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Abstract A prospective, randomized study was per-
formed in an ovine model to compare the efficacy of an
anorganic bovine-derived hydroxyapatite matrix combined
with a synthetic 15 amino acid residue (ABM/P-15) in
facilitating lumbar interbody fusion when compared with
autogenous bone harvested from the iliac crest. P-15 is a
biomimetic to the cell-binding site of Type-I collagen for
bone-forming cells. When combined with ABM, it creates
the necessary scaffold to initiate cell invasion, binding, and
subsequent osteogenesis. In this study, six adult ewes
underwent anterior-lateral interbody fusion at L3/L4 and
L4/L5 using PEEK interbody rings filled with autogenous
bone at one level and ABM/P-15 at the other level and no
additional instrumentation. Clinical CT scans were
obtained at 3 and 6 months; micro-CT scans and histo-
morphometry analyses were performed after euthanization
at 6 months. Clinical CT scan analysis showed that all
autograft and ABM/P-15 treated levels had radiographi-
cally fused outside of the rings at the 3-month study time
point. Although the clinical CT scans of the autograft
treatment group showed significantly better fusion within
the PEEK rings than ABM/P-15 at 3 months, micro-CT
scans, clinical CT scans, and histomorphometric analyses
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showed there were no statistical differences between the
two treatment groups at 6 months. Thus, ABM/P-15 was as
successful as autogenous bone graft in producing lumbar
spinal fusion in an ovine model, and it should be further
evaluated in clinical studies.

Keywords Lumbar interbody fusion - Sheep -
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Introduction

Orthopaedic spinal procedures often utilize bone grafts to
facilitate fusion, an essential aspect of successful surgical
outcomes. Autograft bone, most commonly harvested from
the iliac crest, has remained the historic gold standard graft
material [1]. Its use, however, is associated with additional
morbidities, such as increased blood loss, wound compli-
cations, local sensory deficits, and persistent donor site
pain [2]. This has led to the use of various bone graft
substitutes. These products include osteoinductive materi-
als, such as recombinant human bone morphogenetic pro-
teins (thBMPs), demineralized bone matrix (DBM), and
allograft bone, as well as osteoconductive materials, such
as hydroxyapatite and other synthetic calcium-phosphate
substitutes. Potentially osteogenic products, including
autologous bone marrow and other blood concentrates,
have also been employed but not thoroughly studied or
proven.

Recently, a composite material formulation was inves-
tigated as a potential alternative graft material. This prod-
uct combines P-15, a synthetic 15-amino acid residue with
a sequence identical to the cell-binding domain found on
the «1(I) chain of Type-I collagen [3], onto an anorganic
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bovine-derived hydroxyapatite matrix (ABM) through a
chemisorptive-coupling procedure [4]. The result is a
complex that remains stable under physiologic conditions
[5]. A delivery agent is also frequently used. One such
material, carboxymethylcellulose, is a hydrogel that when
combined with ABM/P-15 yields a putty-like material that
improves handling characteristics without impeding its
osteogenic effects [6, 7].

The combination of ABM and P-15 results in a com-
posite bone graft substitute with both osteoinductive and
osteoconductive properties. The mineral component
(ABM) provides the necessary calcium phosphate and
three-dimensional matrix needed for cellular invasion,
while P-15 modulates cell binding by acting as an attach-
ment factor for the «2-f1 integrin on the surface of bone-
forming cells. Attachment of these cells initiates a cascade
of intra-cellular signaling that leads to extracellular matrix
and factor production, cell differentiation, and subsequent
osteogenesis [5, 8—13]. In an in vitro study by Yang et al.
[13] they showed that ABM/P-15 significantly stimulated
human osteoblast synthesis of bioactive BMP-2 and alka-
line phosphatase-specific activity of human bone marrow
cells under both basal and osteogenic conditions. They also
observed insignificant cell growth on the ABM alone.
Overall, the properties of ABM/P-15 provide a novel
approach to facilitating bone growth while avoiding the
additional morbidities associated with the harvest of auto-
graft bone or the potential side effects and high cost of
osteoinductive agents.

P-15 has been shown to be effective in several preclin-
ical models [14-16]. A study by Thorwarth et al. [15]
studied the effectiveness of P-15 in porcine skull defects
while Scarano et al. [14] studied ABM/P-15 in 8§-mm tibial
defects in rabbits. Both studies concluded that P-15 is an
appropriate bone graft substitute to create new bone. Fur-
thermore, ABM/P-15 has been used in humans for the
regeneration of bone in periodontal defects for almost
10 years [17-26].

