ASSESSMENT OF MASTERGRAFT® STRIP WITH BONE MARROW
ASPIRATE AS A GRAFT EXTENDER IN A RABBIT POSTEROLATERAL
FUSION MODEL
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ABSTRACT:

Study Design/Setting: Randomized, controlled
study in a laboratory setting. Blinded observa-
tions/assessment of study outcomes.

Objective: The purpose of this study is to deter-
mine the performance characteristics of MASTER-
GRAFT® STRIP with bone marrow aspirate (BMA)
as a bone graft extender in a rabbit posterolateral
spine fusion model.

Summary of Background Data: The rabbit pos-
terolateral fusion model is an established environ-
ment for testing of fusion concepts. It offers the
opportunity to obtain radiographic, histological,
and biomechanical data on novel fusion materials.

Methods: Thirty six rabbits were entered into
the study with 34 used for analysis. Bilateral
posterolateral lumbar intertransverse fusions were
performed at L5-L6. The lateral two thirds of the
transverse processes were decorticated and cov-
ered with graft material: autograft only (2.5 - 3.0
cc/side), 75% MASTERGRAFT® STRIP + 5.0cc
BMA / 25% autograft (3.0cc total per side), or
50% MASTERGRAFT® STRIP + 5.0cc BMA and
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50% autograft (3.0cc total per side). Animals were
humanely euthanized at 8 weeks post surgery.

Results: The autograft group had a 60% radio-
graphic fusion rate (6/10) and a manual palpation
fusion rate of 50% (5/10). The 50% MASTER-
GRAFT® STRIP group had a 75% radiographic
and manual palpation fusion rate (9/12). The
75% MASTERGRAFT® STRIP group demonstrated
a 58% (7/12) radiographic and manual palpation
fusion rate. Histologically, no adverse inflamma-
tory reactions of significant size were present. The
two MASTERGRAFT® STRIP groups demonstrated
a tendency towards more bone development across
the fusion bed.

Conclusions: In this commonly used rabbit pos-
terolateral fusion model, MASTERGRAFT® STRIP
with BMA in an autograft extender mode produces
biomechanical and radiographic results similar to
autograft fusion alone.

INTRODUCTION

Iliac crest autograft is considered the gold standard
graft material despite limitations in the quantity avail-
able and complications associated with the harvesting
procedure'’?, These disadvantages have motivated in-
vestigators to seek alternative graft materials to extend,
enhance, and/or substitute for autograft. Examples of
such alternatives include: allografts, synthetic materials,
and recombinant human bone morphogenetic proteins
(BMPs).

Many such products have been in clinical use for
years. As the number and complexity of these options
grow, so does the need for scientific studies that exam-
ine evidence for methods of use, appropriate volume/
percentages of graft material, and local biocompability/
fusion results. Such studies have the opportunity to add
to the collective knowledge of safe and efficacious use.

The current study was performed to assess MAS-
TERGRAFT® STRIP as an autograft extender in the
rabbit lumbar posterolateral fusion model. Fusion rates
of iliac crest autograft (approximately 3cc/side) were
compared to lesser amounts of autograft extended with
the investigational “STRIP.”
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TABLE 1: Experimental Design
Group Graft Type Manual Palpation | Radiographic Histology Sacrifice
n= Fusion n=
Autograft Autograft (3.0 cc) 12 12 3 8 Weeks
STRIP 50:50 | STRIP 50% (1.5 cc) soaked with 1.5 cc 12 12 3 8 Weeks
BMA + Autograft 50% (1.5 cc)
STRIP 75:25 | STRIP 75% (2.25 cc) soaked with 1.5 cc 12 12 3 8 Weeks
BMA + Autograft 25% (0.75 cc)

METHODS

The rabbit fusion model is a well accepted tool for
evaluating bone graft performance. The surgical pro-
cedure involves exposure of the transverse processes
between L5/L6, limiting decortication to the lateral
regions and grafting with the same material bilaterally.
Autograft is harvested from the bilateral iliac crests
yielding between 2.5-3.0cc’s per crest, such that ap-
proximately 3cc’s of graft is placed on each posterolateral
graft bed. This procedure typically results in fusion rates
around 65%*'8, To evaluate MASTERGRAFT® STRIP
as an extender, two groups were compared to autograft
alone, STRIP 50:50 (1.5cc STRIP + 1.5cc autograft) and
STRIP 75:25 (2.25cc STRIP + 0.75cc Autograft). Each
volume of MASTERGRAFT® STRIP was soaked with the
same amount of bone marrow aspirate (BMA) which was
acquired from the rabbit’s proximal tibia.

