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Abstract

Objective To evaluate whether a synthetic bone chip
made of porous hydroxyapatite can effectively extend local
decompressed bone graft in instrumented posterior lumbar
interbody fusion (PLIF).

Methods 130 patients, 165 segments, who had undergone
PLIF with cages and instrumentation for single or double
level due to degenerative conditions, were investigated
retrospectively by independent blinded observer. Accord-
ing to the material of graft, patients were divided into
three groups. HA group (19 patients, 25 segments): with
hydroxyapatite bone chip in addition to autologous local
decompressed bone, IBG group (25 patients, 28 segments):
with autologous iliac crest bone graft in addition to
local decompressed bone and LB group (86 patients, 112
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segments): with local decompressed bone only. Radiologic
and clinical outcome were compared among groups and
postoperative complications, transfusion, time and cost
of operation and duration of hospitalization were also
investigated.

Results Radiologic fusion rate and clinical outcome were
not different. Economic cost, transfusion and hospital stay
were also similar. But operation time was significantly
longer in IBG group than in other groups. There were no
lasting complications associated with HA and LB group
with contrast to five cases with persisting donor site pain in
IBG group.

Conclusion Porous hydroxyapatite bone chip is a useful
bone graft extender in PLIF when used in conjunction with
local decompressed bone.

Keywords Lumbar degenerative disorder - Posterior
lumbar interbody fusion - Porous hydroxyapatite
bone chip - Local decompressed bone

Introduction

Lumbar spinal fusion has been established as an effective
treatment modality for proper patients with low back and
leg pain suffering from degenerative lumbar spinal disor-
der. Numerous efforts have been undertaken to fulfill the
aim of spinal fusion procedure, which is a solid arthrodesis
of unstable segment finally relieving patients from pain and
restoring their global spinal function. Among various
techniques introduced so far, posterior lumbar interbody
fusion (PLIF) with instrumentation is considered as one of
most solid and biomechanically sound methods for fusion
[1]. Original PLIF with the autograft of the tri-cortical iliac
crest [2, 3], however, were associated with non-negligible
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problems including collapse, retropulsion of the graft, and
consequent pseudoarthrosis. To overcome these problems
related with mechanical properties of graft, cages were
developed and used in combination with autologous can-
cellous bone from iliac crest [4, 5]. Though autologous
iliac crest graft became a gold-standard material for spinal
fusion with fusion rate up to 98.9% [6], the morbidities
from the donor site including pain, hematoma, infection,
fracture and neurovascular injury resulting from the pro-
cedure of harvest let patients and surgeons hesitate to
accept it as a primary choice for graft material [7-10].
Recently, for short level fusion of lumbar spine, local
decompressed bone without supplementary graft material
was reported to be enough to get satisfactory result [11,
12]. However, while with insufficient local decompressed
bone in quantity and quality, alternative fusion materials
are necessary to avoid disadvantages of autologous iliac
bone graft. Therefore, various materials have been inves-
tigated for many years ranging from allograft, natural and
synthetic ceramics, organic and inorganic compounds.
With use of synthetic material, we can elude the
potential risk of biologic hazard like transmission of
infectious disease following use of allograft as well as
morbidities accompanying the harvest of autologous iliac
bone graft. Its osteoconductive function and qualification
as a graft extender were shown in our previous clinical
studies compared to those of the autogenous iliac bone
graft in human posterolateral fusion of lumbar spine, which
is consistent with results from other studies using synthetic
hydroxyapatite in posterolateral fusion [13—-16]. However,
in interbody fusion, there are contradictory reports on the
efficacy of synthetic hydroxyapatite as a graft extender
[15—17]. This study was undertaken to evaluate the efficacy
of synthetic porous hydroxyapatite bone chips as a graft
extender when used with local decompressed bone in PLIF.

