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Abstract
Periprosthetic femoral fractures after total hip and knee arthroplasty are increasing common
complications. With stable prosthesis classified Vancouver type B1, surgical stabilization of the
fracture with plate, strut allograft, or a combination of both is recommended. However, allografts
have not commonly been used in Japan. In addition, bone formation and stabilization in the
fractured site are not easily obtained after revision THA and TKA using long stem. Thus, we used
autogenous fibula graft and plate in the treatment of periprosthetic femoral fractures after three
revisions THA and one revision TKA. In addition, to reduce donor-site morbidity, Beta-Tricalcium
Phosphate (TCP) blocks were placed on the periosteum. The results showed that bone union of
femoral fractures was obtained in all patients, and partial reconstruction of fibula was obtained but
no complain on donor-site and tibio-fibular joints.
In conclusion, a combination of autogenous fibula graft and plate fixation is a useful technique
to treat periprosthetic femoral fractures after primary and revision THA or TKA. In addition,
reconstruction of fibula using beta-TCP reduced donor-site morbidity.
Keywords: Periprosthetic femoral fracture; Revision arthroplasty; Autogenous fibula graft;
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Periprosthetic fractures of the femur in association with total hip and knee arthroplasty are
increasingly common and often difficult to treat [1-3]. Patients with periprosthetic fractures are
mostly elderly and have osteoporosis. In addition, after revision hip and knee arthroplasty are more
difficult due to poor periosteal blood supply. In the case of a stable prosthesis, surgical stabilization of
the fracture with plate, strut allograft, or a combination of both was recommended [4-8]. However,
allografts have commonly been used as substitutes for autogenous bone grafts in Europe and United
States but not in Japan. In this study, we report the results of periprosthetic femoral fractures after
revision THA and TKA using autogenous fibular graft and plate, and also show reconstruction of
fibula using beta-TCP.

Materials and Methods
Three patients with periprosthetic femoral fractures after revision THA classified Vancouver
type B1 and one patient after revision TKA were enrolled in this study. They were all female and the
mean age at the time of surgery was 80 (74 to 89) years. All femoral fractures were reduced and fixed
using plate and autogenous fibula graft (12 cm to 14 cm). Beta-TCP blocks with 75% porosity were
placed on the periosteum of the fibula. The follow-up period ranged from 1 to 6 years.

Results
Bone union was obtained from all 4 periprosthetic femoral fractures after revision THA or TKA.
Bone formation and beta-TCP resorption were found in the bone defects of fibula. Although betaTCP resorption was completed, bone reconstruction of fibula was incomplete. All patients did not
complain pain on donor-site and tibio-fibular joints.

Case Presentation
Case 1
A 74-year-old female, she underwent primary THA in 1984 and revision THA in 2008. Left
femoral fracture was occurred in 2012. Stem was stable, and fracture was classified Vancouver type
B1 (Figure 1A, 1B). Thus, open reduction and internal fixation with plate and autogenous fibula graft
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Figure 3: Radiographs of a 13-year-old girl. An 18-cm-long section of the
fibula was harvested for spinal fusion, and beta-TCP blocks were placed
on the remaining periosteum (A). The arrows indicate beta-TCP blocks with
75% porosity. Resorption of beta-TCP and formation of cortical bone was
observed 2 years after surgery (B). Twenty-two years after implantation, the
fibula is fully reconstructed (C). In addition, MRI showed bone marrow was
also reconstructed (D).

Figure 1: Radiographs and a CT image in a 74-year-old woman showed
Vancouver type B1 fracture located distal to the femoral stem (A,B). Open
reduction and internal fixation with plate and autogenously fibula graft
were performed (C). Beta-TCP blocks with 75% porosity were placed on
the periosteum (E). Marked bone formation around the fracture site was
recognized 6 years after surgery (D). Partial reconstruction of fibula was
found at 6 years (F).

