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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.

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.

AN OVERVIEW OF DEVELOPME
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cale (Months)

Main Embryonic 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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Early morula Four-cell s
(approx. 80 hr) (approx. 40 hr)

Myometrium S— Two-cell stage
" _ (approx. 30 hr)

Endometrium —_ ;
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Advanced
morula (4 days)

Blastocyst
(approx. 5 days)
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Fertilization
(12 to 24 hr)

& 4

Early implantation - s
(approx. 6 1/2 days) - follicles
] S -. | . hlht %
o {“ ' follicle '
Inner cell mass o Discharged :
ovum

(embryoblast)
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"_' - Uterine epithelium

s Endometrial stroma
Syncytiotrophoblast
Cytotrophoblast
— Amniotic cavity
Epiblast
Hypoblast

Heuser's membrane
Primitive yolk sac

Extraembryonic mesoderm ¥

Extraembryonic mesoderm Approximately 12th day

: 1 3 ' 5 7/ Prechordal plate
3 "aqa_-g.‘fglnh ' Yolk sac
Endoderm
Ectoderm
Ampniotic cavity
Connecting stalk

Intraembryonic
mesoderm
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B woo v Endometrium
ﬁ ﬁ; Approximately 15th day Exocelomic cyst Approximately 17th day
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Meural Somites appear - A= Cranial
plate day 20} oo’ | | _neuropore
MNeural
groove

Late closure
of neural tube
(day 22)

Early closure
of neural tube

I 2.0-2.1 mm
Caudal

Week 3 (late) Week 4 (early) Rl el
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Pharyngeal arches Maxillary prominence
appear (day 26) of 1st pharyngeal arch Mandibular portion of

1st pharyngeal arch

Otic pit 1st pharyngeal arch
2nd pharyngeal arch

2nd pharyngeal arch

' 3rd pha | arch
3rd pharyngeal arch g+ S0 pharyDgeatarc

. — 4th pharyngeal
. arch

Forebrain

HereEpsEe prominence

Heart bulge
g;""ﬁ-—:——""r

»
Umbilical cnrd/ %‘ .
’;’.'"“ F 40mm 59’ P s0mm

Week 4 (middle) Week 4 (late)

Limb buds appear %
(days 28-29) ;

Arm bud

Tail bud
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1st pharyngeal groove External ear

..x.....-"‘"ﬁ "

Olfactory pit

g rays
prominence -
Paddle-
shaped limbs

External ear
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digits 1
WEb_tHi ‘ -3 . y i "'latul-al v I -
digits Y | y st 2

30 mm

Umbilical r
hernia
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Fetus is thin with
little body fat. Fetus

viable by week 22 Middle fetal period
(week 17-week 30
CRL 15-28 cm) [
Testes in W
scrotum or
inguinal canal
(week 38)
Rapid weight gain and fat

o

gy .
Early tetal period
(week 8-week 16

CRL

Evyes open
(week 26)

Fingernails appear
(week 24)

Toenails appear
(week 30)
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Eyes closed

Intestines return to abdomen
(week 10) Note: CRL=5 crown-
Sex distinguishable torump length

(week 12) Hair appears
P (week 20)

=

5.0-14 cm)

Firm grasp
(week 36)

deposition beginning in week 32
results in typical "plump”

appearance of term fetus Late fetal period m&mﬁ_ﬂl
(week 31 -week 38 ©lBN
CRL 28-36 cm)
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Simple low columnar epithelium

Loose connective tissue

Syncytiotrophoblast

Stratified cuboidal epithelium
Amniotic cavity

Simple tall columnar epithelium
Simple cuboidal epithelium
Primitive yolk sac

Maternal blood vessels

Simple squamous epithelium

Approximately 7 1/2 days
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Fibroblast
Macrophage
Lymphocyte

Collagen fibers

Elastic fibers

Reticular fibers (thin,
modified collagen fibers)

Monocyte
Capillary
Mast cell

ok Golls Red blood cell

Macrophage Endothelial cell

Pericyte

Plasma cell
Longitudinal bundles | S e N
of collagen and/or . é‘; ﬁ '-,_ ”
. ..I.a}astn: fibers \ .J‘* . e
3 . . ot "f 1 \-l |
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Tendon sectioned longitudinally Traswvaies oo ol i3
and transversely Fibroblast nuclei loose connective tissue .
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\mﬁggiﬁgs Pome of sweat gland -
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Melanocyte / Straturm lucidum

Amector muscle of hair Stratumn granulosum
Sebaceous gland Stratum spinosum

P Cuticle Stratum basale
Intemal sheath

Hair | Extemnal sheath
follicle — Glassy
membrane

Connective
tissue layer

= E pidermis

Dermal papilia (of
papillary layer)
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= Dermis

Reticular layer
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Hair cuticie

Sweat gland

Hair matrix
= Subcutaneous

Papilla of hair follicke tissue

Pacinian corpuscle
Subcutaneous

arery and vein

Cutaneous nerve

Skin ligaments (retinacula cutis) Motor (autonomic) nerve

wall of the yolk sac

[¢ J'o Jafoie[ale m' — “olk sac endoderm
A NP (simple cuboidal epithelium)

_——

- : # . me cells
w Mesenchy
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Mesenchymal
condensation
# forms outer layers
Neural pl’gte of globe [cnrn;a
forming and sclera)

neural tube

Hyaloid artery

o g

Inner layer of optic cup
(visual retina)

Optic cup
(pigmented retina
[epithelium])

Bronchi and lungs at 5 to 6 weeks

Trachea

. main bronchus L. main bronchus

Secondary bronchi fo
/" lobes of left lung

Secondary bronchi

to lobes of right lung Splanchnic mesenchyme

y-— ventral to esophagus
4 }_,,pl? (lung stroma)
' m#mﬁ_qn

Visceral pleura

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



Formation of a joint cavity between Cranial and spinal nerves at 36 days
two dﬂrelnpmg hunes

Precartilage (condensation
of mesenchyme)

Site of future joint
cavity (mesenchyme
becomes rarified)

Cartilage (rudiment of bone)
Perichondrium

Joint capsule

Circular cleft (joint cavity)
Perichondrium

Cartilage
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Membranous

otic) labyrinth
Amnion I B { +::-I;r inrligr ear Occipital
(cut edge) y . P N (postotic)

myotomes

1.8 mm

Primitive knot
(Hensen's node)

A ; Cervical
myotomes
Sulcus between

amnion and
Y embryonic disc

Primitive streak Thiciass

myotomes

Coccygeal myotomes

Lumbar myotomes
Sacral myotomes

Region of each trunk myotome also represents
territory of dermatome into which motor and
zf gﬁ sensory fibers of segmental spinal nerve extend
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Segment hﬁ‘SdOWF\a\Oanmm
WW\N _med\& Cranial nerve motor nuclei

Optic cup ON IV
Prosencephalon ON V
CN VI

CN VI
CN IX

Otic vesicle

Pharyngeal arches

— Rhombomeres

Somitomeres

Somites Cartilage derivatives of the pharyngeal arches

w Stapes
. CN X Styloid process

I
m/ g
/ CN XI Stylohyoid ligament

IV

; Greater horn of
Lateral view hyoid cartilage
Thyroid
cartilage

Incus
Malleus
;F_ g—ﬂg Future spheno-mandibular ligament
Mmﬁ.cnucl_m Lesser horn of hyoid cartilage
:,’2 Upper half of hyoid body

> B ¥ '
Lower half of hyoid body Cricoid cartilage
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Ectoderm

Dermomyotome

Spinal cord

to neural arch

Sclerotome to vertebral
contributions ~| body (centrum)
Posterior

to costal process cardinal vein

Mesoderm

Motochord
Coelom

The migration of neural crest cells to form autonomic ganglia

Meural crest

Neural tube

Dorsal root ganglion
Dermatomyotome

Sympathetic chain ganglion
(sympathetic for spinal nerves)

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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med‘ca‘\m ly morula Four-cell stage

WWW . (approx. 80 hr)  (approx. 40 hr) Two-cell stage

- ; {.apprnx. 30 hr)

Myometrium —

Advanced
morula (4 days)

Blastocyst
(approx. 5 days)

N :
vaS (* % Fertilization
S (12 to 24 hr)

: follicles Mature @ -.—_-_’,ﬁ
ol R follicle e crarged ” A
: ovum

Early implantation
(approx. 6 1/2 days)

Embryoblast

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

Olfactory placode Hypophysis

Lens placode Optic area

Forebrain

Midbrain Axial rudiment
Hindbrain
Spinal cord

Meural crest

1485
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Growth factors that influence limb morphology:

Fibmblast gmowth factor-8 (FGF-8Himb bud initistion

Retinoic acid-limb bud initiation

FGF-2, 4, and 8-outgmowth of the limbs

Bone morphogenetic proteins-apoptosis of cells between digits
Sonic hedgehog-establishrment of craniocaudal limb axes
Wnt-Fa-dorsal patteming of the limbs

En-1-ventral patteming of the limbs

Apical ectodermal :
ridge e F
Zone of polarizing activity

Mesenchymal bone precursor I P S

Growth factors that promote tissue Flexor muscle
development:

Bone mormphogenetic protein family-bone developrnent
Indian hedgehog-bone developrnent
St hidifferentiation factor 5joint formation
Transfomning growt h factorf family-rmyoblast proliferation —
MNerve growth factor-sensory and sympathetic neumns
Insulin-like growth factor1 (| GF-1+geners| proliferation of
limb mesodenmn
Scatter factor (hepatic growth factor-myotome cell
rigration in the limbs

Preaxial compartment

1 Postaxial compartment

Fost. division nerve

Ant. division nerve

i m—
Ventral compartment | Dorsal compariment  «QHNA —AD
Flexor muscles Extensor muscles “lmN

Anterior division nerves ' Posterior division nerves
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anomalies on narms |ssu: Sl

‘Malformation

: Developed
Eticlogy

structure

Chromosomal Morphogenic

Genetic O error —

Teratogenic _ ; :

Unk Primary structural Failure of neural Myelomeningocele

R defect tube closurs (malformation)

Malformation. Primarny structural defect resulting from ermor in tissue formation

Deformation

: 2 Mormally
IEJ["'-:'I'::'EIEr : developed
Eﬂnnsh: structure
(fetal
constraint)  b——na Al:ufgcl::rgﬂal _— =
Intrinsic ” 4 X
{fe_tal _ Altered structure " izlubfoot
alinesia) or position Intrauterine force ([deformation)

Deformation. Alleration in shape or position of normally developed structure

SN A, D
Disruption ©I@N

Mormalhy
; developed
Etlnlngy structure
Vascular Vascular
_ occlusion
Compressive —
: Abnarmal -
Tearing i Tissue
destruction Destructive farces Limb reduction

deficit (disruption)
Disruption. Destruction of previously nermally developed structure
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\NW\N . AT TAR syndrome  [Eliglsgis S Frimany anomaly
paran Chremesomal _ ' ""

i | - Genetic Primary anomaly

: ‘ [ﬁ (5 ﬁ Teratogenic —
= i Unknown Primany anomaly
ASD orWsh futosamal recessive hultiple, nonsequential pathogenetically
commean inheritance pattemn related anomalies

, , Abzant or defactive
Bruizes aasily megakanooytes

Humerus
Ulnar whd
head
Abzent radius Thrambooytopenia
= i (primarny anomaly) (primarny anomaly)

TAR =yndrome. Includes hwo anomalies: thrombootopenia (T) and absent radius (AR
May be associated with congenital heart anomalies; autosomal recessive transmission

Sequence @nomalad) Robin sequence
) R e B ] %
Intrinsic cause F{rlma_aﬁn‘_._an omaly ‘Secondany anomaly
e Malformation
LI ‘Secondans anomaly
¢ Deformation : o
Esdrinsic cause Disruption ‘Secondary anamaly

Multiple anomalies resulting from single primarny anomaly ar mechanical factar

Typical Robin facies
with micrognathia

8 &

Tangue abstructs

Hypoplastic mandible | ;
(primany anamaly) k palatal fusion
(secondany anomaly)
7 |lossoptosis —_— AIaY — U-shaped palate
obstruction (zecondany anomalyl MA. A

(zecondany anomalyl
Sequence of anomalies initiated by hypoplastic mandible that causes glossoptosis.
Fesulting palatal defect with glassoptosis may obstruct ainway
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Normal Versus Major Versus
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Flat nazal H'!Injr.:.cehg
bridge Clinodactyly of
Gth finger

Syndactyly of
2nd and 3rd toes Crowwrwuard slant of eyes
Major malformations

Cardiac septal defects,
Rigk of recurrence
2 %55

Ventricular septal
defect WS

Atrial zeptal
defect (A5

Izolated cleft lip. Risk
of recurrence 9%,
but clefts with lip

pits indicate auto-
somal daminant

syndrome

Pyloric stenosis. Risk of
recurrence 2%-5%

Defects in neural
tube closure

Izalated aplazia cutis Anencephaly
congenita is autosomal Miyelomeningocels

dominant Mh —

Major and minor malfermations may occur as izolated entities or as components of multiple
malformation syndrome. Risk of recurrence depends on the cause of the defect



Cataract glasses for
(}) & & . subluxated lenses

i bﬁ

Autosomal dominant
inheritance pattern

Pectus excavatum

Arachnodactyly of feet

Steinberg sign. Tip of thumb protrudes when MA.:RAL‘I_H
thumb folded inside fist. Thumb and index Y
finger overlap when encircling opposite wrist
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Dorsal "mitten”
deformity

Typical facies with acrocephaly,
hypertelorism, and downward

slant of the eyes
(affected) (affected)
High-arched palate Autosomal dominant
and dental anomalies inheritance pattern

ﬁkmﬁ_m
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Phocomelia

Flexion
contracture

Infant facies with thick, conjoined
eyebrows (synophrys) and thin lips Adult facies with synophrys

and long eyelashes

;ﬁkmﬁw
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carnuate uterus

Congenital hip dislocation

Uterine fibroid

Multiple fetuses

Bresch position

Limb position anomalies Uterine pathology

Conditions that causs intrautenne crowding can lead fo
abnormal fetal positions and thus cause constraint deformities

Sagittal ridge

Limitation of growth
F'rirr'_lig ra*.fid_a [small r'.'1|_||’[.igra\.rid.a (large . of sagittal suture
uterine cavity) utering cawity) Scaphocephaly dus to

+ * sagittal craniosynostosis
JE"‘ h .- o = o
=/

—AD

tbirt
Small infant I Larger infant

Limitation of growth of  Brachycephalydue to
coronal sutures coronal craniosynostosis
AtE months
Constraint-related growth deficiency is tranzient.  Early engagement of fetal head may limit sutural
Given room, small infants catch up rapidly growth and result in craniosynostotic skull deformities
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Typical Potter
facies

Example of a Deform ﬁgbéeduﬁ\:@gsp()\_ RUAS L B

Pulmonary
hypoplasia

Short
umbilical
cord

Amnion nodosum «/OHN A AL

© iGN
Limb position defect
(varus deformity)
Events in Potter sequence
Primary anomaly Secondary anomalies
Amniotic —* Potter facies

fluid loss

— Fetal growth deficiency

Amniotic rupture

(disruption) — Pulmonary hypoplasia

[~ Breech position -~

Decreased :
| amniotic ]
/' fluid . : o " Y
/' production Dhgnhydramnmsl Limb position defects
and fetal constraint .
(mechanical factor) Secondary deformations

Renal agenesis
(malformation)
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Midline
hemangioma

_h.-

g

{u[N-phth;‘illm|timlglutarimfdﬂ} 27- to 33-day embryo

Phocomelia

Limb defects. From hypoplasia to complete
absence of radius, ulna, and humerus;

fibula and tibia less commonly involved Clinical fastures of

thalidomide embryopathy

«OFN A.C =D
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Facial features. Ocular hypertelorism (13-cis-retinoic acid)
with down-slanting palpebral fissures,
micrognathia, and U-shaped palate

Anterolateral
displacement of
hair whorl

Microtia or anotia, with
or without stenosis of
external canal

Hydrocephalus may occur

~<OHNA.C D)
“loN
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tal Time Scale (Months)

1 week

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

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

3 weeks

4 weeks

Gastrulation occurs.

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




Suspensory ligament of ovary
(contains ovarian vessels)

Epoéphoron (.I Uterine (fallopian) tube ~

sthmus Ampulla Infundibulum

Mesometrium 8¢

(Proper) ligament of ovary

Fundus of uterus

Fimbriae

Vesicular
appendix (hydatid
of Morgagni)

Abdominal ostium
A

\/ Suspensory ligament of ovary
Corpus luteum

Ovary Ovary

Mesometrium (of

broad ligament) Mesosalpinx (of broad ligament)

Body of uterus

Ureter (Proper) ligament of ovary

Uterosacral ligament

Rectouterine pouch (of Douglas)

Y



Adult Uterus, Ovaries,
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Uterine (fallopian) tube

Ampulla

Uterine ostium

Uterine Isthmus
Fundus of uterus

Infundibulum

Folds of
uterine tube

Fimbriae  _/

Body of uterus

Suspensory ligament of ovary

Isthmus of uterus : .
(contains ovarian vessels)

ligament of
ovary

Vesicular appendix
Internal os Endometrium (hydatid of Morgagni)
Myometrium Epoophoron

Cervix of uterus Follicle (graafian)

Mesometrium (of broad
ligament) Corpus albicans ¢ of ovary

External os Uterine vessels Corpus luteum

Cardinal (transverse cervical or

Mackenrodt's) ligament
\agina

Vaginal fornix

Cervical canal with palmate folds

1485
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Infant ovary

Ovary, Ova, and Follicle D evelapingut Sp()\__\,ul L

Developing follicle
Superficial (germinal) Ovum
epithelium (cuboidal cells) Zoia pelickia
- J‘ .-= '*"'. %:ﬁ; ..:;_E'"-, h:%: =3
|_Tunica I i i m o
albuginea s 5 '4.4'-{;‘:;;_— e

Epithelial
cord
growing in

Primary
ova

Primordial
follicles

Corona radiata 995", 6ae""

Cumulus
oophorus

— Cortex

Fluid-filled
follicular cavity

Granulosa
Theca interna &
2 e a8 o

Theca externa



* Primary follicle
/ Epithelial cord \
growing in :
Pri lial follicle Secondary (antral) follicles

Superficial (germinal)
epithelium (cuboidal cells)

Blood vessels

. - \
entering ovary 48 b, _— Mature
3 (graafian) follicle
Visceral 4
peritoneum of

mesaovarium

Ruptured follicle

Corpus albicans
P (corpus hemorrhagicum)

Discharged

Mature corpus luteum = Fibrin Luteal cells ~ ovum
Blood clot

Early corpus luteum

FVE



The Menstrual Cylce and Pregnancty

Regulation of follicle and endometxialdevelppivent-and prégrancy

Hypothalamus
. . T vip 5
Yogina Vaginal hy

o Vaginal ‘aginal

SFTEAr mucosa  Endometriom Ovary i Portal syslem Breast Chvary Endometrium  mucosa SMEear
- X X L = g
iy Anterior priuitary

ek,

AN

LR 1 SRt

1-
t uadpapEa 4

Y

E

Postmenopause

ARG

Gonadotropic hormones "
F5H, LH, and PR

'-.-ﬁ

pooypiitd

m“"'ﬂiﬂ Ftl.ll.lil-lrﬂd 5
Esiroen fﬂ-ﬁfk folkicle

IL Estropen plus

r.|r4:|g-|,-:l1 ErOm l'",.

e

.
4 'hﬁ-llilh’

Ovarian and chorionic hormones

Pituitary hormones

Follicle-stimulating

hormone (FSH) Estrogen -
- Luteinizing hormone (LH) Progesterone -

- Prolactin (PR) Chorionic gonadotropin -
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Early morula Four-cell stage
Myometrium o (approx. 80 hr) (approx. 40 hr)
- . - Two-cell stage

_ — ST r ~ (approx. 30 hr)
Endometrium —— R —- "l — -

Advanced
morula (4 days)

Blastocyst
(approx. 5 days)

Faﬂ? il P e | B

approx. 6 1/2 days) e | ;
Sy | Mature

Sy ' follicle

Fertilization
(12 to 24 hr)

Discharged

avum

Embryoblast
(inner cell mass)

|
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Interstitial Tubal (isthmic)

Tubal (ampullar}

Infundibular (ostial)

Ovwvarian

Unruptured tubal in tubal wall

pregnancy

Lumen of tube

Section through
tubal pregnancy
2\
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Intraperitoneal rupture
of uterine tube

Uterus

Owvarian ligament

Ovary

Dead, calcified
embryo in uterine tube

e : . »
Rupture into broad ligament Lithopedion formation ;F g’:u



Interstitial, Abdominal, and ?(v)agﬂ mﬁpU\..u\n LI
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Interstitial

pregnancy Uterine tube

Placenta on the body wall,
liver, stomach and intestines

Abdominal
pregnancy

Ovarian
pregnancy

Urinary bladder tf'v AR



Uterine epithelium B G
Endometrial stroma - SRR 2, <

Syncytiotrophoblast
Cytotrophoblast
— Amniotic cavity
Epiblast
Hypoblast

Heuser's membrane
Primitive yolk sac

- i
-. -.'

u"ﬁ,
LT £
hﬁ'

i,

L
G
e

‘ #ﬁ\ﬁn—
b i L4

Extraembryonic mesoderm N Bt elor T | A
B s W A 3 = l APy
e - l-

Approximately 12th day

Approximately 7 1/2 days Extraembryonic mesoderm

4 :_:'l Prechordal plate

ol

Amniotic cavity
Connecting stalk

Intraembryonic
mesoderm

Cytotrophoblast

Syncytiotrophoblast

. —Extraembryonic
o, coelom .
: ‘-'""-..

