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A
Abdomen 64, 65
Abdominal cavity return and second

rotation 181
Abdominopelvic region

development 171, 172
– enteric nervous system,

development of 188
– gastrointestinal (GI) system

development 174, 175
–– foregut, development of 175
–– hindgut development 181
–– midgut, development of 180
– gastrointestinal tract, histological

development of 187
– mesenteries and peritoneum 182,

183

–– abdominopelvic viscera, defining
peritoneal relationships of 184,
185

–– foregut mesentery 185, 186
–– hindgut mesentery 187
–– midgut mesentery 187, 188
– reproductive system, development

of 196

–– external genitalia
development 202, 203

–– genital duct development 199, 201,
202

–– gonadal descent 199, 200
–– gonadal differentiation 198

–– indifferent gonad, development
of 197

–– indifferent stage 197
–– sex determination 196
– urogenital system, development

of 189
–– early events 189

–– kidney position and lobulation 193
–– lower urinary system

development 195
–– renal vasculature 193
–– suprarenal gland development 193
–– upper urinary system 189
Abdominopelvic structures 68, 69–70
ACE inhibitors, see Angiotensin-

converting enzyme (ACE) inhibitors
Achondroplasia 237
Acrosomal reaction 10
Acrosome 7
Adenohypophysis 99
AER, see Apical ectodermal ridge (AER)
Alar plate 97
Allantois 14, 195
Alveolar period 156
Amelia 236
Ameloblasts 53
Amnion 14
Amniotic cavity 14
Amniotic fluid 38
Ampulla 8
Anal membrane 182
Anaphase 3–4
Anaphase II 4
Anencephaly 107

Aneuploidy 181
Angiogenesis 50, 57
Angiotensin receptor antagonists

(ARBs) 211
Angiotensin-converting enzyme (ACE)

inhibitors 211
Aniridia 108
Ankyloglossia 136
Annulus fibrosus 83
Anophthalmia 108
Anterior fontanelle 82
Antibodies 37
Antimullerian hormone 199
Antral/vesicular follicles 7
Antrum 7
Aortic arch 63
Aortic arch arteries 124
Aortic arches 38, 60
Aortic sac 59
Aorticopulmonary septum, see

Conotruncal septum
Apical ectodermal ridge (AER) 229
Apocrine sweat glands 50
Appendicular skeleton 85

Arachnoid mater 122
ARBs, see Angiotensin receptor

antagonists (ARBs)
Arch artery 60
Arch-associated cartilages 124
Arrector pili muscles 52
Arteria lusoria 71
Arterial supply
– abdomen 64, 65
– urinary 66, 67
Arterial system 58, 59
– head and superior neck 60, 61
– lower neck and superior thorax 62
ASDs, see Atrial septal defects (ASDs)
Ataxia-telangiectasia 138
Atrial septal defects (ASDs) 162–163
Atrial septation 150, 151
– impact on fetal circulation 150, 151
– impact on newborn

circulation 150
– outflow tract septation 152, 153
– ventricular septation 151, 152
Atrioventricular (AV) node 153
Atrioventricular (AV) septum 150
Auditory canal 128
Auditory canal and middle ear,

development of 128, 129
Auricle 128
AV node, see Atrioventricular (AV)

node
Axial skeleton 80
– ribs and sternum 84

– skull 80, 81, 82
– vertebral column 82, 83
Axis arteries 231

B
Bare area of the liver 186
Basal plate 97
Bifid sternum 86

Bifid ureter 210
Bilaminar disc formation 12, 13
Bilateral renal agenesis 210
Bile canaliculi 177
Bladder diverticulum 212
Blastocyst 12, 14
Blastomeres 12
Blastula 12
Blood island 57
Bone formation 79
– endochondral ossification 80, 81
– intramembranous ossification 79,

80

Bone marrow and periosteum,
formation of 79

Bone matrix, formation of 79
Brachiocephalic artery 63
Brachydactyly 235
Brain development 100
Brain growth and skull expansion 121
Brain structures, development of 99,

100

Brain ventricles, development of 96

Brainstem 99
Branchial arch 60
Branching morphogenesis 156
Bronchial passageways, development

of 156, 157
Bulbus cordis 148
Bundle of His 154

C
Canalicular period 156
Capacitation 7
Cardia bifida 160
Cardiac conduction system 88
Cardiac jelly 88, 146
Cardiac muscle 88
Cardiac neural crest cells 94
Cardiac prominence 130
Cardiac system, development of 145
– atrial septation 150, 151
–– impact on fetal circulation 150,

