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Modelling: 2D Voronol

Silva et al, 1995

Source: Silva, M. 1., L. J. Gibston, et al. "The Effects of Non-periodic Microstructure on the Elastic Properties of Two-dimensional
Cellular Solids." International Journal of Mechanical Sciences 37 (1995): 1161-77. Courtesy of Elsevier. Used with permission.
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2D Voronol
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Source: Silva, M. 1., L. J. Gibston, et al. "The Effects of Non-periodic Microstructure on the Elastic Properties of Two-dimensional
Cellular Solids." International Journal of Mechanical Sciences 37 (1995): 1161-77. Courtesy of Elsevier. Used with permission.
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2D Voronol
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Source: Silva, M. J., and L. J. Gibson. "The Effects of Non-periodic Microstructure and Defects on the Compressive Strength of Two-dimensional
Cellular Solids." International Journal of Mechanical Sciences 39 (1997b): 549-63. Courtesy of Elsevier. Used with permission.
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2D Voronol
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Source: Silva, M. J., and L. J. Gibson. "The Effects of Non-periodic Microstructure and Defects on the Compressive Strength of Two-dimensional
Cellular Solids." International Journal of Mechanical Sciences 39 (1997b): 549-63. Courtesy of Elsevier. Used with permission.
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2D Voronol

Figure removed due to copyright restrictions. See Figure 5; Silva, M. J., and L. J. Gibson. "The Effects of Non-periodic Microstructure and Defects
on the Compressive Strength of Two-dimensional Cellular Solids." International Journal Mechanical Sciences 39, no. 5 (1997): 549-63.

Silva et al, 1997
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2D Voronol

Source: Silva, M. J., and L. J. Gibson. "The Effects of Non-periodic Microstructure and Defects on the Compressive Strength of Two-dimensional
Cellular Solids." International Journal of Mechanical Sciences 39 (1997b): 549-63. Courtesy of Elsevier. Used with permission.

Silva et al, 1997
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2D Voronol

Figure removed due to copyright restrictions. See Figure 2: Vajjhala, S., A. M. Kraynik, et al. "A Cellular Solid Model for
Modulus Reduction due to Resorption of Trabecular Bone." Journal of Biomechanical Engineering 122, no. 5 (2000): 511-15.

Vajjhala et al, 2000
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Source: Silva, M. 1., and L. J. Gibson. "Modelling the Mechancial Behavior of
Vertebral Trabecular Bone: Effects of Age-related Changes in Microstructure."
Bone 21 (1997a): 191-99. Courtesy of Elsevier. Used with permission.

Silva et al, 1997
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Vertebral Trabecular Bone

Figure removed due to copyright restrictions. See Figure 3: Silva, M. J., and L. J. Gibson. "Modelling the Mechancial
Behavior of Vertebral Trabecular Bone: Effects of Age-related Changes in Microstructure." Bone 21 (1997): 191-99.

Silva et al, 1997
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Vertebral Trabecular Bone

Figure removed due to copyright restrictions. See Figure 4: Silva, M. J., and L. J. Gibson. "Modelling the Mechancial
Behavior of Vertebral Trabecular Bone: Effects of Age-related Changes in Microstructure." Bone 21 (1997): 191-99.

Silva et al, 1997
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Vertebral Trabecular Bone

Figure removed due to copyright restrictions. See Figure 5: Silva, M. J., and L. J. Gibson. "Modelling the Mechancial
Behavior of Vertebral Trabecular Bone: Effects of Age-related Changes in Microstructure." Bone 21 (1997): 191-99.

Silva et al, 1997
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Vertebral Trabecular Bone

Figure removed due to copyright restrictions. See Figure 7: Silva, M. J., and L. J. Gibson. "Modelling the Mechancial
Behavior of Vertebral Trabecular Bone: Effects of Age-related Changes in Microstructure." Bone 21 (1997): 191-99.

Silva et al, 1997
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Vertebral Trabecular Bone

Silva et al, 1997

Source: Silva, M. 1., and L. J. Gibson. "Modelling the Mechancial Behavior of Vertebral Trabecular Bone: Effects of
Age-related Changes in Microstructure." Bone 21 (1997a): 191-99. Courtesy of Elsevier. Used with permission.
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3D Voronoi Model

Figure removed due to copyright restrictions. See Figure 6: Vajjhala, S., A. M. Kraynik, et al. "A Cellular Solid Model for
Modulus Reduction due to Resorption of Trabecular Bone." Journal of Biomechanical Engineering 122, no. 5 (2000): 511-15.

Vajjhala et al, 2000
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3D Voronoi Model

Figure removed due to copyright restrictions. See Figure 7: Vajjhala, S., A. M. Kraynik, et al. "A Cellular Solid Model for
Modulus Reduction due to Resorption of Trabecular Bone." Journal of Biomechanical Engineering 122, no. 5 (2000): 511-15.

