vertebrae and veriebrae immediately atter
vertebroplasty with hydroxyapatite blocks
(P=<.01). The vertebrae immediately after
vertebroplasty were significantly weaker
than heulthy vertebra (P<.01), but no
signiticant difference was noted in the
strength of the repaired vertebrae and
healthy vertebrae at 1 or 2 months after
the procedure.

In vertebrac observed | week after fill-
ing with hydroxyapatite blocks, bone tis-
sties that were assamed 0 have been broken
during vertebroplasty were observed around
the hydroxyapatite blocks. Two weeks after
vertebroplasty, development of new bone
was observed around parts of the hydroxy-
aputite blocks (Figure 5), and after 1 month
the amount of new bone had increused with
tirm crosslinking between neighboring hy-
droxyapatite blocks (Figure 6).

DISCUSSION

Synostosis and pseudoarthrosis may
develop in cases of compression {ruc-
wre at a thoracolumbar lesion in which
a heavy burden is placed on a vertebra.
Local kyphotic deformation may also be
facilitated, und the crushed vertebra may
poinatinto the vertebral canal and induce a
nervous disorder’

In frosh fractures of the spine, Tanecichi
et al® tound symptoms of progressively
crushed vertebrae after vertebral fracture
and nervous disorders in 36% and 3% of
cases, respectively. The biomechanical
characteristics of 4 thorucolumbar lesion
include an excessive anterior load as large
as 70% and a small posterior load as litde
as 30%.57 Based on these data. redevel-
opment of the anterior support system is
necessary in treatment of a disease with
anterior load failure at a thoracolumbar le-
sion. Thus, vertebral repair at the pedicle
of the vertebral arch is a minimally inva-
sive methad that can be used clinically in
the early postoperative periad.

Polymethylmethacrylate. calcium
phosphate cement, and hydroxyapatite
blocks have been used as filling material
in vertebroplasty. However. these materi-
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Figure 4: Measurement of compressive strength of healthy veriebrae (a), vertebrae from the vertebral
fracture model (b), vertebrae immediately after filling with hydroxyapatite blocks (c). veriebrae 1 month
atter filling with hydroxyapatite blacks (d). vertebrae 2 months after filling with hydroxyapatite blocks (e).
and untreated vertebrae after 1 month {f)
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Figure 5: Development of new bone was found i
vertebraplasty.
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Figure 6: Crosslinking of new bene was found 1 month after vertebroplasty with hydroxyapatite blocks
in the fracture model.

als have problems of surgical usage, safe-  a fracture model of cadaveric thoraco-

ty, bone affinity, and cost.
In vertebroplasty performed  using
PMMA or calcium phosphate cement in
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lumbur vertebral bodies, Lim et of® found
that failure against compressive loads in-
creased significantly with PMMA com-
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pared to normal veriebrae. whereas com-
pressive stiffness decreused significantly
with calcium phosphate cement compared
to PMMA and normal vertebrae.

Tomita et al’ compared the strength and
stiffness of individual vertebrae after ver-
tebroplasty for thoracic and lumbar verte-
brae in female cadavers ustng PMMA und
calcium phosphate cement. The postopera-
tive strength increased signiticantly with
vertebroplasty for thoracic vertebrae using
PMMA, and u significait decrease in post-
operative stiffness was found ufter vertebro-
plasty for lumbar vertebrae using PMMA
and for thoracic and lumbar vertebrae us-
ing calcivm phosphate cement. Turner et
al' compared compressive strength 1 and
6 months after vericbroplasty in dog verte-
brac using calcium phosphate cement und
PMMA. With calcium phosphite cement,
the strength at 6 months posoperatively
was ereater than that at 1 month; whereas
with PMMA. the strength at 6 months was
less than at 1 month. although the differ-
cnce wis not significant.

The compressive strength and histol-
ogy after vertebroplasty with hydroxy-
apatite blocks have not been examined
prior 1o the present study. We found that
the compressive strength of vertebrae in a
model of vertebral fracture increased sig-
nificantly after vertebroplusty performed
using hydroxyapatite blocks, This may be
because the compressive strength of frac-
tured vertebrae increased after destroyed
bone trabeculae of cancellous bone
were replaced by hydroxyapatite blocks.
However, in the early phase afler verte-
broplasly, the dynamic strength was not
equivalent to that of healthy bone. which
may be related to breakage of the anterior
wall of the vertebra, the streagth of the hy-
droxyapatite blocks, and ditferences in the
strength of histological bonds.