151

–– impact on newborn
circulation 150

–– outflow tract septation 152, 153
–– ventricular septation 151, 152
– conduction system and heart

innervation 153, 154
– early events 145, 146–147
– fetal vs. newborn/adult

circulation 148, 149
–– shunts 149
– heart septation 150
– heart tube detachment 147, 148
– heart tube folding 148
– heart tube subdivisions,

characterization of 146, 148
– heart valve formation 152
– inflow and outflow blood flow

tracts, differentiation of 146, 147
– primitive heart tube cellular

differentiation 145, 147

Cardinal system 60
Cardiogenic mesoderm 23
Cardiomyocytes 88
Cartilage model, formation of 80
Cartilaginous neurocranium 82
CATCH-22 syndrome 71
Celiac artery 65
Celiac trunk 175
Cellular buds 50
Cementum 53
Central nervous system (CNS) 121
Central nervous system, formation

of 94, 95
– brain structures, development

of 99, 100
– brain ventricles, development of 96

– late brain development 100, 101,
103

– spinal cord development 97, 98
Cephalic flexure 94
Cerebral aqueduct 96
Cervical cysts 130
Cervical flexure 94
Cervical somites 26, 144
Chorda tympani 135
Chorion 14
Chorionic villi 37
Choroid 122
Choroid fissure 104
Chromaffin cells 94, 193
Circular and longitudinal muscles 187
Cisterna chyli 69
Cleavage 12
Cleavage and preimplantation 12, 13
Cloaca 181, 190
Cloacal membrane 23
Club foot 235
CNS, see Central nervous system (CNS)
Coagulation plug 12
Coccygeal somites 26
Coelomic epithelium 197–198
Coloboma 108
Common carotid arteries 61
Common iliac arteries 66
Common iliac veins 64
Compact bone, formation of 79
Compaction 12
Conduction system and heart

innervation 153, 154
Congenital adrenal hyperplasia 211
Congenital adrenal hypoplasia 211
Congenital heart disease rubric 155
Congenital microcephaly 107
Congenital scoliosis 86
Congenital talipes equinovaru, see Club

foot
Conotruncal septum 152
Conus medullaris 98
Copula 135
Coronary ligaments 215
Coronary sinus 64
Corpus albicans 12
Corpus luteum 8
Cortical cords 199
Cortical reaction 10
Cranial and caudal neuropores 93
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Cranial limb 181
Cranial nerve axons 124
Cranial neural crest cells 93
Cranial somites 26
Cranial sutures 121
Cranial vault 121
– and scalp development 138, 139
Cranial–caudal axis 21
Craniopharyngiomas 107
Craniosynostosis 86
Cranium bifidum 107
Cyanosis 155
Cystic diverticulum 178
Cytomegalovirus 38
Cytotrophoblast 12, 16

D
Daughter cells 3
Decidua basalis 37
Decidual reaction 12, 37
Definitive endoderm 23
Dental pulp 53
Dental sac 53
Dentate line 219
Dermal papilla 50, 52
Dermal root sheath 52
Dermatomes 108, 233
Dermis 49, 50
Dermomyotome 230
Descending aorta 63
Dextrocardia 148
Diaphragm 144
Diaphragm, development of 144

Diaphragmmuscle 31
Diaphyses 85
Diencephalon 94
DiGeorge syndrome 107, 138, 140
Dihydrotestosterone 204
Direct inguinal hernia 212
Dizygotic twins 38
Dorsal aorta 59
Dorsal pancreatic bud 178
Dorsal root ganglia 101
Dorsal–ventral axis 12
Dorsal–ventral patterning 230
Ductal cells 178
Ducts 50
Ductus arteriosus 63, 149
Ductus venosus 68, 149
Duodenum 176, 187
Duplicated ureter 210
Dura mater 122
Dysphagia lusoria 71

E
Ear and auditory system, development

of 128
– auditory canal and middle ear 128,

129

– external ear 128
– inner ear 128
– neck region 130, 131
Eccrine sweat glands 50
Ectoderm 23, 124
Ectodermal cap 53
Ectomesenchyme 122
Ectopia cordis 86
Ectopic kidneys 211

Ectopic pregnancy 12
Ectrodactyly 235
Efferent ductules 198
Eisenmenger syndrome 162
Ejaculation and functional maturation

of sperm 5
Embryonic and fetal abdominopelvic

vascular supply 64
– arterial supply
–– abdomen 64, 65
–– urinary 66, 67
– venous drainage:

abdominopelvic 68, 69–70
Embryonic and fetal head, neck, and

thorax vascular supply 60

– arterial system
–– head and superior neck 60, 61
–– lower neck and superior thorax 62
– venous drainage
–– head, neck, and superior thorax 63

