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A novel unidirectional porous B-tricalcium phospha
grafting for vertebral fracture in the elderly:

preliminary case series
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Abstract

Objective: To treat vertebral fractures with posterior wall injury in the elderly, vertebral bone grafting is generally performed
through a posterior transpedicular approach, combined with pedicle screw fixation. An autologous bone is ideal to treat this disor-
der. However, harvesting autologous bones from the elderly with osteoporosis is limited by the amount and quality of available au-
tologous bone. Thus, we developed a bone-grafting substitute. The newly developed unidirectional porous B-tricalcium phosphate,
with a porosity of 57% (UDPTCP; Affinos®, Kuraray Co., Ltd., Tokyo, Japan), is used in the bone-grafting procedure. This is the
first report of UDPTCP used as an artificial bone graft in patients with an acute vertebral burst fracture.

Materials and Methods: UDPTCP (mean: 4.2 g) was implanted through the pedicle, and posterior instrumentation was achieved
with pedicle screws in five elderly patients. Resorption of UDPTCP and substitution with the autologous bone were evaluated on
computed tomography (CT) and plain X-ray performed immediately and at 3, 6, and 12 months after the operation.

Results: In case 1, the pedicle screws did not loosen, and UDPTCP was completely resorbed and replaced with the autologous bone
at 3 postoperative months. In the other four cases, although the pedicle screws or the caudal part loosened because of osteoporosis,
resorption of UDPTCP was observed at 3 postoperative months. At 6 postoperative months, progressive substitution with the au-
tologous bone was confirmed, and at 12 postoperative months, formation of the good autologous bone was confirmed.
Conclusion: This preliminary case series demonstrated that the newly developed UDPTCP shows good clinical potential as a bone-

graft substitute for acute vertebral burst fractures in the elderly, including patients with osteoporosis.
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I Introduction

Bone grafting is often performed to treat the bone frac-
tures that are accompanied with a bone defect. An autog-
enous bone graft is optimal, but it has drawbacks in the pro-
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cedures and quantity of bone graft, especially in the elderly
patients with osteoporosis. Therefore, various types of arti-
ficial bones have been developed and clinically used. Uni-
directional porous B-tricalcium phosphate (UDPTCP; Affi-
nos®, Kuraray Co., Ltd., Tokyo, Japan) is a novel bone-graft
substitute, with a porosity of 57%, containing pores with a
diameter of 25-300 pm in one direction”. Animal experi-
ments showed that the the artificial bone with unidirectional
pores is characterized by good balance between its resorp-
tion and substitution with the autologous bone*¥. However,
only a few clinical studies have evaluated its implantation
characteristics in humans*”. This study is the first report of
UDPTCP used for artificial bone grafting in the vertebrae.
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I Materials and Methods

The Institutional Review Board approval and consent to
participate from patients was obtained. The trial registration
number of Kenpoku Medical Center Takahagi Kyodo Hos-
pital is TKH-IRB2015-001. Written informed consent was
obtained from the five patients for publication of the paper
and accompanying images.

Case summary (Table 1)

Case 1

A 66-year-old woman with back pain was admitted to
our hospital after a minor traffic accident. Radiographic im-
aging revealed an acute burst fracture in the L1 vertebra.
The patient had no history of osteoporosis. However, the
young adult mean (YAM) of bone density was 69%. Two
grams of UDPTCP granules were implanted in the defective
bone area, and five vertebrae (T11 to L3) were fused with
the pedicle screws (PS).
Case 2

A 67-year-old woman with back pain was admitted to
our hospital after a fall and loss of consciousness. Radio-
graphic imaging revealed an acute burst fracture in the
T12 vertebra. The patient had no history of osteoporosis.
However, the YAM of bone density was 58%. Four grams of
UDPTCP granules were injected in the defective bone area,
and five vertebrae (T10 to L2) were fused with PS.
Case 3

