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A B S T R A C T

Bone stock reconstruction using allograft-bones, bone marrow (BM), and teriparatide (TPTD) is reported.
Huge and extensive bone losses occurred in the medullary cavity of the femur and tibia of a 55-year-old
female rheumatoid arthritis patient with severe osteoporosis after debridement of her infected total knee
arthroplasty. Because of the risks of unstable prosthetic fixation and intra-operation fracture, we first
reconstructed the bone stock. Chipped allograft bones mixed with BM were implanted in the bone
defects, and TPTD was administrated for the osteoporosis therapy. Good bone formation was found by
computed tomography after 4 months. Bone turnover markers and bone mineral density (BMD) were
increased at 6 months. We confirmed good bone formation at the re-implantation surgery. The newly
formed bone harvested during the re-implantation surgery showed active osteoblast-like lining cells.
TPTD is known to enhance allograft bone union, mesenchymal stem cell differentiation into osteoblasts,
and BMD. This tissue engineering-based technique might be improved by the various effects of TPTD. This
method without any laboratory cell culture might be a good option for bone stock reconstruction surgery
in ordinary hospitals.
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1. Introduction

During revision surgery of an infected total knee arthroplasty
(TKA) in rheumatoid arthritis (RA) patients with osteoporosis,
huge and extensive bone loss is often encountered. Management of
bone loss is important for achieving successful outcome of the
revision surgery. A variety of methods exist for reconstructing bone
defects, including cement, autograft-bone, allograft-bone, modular
solid-metal wedges and blocks, and porous or trabecular metal
bone-replacing augments. However, none of these options provide
sufficient new bone in cases with huge and extensive bone loss.

This case report presents an RA patient with severe osteoporo-
sis and huge and extensive bone loss of an infected TKA who was
successfully treated with allograft-bones, bone marrow (BM), and
teriparatide (TPTD).
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2. Case report

A 55-year-old woman presenting with RA underwent a left TKA.
Six years later (61-years), a sinus tract over the knee joint was
found. However, it healed with oral garenoxacin mesilate hydrate
treatment. Methicillin-sensitive Staphylococcus aureus (MSSA) was
detected in the discharge. She refused debridement and prosthesis
removal surgery because of no other symptoms. Similar episodes
repeated a few times over 5 years, and osteolysis around the
prosthesis progressed. Eleven years after the TKA (66-years), she
agreed to the surgery because of the chronic sinus tract and
prosthesis loosening (Fig. 1).

Her recent treatment regime was 5 mg/day of prednisolone,
6 mg/week of methotrexate, and 1.5 mg/day of tacrolimus for the
last 5 years. Her preoperative RA was classified as Stage IV and
Class III,1 and her laboratory results were 9600 white blood cells/
mL (neutrophils: 95%), 0.52 mg/dL, C-reactive protein, and 61.5 ng/
mL matrix metalloproteinase-3.

After debridement, huge and extensive bone losses remained in
the femur and tibia. Further, the cortical bone at these sites was
very thin and fragile. Antibiotic cement (2 g of vancomycin and
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Fig. 1. Loosened total knee prosthesis before implant removal surgery.
(a) Anteroposterior and (b) lateral view X-rays of the left knee. Infected total knee prosthesis (Methicillin-sensitive Staphylococcus aureus positive) was loosened because of 5
years conservative therapy.
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480 mg gentamicin per 40g-batch of bone cement) were placed in
the joint and medullary spaces as local treatments (Fig. 2).
Linezolid (1200 mg/day) and rifampicin (450 mg/day) were
administrated as systemic antibiotic therapy for the first 15 days,
and daptomycin (350 mg/day) and rifampicin for the next 11 days.
Next, sulfamethoxazole (1200 mg/day), trimethoprim (240 mg/
day), and rifampicin were administrated for 79 days. The
laboratory data normalized by 4 weeks and remained after
suspension of the antibiotics. These all antibiotics were adminis-
trated for the treatment of the pathogenic bacterium of infected
TKA (MSSA).
Fig. 2. Huge and extensive bone losses after debridement and prosthesis removal.
(a) Intra-operation digital image of the distal femur. (b) Anteroposterior and (c) lateral vi
were left in the medullary cavities of the distal third of the femur and proximal third of 