Based on the preclinical and human dental findings of
ABM/P-15, we hypothesized that ABM/P-15 would also be
successful in clinical orthopaedic use. As P-15 has not been
previously tested in a lumbar spine model, the purpose of
this study was to analyze the efficacy of ABM/P-15 in
facilitating lumbar interbody fusion in an ovine model as
compared to autogenous bone, the historic gold standard.

Materials and methods

All animal procedures were approved by the Institutional
Animal Care and Use Committee at Colorado State
University. Six skeletally mature ewes each underwent
two-level lumbar spine fusion (L3/L4, L4/L5) using

polyetheretherketone (PEEK-Optima, Invibio, West Cons-
hohocken, PA) interbody spacers filled with either autog-
enous bone from the iliac crest or ABM/P-15 (P-lSTM,
Cerapedics, Inc., Westminster, CO) formulated in a car-
boxymethylcellulose hydrogel matrix. Treatments were
randomized with regard to the segment. A retroperitoneal
lateral approach enabled discectomy, distraction of the
vertebral bodies, preparation of the endplates, and place-
ment of the interbody device. In order to optimize visual-
ization and provide a more rigorous model for lumbar
fusion, PEEK rings were utilized rather than titanium, and
instrumentation was not used [27]. The PEEK rings were
“D” shaped devices, 8 mm thick with a major circumfer-
ence of 18 mm, 4 mm thick walls, and an internal volume
of 0.4 cm®. The PEEK rings were filled with 0.4 mL of the
autograft bone or ABM/P-15.

The animals were anesthetized at 3 months post-surgery
and clinical CT scans were taken of the lumbar spine
region. At 6 months post-surgery, the animals were
euthanized, the lumbar spines were isolated, and repeat
clinical CT scans were obtained. The experimental spine
segments were separated, trimmed, and placed in fixative.
The individual fusion segments were then micro-CT
scanned (Scanco Micro-CT scanner, Zurich, Switzerland)
and processed for undemineralized histology and histo-
morphometry analysis. The percentage of bone present
within the PEEK rings was measured during histomor-
phometry. The histomorphometric data was statistically
analyzed using a between subjects ¢ test to compare the
area of new bone formation. The p values of <0.05 were
considered significant.

The clinical CT scans obtained at 3 and 6 months were
analyzed in a blinded fashion by an orthopaedic surgeon
(VP) using a 0—4 grading scale for fusion mass (Table 1).
An experienced physician used this method due to its rel-
evance in a clinical setting. The grading scale was based on
those used in two previous ovine lumbar fusion studies [28,
29]. Each of the six levels per treatment was graded at three
different positions within the PEEK ring. These positions
were 2, 4, and 6-mm caudal from the cranial end of the
PEEK ring. Thus, each treatment resulted in a total of 18
grades within the PEEK rings. Each treatment level also
received one grade for the fusion mass outside of the PEEK
ring, considering all three positions analyzed. Care was
taken to distinguish residual ABM/P-15 from the assess-
ment of new bone formation; given that the residual par-
ticles were more radio-opaque, they were easily excluded
from the grading. The grading of the clinical CT scans was
statistically analyzed using a Pearson’s chi-squared test.
p values of <0.05 were considered significant.

The 6-month micro-CT scans were graded with the same
0—4 scale (Table 1) by an orthopaedic surgeon (VP).
However, only one grade was given for inside the PEEK
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Table 1 Clinical CT Scan Grading

Grade Within the PEEK ring Outside of the PEEK ring

0 No new bone formation Same
<25% new bone formation Same
2 26-50% new bone Same

formation

3 51-75% new bone
formation; minimal
radiographic fusion

4 76-100% new bone
formation; solid
radiographic fusion

Same and some bone bridging
the vertebral bodies

Same and large quantity of bone
bridging the vertebral bodies
that extends beyond the
original vertebral border

ring, and one grade for outside the PEEK ring. These
values were assigned based on the analysis of one
2-dimensional image from a sagittal plane view and one
2-dimensional image from a transverse plane view. The
grading of the micro-CT scans was statistically analyzed
using a Pearson’s Chi-squared test. p values of <0.05 were
considered significant.