–– thoracic body wall 64
Embryonic cavities and spaces 29, 30
– abdominopelvic cavities 32
– dividing the future thoracic and

abdominopelvic cavities 29
– divisions of the intraembryonic

coelom following folding 29
– intraembryonic coelom 29
– pericardial sac and pleural

cavities 31
Embryonic circulatory system

organization 59
– arterial system 58, 59
– venous system 60
Embryonic folding 26, 27
– cranial–caudal folding 29
– germ layer fates following

folding 29
– lateral folding 29
Embryonic hemoglobin 59
Embryonic period 156
EMT, see Epithelial-to-mesenchymal

transformation (EMT)
Enamel 53
Encephalocele 107
Endocardial cushion 146, 150
Endocardium 88
Endochondral ossification 80, 81
Endocrine cells 178
Endoderm 124, 187
Endometrium 8
Endothelial precursor cells (EPCs) 57
Enteric nervous system 101
– development of 188
Enterocytes 150
Enteroendocrine and Paneth cells 187
Epaxial muscles 88
EPCs, see Endothelial precursor cells

(EPCs)
Epiblast 12, 23
Epidermal root sheath 52
Epidermis 49
Epididymis 5
Epiglottis 136
Epiphyseal plate 80, 86, 230
– formation of 80
Epiphyses 86
Epispadias 214
Epithelial follicle cells 7
Epithelial-to-mesenchymal

transformation (EMT) 23

Esophageal atresia 165
Esophagus, dorsal mesentery of 144
Ethmoid sinuses 134
Exocoelomic/Heuser’s membrane 14
Exocrine cells 178
External carotid arteries 62
External ear, development of 128
External genitalia development 202,

203

External iliac vein 69
Extraembryonic mesoderm 14, 23
Extraembryonic tissue

development 14, 15
– amnion 14
– yolk sac 14
Extraembryonic tissues 12, 14
Extraperitoneal connective tissue 184
Eye development 104, 105, 121

F
Facial development inferior to the

orbit 125
Facial features, development of 132

– oral and nasal region development
and separation 132, 133–134

– sinuses, development of 134
– thyroid development 136, 137
– tongue development 135

Facial nerve 128
Falciform ligament 186
FASC, see Fetal alcohol spectrum

conditions (FASC)
FASD, see Fetal alcohol spectrum

disorders (FASD)
Feet, formation of 228
Fertilization 10
– gametogenesis and 3
–– key principles 3
– steps 10, 11
Fetal alcohol spectrum conditions

(FASC) 139
Fetal alcohol spectrum disorders

(FASD), see Fetal alcohol spectrum
conditions (FASC)

Fetal circulation, impact of atrial
septation on 150, 151

Fetal development, placental and
support of 37

– placental support of fetal growth 38
–– amniotic fluid 38
–– placental factors and fetal growth

influencers 38, 40
–– twinning 38, 40
– pregnancy and fetal substance

exchange 37
–– antibodies 37
–– pathogens 38
–– teratogens 38, 39
Fetal form of hemoglobin (HbF) 59
Fetal renin-angiotensin-system

blockade syndrome 211
Fetal vs. newborn/adult

circulation 148, 149
– shunts 149
FGF10, see Fibroblast growth factor 10

(FGF10)
Fibroblast growth factor 10

(FGF10) 229
Fibrous pericardium 145
Fimbriae 8

Fingernail epidermal thickenings 52
Fistulae 130
Follicle cells 7
Follicle stimulating hormone (FSH) 7,

10
Follicular cells 199
Follicular phase 8
Fontanelles 82, 121
Foramen cecum 136
Foramen ovale 149–150
Foramen primum 150
Foramen secundum 150
Foregut, development of 175
– foregut rotation 179
– gallbladder 177
– liver 176
– pancreas 178
– spleen 178
– stomach 175
Foregut mesentery 185, 186
Foregut rotation 179
Fossa ovalis 149
Frontal sinuses 134
Frontalis 138
Frontonasal process 132
FSH, see Follicle stimulating hormone

(FSH)
Funnel chest, see Pectus excavatum

G
Gallbladder 177
Gamete maturation, meiosis and 4

Gametogenesis 3, 4
– and fertilization 3
–– key principles 3
– meiosis and gamete maturation 4

– mitosis 3
Gastrointestinal (GI) system

development 174, 175
– foregut, development of 175
–– foregut rotation 179

–– gallbladder 177

–– liver 176, 177
–– pancreas 178

–– spleen 178
–– stomach 175, 176
– hindgut development 181
– midgut, development of 180