K Endometrium

a‘iﬂ:"ﬂ' - iy R
e op plauii

Approximately 15th day

Exocelomic cyst Approximately 17th day

148
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‘ ~ The Third Week _ ngiSB
Formation of Intraembryonic qum‘fﬁ@aﬁle Node (Knot)
med'\Ca\qubgﬂ

WWW

Ectoderm

Oropharyngeal membrane

— Amniotic cavity

Motochord

Primitive
knot (node)

Migration of cells
from the primitive
streak to form the ]
infraembryonic Cupola of yolk sack A

mesoderm _ FONN

Yolk sack cavity 4

o
Oropharyngeal .
membrane

Spreading of
intraembryonic

MNotochord mesoderm

Paraxial column

Appearance of Intermediate column Cloacal membrane

the neural plate Lateral plate

C fachech
SHEN



Events Related to G;\sgélﬁ?b\ogsp()\..bu| 1t

.almcgsdown

etail of the implantation
site within the endometrium

b
WW\M! ior wall of the uterus

Endometrial
stroma

Uterine epithelium

Uterine tube
with fimbriae

e ——" Extraembryonic
-, mesoderm of

¥ --

Endometrium ] } sSmnian

i i :
Myometrium : ; Extraembryonic
& S mesoderm of
188 o yolk sac
- I-rl.'rl_r .,/‘::-

Vagina

Elaboration of the chorion
in the endometrium

Early placenta development {enlarged
detail of the upper central figure)

Midsagittal section of
embryo, amnion, and volk sac

Cardiogenic mesoderm

Amnion sac

Cennecting
yalk stalk

\

Allantois

Dropharyngeal

Cloaca membrane e ra e

Dilated
uterine
glands

Cross section of embryo
Motochord

Meural plate

Extraembryonic
mesoderm

Faraxial column
[segmenting into somites)

=2 Umbilical arery  Intermediate
mesoderm

Syncytiotrophoblast

Cytotrophoblast

Pools of LUmbilical vein
maternal blood
surraunding willi Lateral plate
mesoderm

The armow passes
through a tempaorany
communication
between the
extraembryonic
coslom and
intraembryonic
coelam

Developing
cytotrophoblastic
shell at the interdface
of the willous charion
and endometrium

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

o . .
cardiogenic mesodsrm
=]

C/ fachadt
HEN



Folding of the Embry i"&(‘f!ﬁ\OgspOL-"U‘ i
s AL ownio

)i o] ng M Amnion
gastrulz

Cross section of folding gastrula

Amnion MNeural plate

_ = Connecting stalk
Dropharyngeal
membrane

N~ Allaniois Intrae mbryonic

Extraembryonic
i mesoderm

: : mesoderm
Cardiogenic

mesode rm Cloacal membrans

Motochord
Yolk sac Yolk sac

Midgut Meural tube
Fomgd Somite (from
. paraxial column
Stomodeum \
I'i | Lateral plate
: Hindgut b ing hall
Developing heart tube _ 4 SRR RE
and pericardial cavity .
Intermediate
mesoderm
Hepatic Amniotic cavi
diwertic:Elum 'l' MNeural tube above notochord 1 .
Tolk sac stalk and Dermomyotome of somite
Septum allzntois within the Sclerctome
transversum umbilical cord _ r of somite
Intraembnyonic r
coelom surrounded '
by lateral plate
mesoderm
Embryonic
ut tube
3 o Intermediats
A mesoderm
Amnion :
: surrounding the Yol sac stalk
Amnion FIFEEEEC' umbilical cord CEII'I"IFII'EEEEC' into L’::W'
SHEN

against the chorion umbilical cord
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The Vertebrate Bnﬂ i J‘.\ ! b\OgSpOL RIS L R

gstom

M
eural crest Embryenic endoderm

forming gastrointestingl

A\mnion (cut) - h MNeural plate
# \ forming neural tube {gut) tu
Neural y Paraotal column Somite

plate i Somatic mesoderm

Lr:rmd er:u Inte rmugintu | of lateral plate
mesoderm
bﬂ:m muﬂn ication Intraemb ryonic Amnion tucking
extrmembryonic and coelom around the sides of
the folding embryo

Yolk sac

Intermediate mesoderm dorsal
to the intreembryonic coelom

Left and right
dorsal aorta

Lateral plate
is & thin
mesodermal
coating of
the coelom

Formatien | |
of ventral
mesenieny

Amnion fusing
with cherion

Connecting stalk

intraembryonic coeloms
Lateral plate

Notochard

MNotochord ;
Splanchnic mesoderm

of lateral plate

Somite sclemntome
surrounds the neural
tube and notochord to

form vertebral column

Intermediate mesoderm:
Nephrogenic ridge
Nephrogenic cord
Genital ridge

Spinal nerve

Spmphum

e m plus

lateral plate Bermomysine
mesoderm) B

{f:mnt:ﬂi Lil unz Dorsal mesentery
lateral plate

s L Ventral mesentery

Guttube Umbilical cord
Amnion against
3 chorion

Yolk sac (stalk just out 6-
of the plane of sechon) oy

S BN



Uterine epithelium
Endometrial stroma

— Syncytiotrophoblast
Cytotrophoblast

—Amniotic cavity
Ectoderm oIEN
Entoderm
Heuser's membrane
Primitive yolk sac
Extraembryonic mesoderm
Splanchnopleuric
Somatopleuric
Approximately 7 1/2 days Approximately 12th day
, Extraembryonic mesoderm
Extraembryonic ;
mesoderm \ B Syncytiotrophoblast
Yolk sac Umbilical artery - N Cytotrophoblast
Entoderm .
Ny
Ectoderm
Amniotic cavity ) TSI
Connecting stk yjcalvein 47— N\ R
Cytotrophoblast i B R\ N ,;\ Pools of
Syncytiotrophoblast o - grg;rm'
Extraembryonic Developing :
. coelom 2 cytotrophoblastic 3hllzmundmg
| — . shell at the interface

o P Endometrium of the villous chorion

Exocelomic cyst and endometrium
Approximately 15th day Approximately 25th day and the

establishment of placental circulation



The Endometrium and Feta I‘tﬂ'@g POLLAE

med\éﬁ ml ‘ﬁm‘?“’\* (schematic)

Decidua parietalis

Uterine cavity

Chaorionic villi {villous chorion)
Decidua capsularis

Smooth chorion K

Amnion

Fetus

F —
| . Connecting stalk (umbilical cord)

Decidua basalis

Fullterm fetus within the uterus
(with low position of placenta)

Amniochorionic membrane
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Www.med'\ca\mcq

Umbilical arteries

Umbilical vein

Amnion . \
\ Syncytiotrophoblast

"#

T rr———
L il fu| w50 Bk,

Charion

Cytotrophoblast

Cotyledons

Free villi

Connective
tissue septa

Anchoring villus

Decidua basalis

Cytotrophoblastic
shell

Cl flchadh-
©IBN

Maternal vessels



Placental Stru‘talad _b\OQSth-"U‘ it

Section through deep portion of placents-
early gestation

(A1 Villus, (B) trophoblast, (C) intervillous
space, (L) anchoring villus, (E) villus invading
blood vessel, (F) fibrinoid degeneration,

(G) decidua basalis, (H) gland

rea)mcasdoWi}

Connective tissue septa

Full-term placenta

Appearance of placental villi at term

(A) Syncytial cell mass becoming trophoblastic
embaolus, (B) fetal blood vessel endothelium
against a thinned syncytiotrophoblast, where

they share a basal lamina. The cytotrophoblast
has disappeared
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L
Succenturiate

‘Velamentous insertion of cord Z# gﬂg



Placenta Previa
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Summary of Ectodermal Derivati SPUL. LY
med'\ca\mcqsdowﬂoéd.bﬁﬂg P
WWW.

Neural tube Ectoderm of the gastrula

Neural plate

Hair

; Central and ‘
5 peripheral Nails
system

Epidermis




Summary of Endodermal Déﬂ?ﬁ\’@gi‘:‘pm"’”‘ ve
WWW. med\ a\quSdOW“?

! '_n Hﬁu

Gut tube of
cylindrical embryo

Yolk sac

Endoderm
of gastrula
and yolk sac

Pharynx with
pharyngeal pouches

Gallbladder

Liver —

%

1‘;‘ L"

Intestines . ~—
— st fn Fancreas

Thyroid Esophagus
diverticulum Trachea
Lung buds \ __ =
Yolk sac stalk k.
M Cloaca (future urinary
j /'F bladder and rectum)
M
c. -



= Somite sclerotome
surrounding neural tube

Somite dermomyotome

Intermediate
mesoderm
forming kidneys
and gonads

Splanchnopleure Notochord Intermediate column

mesoderm .
Paraxial column

Somatopleure
mesoderm

1
ial and appendicular eveloping skeleta
c /'*9“ Axial and ndicula Developing skeletal

skeleton, 5 weeks muscles, 8 weeks
©loN



Chart 2.1 Ectuderma\[} i tib*ogsp(.)\..bu“.
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Primordia Derivatives or Fate

WWW.MeE

Surface ecloderm 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 pituitary
(Otic placodes) Inner ear
(Lens placodes) Lens of eye
Meural tube Central nervous system

Somatomotor neurons

Branchiomotor neurons

Presynaptic autonomic
neurons

Retina/optic nerves

Posterior pituitary

Meural 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

=B\
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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. e BN



Chart 2.3 Mesodermal Derj tﬁ\sogspﬂl.b\n ie
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Primordia 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
Gl tract connective tissue stroma

Cardiogenic Heart
mesoderm Pericardium

Gl, Gastrointestinal.
o BN
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C a.\ m Ggéﬁ ime Ecata (Months)
WWW 'med‘En{i of 4th week El-ﬂ:tc]L}-:.t B0 wpek
-
Meurulation.

Embryo

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

End of 5th week . ;
: Spinal nerves grow into the body wall;
autonomic nerves grow into the viscera
within the body cavities.
3 Months
Forebrain divides into the diencephalon and
telencephalon (future cerebral cortex).
\
Cerebral cortex (telencephalon) overgrows
the midbrain.
! 6 months
Seconda t; b 25% of X ! .
ntsacaguﬂ sré Eyrl are present; brain is 25% o ! Primary gyri begin to appear.
s
S g2




Formation of the N

MNotochord

Appearance of

the neural plate Lateral plate

Meural cres

Neural plate
forming neural tube

Somite

Intermediate
mesoderm

Intraembryonic
coelom

Motochord

(:at\mCQSdO\’\’n

Paraxial column

Intermediate column

TGAEDIOgSPEE=

Lens placode
Olfactory placode

Hypophysis

Forebrain
Midbrain
Hindbrain
Axial rudiment

Spinal cord

Meural crest

Developmental fates of
local regions of ectoderm
of embryonic disc at 18 days

e

@IEN
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Future neural crest
Neural plate

Ectoderm

of forebrain

Neural groove

Meural folds Future neural crest Meural fold
2. i Level of sactie_n
1st occipital
somite
Primitive streak Embryo at 20 days
' (dorsal view)
A
MNeural plate
of forebrain

Neural crest

Neural groove

Neural folds

Fused neural
folds

1st cervical
somite

Caudal
neuropore

Embryo at 21 days [‘#g 3

(dorsal view) 5



Neural Tube and Ne
CQSdO\Nn

spinal ganglion

1aaBblogspot-~=

Ectoderm
Meural crest

Fused
neural folds
1st occipital
somite
2.6 mm
1st cervical
somite
Neural tube
1st m;{ﬁfﬂg Sulcus limitans
Caudal
v neuropore Embryo at 24 days
(dorsal view) Dorsal spinal ganglion
Masonsphros Spinal cord |
- . Sympathetic
Ectoderm e % trunk ganglion
Naiiral srast i éﬁ‘ﬁw neuren of dorsal Aorta
i \@:_

MNeural tube
(spinal cord)

Notochord "‘"‘A

4th week

sympathetic ganglion

Chromaffin cell, suprarenal
medulla cell

Yisceral motor neunon of

Germinal epithelium

~ Preaortic
N sympathetic ganglion

Cortical primordium
of suprarenal gland

Dorsal mesentery

Y

of future gonad

Serosal lining (peritoneum) of
abdominal celom (peritoneal cavity)

6th week



Neural Tube Defects \O SpOL-\’U“'

Dermal sinus

Fat pad overlying spina bifida occulta.

Sinus with \
] Tuft of hair or only skin dimple may

squamous plug

é ; be present, or there may be no
- external manifestation. Dermal sinus
ﬁv also present in this case (arrow)

Meningomyelocele (tf ﬁﬂg

Ry
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WW\N - meﬂ glionic autonomic neurons of a sympathetic or parasympathetic ganglion

Endings of preganglionic autonormic neumn Axons ending on gland or smooth
synapsing with cell bodies of postganglionic neumns (involuntany) muscle or cadiac muscle cells

\

= ¥ e _'__"-IE‘\H""—— . ee—

o S — -

'\'-\. ?E_-"rr -

Meurlermmal sheath of Schwann sumounding
unmyelinated axons of two neumns

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

1. During development Dividing Neuron Dividing neurilermmal  MNeuron endings of
satellite cell —(&5) cell body (Schwann) cell peripheral process
: 9 within an oman

Weumn endings of central procass
within spinal cord or brainstem

>,

ey

2. Mature

Meurlernmal sheath sumounding a myelinated axon



WWW

) Axon Meurilemmal (Schwann) cell B el snace
Unmyelinated axons of \
peripheral neurons
(sensory somatic motar, )

or visceral motor) being
surrounded by »
cytoplasm of a
neurilemmal (Schwann)
cell

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

neurilemmal (Schwann) ;
cell , Meurilemmal (Schwann) cell

M

Myelinated axon of
CMS neurons being
surrounded by a
wrapping of cell
membrane of an
oligodendrocyte.
Unmyelinated axons of
CM5 neurons
surrounded by
cytoplasm of an
oligodendrocyte in .
magr‘mer shnﬁ for Qligage el i M
neurilemmal cell in A ")




Ectoderm
Meural crest

Fused
neural folds

1st occipital
somite

2.6 mm

1st cervical _—
somite Neuroepithelial

cells Meural tube

1st thoracic

: Sulcus limitans
somite

Caudal
neuropore

148

Development of the neural tube layers in the spinal cord

Migrating
Internal neuroblasts  External
limiting limiting |
membrane membrane  Fial cell
= ol i canal
— [ [ '
Neuroepithelium | Marginal layer Ependymal Mantle zone Margmat zone
Mantle layer layer (gray matter)  (white matter)

Neural tube at 5 weeks Spinal cord at 3 months
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5 1/2 weeks (fransverse section) Mature (transverse section)
Central canal
B entral canal
Iatgcégfn'sﬂif Ependymal layer Dorsal gray
! column (hom
and 7 Mantle layer SENSOTY = e
coodinating) Margi Tracts (white
minal layer matter)
Sulcus limitans o
eral gray
colurnn (hom)
YVentral
basal plate - Motor — Ventral gray
(rnctor) colurnn (hom)
- Tracts (white matter)

Differentiation and growth of neurons at 26 days

Meural cest

Ependymal layer
Spinal cod - pMantle layer
s sllslegechs PMaminal layer

Motor neumblasts growing
out to terminate on motor
endplates of sthated
(woluntany) muscle




Peripheral Nervous OoL.LUY
leferentlatlnn an ?%5 Ogsp
cquired n
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Spinal cord (thoracic part) ~ ¥ Sensory cells from neural crest

‘\\ Commissural neuron
. Association neuron
\ Ventral funiculus
I‘ Growing to dorsal
A surface of body

= Fs o Growing to lateral

Migrating
o8\ | pewoniss | /o o R e
w8 ;?;;;Eggﬁ_ @ e J (somatopleure)
\ ganglionic, P Growing to viscera of
sympathetic, body (splanchnopleure)
| motor)

AV



Peripheral Nervou

DlHemnhatmn an

Dorsal (sensory) root

Dorsal (sensory) ganglion

Veniral (motor) root

Dorsal mmus
of spinal nene

Ventral mmus of
spinal nerve

White ramus
COMMUnICans

Gray ramus
Ccommunicans

Sympathetic trunk
ganglion s

Sympathetic trunk

Collateral sympathetic trunk ganglion
[celiac, superior, and inferior mesenteric)

_ Sensory neuron of abdominal
viscera (cell body in dorsal ganglion)

m@qgﬂm

— B',rmpmhahr: trunk

Eurnrn:h to
thnrncw:

viscera

.

[AEERIEOSPYH =

quired since 28th day only)

Dorsal funiculus

Aczzociation neuron

Preganglionic, sympathetic,
and moior neurons

Lateral
== funiculus

Posiganglionic,

Fostganglionic,
sympathetic, and
motor neurons

growing to end in

thoracic viscera

— Splanchnic
nerve

sympathetc, and

] mofor neurons
{derived from
neural crest)
growing to end on
smooth (invol-
untary) muscle

. and sweat glands

" ) '

. Preganglionic, sympathetic, and
maotor neurons growing to synapse in
another sympathetic trunk ganglion

Postganglionic, sympathetic, and motor
neurons [derived from neural crest) growing to
end on glands and smooth (inveluntary) muscle



Peri,éhergl (TSTI{}ILH 6,&3 b\ogspOL

aheural tube grows into dorsal

harn and wiscera

Darsal root ganglion
Dermatomyotome _

¥e Splanchnic
Sympathetic chain ganglion nerve
Isympathetic for spinal nerves)

Collateral ganglion (sympathetic
for visceral areries)

s Enteric plexus gangha

(parasympathetic input
for muscle and glands) Motor neuroblasts form
primitive axons, which
migrate into ganglla and
then innervate viscera

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

Autonomic Development
Autonomic nervous system mostly innervates splanchnopleure {viscera)
Dorsal root
entral noot

Motor neuroblasts form
primitive axons and enter

ERan muinles shkeletal muscle of body wall

Daorsal ramus _
FPosterior cutaneous nerve

Ventral ramus
FPaosterior division

Anterior division Epaxial muscles

Hypaxial muscles

[extensors of limb) Dorsal rmmus

YVentral ramus

Hypaxial muscles in thoracic
and abdominal wall

Hypaxial muscles
flexors of imb)

Lateral cutaneous nerve

Hypaxial muscles (flexors of

arm and 5|‘|ﬂ|_||der:| Anterior cutaneous nerve

Somatic Development %ﬂ—m

Somatic nervous system innervates somatopleure (hody wall)




Growth of the Spinal Cord an Verablﬁ\@:g@@OL.L,U| e
al.
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Spinal root of 51 originates
Vertebral body near L1 vertebral body

Dura mater
Spinal cord terminates

Nerve root of S1 exits near L3 vertebral body
near level of origin

L1 _
""_"__"'—'-—-': ;
Spinal cord and | Spinal cord
dura terminate L2 terminates at L1
near end of
vertebral canal ~—
L3
Relationships in S
fetus at 2—3 months YT
L4 , Filum terminale .
- extends to C1 -
L5 Relationships at birth
e
. % Dural sac terminates
Merve root of spinal nerve 51 must near S1 vertebral body
travel from level of L1 vertebral body S
to exit at S1 vertebral level 53:'4 ._
ol |
54
f;5 Attachment of filum terminale
OHN A.CRAIG 2 i /
C1

Mascars—
.