Skeletally mature New Zealand White Rabbits
weighing 4.5-5.5 kg were entered into the study. All
procedures were approved by the Institutional Animal
Care Use Committee (#0708172) and conducted at The
University of lowa Department of Orthopaedics, Bone
Healing Research Lab-Iowa Spine Research Center.
Throughout the study, animals were individually caged
and monitored daily for signs of pain and discomfort.

Surgical Procedure

All operative procedures were performed in a surgical
suite using inhalation anesthesia and aseptic techniques.
A preanesthetic dose of Ketamine HCL 26mg/kg,
Acepromazine Maleate 0.15mg/kg, and Xylazine HCL
0.78 mg/kg was administered intramuscularly. Surgical
anesthesia was maintained with 1.5-2.5% isoflurane deliv-
ered in O,. Cardiorespiratory monitoring was continued
throughout the procedure.

A parenteral dose of cefazolin (13 mg/kg) was admin-
istered for infection prophylaxis preoperatively and then
BID for 48 hours post-op.

Rabbits were placed prone on the operating table and
surgically prepped with 70% Betadine solution. A single
level posterolateral intertransverse process fusion was
performed in 36 rabbits (Table 1). A dorsal midline
incision, approximately 15 centimeters long, was made
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from L1 to the sacrum and the soft-tissues overlying the
transverse processes (TP) were dissected via separate
bilateral fascial incisions. The transverse processes
were decorticated with a high-speed burr. At no time
were the vertebral bodies decorticated in the gutter of
the motion segment.

Approximately 3.0 ml of corticocancellous bone graft
from the iliac crest was obtained bilaterally as needed
depending on the study group. This volume of graft
is the maximum amount which can be harvested from
the rabbit iliac crest without significant animal morbid-
ity*192_ Investigational implant preparation of the MAS-
TERGRAFT® STRIP was done by hydrating the STRIP
with corresponding amounts of BMA. In the BMA
groups, a 1 mm hole was drilled in the tibial tuberosity.
An 18¢g needle and syringe were used to obtain 5.0 cc
of BMA. The hole was then filled with surgical bone
wax and the surgical incision closed in a routine manner.

The morselized cancellous bone graft or the com-
bination of STRIP/BMA + autograft was then placed
between the transverse processes in the paraspinal
bed (3.0 ml per side). The lateral two thirds of the
transverse processes were covered with the graft. The
MASTERGRAFT® STRIP + autograft combination was
75% MASTERGRAFT® STRIP / 25% autograft or 50%
MASTERGRAFT® STRIP and 50% autograft. In each of
these groups, the autograft was implanted first in the
paraspinal bed and the MASTERGRAFT® STRIP placed
over the autograft.

Animals were housed and monitored throughout the
study. Animals were humanely euthanized at 8 weeks
post surgery, a time point consistent with the published
literature of this model'%2*26,

Manual Palpation

The primary outcome used to determine fusion was
manual palpation®®. After removing the spines, fusion
was graded by three independent blinded observers as
“fused” if no detectable motion was present at the treated
segment when tested in flexion and extension. The fu-
sion was graded as “not fused” if motion was present.
Final results were determined by agreement of at least
2 of the 3 observers.
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FIGURE 1: Autograft Control Histological Analysis

Autograft (3.0cc/side)

Autograft (3.0cc/side)

A.) Microradiograph of 500 pm section.
B.) Stained section (50 pm at 1 x).
C.) New bone formation within the grafted site (10 x).

Radiographic Assessment

At time of euthanasia, high resolution images of re-
moved spines were judged by three ‘blinded’ observers
for radiographic fusion by evaluating for continuous
trabecular bridging between the grafted transverse
processes. Density of the grafts limited observers from
accurately grading the fusion sites and false positive
grades of union was prevalent.