In vertebroplasty with hydroxyapatite
blocks. the dynmmic strength has been
shown to depend on the form and porosity
of the hydroayapatite blocks. Matsuzahi®
pertormed a compressive load test to deter-
mine the appropriate block size to maintuin

an orthodontic foree and found that a block
of 4 to 5.6 mm was superior. In addition,
the effect on vertebral reposition was max-
imized with a block with | sloping fuce
because such blocks can converge into a
so-called “stone wall-like form.” Hydroxy-
apatite iy also more effective thun PMMA
due to facilitation of osseous conduction.

It is thought to be difficult for new
bones to develop in the blocks when the
porosity of the block is decreased to in-
crease the strength, and thus the strength
of the crosstinking bond may be de-
creased. In our study, a porosity of 30%
was used to ensure sufficient strength 1o
avoid breakage of hydroxyapatite blocks
following filling of vertebrac,

1n a biomechanical study. BelkotTetal’!
showed that the compressive strength of a
fractured vertebra after filling with bone
cement was higher than that of healthy
bone. However. the risk of fructure in
neighboring vertebrae may be increascd
by increasing the strength of the fractured
vertehra'?; and there is no consensus on
the appropriate compressive strength of
vertebrae in vertebroplasty.

In the vertebroplasty performed in the
present study. & strength greater than that
of the model bone fracture was achieved,
but vertebrac filled with hydroxyapa-
tite blocks were not as strong as healthy
vertehrae in the early phase. However. a
strength equivalent to that of healthy ver-
tebrae was obtained 1 month after verte-
broplasty. A funther study is required to
determine the ideal strength of vertebrae
in the early phase und the changes in
strength over time.

Histologically, development of new
bone around hydroxyapatite blocks was
found in the model of vertebral fracture 2
weeks after vertebroplasty. and crosslink-
ing of new bone was confirmed between
neighboring hydiroxyapatite blocks after |
month. These findings are consistent with
the compressive strength of the vertebrae.
which was higher after 1 moath than im-
mediately atter vertebroplasty and becume
equivalent to that of healthy verlebrae.
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Urrutia et al'® reported osteonecro-
sis in approximately 3066 of rabbits in
which vertebroplasty was performed with
PMMA. based on a histological examina-
tion performed in the early phase. In the
present study, 1o osteonecrosis was found
in the tissues of individual vertebrae for
which vertebroplasty was performed us-
ing hydroxyapatite blocks. The strength of
vertebrue in the early phase after vertebro-
plasty with PMMA has been shown to be
higher than that after vertebroplasty using
calcium phosphate cement, but the subse-
quent compressive streagth is unclear.

Turper et al™ suggested that the
strength deercased with PMMA 6 months
postoperatively. and  histological factors
such as osteonecrosiy may be involved
in this abservation. However. it is appar-
ent that hydroxyapatite permils osseous
conduction and that strength is increased
by development of new bone over tme.
compared  with PMMA. In our study,
strength was increased by crosslinhing of
new bone 2 months postoperatively. and
further examination of long-term dynamic
strength and histological changes, includ-
ing an evaluation of porosity, may help o
optimize the procedure of verlebroplasty
with hydroxyapatite blocks.

CONCLUSION

Our study addressed the difference in
regeneration potential between  healthy
and osteoporotic vertebrae. Genevally. an
osteoporosis model should be prepared
using ouphorectomy and calcium-free di-
eting. but this requires a long period of
time. and such models also have large in-
dividual variability. In our study. young
dogs were used with the aim of reducing
individual variubility of vertebral strength,
and vertebroplasty was evaluated using
hydroxyapatite blocks. Vertebral collapse
and bone adhesion in patients with osteo-
porosis-related vertebral body fracture re-
quire evaluation over a long period, and
the clinical course is completely ditferent
from that in a healthy vertebra model.
However, vertebraplasty performed with

ORTHOPEDICS | ORTHOSuperSite.com



hydraxyapatite blocks for improvement of
bone strength in the early phase of bone
tfracture will be effective for improving
the dynamic strength of vertebrue using
anterior support, and thus is important for
treatment of osteoporosis-retated verte-
bral fracture. We plan to perform a similar

study using un osteoporasis model. ®
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Summary

We can evaluate a degree of low back pain objectively by measuring paraspinal mus-
cle activity using a surface electromyogram. For example paraspinal muscle activi-
ty during walking in patients with lumbar degenerative kyphosis was detected to re-
sume a normal rhythmic pattern by means of a cane. In patients with acute low back
pain, a lumbar corset was presumed to make paraspinal muscle activity decrease
during motion. Together with a similar report in patients with chronic low back pain,
this decrease effect for muscle activity may be attributed to a clinical effectiveness
of a lumbar corset.

On the other hand, long-term wearing of orthosis might cause disuse atrophy of
paraspinal muscle. A lumbar corset usage is so far recommended for patients with
acute low back pain in a short term.

Atsushi OKAWA et al © An effectiveness of a lumbar corset for patients with low back pain estimated by sur-

face electromyography.
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