Results

All animals survived to the 6-month study endpoint. At
3 months post-surgery, clinical CT scan analysis within the
PEEK rings revealed that the autograft treatment group had
significantly more new bone formation compared to ABM/
P-15 as determined by the grading scale used (p = 0.0012;
Table 2). However, at 3 months post-surgery clinical CT
scan analysis outside of the PEEK rings revealed that 4 of 6
levels in both treatment groups had grade 4 fusions and the
remaining 2 levels received grade 3 fusions. Thus, there
was no statistical difference between autograft and ABM/
P-15 treatments outside of the PEEK rings at 3 months
post-surgery, and all treated levels had obtained radio-
graphic fusion. At 6 months post-surgery, clinical CT scan
analysis within the PEEK rings showed no statistical dif-
ference between autograft and ABM/P-15 treatments
(p = 0.2065). Of the 18 total grades per treatment (six

Table 2 Clinical CT grades within PEEK rings at 3 months post-
surgery

Grade 1 2 3 4

Autograft 0 6 0 12

ABM/P- 2 13 2 1
15

Each column presents the number of levels for each treatment group
scored as 1-4 with the grading scale shown in Table 1. The autograft
groups received significantly higher grades than the ABM/P-15 group
(p = 0.0012)
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levels were evaluated at three different positions), 16 of the
autograft and 13 of the ABM/P-15, respectively, were a
grade 4 fusion. The remaining levels for both groups were
scored a grade 3. Six-month post-surgery clinical CT scan
analysis outside of the PEEK rings showed solid, grade 4
fusions at all levels, and thus no significant difference.
Figure 1 shows clinical CT scans at both time points.

Micro-CT scan analysis at 6 months post-surgery also
showed no statistically significant difference between
autograft and ABM/P-15 inside of the PEEK rings, as 5 of
6 levels in the autograft group and 6 of 6 levels in the
ABM/P-15 group received a grade 4 fusion score
(p = 0.2963). There was also no significant difference
between autograft and ABM/P-15 outside of the PEEK
rings. Both treatment groups had 5 of 6 levels scored as
grade 4 fusions; one autograft level showed grade 3 fusion
and one ABM/P-15 received a grade 2 fusion (p = 0.3679).
Representative micro-CT scans of both treatment groups are
shown in Fig. 2.

In summary, the clinical CT analyses showed that the
autograft treatment had higher fusion within the PEEK
rings at 3 months post-surgery; however, according to both
clinical CT and micro-CT analyses, both treatment groups
showed equivalent, solid fusion within and outside the
PEEK rings at 6 months.

The histomorphometric data of the fused bone seg-
ments at 6 months post-surgery demonstrated no statisti-
cally significant group differences between the two graft
materials used inside of the PEEK devices (p = 0.1231;
Table 3); that is, both autogenous bone graft and ABM/P-
15 were equivalent in supporting spine fusions. The his-
tology shows that the bone trabeculation within the rings
of both treatments is denser than the adjacent cancellous
bone, as shown by objective, visual assessment of amount
of bone per area, proving solid bone formation within the
rings (Fig. 3). Most of the remaining area within the
PEEK cages was found to be bone marrow or fibrous
tissue.

Lateral displacement of the PEEK rings, sometimes by
several millimeters, occurred during the early post-surgery
period, but was unrelated to the graft material used. In one
ewe at the ABM/P-15 treated level, histomorphometry
analysis was not possible due to a large device slip of
17.2 mm. However, during CT analysis solid fusion was
visible in the part of the PEEK ring that was still within the
vertebral border and in contact with original bone. Overall,
the amount of device slip was not significantly different
between the groups as determined by a between subjects
t test for both time points (p = 0.2839 for 3 months,
p = 0.3210 for 6 months). This study also showed that
9.0 + 7.3% residual ABM/P-15 was present at 6 months
post-surgery. This residual ABM/P-15 can be seen in the
micro-CT scans (Fig. 2), and histology slides (Fig. 3).
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Fig. 1 CT scans of the same
level at both time points. Large
amount of new bone formation
outside of the PEEK rings in
both treatments can be seen
starting at 3 months post- ABM/
surgery. All treatments appear P-15
to have solid bone formation
inside the PEEK rings at

6 months

3

months post-surge

6 months post-surgery

Autograft

Fig. 2 The micro-CT images

Transverse Plane View

Sagittal Plane View

show dense bone matrix within
and outside of the PEEK rings
of both treatments. The sagittal
plane views show bone
formation bridging the ABM/
intervertebral space. The P-15
residual ABM/P-15 can be seen
in the top images within the
PEEK rings as a hyper-opacity

Autograft

Table 3 Percentage of fused bone at 6 months as determined by
histomorphometric analysis

Animal # Autograft ABM/P-15
1 57 30

2 60 63

3 78 50

4 69 58

5 72 NA?

