
www.medicalmcqsdownload.blogspot.com



AN OVERVIEW OF DEVELOPMENTAL EVENTS, PROCESSES, 
AND ABNORMALITIES: TIMELINE 

Prenatal Time Scale (Months) 
First 2 weeks 

This is a period of cell proliferation 
from the zygote to the morula, 
blastocyst, and formation of the 
bilaminar embryonic disc. Birth defects 
do not originate in this period because 
body systems and structures have not 
yet developed. Teratogens usually 
cause the loss of the entire conceptus. 

Fetal Period 

Months 3 to 9 (full term) are mainly 
characterized by the growth of all the 
major structures that have already 
appeared. Birth defects in this period 
are usually not as severe or obvious 
and include small size, mental 
retardation, and defects in the eyes, 
ears, teeth, and external genitalia. 

Main Period 

Weeks 3 to 8 is the dynamic period of 
gastrulation, folding of the embryo, and 
the formation of all the organ systems. 
Because this is the most active period 
of development and differentiation, the 
embryo in weeks 3 to 8 is most 
vulnerable to major birth defects. 
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Endometrium----,\ 

Advanced 
morula (4 days) 

Blastocyst 
(approx. 5 days) 

Early implantation 
(approx. 6 1/2 days) 

Inner cell mass 
(embryoblast) 

The First Week 

Early morula 
(approx. 80 hr) 

Developing 
follicles 

Four-cell stage 
(approx. 40 hr) 

Ovary 

Mature 
follicle 

Discharged 
ovum 

Two-cell stage 
(approx. 30 hr) 

Fertilization 
(12to24 hr) 
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The Second Week 

::·e~======~~;~~~~~ cavity ---= Epiblast ----~ 
¥---:::---- --Hypoblast ---.....,.,t!, 

Heuser's membrane--

---·Prim yolk sac ---

Extraembryonic mEtsoder·m --~ 

Approximately 7 1/2 days Approximately 12th day 

Prechordal plah<~~~~"""" 

Approximately 15th day 

Yolk sac:...._ 

lntraembryonic 
mesoderm 

coelom 
-:----. Endometrium 

'--Exocelomic cyst Approximately 17th day 
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Neural 

Week 3 (late) 

The Embryonic Period 
Dorsal Views 

Som ites appear 
20) 

Early closure 
of neural <uuc ./ 

(day 

I 1.8mm 

Late closure 
of neural tube 

(day 22) 

I 2.0- 2.1 mm 

Week 4 (early) 

Cranial 
neuropore 

Caudal 
neuropore 
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Lens placode 

Heart 

/l 
Umbilical cord 

Tail 

The Embryonic Period 
Sagittal Views 

Pharyngeal arches 
appear (day 26) 

Maxillary prominence 
of 1st pharyngeal arch Mandibular portion of 

1st pharyngeal arch 

Week 4 (middle) 

1st pharyngeal arch 

pharyngeal arch 

pharyngeal arch 

L""'u buds appear 
(days 28-29) 

I 4.0mm 

'' ..... 

2nd pharyngeal arch 

/ ~ 3rd pharyngeal arc~ 

P
~ -4th pharyngeal 

": \ arch 

..,. 5.0 nun 

Week 4 (late) 
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Developing eye 
(optic cup) 1 

Eyelids 

Webbed 
digits 

I 

• 

Umbilical 
hernia 

Week 5 (late) 

Week 7 

The Embryonic Period 

1st pharyngeal groove 

T 10.5mm 

Digital 
rays 

develop\--.:::::... _ _. 

/'External ear 

Elbow 

, ~1 3.4mm 

Week 6 (earl y) 

External 
ear 

20mm 

Separated 
digits 

30mm 

Week 8 

www.medicalmcqsdownload.blogspot.com



The Fetal Period 

Intestines return to abdomen 
(week 10) 

Sex distinguishable 
(week 12) 

Early fetal period 
(week 8-week 16 
CRL 5.0-14 em) 

Eyes open 
(week '" ,.-

Fingernails appear 
(week 24) ----....;:,;~ 

Toenails appear 
(week 

Hair appears 
(week 20) 

Firm grasp 

N ote: CRL=5 crown
to-rump length 

(week 36) --.__,..~-

Fetus is thin with 
little body fat. Fetus 

viable by week 22 Middle fetal period 
(week 17-week 30 
CRL 15-28 em) 

Testes in .._ • . 
scrotum or 

inguinal canal 

Rapid weight gain and fat 
deposition beginning in week 32 
results in typical "plump" 
appearance of term fetus 

(week 38) 

late fetal period 
(week 31 -week 38 
CRL28-36 em) 
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His to logical Concepts 
Blastocyst with embryo within the uterine mucosa 

Loose connective tissue 

Simple tall columnar epithelium 

Simple cuboidal epithelium 

Primitive yolk sac 

Simple squamous epithelium 
Maternal blood vessels 

Approximately 7 1/2 days 
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Histological Concepts 
Loose and dense connective tissue 

Monocyte 

Mast cell 

Eosinophil - / l)l 
Plasma cell 

Longitudinal bundles 
of collagen and/or 
elastic fibers 

Tendon sectioned longitudinally 
and transversely Fibroblast nuclei 

Red blood cell 

Endothelial cell 

Pericyte 

Transverse fibers of 
loose connective tissue 

• 
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His to logical Concepts 
Meissne(s corpuscle 

Cross section of skin 
Free nerve endings 
Hair shaft 

Melanocyte 

Hair 
follicle 

Arrector muscle of hair 

Setaceous gla1nd~ 
Cuticle 

Internal sheath'-""'''"'"~--'~~ 
External sheath 

Glassy 
memblane 

Connective 
tissue layer 

Hair cuticle 

Sweat gland 

Hair matnx -,>.,;:=;, 

Papilla o1 hair tolllcle 

Pacinian corpuscle 

Wall of the yolk sac 

Sensory nerves 

Elastic fibers 

Skin ligaments (retinacula cutis) 

Pore ot sweat gland 
Stratum corneum 

Stratum luoldum 
Stratum granulosum 

stratum spinosum 

Oermat papitla (ol 
papillary layer) 

~P-~~ Subcutaneous 
artery a nd vein 

Cutaneous nerve 

Motor (autonomic) nerve 

Dermis 

Subcutaneous 
tissue 
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Neural crest 

Neural plate 
forming 

neural tube 

Bronchi and lungs at 5 to 6 weeks 

R. main bronchus 

Secondary bronchi 
to lobes of right lung 

Induction 

Mesenchymal 
condensation 
forms outer layers 
of globe (cornea 
and sclera) 

Inner layer of optic cup 
(visual retina) 

Optic cup 
(pigmented retina 
[epithelium]) 

L. main bronchus 

I 
Splanchnic mesenchyme 
ventral to esophagus 
(lung stroma) 

r ----' Visceral pleura 

The airway is lined by epithelium 
derived from endoderm of the foregut 
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Apoptosis 

Upper and lower limb buds at 5 and 6 weeks 

Formation of a joint cavity between 
two developing bones 

Cranial and spinal nerves at 36 days 

::::;:.:-:: ... ~-.-~r :t-.. ... ·. ~-}.:; ... 
~----~--· ·'• ........ :· ... , ............. .,- .... . 

• .. 0 ·.': ·:.:.: • .. • • ~-·i·-· _._.,..·,:;·":--
··.·:-~ ....... • ·:.-.· .•. -• . •.•••..• •f.!'-.• • . • .. :::.:••,',,'o;:,,,,,' ••'I ' •, 

• •••• '. 0 •• • • • • • • ~: • • ... ,.•, ..... ; •' ~·:·:, . . . . . . 
• • ••••• ,. • •• .. ;1 .•••• · •• ·\•' 
;:'::--:~·-·:· :.:. ...... ~.'-.5· -~·~-:·-·-·,: • . 
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. ~.·. :· ·!.~· .. ~·:•:;.'.'••;'•;"···,'.';.·:·:·· ...... ...... s ••.• ,, •• ·''· ••·•• ••• ' ... ~·:·:•.•1·'· ~··'·•t: \',,•,'.,' .• 
0 0 tl .. 01 I: 00 .',o;o:O.: ~ ::.:~\~'.\,.'•,' o' ~.: :'t.": 

Precartilage (condensation 
of mesenchyme) 

Site of future joint 
cavity (mesenchyme 
becomes rarified) 

Cartilage (rudiment of bone) 

Perichondrium 

Joint capsule 

Circular cleft Uoint cavity) 

Perichondrium 

Cartilage 
~~ 
..Jai1N A.C:IV,...OC::II:-... "'"'" 
OIIIIN l 
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Segmentation and Early Pattern Formation 

Do rsal view of the embryonic disc 
at 18 days 

Segmental distribution of dermatomes 
and myotomes 

Yolk sac 

Amnion 
(cut edge) 

1.8 mm 

Sulcus between 
amnion and 

embryonic disc 

Membranous 
(otic) labyrinth 

of inner e::;a:::,r,...-:::---"""":-,..~'!:':!---

Primitive knot 
(Hensen's node) 

Primitive streak 

Sacral myotomes 

Occipital 
(postotic) 
myotomes 

Cervical 
myotomes 

Thoracic 
myotomes 

Region of each trunk myotome also represents 
territory of dermatome into which motor and 
sensory fibers of segmental spinal nerve extend 
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Segmentation and Early Pattern Formation 

Segmentation in the head 

Cranial nerve motor nuclei 
Notochord ,.----CNJII 

Optic cup ,-....::;;::'f--j, r--- CN IV 
Prosencephalon CN v 

Pharyngeal arches 

"/}---- CN VI 

k--- CNVII 
l--- eN IX 

Rhombomeres 

Cartilage derivatives of the pharyngeal arches 

Stapes 

.I~ A.CRAKj "" 

"'f)J/{-
~.Il!N 

Lateral view 

Incus ---t----~o=f:~? 
Malleus ----\----1 

Future spheno-mandibular ligament 

Lesser horn of hyoid cartilage 

Upper half of hyoid body 

Lower half of hyoid body 

Styloid process 

Greater horn of 
hyoid cartilage 

Cricoid cartilage 

Thyroid 
cartilage 
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Sclerotome 
contributions 

Cell Adhesion and Cell Migration 

Somite sclerotome cells dispersing to surround the 
neural tube in the formation of the vertebral column 

Dermomyotome 

to vertebral 
body (centrum>--a 

Notochord 

Posterior 
cardinal vein 

Mesoderm 

The migration of neural crest cells to form autonomic ganglia 

/.~~<--- Neural crest 
UT---- Neural tube 
~;--.;....-- Dorsal root ganglion 
,_:T--- Dermatomyotome 

.~~+-- Sympathetic chain ganglion 
(sympathetic for spinal nerves) 

-r,;;;;~~,- Collateral ganglion (sympathetic 
for visceral arteries) 

;----- Enteric plexus ganglia (parasympathetic 
input for smooth muscle and glands) 

Migration of neural crest cells form peripheral 
ganglia of autonomic nervous system 
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Cell Differentiation and Cell Fates 

Myometrium -

Endometrium "l\ 
Advanced 
morula ( 4 days) 

Blastocyst 
(approx. 5 days) 

Early implantation 
(approx. 6 1/2 days) 

Embryoblast 

The first week of development 

Early morula 
(approx. 80 hr) 

Developing 

Four-cell stage 
(approx. 40 hr) 

follicles Mature 
follicle 

Discharged 
ovum 

Two-cell stage 
(approx. 30 hr) 

Fertilization 
(12 to 24 hr) 

Cellular fate map of the embryonic disc showing ectodermal 
contributions to the future nervous system 

Lens placode 

Forebrain 

Midbrain 

Hindbrain 

Neural crest 
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Growth Factors 

Apical ectodermal 
ridge 

Limb buds in 6-week embryo 

Zone of polarizing activity 

Growth factors that influence limb morphology: 
Fibroblast growth factor-S (FGF-8)-Iimb bud initiation 
Retinoic acid-limb bud initiation 
FGF-2, 4, and a-outgrowth of the limbs 
Bone morphogenetic proteins-a~ptosis of cells between digits 
Sonic hedgehog-establishment of craniooaudal limb axes 
Wnt-7a-dorsal patterning of the limbs 
En-1-ventral patterning of the limbs 

Mesenchymal bone precursor Extensor muscle 

Growth factors that promote tissue Flexor muscle 
development: 

Bone morphogenetic protein family-bone development 
Indian hedgehog-bone development 
Growthldifferentiation factor 5-joint formation 
Transforming growth factor-~ family-myoblast proliferation 
Nerve growth factor-sensory and sympathetic neurons 
Insulin-like growth factor-1 (I GF-1 )-general proliferation of 

limb mesoderm 
Scatter factor (hepatic growth factor)-myofome cell 

migration in the limbs 
Ant. division nerve 

Yentral compartment 
Flexor muscles 

t Preaxial compartment 

l Postaxial compartment 

Post. division nerve 

• Docs al compartment 
Extensor muscles 

Anterior division nerves Posterior division nerves 
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Classification of Abnormal Processes 
The Classification of Errors of Morphogenesis 

Categories of 
anomalies 

Malformation 

Etiology 

Chromosomal 

Genetic 

Teratogenic 

Unknown 

... 

... 

Abnormal 
formation of tissue 

~ 
Abnormal forces 
on normal tissue 

-l 
Deotru::tion 

of normal tissue 

Dew loped 
structure 

Morphogenic J 
l---+- error f 

Primary structural 
defect 

Failure of neural 
tube closure 

Malformation. Primary structural defect resulting from error in tissue formation 

Deformation 

Etiology 

Extrinsic 
(fetal 
constraint) 

Intrinsic 
(fetal 

Abnormal 
force 

Normally 
dew loped 

structure 

~ I • \ Altered structure 
akinesia) or position Intrauterine force 

Deformation. Alteration in shape or position of normally developed structure 

Etiology 

Vascular 

Compressiw }--

Tearing 

Vascular 
occlusion 

Abnormal 
force 

Normally 
dew loped 

structure 

~ 
Tissue 

destruction Destructive forces 

Disruption. Destruction of previously normally developed structure 

Malformation or 
malformation 
se~uence 

Deformation 
or deformation 

sequence 

Oi&ruption or 
disruption 
sequence 

Myelomeningocele 
(malformation) 

~ 
I t \ 

Clubfoot 
(deformation) 

Limb reduction 
deficit (disruption) 
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Classification of Multiple Anomalies 
Patterns of Multiple Anomalies: Syndrome Versus Sequence 

ASD orVSD 

Syndrome 

TAR syndrome Etiology Primary anomaly 

Autosomal recessive 
inheritance pattern 

Ulnar 
head 

Humerus 

Chromosomal 

Genetic 
Teratogenic 
Unknown 

Primary anomaly 

Primary anomaly 

Multiple, nonsequential pathogenetically 
related anomalies 

Absent or defective 
megakaryocytes 

Absent radius 
(primary anomaly) 

Thrombocytopenia 
(primary anomaly) 

TAR syndrome. Includes bNo anomalies: thrombocytopenia (T) and absent radius (AR). 
May be associated with congenital heart anomalies: autosomal recessive transmission 

Sequence (anomalad) Robin sequence 
~--..,. 

Multiple anomalies resulting from single primary anomaly or mechanical factor 

Hypoplast;c mand;ble ~ 
(primary anomaly) "') ~ 

Glossoptosis 
(secondary anomaly) 

Tongue obshucts 
palatal fusion 

(secondary anomaly) 

AiM.Iay 
obstruction 

Typical Robin facies 
with micrognathia 

U-shaped palate 
(secondary anomaly) 

Sequence of anomalies initiated by hypoplastic mandible that causes glossoptosis. 
Resulting palatal defect with glossoptosis may obstruct aiM.Iay 
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Nor mal Versus Major Versus Minor Malformations 
The Classification of Malformations 

Normal variants 

Flat nasal 
bridge 

Hydrocele 

Syndactyly of 
2nd and 3rd toes 

Major malformalions 
Cardiac septal defects. 
Risk of recurrence 
2%-5% 

Atrial septal 

Minor malformations 

Clinodactyly of 
5th finger 

Simian crease 

Downward slant of eyes 

Ventlicular septal 
def<ocl (VSD) 

defect (ASD) -E:Hii:J 

Isolated cleft lip. Risk 
of recurrence 4%, 
but clefts with lip 
pits indicate auto
somal dominant 
syndrome 

Isolated aplasia cutis 
congenita is autosomal 
dominant 

Pits 

Anencephaly 

Defects in neural 
tube closure 

Pyloric stenosis. Risk of 
recurrence 2%-5% 

Myelomeningocele 

Major and minor malformations may occur as isolated entities or as components of multiple 
malformation syndrome. Risk of recurrence depends on the cause ofthe defect 
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(affected) 

Autosomal dominant 
inheritance pattern 

Marfan Syndrome 

Cataract glasses for 
subluxated lenses --~ 

Pectus excavatum 

Arachnodactyly of hands 

Steinberg sign. lip of thumb protrudes when 
thumb folded inside fist. Thumb and index 
finger overlap when encircling opposite wrist 

Arm span may exceed height 

Arachnodactyly of feet 
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Typical facies with acrocephaly, 
hypertelorism. and downward 
slant of the eyes 

Apert Syndrome 

Dorsal "mitten" 
deformity 

Palmar "spoon" 
deformity 

High-arched palate 
and dental anomalies 

Acrocephaly with 
flattened midface 

(affected) 

(affected) (affected) 

Autosomal dominant 
inheritance pattern 
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Infant facies with thick, conjoined 
eyebrows (synophrys) and thin lips 

De Lange Syndrome 

Flexion 
contracture 

Low hairline and 
general hirsutism 

Micromelia 

Adult facies with synophrys 
and long eyelashes 
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Examples of Deformations 

Bicornuate uterus 

Uterine malformation 

Varus 
deformity 

Congenital hip dislocation 

Uterine fibroid 

Multiple fetuses 

Breech position 

Limb position anomalies Uterine pathology 
Conditions that cause intrauterine crowding can lead to 
abnormal fetal positions and thus cause constraint deformities Sagittal ridge 

At6 months 
Constraint-related growth deficiency is transient. 
Giwn room, small infants ca1ch up rapidly 

Scaphocephaly due lo 
sagittal craniosynostosis 

Limitation of grov.1h of 
coronal sutures 

Limitation of grov.1h 
of sagittal suture 

Brachycephaly due lo 
coronal craniosynostosis 

Early engagement of fetal head may limit sutural 
growth and result in craniosynostotic skull deformities 
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Example of a Deformation Sequence 
Potter Sequence 

Typical Potter 
facies---+ 

Pulmonary 
hypoplasia 

Micrognathia and large ears typical 

Events in Potter sequence 

Amniotic 
fluid loss 

Amniotic rupture 
(disruption) 

Decreased 
amniotic 
fluid 
production 

Renal agenesis 
(malformation) 

>-'"'- short 
umbilical 
cord 

Amnion nodosum 

Limb position defect 
(varus deforn1ity)' 

Primary anomaly 

Oligohydramnios 
and fetal constraint 
(mechanical factor) 

Secondary anomalies 

Potter facies 

Fetal growth deficiency 

Breech position - ·, 
• • y 

Limb position defects 

Secondary deformations 
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Drug-Induced Embryopathies 
Thalidomide 

0 
II 

CX
c, ---T"'l 
C;OANAO 
II I 
0 H 

(a [ N-ph thali m ido ]gluta rim ide) 27 • to 33-day embryo 

limb defects. From hypoplasia to complete 
absence of radius, ulna, and humerus; 
fibula and tibia less commonly involved 

Midline 

Flat nasal bridge 

Phocomelia 

Clinical features of 
thalidomide embryopathy 
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Anterolateral 
displacement of 

hair whorl 

Drug-Induced Embryopathies 
Retinoic acid 

COOH 

Facial features. Ocular hypertelorism 
with down-slanting palpebral fissures, 
micrognathia, and U-shaped palate 

( 13-cis-reti noic acid) 

Hydrocephalus may occur 
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EARLY EMBRYONIC DEVELOPMENT AND THE PLACENTA 
TIMELINE 

Prenatal Time Scale (Months) 

Ovulation, fertilization, and 
formation of the morula and 
blastocyst. Implantation begins. 

Folding of the embryo occurs, 
and the vertebrate body plan 
is established. 

Implantation completed. The 
amnion, chorion, and yolk sac form. 
The placenta begins to develop. 

3weeks 

Gastrulation occurs. 
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Adult Uterus, Ovaries, and Uterine Tubes 
Posterior view 

Suspensory ligament of ovary 
(contains ovarian vessels) 

Mesometrium 
(of broad 
ligament) 

Vesicular 
appendix (hydatid 

of Morgagni) 

Mesometrium (of 
broad ligament) 

Body of uterus 

Epoiiphoron 

Ureter 

Uterosacral ligament 

Rectouterine pouch (of Douglas) 

,.----Uterine (fallopian) tube ----..., 

( Isthmus Infundibulum 

Abdominal ostium 

Suspensory ligament of ovary 

Ovary 

Mesosalpinx (of broad ligament) 

(Proper) ligament of ovary 
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Vagina 

Adult Uterus, Ovaries, and Uterine Tubes 
Frontal section 

Uterine ostium 

Mesometrium (of broad 
ligament) 

Uterine vessels 

Uterine (fallopian) tube 

Infundibulum 

Folds of 
uterine tube 

Suspensory ligament of ovary 
(contains ovarian vessels) 

Vesicular appendix 
(nyoa1.10 of Morgagni) 

Follicle (graafian) 

Corpus albicans of ovary 

Corpus luteum 

Cardinal (transverse cervical or 
Mackenrodt's) ligament 

Vaginal fornix 

Cervical canal with palmate folds 
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Ovary, Ova, and Follicle Development 

Infant ovary 

Superficial (germinal) 
epithelium (cuboidal cells) 

Zona pellucida 

Cortex 

Developing follicle 

Ovum 
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Ovary, Ova, and Follicle Development 
Stages of ovum and fo llicle 

______ ___.,_ Primary follicle 

Primordial follicle 

Superficial (germinal) 

Epithelial cord 
growing in 

Secondary (antral) follicles 

epithelium (cuboidal cells) ___ , 

Blood vessels -~ 
entering ovary 

Visceral 
peritoneum of 

Corpus albicans 

Mature corpus luteum 

~ 

,, __ Mature 
(graafian) follicle 

Discharged 
Luteal cells ovum 
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The Menstrual Cylce and Pregnancy 
Regulation of follicle and endometrial development and pregnancy 
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Myometrium - -:--

Endometrium-~, 

Advanced 
morula ( 4 days) 

Blastocyst 
(approx. 5 days) 

Earty implantation 
(approx. 6 1/2 days) 

Embryoblast 
(inner cell mal>S r 

The First Week 

Early morula 
(approx. 80 hr) 

Developing 
follicles 

Four-cell stage 
(approx. 40 hr) 

Mature 
follicle 

Ovary 

Discharged 
ovum 

Two-cell stage 
(approx. 30 hr) 

Fertilization 
(12 to 24 hr) 
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Ectopic Pregnancy 

Sites of ectopic implantation 

Interstitial Tubal (istl1mi'c) 

~ 

Unruptured tubal 
pregnancy 

Hemorrhage 
in tubal 

~-Tubal (ampullar) 

Infundibular (ostial) 

Ovarian 

Villi invading tubal wall Chorion 

Section through 
tubal pregnancy 
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Tubal Prenancy 

Uterus"" 

Rupture into broad ligament 

Intraperitoneal rupture 
uterine tube 

Spontaneous tubal abortion 

{11,1--Dead, calcified 
embryo in uterine tube 

Uthopedion formation 
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Interstitial, Abdominal, and Ovarian Pregnancy 

Interstitial 
pregnancy 

Placenta on the body wall, 
liver, stomach and intestines ---:r. 

Ovarian 
pregnancy 

Abdominal 
pregnancy 

Pubic 
symphysis 

Urinary bladder 

Rectum 
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. ~··\ 

The Second Week 

,...---- !Uterine epithelium - - - -

7----- End<>rT etrial stroma---

~---,,...------ Hypoblast---

Heuser's membrane--~ 
r---·Primiti•ve yolk sac ~-""t! 

Extraembryonic mesoderm 

App roximately 7 1 /2 days 

Approximately 15 th day 

.n.--Amniotic cavity --- J 
t:L.-- Connecting stalk 

lntraembryonic 
mesoderm 

Cytotrophoblast 

Syncytiotrophoblast 

coelom -----ii·...:~ 

--Endometrium ---

cyst App rox imately 17th day 
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The Third Week 
Formation of lntraembryonic Mesoderm from the Primitive Streak and Node (Knot) 

Migration of cells 
from the primitive 
streak to form the 
intraembryonic 
mesoderm 

Oropharyngeal 

~-----Ectoderm 

sack cavity 

Cupola of yolk sack 

-
membrane -:;,~~7"':=:~--

Appearance of 
the neural plate 

Notochord 

...~-- Paraxial column 

...::;.::::~ss~~=- lntermediate column 
Lateral plate 

Oropharyngeal membrane 

Spreading of 
intraembryonic 
mesoderm 

Cloacal membrane 
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Events Related to Gastrulation 

Implantation site on the 
posterior wall ofthe uterus 

Detail of the implantation 
site within the endometrium 

Endometrium 

Uterine epithelium 

Endometrial 

Extraembryonic 
mesoderm of 

Extraembryonic 
mesoderm of 

yolk sac 

Elaboration of the chorion 
in the endometrium 

'X , _r:;;d,;- Dilated 
uterine 
glands 

Early placenta development (enlaqJed 
detail ofthe upper central tisure) 

Extraembryonic 
mesoderm 

Syncytiotrophoblast 

Pools of 
maternal blood 

surrounding villi '""--....i• 

/ Paraxial column 
(segmenting into so1nib•s\ 

Umbilical artery Intermediate 
mesoderm 

U~r1bili,calw1n 

Dewloping 
cytotrophoblastic 
shell at the intertace 
of the villous chorion 
and endometrium 

Lateral plate 
mesoderm 

The intraembryonic 
coelom in the lateral 
plate is continuous 
with the coelom in the 
cardiogenic mesoderm 

MidsasiHal sedion of' 
embryo, amnion, and yolk sac 

Cardiogenic mesoderm 
Amnion sac 

Connecting 
yolk stalk 

Allantois 

Cloaca membrane 
Oropharyngeal 
membrane 

Cross sedion of embryo 

Neural plate 

The arrow passes 
through a temporary 
communication 
between the 
extraembryonic 
coelom and 
intraembryonic 
coelom 
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Folding of the Embryo in Week 4 

Midsagittal sedion oHoldin3 gas1rula Cross sedion oHoldin3 gas1rula 

Notochord in 
gastrula 

Oropharyngeal 
membrane ---: 

Cardiogenic 
mesoderm X 

Yolk sac 

Foregut 

Stomodeum 

Dewloping heart tube 
and pericardia! cavity 

Hepatic 
diverticulum 

Septum 
transversum 

Amnion pressed 
against the chorion 

Allantois 

Cloacal membrane 

Midgut 

Hindgut 

Yolk sac 

Somite (from 
paraxial column 

Intermediate 
mesoderm 

Yolk sac stalk and 
allantois within the 
umbilical cord 

Neural tube a bow notochord 

Dermomyotome of somite 

) 

lntraembryonic 
coelom surrounded 

by lateral plate 

Amnion 
surrounding the 
umbilical cord 

mesoderm ~~----Jl:::] 

Yolk sac stalk 
compressed into 

umbilical cord 

Neural plate 

lntraembryonic 
mesoderm 

Notochord 

Neural tube 

Lateral plate 
becoming hollow 

Amniotic cavity 

of somite 

mesoderm 
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The Vertebrate Body Plan 
Vertebrate Body Plan arter 4 Weeks 

Connecting slalk ---~ 
Neural crest 

Neural plate 
forming neural tube 

\mnion (cut) 

""' 

Yolk sac 

mesoderm 

'o~ ... -:t-" Communication 
~-"' betwee n 

lnlraembryonic 
coelom 

extraembryo nic and 
intraembryonic coeloms 

Lateral plate 

Intermediate mesoderm dorsa l 
to the intraembryonic coelom Intermediate mesoderm: . ~ 

Nephrogenic ridge / '/ 

Left and right 
dorsal aorta 

Lateral plate 
is a thin 

mesodermal 
coating of 

the coelom 

Formation 
ohentral 

mesentery -~4,..,: 

Amnion fusing 
with chorion 

Connecting slalk 

Nephrogenic cord / 
Genilal ridge --... 

Splanchnopleure 
(endoderm plus 

l11teral plate 
mesoderm) 

Somatopleure 
(ectoderm plus 

!literal plate 
mesodenm) 

Guttube 

Embryonic endoderm 
forming gastrointestinal 
(gut) tube 

Somatic mesoderm 
of lateral plate 

,~:'- Amnion tucking 
11round the sides of 
the lolding embi)'O 

Splanchnic mesoderm 
of la teral plate 

.~ioo1ite sclerotome 
surrounds the neural 
tube 11nd notochord to 
form vertebral column 

Spinal nerve 

"-"- Ventral mesentery 
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Formation of the Placenta 

Heuser's membrane - l!'l 

yolk sac 
Extraembryonic mesoderm 

Splanchnopleuric--"' 
Somatopleuric ---"' 

Approximately 7 1/ 2 days 

mesoderm 
Yolk sac ,...._... 