Vajjhala et al, 2000
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Metal Foams: Microstructure

Ta, replicating PU foam Ti, replication of PU
with CVD foam by slurry infiltration
and sintering

Ti, fugitive phase Ti, foaming agent

Images removed due to copyright restrictions. See Figure 8.1:
. . Gibson, L. J., M. Ashby, and B. A. Harley. Cellular Materials in . .
Ti, expansion of Ar gas  nature and Medicine. Cambridge University Press, 2010. Ti, freeze-casting

http://books.google.com/books?id=AKxiS4AKpyEC&pg=PA228 (freeze-drying)

Ti, selective laser Ni-Ti, high temperature
sintering synthesis (powders
mixed, pressed and

Image sources given in ignited by, for example,

Cellular Materials in Nature tungsten coil heated by

and Medicine electrical current)
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Metal Foams: Processing
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T1 Foam: Stress-strain

200 1 || | |
TITANIUM FOAMS
5 160 1
=
o 120 l
)]
L
i
o 80 !
-
<
z
S .0 -
=z
0 20 40 60 80 100

NOMINAL STRAIN & (%)

Source: Wen, C. E., M. Mabuchi, et al. "Processing of Biocompatible Porous Ti and Mg."
Scripta Materialia 45 (2001): 1147-53. Courtesy of Elsevier. Used with permission.



http://www.sciencedirect.com/science/article/pii/S1359646201011320

s

RELATIVE YOUNG'S MODULUS, E*/E

10°

10" 1

@ ARCINIEGAS ET AL (2007)- Ta
{) ARCINIEGAS ET AL 2007)- NiTi
@ BRAMETAL (2000)

<> CACHINHO & CORREIA (2008)
GAUTHIER ET AL (2004)- Ni
HONG ET AL (2008)
IMWINKELRIED (2007)
LEVINE (2008)- Ta

LEVINE (2008}

LIN ET AL {2007)- Ti-6AZ4Y
Y& MULLNERETAL {2007}

O RYANAL (2006)

4@ SPOERKE ET AL (2005)

<> SPOERKEET AL (2007)

@ WENETAL (2001)

4 WENETAL (2002)

>EO%O0»

1021

107 1

A [ 2
A

10+¢

T
102 10"

RELATIVE DENSITY, p'/p,

100

RELATIVE COMPRESSIVE STRENGTH, G/C

100

1007

—

Q
S
1

103 1

4 ARCINIEGAS ET AL {2007)- Ta
Q) ARCINIEGAS ET AL (2007)- NiTi
@ BRAMET AL (2000)

<> CACHINHO & CORREIA {2008)
A GAUTHIER ET AL {2004)- Ni
O HONGETAL.{2008)

Y IMWINKELRIED {2007)

O] LEFEBVRE ETAL (2008}

B LINETAL [2007)- Ti-6AG-LV
A MULLNERET AL (2007)

Y& RYAN AL {2006)

O RYAN ET AL (2006}- Ti-6AZ-LV
@ SPOERKE ETAL. (2005)

<> SPOERKE ET AL (2007)

@ WENETAL (2001)

4 WENETAL (2002)

10+
10?2

T
10 100
RELATIVE DENSITY, p*/pg

Gibson, L. J., M. Ashby, et al. Cellular Materials in Nature and Medicine. Cambridge University
Press, © 2010. Figures courtesy of Lorna Gibson and Cambridge University Press.



Bone in Evolutionary Studies
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Fig. 2 Atimetree of metazoan phyla. Divergence times are shown in Table 1. Abbreviations: Cz (Cenozoic), Mp (Mesoproterozoic),
and Mz (Mesozoic).
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Amniota /

frogs, toads,
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Fig- 2 Atimetree of vertebrates. Times of divergence are averages of estimates from different studies listed in Table 1. Abbreviations:
C [Carboniferous), Cm (Cambnan), CF (Cenozoic), O (Devonian), | {jurassic), K {Cretaceous), Np (Meoproterazoic), O [(Ordovician),
P [Permizan), Fg [Paleogene), PR (Proterazoic), 5 (Silurian), and Tr {Triassic).

. Common ancestor of all boned vertebrates roughly 450 MYA (Hagfish video)

From: The Timetree of Life. Hedges, S. B., and S. Kumar (eds.) © 2009 Oxford University Press. All rights reserved. This
content is excluded from our Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Image is in the public domain. Source: Wikimedia Commons.
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Trabecular architecture:
lium

Figure removed due to copyright restrictions. See Figure 1: Rook L., et al. "Oreopithecus was a
Bipedal Ape after All." Proceedings of the Natural Academy of Sciences 96 (1999): 8795-99.
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Digitally reconstructed ilium

Figure removed due to copyright restrictions. See Figure 2: Rook L., et al. "Oreopithecus was a
Bipedal Ape after All." Proceedings of the Natural Academy of Sciences 96 (1999): 8795-99.
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Comparison of trabecular architecture

Figure removed due to copyright restrictions. See Figure 3: Rook L., et al. "Oreopithecus was a
Bipedal Ape after All." Proceedings of the Natural Academy of Sciences 96 (1999): 8795-99.
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