports of success using this stem design for Type B3 fractures [55]. In particularly 
challenging cases where these are not a viable option, the surgeon has three main 
options: impaction grafting, replacement with an allograft-prosthesis composite 
(APC), or a tumor mega prosthesis such as a proximal femoral replacement (PFR).

Impaction grafting can be used to create a “neo-endosteum” and assist in diaphy-
seal fixation in patients with an otherwise wide femoral canal. Additionally, impac-
tion grafting can assist in addressing fracture comminution, which is often significant 
with Type B3 fractures. Tsiridis et al. describe their technique wherein they impact 
morselized fresh-frozen allograft bone chips into the femoral canal prior to cement-
ing their implant. The authors describe a series of 106 patients with B2 or B3 frac-
tures and report that those treated with impaction grafting had four times the rate of 
radiographic union compared to those treated without impaction grafting. However, 
given the risk of subsidence and subsequent loosening, impaction grafting is not 
frequently utilized.

Allograft-prosthesis composites have fallen out of favor due to mixed clinical 
outcomes and the significant technical demands of the operation. Proximally, the 
construct consists of a long stem cemented into a proximal femur allograft. Distally, 
the long stem is impacted into the distal femur of the host bone. Min et al. note the 
10-year survival rate of APCs to be 65–85% [62]. Maury and colleagues describe a 
series of 25 patients with Type B3 fractures treated with APC and report that in 20% 
of patients, the graft did not incorporate with host bone [63]. Additionally, the 
authors reported radiographic graft resorption in 6 of 25 hips [63]. Given the con-
cerns for graft resorption, Shah et al. note that the APC is a mechanically weaker 
construct as compared with a tumor mega prosthesis such as a PFR [25].

A PFR can be utilized in low-demand patients with severely compromised proxi-
mal bone stock often extending to the level of the trochanters. Clinical outcomes for 
PFRs are mixed, and the use of a PFR should be considered a salvage operation. 
One of the main benefits of PFR is the lack of weight-bearing restriction in the 
immediate postoperative periods. This is of particular importance for the geriatric 
patient who would otherwise be significantly impacted by the morbidity of pro-
longed non-weight-bearing status. However, one of the main drawbacks of the PFR 
is the inability to secure soft tissue attachments proximally, leading to a high inci-
dence of abductor weakness (consequently a Trendelenburg gait) and increased dis-
location rate. Outcome studies for PFRs after Type B3 fractures are sparse and 
sample sizes limited. Of those published, the most common complications include 
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dislocation, aseptic loosening, and low functional outcomes [64–66]. After PFR, 
options for further revision surgery are extremely limited beyond a total femur 
replacement.

�Vancouver Type C

Type C fractures occur well distal to the tip of the femoral component and may be 
treated as isolated fractures (i.e., without femoral component) with closed reduction 
and MIPO techniques or ORIF following standard fracture fixation principles 
(Fig. 7.4). For Type C fractures, an important consideration is the length of the plate 

a b

c d e f

Fig. 7.4  (a) Anteroposterior (AP) radiograph of an 81-year-old male patient with a history of left 
primary THA demonstrating a Vancouver Type C periprosthetic fracture which occurred after a 
ground-level fall; (b) lateral radiograph again demonstrating a Vancouver Type C periprosthetic 
fracture; (c, d) AP radiographs demonstrating open reduction and internal fixation (ORIF) of a 
Vancouver Type C periprosthetic fracture with a spanning plate, cerclage wires, and strut allograft; 
(e, f) lateral radiographs of the same patient again demonstrating ORIF of a Vancouver Type C 
periprosthetic fracture
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used to treat the fracture as it is important to not create a stress riser between the 
proximal aspect of the plate and the distal aspect of the femoral stem. The plate 
should be of sufficient length to cover two cortical diameters above the distal aspect 
of the stem tip while also being able to secure four to six cortices of fixation distally 
[67]. Almost all modern plates have the option for locking screw placement, which 
is useful for osteoporotic bone [40]. Unicortical locking screws, cerclage wires, or 
both can also assist with proximal fixation [67]. Loosen et al. note that postoperative 
weight-bearing restrictions following plate fixation of Type C fractures vary by sur-
geon, with most opting for non-weight bearing for 6  weeks [68]. O’Toole et  al. 
describe a series of 12 patients with Type C fractures treated with lateral locking 
plates and report 10 of 11 patients healed without complication, while 1 patient 
experienced plate pullout requiring revision [67].

Given the significant potential morbidity associated with prolonged non-weight 
bearing in the geriatric patient population, Langenhan et al. advocate for treatment 
of Type B and C fractures with a novel distally locked modular prosthesis nail, irre-
spective of stem stability. In a review of 52 patients with Type B1/B2/B3 and Type 
C fractures, immediate full weight bearing seen with use of a distally locked modu-
lar prosthesis nail resulted in a significant decrease in mortality versus ORIF [69]. 
The authors argue that irrespective of stem stability, surgeons should consider the 
use of a distally locked modular prosthesis nail given the benefits of full weight 
bearing in the immediate postoperative period [69].

Another option for the treatment of Type C fractures includes the use of a retro-
grade intramedullary nail (rIMN) and lateral plate combination technique as 
described by Liporace and Yoon [70]. The authors advocate for the placement of a 
rIMN followed by a lateral plate which extends proximally to the base of the greater 
trochanter. The plate is linked to the nail using the perfect circle technique [70]. 
Using this combination construct, patients can fully bear weight on the affected 
extremity in the immediate postoperative period.

�Outcomes and Complications

Overall, the risk of complications after periprosthetic femoral fractures is high. In a 
review of 1049 patients from the Swedish Hip Arthroplasty Register, Lindahl et al. 
report an overall complication rate of 18%, a reoperation rate of 23%, and a 1-year 
mortality of 9.4% [71]. Common complications from their study were bleeding 
(3.4%), early dislocation (3.2%), and stroke (1.0%) [71]. Additionally, the authors 
report a 60% rate of chronic pain seen in their surviving patient sample [71]. 
Bhattacharyya et al. found that 1-year mortality rate after surgical treatment of peri-
prosthetic fracture was similar to the 1-year mortality rate seen after hip fracture 
(11.0% and 16.5%, respectively) [72]. Additionally, this study demonstrated a sig-
nificantly higher mortality rate (11.0%) seen in patients with periprosthetic fracture 
as compared with age- and sex-matched patients undergoing primary THA (2.9%) 
[72]. Early mobilization in the geriatric patient population is of the utmost impor-
tance and can prevent some of these complications.
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�Conclusions

As the number of total hip arthroplasty procedures continues to rise, periprosthetic 
fractures present an increasingly common and complex problem for orthopaedic 
surgeons. Periprosthetic fracture of the femur requires the surgeon to simultane-
ously address bone loss, implant stability, and the fracture itself. Particularly for 
geriatric patients, the goal of treatment is stable fracture fixation with early mobili-
zation. Determining femoral component stability is one of the most important 
aspects of management. A periprosthetic femoral fracture with a loose stem is the 
most common scenario. In these situations, the current literature supports treatment 
with an uncemented long revision stem. There are several other less commonly 
performed reconstruction options that surgeons may perform based on bone quality 
and fracture characteristics. Complication and morbidity rate after periprosthetic 
fracture is high, with mortality rates approaching those of hip fracture patients [73].
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