THE
SPINE
JOURNAL

ELSEVIER The Spine Journal 6 (2006) 397-404

An in vitro and in vivo analysis of fibrin glue use to control bone
morphogenetic protein diffusion and bone morphogenetic
protein—stimulated bone growth

Vikas V. Patel, MD*®>*, Li Zhao, PhD?, Pamela Wong, BS?, Ben B. Pradhan, MD?,
Hyun W. Bae, MD?, Linda Kanim, MA®, Rick B. Delamarter, MD"

aThe Spine Institute at St. John’s Hospital, 1301 20™ Street, Suite 400, Santa Monica, CA 90404, USA
SThe Spine Center at the University of Colorado Health Sciences, 1635 North Ursula Street, Suite 4200,
P.O. Box 6510, Mail Stop F712, Denver, CO 80045-0510, USA

Received 10 December 2004; accepted 14 January 2006

Abstract BACKGROUND CONTEXT: Recombinant human bone morphogenetic protein-2 (rh-BMP2)
has become popular for augmenting spine fusion in the lumbar and cervical spine. Concerns exist,
however, over bone morphogenetic protein (BMP)-stimulated soft-tissue swelling and bone growth
stimulation in areas where bone is not desired, especially as the material “leaks” into such spaces.
The most detrimental effects of such leakage might be airway compromise, while heterotopic bone
formation into the spinal canal has been reported in animal and human studies. Fibrin glue has been
used as a carrier of many osteoinductive materials; however, its efficacy at modulating the clinical
effects of BMP are not known. The amorphous nature of fibrin glue makes it a candidate to control
diffusion of BMP and possibly limit bone formation by limiting BMP diffusion to areas where such
bone is not desired.

PURPOSE: To evaluate the use of fibrin glue to limit BMP diffusion and BMP-stimulated bone
growth.

STUDY DESIGN/SETTING: This is an in vitro basic science study and an in vivo prospective
randomized animal study.

STUDY SAMPLE: Eighteen Lewis rats.

OUTCOME MEASURES: In vitro study: Enzyme-linked immunosorbent assay measurement of
rh-BMP2 concentration in saline. In vivo study: At day 60, rats were evaluated for neurologic def-
icits before sacrifice. Spines were harvested, and the following studies were performed: 1) manual
testing for fusion and bone growth; 2) X-ray evaluation; 3) Micro—computed tomography (micro-
CT) scans.

METHODS: In vitro study: Collagen sponges soaked with BMP at two different concentrations
were incubated in saline solution with and without encapsulation by fibrin glue. Saline BMP con-
centrations were measured at consecutive time points. In vivo study: A rat fusion model using rh-
BMP?2 for fusion has been developed and tested with resultant100% fusion in over 100 rats. Lewis
rats were divided into two groups and treated as follows: I: Exposure of L4-L5 transverse pro-
cesses, decortication, and placement of BMP sponge in the lateral intertransverse space. II: Expo-
sure and decortication as above and placement of fibrin glue before BMP sponge placement.
RESULTS: In vitro study: Peak rh-BMP2 concentrations in saline were 20% and 45% of the max-
imum possible for fibrin glue encapsulated sponges and controls, respectively, with a more gradual
increase to peak concentration in samples encapsulated in fibrin glue. In vivo study: No rats ex-
hibited any neurologic deficits. X-rays revealed at least partial bone formation in all rats. Manual
testing of intertransverse fusion spines revealed 100% fusion in rats treated with BMP only, whereas
rats treated with fibrin glue before placement of BMP sponges revealed only one possible fusion.
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Posterior-lateral bone formation was present on X-ray in both groups, and micro-CT imaging re-
vealed bridging bone from transverse processes to the BMP-stimulated bone in the control groups.
In spines treated with fibrin glue before rh-BMP2 placement, bone formation could still be seen
within the soft tissues; however, bridging bone connecting to the transverse processes was either

significantly decreased or not present.

CONCLUSIONS: Fibrin glue can limit th-BMP2 diffusion. Also, because it limited bone forma-
tion at the transverse processes, it can be inferred that fibrin glue can limit bone formation when
used to separate areas of desired bone formation from areas where bone formation is not desired.

