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Statement ofPurpose:
Previously, we reported on the prediction of in vivo
resorption rates of reconstituted collagen membranes
based on in vitro methods (I). We extended this work to
purified intact collagen-based tissue membrane implants.
We report here controlling the in vivo stability of purified
intact collagen-based tissue membrane implants by
controlling the in vitro hydrothermal stability prior to
implantation.

Materials and Methods:
Purified Intact Bovine Dermis Collagen Membrane
(BDCMl: Intact BDCM was purified using enzymatic and
chemical treatments that are well known in the literature
(2,3). The purified BDCMs were chemically crosslinked
to various extents using the same crosslinking agent.
These membranes were characterized in vitro to
determine their hydrothermal shrinkage temperatures (T,)
using the Mettler Toledo Differential Scanning
Calorimeter (Model DSC 822'). The membranes were
then implanted subcutaneously in a rat model.
In Vivo Subcutaneous Implantation in Rats: A total of36
male Sprague Dawley rats were used. Each rat received 4
different implants (6 replicates per implant per time poiut);
Implant A (T,= 45.4 "C), Implant B (T,=53.1 "C), Implant
C (T,= 57.8 "C), and Implant D (T,=62.3 "C). The implant
size was Icm' with a thickness of0.5±0.2mm. The rats
were anesthetized and the upper back shaved. A
longitudinal dorsal incision was made on the upper/mid
back and four pockets were formed. The BDCMs were
randomly inserted into the pockets aud the skin was
closed. Animals were sacrificed at 4, 8, 12, 16,20, and
24 weeks after implantation. The explants were evaluated
histologically for BDCM implant remaining, tissue
reaction, and new collagen deposition using standard
tecimiques.

Results:
Figure I shows the curve fit of the BDCM remaiuing (4 =
100% implant remaiuing, 0 = uo implant remaining) as a
function of implantation time for the four implants. The
extrapolated total resorption times, defined as < 5%
BDCM remaining, were 27, 23, 42, and 48 weeks for the
four implants, respectively. Figure 2 shows the
correlation between the hydrothermal shrinkage
temperatures and the extrapolated total implant resorptiou
times. The uncertainty represents a 5% variation in the
amount of residual BDCM implant remaining. In general,
it was observed that the higher the T" the more stable the
BDCM is in vivo. The T, was linearly correlated with the
in vivo stability of the BDCM with a correlation
coefficient of 0.69. Resorption of the BDCM was
accompanied by new collagen deposition.

Conclusions:
The in vivo stability of resorbable implants is critical to
the success ofthe implants as scaffolds or templates to
guide host tissue regeneration. Implant resorption must
be accompanied by new tissue deposition so that the
repaired tissue is fuuctionaI. We have applied the
reported method to desigu reconstituted collageu
membrane products with success (4). The method
described here will guide us in designing intact collagen
based tissue implants with more predictable in vivo
stability for tissue repair and regeneration applications.

o Implant A- 45.4 °c
• Implant B-53. 1°Co Implant C-57.8"C
• Implant D-62 3·e
Results are me:m" SId dev

In Vivo Implantation Time (weeks)

Figure 1. Implanted Membranes vs. Implantation Time.
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Figure 2. Correlation of Hydrothermal Sbrinkage
Temperature vs. Extrapolated Total Implant
Resorption Time.

References:
(l)Yuen et aI. Trans. 6th World Biomaterials Congress p.
1288,2000.
(2)Bailey et aI. J.Biomed. Mater. Res. 66A:93-102, 2003.
(3) Li et aI. Mater. Res. Soc.331:25-32, 1994.
(4)Ulreich et aI. 7th World Biomaterials Congress p.1008,
2004.