–– abdominal cavity return and
second rotation 181

–– herniation and first rotation 181,
182

Gastrointestinal (GI) tract 29
Gastrointestinal tract, histological

development of 187
Gastroschisis 208
Gastrosplenic ligament 179, 186
Gastrulation 21, 22
– trilaminar disc formation and

embryonic tissue development 23
Gastrulation cell fates 23, 24
– early primitive streak stage 23
– gastrulation endpoint 26
– mid-primitive streak stage 24, 25
Genital duct development 199, 201,

202
Genital folds 203
Genital (labioscrotal) swellings 203
Genital tubercle 202
Germinal matrix 52
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Germinal vesicle 7
GI system development, see

Gastrointestinal (GI) system
development

Gland development 50
– mammary glands 51

– sebaceous glands 50
– sweat glands 50, 51
Glandular alveoli 50
Glomerulus 192
Glossopharyngeal nerve 130
GnRH, see Gonadotropin-releasing

hormone (GnRH)
Goblet cells 187
Gonad development 197
– gonadal descent 199, 200
– gonadal differentiation 198

– indifferent gonad, development
of 197

Gonadal arteries 66
Gonadal ridge 189
Gonadotropin-releasing hormone

(GnRH) 8
Gubernaculum 199
Gut 171
Gut epithelium 187
Gut tube 29
Gut tube endoderm, outgrowth

of 136, 137

H
Hair bud 52
Hair bulb cells 52
Hair development 52, 53
Hair follicles 52
Hair germ 52
Hands and feet, formation of 228, 229
Head and neck development 121
– brain growth and skull

expansion 121
– cranial vault and scalp

development 138, 139
– ear and auditory system,

development of 128
–– auditory canal and middle ear 128,

129

–– external ear 128
–– inner ear 128
–– neck region 130, 131
– eye, development of 121
– facial development inferior to the

orbit 125
– facial features, development of 132

–– oral and nasal region development
and separation 132, 133–134

–– sinuses, development of 134
–– thyroid development 136, 137
–– tongue development 135

– pharyngeal apparatus 122

–– pharyngeal arches 122, 125–127
–– pharyngeal clefts, pouches, and

membranes 125
Heart innervation, conduction system

and 153, 154
Heart septation 150
Heart tube detachment 147, 148
Heart tube folding 148
Heart tube subdivisions,

characterization of 146, 148
Heart valve formation 152

Hemangioblastic aggregates 57
Hemangioblasts 57
Hematopoiesis 57
Hematopoietic stem cells (HSCs) 57,

59
Hemivertebra 86
Hemoglobin 59
Hepatic diverticulum 176
Hepatic ducts 177
Hepatic plate 176
Hepatoblasts 177
Hepatocytes 177
Hepatoduodenal ligament 186
Hepatogastric ligament 186
Herniation and first rotation 181
Herpes simplex virus 38
Heuser’s membrane 14
Hindgut development 181
Hindgut mesentery 187
Hirschsprung’s disease 107
HIV, see Human immunodeficiency

virus (HIV)
Horseshoe kidney 211
HSCs, see Hematopoietic stem cells

(HSCs)
Human immunodeficiency virus

(HIV) 38
Hyaline membrane disease, see

Respiratory distress syndrome
Hydrocephalus 107
Hydroxyurea 70
Hypaxial muscles 88
Hypoblast, see Primitive endoderm
Hypoglossal nerve 136
Hypopharyngeal eminence 135
Hypospadias 214

I
ICAs, see Internal carotid arteries

(ICAs)
IMA, see Inferior mesenteric artery

(IMA)
Implantation 12, 14
– bilaminar disc formation 12, 13
Incisive foramen 132
Indifferent gonad, development of 197

Indifferent gonads 198
Indirect inguinal hernia 212
Inferior mesenteric artery (IMA) 65–

66, 175
Inferior phrenic artery 66
Inferior vena cava (IVC) 64
Infundibulum 99
Inguinal canals 221
Inner cell mass/embryoblast 12
Inner ear, development of 128
Integumentary system

development 49
– gland development 50
–– mammary glands 51

–– sebaceous glands 50
–– sweat glands 50, 51
– hair development 52, 53
– nail development 52

– skin development 49
–– dermis 50
–– epidermis 49

– teeth development 53, 54
Intermaxillary process 132
Intermediate layer 49

Intermediate mesoderm 26
Intermediate zone 97
Internal carotid arteries (ICAs) 62, 70
Internal iliac 66
Internal iliac vein 69
Internal jugular veins 64
Intersegmental arteries 60
Intervertebral discs 83
Intervillous spaces 37
Intraembryonic coelom 26, 29
Intraembryonic gut tube 29
Intraembryonic mesoderm 23
Intraembryonic tissues 12
Intramembranous ossification 79, 80
Intraperitoneal structures 184
Islets of Langerhans 178
IVC, see Inferior vena cava (IVC)