Approximately 12th day 

Amniotic cavity 
~'--" Connecting stalk 

Cytotrophoblast 
Syncytiotrophoblast 

,..,._"'-- Extraembryonic 

Umbilical vein 

.• I .;,_ .. ,1 coe om 

· --Endometrium 

Exocelomic cyst 

snElll at the interface 
of the villous chorion 

and enclorr•elriium 

..,._> Pools of 
maternal 
blood 
surrounding 
villi 

Approximately 15th day Approximately 25th day and the 
establishment of placental circulation 
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The Endometrium and Fetal Membranes 
Early fetal development and membrane formation in 
relation to the uterus as a whole (schematic) 

Uterine cavity --."Jf---_;:~ 

Decidua capsularis -r---;!--
Smooth chorion-+---~ 

I 

Chorionic villi (villous chorion) 

Connecting stalk (umbilical cord) 

Decidua basalis 

Full-term fetus within the uterus 
(with low position of placenta) 
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Amnion 

Chorion 

Cotyledons 

Connective 
tissue septa 

Decidua basalis 

Placental Structure 
Development of the placenta: chorionic villi 

~;..::z..- Syncytiotrophoblast 

Cytotrophoblast 

Free v illi 

Anchoring v illus 

Cytotrophoblastic 
shell 
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Placental Structure 

Cotyledons Connective tissue septa 

Section through deep portion of placenta
early gestation 

.d 

(A) Villus, (B) trophoblast, (C) intervillous 
space, (D) anchorin!j villus, (E) villus invading 
blood vessel, (F) libnnoid degeneration, 
(G) decidua basalis, (H) gland 

Full-term placenta 

Appearance of placental villi a t term 
(A) Syncytial cell mass becoming trophoblastic 
embolus, (B) fetal blood vessel endothelium 
against a thinned syncytiotrophoblast, where 
they share a basal lamina. The cytotrophoblast 
ha s disappeared 
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Placental Variations 

Battledore placenta 

Velamentous insertion of cord 

Succenturiate 
placenta 

Circumvallate placenta 
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Placenta Previa 

Marginal placenta previa 

Partial placenta previa 

Total (central) placenta previa 
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Summary of Ectodermal Derivatives 

Neural tube 

Surface ectoderm 

I 

} 

Central and 
peripheral 
nervous 
system 

Epidermis 
of skin 

Ectoderm of the gastrula 

Neural plate 
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Thyroid 
diverticulum 

Summary of Endodermal Derivatives 

Gut tube of 
cylindrical embryo 

Yolk sac 

Endoderm 
of gastrula 

and yolk sac 

Ph;~rvrlx with 
pharyngeal pouches 

Gallbladder ___ -.L 

Trachea 

Lung buds 

Intestines --

Yolk sac stalk 
Cloaca (future urinary 
bladder and rectum) 

Pancreas 
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Summary of Mesodermal Derivatives 

.-S1Jmite sclerotome 
surrounding neural tube 

Somite dermomyotome 

~--- Intermediate 
mesoderm 
forming kidneys 
and gonads 

-riiS'-- Splanchnopleure 
mesoderm 

Somatopleure 
mesoderm 

Mesenchyme 

Notochord 

Axial and appendicular 
skeleton, 5 weeks 

Lat1aral plate 

Intermediate column 

Paraxial column 

Developing skeletal 
muscles, 8 weeks 
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Chart 2.1 Ectodermal Derivatives 

Primordia Derivatives or Fate 

Surface ectoderm Epidermis of the skin 
Sweat, sebaceous, 

and mammary 
glands 

Nails and hair 
Tooth enamel 
lacrimal glands 
Conjunctiva 
External auditory meatus 

(Stomodeum and Oral and nasal epithelium 
nasal placodes) Anterior 11ituitary 

(Otic placodes) Inner ear 
(lens placodes) Lens of eye 

Neural tube Central nervous system 
Somatomotor neurons 
Branchiomotor neurons 
Presynaptic autonomic 

neurons 
Retina/optic nerves 
Posterior pituitary 

Neural crest Peripheral sensory 
neurons 

Postsynaptic autonomic 
neurons 

All ganglia 
Adrenal medulla cells 
Melanocytes 
Bone, muscle, and 

connective tissue in 
the head and neck 

Amnion Protective bag 
(with chorion) 
around fetus 
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Chart 2.2 Endodermal Derivatives 
CHART 2.2 ENDODERMAL DERIVATIVES 

Primordia Epithelial Derivatives or Fate 
Gut tube endoderm Gl tract (enterocytes) 

Mucosal glands of Gl tract 
Parenchyma of Gl organs (liver, 

pancreas) 
Airway lining (larynx, trachea, 

bronchial tree) 
Thyroid gland 
Tonsils 

Cloaca Rectum and anal canal 
(part of hindgut) Bladder, urethra, and related glands 

Vestibule 
Lower vagina 

Pharyngeal pouches Auditory tube and middle ear 
(part of foregut) epithelium 

Palatine tonsil crypts 
Thymus gland 
Parathyroid glands 
C cells of the thyroid gland 

Yolk sac Embryonic blood cell production 
(mesoderm) 

Pressed into umbilical cord, then 
disappears 

Allantois (from yolk Embryonic blood cell production 
sac, then cloaca) (mesoderm) 

Vestigial, fibrous urachus 
Umbilical cord part disappears 

Gl, Gastrointestinal. 
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Chart 2.3 Mesodermal Derivatives 

CHART 2.3 MESODERMAL DERIVATIVES 

Primo rdia Derivatives or Fate 
Notochord Nucleus pulposus of an interverte· 

bral disc 
Induces neurulation 

Paraxial columns Skeletal muscle 
(somites) Bone 

Connective tissue (e.g., dorsal 
dermis, meninges) 

Intermediate Gonads 
mesoderm Kidneys and ureters 

Uterus and uterine tubes 
Upper vagina 
Ductus deferens, epididymis, and 

related tubules 
Seminal vesicles and ejaculatory 

ducts 

Lateral plate Dermis (ventral) 
mesoderm Superficial fascia and related tissues 

(ventral) 
Bones and connective tissues of 

limbs 
Pleura and peritoneum 
G l tract connective tissue stroma 

Cardiogenic Heart 
mesoderm Pericardium 

Gl, Gastrointestinal. 
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THE NERVOUS SYSTEM 
TIMELINE 

Flexures and swellings distinguish the forebrain 
(prosencephalon), midbrain (mesencephalon), 
and hindbrain (rhombencephalon). 

Forebrain div ides into the diencephalon and 
telencephalon (future cerebral cortex). 

Secondary gyri are present; brain is 25% of 
its adult size. 

Neurulation. 

week 

Spinal nerves grow into the body wall; 
autonomic nerves grow into the viscera 
within the body cavities. 

____ 
1
3 Months 

6 months 

Primary gyri begin to appear. 
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Oropharyngeal 

Appearance 
the neural plate' 

Neural plate 
forming neural <uu"-.-.....J.'~ 

Intermediate 

lntraembryonic 

Formation of the Neural Plate 

Notochord 

Paraxial column 

Lateral plate 

Midbrain 

Lens placode 

Olfactory placode 

Hypophysis 

Axial rudiment 

Spinal cord 

Neural crest 

Developmental fates of 
local regions of ectoderm 

of embryonic disc at 18 days 
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2.0mm 

2.3mm 

1st occipital 
somite 

Neural plate 
of forebrain - -'t1r 

Neural folds 

Fused neural 
folds 

1st cervical 
somite 

Neurulation 

Future neural crest 

Level of 

Embryo at 20 days 
(dorsal view) 

Neural groove 

Neural fold 

Neural crest 

Level of 

Embryo at 21 days 
(dorsal view) 
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NeuraiTube and Neural Crest 

2.6mm 

Neural crest 

1st occipital 
somite 

1st cervical 
somite 

1st thoracic 
somite 

Caudal 
neuropore - -lo. 

Neural tuo,e-
(spinal cord) 

Notochord ___ ......, 

4th week 

Sulcus limitans 

Embryo at 24 days 
(dorsal view) 

/ r.: .. rr-nin" l epithelium 
of future gonad 

Preaortic 
sympathetic ganglion 

9.P!!-.- Cortical primordium 
of suprarenal gland 

Dorsal mesentery 

Chromaffin cell, suprarenal 
medulla ce II Serosal lining (peritoneum) of 

abdominal celom (peritoneal cavity) 

6th week 
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Spinal bifida occulta 

NeuraiTube Defects 

Dermal sinus 

Sinus with 
squamous plug 

~~-+-Cauda 
equina 

Fat pad overlying spina bifida occulta. 
Tuft of hair or only skin dimple may 
be present, or there may be no 
external manifestation. Dermal sinus 
also present in this case (arrow) 

Types of spina bifida aperta with protrusion of spinal contents 

Meningocele Meningomyelocele 
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NeuraiTube Defects 

/ 
Frontal encephalocele 

Occipital 
encephalocele 

I \ 

Anencephaly 
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N euron D evelopment 

Two postganglionic au tonomic neurons of a sympathetic or parasympathetic ganglion 

Endings of preganglionic autonomic neuron 
synapsing with cell bOOies of postganglionic neurons 

Axons ending on gland or smooth 
(involuntary) muscle or cardiac muscle cells 

Neurilemmal sheath of Schwann sunrounding 
unmyelinated axons of two neurons 

Somatic or visceral sensory neuron of a spinal ganglion or sensory ganglion of cranial nerves V, VII, IX, or X 

1. During developmen t Dividing 
satellite cell 

Neuron endings of central process 
within spinal cord or brainstem 

Satellite cells 
2. Mature 

Node 

Dividing neurilemmal 
(Sch.,Jann) cell 

Neuron endings of 
peripheral process 

within an organ-?~;::: 
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Development of the Cellular Sheath of Axons 

Unmyelinated axons of 
peripheral neurons 
(sensory, somatic motor, 
or visceral motor) being 
surrounded by 
cytoplasm of a 
neurilemmal (Schwann) 
cell 

Myelinated axon of 
peripheral neuron 
(sensory, somatic motor, 
or visceral motor) being 
surrounded by a 
wrapping of cell 
membrane of a 
neurilemmal (Schwann) 
cell 

Myelinated axon of 
CN S neurons being 
surrounded by a 
wrapping of cell 
membrane of an 
oligodendrocyte. 
Unmyelinated axons of 
CNS neurons 
surrounded by 
cytoplasm of an 
oligodendrocyte in 
manner shown for 
neurilemmal cell in A 

Neurilemmal (Schwann) cell 

(%) 

? p 
Axons 

Axon 

Neurilemmal (Schwann) cell 

Oligodendrocyte 

Periaxonal space 
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Development of the Spinal Cord Layers 

Embryo at 24 days (dorsal view) 

1st thoracic 
somite 

Caudal 
neuropore-~ 

Level of 

Neuroepithelial 
cells 

Sulcus limitans 

Development of the neural tube layers in the spinal cord 

Internal 
limiting 
membrane 

Neuroepithelium 

Migrating 
neuroblasts External 

limiting 
membrane Pial cell 

Marginal layer 

Central 
canal 

Migrating neuroblasts 

Ependymal zone 
layer (gray matter) 

Pia matter 

.~ 
Ma,rain1al zone 
lwt1ite matter) Mantle layer 

Neural tube at 5 weeks Spinal cord at 3 months 
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Development of the Spinal Cord 

Dorsal alar 
late (sensory 

and 
coordinating) 

Ventral 
basal plate 

(motor) 

5 1/ 2 weeks (transverse section) 

Central canal 

\1~~~== Ependymal layer II Mantle layer Sensory 

--Marginal layer 

...,.- Sulcus limitans 

Motor 

Differentiation and growth of neurons at 26 days 

Neural crest ---ff• 
t pendymal layer 

Spinal cord Mantle layer----~-
(thoracic part) Marginal layer---~ 

Mature (transverse section) 

Central canal 

~" --- Dorsal gray 
__- column (hom) 

--Tracts (white 
matter) 

~-+ Lateral gray 
column (hom) 

'---""""=''---- Ventral gray 
column (hom) 

Tracts (white matter) 

Motor neUioblasts glOWing 
out to terminate on motor 
endplates at striated 
(voluntary) muscle 
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Peripheral Nervous System 
Differentiation and growth of neurons at 28 days 

(right side of diagram shows newly acquired neurons only) 

\ 

Migrating 
neuroblasts 
from neural 
crest (post
ganglionic, 
sympathetic, 
motor) 

Sensory cells from neural crest 

~-- Commissural neuron 

I 

Association neuron 

Ventral funiculus 

)1----Growing to dorsal 
surface of body 

Growing to lateral 
and ventral 
surfaces of body 

} (somatopleure) 

'1-- Growing to viscera of 
body (splanchnopleure) 
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Peripheral Nervous System 
Differentiation and growth of neurons at 5 to 7 weeks 

(right side of diagram shows neurons acquired since 28th day only) 

Dorsa l (sensory) ganglion 

Ventral (molar) root 

Dorsal ramus 
of spinal nerve 

Ventral ra mus o f 
spina l nerve 

VYhite ramus 
commun1cans 

Gray ramus/ 
commun1cans 

Sympathetic 
ganglion 

Sympathetic trunk 

" 

Collateral sympathe tic trunk ganglion 
(celiac, superior, and inferior mesenteric) 

Sensory neuron of abdomina l 
viscera (cell body in dorsal ga,ngl,ion:)-

nerw 

Association neuron 

Postganglionic, 
sympathetic, and 
motor neurons 
(derM!d hom 
neural c"'sQ 
growing 1o end on 
smooth (in\'0~ 
untary) muscle 
and sweat g lands 

Preganglionic, sympathe tic, 11nd 
motor neurons growing to synapse in 
another sympa the tic trunk ganglion 

I ~,.I,.- Postganglionic, sympathetic , a nd motor 
neurons (derived from neural crest) growing to 
end on glands and smooth (involuntary) muscle 
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Peripheral Nervous System 

Gut 

Migration of neural crest cells 
form peripheral ganglia of 
autonomic nervous system 

Sensory neuroblast 
grows into dorsal 
horn and viscera 

Motor neuroblasts form 
primitive axons, which 
migrate into ganglia and 
then innervate viscera 

Autonomic Development 
Autonomic nervous system mostly innervates splanchnopleure (viscera) 

Epaxial muscles 

Dorsal ramus 

Hypaxial muscles 
(flexors of limb) 

Hypaxial muscles (flexors 
arm and shoulder) 

Somatic Development 

Motor neuroblasts form 
primitive axons and enter 
skeletal muscle of body wall 

Posterior cutaneous nerve 

Dorsal ramus 

Ventral ramus 

Hypaxial muscles in thoracic 
and abdominal wall 

Somatic nervous system innervates somatopleure (body wall) 
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Growth of the Spinal Cord and Vertebral Column 

.,__ Vertebral body 
Spinal root of S 1 originates --;;-=::">-,.._.,iiiiiii 

near L 1 vertebral body r 
L1 

Dura mater 

Nerve root of S 1 exils 
near level of origin 

Spinal cord and 
dura terminate 
near end of 
vertebral canal 

Relationships in 
fetus at 2- 3 months 

Nerve root of spinal nerve S 1 must 
travel from level of L 1 vertebral body 
to exit at S 1 vertebral level 

L1 

L2 

L3 J -
... L~ -L5 

L1 

--Spinal cord 
terminates at L 1 

~t·uui'Tl terminale --::?' 

s~ 

extends to C 1 '-
.J 

Relationships at birth 

Dural sac terminates 
near S 1 vertebral body 

"§~ 
~ V Attachment of filum terminale 

c_y 
c 

j)v Relationships in adult 
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Embryonic D ermatomes 

Segmental distribution of dermatomes/ myotomes 
in embryo of 6 weeks:.,..~--~--~ 

One pair of spina l nerves re lates to each 
of the dermatomes/ myotomes 

Occipital 
(postotic) 
myotomes 

Cervical 
dermatomes/ 
myotomes 

Thoracic 
derma tomes 

Coccygeal n. 
(sensory 

and motor) 

1st cervical n. 
(sensory and motor) 

1st thoracic n. 
(sensory and motor) 

Coccygeal /myotomes 
dermatomes/ 1st sacral n. 

myotomes -~!1 (sensory and motor) 
~~:;;;;,p:;.::_ Lumbar dermatomes/myotomes 

Sacral dermatomes/myotomes 

Cross section of the dorsal and ventral ramus of a spinal 
nerve innervating dermatome/ myotome derivatives 

--Posterior cutaneous nerve 

1st lumbar n. 
(sensory and motor) 

~..__- Epaxial muscles 

~- Dorsal ramus 

Ventral ramus 
Motor neuroblasiS form 
primitive axons and enter 
skeletal muscle of body wall 

~4-- Hypaxial muscles 
in thoracic and 
abdominal wall 

Lateral cutaneous nerve 

Anterior cutaneous nerve 
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Adult Dermatomes 

-C6 

L.5 

- S1 

L4 

Levels of' principal dermatomes 
cs Clavicles 
cs, 6, 7 Lateral parts of upper limbs 
cs, n Medial sides of upper limbs 
C6 Thumb 
C6, 7, s Hand 
cs Ring and little fingers 
T4 Level of nipples 

C2 

L4 

no Level of umbilicus 
T12 Inguinal or groin regions 
Ll, 2, 3, 4 Anterior and inner surfaces of lower limbs 
L4, s, 51 Foot 
L4 Medial side of great toe 
51, 2, LS Posterior and outer surfaces of lower limbs 
51 Lateral margin of foot and little toe 
S2, a, 4 Perineum 
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Development of the Brain 
Central nervous system at 28 days 

Forebrain 
(prosencephalon) 

Midbrain (mesencephalon) 

3.6mm 

Opening of rinl1t / 
optic vesicle 

In these sections: 
I • I Alar plate 

I Basal plate 

Hindbrain (rhombencephalon) 

Cephalic flexure 

Cervical flexure 

Spinal cord----+ 

Sagittal section 

~Forebrain 

Alar (roof) plate 

Optic vesicle 

r---Midbrain 

---Basal plate 

;----Spinal cord 

Frontal section 
(ventral to sulcus limitans) 
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1.0 mm 

Develo pment of the Brain 

Cranial n. VII (Facial) 
(sensory and motor) 

Cranial n. VI 
(abducens) (motor) 

Cranial n. V (trigeminal) 
(sensory and motor) 

Cranial n. IV 
(trochlear) (motor) 

Midbrain 

Hindbrain 

Cranial n. VIII 
(vestibulocochlear) 
(sensory) 

Cranial n. IX 
(glossopharyngeal) 
(sensory and motor) 

Cranial n. X 
(vagus) 

Sagittal section 

Metencephalon 
(cerebellum, pons) 

4th ventricle 

Basal plate 

Sulcus limitans 

Thin root of 
myelencephalon 
(medulla oblongata) 

4th ventricle 

(senory and motor) 

Cranial n. Ill 
(oculomotor) 

(motor)gg 

Cranial n. XII 
(hypoglossal) 
(motor) _ _J 

1st cervical n. 
(sensory 
and motor) 

1st lumbar n. 1st thoracic n. 
(sensory 

and motor) motor) 

Central Nervous System: 
Cranial and Spinal Nerves at 36 Days 

In sagittal and frontal sections: 

L___JI Alar (roof) plate 

c::::J Basal plate 

~ Derivatives of neural crest 

Diencephalon 

3rd ventricle 

Opening of 
right tel en-

vesicle 

Infundibulum 

Opening of right optic stalk 

Lamina terminalis 

Frontal section 
(ventral to sulcus limitans) 

3rd ventricle 

Telencephalic vesicle 

/ Lateral ventricle 

.,...- Alar plate 

J.~l.:,};-- 3rd ventricle 
Optic stalk 

Optic cup 

Infundibular recess 

Diencephalon 

\1----- Mesencephalon 

...:1-l:----- Cerebral aqueduct 

,l,i----- Basal plate 

~--- Metencephalon 
(cerebellum, pons) 

r:>'--- 4th ventricle 

-:f.t---__ Myelencephalon 
(medulla oblongata) 

4th ventricle 

Rhombencephalon 
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Development of the Brain 

Central nervous system at 49 days 

Cephalic flexure--
Mesencephalon--
Mamillary body--_. 

Epiphysis (pineal gland) -===~~ 
Diencephalon · 

17.0 mm 

Telencephalon cerebral hemisphere) t
Telencephalic vesicle 

Olfactory lobe (paleocortex) 

Outline of diencephalon (overgrown 
by cerebral he1-nis.ohere·s \ -' 

Olfactory lobe (paleocortex) 

Optic nerve (cranial nn. 

78.0 mm 
Pons (metencephalon) 

~=~~~~~~~~·~pons) 
_R,oof of 4th ventricle 

Myelencephalon 
(medulla oblongata) 

~~~L- Cervical flexure 
Pontine flexure 

Spinal cord 

Optic cup 

Cerebellum (metencephalon) 

r--Medulla oblongata 
(myelencephalon) 

~--Cervical enlargement 
of spinal cord 

.;-- -Lumbosacral enlargement 
of spinal cord 
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Growth of the Cerebral Hemispheres 

Brain at 6 months 
-+------ 8.0 mm ------+-

Frontal lobe of left 
cerebral hemisphere 

Insula (island of Reil) in 

........ _,.. 

,----~:::~-.;::---Central (rolandic) sulcus 

~arietallobe 

Parietooccipital sulcus 
lateral (sylvian) sulcus --'!:-----~ 

Olfactory bulb-----'~ ~-.., 

Temporal lobe 

Pons 

Pyramid 

Brain at 9 months (birth) 

..:---Occipital lobe 

~---Spinal cord 

- ------10.5 mm-------

' Left cerebral hemisphere--:'- Parietooccipital sulcus 

--c,ccipitallobe 

Olfactory bulb :--Cerebellum 

:.,___ Medulla oblongata 

Spinal cord 
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Derivatives of the Forebrain, Midbrain, and Hindbrain 
Adult derivatives of brain primordia 

Adult neural structures 
derived from embryonic 
primordia 

Sagittal view 

~--Cerebral hemispheres ---""" 
(telencephalon) 

~--Olfactory bulbs (CN I) ---, 
(telencephalon) 

~-- Thalamus/3rd ventricle 
(diencephalon) 

,...---Optic chiasm (CN II) -----:-7-.. 
(diencephalon) 

r.-- Pineal gland 
(diencephalon) 

Tectum/aqueduct 
(mesencephalon) 

CNV ....,.._._.. 

.-+.'- Pons 

CNVII -r--....._ 

CN VIII 

(metencephalon) 

4th ventricle 
(metencephalon) 

'--Cerebellum 

CNX 

(metencephalon) ---"" 

"---- Medulla oblongata 
(myelencephalon) __ _., 

'---Spinal cord -----' 
Dorsal view 
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Spinal cord 

Dorsal alar 
plate 

(sensory and 
coordinating) 

Ventral basal 
plate (motor) 

Cross Sections of the Midbrain and Hindbrain 

5 1/ 2 weeks (transverse section) 
Central canal 

Ependymal 
layer 

_ ...:;. _ _ Mantle Sensory 

layer 

Marginal layer 

Sulcus limitans 

Mature (transverse section) 
Central canal 

Dorsal gray 
~column (horn) 

- .,..-- Tracts (white matter) 

~-o:j- Lateral gray 
column (horn) 

\.._;:~..z::__ __ Tracts (white matter) 

Medulla oblongata 

Dorsal alar 
plate (sensory 

and 
coordinating) 

Ventral basal 
plate (motor) 

Dorsal alar 
plate (sensory 

and 
coordinating) 

Ventral basal 
plate (motor) 

1/ 2 weeks (transverse section) 
_,.,..,_.-,."'o::;;;;;;;;;;~-- Roof plate 

- -fi'--- 4th wntricle 

Location of 
sensory 

coordinating 
nuclei (gray 

matter) 
'+- - -:- Ependymal 

layer 

Marginal 
layer 

Marginal 
layer 

Sulcus 
limitans 

Location of 
motor control 

nuclei (gray 
matter) 

Location of 
motor control 

nuclei (gray 
matter) 

Mature (transverse section) 

4th wntricle 

Tracts (white matter) 

Olivary nucleus 
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Production of Cerebrospinal Fluid 

Medulla oblongata at 3 1/ 2 months (transverse section) 

Ependymal roof of 4th ventricle 

Lateral recess of 4th ventricle 

~ 
Lateral aperture 

Medulla oblongata, mature (transverse section) 

Choroidal vessels--?'-.. 

Ependymal floor of 4th ventricle 

Pyramid 

Choro,id plexus protruding 
through lateral aperture of 
4th ventricle (foramen of 
Luschka) 
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Development of Motor Nuclei in the Brainstem 

Parasympathetic 
(GVE) column·---

Brachiomotor 
(SVE) column 

Somatomotor 
(GSE) column 

Note: 
C.S£ .. C('ntral somatic efftr(lont 
CVE = General vi$Ct>tJII efferent 
SVE = Sp-ecial \•isceral efferent 

IV (GSE) 
--r·~• V (SVE) 

SOtlMti<. 
<CSEJ 

CN Ill 
CN IV 
CNVI 

CNXII 
CNXI 

CN VII (SVE) 

CN VII (GVE) 

CN VI (GSE) 

CN IX (GVE) 
IX (SVE) 

CN XII (GSE) 

CN X (SVE) 

CN X (GVE) 

Spinal cord 

CN Ill 

CN VII 
(N IX 
CNX 

CNV 
CN VII 
CN IX 
CNX 

Ventral horn 

Lateral horn 
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Segmentation of the Hindbrain 

Rhombomeres Cranial nerve Motor nuclei 
Notochord 

Optic GCIU~tp~....-::t:-...... 
Telencephalon ~ 

.------eN Ill 
,.-----eN IV 

Pharyngeal 
arches 

Lateral view 

.-----eNV-------~ 
,.---·C:N VI----..,. 

X 

,----eN VII ------. 
,....----eN IX -------. 

Anatomic 
patterns of 

gl'nct expression 

-----...., 
Otic vesicle 

X, XI 

eN XII 

Anterior view 
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Development of the Forebrain 

Differentiation of walls of neural tube 

Neural tube at 5 weeks 

Migrating 
Internal neuroblasts 
limiting 
membrane 

Pial cell 

External limiting 
membrane 

Neuroepithelial 
layer 

Mantle 
layer 

Marginal 
layer 

Lateral 
ventricle 

Cerebellar hemisphere at 3 months 

Ependymal 
zone 

Mantle 
zone 

Marginal zone 

Cerebral hemisphere at 3 months 

Migrating neuroblasts 
---c.~-~--~---+-~~ 

Ependymal 
zone 

Mantle 
zone 

Future 
white 
matter 

Molecular 
layer 

Primordial 
cortex 

Marginal zone 

www.medicalmcqsdownload.blogspot.com



Development of the Forebrain 

Diencephalon 5 1/ 2 weeks (transverse section) 

Dorsal part of 
alar plate 

(thalamus) 
Ependymal layer 

Mantle layer 

Marginal layer 

Forebrain at 7 weeks (transverse section) 

Ventral part of 
alar plate 

(hypothalamus) Hypothalamic 
sulcus 

Choroidal vein and artery 

Telencephalic vesicle (cerebral 
hemisphere; neocortex) 

Mamillary recess 

Telencephalon at 7 1/ 2 weeks (transverse 
section) 

Choroidal vein and artery 

Telencephalic vesicle 
(cerebral hernisoh!!re· 

Ependymal 
layer 

Roof of 3rd ventricle 

(archicortex) 
1/ ,;-,"'-.. Lateral 

ventricle 

~-Choroid 
plexus 

Mantle layer~ 
Marginal layer 

Roof of 3rd ventricle 

7,..-;:-.:L Interventricular 
foramen 

3rd ventricle 

Opening 
between lateral 
and 3rd 
ventricles 
(interventricular 
foramen) 

Marginal layer __....-:i 

Anterior lobe of 
hypophysis 

(pituitary gland) 

Corpus striatum 
(basal ganglion) 

3rd ventricle 

..>~:!..- Infundibulum (pituitary stalk) 
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Develoment of the Forebrain 

Forebrain at 2 Months 
(coronal section; anterior view) 

Telencephalon at 2 1/ 2 months 
(right anterior view) 

Right cerebral hemisphere at 3 months 
(medial aspect) 

Cerebral hemispheres at 3 months 
(coronal section) 

---

Diencephalon and telencephalon 
Mature (coronal section) 
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Development of the Forebrain 
Forebrain at 2 Months (coronal section; anterior view) 

Epiphysis 
(pineal gland) 

Cerebral hemisphere 
(cut edge) 

Hippocampus ~ 
Choroid plexus __ _ 

Corpus striatum 
(basal ganglion) 

Optic (nerve) stalk 

RD<Jf of 3rd ventricle 

Interventricular foramen 

Lamina terminalis 
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Development of the Forebrain 
Telencephalon at 2 1/2 months (right anterior view) 

Right cerebral hemisphere 
(cut edge) 

Corpus striatum 
(basal aan,alic,n\' 

Opening of cavity of right 
olfactory lobe 

--Left cerebral hemisphere 

:.--Choroid plexus protruding 
into right lateral ventricle 
along choroid fissure 

Interventricular foramen 

Olfactory lobes (cortex) 
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Development of the Forebrain 
Right cerebral hemisphere at 3 months (medial aspect) 

Medial surface of right cererbral 
hemisphere (necortex)_ 

Corpus callosum 

Commissure of fornix 
(hippocampal commissure) 

-,_~ 

Lamina terminalis 

Olfactory lobe (palleo!:ort.ex) 

3rd ventricle 

Choroidal vessels passing to 
choroid plexus, which 
protrudes into right lateral 
ventricle along choroid fissure 

.;---Hippocampus (archicortex) 

--Stria terminalis 

Thalamus (cut surface) 

of div ision between 
diencepahlon and telecepahlon 
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Development of the Forebrain 
Cerebral hemispheres at 3 months (coronal section) 

Dura matter Superior sagittal sinus 

Ependymal layer 

Neocortex 

Corpus striatum 
(basal ganglia) 

Caudate 
nucleus 

Lenticular./ 
nucleus 

Optic recess of 3rd ventricle 

Choroid plexus of 
roof of 3rd ventricle 
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Development of the Forebrain 
Diencepahlon and telencepahlon 

Mature (coronal section) 

Choroid plexus (projecting into lateral 
ventricle along choroid fissure Corpus callosum 

Septum pellucidum 

Fornix 

Choroid plexus in 
roof of 3rd ventricle 

lnterthalamic adhesion 
(bridging 3rd ventricle) 

~---- ...... 
~~~ --,~ ~ 

