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* Complete union (+3 score), presence of cartilage (+2 score), soft tissue or cracks
within the defect indicating a possible unstable union (+ 1 score), complete instability
at the defect site indicating nonunion (0 score)

T Empty (0 score), fibrous tissue only (1 score), more fibrous tissue than fibrocartilage
(2 score), more fibrocartilage than fibrous tissue (3 score), fibrocartilage only (4
score), more fibrocartilage than bone (5 score), more bone than fibrocartilage (6 score)
and bone only (7 score)

Fig. 2. Histology of 6-week samples of fusion by DCFGP (A and B) and
commercial DBM (C and D). Immature and woven bone in DCFGP
(A, 10X H & E Staining). Trabecular bone (white arrow) and marrow
formation (black arrow) are seen in the fusion area of the same figure
in a high magnification view (B, 40X H&E Staining). More mature
bone (black right angle) with osteocyte cells are seen in the lesion of
the commercial DBM group (C, 10X H & E Staining). Higher power
view of the same picture shows bony tissue (white arrow) and marrow
formation (black arrow) (D, 40X H&E Staining)

Discussion

To the authors’ knowledge this is one of the first studies, which presents new data on the
spine fusion by the DCFGP and compare it with the commercial DBM in rat model. Rat is
one of the smallest animals used for spine fusion studies (Sprague-Dawley being the most
common). Because of its small size, the rat has only been used for noninstrumented dorsal
(“posterior”) or dorsolateral (“posterolateral”) fusions. The animals are very easily
handled and housed, resilient to anesthesia, relatively resistant to infection, and cost-

effective for preliminary investigations.?!
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It has been shown that commercially available DBM in the surgical management of
osseous defects, arthrodeses, and reconstructive procedures have been promising. In
general, DBM grafts have supported healing in a timely fashion without complication and
with a diminished need to harvest bone from a secondary operative site.?* Also, in an
effort to augment the available grafting material as well as to increase spinal fusion rates,
the utilization of a demineralized bone matrix (DBM) as a graft extender or replacement
is common.?? Therefore, in the present study commercially available DBM was used as a
standard control group for house made DCFGP.

Because there are many reports with failure rates of spinal fusion with autografts (as a
gold standard) it is predictable that spinal fusion without any materials (as negative
group) or even with autograft (as a positive group) would not be occurred at all in
decorticated area therefore in the present study we had no negative nor positive groups in
our study.

In this study, the spinal fusion of the animals of both groups demonstrated more advanced
osteogenic potential and resulted in proper fusion of the transverse process of lumbar
vertebra.

The manual palpation, radiological, gross and histopathological findings of the present
study indicate a good capability in the DCFGP in spinal fusion similar to that of the
commercial DBM, by the end of the 6 weeks post-surgery.

In a recent study, it has been shown that satisfactory ectopic bone formation occurred in
the submuscular area of a rat model with xenogenic demineralized bovine foetal growth
plate without occurring any complication.!” In addition, when the segmental calf fetal
growth plate was grafted in the radial bone defect it resulted in a positive bone healing
process .

Presence of transforming growth factor-B (TGF-f) and bone morphogenetic proteins
(BMPs 2 and 7) in the growth plate'? have been identified in human and rat fetal growth
plate.!3 These proteins promote chondroblastic differentiation of the mesenchymal cells,
and result in new bone synthesis by endochondral osteogenesis.!> We proposed that in our
study, mentioned growth factors released from DCFGP in the implanted area and lead to
new bone formation and also spinal fusion in rats.

The primary osteoinductive components of the demineralized bone matrix (DBM) are a
series of low-molecular-weight glycoproteins including the bone morphogenetic proteins
(BMPs). Decalcification of cortical bones exposes these osteoinductive growth factors
buried within the mineralized matrix, thereby enhancing the bone formation process.
These proteins promote the chondroblastic differentiation of the mesenchymal cells,
followed with new bone synthesis by the endochondral osteogenesis . In the present study
the commercial DBM had possibly this mechanism of action and lead to spinal fusion,
however, in the DCFGP cases the authors propose that DCFGP, in the present study,
resulted in release of the TGF-3 and BMPs 2 and 7 and these reagents were exposed to
the implanted site and enhanced bone formation and lead to spinal fusion. Of course two
previous study by Bae, H. et al showed that The relative quantities of BMPs in DBMs are
low, in the order of 1 x 10(-9) g of BMP/g of DBM. There is higher variability in
concentration of BMPs among 3 different lots of the same DBM formulation than among
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different DBM formulations. This variability questions DBM products' reliability and,
possibly, efficacy in providing consistent osteoinduction . In our study we did not perform
any determination tests on quantity of BMPs in the DCFGP and also commercial DBM,
however each two biomaterials lead to spinal fusion in rats of study.

In another study spinal fusion were reported with different rates of fusion with three
different commercial DBM however there is no fusion rate with autogenous implantation
in rat model.?3 This finding also support our finding with DBM usage in spinal fusion.

In the present study radiographs showed that there is excess bone formation at more than
the single L4-5 operated level this phenomena may be related to expanded biomaterials in
the surgical sites that lead to more extended bone formation. We suggest that probably 20
mg of biomaterial in rat model may be too much and it should be examined in large
animal model.

In the present study neither DCFGP nor commercial DBM elicited any inflammatory
reaction in the grafted site. It has been reported that the demineralization process destroys
the antigenic materials in bone, making DBM less immunogenic so that it does not induce
t,2% therefore, the authors did not observe any
inflammatory reaction throughout the histopathological evaluation. In addition we
performed histopathological evaluation at the end of study (42nd postoperative day) and
there was no evidence of any inflammatory responses although inflammation may have

immunological reaction by the hos

been present earlier.

It seems the spinal fusion in the implanted site of the animals of the DCFGP group could
be related to BMPs releasing from the demineralized grafted bovine fetal growth plate,
however, the authors suggest designing further studies in this subject such as measuring at
least one growth and differentiate factor to help in resolving some aspects of the
mechanism of action of this product. The another missing experiment that we might
perform it is biomechanical testing or immunohistochemistery staining (this would enable
to better judge bone formation) that we pursue a definitive study with earlier and more
evaluation points.

The results of this preliminary study indicate that satisfactory spinal fusion of the rat
model occurred with the xenogenic demineralized bovine fetal growth plate (same as
commercial DBM) and complications were not identified. Further studies are needed to
evaluate the long-term effects of this new biomaterial on spinal fusion to document the
use of this graft substitute in various clinical situations. DCFGP preparation is cost-
effective and readily available, in addition in clinical using of commercially available
DBM (from human being) always there is awareness about affecting with transmissible
infections such as HIV, Hepeatitis transferring to the host however our DCFGP was made
from source of calf fetal that there is not awareness about dangerous infection transfer in
the host.
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