A 73-year-old woman with back pain was admitted to
our hospital after she had fallen on her back. Radiographic
imaging revealed a fracture in the L1 vertebra. The patient
had a history of osteoporosis, and the YAM of bone density
was 70%. Six grams of UDPTCP granules were implanted
in the defective bone area, and six vertebrae (T10 to L3)
were fused with PS.
Case 4

A 77-year-old woman complaining of back pain was ad-
mitted to our hospital after she had twisted her trunk. Ra-
diographic imaging revealed an acute burst fracture of the
L1 vertebra. The patient had a history of osteoporosis, and

Table 1 Summary of patient demographic information

the YAM of bone density was 76%. Five grams of UDPTCP
granules were injected in the defective bone area, and six
vertebrae (T10 to L3) were fused with PS.
Case 5

An 86-year-old woman with back pain was admitted
to our hospital after she experienced a fall. Radiographic
imaging revealed a fracture in the T12 vertebra. The pa-
tient had no history of osteoporosis. However, the YAM was
71%. Four grams of UDPTCP granules were injected in the
defective bone area, and seven vertebrae (T9 to L3) were
fused with PS.

Surgical procedures

Bone grafting was performed by injecting a sufficient
amount of UDPTCP granules (mean 4.2 g) in the defective
part of the vertebral body using a percutaneous vertebro-
plasty device (Asro Medical, Ibaraki, Japan) through the
pedicle. During implantation, excessive compression was
avoided to preserve the porous structure. Moreover, posteri-
or instrumentation was added by fluoroscopically inserting
PS into the 2-3 vertebrae cranial and 2-3 vertebrae caudal
to the affected vertebra®. Postoperatively, teriparatide ad-
ministration was started in all patients to treat osteoporosis.

Outcome measurements

Resorption of UDPTCP, substitution by the autologous
bone, and loosening of PS, which was seen as a radiolucent
area around PS, were evaluated on computed tomography
(CT) and plain X-ray performed immediately and at 3, 6,
and 12 months after operation. The CT-value (Hounsfield
units) was used to monitor changes in the anterior part of the
vertebra, in which UDPTCP was filled, and in the posterior
part of the vertebra, in which the burst bone was located
(Figure 1). The CT-value was calculated using the Osirix
software (Pixmeo SARL, Geneva, Switzerland) after the re-
gions of interest had been set based on previous studies® '%.

I Results

In case 1, PS did not loosen, and at 3 postoperative

Case Age Sex Height Body weight  Spinal level of YAM  Operated spinal Screws Amount of
£ (cm) (kg) the fracture (%) levels (number) (Company) UDPTCP (g)
1 66 F 145 45.0 L1 69 T11-L3 (5) ES2 (Stryker) 2
2 67 F 153 48.7 T12 58 T10-L2 (5) Voyager (Medtronic) 4
3 73 F 143 62.0 L1 70 T10-L3 (6) IBIS (Japan MDM) 6
4 77 F 157 62.7 L1 76 T10-L3 (6) ES2 (Stryker) 5
5 86 F 150 51.0 T12 71 T9-L3 (7) IBIS (Japan MDM) 4
mean 73.8 - 149.6 539 - 68.8 (5.8) - 4.2

YAM: young adult mean; UDPTCP: unidirectional porous B-tricalcium phosphate (Affinos"™).
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Regions of interest:
Anterior

Posterior

Figure 1 Computed tomography (CT)-value calculation.
The CT-value (Hounsfield units) was used to monitor changes in the anterior part of the

vertebra, in which unidirectional porous B-tricalcium phosphate (UDPTCP) was filled, and
in the posterior part of the vertebra, in which the burst bone was located. The CT-value was
calculated after the regions of interest had been set based on previous studies® '?.