K
Keratinization 49
Keratinocytes 49, 52
Kidney hilum 193
Kidney malrotation 211
Kidney position and lobulation 193,

194

Klinefelter syndrome 212

L
Lamina propria 187
Langerhans cells 50
Lanugo hair 53
Late brain development 100, 101, 103
Lateral cervical sinuses 130
Lateral lingual swellings 135
Lateral plate mesoderm 23, 37, 50, 79
Lateral somitic frontier 88
Lateral umbilical folds 220
Left brachiocephalic vein 64
Left subclavian artery 63
Left–right axis 21
Lens placode 121
Lens vesicle 121
Leydig cells 199
LH, see Luteinizing hormone (LH)
Ligamentum arteriosum 149
Ligamentum venosum 149
Limb axes 229

Limb bones, development of 230, 231
Limb buds 227
Limb muscles, development of 230
Limb nerves, development of 232,

233–234

Limb rotation 228
Limb vessels, development of 231, 232
Lingual nerve 135
Liver 176
Liver sinusoids 68
Lobar bronchi 156
Lower urinary system

development 195, 196
Lumbar somites 26
Lung aeration at birth 157
Lung development, periods of 156,

158
Lung float test 166
Lunula 52
Luteal and secretory phases 8
Luteal cells 8
Luteal phase 10

Luteinizing hormone (LH) 10
Lymphatic system development 69, 70

M
Mammary glands 51

Mammary ridge epithelium 51
Mandibular prominences 133
Mantle layer 97
Marginal layer 97
Marrow cavity, formation of 80
Maternal sinusoids 16
Mature vesicular/Graafian follicle 7
Maxillary artery 61
Maxillary sinuses 134
Medial umbilical folds 220
Medial–lateral axis 21
Median sulcus of the tongue 135
Median umbilical fold 220
Median umbilical ligament 195
Mediastinal pleura 145
Meiosis and gamete maturation 4

Meiosis II 4
Melanin 50, 52
Melanocytes 50, 52, 94
Membranous labyrinth 128
Membranous neurocranium 82
Menopause 8
Menstrual cycle 8, 9–10
Menstruation 8
Merkel cells 50
Meromelia 236
Mesencephalon 94, 96
Mesenchyme 197
Mesenteries 184
– and peritoneum 182, 183
–– abdominopelvic viscera, defining

peritoneal relationships of 184,
185

–– foregut mesentery 185, 186
–– hindgut mesentery 187
–– midgut mesentery 187, 188
Mesoderm 23
Mesodermal signaling 187
Mesonephric duct 199
Mesonephric tubule 191
Mesonephric vesicle 191
Mesonephroi 190, 197
Metanephroi 191, 192
Metaphase 3
Metaphase I 4
Metaphase II 4
Metencephalon 94
Micromelia 236
Microphthalmia 108
Middle ear 128
Midgut, development of 180
– abdominal cavity return and second

rotation 181
– herniation and first rotation 181
Midgut mesentery 187, 188
Mitosis 3
Monozygotic twins 38
Morula 12
Mother cell 3
Mullerian, see Paramesonephric duct
Multicystic dysplastic kidney 211
Muscular system development 87
– cardiac muscle 88
– skeletal muscle 87, 89, 91–92
– smooth muscle 89
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Muscularis mucosa 187
Myelencephalon 94
Myoblasts 87
Myocardium 88, 146
Myogenesis 87
Myotomes 88
Myotubes 87, 230

N
Nail development 52

Nail folds 52
Nail plate 52
Nasal pits 132
Nasal placodes 132
Nasal septum 133
Nasolacrimal duct 132
Nasopalatine nerves 133
Neck region, development of 130, 131
Nephrogenic cord 189
Nervous system development 91
– central nervous system, formation

of 94, 95
–– brain structures, development

of 99, 100
–– brain ventricles, development

of 96

–– late brain development 100, 101,
103

–– spinal cord development 97, 98
– early events 91
–– neural crest cells 93

–– neurulation 91, 92
– eye development 104, 105
– peripheral nervous system (PNS)

development 101
Neural crest cells 24, 50, 79, 91, 93,

101, 187
Neural folds 91
Neural groove 91
Neural retina 121
Neural tube 26, 91
Neurocranium 82
Neurocristopathies 94, 107
Neuroectoderm 91
Neurohypophysis 99
Neurulation 91, 92
Newborn circulation, impact of atrial

septation on 150
Notochord 24, 91
Notochord development 24
Notochordal process 23
Nucleus pulposus 24, 83