Discussion
Periprosthetic fractures are increasingly common complications
associated with THA and TKA, occurring in 0.9% of primary THA,
4.2% in revision THA, and 0.6% primary TKA and 1.7% revision TKA
[3]. The Vancouver classification system for post-THA periprosthetic
fractures has proven to be reproducible, reliable, and valid [9-12].
Classification of periprosthetic fractures after TKA by Rorabeck
[13] is commonly used. In the case with a stable implant classified as
Vancouver type B1, fractures can be treated with open reduction and
internal fixation using plate with or without cortical strut allograft.
Strut graft had advantages of bone formation and biomechanical
strength [4,5]. In this study, all periprosthetic femoral fractures were
occurred after revision THA or TKA. Thus, circumstances around
the fracture sites were not in good condition. In addition, all patients
were aged and have osteoporosis. It was not easy to obtain bone
union compared to after primary THA or TKA. Tsiridis et al. [5]
recommended use of strut allograft. However, significant problems
associated with allograft introduction include a low bone-fusion rate
and disease transmission [14-15]. In addition, allograft is not easily
available in Japan due to religious reason. In contrast, autogenous
bone graft is osteoconductive and osteoinductive, and it contains
osteogenic cells and osteoinductive growth factors such as Bone
Morphogenetic Proteins (BMPs). Thus, we used autogenous fibula
graft. However, limitation of supply and donor-site morbidity is
present. In order to reduce donor-site morbidity, we have used betaTCP for reconstruction of harvested bone defects. We previously
reported complete reconstruction of fibula after implantation of betaTCP blocks with 75% porosity [16]. At the time of surgery, the patient
was a 13-year-old girl. Eighteen cm of fibular was harvested for spinal
fusion and beta-TCP blocks with 75% porosity were implanted on
the remaining periosteum. Two years after surgery, beta-TCP was
completely replaced by bone. Twenty-two years after surgery, the
fibula was still in good shape and MRI showed bone marrow was
also reconstructed (Figure 3). It can be used as bone graft again.
Based on this experience, we applied the same technique in elderly
patients with periprosthetic femoral fractures.The results showed
that beta-TCP resorption and bone formation occurred in the betaTCP implanted site, but reconstruction of fibula was incomplete.
However, no one complained pain on the donor-site and proximal
and distal tibio-fibular joints. As all patients were old female, they

Figure 2: Radiographs in an 89-year-old woman showed periprosthetic
femoral fracture after revision TKA occurring at the tip of the stem (A). Fixation
with plate and 14 cm of fibula graft were performed (B). One year after
surgery, boneunion was obtained (C,D). Arrows indicate fibula. Cylindrical
beta-TCP blocks with 75% porosity were implanted on the periosteum (E).
Beta-TCP blocks were completely resorbed but fibula reconstruction was
incomplete at 1 year (F).

were performed (Figure 1C). Marked bone formation was obtained
at 6 months, and no deformity or shortening of the femur was
recognized 6 years after surgery (Figure 1D). Partial reconstruction of
fibula was found (Figure 1E, 1F), but no complain on the donor-site.
Case 2
An 89-year-old female revision TKA using rotating hinge with
long stem was performed in 2003. Femoral fracture was occurred
at the tip of the long stem in 2012 (Figure 2A). Open reduction
and internal fixation with plate and autogenous fibula graft were
performed (Figure 2B). One year after surgery bony bridging was
recognized (Figure 2C, 2D). Reconstruction of fibula was incomplete
(Figure 2E, 2F).
Case 3
A 13-year-old girl an 18 cm long fibula graft was harvested for
spinal fusion, and beta-TCP blocks with 75% porosity were placed on
the remaining periosteum (Figure 3A). Two years after implantation,
the fibula had been completely reconstructed (Figure 3B). Twentytwo years after surgery, the cortical bone and bone marrow had been
kept as an original shape of the fibula (Figure 3C, 3D).
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had osteoporosis. The rate of beta-TCP resorption by osteoclasts was
faster than that of bone formation by osteoblasts. Thus, restorative
activity should be suppressed. One way is to use denser materials
such as beta-TCP blocks with 60% porosity. We evaluated resorption
of beta-TCP and bone formation in Opening Wedge High Tibial
Osteotomy (OWHTO) using beta-TCP blocks with 60% and 75%
porosity [17]. Six years after OWHTO, beta-TCP with 75% porosity
was completely resorted and replaced by bone. In contrast, resorption
was occurred in beta-TCP with 60% porosity, but approximately
1/3 of TCP was still remained even 6 years after surgery. The other
way to inhibit restorative activity of osteoclasts is administration of
bisphosphonates. We previously reported that low-dose alendronate
inhibited beta-TCP resorption, but not bone formation [18].
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