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Archimedes principle, 131 acrochordal, 60
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hypophyseal, 60
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behavior reconstruction role during intramembranous osteogenesis, 72-73
athlete bone phenotypes, 240-41 secondary cartilage, 58
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biology chondral growth force response curve, 161
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computed tomography (CT), 21, 31, 90, 244, 283
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aniosotropy, 135-36
bone density, 131, 133
cortical thickness, 131, 132-33
effect of adolescent growth spurt, 157
elastic modulus, 131, 133-34
ontogeny, 129, 137-38, 142-43, 144-45
Poisson’s ratio, 131, 135
shear moduli, 131, 134
Cuvier, G., 82
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dermatocranium, 59, 63, 66, 68, 70, 72-73
developmental biology, 187-92
bead implants, 188-89
Cre lox recombination, 189
CRISPR, 191-92
fate mapping, 189
Dil labeling, 189
green flourescent protein (GFP), 189
gene knockin/knockout, 191-92, 209
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in situ hybridization, 187-88, 226
tissue culture/transplantation, 213, 225
tissue graft, 188

energy homeostasis. See metabolism
evolution of development

skull, 17-19

tooth, 20
evolution of development (evo-devo), 222
expensive tissue hypothesis, 265, 274, 276
eye hypertrophy, 95-96, 98-99

finite element, 143-44, 285
forward genomics. See genetics:forward genetics
Frost, H. M., 161

gene regulation, 176-77, 183-87

regulatory element identification, 189-90
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Bmal, 260
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Clock, 260

EDAR, 194

ESP, 257-58

evolutionary conservation of, 206, 224, 241
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Hox, 206-09, 220-22
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limb patterning, 208-09
Igf1, 217
IGF-1, 154, 211
[HH/PTHrP feedback loop, 209-10, 214-15
leptin, 255, 257-60
osteocalcin, 258, 260
PAPP-A2, 180
Per, 260
Pitx1, 177, 180, 184, 192
PTCH1, 209, 215-17
Runx2, 209
RUNX2, 246
Sox9, 209
S0X9, 186
VEGEF, 154
WNT5A/B, 210, 222
genetics
ATAC-seq, 185
candidate gene approach, 179
chromatin, 184
chromatin immunoprecipitation (ChIP), 183-84
DNase-seq, 184-85
forward genetics, 15, 178-79
functional genomics, 181-87, 217
genome-first approach, 223
genome-wide association study (GWAS), 180-81
histone marks, 185-86
next-generation sequencing (NGS), 178, 184
quantitative trait loci (QTL), 180
reverse genetics, 16, 179
single nucleotide polymorphism (SNP), 180
transcription factors, 184
transcriptome, 181-83
whole exome sequencing (WES), 179-80
gnathostomes, 54
growth
appositional, 55, 149, 263
interstitial, 55
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value of ontogenetic data, 96-98
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Hooke’s Law, 131

Howship’s lacunae, 104

human sample, 107, 129, 240-41
human specimens, 267, 268-69, 283
hypothalamus, 255, 257-58

intramembranous osteogenesis, 28
Kingsley, David, 192

life history, 259, 264-65
identifying periods of stress, 263, 298
limb
“direct ossification” (growth without physis), 212
bone
humerus, 285-91
ilium, 293-94
metapodial, 211
metatarsal, 211, 217
pisiform, 218-21
scapula, 188
tibia, 211, 242, 285-91
ulna, 241-42
development
role of angiogenesis, 155
digit patterning, 188-89
ecogeographic variation, 166-67
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closure, 159
vascular supply, 157
groove of Ranvier, 156
growth plate. See limb:physis
growth plate senescence, 158-59
growth rate variation, 156-57
metaphysis
vascular supply, 157-58
ontogeny, 149-59, 205, 209-10
perichondral ring of LaCroix, 156
periosteum, 149-51, 209
physis, 153-56, 182-83, 205, 209-10
columnar zone, 209, 215, See also limb: physis:
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effect of mechanical influences, 159-62
hypertrophic zone, 154
proliferative zone, 154, 209-10
reserve zone, 154, 209
zone of provisional calcifications, 155
zone of polarizing activity (ZPA), 188
lines of arrested growth (LAGs), 262
longitudinal growth, 149, 153-56
growth rate, 156-57

mechanical forces on bone, 234-36

compressive stress, 160-61, 241-42, 256-57

exercise experiment, 242, 244-45
four-point bending, 242

shear stress, 160

tensile stress, 160, 161-62

unloading experiments, 242, 256-57
mesenchymal condensations

limb, 149, 209
skull, 28

metabolism, 255, 263

bALP levels, 266, 269-71

osteocalcin serum levels, 266-67, 269-71

tissue-specific, 265, 274, 276
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modern synthesis, 83
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morphometrics