O
Oblique vein 64
Occipital somite mesoderm 136
Occipitalis 138
Odontoblasts 53
Oligohydramnios 210
Omphalocele 208
Oocyte 4, 7
Oogenesis 7
– ovulation steps 8
– preovulation steps 7

Oogonia 7
Optic cup 121
Optic nerve 121
Optic nerve hypoplasia 108
Optic pits 104

Optic stalk 121
Optic vesicle 109
Oral and nasal region development

and separation 132, 133–134
Oropharyngeal membrane 23
Ossification centers, formation of 79
Osteoblasts 79
Osteoclasts 79
Osteocytes 79
Osteoid 79
Osteons 79
Ostium primum 150, 163
Ostium secundum 150, 162
Otic pit 128
Otic placode 128
Otic vesicle 128
Outflow tract septation 152, 153
Ovarian ligament 221
Ovaries 199
Ovulation steps 8
Ovum 7

P
Palatine shelves 132
Palatine tonsils 130
Pancreas 178
Pancreatic buds 187
Pancreatic exocrine cells 178
Papillary layer 50
Paramesonephric duct 199
Parathyroid glands 131
Paraxial mesoderm 23–24, 50, 79, 122
Patent ductus arteriosus (PDA) 152
Patent foramen ovale 162
Patent urachus 212
Pathogens 38
PDA, see Patent ductus arteriosus

(PDA)
Pectinate line 219
Pectus carinatum 86
Pectus excavatum 86
Pelvic portion 195
Pericardial cavity 29
Pericardial sac, development of 145
Pericardial sinus 161
Pericardioperitoneal canals 29
Periderm 49
Perineal body 181
Periodontal ligament 53
Periosteum 79
Peripheral nervous system (PNS)

development 101
Peritoneal cavity 29
Peritoneum 182
PGCs, see Primary germ cells (PGCs)
Phallic portion 195
Pharyngeal apparatus 60, 122
Pharyngeal arches 122, 125–127
Pharyngeal clefts 122, 125
Pharyngeal membranes 125
Pharyngeal plexus 136
Pharyngeal pouches 125
Philtrum 132
Phocomelia 236
Phrenic nerve 31
Phrenicocolic ligament 181
Pierre Robin sequence 138
Pigeon chest, see Pectus carinatum
Placenta 37
– as a barrier 37

–– antibodies 37
–– pathogens 38
–– teratogens 38, 39
– structure of 37
Placenta previa 38
Placental factors and fetal growth

influencers 38, 40
Placental support of fetal

growth 38
– amniotic fluid 38
– placental factors and fetal growth

influencers 38, 40
– twinning 38, 40
Placodal ectoderm 26
Pleura, development of 145
Pleural cavity 29
Pleuropericardial folds 31, 145
Pleuroperitoneal folds 144
PNS development, see Peripheral

nervous system (PNS)
development

Points of reflection 184
Polycystic kidney disease 211
Polydactyly 235
Polyspermy 12
Positional plagiocephaly 86
Posterior fontanelle 82
Potter sequence 210
Pouches 122
Prechordal plate 23
Prefertilization and

gametogenesis 3
– cleavage and preimplantation 12,

13

– extraembryonic tissue
development 14, 15

–– amnion 14
–– yolk sac 14
– fertilization 10
–– steps 10, 11
– fertilization, gametogenesis and 3
– implantation 12, 14
–– bilaminar disc formation 12, 13
– meiosis and gamete maturation 4

– menstrual cycle 8, 9–10
– mitosis 3
– oogenesis 7
–– ovulation steps 8
–– preovulation steps 7

– spermatogenesis 5

–– sperm, ejaculation and functional
maturation of 5

– uterine–fetal circulation,
establishing 16, 17

Pregnancy and fetal substance
exchange 37

– antibodies 37
– pathogens 38
– teratogens 38, 39
Preimplantation, cleavage and 12, 13
Preotic myotomes 88
Preovulation steps 7
Primarily retroperitoneal 184
Primary brain vesicles 94
Primary follicle 7
Primary germ cells (PGCs) 3
Primary intestinal loop 180
Primary nail field 52, 228
Primary oocytes 7
Primary ossification centers 80
– formation of 80

Primary palate 132
Primary sex cords 197
Primary spermatocytes 5
Primary yolk sac 14
Primaxial muscles 88
Primitive atria 148
Primitive embryonic venous

system 60
Primitive endoderm 12
Primitive groove 23
Primitive heart tube cellular

differentiation 145, 147
Primitive node 23
Primitive pit 23
Primitive streak 23
Primordial follicle 7
Primordial sweat glands 50
Progesterone 10, 12
Proliferative phase 8
Pronephric duct 190, 199
Pronephroi 190
Pronuclei 12
Prophase 3
Prophase I 4
Prophase II 4
Prosencephalon 94, 96
Proximal–distal patterning 229
Pseudoglandular period 156
Purkinje fibers 88