Materials and methods

We reviewed consecutive cases of a single or double level
posterior lumbar interbody fusion with the diagnosis of
degenerative spinal disease including spinal stenosis,
spondylolisthesis and recurrent lumbar disc herniation,
performed in the department of orthopedic surgery of our
hospital during the period from January 2007 to February
2009 after approval of institutional review board (IRB) of
our hospital for this study. 130 patients who were followed
up at least 1 year postoperatively were included. They were
divided into three groups and compared in clinical and
radiologic outcome according to the graft material filled in
the interbody disc space and cages: (1) a group using only
local decompressed bone (LB group), (2) a group using
autogenous iliac crest bone graft in addition to local

decompressed bone (IBG group), and (3) a group using
synthetic porous hydroxyapatite chips as a graft extender in
addition to autogenous bone from decompressed bony tis-
sue (HA group). 86 patients (112 fusion levels) were
enrolled for LB group. In addition, 25 patients (28 seg-
ments) were included for IBG group and 19 patients (25
fusion levels) for HA group. All patients were informed of
the possible necessity for additional graft and the infor-
mation of merits and demerits of each material, and their
preference for graft material were learned preoperatively
with the surgery consent form. The operative procedure
was identical except for the graft materials applied. All
patients had standing anteroposterior and lateral radiograph
taken at their 3, 6, 12 months’ follow-up visit, including
flexion and extension views after 6 months’ visit. The
assessment of interbody fusion was judged based on radio-
graphy at 1 year postoperatively with consideration of
serial changes of radiologic findings reported by Brantigan
and Steffee [18] (Table 1). Clinical outcome were assessed
1 year after surgery with modified Japanese Orthopaedic
Association (JOA) score [19] (Table 2). In addition, com-
plications, hospital stay, amount of transfused blood and
operation time and cost were compared among each group.

Bongros®-HA (Bioalpha Inc., Seongnam, Korea)

Bongros-HA® is a kind of ceramics, or synthetic bone
chips made of porous hydroxyapatite developed to be used
as a graft extender with focus on osteoconductive function.
It is composed of particles with size range from 3.0 to
6.0 mm, made of pure hydroxyapatite (Ca;o(PO4)s(OH),)
in a trabecular structure resembling the three-dimensional
interconnected pore structure of human cancellous bone
with 300 pM of pore size and 80% of porosity. We eval-
uated its efficacy with combined usage of autologous iliac
crest cancellous bone in posterolateral lumbar fusion with a
previous study with prospective randomized design [20].

Table 1 Brantigan—Steffee criteria for interbody fusion

Nonunion Collapse of construct, loss of disc height,
vertebral slip, broken screws, displacement of
cage, resorption of graft, or visible lucency
around the periphery of the graft or cage

Locked Lucency visible in the middle of the cages with

pseudoarthrosis  solid bone growing into the cage from each
vertebral endplate

Fusion At least half of the fusion area with at least the

density originally achieved at surgery.
Radiographical fusion through one cage (half of
the fusion area) is considered to be
mechanically solid fusion even if there is
lucency on the opposite side
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Table 2 Modified JOA score

Score Low-back pain Leg pain and/or tingling

None None

Occasional mild pain Occasional mild pain

Frequent mild or occasional
severe pain

Frequent mild or occasional
severe pain

0 Frequent or continuous
severe pain

Frequent or continuous
severe pain

Surgical technique

Standard midline approach to expose proximal and distal
facets and interlaminar space between them was followed
by insertion of pedicle screws guided by scout intraoper-
ative simple radiography. Decompression including face-
tectomy of inferior articular process of above level laminae
was performed usually by Kerrison punch and osteotome
rather than by high-speed burr to save local decompressed
bone as much as possible. The local bone was cautiously
prepared for grafting with removal of soft tissue and car-
tilage and then morselized. After thorough discectomy and
preparation of interbody disc space to expose bare bone of
upper and lower endplate with caution not to break it, the
prepared local bone was packed in the disc space as
compactly as possible following the general principle of
orthopedic surgery expecting bone healing [21], however,
allowing room for cages. When the harvested local bone
was not enough to fill the interbody space compactly, or is
less than 10 cc per level, as the volume of adult lumbar
disc space is known to be 10-15 cc [26], 2-5 cc of syn-
thetic bone chip of porous hydroxyapatite or autogenous
iliac bone graft from posterior superior iliac spine (PSIS)
was mixed with the local bone to fill the void of the
interbody disc space in respect for the preference for

Table 3 Demographic data

additional graft material of each patient. But in case with
severe osteoporosis, or with T-score of bone mineral den-
sity less than —3.0, or other systemic disease affecting the
quality of bone, or with previous history of the harvest of
iliac crest, synthetic chip bone of porous hydroxyapatite
was preferred. Two cages filled with local bone graft were
inserted and then rods were fastened to pedicle screws
under compression force over cages. Finally, a negative-
pressured drain was inserted and wound was closed layer
by layer after irrigation and final confirmation of decom-
pression of nerve roots.