< Relationships in adult



Embryonic Dermatome b\OgspO\_.\,\n LI
0ad.
ﬁegmp HP““": Wﬂ‘@@mmq OW rﬂ One pair of spinal nerves relates to each

of the dermatomes/myotomes
Occipital .

(postotic)
myotomes

Cervical
dermatomes/
myotomes

1st cervical n.

(sensory and motor)

Coccygeal n. 1st thoracic n.
(sensory  (sensory and motor)

Thoracic
dermatomes

oiainas 1st sacral n.
¢ (sensory and motor)
Lumbar dermatomes/myotomes

and motor)

Coccygeal
dermatomes/

Sacral dermatomes/myotomes
1st lumbar n.

Cross section of the dorsal and ventral ramus of a spinal S
nerve innervating dermatome/myotome derivatives (sensory or)

Posterior cutaneous nerve
Epaxial muscles

Dorsal ramus Motor neuroblasts form
vﬂntral ramus prlrnltlva axons and enter
skeletal muscle of body wall

Hypaxial muscles
in thoracic and
abdominal wall ﬂ' s
AV
Lateral cutaneous nerve JOMN
“ BN

Anterior cutaneous nerve
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ents. There is actually (‘:3\

considerable overlap SR

,,H"‘m*’,j, hetween any two adjacent £ C55%
' dermatomes B o e

1485

Levels of principal dermatomes Ti0 Level of umbilicus

C5 Clavicles T12 [nguinal or groin regions

C5, 6, 7 Lateral parts of upper limhs L1, 2, 3, 4 Anterior and inner surfaces of lower limbs
C3%, T1  Medial sides of upper limbs L4, 5, 51 Foot

Ch Thurmb L4 mMedial side of great toe

Cé6, 7, 8 Hand 51, 2, L5 Posterior and outer surfaces of lower limbs
C5 Ring and little fingers 51 Lateral margin of foot and little toe

T4 Lewvel of nipples 52, 3. 4 Ferineurmm



Cenlral
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F !

Optic vesicle

Development ufﬂll b\ogsp()\..b\n L

Midbrain (mesencephalon)

Hindbrain (rhombencephalon)

Cephalic flexure

Cervical flexure

3.6 mm Spinal cord
fles
1
Sl=ly
Y
Forebrain
. Hypothalamic sulcus /
Forebrain F
[pmsancaphalﬂn}x Midbrain (mesencephalon) Alar (roof) plate
Sulcus limitans . .
Optic vesicle
Hindbrain
(rhombencephalon) Midbrain

Opening of right

optic vesicle Hindbrain

Basal plate

Alar (roof) plate
\ i (roof) p

Sulcus limitans

Spinal cord Basal plate
In these sections: SsLST
[ | Alar plate ' _
Basal plate Sagittal section Frontal section

(ventral to sulcus limitans)
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1.0 mm

Development of th

sdown

C

Hindhra‘n

rhombencephalon)

icalm

and motar)

Cranial n. Wl Cranial n. Wl
fabducens){motan) (westibulocochlean
(zensony)

Cranial n. W trigeminal)

isensory and motor) Cranial n. X

(glossophansngeal)

Cranial n. I
(trochlearn (matarn)

. . Cranial n. =
Midbrain fwagus)

(mesencephalon)

Cranial n. Il
(oculomoator)
(motarigg

Diencephalon

Farebrain
[prosen ce- .
Telencephalic
phalem) | @ ie 4 Cranial n. Xl
[Accessony
Cptic cup (motor)
Infundibulum Cranial n. xll
Chypoglassal)
[moatar)
Coceygeal n. 1=t cervical n.

(sensony
and motar)

(zensony and motor)

1=t zacral n.
(zensony and motor)

1=t thoracic n.
[Z&nsony
and motar)

1=t lumbar n.
[2&nsony
and motar)

Central Nervous System:
Cranial and Spinal Merves at 36 Days

ﬂ%

“ BN

In zagittal and frontal sections:

|:| Alar(raof) plate
I:l Bazal plate

I:l Derivatives of neural crest

(sensony and motarn)

(zenony and motar)

¢8521.blogSpO-~=

Sagittal soction
Metencephalon dth wentricle

(cerebellum, pons)
Thin root of

myelencephalan

Alar plate
(medulla oblongata)

Bazal plate
“Hh wentricle

Sulcus limitans

\

Central canal

Mesencephalon
Spinal

cord

Cerzbral
aqueduct

Diencephalan

Hypothalamic

\SLI|I3LIS

Infundibulum

Ard wentricle

Cpening of
right telen- Opening of right optic stalk
cephalic
wesicle Lamina terminalis

Frontal section
(ventral to sulcus limitan=s)

Lamina
terminalis

3rd ventricle

Telencephalic wesicle
Lateral wventricle

Alar plate

2rd wentriclea

Optic stalk

Cptic cup

B

Infundibular recess
Diencephalan

Mezencaphalan

Cerebral aqueduct
Bazal plate

Metencephalon
(cerebellum, pons)

dth wentricle

———— Myelencephalon
(medulla ablangata)

= FRhombencephalan

th wentricle

- e Spinal cord
Central canal




Development of th
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Cephalic flexure
Mesencephalon
Mamillary body
Epiphysis (pineal gland)

Diencephalon
17.0 mm
Telencephalic vesicle
Telencephalon - (cerebral hemisphere)

Olfactory lobe (paleocortex)

Y
*Central nervous system at 3 months

Cerebral hemisphere {naacurtax}—TL.

Outline of diencephalon {overgrown
by cerebral hemispheres)

Olfactory lobe (paleoccortex)

Optic nerve (cranial nn. I1)

Hypophysis (pituitary gland)
78.0 mm

Pons (metencephalon)

t6408.blogSpPOt-~=

Metencephalon
(cerebellum, pons)

Roof of 4th ventricle

Myelencephalon
(medulla oblongata)

Cervical flexure

Fontine flexure
Spinal cord

Infundibulum (pituitary sfalk)
Optic cup

Mesencephalon

Cerebellum (metencephalon)

Medulla oblongata
(myelencephalon)

Cervical enlargement
of spinal cord

Lumbosacral enlargement
of spinal cord

SFN A, —iAD
SN



Growth of the Cerebra] H 5 Sp(){ LU
Brain at \ CQSdOWr?{ éTi m
) n{@ﬁ\ca m 8.0 mm -

Central (rolandic) sulcus

Frontal lobe of left

cerebral hemisphere ik ke

Insula (island of Reil) in Parietooccipital sulcus

lateral (sylvian) sulcus
Occipital lobe

Olfactory bulb
Temporal lobe

Pons

Pyramid

Brain at 9 months (birth)
- 10.5 mm >

Precentral (motor) gyrus

Breceiiral silste Postcentral (sensory) gyrus

Frontal lobe Postcentral sulcus

Left cerebral hemisphere Farietooccipital sulcus

Lateral (sylvian) sulcus Parietal lobe

Insula (island of Reil) Occipital lobe

%&mﬁ_ﬁ
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WWW

Cerebral hemispheres
(telencephalon)

Olfactory bulbs (CN 1)
(telencephalon)

Thalamus/3rd ventricle
(diencephalon)

Optic chiasm (CN II)
(diencephalon)

Pineal gland
(diencephalon)

— Neurohypopliysis
',Il (diencephalon)

: ? -I' Tectum/aqueduct
| (mesencephalon)

— Pons
(metencephalon)

4th ventricle

(metencephalon) CN X1

Cerebellum

Adult neural structures (metencephalon)

derived fl b '

pﬁrnﬁ:grd;;ﬂm N Medulla oblongata
(myelencephalon)
Spinal cord

Sagittal view Dorsal view



wirmedi

Darsal alar Eizl;ldymal
G 7 Sensony =
[sensony and — Mantle
coordinating) ""‘-..,.‘_ lyer
= ' Marginal layer

YVentral basal

plate (motor) ™

Cross Sections of the Midbra

Q\mCQSdO\Nn

ransverse section)

naadistegspoOLt-~=

Mature (transverse section)
iCentral canal

Central canal

Sulcus mitans

Motor -

Dorzal gray
calumn (harn)

—— Tracts (white matter)

Lateral gray
column (harn)

Ventral gray
calumn (harn)

Tracts (white matter)

Medulla oblongata

Darsal alar
plate (sensory
and 7

coordinating)

YVentral basal

plate (motor) 7

5 1/2 weeks {transverse section)
: Foof plate

dh ventricle

Sulcus limitans

Location of
SE NS0Ty
coordinating 1

Ependymal nuclei (gray
 layer matter)
Marginal ,
laryer Location of
meotar control
Mantle layer nuclei (gray |
matter)

Mature (transverse section) i ’u:,lr
dth ventricle

Tracts (white matter)

Olivany nucleus

FPyramid

Mesencephalon

Darsal alar
plate (sensorny
and |
coordinating)

Yentral basal

plate (motor) 7

5 1/2 weeks (tfransverse section)

- Marginal
W layer
Sulcus
limitans

motor control

= iZenshbral o
agueduct Location of
5EMNsOry
E_Ezl;ndymal coordinzting -
_ nuclel (gray
- b

Location of

nuclei (gray
matter)

Mature (transverse section)
Superior colliculus

Cerebral agueduct

Tracts (white
matter)

Fed nucleus

Peduncle
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ransverse section)

W\NW mﬂ@ | artery and vein

Choroid plexus

Ependymal roof of 4th ventricle

Lateral recess of 4th ventricle

Lateral apert
Marginal layer eral aperiure

Mantle layer

i Ependymal floor of 4th ventricle
Marginal layer

Medulla oblongata, mature (transverse section)
Choroidal vessels 4th ventricle

Choroid fissure of roof of 4th ventricle

Lateral recess

Choroid plexus protruding
through lateral aperture of

4th ventricle (foramen of
Luschka)

Pyramid 2#

Olive



Development of Motor Nuclei in instem( O L. Y
‘ qsdowne\oé'ﬂ qujsgs il

Somatic
({GSE)
CHl
O W
O Wi Ol
CN VI CN VI
CNIX CNIX
CN X CN X
CM XN
CN X1
Rhombomeres
CN IV (GSE)
CNV (SVE)
Pharyngeal arches CN VIl (SVE)
CN VIl (GVE) JOHN 4 Iﬂllﬁ_ﬁu
Parasympathetic CN VI (GSE) Wfascard—
(GVE) column CN IX (GVE) '2Iﬁhl
Brachiomotor CNIX(SVE)
(SVE) column CN Xl (GSE)
CN X (SVE)
Somatomotor
(GSE) column CN X (GVE)
Ventral horn
Lateral horn
Dorsal horn
Miote:

CSE = General somatic efferent
GVE = General visceral efferent
SVE = Special visceral efferent

Spinal cord



Segmentation of the Hindb#a SDUL. LY
_mqld‘ca mmhn eres Cranial nerve Motor nuclei

otochord
Rhombomeres

CN 1
CN IV

CNV
CN VI

CN VI
CN X

Anatomic
patterns of
gene expression

Optic cup

Telencephalon onre? §~

Pharyngeal
arches E !
Somitomeres = | ' '-:;. 1
Somites — - —
Somites =3 .
1 v .
= —+ !

CN X, XI ',
CN XII -
B

L
Lateral view M“'-mﬁ—'“ﬂ Anterior view




Development of the rnngcf.b\ogsp()\_ LU
.calmcasdown'®
\N\N\N _mEd\Ca

Differentiation of walls of neural tube Cerebellar hemisphere at 3 months
Neural tube at 5 weeks VAGrEling nietratiesis _\Pia mater
Migrating Pial cell g2e gy
Internal  neurcblasts  External limiting : .
limiting membrane

. ) >
Future Granular Molecular
zone white and Golgi | layer
maltter cell Iiﬂ"_lfﬂr PUFI'HHJ-B G‘E‘”
layer

Marginal zone

Neuroepithelial  Mantle

b layer Cerebral hemisphere at 3 months
yer

Migrating neuroblasts

Lateral
ventricle

72wy

Margir':al Zone
P ﬂ»f"”



Development of the Fnr b\ogsp()\_ LUV
calmeasdown'o s

WW\AL m%q.rz weeks (transverse section)

Roof plate
..f‘ff p

3rd ventricle

Dorsal part of
alar plate +
(thalamus)

Ependymal layer

\ Mantle layer Forebrain at 7 weeks (transverse section)
Ventral part of Marginal layer

alar plate -
(hypothalamus)

Choroidal vein and artery

Hypothalamic Roof of 3rd ventricle

sulcus Telencephalic vesicle (cerebral

hemisphere; neocortex)

Lateral

Mamillary recess ventricle

Telencephalon at 7 1/2 weeks (transverse
section)
Choroidal vein and artery  Roof of 3rd ventricle

Telencephalic vesicle
(cerebral hemisphere;

Hippocampus

neccortex) (archicortex) Ependymal e =N
\ Lateral layer / S——
Ependymal § YRRl Mantle layer | between lateral
plexus argalimyer Eﬁ:‘g&cﬁ;ﬂcular
Interventricular : foramen)
FREATRER 3rd ventricle

Manile layer

Marginal Iayer-"’f \ AN

Corpus striatum
(basal ganglion)

3rd ventricle
Anterior lobe of

hypophysis Infundibulum (pituitary stalk) i ﬁiﬂ:’;

(pituitary gland) /o mN



Develoment of the Iiﬂrebailb\ogsp()\..bu| LI
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Right cerebral hemisphere at 3 months
(medial aspect)

Cerebral hemispheres at 3 months Diencephalon and telencephalon
(coronal section) Mature (coronal section)
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Development of the tiura _irb_LQgspO\..bUI L
Forebrain at 2 Months @ iohi
'c:at\rr\CQ'lsl‘mFj e

Epiphysis

(pineal gland) Diencephalon

Cerebral hemisphere Roof of 3rd ventricle

(cut edge)
Lateral ventricle

Hippocampus

Choroid plexus

Choroid fissure

Thalamus

Corpus striatum

(basal ganglion) Interventricular foramen

3rd ventricle

/ Lamina terminalis

Optic (nerve) stalk

485



Teh“gﬁlffllﬂgtment of the urﬁ&b&gQSDO\..bu: LI
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Right cerebral hemisphere
(cut edge)

Left cerebral hemisphere

Hippocampus Choroid plexus protruding

into right lateral ventricle
along choroid fissure

Interventricular foramen

Corpus striatum
(basal ganglion)

Opening of cavity of right

factory lobe
olfactory Olfactory lobes (cortex)

2\



Development o

Right cerebral heagmmgmmq}gsp OL.Luli’

www.medicalme

Medial surface of right cererbral
hemisphere (necortex)

Corpus callosum

Commissure of fornix
(hippocampal commissure)

Fornix

Anterior commissure

Lamina terminalis

Olfactory lobe (paleocortex)
3rd ventricle

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

Hippocampus (archicortex)
Stria terminalis

Thalamus (cut surface)

Line of division between
diencepahlon and telecepahlon

Y
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Dura matter Superior sagittal sinus
Falx cerebri

Inferior sagittal sinus
Ependymal layer

Mantle layer Lateral ventricle

Marginal layer Ependymal-pial covering

of choroid plexus
Neocortex

v A Choroidal vein and artery

Hippocampal cortex
Internal capsule

. Caudate
Corpus striatum nucleus

(basal ganglia)—
Lenticular L=t .
‘\'-‘;- . B

Interventricular foramen

Anterior commissure
nucleus

Choroid plexus of

. , roof of 3rd ventricle
Optic recess of 3rd ventricle

1
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Choroid plexus (projecting into lateral

ventricle along choroid fissure Corpus callosum

Saptm L Body of caudate nucleus (basal ganglion)

Fornix

Internal capsule  Corpus striatum

Choroid plexus in (basal ganglion)

roof of 3rd ventricle

Claustrum

Insula

J Lateral sulcus

Interthalamic adhesion

(bridging 3rd ventricle)
Temporal lobe of
Thalsiig — " cerebral hemis phere
(from alar plate)
j Cerebral cortex
Hypothalamus — \ (gray matter)
b N\ 4 Tracts (white matter)
Amygdala
: ; Line of fusion between
Mamillary bodies diencepahlon and telencephalon

Y



Development of the Pi itﬁ&-mgsp()\..bu| LI
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‘mediC
\N\N\N Infundibular process 2# N;;frif

o / Brain
L /
Oral ectoderm

\ Rathke's pouch Mestirm
Stomodeum

Infundibular process

Rathke's pouch

1. Beginning formation of Rathke's 2. Neck of Rathke's pouch 3. Rathke's pouch "pinched off"
pouch and infundibular process constricted by growth of mesoderm

Ve o

Median eminence

-
=

FPars tuberalis
Infundibulum

Pars nervosa

Fars intermedia

Sphenoid sinus
Pars distalis (pars
glandularis)

4. "Pinched off* segment conforms to 5. Pars tuberalis encircles infundibular 6. Mature form
neural process, forming pars distalis, stalk (lateral surface view)
pars intermedia and pars tuberalis



Development of the Venéal \Ogsp()\. RUAV L

W\N\N.med‘

Frontal section (ventral to sulcus limitans) at 36 days

Lamina terminalis

Telencephalic ‘

vesicle ard ventricle

Alar plate b
--l"ll.-_-“- ’

ard ventricle

o Optic stalk

B |
T Optic cup

ly

[ |

iCerebral agueduct

_Mete ncephalon
[cerebellum,
POns]

Basal plate

Metacoels

Rhomben- 1 raih ventricle)

cephalon’|

Myelencephalon
(medulla oblongats)

Spinal cord
dth ventricle

Central canal

Interventricular foramen

Lateral ventricle

Infundibular recess

k[ﬁlcnccphann

Mesencephalon

'ca\quSdO\'\’n

Ependymal lining of cavities of brain at 3 months

Right lateral ventricle

Left lateral wentricle

(of Monra)

3rd ventricle

Infundibular recess
fon ventral surace)

Cerebral agueduct
ot Sylvius)

Lateral aperure of 4th
wentricle (of Luschka) in
lateral recess

Median aperune
of 4th ventricle (of
Magendie) in roof

Central canal of spinal cord

/oo
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Right lateral ventricle Anterior horn of left lateral
ventricle in frontal lobe

Region of invagination of
choroid plexus along choroid
fissure of lateral ventricle

Right interventricular ‘J(

canal (of Monro)

Central part of left
lateral ventricle

Suprapineal recess
of 3rd ventricle

Pineal recess

Foramen in 3rd ventricle for

interthalamic adhesion Inferior horn of left lateral

ventricle in temporal lobe
Thalamic impression Posterior horn of left lateral

ventricle in occipital lobe
Optic recess of 3rd ventricle

Superior recess of 4th ventricle
Infundibular recess

Left lateral aperture (of

Region of invagination of Luschka) of 4th ventricle

choroid plexus along choroid

fissure of lateral ventricle Median aperture (of

Cerebral aqueduct (of Sylvius) Magendie) of 4th ventricle

Central canal of spinal cord

41
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Clinical appearance in

advanced hydrocephalus
Potential lesion sites in obstructive hydrocephalus
1. Interventricular foramina {of Monro) 2# ﬁ;fgpﬂ’
2. Cerebral agueduct (of Sylvius) iy 1 A
- S 3. Lateral apertures (of Luschka) _
& 1 3. 4. Median aperture (of Magendie) .~

L

-

W%

4
y
1

Lateral ventricle

3rd ventricle

4th ventricle

i e J
Section through brain showing marked f
dilation of lateral and 3rd ventricles
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Cerebral hemispheres (neocortex) Mervies:
Olfactory cortex (paleocortex) Olfactory (1)
Telencephalon Hippocampus (archicortex)
Basal ganglia/corpus striatum
: Lateral and 3rd ventricles
Forebrain
Optic cup/nerves Optic {11}
Thalamus
Diencephalon Hypothalamus
Mammillary bodies
Part of 3rd ventricle
Tectum (superior, inferior colliculi) Oculomotor (111)
Cerebral aqueduct Trachlear (IV)
Midbrain Mesencephalon Red nucleus
Substantia nigra
Crus cerebelli
Pons Trigeminal (V)
pietcocepaln Cerebellum Abducens(V1)
Facial (VI
Hindbrain Acoustic (VI
Myelencephalon Medulla oblongata Glossopharyngeal (1X)
Vagus (X)
Hypoglossal (X1)

=B\
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From the Anterior Lobe From the Posterior Lobe
(Pars Distalis) (Pars Nervosa)
Follicle-stimulating Thyroid-stimulating Vasopressin

hormone (FSH) hormone (TSH)

Luteinizing hormone Adrenocorticotropic Oxytocin

(LH) hormone (ACTH)

Prolactin Growth hormone (GH)

e CAY



THE CARDIOVASCULAR SYSTEM
TIMELINE

Prenatal Time Scale (Months)

Day 20

7

Heart tubes and embryonic
vessels develop.