R
Rachischisis 107
Rathke’s pouch 99
Renal arteries 66
Renal dysplasia 178
Renal hypoplasia 211
Renal vasculature 193
Reproductive system 173
Reproductive system, development

of 196

– external genitalia development 202,
203

– genital duct development 199, 201,
202

– gonad development 197
–– gonadal descent 199, 200
–– gonadal differentiation 198
–– indifferent gonad, development

of 197

– indifferent stage 197
– sex determination 196
Respiratory distress syndrome 165
Respiratory diverticulum 155
Respiratory system, development

of 155
– bronchial passageways,

development of 156, 157
– early events 155

– lung aeration at birth 157
– lung development, periods of 156,

158
– trachea, development of 156
Rete ridges 50
Rete testis 198
Reticular layer 50
Retroperitoneal 184
Rhombencephalon 94, 96
Ribs and sternum 84

Right seventh cervical intersegmental
artery 63
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Right subclavian artery 63
Right vitelline vein 68
Round ligament of the uterus 221
Rubella virus 38

S
SA node, see Sinoatrial (SA) node
Sacral somites 26
Schwann cells 101, 233
Sclera 122
Sclerotome 230
Sclerotome cells 82
Sclerotome segment 79
Sebaceous glands 50
Sebum 50
Secondarily retroperitoneal 184
Secondary brain vesicles 94
Secondary oocyte 4
Secondary ossification centers,

formation of 80
Secondary palate 132
Secondary spermatocytes 4–5
Secondary villi 17
Secondary yolk sac 14
Segmental bronchi 156
Seminiferous tubules 199
Septum primum 150
Septum secundum 150
Septum transversum 144
Serous pericardium 145
Sertoli cells 199
Seventh cervical intersegmental

arteries 231
Sex determination 196
Sex-determining region Y (SRY)

gene 198
Sexually indifferent stage 197
Shunts 149
Sinoatrial (SA) node 153
Sinus venosus (SV) 148
Sinuses, development of 134
Skeletal muscle 87, 89, 91–92
Skeletal system development 79
– appendicular skeleton 85

– axial skeleton 80
–– ribs and sternum 84

–– skull 80, 81, 82
–– vertebral column 82, 83
– bone formation 79
–– endochondral ossification 80, 81
–– intramembranous ossification 79,

80

Skin development 49
– dermis 50
– epidermis 49

Skull 80, 81, 82
Skull expansion, brain growth and 121
SMA, see Superior mesenteric artery

(SMA)
Smooth muscle 89
Somatic layer 29
Somatic mesoderm 26, 145, 182
Somites 26, 108, 230
Sperm 5
– ejaculation and functional

maturation of 5
Spermatids 3–5
Spermatogenesis 5
– ejaculation and functional

maturation of sperm 5

Spermatogonia 5, 199
Spermiogenesis 3
Sphenoid sinuses 134
Sphenopalatine arteries 133
Spicules 79
Spina bifida 106
– with meningocele 107
– with meningomyelocele 107
Spina bifida occulta 86
Spinal cord development 97, 98
Splanchnic mesenchyme 196
Splanchnic mesoderm 26, 145, 182
Spleen 178, 187
Splenorenal ligament 179, 186
Spongy bone 79
– formation of 79
SRY gene, see Sex-determining region

Y (SRY) gene
Stapedial artery 61
Stem cells 187
Sternal bands 85
Sternum 84

Stomach 175, 187
Stratum basale 49–50
Stratum corneum 50
Stratum granulosum 50
Stratum lucidum 50
Stratum spinosum 50
Striated muscle tissue 124
Subclavian arteries 231
Submucosa 187
Sunken, see Pectus excavatum
Superior laryngeal nerve 136
Superior mesenteric artery

(SMA) 65–66, 175, 181
Superior vena cava (SVC) 64
Supernumerary 211
Suprarenal arteries 66
Suprarenal gland development 193
Suprarenal heterotopia 211
Suspensory ligament of the

duodenum 181
Sutures 82
SV, see Sinus venosus (SV)
SVC, see Superior vena cava (SVC)
Sweat glands 50, 51
Sympathetic ganglia 94
Syncytiotrophoblast 12

T
TA, see Truncus arteriosus (TA)
Tail bud/caudal eminence

initiation 26
TDF protein, see Testis determining

factor (TDF) protein
Teeth development 53, 54
Telencephalon 94
Telophase 3
Telophase I 4
Telophase II 4
Teratogens 38, 39
Terminal hair 53
Terminal sac period 156
Terminal sulcus 136
Tertiary chorionic stem villi 17
Testis cords 198
Testis determining factor (TDF)

protein 198
Tetra-amelia syndrome 236
Theca externa 7

Theca interna 7
Thoracic cavity, development of 144
– diaphragm, development of 144