Histology

Three specimens from each group were randomly
selected for histological evaluation (Figures 1-3).
Non-decalcified slides were prepared and stained with

hematoxylin and eosin. Slides were evaluated for pres-
ence of inflammation, extent of graft remodeling, and
general observations relevant to bone formation activity.
New Bone Formation (NBF) was scored on a 0-3 scale
(0 = none detected, 1= small uncommon foci, 2= moder-
ate sized, multiple foci, and 3 = extensive multiple foci).
Fusion was scored using a 1-10 scale where a score of
10 was complete bridging of the TPs with mature bone
(Table 2).

Complications
Two (2) rabbits were omitted from the study due to
complications.

Volume 32 63



J. D. Smucker, E. B. Petersen, J. V. Nepola, D. C. Fredericks

FIGURE 2: 50%/50% Histological Analysis

MASTERGRAFT® STRIP 50% (1.5 cc)

+1.5 cc BMA + Autograft 50% (1.5 cc)

MASTERGRAFT® STRIP 50% (1.5 cc)

+1.5 cc BMA + Autograft 50% (1.5 cc)
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A.) Microradiograph of 500 pm section. Ceramic granules are in white and new bone formation is in light grey.
B.) Stained section (50 pm 1 x) with ceramic in black and new bone in pink.

C.) Bone in direct apposition to the ceramic granule (10 x).

RESULTS
The rabbits tolerated the surgery and study period
well and regained normal activity within 24 hours of sur-
gery. Two (2) rabbits were omitted from the study due
to post-op complications associated with graft harvest.
Necropsy of the animals was unremarkable regardless
of treatment. Macroscopic analysis of the paraspinal

64  The lowa Orthopaedic Journal

bed area demonstrated healthy tissue with no apparent
adverse effects such as inflamed, necrotic, or decreased
vascularized tissue.

Animals were evaluated by manual palpation, radio-
graphic and histological criteria (Tables 3 & 4). The
autograft group had a 60% radiographic fusion rate (6/10)
and a 50% (5/10) fusion rate when scored by manual pal-
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FIGURE 3: 75%/25% Histological Analysis
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ceramic granule (10 x).

A.) Microradiograph of 500 um section. Ceramic granules are in white and new bone formation is in light grey.

B.) Stained section (50 um 1 x) with ceramic in black and new bone in pink. C.) Bone in direct apposition to the

A.) Microradiograph of 500 pm section. Ceramic granules are in white and new bone formation is in light grey.
B.) Stained section (50 pm 1 x) with ceramic in black and new bone in pink.

C.) Bone in direct apposition to the ceramic granule (10 x).

pation. The STRIP 50:50 group had a 75% fusion rate by
manual palpation and radiographic scoring. The STRIP
75:25 group had a 58% fusion rate by manual palpation
and radiographic assessment.

Histology

Blinded histological assessments were made on each
histological specimen by a board-certified veterinary
pathologist (Table 4, Figures 1-3). There were no

adverse inflammatory reactions to the MASTERGRAFT®
STRIP regardless of volume of test article. In sections
where a mild inflammatory response was noted (2 auto-
graft and 1 MASTERGRAFT® STRIP 50%/autograft 50%),
there were uncommon, locally extensive foci devoid of
new bone formation with fibrous or loose connective
tissue often in an unusual stromal pattern suggestive of
resolving or chronic inflammation.

The STRIP treatment groups tended to have more
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TABLE 2: Histologic Scoring Scale for Fusion
Fusion Score
Union of TPs by mature bone; complete bridge 10
Union of TPs by immature bone and cartilage; complete bridge 9
Union of TPs by cartilage with little fibrocartilage 8
Partial union with more bone (> 75%) than cartilage and fibrocartilage 7
Partial union with more bone (56% - 75%) than other tissues (i.e., cartilage, fibrocartilage and fibrous tissue) 6
Partial bridge; ~equal amounts of bone (45% - 55%) and other tissues (i.e., cartilage, fibrocartilage and fibrous tissue) 5
Minimal bridge with less bone (25% - 44%) than other tissue (i.e., cartilage, fibrocartilage and fibrous tissue) 4
Minimal bone (<25%) with predominantly other tissue (i.e., fibrocartilage, predominantly fibrous tissue) 3
Little new bone with predominantly fibrous tissue 2
Fibrous tissue only between TP; full (across the defect) 1

