
INTRODUCTION

Periprosthetic femoral fracture is a serious complication of hip
arthroplasty that is challenging to treat, particularly when accom-
panied by implant loosening. Although the risk for periprosthetic
fracture is increased by numerous specific factors such as increased
age, cortical bone loss, and infection, the most frequent cause is
loosening of the femoral prosthesis, which is noted on approxi-
mately 80% of all pre- fracture radiographs (1, 2).

The Vancouver classification developed by Duncan and Masri is
the most common guide for surgeons during preoperative planning
(3). The stability of the femoral component on the proximal frag-
ment is the basic criterion for this classification, with the B2 and
B3 types defined as a periprosthetic fracture around the implant
with a loose prosthesis and adequate (B2) or compromised (B3)
bone stock. These two fracture types are very complicated to treat,
and management remains controversial. Among the surgical op-
tions available are open reduction and internal fixation, revision
arthroplasty using cemented or cementless long stems, and total
femur arthroplasty with megaprosthesis.

We report here 4 cases with a Vancouver type B2 or B3 peripros-
thetic femoral fracture treated by revision arthroplasty using a ce-
mentless long stem with an interlocking system.

CASE PRESENTATIONS

Case 1

An 86-year-old man who had undergone bipolar hemiarthro-
plasty for a right femoral neck fracture at a local hospital 7 years

earlier fell while cycling and fractured his right femur. Radiographs
showed a periprosthetic femoral fracture at the tip of the stem.
Although the proximal bone stock was maintained, clear lines hole
around the stem and stem subsidence were observed ; therefore,
a Vancouver type B2 fracture was diagnosed (Fig. 1A).

Revision bipolar hemiarthroplasty was performed using a long-
stem cementless implant with interlocking screws. To augment
bone stock, a cancellous allograft was applied to the fracture site
and proximal bone defect. After the operation, he had rehabilita-
tion, range of motion and gait training. He was allowed to walk
with full weight bearing. At final examination 18 months after sur-
gery, radiographs showed bony union of the fracture and no evi-
dence of stress shielding (Fig. 1B, C). The patient recovered and
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Figure 1. Plain radiographs in Case 1. (A) Preoperative radiograph
shows a periprosthetic femoral fracture with stem loosening (Vancouver
type B2). (B, C) Postoperative radiographs after 18 months show bony
union of the fracture and no stress shielding.
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was able to manage daily life activities independently.

Case 2

A 76-year-old woman had undergone bipolar hemiarthroplasty
for a right femoral neck fracture 17 years earlier but loosening of
the femoral implant was pointed out on radiographs 3 years ear-
lier. She had complained of mild but continuous right thigh pain.
She fell and suffered a right femoral periprosthetic fracture. The
initial radiograph showed an oblique femoral fracture around the
tip of the implant with a loose stem. She had severe osteoporosis
and the proximal femoral bone stock was poor : Therefore, a Van-
couver type B3 fracture was diagnosed (Fig. 2A).

Revision hemiarthroplasty using a cementless long stem with
interlocking screws was performed. A cancellous allograft was ap-
plied to the fracture site and proximal bone defect to recover bone
stock. She started postoperative rehabilitation, hip range of mo-
tion exercises, and gait training 2 days after surgery with no limi-
tation on weight bearing. Radiographs taken 21 months after sur-
gery showed bony union of the fracture and no stress shielding
(Fig. 2B). The patient recovered and was able to walk with a cane
and manage daily life activities by herself.

Case 3

An 82-year-old woman who had undergone bipolar hemiar-
throplasty 6 years earlier for a left femoral neck fracture fell and
complained of severe left thigh pain. Radiographs showed a pe-
riprosthetic femoral fracture at the tip of the stem accompanied by
implant loosening and poor bone stock at the proximal side of the
femur. A Vancouver type B3 fracture was diagnosed. Osteosynthe-
sis was performed using plates and screws in another hospital :
however, displacement of the fracture was apparent 3 months

after osteosynthesis (Fig. 3A) and the patient was referred to our
department.

Revision hemiarthroplasty using a long-stem cementless im-
plant with interlocking screws was performed and a cancellous
allograft was placed on the fracture site and proximal femoral bone
defect. She started gait training 2 days after surgery with partial
weight bearing until 10 kg. Weight bearing increased according to
her left hip and thigh pain. At final examination 18 months after
the revision surgery, radiographs showed bony union of the frac-
ture, good condition of the proximal femoral bone stock as a result
of the allograft, and no evidence of stress shielding (Fig. 3B).