– pericardial sac, development of 145
– pleura, development of 145
Thoracic region development 143
– cardiac system, development

of 145
–– atrial septation 150, 151
–– conduction system and heart

innervation 153, 154
–– congenital heart disease

rubric 155
–– early heart development and

primitive heart fields 145
–– fetal vs. newborn/adult

circulation 148, 149
–– heart septation 150
–– heart tube expansion and

folding 146
–– heart valve formation 152
– respiratory system, development

of 155
–– bronchial passageways,

development of 156, 157
–– early events 155

–– lung aeration at birth 157
–– lung development, periods of 156,

158
–– trachea, development of 156
Thoracic somites 26
Thyroglossal duct 136
Thyroid development 136, 137
Toenail epidermal thickenings 52
Tongue development 135

Tonsillar crypts 130
Toxoplasma gondii 38
Trachea, development of 156
Tracheoesophageal ridges 155
Tracheoesophageal septum 155
Transverse pericardial sinus 148
Trigeminal nerve 128
Trigone 219
Trilaminar disc 23
Trophoblast 12
Trophoblast cells 12
Trophoblastic lacunae 16
Truncus arteriosus (TA) 148
Trunk neural crest cells 94
Tuberculum impar 135
Tunica albuginea 198
Turner syndrome 212
Twinning 38, 40
Tympanic membrane 128
Type I pneumocytes 156

U
Ultimobranchial body 131
Umbilical arteries and vein 60
Umbilical cords 70
Umbilical system 60
Uncinate process 178
Unilateral renal agenesis 210
Upper urinary system 189
– mesonephroi 190

– metanephroi 191, 192
– pronephroi 190
Urachal cysts 212
Urachal remnant disease 212
Urachal sinus 212

Urachus 195
Ureteric bud 191
Urethral groove 203
Urinary system 66, 67, 173
Urogenital ridges 189
Urogenital sinus 181
Urogenital system, development

of 189
– early events 189

– kidney position and lobulation 193,
194

– lower urinary system
development 195, 196

– renal vasculature 193
– suprarenal gland development 193
– upper urinary system 189
–– mesonephroi 190

–– metanephroi 191, 192
–– pronephroi 190
Urorectal septum 181
Uterine tubes 7
Uterine–fetal circulation,

establishing 16, 17

V
Vagal and sacral neural crest cells 94
Vagal trunk 179
Vas deferens 5
Vascular development 57
– embryonic and fetal abdominopelvic

vascular supply 64
–– arterial supply: abdomen 64, 65
–– arterial supply: urinary 66, 67
–– venous drainage:

abdominopelvic 68, 69–70
– embryonic and fetal head,

neck, and thorax vascular
supply 60

–– arterial system: head and superior
neck 60, 61

–– arterial system: lower neck and
superior thorax 62

–– venous drainage: head, neck, and
superior thorax (superior vena
cava) 63

–– venous drainage: thoracic body
wall (inferior vena cava) 64

– embryonic circulatory system
organization 59

–– arterial system 58, 59
–– venous system 60
– hematopoiesis 57
– lymphatic system development 69,

70

– vasculogenesis 57, 58
Vascular endothelial growth factor

(VEGF) 70
Vascular intussusception 57
Vasculogenesis 57, 58, 145
VEGF, see Vascular endothelial growth

factor (VEGF)
Vellus hair 53
Venous angle 69
Venous drainage
– abdominopelvic 68, 69–70
– head, neck, and superior thorax 63

– thoracic body wall 64
Venous system 60
Ventral mesentery 185
Ventral pancreatic bud 178
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Ventricular layer 97
Ventricular septal defect (VSD) 152,

164
Ventricular septation 151, 152
Vermiform appendix 181
Vernix 53
Vernix caseosa 50
Vertebral column 82, 83
Vesicle portion 195

Vesicular follicles 7
Vestibulocochlear nerve 128
Villous chorion 37
Visceral layer 29
Viscerocranium 82
Vitelline intestinal duct 180
Vitelline system 60
Vitelline-intestinal duct 29
VSD, see Ventricular septal defect (VSD)

W
Wnt-7a 230
Wolffian, see Mesonephric duct

Y
Yolk sac 14
Yolk sac vasculature 64

Z
Zona pellucida 7
Zone of polarizing activity

(ZPA) 230
ZPA, see Zone of polarizing activity

(ZPA)
Zygote 12
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