Intraembryonic circulation
established.

4—5 weeks

-

B weeks

The heart tube partitions into
the four heart chambers.

8 weeks

The aortic arches transform.

Fetus

Birth Heart valves
% 9 completed.
4

C—ad

Foramen ovale closes with
increased blood flow from lungs.




Vascular systems
[ Intraembryonic
1 Viteliine
[ Placental

Early Vascular Systems

Aortic arches

Sinus venosus

Aortic sac Anterior, common,

and posterior
cardinal veins

Heart

Dorsal intersegmental

arteries
Yolk sac

Dorsal aorta
Vitelline artery

Left umbilical artery

Umbilical vein (right not shown)

Umbilical cord

Chorion

C facfech.

BN
Chorionic villi of placenta



Vein Development

R. mrn 'Df S'H"IL}S VEenosus L. horn of sinus venosus L. anterior 'Car'anal velin

L. anterior cardinal vein

L. subclavian vein
L. common R. subclavian vein

i N, - #  cardinal vein .
Segmental veins -[ L_. _. | R. horn of sinus
' L. umbilical vein Venosus

L. vitelline vein R. hepatocardiac
channel

L. horn of sinus

R. vitelline vein VENosus

R. umbilical vein Ductus venosus
L. posterior

cardinal vein Subcardinohepatic
L. subcardinal vein anastomosis

R. posterior L. umbilical vein

cardinal vein .
Intersubcardinal

R. subcardinal vein anastomosis

Aorta
L. umbilical artery

R. metanephros

Mesonephric duct L. umbilical artery
R. sacrocardinal

Caudal artery vein

R. umbilical artery L. sacrocardinal vein

Caudal veins

10 mm

L. supracardinal vein

R. anterior cardinal vein

R. supracardinal vein L. Bt SThlig Veiasns

{coronary sinus)

R. suprarenal gland Ductus venosus

L. suprarenal veins
Celiac trunk

Superior mesenteric artery
R. metanephros Inferior mesenteric artery

Sacrocardino-subcardinal anastomosis



Vein Development

L. brachiocephalic (L.
innominate) vein

L. antzrior
cardinal vein

L. common
cardinal vein

L. posterior
cardinal wein

L. suprarenal
weins

§ L. suprarenal vein
R. suprarenal |

gland _

L. renal wein

R. kidney
(R. metanephros) §

WENE Cava

L. umbilical Gonadal veins

areny

R. umbilical -
artery L. umbilical arteny

L. external

iligc arteny

R. external

iliac arery

R. internal jugular vein

. subclavian vein

R. brachiocephalic (R
innominate) vein

Superior vena cava

F. superiar intercostal vein

Azygos vein

Inferior _|

L. brachiccephalic (L.
innaminste) vein

# | superior
intercostal vein

Ligamentof L.
SUpEMNor yena
cava (Marshall)

Accessory
hemiazygos vein

Coronany sinus
Hemis=zygeos vein
Hepatic veins

Ductus venosus

Paral vein

Umbilical vein

h { L. suprarenal vein
w5 L. renalvein

Gonadal {testicular
or ovarian) veins

Middle sacral
artery and vein

R. internal iliac
wvein and arteny

K. external iliac
artery and vain

R. umbilical arery M
('L
Z‘F. Zomn

‘-*\ L. commaon iliac
’ ( M= arernyand vein



Vein Anomalies

L. superior vena cava

Ductus arteriosus
Accessory hemiazygos vein

Arch of aorta
R. superior vena cava

Anomalous R. subclavian artery
L. pulmonary veins f e ' Azygos vein

L. pulmonary artery

Coronary sinus

L. superior vena cava R. pulmonary veins

Inferior vena cava

Accessory
hemiazygos vein

Superior vena cava L. superior intercostal vein

Superior vena cava

Accessory

R. superior | ik A

intercostal vein

Azygos vein
Coronary sinus

Inferior vena cava

Very large azygos vein

Coronary sinus
Common hepatic vein

Hepatic veins Hemiazygos vein

R. suprarenal gland
Hemiazygos vein

L. suprarenal vein

R. kidney L. suprarenal vein

L. renal vein
L. renal vein

L. testicular or
ovarian vein
Abdominal aorta

R. inferior vena cava

R. testicular or
ovarian vein

Abdominal aorta

L. inferior vena cava
Inferior vena cava

R. ureter

)':' - AN f
Azygos drainage Double inferior vena cava L $ e



Aortic Arch Arteries

Ascending

R. aortic arch |
L. aortic arch | _ aorta

R. aortic arch |
L. aortic arch |

Er'cic'l?m _ R.dorsal
' ‘ aorta L. dorsal aorta Pulmonary
trunk
Aortic sac i n
v
L. primitive
R. primitive pulmonary

L. primitive
pulmonary
artery

m R. primitive

pulmonary artery

R. dorsal aorta

L. dorsal aorta
L. intersegmental

R. intersegmental artery VI

artery Vi

1Y



Aortic Arch Arteries

Internal carotid arteries

External carotid arteries

Common
v carotid arteries ot
VI (ductus carotid
arteriosus) arteries
R. vertebral
L. intersegmental L. visiiabinal
artery Vil :
(L. srgbcfawan Arch of aorta . artery
artery) _ |
R. subclavian / L. vertebral L. subclavian
‘ artery / artery artery
R.
Ductus
L. pulmonery ey arteriosus
amy Brachio-
Kiasai cephalic trunk
scending aorta / \
VI (ductus arteriosus) L. subclavian artery ' L. pulmonary
R. pulmonary artery artery

Pulmenary trunk
14 mm (right
lateral view) Pulmonary trunk

L. puimonary artery

R. pulmonary artery

Arch of aorta

AV



Double
aortic =
arch

Right aortic
arch and left
ductus —
arteriosus:
anterior type

Right aortic
arch and left
ductus _|
arteriosus:
posterior

type

Artery Anomalies

Embryologic origins:

Esophagus
Trachea

L. common carotid
artery

L. subclavian artery

L. aortic arch
Ligamentum arteriosum
L. pulmonary artery

L. bronchus

Pulmonary trunk
Esophagus
Descending aorta

R. common carotid artery
R. subclavian artery
R. aortic arch

R. pulmonary artery

R. bronchus

Compare colors with the
sequence on Figure 4.05A
and Figure 4.05B

Esophagus

Trachea

L. subclavian artery

L. common carotid artery
Ligamentum arteriosum
L. brachiocephalic trunk
L. pulmonary artery

L. bronchus

Pulmonary trunk
Esophagus
Descending aorta

R. common carotid artery
R. subclavian artery

R. aortic arch
R. pulmonary artery

R. bronchus

]
¥

Esophagus

Trachea

L. common carotid artery
L. subclavian artery
Ligamentum arteriosum
L. pulmonary artery

- L. bronchus

Pulmonary trunk
Esophagus

Descending aorta

R. common carotid artery
R. subclavian artery

R. aortic arch

R. pulmonary artery —<""%,

R. bronchus




Artery Anomalies

R. pulmonary artery

L. pulmonary artery

R. pulmonary artery
from ascending
aorta: posterior type

L. pulmonary artery
from ascending aorta:

anterior type R. subclavian artery

Arch of aorta

L. pulmonary artery
L. pulmonary artery

R. pulmonary artery Ligamentum arteriosum

E. bronchus L. bronchus

Ascending aorta

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

R. pulmonary artery

L. pulmonary
artery

L. pulmonary artery from
L. ductus arteriosus:
L. aortic arch

L. pulmonary artery from
L. ductus arteriosus:
= R. aortic arch

R. pulmonary artery



Intersegmental Arteries and Coarctation of the Aorta
Coarctation of the aorta

Verebral areries L. commen carotid anterny

K. transverse scapular areny L. ascending cervical arteny

) L. supericial cervical arteny
F. transverse cervical arsrny L % i brar
. cosfocervical trun

R. thoracicoscromial & L. transverse scapular aneny

L. internal thoracic (int.

R. lateral thoracic a. Mammary) arteny

L. axillary arteny

K. sub lara. .
subscapulara L. subclavian areny

] Ligamentum arteriosum
R. cicumflex scapular a.

sherrans

~ |nternal
thoracic ===
firt.
mammsa
areries

To superiorand

‘—/ F inferior epigastric
. and external iliac
areries

Intercostal anery retracted from rib, ﬁ M

: m
tAdulf) {Infant; 1 manth) demeonstrating sresion of costal /:.m
FPestductal type Freductal type groove by the tortuous vessel



Summary of Embryonic Blood Vesel Derivatives

R. anterior candinal vein L. supracardinal vein

Aorlic arches

L. homn of sinus venosus

Sinus venosus {coronary sinus)

R. supracardinal vein P Internal carotid arenes

Aortic sac _ o ' Anternor, common, and
. postenor candinal veins

R suprarenal gland

Dorsal intersagmentsl VI {ductus

. Superior b
EaC areres ; areriosus)
: mesentenc ane!
Celiac trunk ¥
e Dorsal aorta Inferior
Witelline mesenteric
artery arery

Left umbilical arany

Umbilical vein (right not shown)

Umbilical card

Chcricn—[

Pulmenarny trunk

Sacrocarding-
subcandinal
anastomeosis M. pulmonary arery

L. pulmonary artery

R. metanephros

Vascular systems L. intersegme ntal @rte
[ Intraembryonic VIl L. subclavian arery

B Vitelline £

Cherienic villi of placents ] Placental

i
1o



Formation of Blood Vessels
Presomite stage (1.5-mm embryo) at approximately 20 days

Yolk sac

Blood island

Intraembryonic coelom
Foregut

Prechordal plate

Blood islands Foregut
(of cardiogenic plate)

Intraembryonic 7
coelom ‘ < Neural plate
Amniotic
cavity

Window cut
in endoderm

Beginnings of
dorsal aortas

Mesenchyme
cells

mesoderm) TN e

Progressive
stages in blood — e y
vessel formation < Blood island / B - Connecting stalk

Endothelium Sagittal dissection
(paramedian)
Lumen of

primitive vessel ﬁ ﬁ ;ﬂ',}_gj

(.2
Primitive blood cell Zoun




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

Intraembryonic coelom Amnion

Intraembryonic (pericardial cavity)

coelom (pericardial

Myocardium

R. endocardial
tube

Forebrain

Foregut

— L. aortic
| arch |

Ventral dissection Sagittal dissection
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Formation of the HeartTube
Two-somite stage (1.8 mm) at approximately 21 days

Amnion
L. endocardial tube

Oropharyngeal
membrane
Communications ;
between L. and R. L
endocardial tubes ' 3 '
L. aortic arch |
R. endocardial
fube

Pericardium -,

Pericardial
=" cavity

Endoderm

L. and R.
vitello-

umbilical
veins

R. endocardial tube

L. dorsal
aorta

Ventral dissection Sagittal dissection

14



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

Forebrain Oropharyngeal membrane Amnion

L. aortic arch |

R. aortic arch | Forebrain

R. endocardial tube
Amnion

Communications between [
R. and L. endocardial tubes |

L. endocardial tube

Myocardium

FPericardial
cavity

L. sinus venosus

R. sinus venosus

Foregut

R. umbilical veins

- s *\\ ‘ Vitelline veins

Yolk sac

L. dorsal aorta

Ventral dissection Sagittal dissection



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

Forebrain Dorsal myocardium

Dorsal
mesocardium

R. aortic arch |

Amnion
Myocardium
Cardiac jelly

Pericardial
cavity

L. dorsal aorta

Vitelline veins

—R. umbilical vein
Ventral dissection Sagittal dissection

14



Chambers of the HeartTube
Ten-somite stage (2.5 mm) at approximately 23 days

Buccopharyngeal membrane

B b L. aortic arch |

L. aortic arch Il L. carotid artery
L. pharyngeal

Bulbus cordis pouch |

Myocardium

Cardiac jelly

L. anterior
cardinal vein

Vitelline veins Dorsal mesocardium

breaking down to form
the transverse sinus

L. umbilical vein

L. dorsal aorta

148

Ventral dissection Sagittal dissection



Chambers of the Heart Tube

Fourteen-somite stage (3.0 mm) at approximately 24 days

Oropharyngeal membrane
L. aortic arch |
L. aortic arch Il
Aprtic sac
Bulbus cordis

R. aortic arch |

Truncus
arteriosus

Pericardial cavity
Myocardium
Cardiac jelly

Ventricle

AV canal
Atrium
Septum

fransversum L-anterior Cardinal
Hepatic L. common i
diverticulum L. posterior

Sinus venosus
Yolk sac
Vitelline veins
L. umbilical vein Dorsal mesocardium

Ventral dissection Sagittal dissection

Zfﬂ”"



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

Oropharyngeal mambrane Forebrain

L. aortic arch |
L. aortic areh I

Aorticsas
R. aortie arch |

R. atiium Truncus arteriosus

Bulbus cordis

Amnion Primitive R. ventricle

L. atrium L. pharyngeal pouches
Land Il
FPrimitive
L. wentricle

Cardiac jelly
Mo cardium
Fericardial cavity
Sinuz venosus
Septum transversum
Hepatic divediculum
L witelling wain
L. umbilical wvain
Tolk sae
Foregut

Dorzal aorta

L. anterior
caidinal vein

L. samman
cardinal vein

L. posteriar
cardinal vein

Aortic arches |

Asdic arches I Aortic 53¢

Truncus arteriasus

F. atium Bulbuz cordis
Hindgut
R. umbilical
wein
AV canal Allantois
Primitive L. ventricle :

Frimitive R, ventricle
L. atrium

Sinus venosus
Cloacal

membrane

: Umbilical
R. and L sinus homs arteries

Fostertior
cardinal weins L. umbilical

Vitelline veins

Umbilical veins
MNote: The vascular color scheme j "q,-i-

Endocardial tube with myocardium removed ﬂﬁ'ﬂ'ﬂ ml by "’il“ from m‘hrlu.“ " ﬂl does 7N




Partitioning the Heart Tube

Inferior halves of heart
viewed from above

Opened and viewed from right side

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

R. venous valve
L. venous valve

Septum primum

Foramen primum
Superior endocardial cushion

: _..f Inferior endocardial cushion
6.5 mm (29 days)

Inferior vena cava
Septum secundum

Foramen secundum

Coronary sinus

Septum primum

Foramen primum

e
' e = — L. AV orifice
o Sup. endocardial cushion

Inf. endocardial cushion

=, o= R. AV orifice
Interventricular septum ﬁ iﬂ"g

9 mm (33 days)



Atrial Separation

Foramen secundum a rs
Left atrium Rp=8

Right atrium
Septum secundum

Foramen
primum

diminishes 2= - Pulmonary
'z /.. Septum primum with veins
NS foramen secundum

Foramen primum

L vVena cava —

Superior :"*‘"""-"' \ g

Fossa
ovalis

Sinus venosus
Right atrium — Left atrium

Right ventricle<— | eft ventricle

Bulbus cordis

}

Truncus arteriosus

Inferior vena cava
Septum secundum

Foramen ovale closed after birth
f/ﬁm with increased pulmonary flow
— AT
= oN



Spiral (Aorticopulmonary) Septum

4 to 5 mm (approximately 27 days) 6 to 7 mm (approximately 29 days)

Truncus arteriosus T :
Left inferior truncus swelling

Truncus arteriosus

Il L. aortic Right superior
Wl arches truncus swelling

Vi

Right dorsal
bulbus swelling

Primitive
R. atrium

Primitive L. atrium

Bulboventricular
flange

AV canal Septum primum

Primitive Inferior endo-
R. ventricle cardial cushion Superior
endocardial
cushion

Interventricular septum Interventricular septum

Primitive L. ventricle AV canal

14



Spiral (Aorticopulmonary) Septum

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

Pulmonary valve swelling

Right superior Pulmonary
truncus swelling

Pulmonary trunk Left ventral

bulbus
Left ventral '

Left inferior
conus swelling ~ Aoria

truncus swellin :
d L. atrio-

ventricular

Right superior
canal

Aorta channel < bulbus swelling

Left inferior
bulbus swelling

Right dorsal
bulbus swelling

: R. atrio-
Right dorsal ventricular canal

conus swelling
L. lateral

R. lateral cushion cushion
Septal band

Bulboventricular flange
}Endocard ial Bulboventricular flange

Superio

cushions

cushions

Interventricular septum Inferior

Superior |- Endocardial
Interventricular septum = Inferior

148



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

Ductus arteriosus

Pulmonary trunk Aorticopulmonary

Pulmonary valve septum

Pulmonary trunk

Sepfal band

Moderator band

Mitral orifice
Interventricular septum

1



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

-

Superior vena cava

o ———

aorta

Medial {(conal)

J Ductus
papillary muscle

arteriosus

FPulmonary trunk

Medial (conal)
papillary muscle

Septal band

Anterior
papillary muscle

Anterior Posterior Medial Anterior Posterior
cusp cusp cusp cusp cusp
1 1
Of tricuspid valve Of mitral valve

Moderator band

148



Ventricular Separtion and Bulbus Cordis

Without the spiral septum With the spiral septum
No exit for blood in left ventricle Blood can exit both ventricles
Aorta

The three structures that must fuse Pulmonary trunk

fo complete ventricular separation:

Truncus
arteriosus

[ | Endocardial cushions
[ Interventricular septum
Spiral septum

Bulbus
cordis

b
L

Q Spiral septum

Left atrioventricular :
canal N

Interventricular (IV) septum e g

Endocardial cushions

Right atrioventricular canal & W

’ —rr B
S HoN
Spiral septum

| | Bulbus cordis
Bulbus
cordis ~__ /
RV A LV . — Left
Rgght —_— ventricle
ventricle |
/ Part of the right ventricle is

IV septum incorporated into the left



Adult Derivatives of the Heart Tube Chambers

Heart tube derivatives

Heart tube primordia
Aortic arches

Truncus — Ascending aorta
arteriosus | Pulmonary trunk

Bulbus | Aortic vestibule

i of left ventricle
Gord Conus arteriosus

of left ventricle .