Thalamus { / 

- ' 

---

Mamillary bodies 

Body of caudate nucleus (basal ganglion) 

Internal capsule Corpus striatum 
.(b<tsal ganglion) 

Claustrum 

Insula 

~;.--- Temporal lobe of 
cerebral hemisphere 
(from alar plate) 

.:r- Cerebral cortex 
(gray matter) 

Tracts (white matter) 

Line of fusion between 
diencepahlon and telencephalon 
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Development of the Pituitary Gland 

Infundibular process 

Oral ectoderm 
Rathke's pouch 

Mesoderm 

1. Beginning formation of Rathke's 
pouch and infundibular process 

Sphenoid sinus 

4 . "Pinched off" segment conforms to 
neural process, forming pars distalis, 
pars intermedia and pars tuberalis 

2. Neck of Rathke's pouch 
constricted by growth of mesoderm 

5. Pars tuberalis encircles infundibular 
stalk (lateral surface view) 

I 

3. Rathke's pouch "pinched off" 

Median eminence 

6. Mature form 
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Development of the Ventricles 

Frontal sedion (ventral to sulcus limitans) at 36 days 

Telencephalic 
wsicle --

Alar plate ~ 

Lamina terminalis 

Infundibular recess 

Cerebral aqueduct ---f-f-

Rhomben
cephalon 

Metencephalon 
(cerebellum, 

pons) 

Metacoele 
(4th wntricle) 

Myelencephalon 
(medulla oblongata) 

4th wntricle 

Central canal 

Ependymal linin3 of cavities of brain at 3 months 

Right lateral wntricle 

Left lateral wntricle 

Interventricular foramen 
(of Monro)---;..- '-

Lateral aperture of 4th 
wntricle (of Luschka) 

lateral recess 

Median aperture 
of 4th wntricle (of 
Magendie) in roof 

Central canal of spinal cord 
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D evelopment of the Ventricles 
Ependymal lining of cavities of brain at 9 months (bir th) 

Right lateral ventricle 

Region of invagination of 
choroid plexus along choroid 

fissure of lateral ventricle -..::;,-

Foramen in 3rd ventricle for 
interthalamic adhesion 

Thalamic impression 

Optic recess of 3rd ventricle 

Infundibular recess 

Region of invagination of 
choroid plexus along choroid 

fissure of lateral ventricle 

Anterior horn of left lateral 
ventricle in frontal lobe 

Central part of left 
lat<eral ventricle 

-
---Suprapineal recess 

of 3rd ventricle 

Inferior horn of left lateral 
ventricle in temporal lobe 

Posterior horn of left lateral 
ventricle in occipital lobe 

Left lateral aperture (of 
Luschka) of 4th ventricle 

MecJian aperture (of 
Magendie) of 4th ventricle 
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Hydrocephalus 

Clinical appearance in 
advanced hydrocephalus 

CongenitaiVentricular Defects 

Potential lesion sites in obstructive hydrocephalus 
1. Interventricular foramina (of Monro) 
2. Cerebral aqueduct (of Sylvius) 
3. Lateral apertures (of Luschka) 
4. Median aperture (of Mager1die1) 

3rd ventricle 

4th ventricle 

Se,ctic>n through brain showing marked 
dilation of lateral and 3rd ventricles 
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Adult Derivatives of the Forebrain, MidBrain, and Hindbrain 

Ccrcbral hemispheres (neocortex) Nerves: 
Olfaclory corlex (paleocorleX) Olfaclo ry (I) 

Telencephalo n Hippocampus (archicortex) 
Basal gang lia/corpus striatum 

Forebrain 
lateral and 3rd ventrides 
Optic n •p/nen·es Optic (II) 
'01alamus 

Diencephalon Hypo lhalamus 
Mammillary bo dies 
Part oi Jrd ventricle 
Tectum (superior, infertor colliculi) O culomolor (Ill) 
Cerebral aqueduc l Trochlear (IV) 

Midbrain Me$encephalon Red nucleus 
Substantia nigra 
Crus ce rebe lli 

Melencephalon Pons Trigemina l (V) 
Cerebellum Abducens(VI) 

Facial (VII) 
Hindbrain Acoustic (VII I) 

Myelencephalon Medulla oblo nga la Glossopharyngeal (IX) 
Vagus (X) 
Hypoglossal (XI) 
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Pituitary Hormones 

From the Anterior Lobe From the Posterior lobe 
(Pars Distalis) (Pars Nervosa) 

Follicle-stimulating Thyroid-stimulating Vasopressin 
hormone (FSH) hormone (TSH) 

Luteinizing hormone Adrenocorticotror>ic Oxytocin 
(lH) hormone (ACTH) 

Prolactin Growth hormone (GH) 
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THE CARDIOVASCULAR SYSTEM 
TIMELINE 

Prenatal Time Scale (Months) 

Heart tubes and embryonic 
vessels develop. 

The aortic arches transform. 

Birth 

Foramen ovale closes with 
increased blood flow from lungs. 

established. 

4-5weeks 

The heart tube partitions into 
the four heart chambers. 

Bweeks 

Heart valves 
completed. 
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EarlyVascular Systems 

Aortic sac 

Vitelline artery 

Umbilical vein 

Chorion { 

Vascular systems 
I l lntraembryonic 
I I Vitelline 

'----'1 Placental 

Aortic arches 

~---Sinus venosus 

~-J~nt<eric>r., common, 
and posterior 
cardinal veins 

Dorsal intersegmental 
arteries 

-N- -i'-- - Left umbilical artery 
(right not shown) 
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R. horn 

Segmental veins { 

R. vitelline vein 

R. umbilical vein 

R. posterior 
cardinal vein 

R. subcardinal vein 

R. umbilical artery 

Vein Development 

L. horn of sinus venosus 

L. anterior cardinal vein 

L. common R. subclavian vein _ ___... 
cardinal vein 

!MI1Jt'ill-- L. umbilical vein 

L. vitelline vein 

li'l~-L. posterior 
cardinal vein 

H--L. subcardinal vein 

Aorta 

L. umbilical artery 

"Y--+-- Caudal artery 

R. metanephros 

L. anterior cardinal vein 

subclavian vein 

C ::IA--L. horn of sinus 
venosus 

L. umbilical vein 

lntersubcardinal 
anastomosis 

umbilical artery 

R. anterior cardinal 

L. supracardinal vein 

R. supracardinal L. horn of sinus venosus 
(coronary sinus) 

L. suprarenal veins 

Suoe1rior mesenteric artery 
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Vein Development 

L. brachiocephalic (L. 
innominate) vein 

L anterior 
cardinal vein 

Lcommon 
cardinal vein 

L posterior 
cardinal vein 

IL-~- Coronary sinus (L. 
horn of sinus venosus) 

~uprarenal 

R suprarenal 
gland 

R. external 
iliac artery 

R internal jugular vein 

R. brachiocephalic (R. 
innominate) vein 

R superior intercostal vein 

L suprarenal vein 

renal vein 

Inferior 
vena cava 

L. umbilical artery 

L. external 
iliac artery 

R internal iliac 
vein and artery 

R external iliac 
artery and vein 

R. umbilical artery 

Ligament of L. 
superior vena 
ca\'a (Marshall) 

Coronary sinus 

Hemiazygos vein 

:-'...71'"d.tf:;;;...- Portal win 

Umbilical win 

L suprarenal vein 

tJ,.;;ii;~)- L renal vein 

it--tit7 Gonadal (testicular 
or ovarian) veins 

Middle sacral 
artery and vein 
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Vein Anomalies 

L. superior vena 

Ductus artE!riosus; _ 

L pulmonary veins 

Coronary sinus R. pulmonary artery 

L. superior vena cava . pulmonary veins 

t;~;;-- Inferior vena cava 

hemiazygos 

Superior vena cava-~ 

R. testicular or 
ovarian vein 

Azygos dra inage 

R. superior 
intercostal vein 

Azygos vein ---l l ~#-lr---Coronary sinus 
Coronary sinus 

Inferior vena cava 

Hepatic veins --4 ~~'ll"'fJ ~---~lerniaZY!~Os vein 

L. renal vein 

L testicular or 
ovarian vein 

Abdominal aorta 

R. inferior vena cava 

L suprarenal vein 

inferior vena cava 

Double inferior vena cava 
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R. aortic arch I 

Aortic sac 

Aortic Arch Arteries 

R. aortic arch I 

L aortic arch I 

dorsal 
aorta 

R. primitive 
pulmonary artery 

l. aortic arch I 

dorsal aorta 

Ascending 
aorta 

artery VII 

~-Pulmonary 
trunk 

.,......__ L primitive 
pulmonary 
artery 

L intersegmental 
artery VII 
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Aortic Arch Arteries 

L. carotid duct 

IV 

VI (ductus 
arteriosus) 

1 t=:::~~L. intersegmental 
..,...,, , l' artery VJJ 

(L. subclavian 
artery) 

R. subclavian 
artery 

L. pulmonary 
artery 

Ascending aorta 

VI (ductus arteriosus) 

14 mm (right 
lateral vit•w) 

L. pulmonary artery 

R. pulmonary artery 

Common 
carotid arteries 

External carotid arteries 

R. vertebral 
artery 

L. subclavian artery 

R. pulmonary artery 

Pulmonary trunk 

Internal 
carotid 
arteries 

L. vertebral 
artery 

Ductus 
arteriosus 

Descending 
aorta 
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Artery Anomalies 

R. common carotid artery 
Esophagus 
Trachea 
L. common carotid R. subclavian artery 
artery 

R. aortic arch L. subclavian artery 
L. aortic arch 

Double R. pulmonary artery Ligamentum arteriosum 
aortic L. pulmonary artery 
arch R. bronchus 

L. bronchus 
Pulmonary trunk 
Esophagus 
Descending aorta 

Esophagus R. common carotid artery 
Trachea 

R. subclavian artery L. subclavian artery 

R. aortic arch L. common carotid artery 

Right aortic Ligamentum arteriosum 
R. pulmonary artery L. brachiocephalic trunk arch and left 

ductus R. bronchus L. pulmonary artery 
arteriosus: L. bronchus 

anterior type Pulmonary trunk 

Esophagus 
aorta 

R. common carotid artery 

R. subclavian artery L. common carotid artery 

R. aortic arch L. subclavian artery 
Right aortic Ligamentum arteriosum 

arch and left R. pulmonary artery L. pulmonary artery 
ductus 

L. bronchus arteriosus: R. bronchus 
posterior Pulmonary trunk 

type Esophagus 
Descending aorta 
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Artery Anomalies 

R. pulmonary artery 

l. pulmonary arter y 
from ascending aorta: 

L. pulmonary artery 

R. pulmonary 

Esophagus 

pulmonary artery 

R. pulmonary artery 
from ascending 
aorta: posterior type 

anterior type R. subclavian artery ........ _ Arcn of aorta 

R. pulmonary artery 

R. common carotid artery 

L. pulmonary artery 

R. pulmonary artery 

R. bronchus 

Ascending aorta 

Anomalous origin 
of l. pulmonary 
artery from R. 
pulmonary artery: 
"vascular sling" 

L. pulmonary artery 

L. pulmonary artery 

Ligamentum arteriosum 

L. bronchus 

Pulmonary trunk 

pulmonary 
artery 

l. pulmonary artery from 
l. ductus arteriosus: R. pulmonary artery 

l. pulmonary artery from 
l. ductus arteriosus: 

l. aortic arch R. aortic arch 
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Intersegmental Arteries and Coarctation of the Aorta 
Coarctation of the aorta 

R transverse scapular artery 

R transverse cervical artery 

R thoracicoacromial a. 

R. lateral thoracic a. 

R subscapular a. 

R circumflex scapular a. 

R. 4th intercostal artery 

(Adult) 
Postductal type 

Vertebral arteries L common carotid artery 

To superior and 
inferior epigastric 
and external iliac 

(Infant; 1 month) 
Preductal type 

L ascending cervical artery 

L superficial cervical artery 

L costocervical trunk 

/lt-'7.:;1..:.--- L. transwrse scapular artery 

;;.;;:::.....,.....-- L. internal thoracic (int. 
~ ... ~ ........ -.mammary) artery 

L. axillary artery 

L subclavian artery 

L intercostal arteries 

Intercostal artery retracted from rib, 
demonstrating erosion of costal 
groow by the tortuous wssel 
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Yolk 
sac 

Chorion{ 

Summary of Embryonic Blood Vesel Derivatives 

R anterior cardinal vein 

R supraeardinal 11ein - -+"' 
Anterior, common, and 
pos·terior cardiMI veins 

R. supl9renal gland 

Dorsal aorta 

lt""#lfl-4 - Left umbilical arlery 

Chorionic villi of placenta 

(right not shown) 

R metanephros 

vascular systems 
I:=J lntl9embryonic 
I:=J Vitelline 
D Placenlal 

L. supracardinal vein 

me senteric 
arlery 

Sacrocarclino
subcardinal 
anastomosis 

lnlemal carotid arll!lries 

pulmonary artery 

L. intersegmental artery 
VII (L. subclavian artery) 

I 

~~ c.n ...... 
0 1191\1 
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Formation of Blood Vessels 
Presomite stage (1.5-mm embryo) at approximately 20 days 

Blood islands 
(of cardiogenic plate) 

lntraembryonic 

Window cut 
in endoderm --ff.tlH 

Beginnings of 

Foregut 

dorsal aortas -,--j~~~~--......&1 

Progressive 
stages in blood 

vessel formation 

1~!~~~=Endothelium 
~ Lumenof 

primitive vessel 

Primitive blood cell 

Yolk sac 

Sagittal dissection 
(paramedian) 

PrE!chordal plate 

- Neural plate 
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R. endocardial tube 

lntraembryonic 
coelom (pericardia! 

cavity) 

Formation of the Heart Tube 
One-somite stage (1.5 mm) at approximately 20 days 

Foregut Amnion 

L. endocardial tube 

Ventral dissection Sagittal dissection 

. endocardial 
tube 

-~~L. aortic 
arch I 
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Formation of the Heart Tube 
Two-somite stage (1.8 mm) at approximately 21 days 

Amnion 

L. endocardial tube 

Communications 
between L. and R. 
endocardial tubes 

R. endocardial 
tube 

Foregut 

veins 

Oropharyngeal 
membrane 

aortic arch I 

. endocardial tube 
L"---'-:c:-......r..r.:-......r..t-L. dorsal 

aorta ___ _:..._-li!'=:-.!.1:1 

Ventral dissection Sagittal dissection 
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Forebrain 

Formation of the Heart Tube 
Four-somite stage (2.0 mm) at approximately 22 days 

Communications between 
R. and L. endocardial tubes 

endocardial tube 

Ventral dissection Sagittal dissection 

Forebrain 

L. dorsal aorta 
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R. aortic arch I 

Formation of the Heart Tube 
Seven-somite stage (2.2 mm) at approximately 23 days 

Ventral dissection Sagittal dissection 

Dorsal myocardium 

Dorsal 
mesocardium 

dorsal aorta 
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R. aortic arch I 

Chambers of the Heart Tube 
Ten-somite stage (2.5 mm} at approximately 23 days 

umbilical vein 

L. carotid artery 

L. anterior 
cardinal vein 

Dorsal mesocardium 
breaking down to form 
the transverse sinus 

L. dorsal aorta 

Ventral dissection Sagittal dissection 
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Truncus 
arteriosus 

Chambers of the Heart Tube 
Fourteen-somite stage (3.0 mm) at approximately 24 days 

Ventral dissection Sagittal dissection 

L. anterioj 
L common Cardinal 

· ve1ns 
L. posterior 
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R. atrium 

Amnion 

Bending of the Heart Tube 
Twenty-somite stage (3.2 mm) a t approximately 25 days 

·~;...J_-

Primitive 
L ventricle 

Ca rdia c jelly 

.1..--- L vitelline Vtin 

.L--L. umbilical vein 

l-~~~~~t::::--Yolk u•----
F'oregut 

Do~alaorta ----~--

L phJryngeal pouchtJ 
1 and II 

L. .Interior 
C.lrdin.al v ein 

L common 
cardinal vein 

L. posterior 
cardinal vein 

Aortic arches II 

Truncus arteriosus 

R, umbilical 

AVo• nal 
,_ __ Primitive L. ventricle 

- - -j:ll,- Sinus venosus 

R. and L sinus horns 

Posterior 

~~:o•-- Cloa oal 
membrane 

1~~~i~===~;~e CJ rdinal veins LU .. .,_:;.... Vltt lline veins 

Umbilical veins 

Endocardia l tubt with myoc.Jrdlum removed 
Noll!: Th<> vascular color scheltll! ~ ~~ 
d isti ngu ish as \'Qi ns from arte.ries. It does · "" . 

• / • lliiN L.:n~o1:...:.:11!f::.::k!ct:::._:::bl:::ood:::=.!~:::!:!!::=:io:::n::...::l""":::::::::ls::._. _ ...J 
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Inferior vena cava 

Partitioning the Heart Tube 

Inferior endocardial cushion 

6.5 mm (29 days) 

