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ATTACHMENT 5 : CONFIDENTIAL

Rationale for Bovine Cortical Ring Xenograft —A Literature Overview
Purpose:

The purpose of this document is to demonstrate the similarities between human and bovine
cortical bone as reported in the literature, and to use this information as a basis for a
rationale to not conduct in vivo testing for the bovine xenograft spinal spacer. This literature
review will demonstrate that the available published information supports the safety and
effectiveness of bovine bone for use in this indication.

Background:

The biomechanical and biological properties of human allograft bone are well
characterized'”. Bovine bone is similarly well characterized.'” A prolific literature exists
relating to the comparison of their properties.” ¢!

We proffer a rationale that the scientifically recognized similarities between bovine
xenograft bone and human allograft bone support the use of a bovine bone cortical ring
spacer in spinal surgeries. Additionally, RTI believes that this rationale obviates the need to
perform in vivo studies since both human and bovine bone are so well characterized in the
scientific literature, and should be considered analogous in spinal applications.

Literature Summary:

In order to gain an overview of relevant publications, recently published pertinent review
articles and other compendia were surveyed. : :

A computerized search of the National Library of Medicine database (PubMed) and the ISI
Web of Science: Science Citation Index of the literature published from 1990 through 2005
was performed. A search utilizing keywords such as “bovine bone, human bone,
characterization” yielded approximately 100 articles. Included in the citations were over
twenty review articles and edited compendia. Several of the most relevant articles, review
articles, and edited books discussing bovine and human bone comparisons were chosen for
this summary.

In the literature, comparison is often made between human bone and that of other species.®
Following are several representative tabular presentations of the properties of human and
bovine bone.

An example of one of several tables comparing human and bovine bone biomechanical
characteristics is reproduced here. It is noteworthy that variations of this well accepted

. . . . 4
tabulation occur in several seminal references.**

(The tables included in this document have been scanned or otherwise reproduced from their
original sources as cited.)
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TABLE 1

Human vs. Bovine biomechanical values

An overview (or representative average) of cortical bone properties for human and bovine is
presented by Martin ez al. in Skeletal Tissue Mechanics (1998)":

Property Human Value Bovine Value
Elastic Modulus Transverse 17.4 GPa ‘ 20 GPa
Elastic Modulus Longitudinal 9.6 GPa 11.7 GPa
Shear Modulus 3.5 GPa - 4.1 GPa
Tensile Yield Stress Longitudinal 115 GPa 141 MPa
Tensile Ultimate Stress Longitudinal 133 MPa 156 MPa
Tensile Ultimate Stress Transverse 51 MPa 50 MPa

| Comp Yield Stress Longitudinal 182 MPa 196 MPa
Comp Yield Stress Transverse 12] MPa 150 MPa
Comp Ultimate Stress Longitudinal 195 MPa 237 MPa
Comp Ultimate Stress Transverse 133 MPa , ‘ 178 MPa
Tensile Ultimate Strain 29-3.2% 67 -.72%
Compressive Ultimate. Strain 2.2 -4.6% 2.5-52%

Importantly, while their biomechanical properties are similar, the table above demonstrates
that the compressive and tensile strength of bovine bone consistently exceeds the human
values.

Similar trends are documented in other compendial tables.
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Table 2

This table extracted from An® is a typical comparison of the propemes of human and bovine
cortical bone (table scanned from original cited reference)

Mechanical Properties of Human and Bovine Cortical Bones Tested by Compression, Tensile,
and Torsional Testing (all at the tissue level)
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TABLE 3

Liebschner® further tabulates biomechanical properties of cortical bone from various sources
including human and bovine (table scanned from original cited reference)

1704

Table 3

Mechanical properties of cortical bone tissue— Young™s modulus (E), sirength (5), ultimate strain (i),
weight) of various bones