Euclidian Distance Matrix Analysis (EDMA), 31, 39

form variance, 111, 114
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semilandmark geometric morphometrics,

108-09

value of combining methods, 45, 106-07

natural selection

genetic indicators, 194-95

orthotropic materials, 143
osteichthyans, 57
osteocyte lacuna density, as proxy for metabolism,

266, 267-69

osteoporosis, 255
Owen, R., 82

palimpsest model, 41
phenotype data standardization, 194
phenotypic variation

developmental and genetic basis, 15-16, 175-78,

192, 206, 222-23

physics, 13, 14
primate

phyla
Aegyptopithecus, 87
anthropoid, 80-81, 94, 100
Australopithecus, 165-66
Cebuella, 90
Eulemur, 90
gibbons, 220
Haplorhini, 79
Homo erectus/ergaster, 166
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orangutans, 220
Strepsirrhini, 79, 92
tarsier, 79-81, 98-99
Tarsius syrichta, 90

phylogenetics, 79

phylogeny, 84-89

primate sample, 90, 192-93, 267

reaction-diffusion, 19

repeated elements, 19-20, 21-22, See also serial
homologues

reverse genomics. See genetics:reverse genetics

Saint-Hilaire, Geoffrey, 82
scientific method
biological models/hypotheses, 14
well-posed scientific questions, 13, 16, 20
serial homologues, 96-97, See also repeated elements
sexual dimorphism, 119, 120, 124, 157
Simons, E. L., 87-89
skeleton
dermal skeleton, 57, 59
endoskeleton, 57, 59
evolution of, 57-59
exoskeleton. See bone: dermal bone
pharyngeal skeleton, 59
skull, 17-19
bone
alisphenoid, 56, 84, 95
frontal, 68, 84, 114
interparietal, 66-67
lacrimal, 70-71
mandible, 117, 121
mandibular corpus, 117, 139-40
mandibular ramus, 117, 142
mandibular symphysis, 141
maxilla, 70, 116-17
nasal, 71
occipital, 66
palatine, 63
parietal, 68
premaxilla, 70
pterygoid, 64-66
squamosal, 72
vomer, 63-64
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zygomatic, 84, 114-16
bone classification, 54-55
bone density, 34-36, 37-38
bone volume, 34, 36
cranial base, 52-53, 74
development
physical interactions, 27-28
role of angiogenesis, 28-29
modules, 19, 53, 73, 74-75
ontogeny, 26-27, 36, 37-38, 60-72, 113-17, 119-20
tarsier orbit, 96
orbit
ascending process of the zygomatic (APZ), 94-95
frontal spur, 91-92
postorbital bar, 83, 84
postorbital membrane (POM), 92
postorbital septum, 84
primate evolution, 26
stature, 15-17, 22, 157, 179, 182-83, 186, 268
strain gage, 143
sympathetic nervous system, 264
symplesiomorphy, 83
synapomorphy, 83
synovial joint, 151-53, 189
cavitation, 152
joint capsule, 152
synovial membrane, 152

teeth, 20, 260, 263

trabecular bone material properties
elastic modulus, 285, 286-90
influences of loading and usage, 292

trabecular bone structure, 284-85
anisotropy, 284, 293
bone volume fraction, 282, 284, 292
ontogeny, 282, 286, 292-96
trabecular separation, 284, 293
trabecular thickness, 284, 293

Turing, Alan, 19

ulstrasonic testing, 131-32
Waddington, Conrad H., 18
Wallace, Alfred Russell, 82

wormian bones, 21

Young’s modulus. See cortical/trabecular bone material
properties: elastic modulus
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