Septum secundum 

Foramen secundum 

Coronary sinus 

~:;.::~~---= Septum primum 

(Segment removed from R. venous 
valve to expose L. venous valve) 

~~~~~7!-====F~~o:r:amen primum --;t-~~ 
;: AV orifice 

_3:--~~ Sup. endocardial cushion 

endocardial cushion 

.AV orifice 

Interventricular septum 
9 mm {33 days) 
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Left atrium 

Foramen primum Septum primum 

Foramen ovale 

Sinus venosus 

~ 
Right atrium ----+ Left atrium 

R. h ~ . I J 
19 t ventnc e-- Left ventricle 

~ 
Bulbus cordis 

~ 
Truncus arteriosus 

Atrial Separation 

Foramen secundum appears 

Septum secundum 

Septum primum with 
fon~m•~n secundum 

Superior /~ ~....--.....,~ 
vena cava-----

Pulmonary 
veins 

Septum secundum 

Foramen ovale closed after birth 
with increased pulmonary flow 

www.medicalmcqsdownload.blogspot.com



Spiral (Aorticopulmonary) Septum 

4 to 5 mm {approximately 2 7 days) 6 to 7 mm {approximately 29 days) 

Truncus arteriosus 

Bulbus cordis 

Truncus arteriosus 

L. aortic Right superior 
arches truncus swelling 

Right dorsal 
bulbus swelling 

Primitive L. atrium 

Septum primum 

Inferior endo
cardial cushion 

Interventricular septum 

Primitive L. ventricle 

Left inferior truncus swelling 

AV canal 

Superior 
endocardial 
cushion 
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Spiral (Aorticopulmonary) Septum 

8 to 9 mm {approximately 31 days) 9 to 10 mm {approximately 33 days) 

Right superior 
truncus sw,ellirla 

R. lateral cushion 

Interventricular septum 

Right superior 
bulbus swelling - -::-lfll.=::!! 

Left inferior 
bulbus swelling -I--~ 

Right dorsal 
bulbus swelling 4 --

R. atrio
ventricular canal-f.._ 

Superio~Endocardial 
Inferior J cush1ons 

Septal band 

Bulboventricular "'"'n.'J 
Interventricular septum 

Pulmonary valve swelling 

Superior}- Endocardial 

Inferior J cushions 
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Tricuspid orifice 

Septal band 

Completion of the Spiral (Aorticopulmonary) Septum 
16 mm (approximately 37 days) 

Ascending 

Interventricular septum 
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Completion of the Spiral (Aorticopulmonary) Septum 
40 mm (approximately 55 days) 

cusp t cusp Pulmonary 
valve 

cusp 

Superior vena cava 

Descending 
aorta 

Medial ( conal) 
papillary muscle 

~---Ductus 

Anterior Posterior Medial Anterior Posterior 
cusp cusp cusp cusp cusp 

Of tricuspid valve Of mitral valve 

arteriosus 

Pulmonary trunk 

Anterior 
papillary muscle 
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Ventricular Separtion and Bulbus Cordis 

Without the spiral septum 
No exit for blood in left ventricle 

Endocardial cushions 

Right atrioventricular canal 

I 
R.V. LV. 

/ 
IV septum 

With the spiral septum 
Blood can exit both ventricles 

The three structures that must fuse 
to complete ventricular separation: 

c::::J Endocardial cushions 

~ Interventricular septum 

c=J Spiral septum 

Left atrioventricular 
canal 

Interventricular (IV) septum 

Bulbus 
cordis 

Spiral septum 
Bulbus cordis 

Right 
ventricle --+ ... -- -----"'------' 

-+-Left 
ventricle 

Part of the right ventricle is 
incorporated into the left 
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Adult Derivatives of the HeartTube Chambers 

Heart tube derivatives 

Heart tube primordia 

Aortic arches j \ Truncus -f Ascending aorta y arteriosus l Pulmonary trunk 

Bulbus i Aortic vesti.bule 
cordis of left ventncle 

Conus arteriosus 
of left ventricle 

Ventricle -f Trabecular walls of left 
L and right ventricles 

Auricles/pectinate 
muscle walls of left and 
right atria (smooth 
of left atrium from 
pulmonary veins) 

Sinus i Coronary sinus 
venosus Smooth wall 

of right atrium 

Adult heart, anterior view 

Adult heart, posterio r view 
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Pulmonary trunk 

Superior vena cava 

Right pulmonary artery 

Right pulmonary 

Foramen ovale 

Hepatic vein 

Ductus venosus 

Hepatic portal vein 

Umbilical arteries 

Fetal Circulation 

pulmonary artery 

pulmonary vein 

Inferior vena cava 

Superior mesenteric artery 
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Transition to Postnatal Circulation 

Ligamentum arteriosum 
( ot1l iterat1~d ductus arteriosus) 

Fossa ovalis 
{obliterated foramen ovalel--...:...._1_._.:::~] 
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Congenital Heart Defect Concepts 

Clinical characteristics of too little pulmonary flow 

Clinical characteristics of too much pulmonary flow (pulmonary volume overload) 

Infant with respiratory 
distress (including orthopnea 
and tachypnea) caused by 
pulmonary volume overload 

Perspiration and 
tense, anxious facies 

Flared nostrils 

Sternal retraction 

Intercostal retractions 
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Ventricular Septal Defects 

Muscular interventricular septal defect 

Ventricular septal defect 

' P.llhtl llh\l<ilfllnny 
of \Pntrkul.u 
"'-'plalddt_•tl 

Left-to-right shunt through 
ventricular septal defect --+--4 

Subpulmonic defect 

'--=:,;::;;...---Increased pulmonary flow 
(pulmonary volume overload) 
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Atrial Septal Defects 

Superior vena cava 

Crista ten-ninalis 

R. superior pulmonary vein 

Atrial septal defect 

R. inferior pulmonary 

Remnant of septum primum 

Coronary sinus-~ 

Valve of inferior vena cava---J~~~ 
Inferior vena ca\ra ---

R. lower-lobe pulmonary 

"::..,--Pulmo11ary trunk 

~~-:=:...~-R. auricle 

Common atrium 

Foramen sec undum defect 

Sinus venosus defect 
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Spiral Septum Defects 

Persistent truncus arteriosus Transposition of great vessels 

Bicuspid pulmonary valve 
Pulmonary trunk 

Aorta 
Narrowed pulmonary outlet 

Supraventricular 

Overriding aortic valve 

Ventricular septal 
defect (anterior cusp of 

mitral valve seen 
through def'ect) -jj-~1: 

Septal band _.;,:..__,"If/" 

Interventricular septum 

External 
appearance of 
heart 

Tetralogy of Fallot 

P.'llhoph)!!mlo~y oi tt'lr.dngy ol F.lllul 

Right 
ventricular 

outflow 

Right-to-left 
shunt 

through 
ventral 
septal 
defect 

Tricuspid valve 

Hypertrophied R. ventricle Note: Bold labels indicate the 
four primary defects 

Intense cyanosis caused 
by high proportion of 
dec•XY~Ien<lted blood 

Small pulmonary 
trunk 

Aorta shifted to 
right and 
overrides defect 
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Patent Ductus Arteriosus 

Patent ductus arteriosus 

P<tlhophvsiology of p.ll('nl ductus .lr1t'rio~us 

::..----Decreased systemic flow 

~"=:!k:r---Left-to-right shunt through 
patent ductus arteriosus 

Increased pulmonary flow 
(pulmonary volume overload) 
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Chart 4.1 Embryonic Blood Vessel Derivatives 

CHART 4.1 EMBRYON IC BLOOD VESSEL DERIVATIVES 

Embryonic Vessels Major Derivatives 
Aortic arch artery 1 Part of maxillary arteries 
Aortic arch artery 3 Common and internal carotid arteries 
Aortic arch artery 4 Right subclavian artery; part of aortic arch 
Aortic ard1 artery 6 Ductus arteriosus; proximal pulmonary arteries 
Intersegmental arteries Intercostal arteries 

Lumbar arteries 
Common iliac arte ries 
Parts of vertebral, subclavian, and lateral sacral a rte ries 

Umbilical arteries Medial umbilical ligaments on the internal aspect of the abdominal 
wall 

Umbilical vein Round ligament of the liver (ligamentum teres) 
Vitelline arteries Celiac trunk 

Superior mesenteric artery 
Inferior mesenteric artery 

Vitelline veins Hepa tic portal system 
Hepatic veins 
Intrahepatic segment of the inferior vena cava 

Anterio r cardinal veins Superior vena cava 
Brachiocephalic (innominate) veins 
Internal jugula r veins 

Subcardinal veins lower inferior vena cava 
(and anastomoses Renal and suprarenal veins 
between the systems) Gonadal veins 
Supracardinal veins Azygous system of veins 

Segment of the inferio r vena cava between the kidneys and liver 
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THE RESPIRATORY SYSTEM 
TIMELINE 

Prenatal Time Scale (Months) 
4-5weeks 

5-6 weeks 

() 
Cervical somite myotomes migrate into the 
septum transversum to form the diaphragm. 
The nasal placode invaginates to form the 
nasal sac, the anterior part of the primitive 
nasal cavity. 

7- Bweeks 

Primary palate fuses to 
secondary palate. 

Epithelium in distal part 
of the airway in the lungs 
is cuboidal. No gas 
exchange is possible in 
a premature infant. 

Soft palate and epiglottis overlap 
in a short pharynx to help 
separate air and gastrointestinal 
passages during breastfeeding. 

Laryngotracheal diverticulum off the foregut 
div ides into left and right bronchial/lung buds . 

f>-7weeks 

Tertiary (segmental) bronchi have formed. 

Nasal septum fuses to 
completed secondary 
palate. 

6 months 

----~--
Alveolar epithelium thins 
out against capillaries. 
Breathing is possible in 
a premature infant with 
artificial surfactant. 
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Early Primordia 

Embryo al 3 to 4 >\el!ks l.aleral View Embryo al 3 to 4 >\el!ks Sagittal section Oropharyngeal 

1.0 mm 

Forebrain 

Cardiac prominence 

l.aleral view (4 to 5 >\el!ks) 

Ectoderm 
1st cervical 

2nd pharyngeal 
arch 

1st pharyngeal arch 

sagjttal section 

r.-.----::::::=:::::.3:·~0~m:m Frontal _ Auditory vesicle prominence 
1st pharyngeal ~ from otic placode 

Maxillary 
process 

Nasal 
placode .-.,=--

Cardiac 

_,;"' - 2nd pharyngeal 
groove 

1st cervical 
somite 
(myotome 
portion) 

3rd and 4th 
pharyngeal 
groove 

4th pharyngeal arch 
3rd pharyngeal arch 

2nd pharyngeal arch 

Future thoracic wall 

Pericardia! coelom 

Amnion 

Hypothalamus of brain 

1st pharyngeal arch 1st pharyngeal arch 

Future 
thyroid 
gland 

Yolk sac wall 

'-- - - Extraembryonic coelom 

Infundibulum (posterior lobe)l._ Pituitary 

Rathke's pouch (anterior lobe~ gland 

Thyroid diverticulum 

1st pharyngeal 
pouch 

Oropharyngeal 
membrane 
(disintegrating) 
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Formation of the Pleural Cavities 

A. Cross section of embryo 

Paraxial column 
(segmenting into sornites) 

Intermediate meso1Jenn 

Lateral plate mesoderm 

The intraembryonic coelom in the 
lateral plate is continuous with the 
coelom in the cardiogenic mesoderm 

B. Sagittal section at 5 to 6 weeks 

The arrow passes through a temporary 
communication between the extraembryonic 
coelom and intraembryonic coelom 

---- 4.0 mm ----1 

Oronasal membrane 

Nasal (pit) sac 

Tongue (cut surfac1~ )_ 

Primary palate 

1st pharyngeal arch ::::-.....;\==::::~ 
Truncus arteriosus ---~ 

Atrium of heart---.;, 

Ventricle of he:art - -4 

Pericardia! cavity __ """""i 

Gallbladder --~~::c1 

Foregut----

Liver developing in tissue, 
which forms septum transversum 

Rathke's pouch 
Opening of 1st pharyngeal pouch (auditory tube) 

Fn'r"n>An cecum (site of origin of thyroid gland) 
Openings of 2nd, 3rd, and 4th pharyngeal pouches 

Laryngotracheal groove opening 

Trachea 

Esophagus 

~~ L . pleuropericardial fold (future mediastinal pleura and 
pericardium between pleural and pericardia! cavities) 

~---ILen lung bulging into pleural canal, which 
connects pericardia! and peritoneal cavities 

Pleuroperitonea! fold (future L. 
posterior portion of diaphragm) 

Septum transversum (mesenchymal tissue; 
future anterior portion of diaphragm) 

Peritoneal cavity 
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The Relationship Between Lungs and Pleural Cavities 
Sagittal section at 6 to 7 weeks 

Lateral palatine process 
(portion of future palate) 

Oronasal membrane 

R. nasal sac 

Ethmoid fold 

1st pharyngeal arch 

Tongue (cut surfacer 

Pericardia! cavity 

Ventricle of h .. ,.r~~~ 

Septum transversum 
contribution to diaphr·ag,m' 

Falciform ligament 

Liver (cut 

Left atrium of heart 

L. common cardinal vein 

7.0mm 

Opening of 1st pharyngeal 
pmJcn (auditory tube) 

Fo1ran1en cecum of tongue 

O~oeni,nqs of 2nd, 3rd, and 
4th pharyngeal pouches 

__..Ar11ter10id swelling that 
borders laryngeal 
opening (glottis) 

Left lung bulging into L. 
pleural cavity, which 
developed from pleural canal 

Pleuroperitonea! membrane 
contribution to the diaphragm 

Greater omentum (dorsal mesogastrium) 

Stomach bulging into left side of peritoneal cavity 

Pleuropericardial fold, which separates L. 
pleural cavity from pericardia! cavity 

Lesser omentum (ventral mesogastrium) 
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Visceral and Parietal Pleura 

Mecfasrnum .[Septum of viscera and con_n_ective 1 1 
Ltissue between pleural cav<lies 
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Development of the Diaphragm 
I 4.0 mm 

Innervation of muscle masses of tongue, 
neck, and diaphragm at 5 to 6 weeks 

Lingual muscle mass 
(future tongue) -----.,:::;7:~l:..c~~ 

Septum transversum (future 
anterior portion of diaphragm) - -+---

Embryological origins of diaphragm 

R. pleuroperitonea! membrane 

Muscle tissue derived from 
cervical somite myotomes ---

Myelencephalon (future medulla oblongata) 

HyJ:x>gloss.al (XII) nerve 

4th cervical nerve 
Phrenic nerve 

L. pleuroperitonea! membrane 

_,.--Muscle tissue derived from 
cervical somite myotomes 

- 1n·feri1Jr vena cava 
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Trachea 
(deviated) 

Congenital Diaphragmatic Hernia 

Stomach 

Spleen 

Foramen of Bochdalek 

Sites of 
herniation 

Foramen of 
Morgagni 

A large part or all 
of diaphragm may 
be congeni1ally 
absent 

Original pleuroperitonea! 
canal (foramen of Bochdalek
the most common site) 
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Airway Branching 

Upper foregut at 4 to 5 weeks (ventral view) Bronchi and lungs at 5 to 6 weeks 

Pharyngeal 
pouches 

11 -

Ill -

Oropharyngeal membrane (disintegrating) 

' 

Stomodeum 
R. main bronchus 

Thyroid diverticulum 

Secondary bronchus to 
upper lobe of right lung 

Pharyngeal membrane _. V (endodermal wall of 2nd 
1 pharyngeal pouch makes 

direct contact with ectodermal 
IV - wall of 2nd branchial cleft) 

~ R. middle lobe 
Trachea ; _ bronchus _ .J,.._ =:-.-

f ~ Laryngotracheal ridge 

S I h 
, ~ L. lung (bronchial) bud 

p anc me 
mesoderm of ventral Esophagus 
foregut (lung stroma) R. lower lobe 

bronchus 

R. lung (bronchial) bud 
Secondary bronchus to middle 

and lower lobes of right lung 

Trachea 

L. main bronchus 

Secondary 
bronchus to upper 
lobe of left lung 

Secondary 
bronchus to 
lower lobe of 
left lung 

Splanchnic 
mesenchyme 
ventral to 
esophagus 
(lung stroma) 

Visceral pleura 

The airway is lined by epithelium 
derived from endoderm of the foregut 
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Airway Branching 
Respiratory system at 6 to 7 weeks 

Pharyngeal cavity 

Tongue 

Trachea 

Segmenta l (tertia ry) bronc hi -----=-~ 

Upper lobe Posterior {Apical~~=====~;::=::_~)~ 
Anterior 

Middle lobe { Medial,--=-=-:-:-:-:-:-:-/==-~
Lateral -

---~\ - --;-) 

Lower lobe 

Superior '= 
Lateral basal----

Posterior basal 

Anterior basal 

Medial basal 

• 

1st pharyngeal pouch (auditory tube and middle ear) 

2nd pharyngeal pouch (supratonsillar fossa) 

pharyngeal pouch 

Pa!·ath,yro,id Ill (future inferior parathyroid gland) 

pharyngeal pouch 

Parathyroid IV (future superior parathyroid gland) 

~Pm;tbranc:hial (ultimobranchial) body 
'-....... 

Segmenta l (te rtia ry) bro nchi 

.__--Apical-posterior 

~Anterior 

____ superior lingular 

----Inferior lingular 

( Superior 

~Posterior basal 

~Lateral basal 

....., Anterior basal 

Medial basal 

Upper lobe 

Lower lobe 
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Airway Branching 
Larynx, Tracheobronchial Tree, and Lungs at 7 to 10 Weeks 

Thyroid cartilage 

Arch of cricoid cartilage 

R. main bronchus 

R. pulmonary artery 

Lower lobe of right lung 

Lingular 
division of 

upper lobe of 
left 

Lesser horn (later develops 
Greater horn} Hyoid cartilage 

;---Body into bone) 

pulmonary artery 

Tertiary branches of bronchi to bronchopulmonary segments 

Right lung 
...--. Upper __fApical (Ap), posterior (P), 
""--' lobe l..§nterior (A) 

I_._ j Middle-[Medial (M), Iateral (L) 
lobe -auperior (S), anterior basal (A-b), 

- ~~wer posterior basal (P-b), medial basal 
o e M-b), lateral basal (L-b) 

Left lung Superior{ Apical-posterior I :1} Upper division (Ap-p), Anterior (A) 
lobe L1ngular . . . I I division { Supenor (S), 1nfenor (I) 

Lower~uperior (S), anterior basal (A-b), 
- lobe medial basal (M-b), posterior basal 

P-b), lateral basal (L-b) 
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Segmental 
bronchus 

Large 
intrasegment 
al bronchi 
(about 5 

Airway Branching 

Terminal 
bronchiole 

----Smooth muscle 
____ Elastic fibers 

Bronchi ---1 generations) 

Respiratory 
bronchioles 
(alveoli 
appear at 
this level) 

Bronchioles 

Small 
intrasegment 
al bronchi 
(about 15 
generations) 

No further 
cartilages 

Terminal 
bronchiole 

Cartilages 
become 
sparser 
(mostly at 
points of 
branching) 

Acinus 
--?' (part 

of lung 
supplied by 

terminal 

sacs antl \lll 
alveoli Opening of alveolar 

Subdivisions of intrapulmonary airways- - - - - -- - --

Alveolar ducts 

-L---- Pores of Kohn 

Structure of intrapulmonary airways 
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Bronchial Epithelium Maturation 

Terminal air tube at 20 weeks 

Respiratory bronchioles 

-
Simple cuboidal 

epithelium 

Terminal air tube at 24 weeks 

Simple cuboidal 
epithelium Capillaries 

Smooth 
muscle cells 

Simple 
squamous 
epithelium 

Terminal sacs (future alveoli) 

Terminal sacs (future alveoli) 

lining cells overlying 
capillaries (type I cells) 
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Congenital Anomalies of the Lower Airway 

A. Tracheoesophageal fistula 

Most common form 
(90% to 95%) of 
tracheoesophageal 
fistula. Upper segment 
of esophagus ending 
in blind pouch; lower 
segment originating 
from trachea just 
above bifurcation. 
The bNo segments 
may be connected by 
a solid cord 

B. Y.lriations of tracheoesophageal 
fistula and rare anomalies oftrachea 

Upper segment of 
esophagus ending in 
trachea; lower segment 
of variable length 

D. Fistula without E. Esophageal F. Aplasia of 
trachea (lethal) esophageal atresia atresia without fistula 

1 Web Hourglass, 1 Inspiration Expiration, 
I I 

G. Stricture of trachea H. Absence of cartilage 

To 
lower 
lobes 

I. Deformity 

To 
upper 
lobes 

--Right 
bronchus 

of cartilage J. Abnormalities of bifurcation 
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Airway Branching Anomalies 
Pulmonary agenesis, aplasaa, and hypoplasia 

C. Hypoplasia 
of left lung 

A. Complete unilateral agenesis. 
Left lung and bronchial tree are 
absent. Right lung is greatly 
enlarged with resultant shift of 
mediastinum to left, elevation of 
left diaphragm, and approximation 
of ribs on that side 

B. Aplasia of left lung. Only 
rudimentary bronchi on left 
side, which end blindly 

Hypoplastic lung contains 
some poorly developed 
bronchi but no alveolar tissue 
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Extralobar sequestered 
lobe supplied by 
accessory bronchus 

Extralobar sequestered 
lobe with communication 
from esophagus 
(communication with 
cardia of stomach has 
also been observed) 

Bronchopulmonary Sequestration 

lntr·alo,bar sequestration 
with cavitation. Arterial 
supply from thoracic or 
abdominal aorta; 
venous return to 

u.iid.,.;~ pulmonary veins 

Extralobar sequestered 
lobe of left lung. Arterial 
supply from thoracic or 
abdominal aorta, venous 
return to hemiazygos vein 
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Palate Formation in the Upper Airway 

SagiHal section (S to 6 weeks) SagiHal section (6 to 7 weeks) 

Stomodeum Rathke's pouch 
LL:a~te~~ra~lc fa~~~:~~ process 
(s palate) 

Oronasal membrane 

Nasal pit (sac) 

Primitive or primary palate 

1st pharyngeal arch 

Tongue (cut surface) 

Foramen cecum of tongue 
(site of origin of thyroid gland) 

Opening of 1st pharyngeal 
pouch (future auditory tube) 

Openings of 2nd, 3rd, and 
4th pharyngeal pouches 

Oral cavity 

Oronasal membrane 

Epiglottis Primiti\'e palate (median 
palatine process) 

Right nasal sac 

Maxillary fold 

Ethmoid fold 

I 

\ 
1st pharyngeal arch 

Tongue (cut surface) 

Rathke's pouch 

Foramen cecum of tongue 

Ooen•ina of 1st 
o h:.,vo,O:e,ol pouch 
\ruture auditory tube) 

Openings of 2nd, 
3rd, and 4th 

Trachea 

Esophagus 

Arytenoid 
swelling that 
borders laryngeal 
opening (glottis) 
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Olfactory bulb 

Right cerebral 
hemisphere 

Primitive or 
primary palate 

Palate Formation in the Upper Airway 

SagiHal section (7 to 3 weeks) SagiHal section (3 to 10 weeks) 

Axons of nerve cells passing from olfactory 
ep1itheolium of nasal cavity to olfactory bulb Supreme conchae I and II 

Ethmoid fold 

Maxillary fold 

Superior concha / 

Lobule of middle concha / / 

us,tlulm of auditory tube / 

Right lateral 
palatine process of { 
secondary palate \ 

lnferiorconcha ~ 

Cut surface 
of tongue 

Palate (primary 
\ palate contribution) :::.v;~~ 

\~::======~~Epiglottis 
~ ~::~~~~~==~~!Pharynx 

<:,:.,-'~\ I Meckel's cartilage 

Tongue 

Broken line indicates position of 
ri htchoana (posterior naris) 

Palate (secondary 
palate contribution) 

-- Ostium of auditory tube 

Tonsillar 
fossa 

Ventricle 
of larynx 

Hyoid cartilage 
Hyoid cartilage 

Thyroid cartilage 
Cricoid 
cartilage 

Junction of 
pharynx and 
esophagus 

Thyroid cartilage 

Tracheal cartilage 

Cricoid cartilage 

Trachea 
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The Newborn Upper Airway 
During quiet respiration with mouth closed (partial midsagrttal section with nasal 

septum removed) 

Newborn (36 weeks) 

~------105.0 mm------~ 

Superior concha 

Middle r.nnr.h" 

Inferior concha 

Naris 

~nl,.>nnirl bone 

.Pit1Jita1ry gland 

Broken line indicates 
site of right choana 
(posterior naris) 

_ v :suu1rn of right 
auditory tube 

Spheno-occipital 
synchondrosis 

--~ Pharyngeal 
tonsil (adenoids) 

~--Nasopharynx 

~--Soft palate (velum) 

Enamel of deciduous ilrt-7'-='------.....;WL- - --palatine tonsil 

incisor tooth --~:;~ij~;~~~~~Hr----f~----(in isthmus faucium) 
Tongue ~ Epiglottis 

Enamel of deciduous ~~~:::::===~=== Laryngopharynx incisor tooth' 

Hyoid carltilage' 

Thyroid cartilage 

Arytenoid cartilage 

Vocal fold at 
glottis of larynx 

Cricoid cartilage 
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The Newborn Upper Airway 
During nursmg 

Newborn (3 6 weeks) 

Inspired air flows through 
naris. nasal cavity, 
nasopharynx. larynx. and 
trachea on way to lungs 

Larynx elevated 
into nasopharynx to 
permit swallowing 
whiiA breathing 

,SuckiE!d milk flows 
from oral cavity through 
isthmus faucium and 
pharynx (passing along 
each side of larynx) 
and then through 
esophagus on way to 
stomach 
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THE GASTROINTESTINAL SYSTEM AND ABDOMINAL WALL 
TIMELINE 

1 month 
Prenatal lime Scale (Months) 

Thyroid, lung, liver, and 
pancreas buds from the 
foregut appear. The 
ventral mesentery of 
the midgut and hindgut 
breaks down. The yolk 
sac begins to get 
compressed into the 
umbilical cord. 

Midgut loop extends 
the umbilical cord. The 
lesser peritoneal sac 
begins to develop from 
the dorsal 
mesogastrium. 

6weeks 

2 months 

Midgut begins to grow 
in the umbilical cord 
and rotate 270 
degrees around the 
superior mesenteric 
artery. 

weeks 

.. The gastrula folds to 
~ form the gut tube. 

5weeks 

The yolk sac is now a stalk 
in the umbilical cord with the 

<------' urachus. The peritoneal 
cavity separates from the 
thoracic cavities. The three 
primary gut arteries develop. 

m~iirere~turns to abdominal cavity. 

4-5months 

duodenum, 
and ascending and 
descending colon fuse 
to the posterior 
abdominal wall. 

9 months 

r.---- Testes enter the scrotum. 
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Amnion 

Early Primordia 
14 days 

Neural plate of embryonic disc 

Amniotic cavity Amnion 
Neural groove 

Extraembryonic coelom 

Amniotic 
, Bc)dy stalk cavity 

Yolk sac 

Extra
embryonic __...r-. 

coelom 

Plane of section 

Yolk sac 

Chorion 

Chorionic villus 

KEY 

Endoderm 

Mesoderm 

Ectoderm 

Somite 
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Amnion 

Foregut 

Extraembryonic 
coelom 

Yolk sac 

Early Primordia 
16 days 

Plane of section 

KEY 

~=~I Endoderm 

Ectoderm 

lntraembryonic 
coelom 

Extra
embryonic 

coelom 

Amnion 

Neural groove 

Somatic 
mesoderm 

~~- Splanchnic 
mesoderm 

Midgut 
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Midgut 

Foregut 

Oropharyngeal 
membrane 

Formation of the Gut Tube and Mesenteries 
18 days 

Plane of section, fig. to right 

Plane of section, fig. to far right 
Dorsal 

lntraembryonic 
coelom 

Proctodeum 

~r cutedge 
of amnion 

Neural tube 

Sedions 

Somatic 
mesoderm 

amn1on 

Dorsal 
mesentery 

Neural tube 

Splanchnic 
mesoderm 

Somatic 
mesoderm 

Cutedge Cutedge 
of amnion of amnion 

area Body fold 
Right division of Left division of 

abdominal coelom abdominal 
coelom 

Yolk sac Ventral mesentery 
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Stomach 

Esophagus 

Lung bud 

Thyroid 
gland 

Yolk 

Formation of the Gut Tube and Mesenteries 
1 month 

Plane of section, fig. to right 
Dorsal pancreas Dorsal mesentery 

Plane of section, 
fig. to far right 

Abdominal 
cavity 

Dorsal pancreas Dorsal 

Visceral 

Parietal 

Liwr Ventral 

Midgut 

Cut edge 
of amnion 

Yolk sac Allantois 

mesentery 
(falciform 
ligament) 

mesentery 
(lesser 
omentum) 

Cut edge 
of amnion Anterior 

Neural tube 

Visceral 
peritoneum 

Parietal 

Cut edge 
of amnion 

Persisting edges of 
ventral mesentery 

Posterior 
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Foregut, Midgut, and Hindgut 
5 weeks 

Developing right pleuro
peritonea! membrane 

Ventral mesentery 
(lesser omentum) 

Septum transversum 

Ventral mesentery ------.,....-;= 
(falciform ligament) 

Yolk stalk 

Proctodeum 

Allantois 

Arrow passing through right pleural canal 
from abdominal coelom to pericardia! coelom 

Esophagus 

Stomach 

Spleen 

Jll- _..l-- Dorsal mesogastrium 

r f-- + -- Dorsal pancreas 

Mesoduodenum 

Common bile duct 

Ventral pancreas 

Superior mesenteric artery 

Dorsal mesentery of midgut 

Inferior mesenteric artery 

Mesocolon of hindgut 
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Abdominal Veins 
Hepatic diverticulum in embryo of about 4 mm 

Foregut 
Common cardinal vein 

Vitelline vein 

Yolk sac 

Umbilical vein 

Liver cells from 

Cells from 

Hepatic 
diverticulum _ _. 

Endodermal cells penetrating 
septum transversum to 
surround vitelline veins (v) 

Schematic sagittal section 
of septum in 5-mm embryo 
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Sinus venosus 

Umbilica l veins - -:::; 

Liver 

Atrophy of 
entire 

right --.!:...J 
umbilical 

snd proximal 
partol 

len-+-1' 
umbilical 

Ductus 
venosus 

veins 

Gut 

4.5mm 

6mm 

Abdominal Veins 
Development of liver veins 

Right umbilie"l 
vein anastomo sing 

with liver 
sinusoids. then 

a trophies 

middle 
and 

anastomoses of 
vitelline veins 

Portal vein 
formed from 

portions o f 
right and left 

vitellines a nd 
middle 

anastomosis 

9 mm 

Left umbilical vein 
anastomosing with le ft 
vi1elline vein via liver 
sinusoids 

Diaph,.gm 

Bare area 

Ductus venosus 
(atrophies after birth) 

Left umbilical 
_,.,;n in falciform 

lig<~ment 

l----SpiE>nie and superior 
:L---mesenteric veins 

joining portal 
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Foregut and Midgut Rotations 
6 weer<s 

Septum transversum 

Uver (cut surface) 

Lesser OfTiflnltum 

Gallbladder 

Yolk stalk---...,~ 

Allantoic stalk ----: 

Extraembryonic COE!Iorn 
within umbilical 

Cecum on caudal limb 
of primary gut loop 

Umbilical ring 

Esophagus 

An·ow passing from 
main peritoneal cavity 
into omental bursa 

Dorsal mesogastrium 
bulging to left 

!!!.....1-----l)or·sal pancreas 

Urinary bladder 

within mesoduodenum 

Ventral pancreas passing 
into mesoduodenum 

Superior mesenteric artery 
within dorsal mesentery 

MetSOI:Oh)n of hindgut 
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Foregut and Midgut Rotations 
8 weeks 

Liver (cut surface) 

Falciform ligament 

Cecum passing to right above 
coils of small intestine 

Yolk stalk ...... 

Allantoic stalk~"" 

Umbilical cord / 

Urogenital sinus 

Rectum 

Greater curvature of 
stomach rotated go• to left 

t----L __ Pancreas within 

Urorectal septum 

mesoduodenum 

Superior mesenteric artery 
within dorsal mesentery 

Urinary bladder 
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Meckel's diverticulum 

Fibrous cord 
connecting 
small intestine 
with umbilicus 

MerkeJ•s Diverticulum 

Meckel's 
diverticulum 
with fibrous 
cord extending 
to umbilicus 

Fibrous cord 
with intermediate cyst 
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Lesser Peritoneal Sac 
2 months 

Cut edge of ventral 
meser1tery (lesser omentum) 

RO<ot of dorsal mesogastrium 

Common bile ouc;I 

Arrow passing into 
developing omental bursa 

Original dorsal 
pancreatic duct 

Original ventral 
pancreatic uuc01 

Duodenum rotating and 
passing to right 

Pancreas within mesoduodenum 

Dorsal mesentery of small intestine 

Jejunum 

Dorsal mesogastrium 
growing ventrocaudally 
(greater omentum) 
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Bare area of liver 

Gallbladder 

Falciform ligament 

Umbilical cord-----

Umbilical vein---

Greater omentum 
growing 

Transverse col,on' 

Small intestine 

Lesser Peritoneal Sac 
2 to 3 months 

Coronary ligament 

Inferior vena cava 

Arrow passing into 
omental bursa 

Portion of pancreas within 
dorsal mesogastrium 
(greater omentum) 

L----Head of pancreas 
within mesoduodenum 
fused to dorsal wall 

- - ----Duodenojejunal 
junction 

Transverse 
mesocolon 

Dorsal mesentery 
of small intestine 
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Introduction to the Retroperitoneal Concept 
3 to 4 months 

Coronary ligament __ ......, 

Omental bursa 

----------
Umbilical vein 

Greater omentum 
growing caudally 

Transverse colon 

~----Coronary ligament 

-if~--~-Arrow passing through 

~-1__ 
epiploic foramen 

Transverse mesocolon 

Mesentery of 
small intestine 
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Introduction to the Retroperitoneal Concept 
Adult relationships 

Coronary ligament---'

Cut surface of liver----;:-~zL

Gallbladder __ -......!_ 

Lesser om,ent:um,---,.

Falciform lig<lmE~nt---l.-

Stomach --........ ""'1t~ 

Ligamentum teres ---1 '7 
Omental bursa ------i 

Greater omentum---

Transverse colon ---r 
Fusion of layers of 

greater omentum (apron) ---1 

"'-----_:...---=Coronary ligament 

j_ -----;r-::= Caudate lobe of liver 

lf;'-::=--f-----Arrow passing through 
~ epiploic foramen 

:;....---.....l.---- Common bile duct 

1ft;,----~---- Body of pancreas 

~----7---- Third part of duodenum 
secondarily covered by 
fusion of ascending 
mesocolon to wall 

Fusion of dorsal 
mesogastrium and 
transverse mesocolon 

Root of mesentery 
of small intestine 
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Midgut Loop 

10 weeks 

Cecum (continuing to 
rotate after returning 

last to abdominal cavity 
from umbilical cord) 

4 to 5 months Right colic flexure 

J,.~- Descending colon against 
dorsal abdominal wall 

Coiled small intestine 

Transverse colon 

Duodenum 

Left colic flexure 

Root of 
transverse 
mesocolon 
(left half) 

Root of transverse ·~~~r__.r.-~-: 
mesocolon (right half) ---jH-- ~ 

'2~--:...-i- Duodenojejunal 
Ascending colon ~ flexure 

Triangular fusion of ascending 
mesocolon to dorsal wall - -t+--

Root of mesentery of small intestine 

Cecum in final position of rotation 

Vermiform appendix 
Cut edge of 
mesentery 

~- Descending colon 

_ .1...--f- Quadrangular fusion 
of descending 
mesocolon to dorsal 

~\---4-_wall 
Root of sigmoid 
mesocolon 

Sigmoid 
colon 
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Abdominal ligaments 

Dorsal mesogastrium 

Spleen 

Dorsal mesentery 
splenorenal (lienorenal) 

ligament 

Gut (stomac¢ut (stomach) 

~~~l--Jf Ventral mesogastrium 

Primitive configuration 
of abdomen 

Ventral 
mesentery 

(hepatogastric 
ligament) 

Liver 

Configuration of abdo minal organs 
and mesenteries afte r gut rotation 
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Lesser omentum 
Hepatogastric -.......j'-1-/

ligament 
Hepatoduodenal ~_, 

ligament 

Epiploic 
foramen _ _,ill 

Duodenum (first 
half)-~.; 

Right colic 
(hepatic) flexure - i';l-1111 

Abdominal Ligaments 

Aorta 

• 
' r 

Dorsal 
mesogastrjum 

u..-- Splenorenal 
ligament 

J);~-- Gastrosplenic 
ligament 

w.a.;;.__- Phrenocolic 
ligament 

Stomach 

Lesser sac 

ff--- - Left colic 

:m -..__ 
(splenic) 
flexure 

Falciform 
ligament 

W~-- Greater _ _ _:.._.6- omentum 
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Hepatic 
diverticulum 

Abdominal Foregut Organ Development 

- ,_... Foregut 

Dorsal pancreas 

Hepatic au(:\----'~~ 

Common blue -~===~ 
duct 

Gallbladder io"!io• 

Hepatica
pancreatic uu(;~ 

1. Bud formation 

/
Common 
hepatic 
duct 

Gall-

pancreas 

Ventral pancreas 

3. Rotation completed but fusion 
has not yet taken place 

Dorsal 
pancreas 

Superior 
mesenteric vein 

2. Beginning rotation of common 
duct and of ventral pancreas 

Accessory 
pancreatic duct 
(Santorini's) 

Pancreatic duct 
(Wirsung's) 

4 . Fusion of ventral and dorsal 
pancreas and union of ducts 

.p_ lf$ 
trl~~ 
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Development of Pancreatic Acini and Islets 

A 

A~ 

Low-power section of pancreas 
1 . Acini, 2 . islet, 3 . interlobular 
septum, 4 . interlobular duct 

Formation of acini and islets 
from ducts. A -acini; 1-islets in 
various stages of development 

Pancreatic islet 
A (=a·), 8 (=~-)and 0 -cells. 

1 . reticulum, 2. acini 
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Nodule on mucosal 
aspect of stomach due to 
aberrant pancreatic tissue 

Congenital Pancreatic Anomalies 

Annular pancreas 
constricting duodenum 

Reported locations of 
aberrant pancreatic tissue: 
1. Duodenum 
2. Stomach 
3. Jejunum 
4. Ileum 
5. Meckel's 

diverticulum 
6. Gallbladder 
7. Splenic capsule 
8. Esophagus 

Section through nodule 
of pancreatic tissue in 
gastric submucosa 
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Cloacal 
membrane 

D evelopment of the Hindgut 

1.---.-Mesonephric 
duct 

~-+- Hindgut Genital 
tubercle 

Urorectal fold \ 

.. 
Metanephrogenic 
tissue 

Metanephric 
duct 

Urogenital sinus 

- - - Mesonephric 
duct 

/j~_,__ Metanephros 

71-..;__..;:;;; ~~ Paramesonephric 
duct (fused) 

~;::;;-7-----:r- Urorectal fold 

Rectum 

Perineum ... 
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Development of the Hindgut 
Adult rectum and anal canal 

Transverse 
folds of rectum 

(valves of 
Houston) 

Superior - tH:...... _ _ _ .., 
Middle 

Inferior 

Peritoneal reflection 

Anorectal line 

Anal columns (Morgagni) --.4~§ 

Deep part• of external 
sphincter muscle - -:!:'::::".:, 

Superficial part• of external 
sphincter muscle ..-J-~ 

~~1~ 
Subcutaneous part• of 

external sphincter muscle ......,~ 

Sweat glands and 
hairs in perineal skin Anal verge 

Pecten 
I *Parts variable and often indistinct I Anoderm 

Rectosigmoid junction 

Rectal fascia 
Longitudinal muscle layer 

Circular muscle layer 
Muscularis mucosae 

, 1-1.mu sinus 

Pectinate (dentate) line 
Internal rectal venous plexus 
in submucous space 

Conjoined longitudinal muscle 
, ~~ Internal sphincter muscle 

~~r;=Anal valve 
i'l Anal crypt 

'1r'i!i'--.l-.:...... Anal glands 

Transverse fibrous septum 
Muscularis mucosae of anal canal 

Perianal space 
Corrugator cutis ani muscle 

External rectal venous plexus in perianal space 

lntersphincteric groove (anocutaneous line) 
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Situs inver sus 

Complete 
situs 
inversus 

Partial 
situs 
inversus 

Congenital Anomalies 

Duplications 

Locations of alimentary tract 
duplications ("indicates most 
common sites) 

~--Base of tongue 
Esophagus· 

Duodenum 23% 

extending into thorax from 
duodenum or jejunum 
Stomach 

Colon 5.5% 

Multiple 
7.5% 

Ileocecal junction 1.5% 
Approximate regional 
incidence (orc.ss) 

Ends connected by 
cordlike structure 
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Congenital Anomalies 
Megacolon (Hirschsprung's Disease) 

Typical abdominal distention 

Tremendous distention 
and hypertrophy of 
sigmoid and descending 
colon; moderate involvement 
of transverse colon; 
distal constricted segment 
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Summary of Gut Organization 
5 weeks 

Developing right pleuro
peritonea! membrane 

Ventral mesentery 
(lesser omentum) 

Septum transversum 

Gallbladder --------
Ventral mesentery ------....,........::; 

(falciform ligament) 

Yolk stalk 

Umbilical cord 

membrane 

Allantois 

Arrow passing through right pleural canal 
from abdominal coelom to pericardia! coelom 

Esophagus 

Stomach 

Spleen 

J!IJ- _.:!.--- Dorsal mesogastrium 

.;+ -......:......;_ Dorsal pancreas 

Mesoduodenum 

Common bile duct 

Ventral pancreas 

Superior mesenteric artery 

Dorsal mesentery of midgut 

Inferior mesenteric artery 

Mesocolon of hindgut 
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D evelopment of the Abdominal Wall 
Segmental d1stribution of myotomes in fetus of 6 weeks 

Regio n of each trunk myotome a lso 
re presents territo ry of de rmatome 
into whic h motor a nd sensory fibe rs 
of segmenta l spinal ne rve extend 

T 

Sacral myotomes 

Membranous (otic) 
labyrinth of inner ear 

--Cervical myotomes 

Dorsal (epaxial) 
column of epimeres 

~Thoracic myotomes 
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Development of the Abdominal Wall 
Developing skeletal muscles at 8 weeks (superficial dissection) 

Orbicularis oculi 

Zygomatic 

Orbicularis 

Brachioradialis 

Rectus abdominis 

Tendinous intersection 

Extensor hallucis longus--

Extensor digitorum longus 

Peroneus longus Fibula 

Biceps femoris 
Femur 

Temporalis 

Triceps brachii 

Teres minor 

Teres major 

Trapezius 

Serratus anterior 

_,.l_ati!>sinnus dorsi 

Thoracolumbar fascia 
covering erector spinae 

Gluteus maximus 
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The Inguinal Region 

Suprarenal gland 

Suspensory (diaphragmatic) 
ligament (atrophic) 

Epididymis --t!~ 

Gubernaculum - -;;..3; 
Deep inguinal 

ring 

Urinary bladder 

4 months 
(107-mm crown rump) 

Superficial inguinal ring ---_::.~;·: 
Ductus deferens ----

Scrotum (cut open) -----= 

Epididymis 

Gubernaculum 

11 weeks 
(43-mm crown rump) 

8 months 
6-cm crown rump) 

Cavity of tunica 
vaginalis (cut 
open) 
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Midgut 
omphalocele 
at birth 

Umblical Hernia 

Midgut at 6 weeks 
in the umbilical cord 

Septum transversum 

Lesser"""'""" 
Liver (cut surface) 

Falciform lin"m~>nt 

Gallbladder 
Cranial limb of primary gut loop 

Yolk stalk 

Allantoic stalk 

Extraembryonic coelom 
within umbilical cord 

Esophagus 

~r>m''"h rotating 

Spleen 

Arrnw passing from 
main peritoneal cavity 
into omental bursa 

'!/..~!..--P<mcr·eas within 
mesoduodenum 

Ventral pancreas passing 
into mesoduodenum 

Cecum on caudal limb of primary gut loop 

Liver (cut '" "f""" \ 
Gallbladder 

Yolk stalk ~..~. 