Table 2 The computed tomography (CT)-value (Hounsfield units) in patients after
operation for an acute vertebral burst fracture

Case  Immediately after operation 3 months 6 months 12 months
1 656 (315) 483 (563) 448 (481) 427 (420)
2 672 (471) 352 (748) 623 (730) 480 (740)
3 985 (135) 380 (441) 547 (418) 480 (428)
4 833 (284) 629 (358) 441 (394) 420 (380)
5 812 (203) 733 (260) 577 (357) 585 (356)
mean 792 (282) 515 (474) 527 (476) 478 (465)

The CT-value of the anterior part of the vertebra, in which UDPTCP was filled, and in
the posterior part of the vertebra, in which the burst bones were located (in parentheses),
was measured on CT performed at the indicated time points.

months, UDPTCP had completely resorbed and was re-
placed with the autologous bone (Figure 2 a—h). In the other
four cases, although PSs of the caudal part loosened, resorp-
tion of UDPTCP was observed at 3 postoperative months.
At 6 postoperative months, progressive substitution with
the autologous bone was confirmed, and at 12 postoperative
months, formation of the good autologous bone was con-
firmed (Figure 2 i—p, representing case 4). In all five cases,
the mean CT values of the anterior region decreased with re-
sorption of the artificial bone, and neared the mean CT val-
ues of the posterior autologous region by 12 postoperative
months (Table 2). In 12 postoperative months, all patients
were able to walk independently without pain.

I Discussion

An acute vertebral burst fracture is expected to be healed
by the patient’s own mechanisms of fracture healing. Thus,
injection of an artificial bone material in the defective bone
area can effectively treat this condition. Hydroxyapatite
has been used as a bone substitute in vertebroplasty' 2,
but it has low resorption characteristics. Alternatively,
B-tricalcium phosphate has been used in humans'>'® with
good clinical outcomes. Recently, Ogose et al. compared
hydroxyapatite and B-tricalcium phosphate as bone-graft
substitutes after excision of bone tumors and showed that
B-tricalcium phosphate was resorbed and replaced by au-
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Figure 2 Postoperative time course of plain X-ray and computer tomography (CT) from two representative cases.
a—d Plain X-ray images and e~h CT scans of case 1. a, e immediately after the operation, b, f at 3 postoperative months, ¢, g at 6

postoperative months, and d, h at 12 postoperative months. The pedicle screws (PS) did not loosen, and at 3 postoperative months,
UDPTCP had completely resorbed and was replaced with the autologous bone. i-1 Plain X-ray images and m—p CT scans of case 4. i,
m immediately after the operation, j, n at 3 postoperative months, k, o at 6 postoperative months, and 1, p at 12 postoperative months.
Although PSs of the caudal part loosened, resorption of UDPTCP was observed at 3 postoperative months. At 6 postoperative months,
progressive substitution with the autologous bone was confirmed, and at 12 postoperative months, formation of the good autologous

bone was confirmed.
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tologous bone at double the rate of hydroxyapatite'®. Seto et
al. reported good biocompatibility and fast resorption with
uniform triple superporous B-tricalcium phosphate as bone
tumor replacement'”. The newly developed UDPTCP used
in the present study has a unique structure with unidirec-
tional pores, which facilitate the ingrowth of blood vessels
and bone tissue. UDPTCP has shown an exceptional bal-
ance between bioresorbability and bone substitution rates in
animal models>?.

Our findings demonstrated that if the affected vertebrae
are stabilized, UDPTCP resorption starts early after the op-
eration, and good substitution by the autologous bone can be
observed. In the elderly patients with osteoporosis, PS often
loosens. This makes the affected vertebrae unstable and cre-
ates conditions adverse to fracture healing. However, in the
present study, even in patients with osteoporosis whose PS
loosened, the resorption of UDPTCP and substitution with
the autologous bone was remarkable. Although our results

may suggest that the newly developed unidirectional porous
B-tricalcium phosphate shows good clinical potential as a
bone-graft substitute, this report included a small number
of cases. Confirmation of these results in a larger number of
patients from multiple institutes is warranted.

I Conclusion

In artificial bone grafting for acute vertebral burst
fracture in the elderly patients, including patients with
osteoporosis, the newly developed unidirectional porous
B-tricalcium phosphate shows good clinical potential as a
bone-graft substitute.
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