Ventricle 4 Trabecular walls of left

and right ventricles Adult heart, anterior view

) Auricles/pectinate
Atrium — muyscle walls of left and
right atria (smooth wall
of left atrium from
pulmonary veins)

; "Coronary sinus
fg&sﬁus Smooth wall
of right atrium

Adult heart, posterior view



Fetal Circulation

Pulmonary trunk Peilth

Ductus arteriosus
Superior vena cava
Right pulmonary artery Left pulmonary artery

Right pulmonary vein Left pulmonary vein

Foramen ovale

Inferior vena cava
Hepatic vein

Ductus venosus
Aorta

Liver

Celiac trunk

Hepatic portal vein

Umbilical vein Superior mesenteric artery

Kidney

Gut

Umbilical arteries

Internal iliac artery

148



Transition to Postnatal Circulation

Ligamentum arteriosum
(obliterated ductus arteriosus)

Fossa ovalis
(obliterated foramen ovale)

Ligamentum venosum
(obliterated ductus venosus)

Ligamentum teres (round ligament)
of liver (obliterated umbilical vein)

Medial umbilical ligaments
(occluded part of umbilical arteries)



Congenital Heart Defect Concepts

Clinical characteristics of too little pulmonary flow

i i
-- VE 4
:_/
. ’
s HE
y
f

P

Gy /£ 'f/ Clubbing of fingers

Perspiration and
tense, anxious facies

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

Flared nostrils

Sternal retraction

Intercostal retractions

| —— G e

-
F



Ventricular Septal Defects

Muscular interventricular septal defect Subpulmonic defect

Decreased systemic flow

Fathophysiology
of ventricular
septal defect
Increased pulmonary flow
{pulmonary volume overload)

Left-to-right shunt through
ventricular septal defect

Ventricular septal defect

‘:;\‘-“ & \- =z ___'Ill;_....-—Leﬁ ventricular hypertrophy
g = l‘: i

= mw

Right ventricular hypertrophy



Atrial Septal Defects

Superior vena cava Aorta

Crista terminalis Pulmonary trunk

R. superior pulmonary vein R. auricle

Adtrial septal defect

R. inferior pulmonary vein

, Foramen secundum defect
Remnant of septum primum

Coronary sinus
Valve of inferior vena cava
Inferior vena cava

Superior vena cava
Sinus venosus defect
Anomalous R. upper-lobe pulmonary veins

Fossa ovalis

R. lower-lobe pulmonary vein )
Sinus venosus defect

Common atrium

14



Spiral Septum Defects

Persistent truncus arteriosus Transposition of great vessels

Aorta

Pulmonary trunk

External
appearance of
heart

“ BN
Tetralogy of Fallot
Bicuspid pulmonary valve
Pathophysiology of telralogy of Fallot Inter}se Cyams:is Cause*d:
by high proportion of
Narrowed pulmonary outlet | _ Right deoxygenated blood
: : ' ventricular
Supraventricular crest il Bicrease]
obstruction pulmonary flow

Overriding aortic valve

Right-to-left
shunt
through
ventral

Ventricular septal
defect (anterior cusp of
mitral valve seen
through defect)

Small pulmonary
trunk

septal . R ™ ) Aorta shifted to
defect—F——"% N rightand
SRl band | R ™. overrides defect
Interventricular septum e e
; ; Right veniricular/{"‘*-. ; 2 icul
Tricuspid valve L s entricular
P hypertrophy T septal defect

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




Patent Ductus Arteriosus

Patent ductus arteriosus
Aorta

Ductus
arteriosus

L. pulmonary
artery

Pathophysiclogy of patent duclus arleriosus

Decreased systemic flow

Left-to-right shunt through
patent ductus arteriosus

Increased pulmonary flow
(pulmonary volume overload)

Leit ventricular hypertrophy

AVF

e



Chart 4.1 Embryonic Blood Vessel Derivatives

CHART 4.1

EMBRYONIC 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 arch artery 6

Ductus arteriosus; proximal pulmonary arteries

Intersegmental arteries

Umbilical arteries

Intercostal arteries

Lumbar arteries

Common iliac arteries

Parts of vertebral, subclavian, and lateral sacral arteries

Medial umbilical ligaments on the internal aspect of the abdominal
wall

Umbilical vein
Vitelline arteries

Vitelline veins

Anterior cardinal veins

Subcardinal veins
(and anastomoses
between the systems)

Supracardinal veins

Round ligament of the liver (ligamentum teres)

Celiac trunk

Superior mesenteric artery

Inferior mesenteric artery

Hepatic portal system

Hepatic veins

Intrahepatic segment of the inferior vena cava
Superior vena cava
Brachiocephalic (innominate) veins
Internal jugular veins

Lower inferior vena cava

Renal and suprarenal veins
Gonadal veins

Azygous system of veins

Segment of the inferior vena cava between the I{idneys and liver

o I@N




THE RESPIRATOR‘ g&%\ogsp(ﬂ LLUL

WWW m e d \ Ca;‘_ﬁm ng\ﬁtm Time Scale (Months) o weeke

A ¥

Laryngotracheal diverticulum off the foregut

() divides into left and right bronchial/lung buds.
6—7 weeks
Cervical somite myotomes migrate into the --,.__‘__x_\_ e ol
septum transversum fo form the diaphragm. B

The nasal placode invaginates to form the
nasal sac, the anterior part of the primitive

nasal cavity. - g '
—8 weeks

! Tertiary (segmental) bronchi have formed.
:.."cf,?-'- \

. B8—10weeks

Primary palate fuses to N A
secondary palate. G D 1
4 I !.-'
Masal septum fuses to
completed secondary
5 months palate.
a
Epithelium in distal part
of the airway in the lungs & months

is cuboidal. No gas
exchange is possible in
a premature infant.

|

| ==

Alveolar epithelium thins
out against capillaries.

|

Soft palate and epiglottis overlap Breathing is possible in
in a short pharynx to help a a premature infant with
separate air and gastrointestinal ﬂ , artificial surfactant.
passages during breasffeeding. | .




Early Primurila ad b\ogsp()\. MV

Faorebrain

Left optic
wesicle

Stomodeum

Cardiac prominence

Otic pit

Ectoderm
1=t cemvical

somite Farebrain

2nd pharyngeal
arch

1=t phamngngeal arch

Lateral view (4 to 5 weaks)
|

2.0 mm

Sagittal zoction

- s TH—
r_,_o—'

Auditony wvesicle

1=t pharyngeal fram otic placode

y
groowe

hd axillany

process 1zt cervical
. somite
Left [myotame
lens partion]
placode
T
Mazal
placade
Stomodeum
2rd and dHh
Cardiac phanngeal Hazal
prominence =—— groowe placode

dth phangngeal arch
2rd phargngeal arch

2nd pharyngeal arch
1=t pharyngeal arch

2nd pharyngeal
qroowe

=1

Frontal
prominence

Stomodeum

1=t pharyngeal arch

Future brain wentricle

R athke's pouch

Stomodeum

quSdO\Nn

Embryo at 3 to 4 weaks  Sagittal soction

Crophanyngeal
membrane

Faregut

Future
thyraid
gland

Future
(neural 5 lung bud
tube) m‘ . \

Anterior % h
neurapore .._/'

Future thoracic wall

Hear

Fericardial coelom “olk sac wall

Amnian Extraembryonic coelam

_ Infundibulum (posterior lobe)
Hypotiiatamus ofheain R athke's pouch (anterior lobe)

Fituitany
gland

1=t phanyngeal
pouch

Orophaningeal
membrane
(disintegrating)

Fhannx

Laryngotracheal
ridge or groowe

_!.__-—- Eszophagus

Bronchial (lung)
bud

-4l

Thyraid diverticulum



Formation of the Pleu %%ﬂt'ﬁ\ogSpOL RUAVA R R

VJ\KIIWSEE‘ID@HTC \m(iqudOWn

MNeural plate

Paraxial column
(segmenting into somites)

,tf”v

©leN

Intermediate mesoderm

Lateral plate mesoderm
The intraembryonic coelom in the

: : : © The arrow passes through a temporary
lateral plate is continuous with the " communication between the extraembryonic
coelom in the cardiogenic mesoderm _ Y coelom and intraembryonic coelom

B. Sagittal section at 5 to 6 weeks

: 4.0 mm :
Stomodeum I Rathke's pouch
Oronasal membrane - R Opening of 1st pharyngeal pouch (auditory tube)
N : = Foramen cecum (site of origin of thyroid gland)
asal (pit) sac N

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

Laryngotracheal groove opening

Trachea

Tongue (cut surface)

Primary palate

1st pharyngeal arch

Truncus arteriosus Esophagus

L. pleuropericardial fold (future mediastinal pleura and

Atrium of heart : pericardium between pleural and pericardial cavities)
Ventricle of heart —— Left lung bulging into pleural canal, which
Pericardial cavity connects pericardial and peritoneal cavities
Pleuroperitoneal fold (future L.
Gallbladder posterior portion of diaphragm)
Foregut Septum transversum (mesenchymal tissue;

Liver developing in masenchymal tissue, future anterior portion of diaphragm)
which forms septum transversum Peritoneal cavity



The Relatiunshl

Betw

a\m éttal §

een I.unga 3&8&%&5‘@8@0\. LU

\N\N\N med\C

Lateral palatine process L
(portion of future palate) F 4

Oral cavity

Oronasal membrane |

. nasal sac

Ethmoid fold_

Maxillary fold

\l.

Median palatine process

1st pharyngeal arch

Tongue (cut surface)
Pericardial cavity

Ventricle of heart

Septum transversum
contribution to diaphragm
Falciform ligament

Liver (cut surface)

Left atrium of heart

Y

L. common cardinal vein

7.0 mm -|

Rathke's pouch

Opening of 1st pharyngeal
pouch (auditory tube)

Foramen cecum of tongue
Openings of 2nd, 3rd, and
4th pharyngeal pouches
Epiglottis

Arytenoid swelling that
borders laryngeal

opening (glottis)

. ( V Esﬂphagus

Trachea

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

Pleuroperitoneal 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 pericardial cavity

Lesser omentum (ventral mesogastrium)



Visceral and Pariet?l P'éﬂ?b\OgSpou’U‘ L

medicalneasdoVn

Spinal cord
R. dorsal aorta Myotome of somite
Bronchial buds 4 Notochord
Lung stroma ey L. dorsal aorta
Visceral pleura ___—Esophagus
I s ] L. arm bud

Parietal pleura
R. common cardinal vein

L. pleural canal
L. common cardinal vein

(becomes superior vena cava)
R. phrenic nerve
Atrium of heart

e

L. phrenic nerve

. -....________‘__h‘F'Ieurnpant:ardlal folds

Pericardial cavity

Truncus artenosus

Transverse section at 6 to 7 weeks
Motochord

Spinal cord
Myotome of somite

Visceral pleura

R. pleural cavity
Parietal pleura
Inferior vena cava

Future vertebral body
Thoracic aorta

Esophagus
Bronchial buds
L. arm bud

R. phrenic nerve

Pleuropericardial fold U el

L. pleural cavity
Pleuropericardial fold

Ventricles of heart

L. phrenic nerve

Pericardial cavity

Parietal pericardium (has inner
serous and outer fibrous layers)

Transverse section at 7 to 8 weeks
R. pleural cavity

Hilus (root) of right lung

Visceral pleura

Parietal pleura

R. phrenic nerve

Pericardial cavity

Sternum

Y4

Visceral pericardium (epicardium)

Spinal cord
Thoracic vertebra
Rib

Aorta

Esophagus
—— Left lung

Inferior vena cava
— \entricles of heart

L. phrenic nerve within former
pleuropericardial fold

Rib

Septum of viscera and connective
Madlashnum
{tl sue between pleural cavities



Development of the iaphagB\OgspOLbU| 1l
T deQ)’WﬂI}DL _
meﬁwﬁ%‘ii weeks J Myelencephalon (future medulla oblongata)

Hypoglossal (x11) nerve

Spinal medulla {cord)

Myotome of 1st cervical somite

Sensory ganglion of 1st

. cervical nerve
Lingual muscle mass

(future tongue) Superior ramus of

ansa cervicalis

Inferior ramus of

Infrahyoid muscle mass (future ey
y ( ansa cervicalis

so-called strap muscles)

: : Ansa cervicalis
Diaphragmatic muscle mass

Septum transversum (future ‘ *
anterior portion of diaphragm)

4th cervical nerve
FPhrenic nerve

Embryological origins of diaphragm
Aorta

R. pleurcperitoneal membrane L. pleuroperitoneal membrane

Muscle tissue derived from

Muscle tissue derived from : :
cervical somite myotomes

cervical somite myotomes

Esophagus

Inferior vena cava ﬁ gﬂ;

/o

Esophageal mesentery

Eaptu m fransversum



Congenital D&apliﬁgn‘%)ﬁélﬁrmo gSpO L. LU RS
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]
Foramen of

Morgagni
Esophageal

hiatus

A large part or all
of diaphragm may
be congenitally
absent

Trachea
(deviated)

R Original pleuroperitoneal
~ Colon canal (foramen of Bochdalek-
- the most common site)

Right lung _
(compressed)_

Left lung

(atrophic) Omentum

Stomach

Heart
Spleen

Diaphragm
Foramen of Bochdalek

Liver
Cecum (malrotation of bowel

often associated)

]
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WWW.med\Ca\quS

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

Oropharyngeal membrane (disintegrating)
Stomodeum

Trachea

R. main bronchus

i L. main bronchus
Thyroid diverticulum

Secondary
Secondary bronchus to bronchus to upper
- upper lobe of right lung lobe of left lung

=4 7 _Pharyngeal membrane
(endodermal wall of 2nd

- o A pharyngeal pouch makes
POAREI0E g B St coniactwith solodanmel . bronchus to

V— ' wall of 2nd branchial cleft) N e lower lobe of
R. middle lobe .
Trachea bronchus Splanchnic

mesenchyme
ventral to

esophagus
(lung stroma)

Laryngotracheal ridge

Splanchnic L. lung (bronchial) bud

mesoderm of ventral Esophagus

foregut (lung stroma) R. lower lobe
bronchus

Visceral pleura

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

R. lung (bronchial) bud g jary | hus to middie

and lower lobes of right lung



a\r‘é\“&%é%%{vwgm hlogspor-~=
C

edl
WW\N ‘ m Pharyngeal cavity

Foramen cecum of tongue 1st pharyngeal pouch (auditory tube and middle ear)

/, ' 2nd pharyngeal pouch (supratonsillar fossa)
/ 3 pharyngeal pouch

Parathyroid lll (future inferior parathyroid gland)
Thymus

Tongue

Laryngotracheal ridge (larynx)

. & > 4th pharyngeal pouch
Thyroid R. lateral lobe '

gland Isthmus / R ‘ Parathyroid IV (future superior parathyroid gland)
)/ :ﬁ*‘ﬁ. Postbranchial (ultimobranchial) body

Trachea
lSEgmental (tertiary) bronchi Segmental (tertiary) bronchi
~ 1
Apical Apical-posterior |
Upper lobe 1 Posterior Anterior
Anterior — U i
Medial Superior lingular [~ = PPer
. m{ Lateral Inferior lingular _|
[ Superior Superior =
Lateral basal Posterior basal
Lower lobe — Posterior basal Lateral basal — Lower lobe
Anterior basal Anterior basal
_ Medial basal Medial basal |




OL. LU !
Larynx, ‘achen rléwa%mmhbﬂ\WEgsp
W\NW med‘ a NS — —— ' g::::rhﬁ;n} Hyoid cartilage

(later develops
B into bone)
Thyrohyoid membrane nly

Thyroid cartilage

Position of cricoid lamina Thyrocricoid membrane

Arch of cricoid cartilage Trachea

Tracheal cartilages L. main bronchus

R. main bronchus L. pulmonary artery

R. pulmonary artery Superior divisi
. perior division of
: ...--"'"""#uppar lobe of left lung

Upper lobe of right lung

Mtddle lobe
of right lung

=R Lo
\ Lingular | e :
: division of s
Lower lobe of right lung upper lobe of l.';'
left lung -b

Y IPAEN > |-

Right IunLg.lppar Apical (Ap) terior (P) Left lung Superior [~ Apical-posterior
pical (Ap), posterior (), division Ap-p), Anterior (A
lobe _[antar'mr (A) =] Egapar Lingular { p-p}lr ; {.}
[ Middle_iedial (M), lateral (L) =3 division —|_ Superior (S), nferio ()
0be uperior (S), anterior basal (A-b), Lower |Superior (S), anterior basal (A-b),

. l'i;*;” posterior basal (P-b), medial basal [ lobe T|medial basal (M-b), posterior basal
> M-b), lateral basal (L-b) P-b), lateral basal (L-b)



Bronchi—

Bronchioles-

5

intrasegment
al bronchi It
(ahout & "
generations)

Carilages
biecaorme
sparser
Small (rnosthy at
intrasegment points of
al bronchi i
bout 15 biranching)
generations)
Acinus —
(part
flung
s - 5
supplied b
anur’[her/ik' FJtgrrnine?lf
cartilages ) bronchiole)

Lobule—

~ Subdivisions of intrapulmonary airway

FAE

franchds

Terminal =
bronchiole

izarilages

Terminal
bronchiole

Fespiratonye !
bronchioles &4
(3—2a orders),

Alveolar
sacs and
alvenali

L —Acinus

'-' S

Stmaooth muscle
Elastic fihers

Alvenlus

15t arder Respiratory

nd arder bronchioles
(alveoli

3rd arder appear i
this level)

Alveolar ducts

Alveolar sac

Alveoli

Opening of alveolar duct Fores of Kohn

5 Structure of intrapulmonary airways



Bronchial Epitheliurﬁmg{fmoggp(ﬂ.bu| 1t

Terminal aird:‘t' W@QSdO\N
\NWW . m e Alveolar ducts Terminal sacs (future alveoli)

Respiratory bronchioles

Terminal bronchiole T

Simple cuboidal Capillaries

epithelium

Connective tissue
cells and fibrils

Terminal air tube at 24 weeks
Terminal sacs (future alveoli)

Alveolar duct

Respiratory 25
bronchiole ST - e
F
LA 1P
S
Fibroblasts
Simple cuboidal
epithelium Capillaries Elastic fibers
Simple N . ;ﬂ:{;’-
Smooth SQUAMOUS Thin lining cells overlying & by i

muscle cells epithelium capillaries (type | cells)
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Congenital Anomalies of th‘: gd' H\w@gsp()\. LY

m@,dﬂ‘@.a\um(:qsdown B. Variations of tracheoesophageal

fistula and rare anomalies of trachea

Most common form

(20% to 95%) of Uppersegment of
tracheoesophageal ezophagus ending in
fistula. Uppersegment trachea; lowersegment
of esophagus ending of wariable length

in blind pouch; lower
segment originating
from trachea just
abowe bifurcation.
The two zegments
may be connected by
a zalid card

C. Double fistuls D. Fistuls without E. Esophageal F. Aplasia of
gsophageal atresia  atresia without fistula trachea (lethal)

upper Left
lobes bronchus
Right

I Wb Hu:nurglasi Inspiratin:nn E.‘:-:|:|ir.a’:in:nnI I I:-r-:-nchus
T l. Deformity
G, Stricture of trachea H. Al:u5ence of catilage of cattilage I Al:-n-:-rmalltles of bifurcation

e



Airway Bran

WWW ‘medicalm¢

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

Pulmonary a%ﬁ%tmb\ogspo‘"bu‘ L

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

- s
A i e

Hypoplastic lung contains
some poorly developed
bronchi but no alveolar tissue

2\



Extralobar sequestered
lobe of left lung. Arterial
supply from thoracic or
abdominal aorta, venous
return to hemiazygos vein

Extralobar sequestered
lobe supplied by Intralobar sequestration
accessory bronchus with cavitation. Arterial
supply from thoracic or
abdominal aorta;
' venous returnto /| SRR
pulmonary veins w - :
Extralobar sequestered
lobe with communication
from esophagus
(communication with
cardia of stomach has
also been observed)



Palate Formation in the l‘g&d rﬂmgsp()\. LU
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Sagittal section (5 to 6 weeks)

Stomedeum Rathke's pouch

COronasal membrane

MNasal pit (sac)

,.r

FPrimitive or primary palate I

18t phanyngeal arch

J

Tengue (cut surface)

iC a\quSdO\Nn

Sagittal section {6 to 7 weeks)

Lateral palatine process

ﬁsemndary palate)
Opening of 15t pharyngeal : .
pouch (future auditony tube) Oral canvity Rathks's pouch
Openings of 2nd, 3rd, and ~ Crenasal membrane Foramen cecum of tongue
4th pharyngeal pouches -
Epiglottis Frimitive palate (median

-

(glottis)

Foramen cecum of tongue
[site of ongin of thyroid gland)

Trachea

%

Esophagus

Laryngotracheal =
groove opening _ i (i

pharnyngesal pouch
palating process) future auditony tube)
Right nasal sac Openings of 2nd,

ard, and 4th
Maxlllary fold pharyngeal
ouches

Epiglothis

15t phanyngeal arch Anytenoid

swelling that
Tengue (cut surface) borders laryngeal

Traches opening (glottis)

Esophagus



Palate Formation in the

B rgsPE
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Sagittal section {7 to 8 weeks)

Sagittal section (8 to 10 weeks)

Axons of nerve cells passing from olfactony

gpithelium of nasal cavity to olfactony bulb
Dfactory bulb

Ethmaid fald

Right cersbral

hemisphens Maxillzary fold

Dstium of auditery tube

Supreme conchae land |l

Superior concha

Labule of middle concha

Right lateral
palatine process of
secondarny palate

Inferiar concha
Cut surface
of fongue

Falate (primarny
palate contribution)

Epiglottis

Frimitive or
primary palate

Hyoid cartilage
Meckel's carilage
Thyroid carilage

: Traches
Tracheal carilage

Fhanyn
Larynx

Ezophagus

Cricoid cartilage

Tengue
Meckel's carilages
Hyoid cartilage
Thynoid carilage

Broken line indicates position of
right choana (posterior nars)

Falate (secondany
palate contribution)

Dstium of auditery tube

Tansillar
foses

Epiglottis

Arytenoid

cartilage

Ventricle
of larynx

Right
vacs|
fold

Cricoid Junction of
ey phanynx and
2 esophagus

Bl

oy

1



o - The Newborn Upper Aij mLQQS oL Luultit?
During quiet respiration with mouth.¢l ( i ior'with nasal
med\ca\mcqéﬂmw

ewborn (36 weeks)

|- 105.0 mm >

Sphenoid bone
Pituitary gland

Broken line indicates

site of right choana
(posterior naris)
Ostium of right
auditory tube
; Spheno-occipital
SUpErOrconchg synchondrosis
Middle concha
Pharyngeal
Inferior concha tonsil {(adenoids)
Maris Nasopharynx
Hard palate Soft palate (velum)
Enamel of deciduous Palatine tonsil

incisor tooth (in isthmus faucium)
Tongue Epiglottis
Enamel of deciduous Laryngopharynx
incisor tooth

Arytenoid cartilage
Mandible

Vocal fold at
Foramen cecum

glottis of larynx

Hyoid caitiage . Cricoid cartilage
Thyroid cartilage” ':.-. : Esaphagiis
Isthmus of thyroid gland Trachea

14



The Newborn Upge“aié\ﬂ):b\ogsp()\_.bU| L

dicalmcas
\N\NW - rﬂl?'hnrn (36 weeks)

Larynx elevated

Inspired air flows through e into nazﬂarynx to

naris, nasal cavity, - o e .
_ trachea on way to lungs ,

Suckled milk flows
from oral cavity through
isthmus faucium and
pharynx (passing along
each side of larynx)
and then through
esophagus on way to
stomach

Y
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THE GASTROINTESTINAL SYSTEMf\N EG?BWW‘W‘ "

2—3 weeks

pancreas buds from the ﬁg@ The gastrula folds to
foregut appear. The - form the gut tube.
ventral mesentery of

the midgut and hindgut

breaks down. The yolk

sac begins to get
compressed into the

umbilical cord.