Allantoic stalk 
Umbilical cord 

Genital tubercle-~==~~~ 
Urogenital sinus 

Rectum 

Umbilical ring 

Urorectal fold 

Superior mesenteric artery 

Urinary bladder 
Mesocolon of hindgut 

'----- Spleen 

f-- -.!- Pancreas within mesoduodenum 

~::Z~---=== Superior mesenteric artery 
Mesocolon 

Colon 

Urinary bladder 

Urorectal septum 

Midgut at 2 months 
in the umbilical cord 
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Anterior Testis Decent 
Testicular descent 

Superficial (Camper's) fascia 

Scarpa's fascia 

Ex,terr1a1 oblique muscle 

Gubernaculum 

Internal oblique muscle 

Transversus abdominis muscle 

Transversalis fascia 
P arie1al peritoneum 

Colles' fascia 

Abdominal position of testis (between parietal 
peritoneum and transversalis fascia) 

Formation of 
processus 
vaginalis 

Testis descends along 
gubernaculum via 
inguinal canal, behind 
processus vaginalis 

Gubernaculum 

.JOHN A.C:RAIC..-a .. , I 
E. Hatton 
CIDN 

www.medicalmcqsdownload.blogspot.com



Deep inguinal 
ring 

Fused portion of 
processus vaginalis 

Wall of scrotum 
(superficial 

perineal pouch) 

I 

-

Dartos m. _ 

Colles' fascia - ..t. 

Cremaster m. 

Int. spermatic fascia 

Tunica vaginalis testis 

Anterior Testis Descent 
Adult configuration 

~----- Superficial fascia (Dartos muscle) D 
~----- Scarpa's fascia, Colles' fascia 

</,. ... "c :-:::--- External oblique m. (ext. spermatic fascia) 

__.___,;-- Transversus abdominis m. (no contribution) 

-:-+ --Transversalis fascia (int. spermatic fascia) 

D 

Parietal peritoneum (tunica vaginalis testis) D 

Colles' fascia 

Scrotum 
.JOHNA.CRAIC.-. 
""' I E.Hanon 
Cll!!l\l 
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The Adult Inguinal Region 

Ductus (vas) deferens 

Cremasteric vessels 

Em mal iliac vessels covered by peritoneum 

Ductus (ws) deferens covered by peritoneum 

Inferior epigastric vessels 

Medial umbilical ligament 
(occluded part o l umbilical artery) 

Urinary bladder 

Umbilical prevesical fascia 

Rectus abdominis muscle 

Median umbilical 
ligament (urachus) ----

;uperficial inguinal rings 

Pubic symphysis 
(covered by 

intermingling 
fibers of external 

oblique ~---4 
aponeurosis) 

External spermatic fascia 
enveloping spermatic cord 

Testicular vesse ls and genital 
b">nc'h of genitofemoral nerve 

Testicula r vessels 
covered by peritoneum 

Peritoneum 

Extraperiloneal fascia 
!lo<lSe connective tis sue) 

Transversalis fascia 
Transversus abdominis 

Infernal oblique 

External oblique 
muscle 

,_.,.._ _ _ Anterior superior 
iliac spine 

___ Origin ol inlernal spermatic 
laseia ltom transversalis 
lascia at deep inguinal ring 

ri'C"""'' sbor muscle 
a nd cremasteric 

Ilioinguinal nerve 

t"--- Spermatic cord 

fascia on spermatic cord 

Falx inguinalis (conjoint tendon) 
Inguinal ligament (Poupart) 

lntereru"'l fibers 
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Anomalies of the Processus Vaginal is 

Conjoined tendon 
Inguinal ligament 

~,;-- Ductus deferens 

Obliterated processus 
vaginalis 

Tunica vaginalis 
testis 

1. Normally obliterated 
processus vaginalis ' 

Relations of deep and 
subcutaneous inguinal 
rings in infancy 

3. Completely patent 
processus vaginalis 

Hernia in 
infancy 

2. Partially patent 
processus vaginalis 
(small congenital hernia) 

Sac liberated without 
division of external 
oblique aponeurosis 
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Organization of the Abdominal G IT ract 

ORGANIZATION OF THE ABDOMINAL Gl TRACT 

Foregut Midgut Hindgut 

Organs Stomach 2nd half of duodenum left '/3 of transverse colon 
liver Jejunum and ileum Descending colon 
Gallbladder Cecum Sigmoid colon 
Pancreas Ascending colon Rectum 
Spleen 'h of transverse 
1st half of duodenum colon 

Arteries Celiac trunk: Superior mesenteric: Inferior mesenteric: 
Splenic artery Ileocolic left colic 
l eft gastric Right colic Sigmoid branches 
Common hepatic Middle colic Superior rectal 

Ventral lesser omentum None None 
mesentery Falciform ligament 

Coronary/triangular 
ligaments 

Dorsal Gastrosplenic ligament Meso intestine Sigmoid mesocolon 
mesentery Splenorenal ligament Mesoappendix 

Gastrocolic ligament Transverse mesocolon 
Greater omentum 

Motor nerve supply Vagus Vagus Pelvic splanchnic nerves 
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THE UROGENITAL SYSTEM 
TIMELINE 

Major and minor calices 
develop. Kidneys begin to 
ascend. Nephrons begin 
to form; they will connect 
to collecting tubules and 
function by 10 weeks. 

Prena1al Time Scale (Months) 

6--7weeks 

10--12weeks 

In males, primary sex 
cords form seminiferous 
tubules. In females, 
secondary sex cords 
form ovarian follicles. 

Testes pass through the inguinal 
canal and into the scrotum. 

5weeks 

A 
Urogeni1al ridges form from 

~ the intermediate mesoderm, 
f{IU/!)~l and germ cells migrate from 

~..:...._::::...._::.J the gut wall. Ureteric buds 

3 months 

have entered the 
me1anephric mesoderm. 

"indifferent" s1age 
lwi11h identical primordia 

both sexes. 

Ex ternal geni1alia 
develop. 
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l:dny rrunuruld 

--.a--Intermediate 
mesoderm 

Coelom 

Urogeni1al ridges formed by bulging of intermediate 
mesoderm into coelomic cavity 

Geni1al ridge (with--------.. 
germinal epithelium) 

Nephrogenic------.. 
cord/ridge 

Urogeni1al ridge differentiates into medial 
geni1al ridge and a lateral nephrogenic ridge 

,...--Mesonephric duct forms as 
condensation of mesoderm 

r-P;ararnes;onE!phlric duct 
forms as invagination of 
visceral peritoneum 
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tar1y l'nmorOia 

Primordial germ cells 
migrate from gut wall into 
geni1al ridge surrounded 
by epithelial sex cords 
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UJVJSJon ot the Uoaca 
Abdominal foregut, midgut, and hindgut at 5 weeks 

Developing right pleuro
peritonea! membrane 

Ventral mesentery 
(lesser omentum) 

Septum transversum 

Ventral mesentery ------....,....::::::, 
(falciform ligament) 

Yolk stalk 

Umbilical cord 

membrane 

Mesonephric 
duct 

Arrow passing through right pleural canal 
from abdominal coelom to pericardia! coelom 

Esophagus 

Stomach 

Spleen 

;J-f-- + -- Dorsal pancreas 

Mesoduodenum 

Common bile duct 

Ventral pancreas 

Superior mesenteric artery 

Dorsal mesentery of midgut 

Inferior mesenteric artery 

Mesocolon of hindgut 
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Division of the Cloaca 

Division of the cloaca by the urorectal septum Urogenital sinus and rectum 

Cloacfa::"l ____ ,......-

membrane 

r--+- Mesonephric 
duct 

Urinary bladde'r~ 

r-- -a. Hindgut 
portion of the 

urogenital sinus·..:::::.,_....J,...,.. 

fold/septum ... 

duct 

duct 

duct (fused) 

~'J!t~--"'j,_lJrorectal fold 
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In 
females 

In 
males 

Congenital Cloacal Anomalies 
Fistulas resulting from the incomplete division of the cloaca 

Rectoperineal Rectovestibular Rectovaginal 

Rectourethral Rectovesical lf$ 
~~~~ 

Rectoperineal 
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Pronephros, Mesonephros, and Metanephros 

Section through pronephros 

Somite 

Intermediate mesoderm (nephrotome) 

Pronephric tubule 

Pronephric duct 

Dorsal aorta - -+...::::::.. 
Glomerulus - -+-=;;.; 

Coelom - -1-:----"" 

Gut 
Topography of pronephros, mesonephros, 
and metanephric primordium 

Allantois _ __."' ~~~~ 
Cloacal membrane --~ 

Cloaca--~ 
Section through mesonephros 

Glomerulus 

Posterior cardinal vein 

Mesonephric duct 
----11-.t. 

Mesonephric tubule -71-~ 

Genital ridge .......ij:....,--""~ 

Coelom - -iii--'--
Gut---!~~'C--~ 

Pronephric duct 
forming 

Pronephric tubules degenerating 

~-- Mesonephric tubules in 
nephrogenic tissue 

~;r-- Ureteric bud (metanephric duct) 

......,;~-- Metanephrogenic tissue 
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Development of the Metanephros 

tissue 

Me1anephric duct 
(ureteric bud) 

A. The me1anephric duct (ureteric bud) has 
grown out from the mesonephric duct, close 
to termination of latter in cloaca, and has 
invaded the me1anephrogenic mesoderm. 

Me1anephrogenic 

~-.;-;:.;;~.J--Minor 
calyx __ ./.... 

B. Within the me1anephrogenic tissue, the 
ureteric bud expands to form a pelvis, which 
branches into calyces, and these, in turn, bud 
into successive generations of collecting ducts. 
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Development of the Metanephros 

Proximal 
convoluted tubule 

Distal convoluted tubule 

C. The distal ends of the collecting ducts connect 
with the tubule system of the nephron developing 
from the metanephric mesoderm. The nephron 
extends from the collecting duct to the renal 
corpuscle. 

D. The tubule lengthens. coils, and begins to dip 
down toward the renal pelvi.s, as Henle's loop; 
one area of the tubule remains close to the 
glomerular mouth, as the future macula densa. 

Collecting tubule 

Renal corpuscle 

Henle's loop 

E. The loop elongates; renal corpuscle, proximal 
tubule, Henle's loop, distal tubule, and macula 
densa of mature nephron are thus derived from 
metanephrogenic mesoderm and collecting 
tubules from the metanephric duct. 
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Ascent and Rotation of the Metanephric Kidneys 
Apparent "ascent and rotation" of the kidneys in embryological development 

6 weeks 

Aorta-~ 

Kidney 
( me1anephros) 

~anal pelv is 

llmbilical 
artery 

-......, .. 
Ureter 

---..J~ 

Urinary bladder 

Fron1al view 

Aorta 

Renal pelvis 

Cross section 

7 weeks 

Aorta ---r-

Kidney 

Renal pelvis 

Umbilical 
artery 

Urinary bladder 

Kidney 

Aorta 

Renal 
pelv is 

Fron1al view 

Urogeni1al 
arterial 

Cross section 

9 weeks 

Renal 
pelv is 

Ureter 

Aorta 

Fron1al view 

Kidney 
Colon 

Renal artery 

Renal pelv is 

Cross sectio~ J$ 
tf ~~MaN 
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Kidney Rotation and Migration Anomalies 

Pelvic cake or 
lump kidney 

Ventral position 
of renal pelvis 

Renal fusion 

Horseshoe kidney 

Anomalies of renal rotation 

Lateral position 
of renal pelvis 
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Kidney Rotation and Mi~ration Anomalies 
Ectopia of the fCtdney 

Crossed ectopia of the right kidney 

Right pelvic 
kidney 
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Hypoplasia 

Left unilateral hypoplasia of the 
kidney with narrow but patent ureter; 
both suprarenal glands present 

Persistent fetal lobulation 

Bilateral renal hypoplasia 
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Ureteric Bud Duplication 

Incomplete duplication of ureter 

Bifid ureter: Duplicated 
ureters unite at variable 
dis1ance between 
kidney and bladder 

Anomalies of renal pelvis and ca lyces 

Duplicated 
renal pelvis 

Anomalies in number of kidneys 

Supernumerary 
right kidney 
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Ectopic Ureters 

Complete duplication of the ureter Observed sites of ectopic ureteral orifices 

The ureter from the right 
upper pelv is is dilated and 
opens ectopically below that 
from the lower pelvis (in the 
prostatic urethra) according 
to the Weigert-Meyer law 

More 

In the female 

Trigone 

Bladder 
neck 

Prostat:ic;-l~-~~~ 
urethra -;-7~-4-:-~ 

Opening of 
left ureter 

Opening of 
ureter from 
right inferior 
renal pelv is 

Opening of 
ureter from 
right superior 
renal pelv is 

In the male 

Uterus 

Cervix 

Vagina 

Vas 
deferens 

Seminal 
vesicle 

Ejaculatory 
duct 
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Complete sagittal 
septum of bladder 

Incomplete duplication 
of bladder 

Bladder Anomalies 

Incomplete septum 
of bladder 

"Hourglass• bladder 
{ureters may enter either 
upper or lower segment) 
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Allantois/Urachus Anomalies 

Completely patent 
urachus 

Partially patent urachus; opening 
internally, blind externally 

Partially patent urachus; opening 
externally, blind internally 

Cyst of urachus 
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Primordia of the Genital System 

Urinary bladder 
(upper urogenital 

=-.,..-....;..+-- Mesonephric 
duct 

~1-.....;- Metanephros 

~~:J__.,ll- Paramesonephric 
sinus) ----!...:~-L-

Genital 
tubercle---.,..::_ 

Lower urogenital 
sinus (proper) ---"' 

Genital ridge ------...,. 
(with germinal epithelium) 

Nephrogenic ----
cord/ridge 

JI.J-..JJ,JI.~ ducts (fused) 

Metanephric duct 

;;;::;::;___..:....,;....---+ -- Urorectal fold 

~~==;;~===~t~==Rectum 
' Perineum 

,..--Mesonephric duct forms 
as condensation of 
mesoderm 

Paramesonephric duct 
forms as invagination of 
visceral peritoneum 

Urogenital ridge differentiates into medial 
genital ridge and a lateral nephrogenic ridge 
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Primordia of the Genital System 

Urinary bladder 
(upper urogenital 

=-~....;.;+-- Mesonephric 
duct 

~1---3-- Metanephros 

~~:J__J,~ Paramesonephric 
sinus) ----!._- 4 -

Genital 
tubercle---.....;:~ 

Lower urogenital 
sinus (proper) _.../ 

Genital ridge ------""' 
(with germinal epithelium) 

Nephrogenic ----
cord/ridge 

ducts (fused) 

-r-...::....-~L- Metanephric duct 

~;.......,..:.....;...---+-- Urorectal fold 

~~==;;;2C:==~t~==Rectum 
' Perineum 

,..--Mesonephric duct forms 
as condensation of 
mesoderm 

Paramesonephric duct 
forms as invagination of 
visceral peritoneum 

Urogenital ridge differentiates into medial 
genital ridge and a lateral nephrogenic ridge 
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Early Primordia 

Primordial germ cells 
migrate from gut wall into 
genital ridge surrounded 
by epithelial sex cords 

.-----t.Aesonelohr·icduct----~~;:---......;.+-~\ 
~---N1~ohrooenic ridge--------11---::-"-..,...,.-+i-~1 

,....--Paramesonepp~hr~ic~d~u~c:t==~-,;:;:~::;::4~ 
--- Genital ridge-

Allantois------- -\;=:::::::::- .... 
Hindgut -------....311--~~...:...__ 

Cloaca---------i~ ..... 

Ureteric bud-------~!l.... ..... _ :;i:::OO 
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8-Week Undifferentialed (Indifferent) Stage 
Anterior view (mesonephros will disappear in both sexes) 

Undifferentiated 
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8-Week Undifferentialed (Indifferent) Stage 
Lateral view (both sexes have identical primordia) 

Bladder 

Genital 
tubercle 

Urogenital 
sinus 

proper 

Male 

..1----11- Metanephros 

:.;:;r.o .. J,..-;- Mullerian ducts 
(fused) 

1 - .::....- -J-_ Metanephric duct 

::::::.,,.....~---~r--- Urorectal fold 

~~=;:;z===;/-::::= Rectum 
Perineum 

Ductus 
deferens 

Uterus 

Bladder 

Vagina 

Kidney ---,~'.:i 

Ureter 

Female 
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Anterior View of the Derivatives 

Paramesonephric (mullerian) duct - -fll 

Mesonephric tubules ---<t 

Mesonephric (wolffian) duct ---1-t-

Primordium of prostate 
(male) or of Skene's 

(female) glands 

r:-----Suspensory ligament of ovary 
(mesentery with ovarian vessels) 

~7.--1-1----- Primordium of Cowper's (male) or 
of Bartholin's (female) glands 
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Anterior View of the Derivatives 

Undifferentiated 

~ ~ 
Male 

Seminal vesicle 

Bulbourethral 
(Cowper's) gland ~-...;'---' 

Appendix of epididymis 

Epididymis ----4-l 

Efferent ductules 

Appendix of testis 

Paradidymis 

Gubernaculum 

Female 
Uterine (fal~pian) tube 

Broad liga~nt 
Gartner's du<\t (cranial 
mesonephric Cluct) 
Epotiphoron (cranial 
mesonephric dtil;:t) 

Paroophoron ( ca~dal 
mesonephric tubj es) 

Vesicular appendbl: 

.1 S1uspens;ory ligament of 
ovary 

Ligament of ovary 

~::.,;;;;?'""-Ovary 
Uterus 

"-""-=-----Round ligament of ut us 
1'------lH--- vagina (upper 4/5) 

t lo;,,....,~--- Residua of caudal 
mesonephric duct 

~:=:====~:~::~ (lower 1/5) 
~ Urethra 

P~oo""'"' (Sk--riMd 
Greater vestibular 
(Bartholin's) gland 

~~!.!' 
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Paramesonephric Duct Anomalies 

Complete septum with double 
uterus and double vagina 

Double uterus 

Partial septum 

Bicornuate uterus with 
complete septum 
(double cervix) 

Septate uterus 

Rudimentary second vagina without 
external opening, forming cyst 

Bicornuate 
uterus 

Partial septum Unicornuate uterus 
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45-50 mm 
(-10 weeks) 

Homologues of the External Genital Organs 

Undifferentiated Glans area _____ ---..., 

Epithelial tag --"-7..::=.~,...-.. 

Urogenital fold --===~~tj~ 
Urogenital groove-

Lateral part of tubercle 
Anal tubercle 

Anal pit 

Genital tubercle 

Male ~-------~s------~ Female 

~3~;;~~~~~Epithelial tagCoronal ;~~~~~;;:::=~~~=-
Site of future origin of prepuce 

r-------Urethral fold ----+ ...: 1-~t.
~~----urogenital groove -----';-""" 

Lateral tubercle 
(corpus, or shaft) 

Labioscrotal swelling 
Urethral folds partly 
fused (urethral 

45-50 mm 
(-10 weeks) 

Anus - --:r-Body of clitoris 
External urethral 

orifice 
Glans penis 

I 
:_::::.....------Perineal raphe ! 
~,...------Perianal tissues (including -----'""'~ 

external anal sphincter muscle) 

Fully developed Fully developed 

Glans of 
clitoris 

External 
urethral orifice 

Posterior 
commissure 
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Glanular hypospadia 

Hypospadia and Epispadias 

Penile hypospadia 

Penile epispadia 

Penoscrotal hypospadia 
(with chordee) 

Scrotal hypospadia 
(bifid scrotum, chordee) 

Complete epispadia 
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Gonadal Differentiation 

Mesonephric -----"';'
duct 

Primary 
sex cords 

(degenerating) 

-Absence of TDF-

Female (primitive ovary) 

Undifferentiated stase 

Ma3nification of 
gemtal ridge 

("~L-~~- Mesonephric 
tubules 

,----~---'~;- Mesenchyme 

~~c--1f~ Primary sex _ cords 

!IlL- Thickened 
coelomic 
epithelium 

LO:f--- Primordial 
germ cells 
(migrating in) 

-+-Testis-determining~ 
factor (TDF) 

Male (primitive testis) 

Medulla 

Cortex 

'-·lnlte"'Ttituianli:::ginalis 4' l r ~ 
trl~~ 
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Testis, Epididymis, and Ductus Deferens 

~uctus deferens--~·t 

Epididymis 

Tail 

Frontal section 

Ductus deferens from mesonephric 

Efferent ductules from mesonephric tubules 

Epididymal duct from mesonephric duct 

Rete testis (in mediastinum testis) 

Aberrant ou!;tUie -

Seminiferous tubules from primary sex cords 

• El~enent ductules 

Aberrant ductule (vestigial mesonephric tubule) 

Rete testis (in mediastinum testis) 

Tunica albuginea 

Epididymal duct 

Schema 
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Testis, Epididymis, and Ductus Deferens 

Lobules of testis 

Scrotal septum (dartos) 

Rete testis 
(in mediastinum testis) 

Ductus deferens 

.,.~)kin of scrotum 

,.......:su~oerficial (dartos) fascia 

-·Ex:ternal spermatic fascia 
·~~ 
\..-~crennas;ter muscle and fascia 

~-·lntern,al spermatic fascia 

From 
layer of tunica vaginalisJ 

r-- Viscer·allayer of tunica vaginalis processus 
. . vaginalis 

mi~'" albug1nea of test1s 

ff -..._,c:;n, of epididymis 

Cross section through scrotum and testis 
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4 months 
(107-mm crown rump) 

Deep 
inguinal ring 

Descent of Testis 

Suprarenal gland 

Kidney 

Suspensory 
(diaphragmatic) 

ligament (atrophic) --!-

Epididymis 

Testis 

Epididymis - -tr
Gubernaculum --j......:~~!AI 

Deep inguinal 
ring 

Testes 

Urinary bladder 

11 weeks 
(43-mm crown rump) 

Gubernaculum 8-9 months 
(26-cm crown rump) 

Cavity of tunica 
vaginalis 
(cut open) 
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Germinal epithelium 
(cuboidal cells) 

Infant ovary 

Ova and Follicles 

Zona pellucida 

Cortex 

Ovum 

Maturing follicle 
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Ova and Follicles 
Stages of ovum and follicle 

~-------+- Primary follicle 
Epithelial cord 
growing in 

Primordial follicle Developing follicles 

Germinal epithelium 
(cuboidal cells) ~---.1 

Blood vessels __,,.... 
entering ovary 

Corpus albicans 

Mature corpus luteum Fibrin 

Blood clot 

~ 1!.f,-1 

Discharged 
Luteal cells ovum 

~----- Early corpus luteum -+- ---

Mature 
(graafian) follicle 
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Summary of Urogenital Primordia and Derivatives 
Undifferentiated 

Gonads ---

Mesonephros -~it= 

Mesonephric 
ducts--~ 

Paramesonephric 
ducts ~:..--

Biadder 
(pulled aside) ----;7? 
Urogenital sinus---'--+ 

8-week indifferent stage, anterior view 

t.,.-=---r- Mesonephric 
duct 

~-t-'-Metanephros 

~1--t"- Paramesonephric 
duct (fused) 

---,1-- Metanephric 
duct 

~Z--)ii~t"-;1--)t"""- Urorectal fold 

:T---+- Rectum 
Urogenital 

Perineum 

8-week indifferent stage, lateral view 
(gonad not shown) 
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Summary of Genital Primordia and Derivatives 

Urogenital fold 

Urogenital 
groove 

Cor,ous or 

Labioscrotal 
swelling 

Glans 

Anus 

1 0-week external genitalia primordia 

..---Mesenchyme 

,...--Primary Medulla 
sex cords 
Mesonephric 
tubules 

Thickened 
coelomic 
epithelium 

Primordial 
germ cells 
(migrating in) 

Indifferent gonad developing 
fro m genital ridge 

Cortex 
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Urogenital Primordia and Derivatives 

Female Male 

From the Urogenital Sinus 

Urinary bladder Urinary bladder 
Urethra Urethra (except navicular fossa) 
Lower vagina {and vaginal epithelium) Prostate gland 
Vestibule Bulbourethral glands 
Greater vestibular/urethral glands 

Vestigial: prostatic utricle 

From the Mesonephric Duct and Tubules 

Ureteric bud from mesonephric duct Efferent ductules 
forms: Duct of epididymis 

Ureter Ductus deferens 
Renal pelvis Ejaculatory duct 
Major and minor calices Seminal vesicles 
Co llecting tubules Ureter, renal pelvis, calices, and 

collecting tubules 

Vestigial: epoophoron, paoophoron, Vestigial: appendix of testis 
appendix vesiculosa, Gartner's duct 

From the Paramesonephric Duct 

Uterine tubes, uterus, upper vagina Vestigial: append ix o f testis 

Vestigial: hydatid 
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Genital Primordia and D erivatives 
GENITAL PRIMORDIA AND DERIVATIVES 

Female Male 

From the Genital Tubercle/Phallus 

Clitoris: Penis: 

G lans cl itoridis Glans penis (and navicular fossa) 
Corpora cavernosa cl itoridis Corpora cavernosum penis 
Bulb of the vestibule Corpus spongiosum penis 

From the Urogenital Folds 

Labia m inora Ventral aspect of penis 
Perineal raphe Most of the penile urethra 
Perianal tissue (and external anal Perineal raphe 

sphincter) Perianal tissue (and external sphincter) 

From the Labioscrotal Folds 

Labia majora Scrotum 

From the Indifferent Gonad 

Ovary: foll icles from secondary sex Testis: seminiferous tubules from 

cords in cortex primary sex cords 

Vestigial: rete ovarii in medu lla Rete testis in medulla 

From the Gubernaculum 

Ovarian ligament Gubernaculum testis Clmt\J 
Round ligament of the uterus 
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THE MUSCULOSKELETAL SYSTEM 
TIMELINE 

Somites in mature 
gastrula. 

19 

1 month 
Somite sclerotome & 
cells migrate around ' 
the neural tube. 

Prenatal Time Scale (Months) 

Mesenchymal 6 weeks 
condensation for 
appendicular skeleton 
bones. 

Indiv idual muscles 
develop. 

Primary centers of 
ossification expand in 
diaphyses. 

Diaphyses ossified; 
secondary centers of 
ossification begin to 
appear. 

7weeks 

Mesenchymal 
precartilage 
condensations appear 
for the axial skeleton. 

Segmental elaboration of 
somite myotomes. 

The limbs rotate to their 
adult orientations. 

Cartilage and membrane 
bones of the skull develop. 
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Muscular System: Primordia 
Differentiation of somites into myotomes, sclerotomes, and derma tomes 

Cross section of human embryos 

At 19 days Neural groove 
Ectoderm of embryonic disc 

At 22 days 

At 27 days 
Dermomyotome ----... 

Sclerotome contributions 

Notochord 

At 30 days 

Note: Sections A, B, and Care a t level ol 
future vertebral body, but section D is at 
level between developing bodies 

Ectoderm (future epidermis) -----! 

Dermatome (future dermis) - --';1 

Cut edge of amnion 

;:;:~....,-. ... ~=::~a_= lntraembryonic coelom 

Endoderm (roof of yolk sac) 

--- Posterior cardinal vein 

,--Mesoderm 

-ii--J.L _ Coelom 

,."":;z;;:s;;::=;."'C'-----Spinal cord 
io,----- Dorsal root ganglion 

~.----Ventral rootolspinal nerve 

~---Mesenchymal contribution to 
intervertebral disc 

Myotome 
Notochord (future nucleus pulpesus) Posterior cardinal....,in 

Mesoderm -:::~;df-J;,_-1 Coelom 
Mesonephric kidney • L.-~~:_.l..J. ___ Dorsal mesentery 
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Muscle and Vertebral Column Segmentation 
Progressive stages in fo rmation of vertebral column, derma tomes, and myotomes 

0 

Intersegmental 
artery _......,~-o 

Nucleus pulposus 
forming from notochord---+~ 

Ectoderm (future epidermi!;)---1 

Dermatome of subcutaneous (::::; 
tissue (dermis)--~' 

Myotome--~ 

Vertebral body (centrum) s;:~;:_-

Vertebral body 

Primordium of 
vertebral body 
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Mesenchymal Primordia and 5 and 6 Weeks 

Mesenchymal precartilage primordia of axial and appendicular skeletons at 5 weeks 

Notochord 

Future pituitary gland --nt"--..!:...-=~; 

Tail --'"'="___, 
Body and costal process of 

1st coccygeal vertebra ------,Pi 

Body and costal process of S 1 

Hindbrain • Patrac:hor·dal plate of 
chondrocranium from occipital 
somite sclerotomes (forms art of 
the cranial base) 

Body and costal process of C 1 

Scapular mesenchyme 

Body and costal process ofT1 

Notochord becomes nucleus 
pulposus of future intervertebral 
disc 

Pelv ic bone mesenchyme 

Precartilage mesenchymal cell condensations of appendicular skeleton at 6th week 

Epidermis Epidermis Pubis 

Ilium 

Humerus 

Carpals 

Upper limb Lower l imb 
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Ossification of the Vertebral Column 
Fate of body, costal process, and neural arch co mpo nents of verteb ral 

co lumn, with sites and time of appearance of ossification centers 

Cervical verteb ra 

Tho racic verteb ra Spinous pro·ce!;s, 

Lumbar vertebra 

Sacrum 

Transverse process 

Pedicle 

Vertebral foramen 

Median crest 

Superior articular process 

~01ssification center appears at 9th or 10th week 

Ossification center appears at 9th or 1Oth week 

Ossification center appears at 9th or 10th week 

'01ssificallion center appears at 9th or 10th week 

Ossification center appears at 1Oth week 

Sacral cana1--f~..2r..,:::..., ~..._......._~,.,p ~......,.,..,...,. ... C>ssificatic>n center appears 
at 6th month (prenatal) 

KEY Lateral part (Ala)-....:;._ 

~§~' Body I' • Costal process 
I Neural arch 

Promontory 
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Development of the Atlas, Axis, Ribs, and Sternum 
First a nd second cervical vertebrae a t birth 

A. 1st cervical vertebra (atlas) (superior view) 

s""'"~ '"''"'" """~' ~ 
Transverse process---

Transverse foramen 

Ossified part of neural arch (center 
appears at 7th or 8th week prenatal)~--"' .... 

Transverse process and foramen 

Inferior articular process 

Ossified posterior arch and lateral 
mass (center appears at 7th month 

.::-:o::--,..._Prenatal) 

. .:,:::::,_ _ _____ Site of ossification center for dens 
(center appears at 2 to 3 years) 

--// Ossified part of dens, originally part of 
atlas (center appears at 6th month 
prenatal) 

Ossified part of body (center 
appears at 4th month prenatal) 

B. 2nd cervical vertebra (axis) (anterior view) 

KEY 

==~I Cartilage 
[ I Bone 
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Development of the Atlas, Axis, Ribs, and Sternum 
Development of sternum 

A. Early mesenchymal stage (6 weeks) 

Clavicle 

C. Cartilage 
stage (9 weeks) 

Site of ossification center for xiphoid 
process (center appears at 3rd year) 

KEY 

~
·~~~ I Mesenchyme 

I I Cartilage 
I Bone 

B. Late mesenchymal stage (8 weeks) 

D. At birth 

.,...C>ssificatic'n center 
for clavicle (appears 
at 7th week) 

Sternal angle 
Manubrium (other sternal joints 

~ 

Body :::::;+. 

disappear between 
puberty and 25th 
year) 

E. Young adulthood 
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Bone Cells and Bone Deposition 
Composition of bone 

(Matrix-forming 
cells) Originate 
from mesenchyme 

Ostaocytm 
Originate from --, 
osteoblasts 

Ostaoclasts ----, 
Originate from bone 
marrow-derived 
macrophage
monocyte line 

Ofllillli<: 
(lii'Yo) 

Mineral 
(70'fo) 

(lO'fo) 

/\ 
Cells Mlillrix 
(2'fo) j)j S'fo) 

I CDIII-n j)JS'fo) 

Type I («1 IID2«2 

I NoJncoll;..,nooJs prolains IS'!I.ll 
Osteocalcin (bone Gla 

protein), vitamin K 
dependent 

Osteonectin 
Bone proteoglycan 
Bone sialoprotein 

Bone morphogenic protein 
Bone proteolipid 
Bone phosphoprotein 

Hypomineralized matrix (osteoid) 

Mineralized matrix (bone) 

Mineral (7 O'fo) 

Hydroxyapalita j)JS'fo) 

Cat o(P04)6(0H)2 

Bone apatite impure, 
contains high 
concentration of 
carbonate 

+ 

small amounts of 
Magnesium 
Sodium 
Potassium 
Fluoride 
Chloride 
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Subperiosteal outer 
circumferential lamellae 

Periosteum ___ _ 

Capillaries in 

Histology of Bone 
Cortical (compact) bone 

haversian canals --"lrm$:~Jit~CJ 

Perforating fibers - """"<"+,::::r;-1 

Periosteal vessels 

Endosteal surface 

"7J......_·r rabeculae project 
into central medullary 
(marrow) cavity 

Inner circumferential 
lamellae 
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Osteoid (hypomineralized matrix) 

His to logy of Bone 

Trabecular bone (schematic) 

On cut surfaces (as in sections). trabeculae 
may appear as discontinuous spicules 

Inactive osteoblasts (lining cells) --~·:i 

Marrow spaces conlain 
hematopoietic cells and '"'--...:=:io::::::_-J,.:.::+ 

Osteoclasts (in Howship's lacunae) ---::;;r~.--.'":'":~ .. .J.,,_.,.~ 
0 s teocytes ----.,....,-
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M embrane Bone and Skull Development 
Early developmen t of skull 

Chondrocranium 
at 9 weeks 

Cartilaginous 
pharyngeal arch 

skeleton 

Membrane bones 
at 9 weeks 

Frontal bone - -e---=-• 

Me mbrane bo nes 
at 12 weeks 

Nasal bone 

Frontal bone 

Zygomatic bone 

_......, 

Orbitosphenoid (orbital or lesser wing 
offuture sphenoid bone) (vision) 

Optic foramen 

~Interparietal part of occipital bone 

Zygomatic bone 

Tympanic ring of temporal bone 
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Bone Development in Mesenchyme 
Initial bone (ormation in mesenchyme 

Reticular fibers in 
extracellular fluid of 
mesenchyme 

osteoblasts) Osteocytes (from -~~~==~~~~~~~==~~~ 
~""'<:~ 

___ Mineralized bone 
matrix (organic osteoid 
and collagen fibers 
impregnated with 
hydroxyapatite 
crystals) 

~---,.:....--#"""""...,._4,...----- Extensions of 
osteocytes filling 
canaliculi 
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Bone Development in Mesenchyme 
Early stages of flat (membrane or dermal) bone formation 

-.· 

Bone trabeculae lined with osteoblasts ! Dense peripheral layer of subperiosteal 
bone surrounding primary cancellous 
bone. Both initially consist of woven bone 

Marrow spaces 
(primary osteons) 

www.medicalmcqsdownload.blogspot.com



Osteon Formation 
Primary osteon fo rmation in mesenchymal bone development 

A. Successive stages in formation 
of primary osteon {haversian 
system) during transformation of 
cancellous to compact bone 
{schematic) 

Osteocyte cell body within lacuna 

Osteocyte cellular extensions 
within canaliculi 

Cement line 

B. Diagram of primary osteon 
{haversian system) with 6 
concentric lamellae {greatly 
enlarged) 

Osteoblasts lining marrow space of primary osteons 

~;?;:;;:~--Progenitor cells 

Woven bone of primary cancellous bone 

__,.----- Osteocytes 

Cement line 

Central (haversian) canal of 
primary osteon with 6 
concentric lamellae 