6 52 62

Mean score 64.67* 52.60*
SD 9.91 13.63

4 Excessive slip of the PEEK interbody cage prevented histomor-
phometric analysis

*p = 0.1231

Discussion

The use of bone graft can be an essential element in spine
fusion procedures. Autogenous bone, most commonly from
the iliac crest, remains the gold standard material. How-
ever, due to the increased morbidity associated with its
harvest, including persistent pain at the donor site and
wound complications, alternative products have been pur-
sued. These materials, though, have not always been as
successful in producing desired clinical outcomes and
those, which have proven equivalent to autograft, such as
BMPs, can be very costly.

Clinically, lumbar fusion rates have been found to be
variable, with one literature review by Turner et al. [30]
reporting that 68% of patients obtained satisfactory
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Fig. 3 Histology images Autograft

showing elaborate, dense bone
formation inside of the PEEK
rings bridging the intervertebral
space and proving successful
interbody fusion. The ABM/P-
15 treatment on the right also
reveals some residual ABM/P-
15 within the PEEK ring shown
as the green stain

ABM/P-15

outcomes following fusion, with a range from 16 to 95%. A
20-40% failure rate was also reported that might have
contributed to the lack of satisfaction. Furthermore, the
most frequently reported complications were pseudarthro-
sis (14%) and chronic pain at the bone graft donor site
(9%). Thus, patient satisfaction in lumbar fusions would
likely rise if bone graft harvesting could be avoided by
using a synthetic agent, like ABM/P-15, that is as effective
as autologous bone.

P-15 has been shown to be effective in several pre-
clinical models [14-16]. A study by Thorwarth et al. [15]
studied the effectiveness of P-15 in porcine skull defects
by creating four different treatment groups: autogenous
bone, a porous algae-derived hydroxyapatite (adHA), P-15
and adHA, and P-15 and adHA combined with 25%
autogenous bone. At 12 and 26 weeks post-surgery,
micro-radiographic analysis showed no statistical differ-
ences between autograft alone, P-15 and adHA, and P-15
and adHA combined with 25% autogenous bone. This led
to the conclusion that adHA/P-15 is an appropriate bone
graft substitute for the correction of larger bony defects.
In another study, Scarano et al. [14] tested the effective-
ness of ABM/P-15 in 8-mm tibial defects in rabbits versus
no added agent. Using histomorphometric analysis at
4 weeks post surgery, they found a statistical significance
in favor of ABM/P-15 for its ability to generate new bone.
Only one study, to our knowledge, has found unfavorable
outcomes with ABM/P-15. Sarahrudi et al. [31] tested
ABM/P-15 versus a control (no added agent) in the
treatment of fixated 5-mm segmental femoral defects in
rabbits. They showed that ABM/P-15 was equivalent to
their control (no added agent) using radiographical anal-
ysis at 8 and 12 weeks, but that ABM/P-15 had a smaller
amount of new bone formation as shown by histomor-
phometry at 4, 8, and 12 weeks. They hypothesized that
the unfavorable results may have been due to the large
defect size and possible biomechanical instability due to
the fixation used.

@ Springer

ABM/P-15 has been used successfully in dentistry for
the repair of periodontal defects. Yukna et al. [26] used
ABM/P-15 as a bone replacement graft in human peri-
odontal defects and found a significant improvement at
6 months and 3 years postoperative when compared to the
time of surgery. These outcomes included increased mean
clinical attachment level, a decrease in probing depth, and
improved mean gingival recession. They concluded that
ABM/P-15 might have a beneficial effect in the long-term
clinical management of infrabony defects. In a separate
study by Yukna et al. [25] they found that ABM/P-15
yielded better clinical results than ABM alone in infrabony
periodontal defects, showing that P-15 is needed for opti-
mal results in vivo. In fact, ABM/P-15 had > 90% defect
fill in 3.5 times more treatment areas than ABM alone, and
ABM alone had twice as many failures, as defined by
minimal response to treatment. In a more recent study by
Kasaj et al. [18] they compared ABM/P-15 to open flap
debridement for the regeneration of periodontal tissues in
otherwise healthy adults. At 12 months, the ABM/P-15
group resulted in significant improvements in clinical
outcomes versus open flap debridement alone as measured
by increased clinical attachment level and probing depth
reductions. All of these results suggest that ABM/P-15
improves clinical outcomes in the repair of human peri-
odontal tissues.