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.
10 weeks

B weeks

Midgut loop extends into @
the umbilical cord. The =

lesser peritoneal sac

begins to develop from 1 —
the dorsal 1 @
mesogastrium. .

2 months ™ (\.

‘w.".r”/
# Midgut returns to abdominal cavity.
'. 4—5 months
Midgut begins to grow

in the umbilical cord
and rotate 270

degrees around the
ELIpTT e oAl Pancreas, duodenum
arery. and ascending and
descending colon fuse
8 months to the posterior

abdominal wall.

Abdominal wall: testes pass

through the inguinal canal.
9 months

Testes enter the scrotum.



a\mczgyd%ﬁfbad hlogspoL-~=t

\NW\N.med'\c

Neural plate of embryonic disc

Amnion MNeural groove

T Amnion

Amniotic
Body stalk cavity -

Allantois -

yoni layer of
embryonic ayer of
coelom
Yolk sac
Plane of section
Yolk sac
St KEY
Endoderm

T

Chaorionic villus Mesoders

Extraembryonic coelom

Ve



WWW medica

Amnion

Head fold

Foregut

Cardiac area

Yolk sac

Early Pr:mur?m ad blogsSpLL-~=""

almcosdow

Amniotic cavity

Tail fold

Hindgut

Body stalk

Allantois

nio

Neural groove

Amnion
Amniotic cavity Somite

Intraembryonic
coelom

Somatic
mesoderm

Extra-

embryonic Splanchnic
coelom -"'::f

mesoderm

Midgut

Yolk sac

-

Flane of section

KEY
Endoderm

] Mesoderm
I Ectoderm




Formation of the T, WS&\HM‘DVV -
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Sections
Flane of section, fig. to right Meural tubs
Meural tube _
Midgut Plane of section, fig. to far right : B Splanchnic
Foregut Dorsal Splanchnic mesenteny mesoderm
mesenterny mesoderm T
Orophanyngeal .
merﬁhrarﬁeg _ Intraembryonic Somartic mesoderm
r Hindgut coslom mesoderm
Stomodeum
Froctodeum
Cut edge E ;tn?gnge of
ofamnicn Cut edge of Midgut
Smnicn Body fold

Body stalk

Cut edge 'I
of amnion Allantois .
| Emrﬁembﬁ"ﬂ;nlﬁ Cut edge Cutedge
s s of amnian of amnion
o Body fold

Right division of Left divizion of
abdominal coelom abdaminal

coelom

Yolk sac i

wWalk s Ventral mesenteny
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Formation of the 816%\:’6@@5&“&3\"\' - . -

-med-\Ca\quS

Plane of section, fig. to right Neural tube

Meural tube

Stomach Dorsal pancreas Dorsal mesentery Dorsslparniass S Visceral
Esophagus Hepatic diverticulum mesentery pertonsum
Visceral
Lung bud peritoneum ; Parietal
.g Plane of section, PUnREnn Midgut pEritonsum
Thslfrmg fig. to far right
gian - Abdominal
Ehenh= Froctodeum Farietal

Stomodeum

Cardiac area

Cut edge
of amnion

Cutedge
tamnion

stall

Ventral
mesenteny
(falciform
ligament)

Yolk stalk

Yolk sac

Allantois

Anterior

YVentral

peritoneum

Body fold Body fold

Cutedge Cutedge
of amnion of amnion

mesenteny FPersisting edges of
[lesser ventral mesenteny
omentum)

Posterior
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Developing right pleuro- Arrow passing through right pleural canal
peritoneal membrane from abdominal coelom to pericardial coelom

Esophagus

Stomach

é Spleen

i ’_/..-- Dorsal mesogastrium

Celiac trunk

Ventral mesentery
(lesser omentum)

Septum transversum

Gallbladder

Liver (cut surface)

Dorsal pancreas

Ventral mesentery

(falciform ligament) Mesoduodenum
Yolk stalk Common bile duct
i Duodenum
sialk

\entral pancreas

Superior mesenteric artery

Umbilical cord Dorsal mesentery of midgut

Inferior mesenteric artery

Mesocolon of hindgut

Proctodeum

Cloaca Allantois

Cloacal
membrane

1
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Foregut
Common cardinal vein

Heart (atrium) & "

Umbiical vein 48
Vitelline vein
Hepatic diverticulum
Gallbladder

Septum transversum

N ok . . '
Endodermal cells penetrating
septum transversum fo

Liver cells from  surround vitelline veins (v)
diverticulum

Vitelline vein

Cells from
septum

Hepatic
diverticulum

Gallbladder

Vitalines vein Schematic sagittal section

Umbilical vei T
mbilical vein s J/ of septum in 5-mm embryo



Abdominal Veins ad _b\OQSpOL"U‘ LI

Gut

Common Right umbilical
cardinal weins vein anastomosing
_ with liver

Umbilical veins smumﬂﬂshmz

i Left umbilical wein
o anastomosing with left
yitelling vein via liver
Vitelline veins 3 | sinusoids

roximal,

middle {dorsal),
and distal
anastomoses of

vitelling veins

Sut

Diaphragm

Bame anea

Coronary ligament
Atrophy of

Hepatic vains
(proximal vitellines)

right Ductus venosus
umbilical {atrophies afier birth)
and proximal s |
part of Partal vein Left umbilical
left farmed from wein in falciform
umbilical portions of ligament
veins rightand left

vitellines and
| middle

Splenic and superior
| nnastc:mnnln_

mesanteric veins
jeining portal

Y4

Ductus
YENOEUS




Foregut and h%‘{ﬁ""ﬁ gﬁiﬂ‘_b\OgSpOL.bw 1t
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Esophagus
Stomach rotating
Spleen

Arrow passing from
main peritoneal cavity
into omental bursa

Septum transversum

Liver (cut surface)

Lesser omentum
Falciform ligament
Gallbladder

Dorsal mesogastrium

Cranial limb of primary gut loop bulging to left
ing

Yolk stalk
Dorsal pancreas
Allantoic stalk : : within mesoduodenum
. e " ’ ' - Sl Ventral ’
Extraembryonic coelom = ' oo, Sl . b
iy ‘i i Al R into mesoduodenum

within umbilical cord

N 2§ g -

ol s 2

Cecum on caudal limb |
of primary gut loop '

Umbilical ring
Urorectal fold

Superior mesenteric artery
within dorsal mesentery

Mesocolon of hindgut
Urinary bladder



Foregut and Midgutn laqéial-ﬂo\ogsp()\..b\ﬂ i

Www.med\ca\mcqs

Liver (cut surface)

Gallbladder
Falciform ligament

Diaphragm

Greater curvature of
stomach rotated 90° to left

Cecum passing to right above
coils of small intestine

Spleen within

dorsal mesogastrium
bulging to left to form
omental bursa

Pancreas within
mesoduocdenum

Yolk stalk
Allantoic stalk
Umbilical cord
Genital tubercle

Superior mesenteric artery
within dorsal mesentery

Mesocolon

Urogenital sinus e

Anus
Urinary bladder



Meckel's diverticulum

diverticulum
with fibrous

cord extending | |
to umbilicus ,

Fibrous cord
connecting
small intestine
with umbilicus

Umbilical sinus e 4 A\ V' Fibrous cord
with intermediate cyst
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mesentery (lesser omentum)

Root of dorsal mesogastrium

Gallbladder
Hepatic duct

Common bile d

Arrow passing into
developing omental bursa

Original dorsal
pancreatic duct

Original ventral

pancreatic duct
Dorsal mesogastrium

Duodenum rotating and growing ventrocaudally
passing to right (greater omentum)
Pancreas within mesoduodenum <

Dorsal mesentery of small intestine

14



Lesser Peritnnea{(S)aéd _b\OQSPOLL’U‘ LI
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S eptum transversum

Bare area of liver

Coronary ligament
Gallbladder

Falciform ligament

Stomach

Greater omentum
growing ventrocaudally

Transverse colon

Small intestine

Coronary ligament

Inferior vena cava

Arrow passing into
omental bursa

Portion of pancreas within
dorsal mesogastrium
(greater omentum)

Head of pancreas
within mesoduodenum
fused to dorsal wall

Duodenojejunal
junction
Transverse
mesocolon

Dorsal mesentery
of small intestine

1V
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Bare area of liver

Coronary ligament Coronary ligament

Inferior vena cava

Cut surface of liver

Arrow passing through

Falciform ligament epiploic foramen

Common bile duct

Omental bursa : sea
Portion of pancreas within

dorsal mesogastrium
(greater omentum)

Duodenojejunal junction

Umbilical vein

Umbilical cord —— %
Transverse mesocolon

Greater omentum

growing caudally idsaniary ot

small intestine
Transverse colon

Small intestine

14



Introduction to the Retrope
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Diaphragm

Coronary ligament

Cut surface of liver

a\mCﬁgw

Gallbladder

Lesser omentum

Falciform ligament

Stomach

Ligamentum teres

Omental bursa

Greater omentum

Transverse colon

Fusion of layers of
greater omentum (apron)

Small intestine

cad toregsSpet-~

Bare area of liver

.~ Coronary ligament
Caudate lobe of liver

— Arrow passing through
epiploic foramen

Common hile duct

Body of pancreas

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

Y
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10 weeks ‘ - .}
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Descending colon against

o dorsal abdominal wall
Cecum (continuing to

rotate after returning
last to abdominal cavity

)f 4 Coiled small intestine
from umbilical cord)

‘ Umbilical cord

Disappearing yolk stalk

Left colic flexure
Transverse colon

D Uﬂdﬂikﬂ/r -

I
" Root of

transverse

mesocolon

(left half)

_*
4 to 5 months Right colic flexure

-—

Root of transverse
mesocolon (right half)

Duodenojejunal

Ascending colon flexure

Descending colon

Triangular fusion of ascending
mesocolon to dorsal wall Qluadrangular fusion

of descending

mesocolon to dorsal

Root of mesentery of small intestine ;
wa

Cecum in final position of rotation

: 2 —
[l ‘E, Root of sigmoid
Vermiform appendix i : mesaocolon
ppe {4 oy,

Sigmoid

colon 30- ‘ﬂ"}“

Rectum

Anus
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Spleen

Spleen Dorsal mesentery
splenorenal (liencrenal)
ligament

Dorsal mesogastrium

Gut (stomach) Gut (stomach)

Ventral mesogastrium
Ventral
mesentery
(hepatogastric
Liver ligament)

Primitive configuration Falciform
of abdomen ligament

Configuration of abdominal organs
and mesenteries after gut rotation

ﬂhﬂl&ﬁ-ﬂ
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Kidney

ena cava N

Peritoneum

Liver
Body wall . l

f

Lesser omentum f ﬁ" . Gastrosplenic
Hepatogastric S s ligament
ligament (1F T | T
i | i Ehremcﬂlic
epa Iigammenﬁt ligament
Epiploic Stomach
foramen Lesser sac
Dundanumhﬁar;; Left colic
(splenic)
Right colic flexure
hepatic) flexure
(hapetic) Falciform
ligament
Gastrocolic mﬂm
ligament
wDHN



Hepatic |
diverticulum

Hepatic duc 3 - hepatic
Common blue

Gallbladder

pancreatic duct

(cut away)

\entral pancreas

Dorsal pancreas

Stomach
Common

Portal vein
duct

duct

Hepatico-

bladder
Common bile duct |

Superior
mesenteric vein

Yolk sac Dorsal

. pancreas

Ventral
pancreas

Hindgut

1. Bud formation 2. Beginning rotation of common

duct and of ventral pancreas

Accessory
pancreatic duct
(Santorini's)

Pancreatic duct

Ventral
entral pancreas (Wirsung's)

3. Rotation completed but fusion 4. Fusion of ventral and dorsal M
has not yet taken place pancreas and union of ducts i ;



Development of Pancreatic(\éi&i d.l H\‘b@SpO\..bU| 11t
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Formation of acini and islets

from ducts. A-acini; l-islets in ;f- Dﬂf‘g-‘

various stages of development

Low-power section of pancreas  High magnification: relationship Pancreatic islet
1. Acini, 2. islet, 3. interlobular  of intercalated duct and A (=%-), B (=i-) and D-cells.
septum, 4. interlobular duct centroacinar cells to acini 1. reticulum, 2. acini



aspect of stomach due to
E"m“m:ﬁaﬁc tissue

ol

Congenital Pancreatic

Reported locations of
aberrant pancreatic tiss
1. Dmul“ "
2. Stomach

3. Jejunum

4. lleum

of pancreatic tissue IR
ﬂﬂStriI: Eubl“l..h:ﬂiﬂ

ca\mcqsdown

e,

5. Meckel's
diverticulum
6. Gallbladder

7. Splenic capsule |
8. Esophagus

faordin|0gSPOt-~+

Annular pancreas
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Mesonephric
Allantois i
— Metanephros
jborcl — Paramesonephric
tubercle

Urorectal fold

~ Metanephrogenic
tissue

Urogenital sinus

Cloacal Metanephric
membrane i



Develu?ment of the

elo I\t@ﬁaltb\ogsp()\..bu| vt
ImC G\§

Sigmoid colon e

Rectosigmoid junction
Transverse | Superior
folds of rectum
(valves of
Houston) | Inferior

Rectal fascia
Longitudinal muscle layer

Circular muscle layer
Muscularis mucosae
- . Levator ani muscle

= _Anal sinus

Pectinate (dentate) line

Internal rectal venous plexus
in submucous space

Conjoined longitudinal muscle
Internal sphincter muscle
Anal valve

Anal crypt

Anal glands

Transverse fibrous septum
Muscularis mucosae of anal canal
Perianal space

Corrugator cutis ani muscle

External rectal venous plexus in perianal space
Intersphincteric groove (anocutaneous line)

Feritoneal reflection

Anorectal line

Anal columns (Morgagni)

Deep part® of external
sphincter muscle

Superficial part® of external
sphincter muscle

Subcutaneous part® of
external sphincter muscle

Sweat glands and

hairs in perineal skin  Anal verge

- — Pecten
Parts variable and often indistinct A




Congenital Anomalie \ O Sp()\..bun-
moasaowntoaDieD Cr

WWW.'M@d\ Duplications ' common shes) |
Base of tongue
Esophagus*®
extending into thorax from
duodenum or jejunum
Stomach
Complete Duodenum
?.ME Transverse colon (mesenterialized)
inversus Jejunum
| Cecum or ascending colon
. lleocecal region”
lleum*
Approximate regional
incidence (gross)
Partial
situs
inversus

Ends connected by
cordlike structure



Congenital Ano
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Tremendous distention

and hypertrophy of

sigmoid and descending
colon; moderate involvement
of transverse colon;

distal constricted segment

Typical abdominal distention

2
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Developing right pleuro-
peritoneal membrane

Arrow passing through right pleural canal
from abdominal coelom to pericardial coelom

Esophagus
Ventral mesentery Stomach
(lesser omentum)
Spleen

Septum fransversum
Daorsal mesogastrium

Gallbladder
Celiac trunk

Liver (cut surface)

Dorsal pancreas

entral mesentery
(falciform ligament)

Mesoduodenum

Common bile duct

Yolk stalk
Duodenum
Allantoic
stalk
\entral pancreas

Superior mesenteric artery

Dorsal mesentery of midgut

Umbilical cord
Inferior mesenteric artery

Mesocolon of hindgut

Proctodeum

Cloaca Allantois

Cloacal
membrane

Y
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Region of each trunk myotome also

represents territory of dermatome :
into which motor and sensory fibers mmﬁrgﬂﬁ,ﬁﬁtr
of segmental spinal nerve extend

Occipital (postotic)
myotomes

Mesenchymal mass, "
representing 3 preotic

myotomes of primitive / | - Cervical myotomes
vertebrates - Sy By

Site of local mesenchyme,
giving rise to all limb muscles
except those of pectoral girdle

S Dorsal (epaxial)
Ventral (hypaxial) J column of epimeres
column of hypomeres T
Site of local mesenchyme, S T
QWIHQ rise to all limb muscles / N 2 " P Thoracic mﬂtums
except those of pelvic girdle 'aﬁ.ﬁ? : o
\ ik

Coccygeal myotomes = == <
/ Lumbar myotomes
Sacral myotomes
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Temporalis

Masseter
Deltoid

Brachialis

Orbicularis oculi

Z fi
Yaomane Triceps brachii

Orbicularis oris Teres minor

Brachioradialis Teres major

Trapezius
Extensor carpi

radialis longus Serratus anterior

Latissimus dorsi

Rib

Extensor digitorum

Extensor carpi ulnaris
External abdominal oblique
Flexor carpi ulnaris

o Thoracolumbar fascia
Rectus abdominis covering erector spinae

Tendinous intersection Developing vertebral

neural arches

Tibialis anterior
Quadriceps femoris

Extensor hallucis longus :
Tensor fasciae latae

Extensor digitorum longus Spinal medulla (cord)

Peroneus longus Fibula

Gluteus medius

: : Femur :
Biceps femoris Gluteus maximus

1
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Suspensory (diaphragmatic)
ligament {atrophic)

Testes
Epididymis
Gubernaculum
Deep inguinal
ring

Urinary bladder

Testis
Epididymis
Gubernaculum

11 weeks
(43-mm crown rump)

Deep inguinal
ring

4 months
(1074mm crown rump)

Superficial inguinal ring .'I
Ductus deferens f M ( A Y d .'
A » :..'-.,;.,_ h " 'I:il

i
i o =

open)

Testis
j g&;ﬂ? ' Gubernaculum 8 months

= IBN [2 b-cm crown rump)

Cavity of tunica
vaginalis (cut
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ed\ca\mcq Midgut at 6 weeks

in the umbilical cord

Septum transversum Esophagus

Lesser omentum

Liver (cut surface)
Falciform ligament
Gallbladder

Stomach rotating
Spleen

Arrow passing from
main peritoneal cavity

» Cranial limb of primary gut loop into omental bursa
Midgut .
: gh“ | | Yolk stalk Pancreas within
Vmphaoecie Allantoic stalk mesoduodenum
at birth OGS
Extraembryonic coelom Ventral pancreas passing
within umbilical cord into mesoduodenum
Cecum on caudal limb of primary gut loop
iy , Superior mesenteric artery
Liver (cut surface) Umbttcal rm?alf i
rorectal fo -
Gallbladder Utibary Blsider Mesocolon of hindgut
Falciform ligament
Cecum passing to right Diaphragm

above coils of small intestine
Greater curvature of stomach
rotated 90° to left

' | Spleen
Yolk stalk “:'“{:2‘1 NS
Allantoic stalk H‘F L 23N . : Pancreas within mesoducdenum

Superior mesenteric artery
Mesocolon
Colon

Urinary bladder

Umbilical cord—
(Genital tubercle
Urogenital sinus

Anus Midgut at 2 months

M heRr ' in the umbilical cord
ﬁ /_.-t- Rectum Urorectal septum
’ = limh
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Superficial (Camper's) fascia

Scarpa's fascia

External obliqgue muscle

Internal obligue muscle
Transversus abdominis muscle
Transversalis fascia

Parietal peritoneum
Testis

Colles' fascia
Gubernaculum

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

a\ni\ﬁzztari’é‘.ﬂgg%ﬁ ety blogspot-~~
i

Formation of
processus

vaginalis

Testis descends along
gubernaculum via
inguinal canal, behind
processus vaginalis

Gubernaculum
Processus
vaginalis
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\N\NW med\Ca\ Superficial fascia (Dartos muscle) el

Scarpa's fascia, Colles' fascia .