arrows (a) show the huge and extensive bone losses in the distal femur. Antibiotic cem
We had planned to re-implant the prosthesis after eradication
of the infection was achieved. However, we concluded that stable
fixation of the prosthesis using only cement would be impossible
because of the huge, extensive bone loss, and osteoporosis.
Therefore, we decided to reconstruct the bone stock first. Although
we evaluated a variety of candidate materials to reconstruct the
bone stock, we chose to use allograft-bones, and BM.

The bone stock reconstruction surgery was performed 6 months
after the first surgery (66-years). The joint fluid and soft tissue
culture tests obtained during the surgery were negative. Femoral
heads from total hip arthroplasties under informed consent as a
ew X-rays of the left knee. After tissue debridement, huge and extensive bone losses
the tibia. Moreover, the cortical bone at these sites was very thin and fragile. White
ent spacers and beads were placed in the joint and medullary spaces (b and c).
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bone bank had been collected as the source for the allograft-bone.
First, allograft-bone blocks were placed in the medullary cavity of
the distal femur and proximal tibia as bone plugs. Next, a total
20 mL of BM was aspirated from 4 sites on the bilateral iliac crests.
Other chipped allograft-bones mixed and loaded with BM
(allograft-BM) were implanted in the cavities of the femoral and
tibial bone defects (Fig. 3).

After implantation, alfacalcidol (1.0 mg/day), calcium L-aspar-
tate (800 mg/day), and TPTD were administrated as the osteopo-
rosis therapy. TPTD was given 20 mg/day for the first month, but
was changed to 56.5 mg/week for the next 5 months because of an
allergic rash. TPTD was administrated for total 12 months.

Isoform 5b of tartrate-resistant acid phosphate increased from
267 before surgery to 350mU/dL, undercarboxylated osteocalcin
increased from 2.11 to 11.7 ng/mL, and intact procollagen type I
amino-terminal propeptide increased from 33 to 87.8 mg/L after 6
months. Bone mineral density (BMD) assessed by dual-energy X-
ray absorptiometry (Discovery A; Hologic, Inc., Bedford, MA)
increased by 3.8% (0.685 to 0.711 g/cm2) in the lumber spine, by
9.8% (0.389 to 0.427 g/cm2) in the femoral neck, and by 15.0%
(0.233 to 0.268 g/cm2) in the distal radius after 6 months.
Computed tomography (120 kV, 150 mA; Aquilion 64 CXL, Toshiba
Medical Systems Corporation, Tochigi, Japan) showed that the
implanted allograft-BM contained active bone formation at 2
months and new, mature bone at 4 months (Fig. 4).

The re-implantation surgery was performed 4 months after the
bone stock reconstruction operation (66-years). The bone loss
spaces had been completely filled with newly formed bone (Fig. 5).
Newly formed bone from the allograft-BM showed active
osteoblast-like lining cells near to the bone tissue (Fig. 6). During
the surgery, patella tendon was partially detached from tibia
tubercle. Therefore, it was fixed rigidly using suture anchor. Finally,
stable fixation of a new prosthesis with stems and metal
augmentations was achieved using only cement containing
antibiotic (1 g of vancomycin per 40g-batch of bone cement)
(Fig. 5). The new prosthesis was stable at the latest follow up (4
months after re-implantation surgery).

3. Discussion

The sinus tract is the contraindication of one-stage exchange
arthroplasty for the treatment of infected TKA. Moreover, a two-
Fig. 3. Bone stock reconstruction by treatment with allograft bones loaded with bone 

(a) Intra-operation digital image of the distal femur. (b) Anteroposterior and (c) lateral vi
and placed in the medullary cavities of the distal quarter of the femur and proximal quart
implanted in the bone defects. White arrows (a) show the chipped allograft bones mix
stage exchange provides a better outcome with the control of
infection.2 In general, two-stage exchange is recommended in this
case, however, we chose three-stage exchange. Bone stock
reconstruction is important to obtain stable prosthesis fixation.
Although large amounts of allograft-bone are needed in this case,
the strength is weak to obtain stable prosthesis fixation.
Furthermore, the nonunion risk of these allograft-bones seemed
to be high. Therefore, we decided to reconstruct the bone stock
first.