Statistical analysis

Using SPSS® 17.0 K (IBM® Corporation, Somers, New
York, USA) software, the statistical significance was
evaluated by Pearson’s chi-square test, ¢ test and paired
t test, and ANOVA (analysis of variance) test for each
appropriate variable of interest. In addition, p value less
than 0.05 was judged as significant.

Results

The demographic data including age, sex, body-mass-index
(BMI) did not show significant difference. And preopera-
tive diagnosis, preoperative clinical score (modified JOA
score) was similar among each group. Postoperative follow
up period and number of fused segment was also similar
(Table 3).

Radiologic results
Based on simple radiography obtained at 1 year postoper-

atively, according to Brantigan Steffee’s recommended
criteria of interbody fusion, the fusion rate were 91.7, 92.9

LB (86 cases) IBG (25 cases) HA (19 cases) P

Age (range) 63.3 £ 8.6 (22-81) 60.1 £+ 7.1 (48-74) 67.0 £ 6.8 (56-81) 0.764
Male:female 26:60 6:19 5:14 0.811
BMI (range) 25.1 £ 3.3 (18.73-33.83) 25.3 £3.2 (21.22-35.92 ) 242 £ 2.7 (20.05-25.44) 0.419
Number of fused segments 1.3£05 1.1 £03 1.3£05 0.189
Follow-up periods (months) 24.6 £ 83 23.0+£93 219+ 73 0.748
Preoperative modified JOA score 1.9 1.9 2.0 0.212
Preoperative diagnosis 0.092

Spinal stenosis 28 cases 1 case 8 cases

Spondylolisthesis 57 cases 24 cases 11 cases

Recurrent disc herniation 1 case

@ Springer



Eur Spine J (2012) 21:1324-1330

1327

Table 4 Radiological results

Local bone IBG HA
Nonunion 4 1 1
Locked pseudoarthrosis 2 1 1
Fusion 106 (94.6%) 26 (92.9%) 22 (91.7%)
Total segments 112 28 24

By Pearson’s Chi-square test, p = 0.935

and 94.6%, respectively in HA, IBG, LB group. In addi-
tion, there were no significant statistical differences among
groups regarding the fusion rate (p = 0.935) (Table 4).

Clinical results and complications

Postoperative modified JOA score, representing subjective
symptoms of patients, was significantly increased then
preoperative score in every group (p = 0.000 in every
group), however, it was not different among groups: mean
of 4.8, 4.8 and 5.0 for HA, IBG and LB group respectively
(p = 0.645). Hospital days and the amount of transfusion
were also similar among groups (p = 0.614 and 0.718,
respectively). In addition, the operative time was signifi-
cantly longer in IBG group (mean of 234.7 min, signifi-
cantly longer than HA and LB group, p = 0.012) and
average of total cost during hospitalization for surgery was
not different among groups (p = 0.447). Although com-
plications were too rare in occurrence to find statistically
significant differences among groups, donor site pain was
present in five patients of IBG group, which is non-negli-
gible number (20.8%) (Table 5).

Table 5 Clinical results, total cost and complications

Discussion

For successful spinal fusion adequate amount of the graft
material is required, which contains (1) osteogenic cells
capable to synthesize new bone, (2) osteoinductive factors
promoting the osteoblastic differentiation of stem cells and
(3) osteoconductive scaffolds facilitating revascularization
and ingrowth of bone [8, 22]. From the available options of
graft choice, only autogenous bone graft, possesses all
these three properties. However, it is too variable in quality
and quantity according to each individual patient, further-
more it can accompany the morbidity of the donor site
including pain, hematoma, infection, fracture and neuro-
vascular injury resulting from procedure of harvest [7-10].
Recently some authors reported that decompressed local
bone from facets, laminae and spinous processes, etc.
without any other supplement was not inferior in fusion
rate to autologous iliac crest bone graft when used for short
level interbody or posterolateral fusion [11, 12]. These
results imply that local bone obtained as a by-product of
decompression can be enough in quantity and quality to
achieve fusion for single or double level lumbar fusion in
many cases and pose a question on the usage of cost-
effectiveness of additional graft extenders. However, these
studies did not clarify the amount of graft material acquired
by decompression, although it is one of major factor of
successful fusion [15]. There is also a report emphasizing
the volume of graft based on the finding that clinical result
can be unsatisfactory despite solid radiologic fusion
ascribing it to insufficient area of bone bridge for effective
load transmission between fused segment [23]. With this
point of view, the quality of fusion in PLIF is different