The use of ABM/P-15 has only recently been applied to
clinical orthopaedic models. A pilot study by Gomar et al.
[9] used ABM/P-15 as a bone graft substitute to treat
delayed or non-unions in various long bones in adult
trauma. The study reported full consolidation in 90% of
patients (20 of 22) at an average of 4.2 months. Full con-
solidation was determined by an independent surgeon
radiographically as callus formation across the full bone
thickness. Based on these results, the authors concluded
that ABM/P-15 is a safe, economical, and clinically useful
alternative to autograft in the repair of non-united fractures
in humans.
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To date, the sheep lumbar spine has been the experi-
mental model most widely used in orthopaedic spine
publications because it has been shown to be biome-
chanically comparable to the human Iumbar spine
[32-34]. However, this model can be challenging and
studies have produced inconsistent success rates using
autograft bone. Ovine single-level interbody fusions uti-
lizing different radiolucent polymers with autograft aug-
mentation, including 70/30 poly (L-lactide-co-D,L-lactide)
and PEEK rings, have produced fusion rates of 50 and
71%, respectively [27, 28]. Other lumbar interbody fusion
cages have also been investigated in sheep, including
Bagby and Kuslich (BAK) cages (SpineTech, Minneapo-
lis, MN) which yielded only a 20% rate of fusion at
6 months when supplemented with autograft [35]. This
study used histological evaluation as the primary outcome
measure. However, the study obtained a 100% fusion rate
with thBMP-2. Another ovine interbody lumbar fusion
study by Toth et al. [29] used fenestrated titanium cages
loaded with autograft bone as their control (without
electrical stimulation), which yielded a fusion rate of 29%
(2/7). This study also reported that electrical stimulation
of 40 pA and 100 pA of the fenestrated titanium cages
filled with autograft bone led to fusion rates of 71% (5/7)
and 100% (8/8), respectively. These variable percentages
of lumbar interbody fusion in ovine autograft models
indicate that the radiographic fusion rate of 100% found
in the present study in the ABM/P-15 and autograft
augmented cages is noteworthy, especially as it was
obtained in a traditionally difficult environment with un-
instrumented, non-threaded cages.

The present study used multiple imaging modalities in
an ovine model to analyze the efficacy of ABM/P-15 ver-
sus autogenous bone in lumbar interbody fusion. Due to the
nature of the imaging used, clinical CT scans were the only
parameters analyzed that were non-invasive and thus able
to compare both time points. At 3 months post-surgery, the
clinical CT scan analysis showed a significant difference
between autograft and ABM/P-15 within the PEEK rings.
However, no such difference was found outside of the
PEEK rings. In fact, all levels had a grade 3 fusion (min-
imal radiographic fusion) or higher outside of the rings.
Thus, at 3 months post-surgery all levels had at least
50-75% of the total intervertebral area occupied by new
bone with some new bone bridging the intervertebral space
outside of the vertebral border. At 6 months post-surgery,
clinical CT scan analysis found no significant differences
between ABM/P-15 and autogenous bone inside or outside
of the PEEK rings. Again, all levels were found to be
radiographically fused, with most levels (16/18 for auto-
graft and 13/18 for ABM/P-15) achieving grade 4 solid
fusions. In conclusion, clinical CT scan analysis showed no
significant differences in the ability of ABM/P-15 and

autograft to facilitate radiographic fusion at the 6-month
study endpoint.

Micro-CT scan analysis at 6 months post-surgery also
showed no significant differences between ABM/P-15 and
autograft inside or outside of the PEEK ring. This high
resolution imaging technique was able to show very dense
new bone formation in the intervertebral space and confirm
radiographic fusion at all levels. Histomorphometric anal-
ysis at 6 months post-surgery also showed no statistical
difference between the two treatments based on percentage
of new bone formation within the PEEK rings. Further-
more, the 9.0 & 7.3% of residual ABM/P-15 revealed by
histomorphometry may have continued to form new bone
in vivo and added to the percentage of new bone formation,
thus making the difference between the mean scores of the
treatments even smaller with additional time (Table 3).
The successful bone formation results achieved in this
study with ABM/P-15 are consistent with results obtained
in other preclinical models [14—-16], dental models [17-26],
and the pilot orthopaedic model [9].