The repair of large bone defect remains a major orthopaedic
challenge because very large autograft-bone is not available
because of donor-site morbidity. Although allograft-bone is a
good candidate, it has osteoconductive, but not osteoinductive,
properties. Furthermore, there are risks of nonunion and bone
resorption.3 In this case, the huge and extensive bone defects were
clearly poor environments for osteoinduction and bone union.
Sufficient osteogenesis was not expected after only allograft-bone
transplantation. Therefore, we performed a tissue engineering-
based technique by combining the allograft-bone with BM. BM
contains mesenchymal stem cells (MSCs), and MSCs have the
capability to differentiate into osteogenic cell types.4 BM and. BM
(or MSCs) combined with allograft-bone composites exhibit
osteogenic activity and have already been used for bone
reconstruction.5–10 The bone fusion rate of allograft-BM was
higher than that after allograft-bone treatment only.11 However,
the number of MSCs in BM is small. To resolve this problem, MSCs
has to be purified from BM, and a large number of MSCs can be
obtained by cell culture expansion, where MSCs are attached to
tissue culture plastic in vitro, mitotically expanded, and even
differentiated along the osteogenic lineages with osteoinductive
agents. However, these techniques must be performed in a cell
processing center under good manufacturing practices for clinical
use.12 Because ordinary hospitals rarely have such facilities, we
developed a simpler alternative method.

Several reports have shown the effects of TPTD for the local
bone defect13,14 and the union between the host and allograft-
bone.15 The remarkable potential of TPTD as an adjuvant therapy
for allograft-bone repair in animal models was also reported.16

Furthermore, TPTD treatment increases the differentiation of
osteoprogenitors and augments bone formation around structural
allograft-bones.17 TPTD also increases bone volume and reduces
tumor engraftment and volume in human breast cancer skeletal
marrow.
ew X-rays of the left knee. First, one allograft bone was cut into several block shapes
er of the tibia as bone plugs. Chipped allograft bones mixed with bone marrow were
ed with bone marrow.



Fig. 4. Computed tomography scans of the implanted allograft bones loaded with bone marrow.
(a) 1 month, (b) 2 months, and (c) 4 months after the bone stock reconstruction surgery. Computed tomography showed that the implanted allograft bones loaded with bone
marrow contained active bone formation after 2 month and mature bone after 4 months. White lines show the level of the axial views.

Fig. 5. The re-implantation surgery for the total knee prosthesis.
(a) Intra-operation digital image of the distal femur. (b) Anteroposterior and (c) lateral view X-rays of the left knee. Good bone formation from the chipped bone allografts
loaded with bone marrow was confirmed during the re-implantation surgery. The huge and extensive bone loss defects were completely filled with newly formed bone. White
arrows (a) show the good bone formation from the chipped bone allografts loaded with bone marrow. The re-implantation surgery (b and c) for the total knee prosthesis was
performed 4 months after the bone stock reconstruction operation.
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Fig. 6. Histology of newly formed bone from the chipped bone allografts loaded
with bone marrow.
A piece of newly formed bone from the chipped bone allografts loaded with bone
marrow was harvested during the operation. Active osteoblast-like lining cells were
observed near the bone tissue. Hematoxylin and eosin staining; original
magnification: �40.
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metastasis mice model.18 Moreover, TPTD induces differentiation
of MSCs along the osteoblast lineage by enhancing bone
morphogenetic protein signaling.19 In addition, the increased
maturation of circulating osteoblast precursors was observed after
TPTD treatment.20

In conclusion, the treatment of allograft-BM achieved success-
ful bone formation in the huge and extensive bone loss.
Furthermore, TPTD might enhance this bone stock reconstruction.
This useful method that does not require in vitro culture or cell
processing may be a good option for the bone stock reconstruction
surgeries in ordinary hospitals.
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