~~~E~E~~i-- Central (haversian) canal 
containing capillary, nerve fiber, 
and perivascular (progenitor) 
cells and lined with osteoblasts 
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Compact Bone Development and Remodeling 
Crow th in width of a bone and osteon remodeling 

Periosteum _ _, 

Cement line of secondary j ~ 
osteon (haversian system).,_. 

Secondary osteon forming from "'' :::--... 
primary osteon by formation of 

concentric lamellae -. .. 

Second-generation osteon 
formed in resorbed area of 
original secondary osteon --'--41 

Continued bone resorption 
occurring at endosteal surface as 

>ne is formed at periosteal surface --.:..._,._ 

Third-generation osteon formed in 
resorbed area of second

generation osteon 

7217~:::;.. Area of bone resorption 
produced by osteoclastic 
activity of modulated progenitor 

Bone resorption of trabeculae produced by 
osteoclastic activity of endosteum and 
osteolytic activity of trabecular osteocytes 

Eccentric resorption of bone 
to produce successive 
generations of osteons results 
in peripheral shift of osteonal 
capillaries constituting intrinsic 
blood supply of compact bone 

Inner circumferential lamellae laid 
down by endosteal osteoblasts 

Remains of concentric lamellae of previous 
osteons and of original trabeculae of primary 
cancellous bone constitute interstitial lamellae 
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Endochondral Ossification in a Long Bone 
Growth and ossification of long bones (humerus, midfrontal sections) 

A. At 8 weeks 

Epiphyseal capillaries 

Cancellous 
endochondralbone 

laid down on spicules 
of calcified cartilage 

Primordial marrow 
cavities 

Proliferating small-cell 
hyaline cartilage 

Canals, containing capillaries, periosteal 
mesenchymal cells, and osteoblasts, passing 
through periosteal bone into calcified cartilage 
(primary ossification center) 

B. At 9 weeks 

Thin collar of cancellous periosteal 
membrane bone of diaphysis 

Calcified cartilage 

Epiphysial (secondary) 
ossification center for head 

Outer part of periosteal bone beginning 
to transform into compact bone 

- c:entral marrow (medullary) cavity 

C. At 10 weeks D. At birth 
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Endochondral Ossification in a Long Bone 
Grow th and ossification of long bones (humerus, midfrontal sections} 

Epiphyseal ossification centers for head 
and greater tubercle 

Epiphyseal 
ossification 
centers of 
lateral epicondyle, 
medial epicondyle, 
trochlea, and 

----::~_:..- capitulum 

Calcified cartilage 

E. At 5 years 

Proximal 
epiphyseal 

growth plate 

l 

Anatomical neck 

Proliferating growth 
cartilage 

Bone of distal epiphysis 

Articular cartilage 
condyles 

Hype,,rt~,r1o~~p~h.~i ;c; _2~~i: calcifying c; 

Endochondral bone 
laid down on spicules 

of 

Sites of growth 
in length of bone 

Diaphysis; growth 
in width occurs by 
periosteal bone 
formation 

Distal 
epiphyseal 

growth plate 

Endochondral bone 
laid down on spicules 

of degenerating 
calcified cartilage-~~ 

Hypertrophic 
calcifying car1ilage.-,L!J 

Distal metaphysis 

F. At 10 years 
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Epiphyseal Growth Plate 
Close-up view of developing epiphysis and epiphyseal growth plate 

Epiphyseal artery 

Ossification groove of 
Ranvier _ __.l 

Perichondral fibrous ring of 
La Croix 

Perichondral artery ----' 

Last intact transverse 
cartilage septum 

Metaphyseal artery - --....liT 

Periosteum - --- --11 

~~,...,.;;.,--- Epiphyseal growth plate 
(~rty organized) 

~i-'i~~~- Secondary (epiphyseal) 
ossification center 

Reserve zone 

Proliferative zone 

Maturation zone 

Degeneration zone 

Primary spongiosa 

Secondary spongiosa 

Diaphysis 

D Cartilage 

Hypertrophic 
zone 

Metaphysis 

Nutrient artery Caldfied cartilase 

D Bone 
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Peripheral Cartila~e Function in the Epiphysis 
Peripheral fibrocartilaginous element of grow til plate 

Perichondral fibrous ring 
of La Croix (provides 

support) -"h....,;..~-:;..:;.!;, 

Ossification groove of 
Ranvier (provides cells 

for growth in wictth ,~ 

Microscopic section (H&E) corresponds 
generally to illustration at left 

High-power section shows cells of ossification 
groove of Ranvier apparently "flowing" into 
cartilage at level of reserve zone, thus 
contributing to growth in width of growth plate. 
Note presence of arterioles (cut-in section) 

Illustration of how perichondral fibrous ring of La 
Croix acts as limiting membrane and provides 
mechanical support to cartilaginous growth plate 

Load 
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Epiphyseal Growth Plate 

Zones Histology Functions 
Blood P02 

Structures supply 

Secondary bony 
epiphysis 

Epiphyseal 

• • Matrix production Vessels pass Poor (low) • 
through, do • 

Reserve zone • .. ' not supply 
Storage this zone 

• • • 

Matrix production EJ<Cellent EJ<Cellent 

Proliferali\•e zone 
Cellular Fair 
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Zones 
Structures 

Secondary 
bony epiphysis 

Epiphyseal 

Reserve zone 

Proliferative zone 

Ma!uraJ:ion 
zone 

rpertrophic D~nerative 
zone zone 

Zone of 
provisional 
calcification 

Last intact 
transverse 

Primary 

Vtotaphysis 
spongiosa 

Secondary 
spongiosa 

Branches of 

and 
arteries 

Histology 

• 

Epiphyseal Growth Plate 

Cell (chondrocyte) health 

EJ<Cellenl. Much endoplasmic 
reticulum, ribosomes, mito
chondria. Intact cell membrane 

Still good 

Progressive 
deterioration 

\ .. ~ . 

f 
Cell death 

Cell 
respiration 

Anaerobic 

Progressive 
change to 
anaerobic 

Anaerobic 
glycolysis 

Anaerobic 
glycolysis 

Progress/llt3 
revers1on 
to aerobic 

Aerobic 

Cell 
gl~n 

High 
concentration 

High 
concentration 
(less than in 
a bow) 

Glycogen 
consumed 
until depleted 

Nil 

? 

? ~~~ . /.~ 
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Zones 
Structures 

Secondary 
bony epiphysis 

Epiphyseal 

Reserve zone 

Proliferative zone 

J\.tdu ration 
zone 

Hypertrophic Oea;!O&ra!ive 
zone zone 

Metaphysis 

Zone of 
provisional 
Cillcifica!ion 

Last intact 

Primary 
spongiosa 

Secondary 
spongiosa 

and 
arteries 

Histology 

• 

~ 

-
---
• - -

• -..!. • .. 
• 

Epiphyseal Growth Plate 

Cell (chondrocyte) health Cell Cell 
raspiraJ:ion gl~n 

• 

' Anaerobic High 
concentration 

active. Much endoplasmic 
mitochondria 

Aerobic High 
concentration 

Excellent. Much endoplasmic (less than in 
reticulum, ribosomes, mito- a bow) - chondria. Intact cell membrane -- Progressive 

change to Glycogen 
anaerobic consumed 

until depleted 

• 
• Progressive 
• deterioration Anaerobic 

glycolysis 
• 

" · } . ·~' Anaerobic 
). ... ..:. . •"' glycolysis Nil 

- +"' ,;;.:J' 
Cell death 

revers1on 
to aerobic ? 

Aerobic ? 
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ZonBS 
Structures 

Rmerve 
zone 

Proliferalive 
zone 

J\.iiltura!ion 
zone 

Hlypor1ropl~icl DOD!neralive 
zone zone 

Metaphysis 

Zone of 
provisional 

calcific.Uion 

spongjosa 

Branches of 

and 
arteries 

Histology 

• 

• .. 

Eqiphyseal Growth Plate 

• 
• 

Exemplaty disBY.es Defect (if known) 

Diastrophic dwarfism ............. Defective type II collagen synthesis 
(also, defects in other zones) 
Pseudoachondroplasia ........... Defective processing and transport of proteoglycans 
(also, defects in other zones) 
Kniest ................. Defective processing of proteoglycans 

Achondroplasia . . . . . . . . . . . . . . . . . Deficiency of cell proliferation 
Hypochondroplasia . . . . . . . . . . . . . . Less severe deficiency of cell proliferation 
Malnutrition, irradiation . . . . . . . . . . . Decreased cell proliferation and/or 

excess matrix 

Mucopolysaccharidosis .......... Deficiencies of specific lysosomal acid hydrolases, 
(Morquio's syndrome, Hurler's with lysosomal storage of mucopolysaccharides 
syndrome) 

Rickets, osteomalacia ........... . 
also, defects in metaphysis) 

Insufficiency of Ca2+ and/or Pi 

for normal calcification of matrix 

Metaphyseal chondrodysplasia ..... Extension of hypertrophic cells into metaphysis 
(Jansen and Schmid types) 

Acute hematogenous 
osteomyelitis 

Osteopetrosis 

Flourishing of bacteria due to sluggish circulation, low 
Po2, reticuloendothelial deficiency 

Abnormality of osteoclasis (internal remodeling) 

Osteogenesis imperfecta ......... Abnormality of osteoblasts and collagen synthesis 

Scurvy ......................... Inadequate collagen formation 

Metaphyseal dysplasia 
(Pyle disease) 

.......... Abnormality of funnelization 
(external remodeling) 
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O ssification in the Newborn Skeleton 
Skeleton of fu ll-term newborn 

Time of appearance of ossification centers (primary unless otherwise indicated} 

-- - - - - --:::-""f- -...., Parietal bone (12th week) 
Anteriorfonticulus (fontanelle) :)~or----= 

Coronal suture Sphenoid fonticulus (fontanelle) 

Frontal bone (9th week) suture 

Nasal bone (9th week) ::::;~~ ~;:;~~~~~~==Temporal bone (9th week) 
Lacrimal bone (12th week) = 2~:~~ Mastoid fonticulus (fontanelle) 
Ethmoid bone (12th week) Cl:cipital bone (9th week) 

Sphenoid bone (12th week) Styloid process 

Maxilla (9th week) Intervertebral foramen 

Zygomatic bone (9th week) 
Mandible (9th week) 

Center for hyoid bone (36th week) 

Scapula (8th week) 

Humerus (8th week) :::=----zr
Sternum (8th to 9th week) 

Radius (8th week) ___ _ 

Ulna (8th week) -----H-+1 

Carpal cartilages 

Metacarpals (9th week) 

Coxal 
bone Ischium (16th week) 

Pubis (16th week) 

Patella (3rd to 6th year) 

Center for talus (24th week) 

Metatarsals (9th to 1Oth week) 

Center for calcaneus (12th week) 

-7:;;e;,---- Clavicle (7th week) 

~)~,....---Secondary proximal epiphyseal [iArf(; ___ center of humeral head (36th week) 

Ribs (8th to 9th week) 

Intervertebral disc 

...._ __ Superior vertebral epiphysis 

Triradiate cartilage 

___ Large femoral head articulating 
with shallow acetabulum (2nd and 
6th month postnatal) 

Pubic symphysis 

,_ _____ Femur (7th week) 

Fibula (8th week) 

www.medicalmcqsdownload.blogspot.com



joint Development 
Developmen t of three types of synovial joints 

Precartilage 
condensation of 

mesenchyme 

Site of future joint 
!l'<!vity (mesenchyme 

becomes rarified) 

Epiphyseal cartilage 
growth plate 

Epiphyseal bone 
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·~ ..... ~·~ .... ·~ - .-. , ........... . ... . ...... . , ................ ; .. ; . ......... . . ... .. , .... ...... , .... : .. ...... . . •• • • ,· .•• · ··-·.': :· .... .. ·.:.l•''·• . • ·: : •. 

A. 

Articular menisci 

Joint capsule -......_ 

Synovial membrane - -1 

Joint cavity 

Articular cartilages 

Epiphyseal bone 

Example: 
interphalangeal joint 

Joint cavity 

B. 

Example: 
knee joint 

Cartilage (rudiment 
of bone) 

Perichondrium 

Joint capsule 

Circular cleft Ooint cavity) 

Perichondrium 

Cartilage 

Articular disc 

Joint cavities 

Example: 
sterno clavi cuI ar joint 
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Muscular System: Primordia 
Differentiation of somites into myolomes, sclerotomes, and derma tomes 

Cross section of human embryos 

At 19 days Neural groove 
Ectoderm of embryonic disc 

Somite 

Mesoderm - -= 

At 22 days 

At 27 days 

Sclerotome contributions 

Nolochord 

At 30 days 

Note: Sections A, B, and Care"' level ol 
future vertebral body, but section 0 is a t 
level between developing bodies 

--.....~ 

Cut edge of amnion 

lntrae mbryonic coelom 

Endoderm (roof of yolk sac) 

4~=----Ectxlerm 
Dorsal aortas 

Coelom 
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Segmentation and Division of Myotomes 
Segmental distribution of myotomes in fetus of 6 weeks 

Region of each trunk myotome also represents 
territory of dermatome into which motor and 
sensory fibers of segmental spinal nerve extend .--------------... 

Mesenchymal mass 
representing 3 preotic 
myotomes of primitive 

vertebrates 

Ventral (hypaxial) 
column of hypomeres 

Local mesenchyme gives 
rise to all limb muscle 

connective tissue-------+~ 

~~"" Lumbar myotomes 

Membranous (otic) 
labyrinth of inner ear 

Occipital (postotic) 
myotomes 

Cervical myotomes 

Dorsal (epaxial) 
column of epimeres 
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Epimere, Hypomere, and Muscle Groups 
Somatic development 

Dorsal root -----.. 
Ventral root---""' 

Epaxial muscles --

Dorsal ramus---.... 

Ventral ramus----__,_ 
Posterior division----_.,f' 
Anterior division ' - • 

Hypaxial --~~-,.·· 
muscles 

(extensors of 
limb) 

Hypaxial muscles 
(flexors of limb) 

Hypaxial muscles 
(flexors of 
and 1oul,der) 

Motor neuroblas ts form 
primitive axons and enter 
skelelal muscle of body wall 

;r---·Pc,stE!rior culaneous nerve 

Hypaxial muscles 
in thoracic and 
abdominal wall 

Lateral culaneous nerve 

Anterior culaneous nerve 

Somatic nervous system innervates somatopleure (body wall) 
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Development and Organization of Limb Buds 

Limb buds in 6-week embryo 

Apical ectodermal--; 
ridge 

Zone of polarizing 
activity 

In the classic model of proximodistal 
morphological determination, the apical 
ectodermal ridge interacts with the 
underlying mesoderm of the progress zone 
to establish a time sequence of 
differentiation as the limb elongates. More 
recent evidence indicates that the 
morphological information may be 
programmed early on in the mesenchyme 
with no particular role for the ectoderm. 

Mesenchymal 
bone precursor 

Extensor 
muscle Preaxial compartment 

In upper In lower 

Early craniocaudal morphological Flexor 
differentiation is determined by a muscle ~~:-..\ 

extremity: extremity: 
Cephalic vein Greater saphenous 

t gradient of sonic hedgehog produced 
by the zone of polarizing activity 
(ZPA), a signaling center at the 
caudal end of each limb bud. The 
ZPA also stimulates the formation of 
the apical ectodermal ridge. Ant. divisic1n 

Ventral compartment 
Flexor muscles 

Pollex (thumb) w1n 
Radius Hallux (big toe) 

Tibia 

l Postaxial compartment 
In upper In lower 
extremity: extremity: 

Basilic vein Lesser saphenous 
Ulna ve1n 

Post. Fibula 
division nerve 

Dorsal compartment 
Extensor muscles 

Anterior division nerves Posterior division nerves 
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Rotation of the Limbs 
Changes in position of limbs before birth 

At 5 weeks. Upper and lower limbs have 
formed as finlike appendages pointing 
laterally and caudally 