Case 4

A 69-year-old woman had undergone right bipolar hemiarthro-
plasty for a femoral neck fracture 20 years earlier. Although early
postoperative recovery was uneventful, she had complained of right
hip pain and shortening of the right lower limb 5 years earlier. She
subsequently fell and sustained a periprosthetic femoral fracture
with migration and loosening of the implant (Fig. 4A). The fracture
was treated conservatively and bony union was observed (Fig. 4B).
However, she had persistent pain in the right hip and discomfort in
the right thigh. It was presumed these symptoms were caused by
instability of the loosened implant and a revision total hip arthroplasty
using an interlocking stem with cancellous allograft was performed.
She started postoperative rehabilitation, hip range of motion exer-
cises, and gait training with no limitation on weight bearing. Forty-
five months later, the right hip and thigh pain was relieved and the
patient was able to walk asymptomatically. Radiographs showed bony
stability both in the stem and cup. Local reactive lines were noted
proximal to the stem but no subsidence was observed (Fig. 4C).

Figure 2. Plain radiographs in Case 2. (A) Preoperative radiograph
shows a periprosthetic femoral fracture around the tip of the stem with
implant loosening and poor bone stock (Vancouver type B3). (B) Post-
operative radiograph after 21 months shows union of the fracture and a
stable implant. Stress shielding is not evident and proximal bone stock
is maintained.

Figure 3. Plain radiographs in Case 3. (A) Initial radiograph taken 3
months after osteosynthesis shows nonunion and displacement of the
fracture. (B) Postoperative radiograph after 18 months shows bony union
without evident stress shielding.
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DISCUSSION

Periprosthetic femoral fractures are uncommon and their preva-
lence has been reported to range from 0.1% to 5% (2, 4). However,
the incidence of these fractures is growing as a result of the in-
creasing elderly population undergoing hip arthroplasty. Treatment
of these fractures is difficult, and improved techniques or definitive
treatment protocols are necessary. The goal of treatment is to ob-
tain stable fixation of the implanted prosthesis at the fracture site
to preserve hip function.

The grade and type of bony defects on the proximal femur are
important factors for optimal preoperative planning. Vancouver
type B fractures have been reported to represent around 80% of all
periprosthetic fractures (2) ; they are located around or at the tip
of stem and are further sub-classified according to implant stability
and bone stock. Management of type B2 and B3 fractures is most
challenging because these fractures occur around loose implants
with adequate or compromised bone stock, respectively. Revision
arthroplasty is recommended for both types of fracture (5). How-
ever, poor results of revision surgery using cemented long stems
have been reported due to insufficient remaining bone in the proxi-
mal femur to make an adequate micro- interlock of the cement to
the bone (6). Also, cement extrusion into the fracture site can lead
to nonunion. Impaction bone grafting is a useful technique to apply
during revision using cemented long stems but it is technically
demanding and carries a risk of intraoperative fracture, especially
if the cortical bone is thin (7). Moreover, the use of a megapros-
thesis is highly invasive and has high rates of infection, muscle
weakness, and dislocation (8, 9).

To perform revision surgery using cementless stems, it is essen-
tial to obtain reliable biological fixation in the diaphyseal bone ;
however, the proximal femur is often deficient and provides a poor
biological and mechanical environment for proximal ingrowth. The
extensively porous-coated implants that bypass the fracture site
achieve rigid stability in the diaphyseal bone. While it has been
reported that revisions using such implants offer good long-term
clinical outcomes, distal fixation comes at the expense of proximal
stress shielding, thigh pain, and significant bone loss.

Another option for cementless revision arthroplasty is to use ce-
mentless long stems with distal interlocking screws. The screws
provide axial and rotational stability to the implant. Mahomed et
al. reported that distal interlocking screws increase torsion and
axial stability but are only accessory abutments that cannot be used
alone to stabilize the stem (10). The efficacy of the interlocking

screws contributes to the temporal stability during initial fixation
and might inhibit micromotion at the stem-bone interface to pro-
mote bone in- or on-growth to the stem interface. Age is an impor-
tant factor in the clinical results achieved. In patients aged over
70, the cumulative survival at 15 years was 92% compared with
68% in those aged under 70.

We treated 3 cases of periprosthetic femoral fractures and 1
case of loosening with massive bone loss through revision surger-
ies using cementless long stems with distal interlocking screws
and cancellous allografts. Stable femoral stem fixation, bone union
at the fracture sites, and good reconstitution of proximal femoral
bone stock were achieved in all cases. No revision surgery was
needed during the follow-up period and no subsidence of the femo-
ral implants or radiological signs of stem loosening were evident
after a minimum of 18 months of follow up.

The use of cementless long stems with distal locking screws
could represent an easy and strong initial fixation technique even
in cases with massive bone deficiency. This technique is indicated
for complex femoral revisions of periprosthetic femoral fractures
with implant loosening, especially in elderly patients. Risks of
screw breakage, stress shielding and stem loosening exist, and
therefore careful long-term follow up is required.
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Figure 4. Serial radiographs in Case 4. (A) A periprostethic femoral
fracture (white arrow), a loose stem, and poor bone stock in the proxi-
mal femur (Vancouver type B3). (B) Conservative treatment resulted in
bony union (white arrow) but right thigh pain due to poor implant sta-
bility persists. (C) Postoperative radiograph 45 months after revision
total hip arthroplasty shows bony stability of the implant and integrity
of the screws. Reactive lines around the stem are apparent but with no
evidence of subsidence.
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