While migration of the rings was noted in both groups,
with lateral displacement by several millimeters, this
occurred early in the post-surgical course and was likely
due to the lack of additional instrumentation. Furthermore,
the migration of the PEEK rings did not prevent successful
fusion outcomes. Although the migration of the rings could
have been avoided with instrumentation, we wanted a
challenging model for the graft material in this pilot study.
Given the ring displacements, it is possible that bone for-
mation outside of the cage was due to the natural response
upon trauma to the disc and a broader, larger callus for-
mation similar to a hypertrophic non-union in long bone
fracture repair. However, the homogenous and more den-
sely trabeculated bone within the displaced rings implies
that the graft material at least allowed osteoconduction and
was likely the primary load bearing bone. Nonetheless,
future studies should consider utilizing instrumentation and
an earlier time point to better assess the progression of
bone formation inside and outside the rings. Furthermore,
with the added stability of instrumentation, the inclusion of
non-destructive biomechanical testing prior to histology
would be feasible. We also noted subsidence in nearly all
of the fusions and occasional cage deformation (e.g.,
Fig. 2, bottom right panel) that likely would have been
avoided by instrumented fusions. Even with the subsi-
dence, we had successful fusion in all treatments and the
actual contribution of subsidence to the fusion is unclear.

There are some limitations to this study. While an
increase in sample size would be beneficial in furthering
statistical significance, the study size and methods are
consistent with previously investigated models [27-29, 35].
It could be argued that a 6-month follow-up is too long to
find significant differences among the groups. Ideally, with

@ Springer



2162

Eur Spine J (2010) 19:2156-2163

unlimited funding, the addition of 6 weeks and 3 month
histologic evaluations would have been ideal. However, we
chose 3 and 6 months as our time points for this pilot study
based on previous studies reporting variable rates of fusion
ranging from 3 to 12 months [9, 15, 18, 26, 29, 35]. As for
the high fusion rates, a control with empty PEEK rings
would likely have resulted in a low fusion rate. However, a
bone graft substitute is usually used with lumbar interbody
fusions in clinical practice and our study was designed to
be clinically relevant. Nonetheless, in retrospect a negative
control would have strengthened our conclusions. We did
expect a lower fusion rate when planning the study and we
would consider using older animals in future studies.
Similarly, perhaps larger numbers of animals or decreased
volumes of autograft and ABM/P-15 would have led to
some non-unions; however, the fact that these smooth, non-
threaded cages moved prior to fusion shows that ABM/P-
15 and autograft can result in fusion even in a potentially
unstable environment. Next, our study design could be
improved in future studies by leaving an untreated motion
segment between fusion levels, as fusion has been shown to
increase stress and degeneration at adjacent levels [36, 37].
Adjacent segment disease did not seem to be a problem in
our study, though, given the high fusion rate at both levels.
Lastly, a single orthopaedic surgeon in the present study
performed the clinical CT and micro-CT analysis. How-
ever, the histomorphometry reported in this study used a
different analysis by another individual and revealed sim-
ilar results.

In summary, ABM/P-15 acts as a biomimetic for hard
tissues and introduces a novel method of enhancing bone
growth and fusion. It is a composite material possessing
both osteoinductive and osteoconductive properties. The
product relies on an attachment factor that, through
mechanotransduction, enhances cellular attachment, intra-
cellular stimulation, and transformation, ultimately result-
ing in enhanced osteogenesis. The synthetic material not
only avoids the morbidities associated with the harvest of
autogenous bone, but it can be manufactured inexpensively
through solid-phase peptide synthesis. Furthermore, the
sintering process involved in preparing the ABM serves to
deproteinate the substance, eliminating the potential for
disease transmission present with some materials, most
notably allograft tissue [38].

ABM/P-15 provides an alternative composite bone graft
substitute material that may be used to successfully
enhance bone formation in spine fusion surgeries. Results
in this ovine model indicate similar fusion rates for ABM/
P-15 and autograft bone when used for lumbar fusion
procedures. However, further investigation, including pro-
spective, randomized, controlled human clinical trials must
be performed in order to fully elucidate the benefits that
ABM/P-15 may provide in orthopaedic practices.
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