At 7 weeks. Upper and lower limbs have 
undergone 90-degree torsion about their 
long axes, but in opposite directions, so 
elbows point caudally and knees cranially lf~ 

~~~~~ 

At 6 weeks. Limbs bend anteriorly, so 
elbows and knees point laterally, palms and 
soles face trunk 

At 8 weeks. Torsion of lower limbs in 
twisted or "barber pole" arrangement of their 
cutaneous innervation 
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Limb Rotation and Dermatomes 
Changes in ventral dermatome pattern (cutaneo us 
senso ry nerve distribution) during limb development 

Upper limb 

At 4 weeks At 5 wkeeks 

At 7 weeks 

Lower limb 

Thumb 
Preaxial 
border 

~~ I 
Palmar Postaxial 
surface border 

Preaxial border 

Big toe --..,

Palmar surface......< 

Postaxial border 

T4 
TS 
T~ 

T7 
T8 
T9 

Thumb 

no Palmar 
Til surface 
Tl2 Postaxial 

border ll 
t2 

Dorsal surface 

Big toe 
Preaxial border 

CJ 
C4 

cs 
Tl 

T2 

At 8 weeks 
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Embryonic Plan of the Brachial Plexus 
Comparison of embryonic limb organization to the plan of the brachial plexus 

- Anteriordivision 

Posterior division 

3 cords 

3 anterior divisions 
3 posterior divisions 

Lateral pectoral nerve 
(C5, C6, C7) 

Terminal 
branches 

lllusculocutaneous nerve 
(C5, C6, C7) 

Axillary nerve (C5, C6) 

Radial nerve (C5, C6, C7, 
C8, T1) 

Median nerve (C5, C6, C7, 
C8, T1) 

Ulnar nerve (C7, C8, T 1) 

Inconstant contribution 

3 trunks 

Suprascapular 
nerve (C5, C6) 

To subclavius 
muscle (C5, C6) 

5 roots (ventral rami 
of spinal nerves) 

Dorsal scapular 
nerve (C5) 

.. 

Contribution from T2 

To longus calli and scalene 
muscles (C5, C6, C7, C8) 

1st intencostal nerve 

Long thoracic nerve (C5, C6, C7) 

Medial pectoral nerve (C8, T 1) 

Medial cutaneous nerve of arm (T 1) 

Medial cutaneous nerve of forearm (C8, T 1) 

Upper subscapular nerve (C5, C6) ~ lf$ 
Thoraocdorsal (middle subscapular) nerve (C6, C7, C8) tf ~~~ 

Lower subscapular nerve (C5, C6) 
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Divisions of the Lumbosacral Plexus 

Intercostal nerve (T11) --Subcostal nerve (T12) 

Iliohypogastric nerve (T12, L1) 

Ilioinguinal nerve (L 1) 

To psoas major and psoas minor muscles 

Genitofemoral nerve (L 1, l2) 

Genital branch 
and Femoral branch 

of genitofemoral nerve 

To psoas major and iliacus muscles 

Anterior branches 
and Lateral branches 

of subcostal and 
iliohypogastric nerves 

Lumbosacral trunk 

Nerve to quadratus femoris (and 
inferior gemellus) (L4, L5, S1) - ...:.:,....; 

Nerve to obturator intern us (and 
superior gemellus) (L5, S1, S2) ---'!~ 

Superior gluteal nerve (L4, L5, S1) ---Jio!i 
Nerve to piriformis (S1, S2) ---

Obturator nerve (l2, L3, L4) -----':W~;f 
Accessory obturator nerve (L3, L4) (inconstant) 

Inferior gluteal nerve (L5, S1, S2) 

Femoral nerve (l2, L3. L4) 

Sciatic nerve 

~osterior cutaneous nerve ofthigh (S1, S2, S3) 

Sciatic 
nerve 

Pudendal nerve (S2, S3, S4) 

Common fibular (peroneal) nerve 
(L4. L.5, S1, S2) 

Tibial nerve (L4, L5, S1, S2, S3) Posterior cutaneous 
nerve of thigh 

- Anterior division 

[=:J Posterior division 

Sympathetic trunk 

Lumbar plexus 

Sacral plexus 

Coccneal plexus 

Pelvic splanchnic nerves 

Perforating cutaneous nerve (S2, S3) 

Nerve to levator ani and coccygeus (S3, S4) 

Perineal branch of 4th sacral nerve 

Anococcygeal nerves 

Obturator nerve 

Inferior anal (rectal) nerve 

Dorsal nerve of penis/clitoris 

Perineal nerve and Posterior scrotal/labial branches 

www.medicalmcqsdownload.blogspot.com



Developing Skeletal Muscles 
Developing skeletal muscles at 8 weeks (superficial exposure} 

Brachioradialis 

Orbicularis 

Extensor carpi radialis 
longus 

Extensor carpi ulnaris 

Flexor carpi ulnaris 

Rectus abdominis 

Tendinous intersection ------lL 
Tibialis anterior-::--~=:J-~~~; 

Extensor hallucis longus 

Fibularis peroneus longus 

Extensor digitorum longus 

Temporal is 

Triceps brachii 

Teres minor 

Teres major 

Trapezius 

Serratus anterior 

Latissimus dorsi 

~~lbdominal external 
oblique 

~-Thoracolumbar fascia 
covering erector spinae 

,...__Developing vertebral 
neural arches D Extensor compartment 

muscles innervated by 
posterior division nerves ~~{~~~~~~i:::lf~~~f:._-Quladruc:eps femoris 

- Flexor compartment muscles 
innervated by anterior div ision 
nerves (not as visible in this view} 

c:J Muscles innervated by ventral or dorsal 
spinal nerve rami or cranial nerves Biceps femoris Femur 

.,._ ___ TenS()r fasciae I alae 

Gluteus maximus 
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The pharyngeal 
arches are appearing. 

HEAD AND NECK 
TIMEUNE 

Prenatal Time Scale (Months) 

S-7weeks 
Pharyngeal arch tissues 
migrate and differentiate. 
Nasal sacs (primitive 
nasal cavity) are about to '( .) 
communicate with the 
stomodeum. 

Secondary palate is complete 
and fused to the nasal septum. 
Eyelids are temporarily fused. 
Ossification is occurring 
throughout the skull. Enamel 
organs of deciduous teeth are 
forming. 

Viscerocranium/face is small 
compared with neurocranium/brain. 
Bony sinuses are very small . ~~~"l 
Auditory tube and pharynx are 
short. Soft palate and epiglottis 
overlap when soft palate is pulled 
down against the tongue. 

4-Sweeks 
Lens. nasal, and otic placodes 
are beginning to invaginate. 
Pharyngeal arches are 

L-__ ...J approaching full development. 
Oropharyngeal membrane is 
disintegrating. 

7-8weeks 

Auricle is present. Primary palate is 
fused, but the secondary palate is not 
yet completed. Most nerves. muscles , 
glands, and mesenchymal skeletal 
elements are in place. 
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Forebrain 

Left optic vesicle 

Ectoderm, Endoderm, and Mesoderm 
Lateral view (3 to 4 weeks) 

1.0 mm 

Stomodeum 

Cardiac oromir1ence' 

1st cervical somite 

2nd pharyngeal elevation 
(future hyoid arch) 

1st pharyngeal elevation 
(future mandibular arch) 
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Ectoderm, Endoderm, and Mesoderm 
Sagittal section (3 to 4 weeks) 

Future brain ventricle Neural crest mesenchyme (surrounds brain) 

Rathke's pouch Oropharyngeal membrane 

Ectoderm 

Future thyroid gland 

Forebrain 
(neural tube) ~-H+-1------~ 

Anterior neuropore / 

Midgut 

Future thoracic wall 

Pericardia! coelo,m" Yolk sac wall 

Extraembryonic coelom 
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Maxillary process (part 
of 1st pharyngeal arch) 

Left lens placode 

Ectoderm, Endoderm, and Mesoderm 
lateral view (4 to 5 weeks) 

3.0mm 

Auditory vesicle from otic placode 

1st cervical somite 

Pharyngeal arches 
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Mesenchyme from 

Ectoderm, Endoderm, and Mesoderm 
Somites and somitomeres (6 weeks) 

Membranous (otic) 
labyrinth of inner ear 

Occipital (postotic) 
somite myotomes 

preotic somitomeres - .:.:------j,-""''"' 

Thoracic somite myotomes 
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Pharyngeal (Branchial) Arches 
Embryo at 4 to 5 weeks 

Lateral View 

~-----::;::::::::::23~.0~m~m:=--=---------------~ 
1st pharyngeal Auditory vesicle 

groove 

Maxillary process 
(part of 1st arch) 

--r---
Left lens 
placode - -\,--..,--

Nasal placode --~;;:::=;::) 

Stomodeum -----....J 

1st pharyngeal 
(mandibular) arch 

2nd pharyngeal 
(hyoid) arch 

2nd pharyngeal groove 

4th pharyngeal arch 

3rd pharyngeal arch 
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Pharyngeal (Branchial) Arches 
Pharyngeal pouches and aortic arch arteries 

Lateral View 

1st aortic arch 

Internal carotid artery 

Maxillary process 
{part of 1st arch) 

Oropharyngeal membrane 

1st pharyngeal arch 

Thyroid diverticulum 

1st pharyngeal pouch 

1st pharyngeal groove 

2nd pharyngeal pouch 

2nd pharyngeal groove 

4th aortic arch 

6th aortic 
(pulmonary) arch 

· ~~~~=====~-Left dorsal aorta .: Pulmonary artery 

Laryngotracheal ridge 

Esophagus 

Ventral aorta Bronchial buds 

Truncus arteriosus 
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Ventral and Midsagittal Views 
Embryo at 4 to 5 weeks 

Ventral view 

Frontal prominence 

Nasal placode --f~-

Maxillary process 
(of 1st arch)--+--

1st pharyngeal arch --t---

2nd pharyngeal arch ----~-~ 

Plane of sagittal section 
shown in sagittal section 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 

I 
I ,----------' 

I 

I 
I 
I 
I 
I 
I 
I 

-r- Oropharyngeal membrane 
(disintegrating) 

1st pharyngeal groove 
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Sagittal section 

Hypothalamus of brain 

Frontal 
rominence 

Nasal 
placode-, ____ _ 

Ventral and Midsagittal Views 
Embryo at 4 to 5 weeks 

Infundibulum (posterior lobe) } 
Pituitary gland 

/R;3Ih~ce's pouch (anterior lobe) 

1st pharyngeal pouch 

Esophagus 

Oropharyngeal membrane 
(disintegrating) 

1st pharyngeal arch 
Laryngotracheal ridge or groove 

Pharynx Thyroid diverticulum 
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Pharyngeal pouches 

Right bronchial bud 

Fate of the Pharyngeal Pouches 
Embryo at 4 to 5 weeks 
Pharynx (ventral view) 

~-=-- Oropharyngeal membrane 
(disintegrating) 

Stomodeum 

Thyroid diverticulum 

Pharyngeal membrane 
( endodermal wall of 2nd 
pharyngeal pouch makes direct 
contact with ectodermal wall of 
2nd pharyngeal cleft) 

Laryngotracheal ridge 
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Fate of the Pharyngeal Pouches 
Embryo at 4 to 5 Weeks 

Pharynx (anterior view of left side) 

Foramen cecum of tongue 

---·--' 1st pharyngeal pouch (future 

Thyroid ~ Right lateral lobe 

gland -{_ Isthmus---'"'-

auditory tube and middle ear) 

2nd pharyngeal pouch (future 
supratonsillar fossa) 

3rd pharyngeal pouch 

Parathyroid Ill (future inferior 
parathyroid gland) 

4th pharyngeal pouch 

Parathyroid IV (future 
superior parathyroid gland) 

Esophagus 
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Oronasal 
membrane 

Midsagittal View of the Pharynx 
Sagittal section at 5 to 6 weeks 

1st pharyngeal arch 

Tongue(cutsunace) 

Foramen cecum of tongue 
(site of origin of thyroid gland) 

Opening of 1st 
pharyngeal pouch 
(future auditory tube) 

Epiglottis 

Laryngotracheal groove 
opening (glottis) 

Trachea 

Esophagus 
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Superior concha 

Lobule of middle 
concha 

Inferior concha 

Palate (medial palatine 
process contribution) 

Meckel's cartilage (1st arch) 

Midsagittal View of the Pharynx 
Sagrttal section at8 to 10 weeks 

Broken line indicates position 
of right choana (posterior naris) 

Ostium of auditory tube 

Palate (lateral palatine 
process contribution) 

Tonsillar fossa 

Epiglottis 

Arytenoid cartilage 

Ventricle of larynx 

Thyroid cartilage (4th arch) I 
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Embryo at 6 to 8 weeks 

Fate of the Pharyngeal Grooves 
Lateral view at 6 to 7 weeks 

7.0 mm _______ ___,..,.__ 

Nasolacrimal groove 

Cardiac prominence -----t--

Hepatic prominence 

--~ 

Oral opening 

1st pharyngeal cleft 

Nodules that will merge 
to form auricle of ear 

3rd and 4th pharyngeal 
arches in cervical sinus 

1st pharyngeal arch 
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Embryo at 6 to 8 weeks 

Lateral nasal process 

Medial nasal process 

Fate of the Pharyngeal Grooves 
Lateral view at 7 to 8 weeks 

10.0 mm 

External auditory meatus 
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Pharyngeal Groove and Pouch Anomalies 

Source 

1 II pharyngeal pouch 

1 II pharyngeal groove 

1 II and 2nd 
pharyngeal arches 

2nd pharyngeal pouch 

Ventral pharyngeal ""II 

3 rd pharyngeal pouch 

-
Auditory tu~ ----- ---

Tym~nio cavity------, 

Eardrum 

::fharyngeal fistula - - - --... , 

External acoustic meatus 

=Auricle ______ _:::::::p-...~~ 
-
Nasopharynx ----------.....l~~ 

Soft ~late (~~e~l=um:) ~====~~~====~ Oropharynx 

'Sup~tonsillar fossa 

.§pithelium of ~latina tonsil 

_!ongue (out) -========--t=:;~~ 
Fo~men cecum -

_!Jitimob~nohial body 

"'py~midal and late~l 
~o~s of thyroid gland 

Pa~thyroid gland Ill 

..fersistent cord of thymus 

Common carotid artery - - -'" 

3rd pharyngeal pouch -{!haryngeal fistula ___ _, 

Manubrium of sternum --" 

rA~rra~~t~~:~:t~h~yro==id=g=la=n=d=l=ll::~:;::::::==t:==~~ 3 rd pharyngeal pouch 
.}hymus gland 

Heart ~------~~:(~~~~_!::::::~ 
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Pharyngeal Arch Nerves 

Ophthalmic division of 
trigeminal nerve (V1) 

Sensory for orbit, 
1ose, and forehead 

btic ganglion 
(V3) 

·Ciliary 
ganglion 

(V1) 

Lens 

placode ---l~---...:::~:._ 

Submandibular 
ganglion (V3) 

Head 
mesenchyme 

Olfactory 
placode 

Pharyngeal arches and their nerves: 

c=J Arch !-trigeminal nerve (V) 

Preofic somitomeres 

IV 

Chorda tympani 

Taste to ant 213 of 
tongue and 
parasympathetic to 
salivary glands 

Maxillary part of arch !-maxillary nerve (trigeminal, V2) 
Mandibular part of arch !-mandibular nerve (trigeminal, V3) 

c=J Arch 2-facial nerve (VII) 

c::::J Arch 3-glossopharyngeal nerve (IX) 

L:::J Arch 4-vagus n. (X) 

- Arch 6-vagus n. (X) 

Postofic somites 

Tympanic nerve 

Heart 
bulge 

Visceral sensory for 
middle ear and 
parasympathetic for 
parotid gland 

Accessory 
nerve XI 

relates to 
semitic 

mesenchyme 
by arch 6 

Parasympathetic and 
viseral sensory branch 
from X for foregut and 
midgut 
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Sensory Innervation Territories 
What the sensory nerve territories would be if the embryonic pattern of the 

pharyngeal arches were retained 

Lateral v iew at 8 to 10 weeks 

---- 24.0 mm ---•1 

Cranial nerves: 

C:::JI Trigeminal (V1 )- Arch 1 
(maxillary) 

E~! Trigeminal (V2)-Arch 1 
(mandibular) 

C:::::JI Facial (VII)-Arch 2 

' ' Glossopharyngeal-Arch 3 

- Vagus (X)-Arches 4 and 6 

Sagittal section at 8 to 10 weeks 
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Philtrum of 

Sensory Innervation Territories 
What the sensory territories actually are 

upper lip -"<;~oO-'!"' 

Adult 

V1 - -I-

J ~ 
V2....,....-

Dorsal rami 
' j of cervical 
/ \ spinal nerves 

Oral cavity 
and pharynx '-""'"' 

area on 
posteromedial 

~surface of auricle 

Branches from 
cervical plexus 

• 

Cranial nerves: 

c::=J Trigeminal (V1 )
Arch 1 (maxillary) 

c::=J Trigeminal (V2)
Arch 1 
(mandibular) 

c::=J Facial (VII)-Arch 2 

- Glossopharyngeal
Arch 3 

~ Vagus (X)-Arches 
4 and 6 
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Early Development of Pharyngeal Arch Muscle 
Origins and innervations of pharyngeal arch and somite myotome muscles at 5 weeks 

Vestibulocochlear (VIII) n. ~~:~\---::::-~!).!\""~ 
Facial (VII) n. ..., 

Trigeminal (V) n. =t=:;i~~~~-~;.'-
Trochlear (IV) n. ~:P-!:,.0. 

Oculomotor (Ill) n. 

Abducens (VI) n. 

Eye muscle masses 

Muscles of mastication mass 
(in 1st pharyngeal arch) 

Muscles offacial expression 
mass (in 2nd pharyngeal arch) 

Tongue muscle mass 

Stylopharyngeus muscle mass 

Glossopharyngeal (IX) n. 

Vagus (X) n. 

~~;:=~-;:---- Accessory (XI) n. 

~~-- Roots of 
hypoglossal (XII) n. 

....~--- Pharyngeal and 
laryngeal muscle mass 

Sensory ganglion of C 1 

Trapezius and 
sternocleidomastoid 
muscle mass 

Sensory ganglion of C4 

Anterior neck muscle mass 
Phrenic n. 

Diaphragm muscle mass 

Septum transversum portion of diaphragm 
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Early Development of Pharyngeal Arch Muscle 
Origins and innervations of pharyngeal arch and somite myotome muscles at 6 weeks 

Trigeminal (V) n. 

Trochlear (IV) n. 

Facial (VII) n. 

Abducens (VI) n. ----

Eye muscle mass 

Masticatory muscle mass 

Tongue muscle mass 

Facial muscle mass 

tylopharyngeus muscle mass 

Anterior neck muscle mass 

; v1.1G vesicle (inner ear 
labyrinth) 

Glossopharyngeal (IX) n. 

Vagus (X) n. 

~~.,.-~:--Accessory (XI) n. 

-+-- Roots of hypoglossal 
(XII) n. 

\fj\j~~~-t-- C1 
~--t- Sternocleidomastoid 

muscle mass 

:--+-Trapezius muscle mass 

'--+- cs 

Pharyngeal and 
laryngeal muscle mass 

Diaphragm muscle mass 

Developing diaphragm 

www.medicalmcqsdownload.blogspot.com



Later Development of Pharyngeal Arch Muscles 
Superficial muscles 

Occipitofrontalis (frontal belly) 

Orbicularis oculi 

Procerus 

Levator labii superioris 

Zygomaticus mm. 

Orbicularis oris 

Buccinator 

Mentalis 

Mylohyoid 

Digastric (anterior belly) 

Sternohyoid 

Sternothyroid 

Epicranial aponeurosis 
(galea aponeurotica) 

Temporal is 

Auricularis mm. 

Occipitofrontalis (occipital 
hAIIv) 

Styloid process 

Digastric (posterior belly) 

Thyrohyoid 

Sternocleidomastoid 

Prevertebral fascia 

:_~.:::::=----Clavicle 

,n.~w;:~--- Platysma (mostly 
removed) 
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Later Development of Pharyngeal Arch Muscles 
Deep muscfes 

Part of lateral pterygoid m. arising 
from lateral pterygoid lamina 

Extrinsic eyeball mm. 

Pterygomandibular raphe 

Part of buccinator arising from raphe 

Tongue 

Genioglossus 

Mandible 

---· 

Geniohyoid 

Hyoglossus 

Hyoid bone 

Thyroid cartilage 

Inferior pharyngeal constrictor 

Cricothyroid 

Tensor veli palatini 

,Levat<or veli palatini 

Superior pharyngeal 
constrictor 

Sternocleidomastoid 

Splenius capitis (epaxial 

Carotid sheath 

Scalene mm. (hypaxial) 

Levator scapulae 
(hypaxial) 

_....- Trapezius 

~-J.~~--- Styloglossus 

L.------ Middle pharyngeal constrictor 

'-------Esophagus 

www.medicalmcqsdownload.blogspot.com



Pharyngeal Arch Cartilages 
Emllryo at 7 to 8 weeks 

Cartilage primordia 

1st pharyngeal 
arch territory 

CJ 

Incus 

Meckel's Malleus 

cartilage Future sphenomandibular ligament 

Portion mandibular bone surrounds 

Lesser horn of hyoid cartilage 

Upper half of hyoid body 

Lower half of hyoid body 

4th pharyngeal 
arch territory 
CJ 

Thyroid 
cartilage 

PHARYNGEALARCH BONES AND CARTILAGE 

Arch# Derivatives of Arch Cartilages 
I Malleus, incus, sphenomandibular ligament 

Cricoid 
cartilage 

2nd pharyngeal 
arch territory CJ 

3rd pharyngeal 
arch territory c:::J 

Greater horn of 
hyoid cartilage 

6th pharyngeal 
arch territory c:::J 

2 Stapes, styloid process, stylohyoid ligament, upper half of hyoid 

J Lower half and greater horns of hyoid 
4 Thyroid and epiglottic cartilages of larynx 
(, Cricoid, arytenoid, and corniculate cartilages of larynx 
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Chondrocranium at 9 weeks 

Orbitosphenoid (orbital, 
or lesser, wing of future 
sphenoid bone) (vision) 

Crista galli 

Nasal capsule (olfaction) 

Cartilaginous 
pharyngeal 

arch skeleton 

Hyoid cartilage 

Thyroid cartilage-~ 

Ossification of the Skull 

Greater wing of 
sphenoid bone 

Otic capsule (audition) 

Malleus 

Cricoid cartilage -..:::::::::~rJ 
Pharyngeal arch 
mesenchyme for 
viscerocranium 

Membrane bo nes at 9 weeks 

Frontal bone 

Nasal bone 

Maxilla 

Zygomatic 
bone 

Squamous part of 
temporal bone 

D 

Head 
mesenchyme for 
neurocranium 

Cartilage from 
pharyngeal arches 
for viscerocranium 
and neck cartilages 

Cartilage from 
somite 
sclerotomes and 
neural crest 
anteriorly for base 
of neurocranium 

Intramembranous 
ossification (both 
from neural 
crest) 

Endochondral 
ossification 
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Nasal bone 

Zygomatic bone 

Ossification of the Skull 
Membrane bones a t 12 weeks 

D 

D 

- - - - Chondrocranium 

~---Squamous part and zygomatic 

Pharyngeal arch 
mesenchyme for 
viscerocranium 

Head mesenchyme for 
neurocranium 

Cartilage from 
pharyngeal arches for 
viscerocranium and 
neck cartilages 

Cartilage from somite 
sclerotomes and neural 
crest anteriorly for base 
of neurocranium 

process of temporal bone 

Tympanic ring of temporal bone 

Intramembranous 
ossification {both from 
neural crest) 

Endochondral 
ossification 
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Ossification of the Scull 

Sphenoid bone 

Pterygoid process 

Medial plal:e .... 

Lateral plate~ 

Greater wing 

Temporal bone 

Zygomatic process - -+ 
Articular tubercle --r~,. . .,;.. 
Mandibular fossa-~~

Styloid process _J-&~~//7.;6 
External acoustic .-!.-- ;? 

meatus 

Mastoid process ---t--
Petrous part 

Maxilla 

Palatine process 

~~~~~r:::. Zygomatic process 

~--+---t-Zygomatic bone 

Occipital bone 

~-- Basilar part 

External occipilal 
protuberance 
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Premature Suture Closure 

Sca~hocephaly due to sagittal 
craniosynostosis 

Limitation of growth of coronal sutures 

Limitation of growth 
of sagittal suture 

Brachycephaly due to 
coronal craniosynostosis 
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Cervical Ossification 
Fate of body, costal process, and neural arch components of cervical and thoracic 

vertebra, with sites and time of appearance of ossification centers 

KEY 
~:::1 Body 

===J.I Costal process 
L. I Neural arch 

Cervical vertebra 

Spinous process 

Transverse foramen 

Spinous process 

Superior articular process 

Pedicle 

Vertebral foramen 

Ossification center appears 
9th or 1Oth week 

Vestige of notochord 

Ossification center appears 
at 9th or 1Oth week 

Ossification center 
appears at 8th or 9th 
week 

~r:----- Vestige of notochord 

-;/'----ossification center appears 
...._'"" at 9th or 1Oth week 

Thoracic vertebra 
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Cervical Ossification 
First and second cervical vertebrae at birth 

1st cervical vertebra {atlas) {superior view) 

.r-..------ Posterior tubercle 

""';::;1::~-:;.-- Ossified posterior arch and lateral 
Superior articular process - -;;;.. mass (center appears at 7th month 

Transverse process - prenatal) 

Transverse foramen ~t::r.J-v::::::"&:.:::~~~-- Site of ossification center for arch 
"" (center appears at end of 1st year) 

~~-------- Site of ossification center for dens 
Ossified part of neural arch (center (center appears at 2 to 3 years) 

appears at 7th or 8th week prenatal)~ ~- ..._;F"? ____ Ossified part of dens, originally part of 
p1 ----LJ I ::'-t ~ atlas (center appears at 6th month 

Transverse process and foramen _ [~; :::z:; prenatal) 

Inferior articular process~ -Ossified part of body (center 

Key 
Cartilage 
Bone 

appears at 4th month prenatal) 

2nd cervical vertebra {axis) {anterior view) 
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Torticollis 

Mass in neck w ithin sternocleidomastoid muscle 
often referred to as sternocleidomastoid tumor. 
This earliest manifestation of congenital muscular 
torticollis regresses, to be followed by contracture 
of muscle 

Child w ith muscular 
torticollis. Head tilted to 
left w ith chin turned 
slightly to right because 
of contracture of left 
sternocleidomastoid 
muscle. Note facial 
symmetry (flattening of 
left side of face) 

Untreated torticollis in 5-year-old boy. 
Thick, fibrotic, tendonlike bands have 
replaced sternocleidomastoid muscle, 
making head appear tethered to clavicle. 
Two heads of left sternocleidomastoid 
muscle prominent 
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Cervical Plexus 
The cervical plexus and hypoglossal nerve in a 5- to 6-week embryo 

Innervation o f muscle masses of tongue, 
neck, and diaphragm (lateral view) 

Hypoglossal 
(XII) nerve 

Lingual muscle mass 
(future tongue) 

lnfrahyoid muscle 
mass (future so-called 

Myelencephalon (future 
medulla oblongata) 

_.. ::;prnal cord 

Myotome of 1st 
cervical somite 

If..,.-- Sensory ganglion of 
r~~c::~ 1st cervical nerve 

Superior root of 
ansa cervicalis 

-- Inferior root of 

strap muscles) ---t------"7 
ansa cervicalis 

~~f-~;;: __ Ansa cervicalis 
Diaphragmatic 
muscle mass---+-~~=

Septum transversum 
(future anterior portion 

of diaphragm) __ __, 

Cervical plexus: schema 

To omohyoid muscle (superior belly) - """1/ 

Ansa cervicali- !Superior root 
"lJDfenor root 

To sternothyroid muscle ::::::2:{ 
To sternohyoid muscle 

To omohyoid muscle (inferior belly) 

r.:-;--:-________ ....:S:.:u::.tp::..:;raclavicular nerve:s_.~ 
Note: 
S ; 5 Gray ramus from superior 
cervical sympathetic ganglion 

Phrenic nerve 4th cervical nerve 

To scalene and levator 
scapulae muscles lf$ 

~~~~~ 
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Orbit 

:::::= === ===Surlace ectoderm - - - --...., 

Lens vesicle 

Early eye develops as neuroectodermal outpouching 
(optic vesicle) of primitive forebrain and thickening of 
adjacent surlace ectoderm (lens placode) 

Hyaloid 
artery - -P'-' 

Internal 
carotid artery - ""t--..::::: _ _JJ 

Eyelid 
primordia 

Anterior 
chamber 

/

Mesenchymal 
condensation 
forms outer layers 
of globe (cornea 
and sclera) 

Inner layer of 
optic vesicle 
(visual retina) 

Outer layer of optic vesicle 
(pigmented retina [epitheliumD 

Hyaloid vessels 
regress prior to 
birth 

Lens placode invaginates to form the lens The optic 
vesicle invaginates to form a double layered optic cup that 
surrounds the lens vesicle and hyaloid vessels 

Orbicularis oculi 
(2nd pharyngeal 

arch) 

Conjunctiva 
(surlace 

ectoderm) 

Corneal 
epithelium 

(surlace 
ectoderm) _..,,.. 

Cornea 
(mesenchyme) 

Extraocular muscles 
(preotic somitomeres) 

_---Sclera (mesenchyme) 
~--Choroid 

(mesenchyme) 

Anterior chamber 

Lens (surlace ectoderm) 

Iris (neuroecbode,rm) 

Fusion of visual retina and 
pigmented retinal epithelium Pigmented retina (epithelium) 

(neuroectoderm) 

Optic nerve 
(neuroectoderm) 
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Otic 
placode 

x 

Rhombencephalon 

\---

Days 

Ear D evelopment 

Invaginating 
otic pit 

Pharyngeal 
pouch 

Future 
tubotympanic 
recess 

Endolymphatic 
appendage 

• 
Day 28 

Otic ves icle 

Saccular 
region 

Ossicular 
condensations 

Tubotympanic 
recess 

Utricular 
region 

Day 30 
Meatal 
plug 
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CN VII 
CN VIII (cochlear) 
CN VIII (vestibular) 

Endolymphatic 
sac 

Ear Development 

Developing semicircular 
canals 

CN VII Endolymphatic sac 
..r- Stapes 

'~- Incus 

~"?'"r- Malleus 

Tympanic cavity 
Meatal plug 

External 
auditory 
meatus 

Saccule , 
Ductus 

duct 

Semicircular canals 

"' -·c.•, ~£ 
Term Appearance Tympanic 

cavity 
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Adult Ear Or~anization 
Bony and membranouslabyrinths: schema 

Ampullae 

Inner ear from otic 
placode/otocyst 

Middle ear 
from 1st 
pharyngeal 
pouch 

External ear 
from 1st 
pharyngeal 
groove 

Tympanic cavity 

External acoustic meatus 
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Osseous spiral lamina 

Nerve fibers 

Modiolus of cochleus --.....i\l 

Scala tympani--

Cochlear nerve 
---I 

Adult Ear Organization 
Section through turn of cochlea 

Pillar (rod) cells 

Inner hair cell 
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Summary of Ear Development 
Primordia of the outer, middle, and inner ear 

Otocyst from the 
otic placode 

1st pharyngeal 
groove 

• 

1st pharyngeal 
groove 

Arch 1 and 2 
mesenchymal 
nodules that 
will merge to 
form the 
auricle of the 
ear 

Ostium of right auditory tube leading to the 
middle ear cavity and mastoid air cells (all 

from 1st pharyngeal pouch) 

Frnm the 1st 
pharyngeal 
pouch 

From the 1st 
pharyngeal 
groove 

1st pharyngeal 
arch territoryo 

Incus 

Malleus /"-"'"'~A.<~~~ 

2nd pharyngeal 
"rr:h territoryD 
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Ophthalmic division of 
trigeminal nerve 

Sensory for orbit, 
nose, and forehead 

Head 
mesenchyme 

Pharyngeal arches and their nerves: 
~ Arch !-trigeminal nerve 0/) 

Maxillary part of arch !
maxillary nerve (trigeminal, V2) 
Mandibular part of arch !
mandibular nerve (trigeminal, V3) 
Pretrematio branch-
ophthalmic nerve (trigeminal, V1) 

CJ Arch 2-faoial nerve C'JII) 
Pretermatio branch-chorda tympani 

~ Arch 3-glossopharyngeal nerve (IX) 
Pretrematio branch-tympanic nerve 

CJ Arch 4-vagus n. (X) 
- Arch 6-vagus n. (X) 

Cranial Nerve Primordia 

Preofio somitomeres 

IV 

Taste to ant. 2/3 of 
tongue and 
parasympathetic to 
salivary glands 

Postofio somites 

Heart 
bulge 

Accessory 
nerve XI 
relates to 
semitic 
mesenchyme 
by arch 6 

Tympanic nerve 

Visceral sensory 
for middle ear and 
parasympathetic 
for parotid gland 

Parasympathetic and viseral 
sensory branch from X for 
foregut and midgut 

Somite primordia and their nerves: 
Preofio somitomeres-ooulomofor nerve (Ill), 

trochlear nerve (IV), 
abducens nerve C'JI) 

Postofio somites-hypoglossal nerve (XII) 
Semitic mesenchyme-accessory nerve (XI) 

Ectodermal structures and their nerves: 

Olfactory placode-olfactory nerve (I) 
Optic cup-optic nerve (II) 
Otic plaoode-vestibuloooohlear nerve C'JIII) 

www.medicalmcqsdownload.blogspot.com



Parasympathetic Innervation and Unique Nerves 

Ciliary ganglion for pupil constrictor and ciliary 
muscle (for visual accommodation) 

Pterygopalatine ganglion for lacrimal gland and 
mucosa of nasal cavity and palate 

Presynaptic parasympathetics: oculomotor nerve (Ill) 
Postsynaptic parasympathetics: short ciliary nerves (V1) 

Presynaptic parasympathetics: greater petrosal nerve 
(VII) and nerve of the pterygoid canal 

Ophthalmic division of trigeminal nerve (V1) 

Sensory for orbit, nose, and forehead 

Postsynaptic parasympathetics: zygomatic, greater and lesser 
palatine, posterior lateral nasal, and nasopalatine branches of 
V2 

II 

Otic ganglion for parotid salivary oland~ 

Presynaptic parasympathetics: tympanic (IX) 
and lesser petrosal nerves 

Postsynaptic parasympathetics: 
auriculotemporal nerve (113) 

IV 

Submandibular ganglion for and 
sublingual salivary glands 

Presynaptic parasympathetics: chorda 
tympani (VII) 

Postsynaptic parasympathetics: 
lingual nerve branches (113) 

Taste to ant. 2/3 of 
tongue and 
parasympathetic to 
salivary glands 

Heart 
bulge 

Tympanic nerve 

Visceral sensory for 
middle ear and 
parasympathetic for 
parotid gland 

Accessory nerve XI 
relates to semitic 
mesenchyme by arch 6 

Parasympathetic and viseral 
sensory branch from X for foregut 
and midgut 
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Development of the Face: 3 to 4 Weeks 

Lateral view 

Forebrain 

Left optic vesicle - -+---

Cardiac prominence 

1.0 mm 

2nd pharyngeal elevation 
(future hyoid arch) 

1st pharyngeal elevation 
(future mandibular arch) 
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Development of the Face: 3 to 4 Weeks 

Lateral view 

Anterior neuropore ---f----

Cardiac prominence 

Forebrain 

~.-----1st pharyngeal elevation 
(future mandibular arch) 

2nd pharyngeal elevation 
(future hyoid arch) 
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Development of the Face: 3 to 4 Weeks 

Sag.ittal section 

Future brain ventricle 

Rathke's pouch 

Forebrain 
(neural tube} -~~-1---__r;.. 

Pericardia! coelom 

~:S~~~--Future 
lung 
bud 

~ 
Midgut 

Extraembryonic coelom 
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Early Development of the Face: 4 to 6 Weeks 

l ateral view at 4 to 5 weeks Ventral view at 4 to 5 weeks 

f------- 3.0 mm ______ ., 

1st pharyngeal groove 

Maxillary process 
of 1st arch 

Auditory vesicle 

2nd pharyngeal cleft 

1st cervical somite 
(myotome portion) 

Nasal placode -r-

Maxillary process l 
of 1st arch ....1.-

Frontonasal rocess 

1st pharyngeaJX 
arch (mandibular 

part) ----

Stomodeum y 
Cardiac 

prominence 

2nd pharyngeal 
arch 

3rd and 4th 
pharyngeal grooves 

4th pharyngeal arch 

3rd pharyngeal arch 

2nd pharyngeal arch 

1st pharyngeal arch 

3rd and 4th 
pharyngeal 
arches 

1st pharyngeal cleft 

Left optic 
vesicle 

Oropharyngeal 
membrane 
(disintegrating) 
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Early Development of the Face: 4 to 6 Weeks 

Lateral view at 5 to 6 weeks Ventral view at 5 to 6 weeks 

1+----- 4.0 mm ----.-1 

Left eye 

Nasal pit 

prominence 

Nasolacrimal 
groove 

Maxillary 
process of 

1st arch 

1st pharyngeal 
arch 

2nd pharyngeal arch 

Pharyngeal arches 3 and 4 

>;;:::: 

Location of auditory vesicle 
(future membranous 
labyrinth of inner ear) 

1st 
pharyngeal 
groove 

Right 

~1st cervical somite 

Arm bud 

(myotome portion)gg 

1st pharyngeal 
groove 

Site of future 
hyoid bone 

Frontonasal 

3rd and 4th 
pharyngeal arches 
(sites of future 
laryngeal cartilages) 

1st 
pharyngeal 
arch 
(mandibular 
part) 

2nd 
pharyngeal 
arch 
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Later Development of the Face 

l ateral view at 6 to 7 weeks 

---- 7.0 mm ----

Left eye 1st pharyngeal groove 

Nodules that will 

Opening 
of left 

nasal sac 

Nasolacrimal 
groove 

Hepatic 
prominence 

Cardiac 
prominence 

Arm bud 

merge to form 
auricle of ear 

2nd 
pharyngeal 
arch 

3rd and 4th 
pharyngeal 
arches in 
cervical 
sinus 

1st pharyngeal 
arch 

Ventral view at 6 to 7 weeks 

Opening of right nasal 
sac (future naris) 

Maxillary 
process of 1st 

arch 

1st pharyngeal 
cleft (future 

external acoustic 
meatus)-~ ....... 

Site of future 
hyoid bone 

Intermaxillary 
segment (interior part 
of primitive or primary 
palate and nasal 

"--- f- Oral opening 

Nodules that 
merge to form 
auricle of ear 

3rd and 4th pharyngeal 
arches in cervical sinus 
(sites of future laryngeal 
cartilages} 

www.medicalmcqsdownload.blogspot.com



Later Development of the Face 

Ventral view at 7 to 8 weeks 

Philtrum of upper lip 
(fusion of medial nasal 

processes) 

~---- 10.0 mm -----

Lateral view at 7 to 8 weeks 

Site of nasolacrimal groove (fusion of 
lateral nasal and maxillary processes) 

~~~.!..,..Site of fusion of medial nasal and 
maxillary processes (site of cleft lip) 

Auricle of ear 

---- 24.0 mm ---~ 

Fused eyelids __..,. 