External obliqgue m. (ext. spermatic fascia) .

Internal oblique m. (cremaster)

l
I
Deep inguinal

ring

Transversus abdominis m. (no contribution) .

Transversalis fascia (int. spermatic fascia) .

Spermatic cord Parietal peritoneum (tunica vaginalis testis) .

Fused portion of
[ r .
processus vaginalis — Inguinal ligament

Wall of scrotum

(superficial
perineal pouch)
Colles' fascia
Dartos m. Epididymis
Colles' fascia Testis
Ext. spermatic fascia
Cremaster m. Scrotum
. X <JSHNA.C D
Int. spermatic fascia with
Gubernaculum £. Hatton

Tunica vaginalis testis



The Adult Inguinal RE%G b\ogsp()\. LV

3 \m SdO o5 |n::u|ar*.:EssE}s and genital Extraperitoneal fascia
‘ ‘ \ed‘ca branch of genitofemoral nere  (loose connective tissue)
WWW uctus (vas) deferens

Testicular vessels Transversalis fascia
Cremasteric vessels covered by permtoneum Transversus abdominis
musche

Intermal oblique
muscle

External iliac vessels coversd by penoneum Penloneum

Ductus (vas) deferens covered by penitoneum

External oblique

Infencr epigastnc vessels muscle

Medial umbilical ligament
(occluded part of umbilical areny)

Urinary bladder

Umbilical prevesical fascia

58] Anterior superiar
Rectus abdominis muscle iliac spine
Median umbilical

ligament (urachus) Ornigin of internal spermatic

fascia from transversalis

Pymmickal o fascia at deep inguinal ring
m 15 Musc

lioinguinal nerve

superficial inguinal nngs e —

Pubic symphysis
(covered by
intermingling
fibers of external
oblique \ _
aponeurosis) 7 /

Femaoral
vessels

=

Pubic tubemrie

P
Cremazier muzcle
and cremasternc

fascia on spermatic cond

External spermatic fascia
enveloping spermatc cond
Inguinal ligament (Poupart) /':m

Falx inguinalis {conjoint tendon) _
Intercrural fibers



Anomalies of the Processus Vagi ‘0 Sp()\..bU“‘

Ext. oblique fascia
Inguinal ligament

Ductus deferens

Tunica vaginalis
testis

1. Normally obliterated
processus vaginalis

2. Partially patent
processus vaginalis
(small congenital hernia)

3. Completely patent

processus vaginalis  gac jiberated without
y division of external

Relations of deepand
subcutaneous inguinal g4
rings in infancy

obliqgue aponeurosis

| i
sy

Hernia in
infancy
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ORGANIZATION OF THE ABDOMINAL GI TRACT
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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 5 of transverse
1st half of duodenum colon
Arteries Celiac trunk: Superior mesenteric: Inferior mesenteric:
Splenic artery lleocolic Left colic
Left 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 Mesointestine Sigmoid mesocolon
mesentery Splenorenal ligament Mesoappendix
Gastrocolic ligament Transverse mesocolon
Greater omentum
Motor nerve supply | Vagus Vagus Pelvic splanchnic nerves

@B\
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: Hemwn
B} med‘ca\mga%%m Scale (Months)

Blastocyst

WWW

Urogenital ridges form from
the intermediate mesoderm,
and germ cells migrate from
the gut wall. Ureteric buds
have entered the
metanephric mesoderm.

6—7 weeks

| Embryo

Major and minor calices
develop. Kidneys beginto| '
ascend. Mephrons begin | /.

to form; they will connect
to collecting tubules and
function by 10 weeks.

| The “indifferent” stage
with identical primordia

In males, primary sex
cords form seminiferous :

tubules. In females, ?i’
secondary sex cords
form ovarian follicles.

f :
L

1. ‘JT’\

External genitalia

develop.

8—9 months

Testes pass through the inguinal
canal and into the scrotum.




Intermediate
mesoderm

(Section shown)
Allantois

Hindgut
Cloaca
Cloacal membrane

Urogenital ridges formed by bulging of intermediate
mesoderm into coelomic cavity

Mesonephric duct forms as
condensation of mesoderm

Genital ridge (with
germinal epithelium)

Nephrogenic
cord/ridge

Paramesonephric duct
forms as invagination of
visceral peritoneum

Urogenital ridge differentiates into medial
genital ridge and a lateral nephrogenic ridge <JOHN D
©lEN
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FPrimordial
nephron drains
into mesonephric

carly I‘rlmurt‘laad -b\ogSPUL.uV. =
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Primordial germ cells
migrate from gut wall into
genital ridge surrounded
by epithelial sex cords

Mesonephric duct
Nephrogenic ridge
Paramesonephric duct
Genital ridge
Allantois
Hindgut
Cloaca
Ureteric bud

<JOMN
BN
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Developing right pleuro- Arrow passing through right pleural canal
peritoneal membrane from abdominal coelom to pericardial coelom
Esophagus
Ventral mesentery Stomach
(lesser omentum)
Spleen

Septum transversum
Dorsal mesogastrium

Gallbladder
Celiac trunk

Liver (cut surface)

Dorsal pancreas

Ventral mesentery
(falciform ligament)

Mesoduodenum

Yolk stalk Common bile duct
Duodenum
Allantoic
stalk

Ventral pancreas

Superior mesenteric artery

Umbilical cord Dorsal mesentery of midgut

Inferior mesenteric artery

Mesocolon of hindgut

Proctodeum

Cloaca Mesonephric

Cloacal ot

membrane

148



plogspot.com

med\ a\mE @dawmga@d

WWW.

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

Mesonephric

Allantois Mesonephric &
e Urinary bladder - ) :
; portion of the | ~Metanephros
Genital Hindgut yrogenital sinus — P’
tubercle | Genital —Metanephric
Urorectal tubercle duct (fused)
fold/sept
Cloaca Na et : Urorectal fold
) ‘.. / _—'-'-ﬁr -
Metanephrogenic - Rectum
tissue N .
: CRIY Pelvic/genital Fesineaan
- nepnric portion of |
Cloacal duct kg !
T urogenital sinus

14
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In _
females

Rectoperineal Rectourethral
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Intermediate mesoderm (nephrotome)
Pronephric tubule

Ectoderm Pronephric duct

forming

Somite

Pronephric duct

Dorsal aorta

Glomerulus
Coelom

Topography of pronephros, mesonephros,
and metanephric primordium B TS N

Foregut
Mesonephric duct

Hindgut . .
Mesonephric tubules in
Allantois nephrogenic tissue
Cloacal membrane — Ureteric bud (metanephric duct)

Cloaca i "
Section through mesonephros \“*'-'-L-‘_- Wy — Matansphroganic tisaus
Somite : i
Dorsal aoria R |

Glomerulus

Posterior cardinal vein

Mesonephric duct

Mesonephric tubule
Genital ridge
Coelom




Development aBW*Wrb\OgSDOt.COm
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Mesonephron Metanephrogenic

tissue
Mesonephric

Metanephrogenic = Collecting
tissue ducts

Metanephric duct

(ureteric bud)
A. The metanephric duct (ureteric bud) has B. Within the metanephrogenic tissue, the
grown out from the mesonephric duct, close ureteric bud expands to form a pelvis, which
to termination of latter in cloaca, and has branches into calyces, and these, in turn, bud
invaded the metanephrogenic mesoderm. into successive generations of collecting ducts.

s

s



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 pelvis, as Henle's loop;
one area of the tubule remains close to the
glomerular mouth, as the future macula densa.

Proximal
convoluted tubule

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.

74
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b weeks 7 weeks 9 weeks
nar Kidney
Kidney .
(metanephros) Kidney Renal
pelvis
Renal pelvis Renal pelvis
Umbilical Umbilical Ureter
artery artery

Ureter Ureter

11 Urogenital
arterial rete

Renal artery

Umbilical artery )
Renal pelvis

Cross section Cross section Cross section M
P{i
‘ /:uu




Pelvic cake or 1 4 4 --.:*-l

lump kidney

Ventral position [}

of renal pelvis

 Lateral position
of renal pelvis

blogspPo
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opia of the kidney

Crossed ectopia of the right kidney



Fersistent fetal lobulation

Left unilateral hypoplasia of the 14
kidney with narrow but patent ureter; 1

both suprarenal glands present s |
= 0 sl ﬁmx
F 3

Bilateral renal hypoplasia
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| ad blogspot:
. Hﬁewmwﬁlﬁl '
W\Nwlm"a‘gl!fcﬂma"' of ureter Anomalies of renal pelvis and calyces

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




W\I\Mpimuplicatinn of the ureter Observed sites of ectopic ureteral orifices

e

Trigone

EBladder neck

Urethra

Vestibule

Bladder : ' deferens
neck

Prostatic

Seminal
urethra

vesicle

Opening of

Ejaculato
left ureter jac ry

Sl : i duct
Opening of i

ureter from . [;? E
right inferior - .
renal pelvis

The ureter from the right
upper pelvis is dilated and
opens ectopically below that _
from the lower pelvis (in the Opening of

: : ter from

prostatic urethra) according e A W
b Wiiisart. | right superior (e
ol igert-Meyer renal pelvis ﬁ

In the male

-y



"Hourglass" bladder ™% J
(ureters may enter either "1 ™

Incomplete duplication 12 &
' upper or lower segment)

of bladder




Completely patent ﬁ

urachus

dow

Allantois/U rachusﬁ"‘(‘)“a'éjﬁb\ogsp(n.bu ittt
Kl

calmcas

Partially patent urachus; opening
internally, blind externally

I

Partially patent urachus; opening
externally, blind internally

\ Cyst of urachus



Primordia of the Genital System

Mesonephric
Urinary bladder duct
(upper urogenital Metanephros
sinus)
i Paramesonephric
' ducts (fused)
Cloms) Metanephric duct
tubarcla--.....______?______;_:- P

Urorectal fold

Lower urogenital Racium

sinus (proper)

Perineum

Genital ridge

Mesonephric duct forms
{with germinal epithelium)

as condensation of

mesoderm

Mephrogenic .
cord/ridge Paramesonephric duct

forms as invagination of

visceral peritoneum

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

i

S i

B Y



Primordia of the Genital System

Mesonephric
Urinary bladder duct
(upper urogenital Metanephros
sinus)
i Paramesonephric
' ducts (fused)
Canta! ) Metanephric duct
tubercle
Urorectal fold
Lower urogenital Reciom
sinus (proper) Perineum

Genital ridge
{with germinal epithelium)

Mesonephric duct forms

as condensation of

mesoderm

Mephrogenic .
cord/ridge Paramesonephric duct

forms as invagination of

visceral peritoneum

Uragenital ridge differentiates into medial
genital ridge and a lateral nephrogenic ridge

AV

i

(TSR



Early Primordia

Primordial
nephron drains

Primordial germ cells
into mesonephric

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

esonephric duct
MNephrogenic ridge

Paramesonephric duct
Genital ridge

Allantois

Hindgut

Cloaca

Ureteric bud

%&:ﬂ&ﬁm
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Undifferentiated

Gonads

Mesonephros

Mesonephric
(wolffian) ducts

Paramesonephric
(millerian) ducts

Bladder
(pulled aside)

- Urogenital sinus —
ﬁ-:._, A —_.;-LLLMW.E s




ﬂm

Mesonephric
duct

u o

Bladder
Metanephros
Mullerian ducts
. (fused)
Genital
tubercle Metanephric duct
Urorectal fold
bl . st y - Fectum
Urogenital S - — -
sinus : i M
proper > 3
S g Y

Kidney

(&% Urachus Ureter Urachus ,
) reter
< Bladder
! W Ductus Ueiiis
; deferens g | f
\ O, @ o - j
1 — Seminal . ? L o
\ J— Yo 1 { {
g | . ,rlr / :
. — Prostate 5 J r
F Urethra N ’ P | |
§ Penis i .' . :J_._- /
. Clitoris — 0= 2 . | /
__-:1 — z Scrotal | : :I:H’f
\ swelling Vestibule %

Male S



Anterior View of the [\(6; aeb\ogspu\_ I WA
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Suspensory ligament of ovary
(mesentery with ovarian vessels)

Paramesonephric (mullerian) duct
Gonad

Mesonephric tubules

Mesonephric (wolffian) duct

Gubernaculum

Urogenital sinus

Primordium of prostate
(male) or of Skene's
(female) glands

Primordium of Cowper's (male) or
of Bartholin's (female) glands

148



Anterior View of the Derivatives

Undifferentiated

— ~~

Male Female

Uterine (fallopian) tube

Broad ligament

Gartner's duct (cranial
mesonephric duct)
Epodphoron (ctanial
mesonephric duct)
Parodphoron (caudal
mesonephric tubliles)

Prostate Vesicular appenc
! Opening of Lt/ Suspensory ligament of
- ejaculatory duct e / ovary |
Ligament of ovary
Bulbourethral Dlgs |
(Cowper's) gland vary

Uterus
Round ligament of ute
\agina (upper 4/5)
Residua of caudal
mesonephric duct

Vagina (lower 1/5)
Urethra

Paraurethral (Skene

Greater vestibular
(Bartholin's) gland

Vestibule
S
;ﬁ&:m

Appendix of epididymis
Epididymis
 Efferent ductules

Appendix of testis
Testis
Paradidymis

I Gubernaculum




mesonephri i LUl
Parames Ephg\lllctmgﬁl b\OQSp

Complete septum with double Partial septum Rudimentary second vagina without
uterus and double vagina external opening, forming cyst

Bicornuate uterus with

complete septum Eﬁfﬁ: -

(double cervix)

Unicornuate uterus



Homologues of the External Genital Organs

Undifferentiated

Glans area —_—
Epithelial tag ;

Urogenital fold
Urogenital groove
Lateral part of tubercle
Anal tubercle

Anal pit

Mali/é’/ Glans \ Female
Epithelial M
" _' — Coronal sulc uh ;!”513 Eu:'e"ﬂ 5)

Site of future origin of prepuce
Urethral fold
Urogenital groove
Lateral tubercle

(corpus, or shaft)
Labioscrotal swelling

Urethral folds partly
fused (urethral raphé)

Anal tubercle
Anus

~Genital tubercle i I‘IM

W
N

4530 mm
(~10 weeks)

Body of clitoris
External urethral
orifice

Glans penis

Prepuce

Body (shaft) of penis Prepuce Glans of

clitoris
Raphé Labia minora External

of penis urethral orifice

WVaginal orifice
Scrotum

Labia majora Posterior
commissure

— Perineal rapheé —

Perianal tissues (including /_&
external anal sphincter muscle)

Fully developed Fully developed
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-

Glanular hypospadia

Penoscrotal hypospadia
(with chordee)

45

Scrotal hypospadia
(bifid scrotum, chordee)

Penile epispadia Complete epispadia



Gonadal Differentiati ‘b\OgSpU\_,\,ul L
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MNephrogenic . Mesonephric
COrd =— | tubules
Paramesonephric \'/. Mesenchyme [~ Medulla
duct - |
' ' Frimary sex
Mesonephric cords -
duct
Mesonephrc Thickened
tubules coelomic
epithelium e o
Genital ridge : = :
? Magnification of gé'm?:;ﬁ;l
genital ridge igitatinig i)
-—Ahbzence of TOFw— W ]. {}w‘\" — [estis-determining —m
5 ./ factor (TOF)
Female {primitive ovary) Male (primitive testis)
Mesonephric remnants Ductus epididymidis Efferentductules
[Gartner's duct, epodphoron, paroéphoron)
Rete  Medulla Corex Rets testis
owarii
Medull=
wl
C omi 7 _=Tunica
N albuginea
fgerminal) _ - i
Primary epithelium Tunica vaginalis
seX cords Dédgonia Frimary
[degenerating) Ehei _ sexcords o T i M
Secondary |Granulosa cells Frimary  (primitive PRIMeEEoN Interstitial cells w
B Tharapalls fallicle seminiferous ’ o BN

tubules)



Testis, Epididymis, and Ductus Deferens

Efferent ductules

Aberrant ductule (vestigial mesonephric tubule)

Ductus deferens
' Rete testis (in mediastinum testis}

Sepia
Tunica albuginea

Epididymis -

Lobules

Epididymal duct

Aberrant
ductule

Frontal section

Ductus deferens from mesonephric duct

Efferent ductules from mesonephric tubules
Epididymal duct from mesonephric duct
Rete testis (in mediastinum testis)

Aberrant ductule

Seminiferous tubules from primary sex cords
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Skin of scrotum
Superficial (dartos) fascia
External spermatic fascia

Lobules of testis
Cremaster muscle and fascia
Internal spermatic fascia
Parietal layer of tunica vaginalis
E i °g :|~ From

Visceral layer of tunica vaginalis| processus
vaginalis

Scrotal septum (dartos)

Sepla

__ Retetestis
PR - Tunica albuginea of testis
Sinus of epididymis

Epididymis

Ductus deferens

Cross section through scrotum and testis

-4 e
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Sus::;

~ (diaphragmatic)

ligament (atrophic)

Epididymis

4 months Gubernaculum

(107-mm crown rump) Deep inguinal
rng

11 weeks

e (43-mm crown rump)

Epididymis
Gubernaculum

Superficial inguinal ring
Ductus deferens
Scrotum (cut open)

Epididymis
in-
i g :H o Cavity of tunica
Gubernaculum 8.9 months E,ﬂg:h:n]

(26-cm crown rump)



Epithelial
cord
growing in

Primary
ova

Primordial
follicles

Germinal epithelium
{cuboidal cells)

Infant ovary

Ova and Follicles

Owvum
Zona pellucida
Tunica 3, _$75° ey ';

albuginea

Corona radiata

““““““

Cumulus
obphorus

— Cortex

Fluid-filled
follicular cavity

Granulosa

Theca interna

Theca externa

Maturing follicle

1
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» Primary follicle
/ Epithelial cord \
growing in
Primordial follicle Developing follicles
Germinal epithelium
(cuboidal cells)