Local bone IBG HA P

Modified JOA score 5.0 £ 0.87 4.80 £ 0.90 4.8 £ 0.71 0.645
Hospital days (days) 10.1 £ 6.2 9.8 £35 10.8 £ 11.0 0.314
Transfusion (ml) 422.8 £+ 564.2 320.0 + 402.7 341.1 + 4104 0.718
OP time (min) 202.6 £ 82.5 234.7 £+ 34.8 161.3 £ 44.8 0.012
Total cost (KRW) 8,260,399 + 3,332,072 9,716,963 + 2,472,682 8,544,363 £ 2,452,833 0.447
Infection 3 1 1

DVT 2

Epidural hematoma 3?

Durotomy® 3

Donor site pain

KRW Korean Won [1,000 KRW = 0.892 USD, based on monthly average exchange rate of FOREX (foreign exchange market) in January, 2011]

Bold value indicates the donor site pain develops only in the IBG group

? Postoperative spinal epidural hematoma was diagnosed clinically and evacuated immediately in all 3 cases resulting no lasting sequalae

 All cases of incidental durotomy were identified and repaired intraoperatively

@ Springer
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according to the quantity of bony bridge between end-
plates, or fused area ratio, as it is important in the aspect of
load transfer and it could be one of factors explaining the
well-known mismatch of fusion rate and clinical outcome
in PLIF. In addition, this is why we used additional bone
graft in the interbody space as well as in the cage to fill the
10-15 cc volume of disc space after thorough discectomy
as with local bone alone, the quantity is often not sufficient.
Furthermore, the quantity and quality of bone in both donor
site and recipient site are various in each individual patient
according to his or her age, level of activity, nutritional
status and physical constitution. Thus, spinal surgeons still
have much chance to be confronted with inappropriate
volume or quality of autograft during operation of short
spinal fusion as well as during longer fusion.

A synthetic bone made of porous hydroxyapatite was
used as supplementary graft material in this study. As
other synthetic ceramics, it iS non-toxic, non-immuno-
genic material of uniform quality and unlimited quantity
with convenience of sterilization and storage. In addition,
it demonstrated its efficacy and safety as a scaffold for
osteoconduction in various settings of studies. Inspection
of this material with scanning electron microscope (SEM)
demonstrated adequate porosity of 80% appropriate pore
size of 300 um and good three-dimensionally intercon-
nected pore structure suitable for osteoconduction [20]. In
addition, satisfactory results as a graft extender were
reported in animal study and clinical study with applica-
tion in posterolateral spinal fusion in the mixture with
local decompressed bone. However, it has a limitation as
a graft material in that it acts purely as an osteoconduc-
tive scaffold and contains neither osteogenic cell nor
osteoinductive factor. Hence in another published studies
using a spongy-form synthetic hydroxyapatite bone it was
recommended to be used in combination with adjuvant
osteoinductive materials like bone marrow aspirates or
bone morphogenic proteins (BMPs) to make up for its
limitation [14-16, 24]. Neen et al. found that a collagen-
hydroxyapatite spongy with bone marrow aspirate showed
equivalent fusion rate in posterolateral gutter but signifi-
cantly lower fusion rate in interbody space than iliac bone
graft, 83-93%. They postulated this discordance of fusion
rate might derive from the insufficient volume of osteo-
inductive and osteoconductive materials in the cages used
for interbody fusion. This was supported by another study
by Carter et al. [16].