TABLE 3: Fusion Results

Treatment Manual Palpation Radiographic
Fusion Rate Fusion Rate
Autograft 50% (5/10) 60% (6/10)
STRIP 50:50 75% (9/12) 75% (9/12)
STRIP 75:25 58% (7/12) 58% (7/12)

TABLE 4: Histological assessment
of NBF, inflammation and fusion

New bone | Inflammation | Fusion
formation
(NBF)
MASTERGRAFT ® 2.33 3.83 7.00
STRIP / Autograft
50/50
MASTERGRAFT ® 2.17 4.00 7.00
STRIP / Autograft
75/25
Autograft 2.17 3.67 6.50

INBF was scored on a 0-3 scale. Inflammation was scored on a 0-4

as scored using a 1-10 scale where a score of 10 was complete

Eale were a score of 4 indicated no inflammatory response. Fusion

ridging of the TPs with mature bone.

histological evidence of mature/immature bone devel-
opment across the inter-transverse process spaces than
did the autograft controls. In all groups, most new bone
growth was regularly seen adjacent to the transverse
processes and variably extended across intertransverse
process space.

The histologic scores suggested the STRIP 50:50
group had similar bone formation and fusion compared
to the STRIP 25/75 group, while both implant groups
had increased fusion scores over autograft.
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DISCUSSION:

Optimal bone graft substitutes should demonstrate
biocompatibility, be of consistent quality, be able to pro-
mote osseous formation, be cost-effective, and be readily
available. MASTERGRAFT® STRIP is a resorbable, mal-
leable, osteoconductive scaffold composed of biphasic
calcium phosphate (hydroxyapatite and beta-tricalcium
phosphate) ceramic granules and purified fibrillar bovine
type I collagen. Itis designed to create a favorable envi-
ronment for bony ingrowth. The objective of this study
was to evaluate the efficacy of MASTERGRAFT® STRIP
as a bone graft extender in a rabbit bilateral lumbar
posterolateral spine fusion model.

This study demonstrates the efficacy of MASTER-
GRAFT® STRIP with BMA in two separate autograft
extender ratios in a commonly used rabbit spinal fusion
model. The ability of MASTERGRAFT® STRIP with
BMA to be combined with lesser amounts of autograft
and achieve similar fusion rates as autograft alone meets
the definition for an autograft extender in this model?*.
The fusion rate of 50% (manual palpation) observed
in the Autograft group is consistent with prior studies
performed in this laboratory as well as other published
studies®®,  The manual palpation fusion rates for
both investigational STRIP + BMA extender groups
demonstrated similar or slightly better results when
compared to Autograft control. As with other radiodense
calcium-based bone void fillers, the initial, interval, and
final radiographs could over predict the rate of biome-
chanical fusion as the density of non-remodeled graft
material may cause the appearance of fusion by typical
radiographic criteria in this model. This finding has
been noted in other studies with some calcium-based
filler formulations in our 1lab?*?%, CT-based assessments
(not performed in the current study) and/or histological
assessment may have the potential to be more consistent
with the final biomechanical status of the fusion.
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Histologically, the results between the 3 groups were
similar and not significantly different from one another,
remodeling was underway in all groups, and that there
was no evidence of adverse inflammatory reactions.

The results of this rabbit study suggest that MAS-
TERGRAFT® STRIP with BMA is effective in produc-
ing a posterolateral fusion by radiographic and manual
palpation criteria in an extender mode. While animal
models cannot be translated into clinically successful
human applications, the results of this study suggest
that further investigation into use of MASTERGRAFT®
STRIP with BMA as an autograft extender in a clinical
setting may be appropriate.

CONCLUSIONS:

In this well-established rabbit lumbar posterolateral
fusion model, MASTERGRAFT® STRIP with BMA was
an effective extender of autograft, allowing reduction of
autograft by up to 75% while achieving fusion rates equal
to or slightly better than autograft alone.
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