M. AK. Lichschuer { Bimmm’ridls 25 1 2004) 16971714

and mineral content (mincrul weightswet bone

Species Bone Test Mineral content E (GPaj Strength {MPa) e Refercnces
Human Femur Tension 0496 16.7 166 1.029 Currey, 1998 [113]
Femur Tension 11.4-19.7 107140 Reitly, 1974 [42)
Femur Tension 39-11.9 90.6-116 Ascenzi, 1968 [114]
Tibia Tension 18.9-29.2 145-170 Burstein, 1976 {115)
Tibia Tension 187424 162115 Vincetelli, 1985 {116]
Femur +Compression 14.7-19.7 167-215 Reilly, 1974 [42]
Femur Compression 4.9-9.5 20-167 Ascenzi, 1968 [114]
Tibia Compression 24.5~34.3 183213 Burstein, 1976 {115}
Femur Torsion 54+0.6 32 Yamada, 1970([117)
Femur Torsion 6571 3.1-37 Reilly, 1974 [42]
Femur Torsion 50£0.2 741132 Jepsen, 1997 [25)
Tibia Torsion 6671 Cezayirlioglu, 1985 [118]
Femur Bending 9.82-15.7 103-238 Keller, 1996 {119]
Tibia Bending 6.7541.00 150180 Choi, 1990 [29)
Bovine Femur Tension 24.1-21.6 133 McElhaney. 1964 {120}
Femur Tension 219314 240295 Reilly, 1974 [42]
Femur Tension 0.562 26.1 148 0.004 Currey, 1998 [113]
Femur Tension 24.5+5.1 172:22 Burstein, 1972 {121]
Femur Tension 54-16.9 112—-120 Ascenzi, 1967 [122]
Tibia Tension : 217427 Cezayirlioglu, 1985 [118]
Tibia Tension 21.9-314 240-295 Reilly, 1974 [42}
Tibia Tension 0.499 19.7 146 0.018 Curvey, 1998 [113]
Tibia Tension 23.8+221 Simkin, 1973 {123
Femur Compression 205 92 McElbancy, 1964 [120)
. Femur Compression 23.1-304 129182 Reilly, 1974 [42]
Tibia Compression 21.6+5.3 152+17 Reilly, 1974 [42)
Tibia Compression 282464 188+9 Burstein, 1975 [124]
Tibia Compression 7.16+1.08 Stmkin, 1973 [123]
Femur Torsion 6267 Reilly, 1975 {36}
Femur Torsion ‘7616 Cezayirliogly, 1985 [118]
Cattle Femur Tension 194407 22845 Currey, 1998 {113]
Tibia Bending 21.0+19 230+ 18 Martin, 1993 {125]
Horse Femur Bending 17.1~199 204247 Schryver, 1978 (126}
Femur Tension 0.541 21.3+19 152 0.008 Currey, 1998 [113]
Radius Bending 16.2-20.2 217-249 Schryver, 1978 [126]
Sheep Metatarsus Tension, Bending 1896422 Currey, 1988 [127}
Donkey Radius Tension, Bending 16420 Currey, 1988 {127}
Rabbit Humerus Bending 13.6:0.7 165+5 An, 1996 {128}
Femur Bendmg 13.6-04 1376 An, 1996 {128]
Femur Bending 10.74£25 7 88.-20 Ayers, 1996 [129]
Tibia Bending 213407 19546 An, 1996 [128}
Tibia Bending 233470 192447 Ayers, 1996 {129}
Humecrus Bending 133406 16745 An, 1996 [128]
Rat Femur Bending 6.9+0.3 18046 Jorgensen, 1991 [130}
Femur Bending 8004 13444 Barengolis, 1993 [131)
Femur Bending 4924 15345 Ejersted, 1993 [132}
Mouse Femur Bending ! 88-114 104~173 Simske, 1992 {133]
Femur Bending 5.3+1.8 40+13 Ayers, 1996 [129]
Femuor Bending, anterior 114131 197+ 36 Jepsen, 1997 {235)
Femur Bending, posterior 19+3.1 187~ 36 Jepsen, 1997 [25)
Tibia Bending 89+0.2 78412 Ayers, 1996 |129]
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TABLE 4

Zioupos, et al.’ reference young’s modulus and the tensile and mineral properties of human,
bovine and other species” bone: (table scanned from cited reference)

Mechanical Properties — Young’s Modulus (t) Ulumare iensie sress
(UTS), Ultimate Tensile Strain (¢;), and Mineral Content (mineral
weight/wet bone weight) of Various Bones'>™