© 2006 Elsevier Inc. All rights reserved.
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Introduction

Recombinant human bone morphogenetic protein-2 (rh-
BMP2) is rapidly becoming popular for augmenting spine
fusion in the lumbar and cervical spine. Its use has been re-
ported in anterior and posterior lumbar and cervical fusion
surgery, as well as transforaminal lumbar interbody fusion
and posterior lumbar interbody fusion type procedures.
Bone morphogenetic protein (BMP) may, however, stimu-
late bone growth in areas where bone is not desired, espe-
cially as the material ““leaks” into such spaces. McKay and
Poynton have reported such heterotopic bone growth into
the spinal canal and neural foramina [1,2]. More recently,
a letter of caution by Medtronic-Sofamor Danek implied
that th-BMP2 use may be related to increased soft-tissue
swelling in the cervical spine, the most detrimental effect
of which would be airway compromise. Though these com-
plications have thus far only been reported with rh-BMP2,
they will likely present as use of additional proteins and os-
teogenic agents increases. While our ability to stimulate
bone growth rapidly increases, methods to control such ad-
verse events have not yet been reported or tested.

Fibrin glue has been used as a carrier of many osteoin-
ductive materials including BMP and demineralized bone
matrix [3-7] as well as osteogenic cells [8—10]. It has also
been used to improve the material handling of bone graft
and bone graft substitutes [11-13]. Thus, it appears to have
the ability to temporarily contain such materials before im-
plantation, yet release them in vivo over time while itself
being completely absorbed. Indeed Hattori postulated that
fibrin glue could control the diffusion of BMP [4]. Con-
versely, fibrin glue should be able to temporarily control
the flow of such biologic agents into areas where bone for-
mation may not be desired. This control of bone formation
would depend both on the rate of fibrin glue degradation
and on the time course of stimulation of osteogenesis. Fi-
brin glue resorption occurs over the first 7-14 days after
implantation [14], whereas rh-BMP2 concentration de-
creases to less than 50% concentration 2 days after implan-
tation [15,16]. Thus, fibrin glue could potentially protect
neural elements from unwanted bone formation during
the peak activity of BMP.

Regarding direct osteoinductive properties of fibrin glue,
conflicting reports have shown fibrin glue to augment

[11,17] and inhibit [18-21] bone healing and bone forma-
tion. Though fibrin glue appears to limit BMP diffusion
[4], its efficacy at modulating the osteogenic effect of
BMP has not been proven.

The purpose of this two-phase study is to evaluate the
use of fibrin glue to limit both the diffusion of rh-BMP2
and its in vivo osteogenic effects. The first phase is an in
vitro study that measures diffusion of two different concen-
trations of rh-BMP2 through fibrin glue. The second, a rat
study, uses fibrin glue to block bone formation at transverse
process fusion sites. The posterolateral rat fusion model
was chosen because this is a proven model of transverse
process fusion in rats with robust bone formation after sim-
ple decortication and application of rth-BMP2. Thus, if fi-
brin glue can limit bone formation in this model, it is
expected to perform similarly in areas where bone forma-
tion is less robust.

Materials and methods

The materials used in all aspects of this study were Tis-
seel fibrin glue (Baxter Healthcare) and commercially
available Infuse brand rh-BMP2 (Sofamor Danek) at a con-
centration of either 0.032 mg/mL or the standard 1.5 mg/
mL with the accompanying collagen sponge cut to appro-
priate size (5x 10 mm or 5x5 mm). The concentration ap-
proved for human use, 1.5 mg/mL, was used for one
segment of the diffusion study. The reduced concentration
of BMP was used for rat fusion as it was found to be the
minimum concentration required for 100% successful stim-
ulation of rat intertransverse process fusion (unpublished
data from previous dose-response studies in our labora-
tory). At this concentration, transverse process decortica-
tion and placement of BMP sponges stimulates fusion
100% of the time without need for local bone or additional
treatments.

In vitro study

Fibrin glue was tested for its ability to limit diffusion
of BMP. Collagen sponges were soaked with rh-BMP2
in accordance with the package instructions at both
0.032 mg/mL and 1.5 mg/mL concentrations (Infuse,
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