However, current study demonstrated successful spinal
interbody fusion with porous hydroxyapatite and local
decompressed bone without exogenous osteoinductive
enhancers. It is contradictory to results of Neen et al.
and Carter et al. using spongy-from collagen-coated
hydroxyapatite with bone marrow aspirates. Considering
its relatively higher porosity, up to 99%, authors presume

@ Springer

that the spongy-form of collagen coated hydroxyapatite
used in their study is supposed to be too loose to grab the
bone marrow aspirates and osteogenic cells though it can
be a good scaffold for bone ingrowth. In addition,
extremely high porosity of the spongy form graft is not
appropriate for void filler of the gap expected to fuse in
that tightly packed, squeezed spongy-form graft will lose
soaked adjuvant osteoinductive material like bone marrow
aspirates and BMPs. All these combined factors might
have negatively influence the studies of Neen et al. and
Carter et al. in terms of interbody fusion. However,
porous hydroxyapatite is solid and can be compactly
packed in the cages retaining its macro and micro struc-
tural excellence as scaffolds for osteoconduction. As
known in other form of orthopedic surgery, compact void
filling of bone defect is essential for effective bone
healing [21]. And in addition, the porous hydroxyapatite
is known to have affinity to some proteins, which can act
in a positive way to osteogenesis providing possibility of
adsorption of BMPs [25]. Successful fusions using local
decompressed bone alone in interbody space suggested
that osteoinductive factors and osteogenic cells from
corticocancellous bone acquired by decompression would
be enough to utilize the scaffold provided by hydroxy-
apatite bone chips in interbody space. Thus, authors
presume that in current study the adjuvant osteoinductive
enhancers were not necessary for successful interbody
spinal fusion using synthetic hydroxyapatite bone chips as
an extender of local bone graft.

Although this study showed promising result regarding
the efficacy of synthetic bone chips of porous hydroxyap-
atite as an extender of local decompressed bone in PLIF
with the successful fusion rate and clinical scores equiva-
lent to those of autologous iliac crest bone graft. It needs
further validation to apply this result more generally with
additional studies regarding fusion rate in relation to the
volume and ratio of local decompressed bone and synthetic
bone chips in various clinical settings stratified by factors
influencing metabolism of bone. In vitro study of quanti-
tative research on osteoinduction, osteoconduction, and
osteogenic cells promoted by local decompressed bone in
association with synthetic scaffolds or other osteogenic
enhancers will be also helpful to find optimum environ-
ment of bony fusion and to determine when the graft
extender is necessary in addition to local decompressed
bone.

As our study evaluated the radiologic outcome with
simple radiography only without computed tomography,
bias from the different radio-opacity of corticocancellous
bone chips and synthetic hydroxyapatite and from their
different rate of resorption cannot be excluded. However,
to minimize theses bias radiologic outcome was mea-
sured in 1 year postoperatively and we determined the
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Fig. 1 Lateral simple radiography of the 57 years of female patient
with degenerative spondylolisthesis and spinal stenosis at L3-4-5 level,
who undergone double level PLIF with porous hydroxyapatite bone
chip in addition to local decompressed bone. a Immediate post-oper-
ative image showing clotty radio-opaque shadow of hydroxyapatite

fusion when newly formed bone bridge became more
apparent in at least two or more films of serial radiog-
raphy since usually after 3—-6 months postoperatively the
initial radio-opacity by cortical bone in graft disappeared
as the graft material resorbed and then a new trabecular
pattern of radio-opacity is observed with replacement of
resorbed graft by newer bone bridge in up to 1 or
2 years postoperatively (Fig. 1). Nevertheless prospective
study using computed tomography with quantitative
measurement of fused area will add more evidences for
the efficacy of a synthetic hydroxyapatite as extender of
local bone graft.

Conclusion

Local bone acquired during decompression procedure is as
good source of graft material for lumbar interbody fusion
as autogenous iliac crest bone graft. However, when the
quality and quantity of local bone acquired is not enough a
synthetic bone chips made of porous hydroxyapatite can
extend the local bone graft resulting successful spinal
interbody fusion.
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bone chips in interbody space. b 3 months after operation, irregular
pattern of mixed radio-opaque and -lucent shadow is seen presumably
due to uneven resorption of graft materials. ¢ 12 months postopera-
tively, more organized shadow is observed representing trabecular
bridging across interbody space
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