Philtrum of 
upper lip 

Auricle of 

Lateral view at 8 to 10 weeks 
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Palate Formation 

Sagittal section at 5 to 6 weeks Sagittal section at 6 to 7 weeks 

Slomodeum Rathke's pouch Oral l aleral palatine process 
cavity (secondary palate) 

Oronasal membrane 

Nasal pit (sac) 

Primary 
palale 

1st pharyngeal arch 
5 

Tongue (cut surface) 

Foramen cecum of tongue 
(sile of origin of thyroid gland) 

Opening of 1st pharyngeal 
pouch (future audilorytube) 

Openings of 2nd, 3rd, and 
4th pharyngeal pouche s 

Oronasal membrane Rathke's pouch 

P 
. 1 le Foramen cecum of 

nmary pa a tongue 
(median palatine 

0 
. 

11 1 process) pen1ng o s 

R
. h 

1 
pharyngeal pouch (future 

og t nasa sac auditory tube) 
Maxil lary told Openings of 2nd, 3rd, 

Epiglottis 
Ethmoid told ..... 

and 4th pharyngeal 
pouches 

~ f ---- l aryngotracheal 
1 ~ groove open1ng 

I 
(glottis) t--- Trachea 

Esophagus 
1st pharyngeal 1>rch 

Tongue (cut surface) 

) 

Epiglottis 

Arytenoid swelling 
thl>t borde~ 
laryn~eal opening 
(glottiS) 

Esophagus 

Trachea 

~~!.:: 
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Palate Formation 

Sagittal section at 7 to 8 weeks 

Right cerebral 
hemisphere 

Olfactory bulb 

Axons of nerve cells passing from 
olfactory epithelium of nasal cavity to 
olfactory bulb 

Ethmoid fold 
-...........: Maxillaryfold 

Hyoid cartilage 

Meckel's cartilage 

Thyroid cartilage 
Trachea 

Tracheal cartilage 

I 

Sagittal section at 8 to 10 weeks 

Supreme conchae I and II 

Superior concha 

Lobuleof / 
middle concha / 

Inferior 
concha f 

Broken line indicates position of 
ri htchoana (posterior naris) 

Ostium of auditory tube 

Palate (secondary 
I-----.. palate contribution) 

Tonsillar fossa 

Arytenoid 
cartilage 

Ventricle 
of larynx 

Right 
vocal fold 

Meckel's cartilage 
Junction of 
pharynx and 
esophagus 

Hyoid cartilage 

Thyroid cartilage 
Cricoid cartilage 
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Interior View of Palate Formation 
Roof of stomodeum 
(inferio r view; 6 to 7 weeks) 

Opening of right nasal sac --4--
Right eye ._-' 

Primitive or primary palate ~--T-:;j 
(median palatine process) 

Oronasal membrane (primitive 
posterior naris or choana) 

Frontal area 

_..,.!Medial nasal process 

~:::.---Lateral nasal process 

groove 

,.--,.---Definitive nasal septum 

t..--- Maxillary process of 1st arch 

~-- Lateral palatine process 
--.,~~~--(secondary palate) 

Opening of Rathke's pouch 
Roof of stomodeum (base of skull) --+--, 

Palate fo rmation 
(inferio r view; 7 to 8 weeks) 

Philtrum of upper lip (fusion of medial--~~~;;;=-;::::::._.~~~--Site of fusion of medial nasal and 
nasal processes) maxillary processes (cleft lip site) 

Primary palate (median palatine process) Primitive posterior naris or choana 

Definitive nasal septum -1--1-~--t

Mucosa covering base of sK•un---\:=:--.\--

Roof of oral cavity 
(infe rior view; 8 to 10 weeks) 

Broken lines border area formed from 

(former site of oronasal membrane) 

-:;---1t-4--ll .. ft lateral palatine process 

~----Left naris 

nasomedial processes and primitive or-----~~~:::;;:=;:;:? 
primary palate 

t----uotoer lip 

\..-\---Gingiva (gum) 
Medial palatine process (primary palate ~~~r-:J 

contribution to definitive palate) 

Lateral palatine process (secondary ~-~-1"
palate contribution to definitive palate) 

Arrow emerging from choana 
(posterior naris of right nasal cavity) ---...:::.• 

----YJ,..--Palatine raphe (cleft palate site) 

_. P;alatog~~ssal arch 

Palatopharyngeal arch 

~---Uvula ~~~ 
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Unilateral cleft lip
partial 

Unilateral cleft of 
primary palate
complete, involving 
lip and alveolar ridge 

Bilateral cleft lip 

Ankyloglossia
restricted tongue 
movement from a 
short lingual 
frenulum 

Congenital Anomalies of the Oral Cavity 

Partial cleft 
of palate 

Complete cleft of 
secondary palate 
and unilateral cleft 
of primary palate 

Torus palatinus-bone 
deposition on palate 
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Floor of the Oral Cavity 
Floor of oral cavity and pharynx 
(supe rio r view; 5 to 6 weeks) 

Floor of o ral cavity a nd pharynx 
(supe rio r view; 6 to 7 weeks) 

Lalerallingual 
swelling 

Future anterior Median sulcus 
two-thirds of of longue 

..----...-----~~~~ lip portion of • mandibular (1st 
pharyngeal) ereh 

Foramen cecum 

~nd pharyngeal 
arch 

(diminishes) 

3rdand 4th 
pharyngeal 

\ 

arches~ 

Laryngobacheal groove 
opening (glottis) 

Tuberculum 
impar 

tongue 

- --1st pharyngeal 
arch 

Fu1ure posterior 
- ----- one-third of tongue 

----- Alytenoid 
swelling 

Oral cavity and fau ces (3 6 weeks) 

Palatine tonsil --..;,.....; 

Palatoglossal arch _ _ _..._ 

Median glossoepiglottic fold 

Foramen cecum 

Sulcus terminalis 

Tuberculum 
1mpar ---

-~~ Lalen;~llingual 
swelling 

Foramen 

cecum --.:._--~ 

Futu"' sulcus 
BrmiMiis 

Ep~~ttis ______ ~~~~~~~~~~~ < """=;._..... --Future lingua I tonsil 
\ I (posterior portion of 

G~ttis ----~<::-"'1-1 • tongue arches 3 and 4) 

Ary1enoid swelling 

Palatine raphe 

Uvula 

~-Le,ft cleft formed by midline elevaled 
larynx dividing isthmus faucium into two 
canals (Newborn can breathe with 
larynx locked in nasopharynx while milk 
flows through faucial clefts) 

{ +----Left vallecula 

Lingual tonsil of posterior one· 
third of longue 

Vallate papillae 

Foliate papillae 

Gingiva (gum) covering 
deciduous teeth 

Median lingu91 sulcus 

Fili~rm and fungilorm 
l)<lpillae '....:i"-....;;;::;o,......::_ __ lo-.~er lip 
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Right olfactory bulb 

Axons of olfactory nerve 
cells of mucosa of 

septum and ethmoid fold 

Developmental Cross Sections 
Frontal (coronal) section at 7 to 8 weeks 

~~------Left cerebral hemisphere 

Left lateral ventricle 

Ethmoid cartilage 

Frontal bone 
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Septal cartilage 

Superior concha and meatus 

Ethmoid cartilage 

Eyeball 

Enamel organs of 
deciduous molar teeth 

Developmental Cross Sections 
Frontal (coronal) section at 8 to 10 weeks 

....__ :.~[~:::::::___ Zygomatic bone 

- .. _.,t:$!:_r:~-J.~--- Muscles of facial expression 

Sites of fusion of lateral 
palatine processes and 
nasal septum 

lnfrahyoid muscles _______ L.:...---
Tongue 

-----Platysma 
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Weeks 

Tooth D evelopment 

Dental lamina 

Tooth bud 

r--- Permanent tooth bud --, 
Enamel organ 

r--- Outher epithelium - --,. 
-ci~I-J:;.-- Enamel reticulum -, 

Inner epithelium ~,~'•--'\ ... 
(ameloblasts) 

Enamel 

Dentin--, 
Predentin 

papilla 

Cap stage (9 weeks) 

Bell stage (28 weeks) 
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Tooth Development 

Dentin =----=== Ameloblasts =------ Enamel reticulu~---""\ 
,.----- Cemento-ename 

,-----junction-----, 
Gingiva 

,...-- Odontoblasts 
-.,, Predentin --, 

Periodontal 
ligament 
Cementum 
Cementoblasts 

pulp 

Crown 
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D eciduou s 
(primary) 

Usual age of 
eruption 

Central incisor (8-1 0 months) 

Lateral incisor (8-1 0 mnnth~ \ 

Canine (cuspid) (16-20 months) 

1st molar (15-21 months) 

2nd molar (20-24 months) -.......:-

2nd molar (20-24 months) 

1st molar (15-21 months) 

Canine (cuspid) (15-21 months) 

Lateral incisor (15-21 months\ ' 

Central incisor (6-9 months) 

Dental Eruption 

... 

Permanent 
(co lo red blue) 
U sual age of 

eruption 

'._ --- 3rd molars (17th-25th year) 

2nd molar (12th-13th year) 

-- 1st molar (6th year) 
H--- 2nd premolar (10th year) 

~;+-- 1st premolar (9th year) 

ii;;ii;i Canine (cuspid) (11th-12th year) 
= :._ ______ Lateral incisor (8th year) 

Central incisor (7th year) 
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Palatine process 
of maxilla 

Horizontal plate 
of palatine bone 

Dental Eruption 

-• • 

Greater and lesser 
palatine foramina 

Upper permanent teeth lower permanent teeth 

Note: Numbers refer to a common scheme dentists use to identify teeth. 
(letters are used for the deciduous definition.) 
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Pharyngeal Pouch and Groove Derivatives 

No. From Pouches From Grooves 
1 Auditory tube, middle ear cavity, mastoid air cells External auditory meatus 

2 Palatine tonsil crypts Cervical sinus (disappears) 

3 Infe rior parathyroids, thymus Cervical sinus (disappears) 
4 Superior parathyroids, parafollicular cells (C cells) of thyroid Cervical sinus (disappears) 
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Ear Structures and Their Primordia 

Structures Primordia 
Auricle Mesenchyme or the 1st and 2nd phal')·ngeal arches 
External auditory meatus 1st pharyngeal groove (ectoderm) 
Middle ear cavity; auditory tube, 
mastoid air cells 1st pharvn.<teal pouch (endoderm) 
Codllea and semicirwlar canals Otic placode/otocyst (ectodenn) 
Tvmpanic membrane 1st pharyngeal membrane (ectoderm/endoderm) with interveninx mesenchyme 

Ear ossides 1 sf pharyngeal arch cartilage (incus and malleus) 
2nd pharynj!eal arch cartilaj!e (stapes) 

Temporal bone Occipital sclerotomes (mastoid and petrous parts) 
2nd pharyngeal arch cartilage (styloid process) 
1st pharyngeal arch mesenchyme (squamous and tympanic l>•rts) 
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Special sensory and Somatomotor Cranial Nerve 
Components 

Nerve Primord ium Inn ervated Neuron Components 

Olractory (I) Olfactory p lacode Special sensory (olfaction) 
O ptic (II) Optic cup Special sensory (vision) 
Vestibulococh lear (VIII ) Otic p lacode Special sensory (hearing and balance) 

OculomoLOr (Ill) Preotic somitomere Somatomotor to ex traocular eyP muscles 
Parasyrnpathctics to c iliary ganglion (for pupil 

constrictor and ciliary muscle) 
Trochlear (IV) Preotic somi lnmere Somatornotor to superior oblique rnusde 
Abducens (VI) Preolic somitomere Sornatomotor to lateral rectus muscle 
l lypoglossal (XII) Postotic sornites Somatomotor to tongue muscles 
Accessory (XI) Somitic mesenchyme Somatornotor to sternocleidomastoid and trapezius 

by arch 6 
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Pharyngeal Arch Cranial Nerve Components 

Nerve Arch Neuron Components 

Trigeminal (V) 1 General sensory (face, orbit, nasal and oral cavities) 
6 ranch io 111o LOr (111usd es of mastication; tensor ty111pani; tensor 

veli palatini) 

Facial (VII) 2 Br~nch iomotor (muscles of facial exp ression; stylohyoirl; posterior 
digastric; stapedius) 

Sf.lecial sensory ( taste to amerior twv-thirds oi tongue) 
Parasympathetic to pterygopalatine and submandibular ganglia 

(for lacrimal gland, nasal mucosa, and salivary glands) 

G lossopharyngeal (IX) 3 Visceral sensory to p harynx 
Branchio mo tor to stylopharyngeus 
Parasympathetic to otic ganglion (for the paro tid gland) 
Special sensory ( taste to posterior tongue; carotid body and sinus) 

Vagus (X) 4 and 6 Branch io mo tor (pharynx and larynx) 
Visceral sensory (larynx; fo regut below pharynx and midgut) 
General sensory to external acoustic meatus 
Parasympathetics (en teric ganglia o f fo regut and midgut) 
Special sensory ( taste in laryngopharynx; caro tid body and sinus) 
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Innervation of the Tongue 

INN ERVATION OF THE TONGUE 

Anterior two-thirds (oral cavity) General sensory (GSA)-Iingual branch of V3 

Taste (SVA)-facial nerve (VII) 

Posterio r one-third (oropharynx) Visceral sensory (GVA)-glossopharyngeal nerve (IX) 

Taste (SVA)-glossopharyngeal nerve (IX) 

Root (la ryngopharynl() Visceral sensory (GVA)-vagus ne rve (X) 

Taste (SVA)- vagus ne rve (X) 

Tongue muscles Somatomotor-hypoglossal ne rve (XII) 

Clml\l 

www.medicalmcqsdownload.blogspot.com



www.medicalmcqsdownload.blogspot.com


	Cover
	1. Early Development
	1. Timeline
	2. The First Week
	3. The Second Week
	4. The Embryonic Period - Dorsal Views
	5. The Embryonic Period - Saggital Views
	6. The Embryonic Period
	7. The Fetal Period
	8. Histological Concepts - Blastocyst
	9. Histological Concepts - Loose and Dense Connective Tissue
	10. Histological Concepts - Skin and Yolk Sac
	11 Induction
	12 Apoptosis
	13 Segmentation and Early Pattern Formation
	14 Segmentation and Early Pattern Formation (Contd)
	15 Cell Adhesion and Cell Migration
	16 Cell Differentiation and Cell Fates
	17 Growth Factors
	18 Classification of Abnormal Processes - Morphogenesis
	19 Classification of Multiple Anomalies
	20 Normal vs Major vs Minor Malformations
	21 Marfan Syndrome
	22 Apert Syndrome
	23 De Lange Syndrome
	24 Examples of Deformations
	25 Example of a Deformation Sequence
	26 Drug Induced Embryopathies - Thalidomide
	27 Drug Induced Embryopathies - Retinoic Acid
	28 Early Embryonic Development and Placenta
	29 Adult Uterus Ovaries and Uterine Tubes
	30 Adult Uterus Ovaries and Uterine Tubes - Frontal Section
	31 Ovary Ova and Follicle Development
	32 Stages of Ovum and Follicle
	33 The Menstrual Cycle and Pregnancy
	34 The First Week
	35 Ectopic Pregnancy
	36 Tubal Pregnancy
	37 Interstitial Abdominal and Ovarian Pregnancy
	38 The Second Week
	39 The Third Week
	40 Events related to Gastrulation
	41 Folding of the Embryo in Week 4
	41 The Vertebrate Body Plan
	42 Formation of the Placenta
	43 The Endometrium and Fetal Membranes
	44 Placental Structure - Chorionic Villi
	45 Placental Structure
	46 Placental Variations
	47 Placenta Previa
	48 Summary of Ectodermal Derivatives
	49 Summary of Endodermal Derivatives
	50 Summary of Mesodermal Derivatives
	51 Chart - Ectodermal Derivatives
	52 Chart - Endodermal Derivatives
	53 Chart - Mesodermal Derivatives

	2. Nervous System
	1 Timeline
	2 Formation of Neural Plate
	3 Neurulation
	4 Neural Tube and Neural Crest
	5 Neural Tube Defects
	6 Neural Tube Defects Contd
	7 Neuron Development
	8 Development of Cellular Sheath of Axons
	9 Development of Spinal Cord Layers
	10 Development of Spinal Cord
	11 Peripheral Nervous System - 28 days
	12 Peripheral Nervous System - 5 to 7 weeks
	13 Peripheral Nervous System - Somatic and Autonomic
	14 Growth of the Spinal Cord and Vertebral Column
	15 Embryonic Dermatomes
	16 Adult Dermatomes
	17 Development of the Brain
	18 Development of the Brain Contd
	19 Development of the Brain Contd 2
	20 Growth of Cerebral Hemispheres
	21 Development of Forebrain Midbrain Hindbrain
	22 Cross Sections of Midbrain and Hindbrain
	23 Production of Cerebrospinal Fluid
	24 Development of Motor Nuclei in the Brainstem
	25 Segmentation of the Hindbrain
	26 Development of the Forebrain
	27 Development of Forebrain Contd
	28 Development of Forebrain Contd 2
	29 Development of the Forebrain Contd 3
	30 Development of Forebrain Contd 4
	31 Development of Forebrain Contd 5
	32 Development of Forebrain Contd 6
	33 Development of Forebrain Contd 7
	34 Development of Pituitary Gland
	35 Development of Ventricles
	36 Development of Ventricles Contd
	37 Congenital Ventricular Defects
	38 Chart - Adult Derivatives of Forebrain Midbrain and Hindbrain
	39 Chart - Pituitary Hormones

	3. Cardiovascular System 
	1. Timeline
	2. Early Vascular System
	3. Vein Development
	4. Vein Development Contd.
	5. Vein Anomalies
	6. Aortic Arch Arteries
	7. Aortic Arch Arteries Contd.
	8. Artery Anomalies
	9. Artery Anomalies Contd.
	10. Intersegmantal Arteries and Coractationof Aorta
	11. Summary of Embryonic Blood Vessel Derivatives
	12. Formation of Blood Vessels
	13. Formation of Heart Tube
	14. Formation of Heart Tube Contd.
	15. Formation of Heart Tube Contd. 2
	16. Formation of Heart Tube Contd. 3
	17. Chambers of Heart Tube
	18. Chambers of Heart Tube Contd.
	19. Bending of Heart Tube
	20. Partitioning the Heart Tube
	21. Atrial Separation
	22. Spiral Septum
	23. Spiral Septum Contd.
	24. Completion of Spiral Septum
	25. Completion of Spiral Septum 2
	26. Ventricular Separation and Bulbus Cordis
	27. Adult Derivatives of Heart Tube Chambers
	28. Fetal Circulation
	29. Transition to Post-natal Circulation
	30. Congenital Heart Defect Concepts
	31. Ventricular Septal Defects
	32. Atrial Septal Defects
	33. Spiral Septum Defects
	34. Patent Ductus Arteriosus
	35. Chart - Embryonic Blood Vessel Derivatives

	4. Respiratory System
	1 Timeline
	2 Early Primordia
	3 Formation of the Pleural Cavities
	4 Relationship between Lungs and Pleural Cavities
	5 Visceral and Parietal Pleura
	6 Development of the Diaphragm
	7 Congenital Diaphragmatic Hernia
	8 Airway Branching
	9 Airway Branching Contd
	10 Airway Branching Contd 2
	11 Airway Branching Contd 3
	12 Bronchial Epithelium Maturation
	13 Congenital Anomalies of the Lower Airway
	14 Airway Branching Anomalies
	15 Bronchopulmonary Sequestration
	16 Palate Formation in the Upper Airway
	17 Palate Formation in the Upper Airway Contd
	18 The Newborn Upper Airway
	19 The Newborn Upper Airway during Nursing

	5. Gastro-intestinal System
	1 Timeline
	2 Early Primordia
	3 Early Primordia Contd
	4 Formation of Gut Tube and Mesentries
	5 Formation of Gut Tube and Mesentries Contd
	6 Foregut Midgut and Hindgut
	7 Abdominal Veins
	8 Abdominal Veins Contd
	9 Foregut and Midgut Rotations
	10 Foregut and Midgut Rotations Contd
	11 Meckel Diverticulum
	12 Lesser Peritoneal Sac
	13 Lesser Peritoneal Sac Contd
	14 Introduction to the Retropeitoneal Concept
	15 Introduction to the Retroperitoneal Concept Contd
	16 Midgut Loop
	17 Abdominal Ligaments
	18 Abdominal Ligaments Contd
	19 Abdominal Foregut Organ Development
	20 Development of Pancreatic Acini and Islets
	21 Congenital Pancreatic Anomalies
	22 Development of Hindgut
	23 Development of Hindgut Contd
	24 Congenital Anomalies
	25 Congenital Anomalies - Megacolon
	26 Summaryof Gut Organisation - 5 weeks
	27 Development of the Abdominal Wall
	28 Development of Abdominal Wall Contd
	29 The Inguinal Region
	30 Umblical Hernia
	31 Anterior Testes Descent
	32 Anterior Descent Contd
	33 The Adult Inguinal Region
	34 Anomalies of the Processus Vaginalis
	35 Chart - Organisation of Abdominal GI Tract

	6. Uro-genital System
	1. Timeline
	2. Early Primordia
	3. Early Primordia Cond.
	4. Division of the Cloaca
	5. Division of the Cloaca Contd.
	6. Congenital Cloacal Anomalies
	7. Pronephros Mesonephros Metanephros
	8. Development of  Metanephros
	9. Development of Metanephros Contd.
	10. Ascent and rotation of Metanephric Kidneys
	11. Kidney Rotation and Migration Anomalies
	12. Kidney Rotation and Migration Anomalies
	13. Hypoplasia
	14. Ureteric Bud Duplication
	15. Ectopic Ureters
	16. Bladder Anomalies
	17. Allantios Anomalies
	18. Primordia of the Genital System
	19. Primordia of the Genital System Contd.
	20. Early Primordia
	21. 8-weel Undifferentiated Stage
	22. 8-weel Undifferentiated Stage Contd.
	23. Anterior View of the Derivatives
	24. Anterior View of the Derivatives Contd.
	25. Paramesonephric Duct Anomalies
	26. Homologues of External Genital Organs
	27. Hypospadia and Epispadia
	28. Gonadial Differentiation
	29. Testes Epididymis and Vas deferens
	30. Testes Epididymis and Vas deferens Contd.
	31. Descent of Testes
	32. Ova and Follicles
	33. Ova and Follicles Contd.
	33. Summary
	34. Summary Contd.
	35. Chart 1
	36. Chart 2

	7. Musculo-skeletal System
	1 Timeline
	2 Muscular System - Primordia
	3 Muscle and Vertebral Column Sgementation
	4 Mesenchymal Primordia 5 and 6 weeks
	5 Ossification of Vertebral Column
	6 Development of Atlas Axis Ribs Sternum
	7 Development of Atlas Axis Ribs Sternum Contd
	8 Bone Cells and Bone Deposition
	9 Histology of Bone
	10 Histology of Bone
	11 Membrane Bone and Skull Development
	12 Bone Development in Mesenchyme
	13 Bone Development in Mesenchyme Contd
	14 Osteon Formation
	15 Compact Bone Development and Remodeling
	16 Endochondral Ossification in a Long Bone
	17 Endochondral Ossification in a Long Bone Contd
	18 Epiphyseal Growth Plate
	19 Peripheral Cartilage Function in the Epiphysis
	20 Epiphyseal Growth Plate
	21 Epiphyseal Growth Plate Contd
	22 Epiphyseal Growth Plate Contd 2
	23 Epiphyseal Growth Plate Contd 3
	24 Ossification in the Newborn Skeleton
	25 Joint Development
	26 Muscular System Primordia
	27 Segmentation and Division of Myotomes
	28 Epimere Hypomere and Muscle Groups
	29 Development and Organisationof Limb Buds
	30 Rotation of the Limbs
	31 Limb Rotation and Dermatomes
	32 Embryonic Plan of the Brachial Plexus
	33 Division of the Lumbosacral Plexus
	34 Developing Skeletal Muscles

	8. Head and Neck
	1 Timeline
	2 Ectoderm Endoderm and Mesoderm
	3 Ectoderm Endoderm and Mesoderm Contd
	4 Ectoderm Endoderm and Mesoderm Contd 2
	5 Ectoderm Endoderm and Mesoderm Contd 3
	6 Pharyngeal Arches
	7 Pharyngeal Arches Contd
	8 Ventral and Midsaggital Views
	9 Ventral and Midsaggital Views Contd
	10 Fate of Pharyngeal Pouches
	11 Fate of Pharyngeal Arches Contd
	12 Midsaggital View of the Pharynx
	13 Midsaggital View of the Pharynx Contd
	14 Fate of Pharyngeal Grooves
	15 Fate of Pharyngeal Grooves Contd
	16 Pharyngeal Groove and Pouch Anomalies
	17 Pharyngeal Arch Nerves
	18 Sensory Innervation Territories
	19 Sensory Innervation Territories Contd
	20 Early Development of Pharyngeal Arch Muscles
	21 Early Development of Pharyngeal Arch Muscles Contd
	22 Late Development of Pharyngeal Arch Muscles
	23 Late Development of Pharyngeal Arch Muscles Contd
	24 Pharyngeal Arch Cartilages
	25 Ossification of the Skull
	26 Ossification of the Skull Contd
	27 Ossification of the Skull Contd 2
	28 Premature Suture Closure
	29 Cervical Ossification
	30 Cervical Ossification Contd
	31 Torticollis
	32 Cervical Plexus
	33 Orbit
	34 Ear Development
	35 Ear Development Contd
	36 Adult Ear Organisation
	37 Adult Ear Organisation - Contd
	38 Summary of Ear Development
	39 Cranial Nerve Primordia
	40 Parasympathetic Innervation and Unique Nerves
	41 Development of Face - 3 to 4 weeks
	42 Development of Face - 3 to 4 weeks Contd
	43 Development of Face - 3 to 4 weeks Contd 2
	44 Early Development of Face - 4 to 6 weeks
	45 Early Development of Face - 4 to 6 weeks Contd
	46 Later Development of Face
	47 Later Development of Face Contd
	48 Palate Formation
	49 Palate Formation Contd
	50 Interior View of Palate Formation
	51 Congenital Anomalies of the Oral Cavity
	52 Floor of the Oral Cavity
	53 Developmental Cross Sections - Frontal 7 to 8 weeks
	54 Developmental Cross Sections - Frontal 8 to 10 weeks
	55 Tooth Development
	56 Tooth Development Contd
	57 Dental Eruption
	58 Dental Eruption Contd
	59 Chart - Pharyngeal Pouch and Groove Derivatives
	60 Chart - Ear Structures and their Primordia
	61 Chart - Special Sensory and Somatomotor Cranial Nerve Components
	62 Chart - Pharyngeal Arch Cranial Nerve Components
	63 Chart - Innervation of the Tongue