Species and Tissue Mineral Content E(GPa) UTS(MPa) = &
Red deer, immature antler {1385 6 ;’256 §.108
Red deer, mawre antler 0.393 7.2 158 RS
Reindeer, untler 0.411 81 95 0.051
Polar bear (3 months), femur 0441 6.7 8 0.044
Nurwhal; tusk cement 0.454 53 84 0,060
Nurwhal, wsk dentine 0.466 10.3 120 4.037
Sarus crane, tarsometatarsus 0.467 234 218 0.018
Walrus, banierus 0482 14.2 105 0,026
Fallow deer, radius 6493 255 213 0019
Human adult, femur 0.496 16.7 166 0.029
Bovine, tibiy 0.499 19.7 146 0.018
Polar bear (9 months), femur 0.5 2 137 0.042
Leopard, femur 0514 215 213 0.034
Brown heor, femur 0.:517 169 152 0.032
Donkey, radins 0.522 153 114 0020
Sarus crane, tibiotarsus 0323 235 54 003
Flamingo, tiblotarsus 3523 28.2 212 0.0143
Roe deer, femur 0.525 184 180 0.011
Polar bear (3.5 years), femur 0529 18.5 154 $.022
King penguin, radius 0,540 2} 195 0.010
Horse, femur 0541 245 152 0.008
Wallaby, tibia " 0.551 354 184 0.010
Boviae femur 0562 6.1 148 0.004
King penguin, ulna 0577 229 193 0.011
Axis deer, femur (1.586 il6 2 0019
Fallow decr. tibis 0.589 268 131 0.006
Wallsby, femur 0.599 218 183 0,009
King penguin, humeros 3621 228 175 0.008
Fin whale, 7. bulla 0.768 341, 313 — 3 0.0, 0001 e
Mesoplodon rostram 0.960 41¢ &) (.0015

Note: The mineral content wus derived from calcium content measurerients assuming thuat the tissues
have the same element swichiometry, Note that the two most mineralized tissues at the bottom of
the list are exeemely brinke compured to all the rest.
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In addition to the listed tabular summaries, a number of references specifically address
comparisons of bovine bone and its biomechanical relationship to human bone.'*!!

Currey'® reviews the mechanical properties of a diverse group of vertebrate bone and lists
comparisons human and bovine bone. A salient conclusion is that the two tissues are similar
in biomechanical characteristics with bovine being of higher compressive and tensional
strength.' In a comparative study, Poumarat and Squire'' present the mechanical properties
of human, bovine bone, and a processed bovine bone xenograft. They demonstrate the
biomechanical similarities of human and bovine while showing that the bovine constructs
(processed and unprocessed xenograft) are stronger with respect to stiffness.”

Likewise, several recent publications demonstrate the mechanical properties and biological
characterization of human and bovine bone."*™

Currey reviews the properties of stiffness and toughness as a function relation to anatomic
purpose for a number of species, and posits that bovine femoral bone, as an example of a
limb, is stiff, strong, and good at resisting impact loads>". Similarly, Doblare, e al.”® present
a review of the biology and mechanics of bone and bone fracture. Their summary outlines a
macromechanical fracture toughness comparison between bovine and human bone showing
the higher strength of bovine bone.

Other data that relate to the biomechanical nature of bovine bone appear in section 18 of this
submission.

A number of references deal specifically with bovine bone and its adaptability to biomedical
applications'**®.Johnson, et al. characterize bovine bone after several steps to remove fat
and protein materials by various processes. While dealing primarily with cancellous bone,
their overarching conclusion is that bovine bone lends itself well to biomedical (xenograft)
applications when proper processing techniques are utilized"*™"’.

Lofgren, et al."® describe the use of bovine xenograft in cervical spinal surgery. They
compare clinical outcome assessment of autogenous, allogenic and heterologous bone grafts
used in single-level cervical Cloward surgeries. Their overall clinical conclusion was that
fusion outcomes were ultimately similar for all three grafts, with a slightly better trend for
autograft. However, when taking in consideration the postoperative complications for
autograft, all grafts were suitable in the procedure®.

Safety Of Bovine Xenograft In Clinical Applications

A number of studies provide evidence of the long standing safe use of bovine xenograft in
surgical procedures.™?** Salama reported good results using a mixture of deproteinized calf

bone (Kiel bone) and autologous iliac bone marrow for the treatment of pseudarthroses®.

More recently, Maica, et al.** describe use of bovine xenograft in cervical spinal surgery.
They report a retrospective study of 52 patients over 5 years. The study concludes that the
use of the interbody xenograft gives a safe and solid interbody fusion when used with rigid
plate fixation.
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SUMMARY:

The properties of bovine cortical bone are amply characterized in the scientific literature.
The similarities between bovine and human cortical bone with regard to blomechamcal
properties are likewise well established.

Because of the well documented characterization of bovine cortical bone, we conclude that it
is not necessary to perform ir vivo studies, and that bovine cortical bone is at least as safe
and effective as human allografts for use as a cortical ring spacer in non cervical vertebral
surgeries.
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