E‘hﬂd \FBSEB|5 ‘ 1 . _- _:':r _. +.'. J N : .,.? . -J_l, 1 -__'::._. - 1
enteringovary QSIS o = it O d b, _— Mature
; } (graafian) follicle
Corpus albicans Ruptured follicle
(corpus hemorrhagicum)
Discharged
Mature corpus luteum Luteal cells ovum

\ Blood clot

Early corpus luteum

AV
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Gonads

Mesonephros ;
. Genital
Mesonephric hkanii
ducts

Paramesonephric
ducts

Bladder
(pulled aside)

Urogenital sinus

Urogenital
Sinus

8-week indifferent stage, anterior view

SELEL S

—— Mesaonephric
duct

Metanephros

Paramesonephric
duct {fused)

Metanephric
duct

Urorectal fold

Rectum

Perineum

8-week indifferent stage, lateral view

(gonad not shown)
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— Mesenc hyrn'ra_

— Primary — Medulla
Glans sex cords

Mesonephric
tubules

Urogenital fold

Urogenital
groove

Corpus or
shatft of phallus

Thickened |
coelomic
Labioscrotal epithelium
- Cortex

swelli
o Primaordial
Anus germ cells
(migrating in)
10-week external genitalia primordia Indifferent gonad developing

from genital ridge

AV
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WWW . male Male

From the Urogenital Sinus

Urinary bladder Urinary bladder

Urethra Urethra (except navicular fossa)
Lower vagina (and vaginal epithelium) Prostate gland

Vestibule Bulbourethral glands

Creater vestibular/urethral glands

Vestigial: prostatic utricle

Ureteric bud from mesonephric duct Efferent ductules
forms: Duct of epididymis
Ureter Ductus deferens
Renal pelvis Ejaculatory duct
Major and minor calices Seminal vesicles
Collecting tubules Ureter, renal pelvis, calices, and

collecting tubules

Vestigial: epoophoron, paocophoron, Vestigial: appendix of testis
appendix vesiculosa, Gartner’s duct

From the Paramesonephric Duct

Uterine tubes, ulerus, upper vagina Vestigial: appendix of testis

Vestigial: hydatid

BN
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GENITAL PRIMQRDI ;‘mwgd.@\l\’n

Female Male

From the Genital Tubercle/Phallus

Clitoris: Penis:
Glans clitoridis Glans penis (and navicular fossa)
Corpora cavernosa clitoridis Corpora cavernosum penis
Bulb of the vestibule Corpus spongiosum penis
Labia minora Ventral aspect of penis
Perineal raphé Most of the penile urethra
Perianal tissue (and external anal Perineal raphé
sphincter) Perianal tissue (and external sphincter)

Ovary: follicles from secondary sex Testis: seminiferous tubules from
cords in cortex primary sex cords
Vestigial: rete ovarii in medulla Rete testis in medulla

From the Gubernaculum

Owvarian ligament Gubernaculum testis

" ]
Round ligament of the uterus —
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QE.EH'L}[E.. - -y glastocyst
sttt Masanr;hymal
Somite sclerotome = Egﬁr::mns appear
cells migrate around g% for the axial skeleton
the neural tube. :
6 weeks & weeks
Mesenchymal ,

: . . Segmental elaboration of
condensation for __ Fmbryo o) 5;'?1“5 myotomes
appendicular skeleton | 5= a '
bones. 2 »w

Individual muscles
develop.

The limbs rotate to their

1 ﬁ) adult orientations.
Y iy

Primary centers of

ossification expand in #
diaphyses. =
£

3 months

=

Cartilage and membrane
bones of the skull develop.

Diaphyses ossified;
secondary centers of
ossification begin to

appear.




Muscular System: P

Differentiation of somites mmwﬂ
n embryos

WWWW. medicalmed

At 19 da}’i _— Neural groove
Mesoderm
Notochord

Al 22 days Neural tube

Dermomyotome
Sclerotome
Notochord
Mesoderm

At 27 days
Dermomyotome

to neural arch

Sclemtome contributions to vertebral bod
(centrum
to costal process

MNetochord

At 30 days

Mote: Sections A, B and C are at level of
future versbral bud'r. but section D is at
level between developing bedies

Ectoderm (future epidermis)

Dermatome (future dermis)
Myotome

Netochond (future nucleus pulposus)
Mesoderm

Mesonephnc kdney

Ectoderm of embryonic disc

Cutedge otamnien
Intraembryonic coslem

Endederm (reof of yolk sac)

Ecioderm

Dorsal aorias
Intraembryonic coelom
Cut edge of amnion
Endoderm of gut

Ectoderm

Spinal cord

Dorzal aortas
FPosterior cardinal vein

Mesaderm

Coglom ;F J[J"‘

Spinal cord
Dorsal root ganglion

Ventral root of spinal nerve

Mesenchymal contribution to
interveriebral disc

Aors
Postenor cardinal vein
Coelom

Dorsal meseniery
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Somite

Ectoderm

Dermomyotome

Myocoele Sclerotome

Frimordium of

vertebral body

Sclerotome

Notochord Notochord

b Intersegmental

o-—-:;f artery

Intersegmental '
artery J‘*«_—n

Ectoderm Vertebral body

Dermatome
Intervertebral fissure

Myotome
Intersegmental artery

Mucleus pulposus

forming from notochord Segmental nerve

MNucleus pulposus

Ectoderm (future apbdarmis}_._.____; .""‘ 5 s
: 2 3 Anulus fibrosus of intervertebral disc

|
|.:|
|
|

Dermatome of subcutaneous .

tissue (dermis) ——= R,
Wﬂtﬂm’dﬂlr.. E , - .

Vestige of notochord

Intersegmental artery
o>
% Y™ "

Vertebral body (centrum)
Segmental nerve

Costal process



Mesenchymal Primordia and 5 wegsp()\..bu\ LI
Mesenchymal pdeaég‘mwgdgmgﬂpenéngr skeletons at 5 weeks

WWW . K ALl Parachordal plate of
| - chondrocranium from occipital

Motochord —
- somite sclerotomes (forms art of
the cranial base)

Midbrain —_—
o J Body and costal process of C1
Future pituitary gland | _
Forebiais _ » Scapular mesenchyme
sl
Optic vesicle g Body and costal process of T1

Spinal cord

Upper limb bone mesenchyme
Motochord becomes nucleus
pulposus of future intervertebral

Tail .
disc

Body and costal process of

1st cocc | vertebra
YR — Primordia of ribs

Lower limb bone

mesenchyme Body and costal process of L1

Body and costal process of S1 Pelvic bone mesenchyme

Precartilage mesenchymal cell condensations of appendicular skeleton at 6th week

Epidermis Scapula Epidermis
Radius i
Humerus
Carpals “\ ¥/ Ulna Metatarsals Ethiila :
Lower limb 2#’ o

Upper limb



Ossification of the Verteﬂral iﬂ]tﬁ‘ngsp()\_.bul LI
Fate of body, costal pr m‘@é‘l\ﬁ nhents of Vertebral
@é‘ﬂs ﬁﬂ appearance of ossification centers

WWW"‘E celdl‘l Lamina

Vertebral foramen
Superior articular process

Transvarse procass —| 05 oror tubercle ——&gL, e
. Anterior tubarcle—#“
ramen

Transverse fo

Spinous process

Ossification center appears at 9th or 10th week

Vestige of notochord

Ossification center appears at 9th or 10th week

Body

FPedicle
Thoracic vertebra Spinous process,

Transverse process
Rib
Superior articular process
Pedicle

Vertebral foramen

Body

Lumbar vertebra . o
Spinous process

Superior articular process —f, /

Ossification center appears at 9th or 10th week

" Ossification center appears at 8th or 9th week

Vestige of notochord

Ossification center appears at 9th or 10th week

Ossification center appears at 9th or 10th week

Ji_“\-\.
——

il

Lamina Vestige of notochord

Transverse process

Pedicle
Vertebral foramen
Body Ossification center appears at Sth or 10th week
Sacrum Neckancrest . Ossification center appears at 10th week
Superior articular process '

Ossification center appears
at 6th month (prenatal)

Sacral canal

KEY Lateral part (Ala)
BN Body

0 Costal process

1 Neural arch

Vestige of notochord

Ossification center
appears at 10th week

Promontory



Development of the Atlas, Axis, Ri oLl uvullt’
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A. 1st cervical vertebra (atlas) (superior view)

Posterior tubercle

Superior articular process : Ossified posterior arch and lateral

P mass (center appears at 7th month
,#" y — natal)

Transverse process ——___ o~ |

. — Site of ossification center for arch
..~ (center appears at end of 1st year)
Transverse foramen
Ossified part of neural arch (center ¢ A Site of ossification center for dens

appears at 7th or 8th week prenahl}_‘_‘\-:_ﬁ - \““"rLV)"sD_\ (center appears at 2 to 3 years)
/&KZ I. = fr £ Ossified part of dens, originally part of

atlas (center appears at 6th month
prenatal)

Transverse process and foramen

Ossified part of body (center

Inferior articular process appears at 4th month prenatal)

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

KEY
[ 1 Cartilage

1 Bone ;Ff‘rm

"



Development of the Atlas, Axis, Ri
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WWYY

. Early mesenchymal stage (6 weeks)

cq§'ﬂ@‘W

Clavicle Suprasternal masses
Ribs
!
S
Sternal bars
C. Cartilage < }’3 7 Ossifying clavicle
i 4 —_ )
stage (9 weeks) tk:_._ —1 Ribs
s | e | Costal cartilages
¥ ge
P g
] == 2 =
D o —
S|
vy "

Ossification centers for sternebrae
(appear at 5th to 6th month prenatal)

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

KEY

[ Mesenchyme
[ | Cartilage
[] Bone

D. At birth

o5g"HiogepLt-~=

B. Late mesenchymal stage (8 weeks)

Ossification center
for clavicle (appears
at 7th week)

Sternal angle
(other sternal joints
disappear between
puberty and 25th
year)

Manubrium

1

Ti._— Xiphoid process

(still largely cartilage)

E. Young adulthood



Bone Cells and Bone

'cellsj Drlgmate

froam mesenchyme

. Ostencytes
| Jriginate from
‘oeteoblasts

Octenclasts

marmow-derived
macrophage-
monocyts line

Mineral
7 0%)

Originate from bone

oAU BIogSPEE==

-:ulf@n 1335%)
Type | (@l [ITpmd
Noncollagenous proteins G%

Deteocalcin (bone Gla
protein), vilamin K

_ dependent
— Calls Matrix = Oeteonectin
(2%) 935%) Bone protecglycan

Bone sialoprotein
Bone morphogenic protein
v ks
Bone proteclipid
Bone phosphopr

Hypomineralized matrix (osteoid)

Mineralized matrix (bone)

Minaral F09%)

Hydroxyapatite 05%%)
Caq glFUg)s{CH)2

Bone apatite impure,
contains high
concentration of
carbonate

+

small amounts of
Magnesium
Sodium
Fotassium
Fluoride
Chloride

o M

4
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Subperiosteal oute Endosteal surface

circumferential lamellae

Periosteum

Interstitial lamellae

Capillaries in
haversian canals

iy

[ le:“;' Trabeculae project
S gy U into central medullary

(marrow) cavity

= B
s

Inner circumferential
lamellae



Histology of Brnead -b\ogspOL.bU| L

Wwnio
almcgsdo
WWW -rr\e(i\C Trabecular bone (schematic)

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

Osteoid (hypomineralized matrix)
Active osteoblasts produce osteoid

Inactive osteoblasts (lining cells)

Marrow spaces contain
hematopoietic cells and fat

Osteoclasts (in Howship's lacunae)
Osteocytes

Trabeculae

............

Osteoid (hypomineralized matrix)
Inactive osteoblasts (lining cells)
Osteocytes

Osteoclast (in ‘I.V
Howship's lacuna) tf

Section of trabecula (schematic)
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Orbitosphenoid (orbital or lesser wing
of future sphenoid bone) (vision)

at 9 weeks
Crista gall Optic foramen
Nasgl_ capsule (olfaction) Temporal (or greater) wing
Meckel's cartilage i LR

Cartilaginous Styloid process

Otic capsule (audition)
pharyngeal arch—  y6id cartilage

skeleton | e o Incus
Thyroid cartilage — 54
_ Cricoid cartilage Malleus 9{55:
i
Membrane bones y . .
at 9 weeks = 3 . -
B o 1Y Interparietal part of occipital bone
F I
rontal bone Hciomalic biie
Nasal bone

Squamous part of temporal bone
Maxilla

Mandible

Chondrocranium

Site of future anterior fonticulus (fontanelle)

Membrane bones Site of future coronal suture

at 12 weeks Parietal bone
Nasal bone
Interparietal part of occipital bone
Frontal bone Greater wing of sphenoid bone
Lacrimal bone Chondrocranium
Maxilla Squamous part and zygomatic
process of temporal bone
Zygomatic bone

Tympanic ring of temporal bone
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Mesenchymal
cells

Reticular fibers in
extracellular fluid of

Osteoblasis (from h
mesenchymal cells) mesenE e
sending out extensions
— (] Bundles of collagen
AN fibers laid down as
R —~ organic osteoid matrix
Lacuna

/#__— Mineralized bone
matrix (organic osteoid

and collagen fibers
impregnated with
Osteocytes (from hydroxyapatite
osteoblasts) crystals)

Extensions of
osteocytes filling

canaliculi
bl
AE.PL:..,
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Periosteum of condensed A A :_- Capillaries in narrow
mesench ﬂ'lﬁ"—-*ﬁ Pt spaces
g : {33 '5’ K
) ,:H; P2 Yoee— "/ Nerve fibers
. (T gl tiamsed P AT rin
Trabeculae of cancellous (woven) et Mt ) St s m. _,F.a.;;-u..#a ,m:ﬁv’
bone lined with osteoblasts ‘ "'ww-ﬁ-f*mf-r%*f*-“"f_. TR
forming in mesenchyme , ,
Dense peripheral layer of subperiosteal
bone surrounding primary cancellous
bone. Both initially consist of woven bone

Bone trabeculae lined with osteoblasts
Capillary

Nerve fiber

Marrow spaces
(primary osteons)

e
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Primary osteon formati {
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Osteoblasts lining marrow space of primary osteons
Progenitor cells

Capillary Wowven bone of primary cancellous bone

Osteocyles

MNerve fiber Cement line

Concentric lamellae of devalﬂping'
primary osteon

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

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

Osteocyte cell body within lacuna oy

Osteocyte cellular extensions
within canaliculi

Cement line

Central (haversian) canal
confaining capillary, nerve fiber,
and perivascular (progenitor)

B. Diagram af primar}r s cells and lined with osteoblasts

(haversian system) with 6

.

: -
5 i, e
—- % s
. ‘ﬁr !
¥ R et
N f
e o
;
)

concentric lamellae (greatly Ny, el - _-ﬁﬂl ﬁ?@?
Enlarged} jﬁ'ﬂr i‘"ﬂﬁﬁ‘%‘%{ﬁﬁﬂ o ﬁ /g{;
; o iEn

g LR T s P



Compact Bone Develupm ﬂx ggp()\..b\n 1t

Grnwth in wn:lth

Cement line of sacnndary
osteon (haversian system)

mm—— :-.__},..-Dutar circumferential lamellae laid
N \ down by periosteal osteoblasis

Original trabeculae of primary cancellous bone

Central (haversian) canal containing capillary and
nerve fiber

Secondary osteon forming from
primary osteon by formation of
concentric lamellae

Endosteum

Additional circumferential
lamellae formed by periosteum

Area of bone resorption
/' produced by osteoclastic
.\ activity of modulated progenitor
. cells of original osteonal canal
and by osteoclastic activity of
area osteocytes

Second-generation osteon
formed in resorbed area of
original secondary osteon
EBone resorption of trabeculae produced by
osteoclastic activity of endosteum and
Continued bone resorption nsta-ulyttc activity of trabecular osteocytes
occurring at endosteal surface as i
ne is formed at periosteal surface "‘"""'-r-— o = — B (o nrodice sicceasie

F AN generations of osteons resulis
in peripheral shift of osteonal
capillaries constituting intrinsic
blood supply of compact bone

Third-generation osteon formed in
resorbed area of second-
generation osteon

Inner circumferential lamellae laid
down by endosteal osteoblasis

Remains of concentric lamellae of previous
osteons and of original trabeculae of primary

fﬁm : : Lk
cancellous bone constitute interstitial lamellae

ﬁﬂﬁ



Endochondral Ossification in a L

Growth and ossification (ui Iélalﬂw

www.medicalme

A. At 8 weeks

P e L Proliferating small-cell

Perichondrium f hyaline cartilage

1 .ii:.

Periosteum

) Thin collar of cancellous periosteal
: membrane bone of diaphysis

Epiphyseal capillaries

Cancellous
endochondralbone
laid down on spicules
of calcified cartilage

Primordial marrow
cavities

C. At 10 weeks

Hypertrophic calcifying cartilage

pasPo-

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

B. At 9 weeks

L e | Calcified cartilage
&

Epiphysial (secondary)

ossification center for head

Outer part of periosteal bone beginning
to transform into compact bone

Central marrow (medullary) cavity

D. At birth

1



Endochondral Ossification in a L OuLyWih?
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EBone of distal epiphysis

Anatomical neck Articular cartilage

of condyles

Epiphyseal ossification centers for head Greater tubercle
and greater tubercle

[ Proliferating growth
cartilage

Hypertrophic

Proximal calcifying cartilage

epiphyseal —
growth plate Endochondral bone

Sl laid down on spicules i A
WA of degenerating ] . .
| e : : W25 _Diaphysis; growth
| 5 & ) ; ; :
Vs " calcified cartilage . .[:; ] 'f'/'” ikl orntiis iy
< 2l , <%  periosteal bone
b Sites of growth 1 | formation
=Rl in length of bone Iz %[
2 £ Epiphyseal - .r“ . Distal metaphysis
Thegesh ossification Endochondral bone f!,‘-.
ey e o) centers of laid down on spicules I“ i ,
lateral epicondyle, of degenerating l a1l Bone of proximal

medial epicondyle, calcified cartilage epiphysis

trochlea, and Distal

: : Hypertrophic
capitulum epiphyseal — g :
s o s calcifying cartilage
Proliferating growth
| | — cartilage ;
Calcified cartilage Articular cartilage

of head

E. At 5 years ; gﬁ; F. At 10 years

e
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: e ; ;
P T e T T Articular cartilage
o _ﬂ‘{' 3 ol B © g_ BE 5
;Egrm & = S i f,a - Epiphyseal growth plate
,.5;  F i ST e & £l ?’;:-g (poory omanized)
. ﬂ » al L = 1 - e
1 ST gl s & b - :
F.;.& ¢ . .,_*5"#1‘;,:1‘:‘-.":?' - e Secondary (epiphyseal)
Ty T T R e e R ossification center
Epiphyseal artery 8 Y. o A < T ,'_.LLH 3 1 6 282 _
= , ' a fol of o | &) L& \=
o = & ; ® o Reserve zone
AL -ﬁm“‘f ol2l AT laslas &0
I = " : : - -
Ossification groove of A = %% } Froliterative zone
Ranvier § ¥ _ -
g,!.% g% ; Rk ' Maturation zone | oo ooric
Y . Bt % % 15 & a® 5 i — zone
Ferichondral fibrous ring of C23 &) %r iy ] | o e Egeneration Zone
gDkl % S G E__J"" et d 300 /i Zone of pmowvisional
i = > & / calcification -
. ; T e 1 ; ;
Fernchondral artery e o | | rl |“ _ J Frimary spongioss _
Flir oy OB A T A wprany L Metaphysis
_ 3 WAl N B R Y Secondary spongioss
Last intact tensverse "IEI: k’,-ﬁ A Ll gy -"..l_. f.«' fr" LE s
z 4 e ; X ru. ! al ..,ﬂ.;-.,r
cartilage septum ) AR |l P A e =
(LR by SR f 0 ] §
g U L Wl i Ll o R
| FI.:J_!. -:l: . \_;'l :h--i A .'j':r‘.';,;alr.,’l;:-?]jlll[l
Metaphyseal artery Ilﬁ,'-,;j,‘-, e ‘q;ﬁ,jiﬁ*,;ﬂa.r-r. |
i ‘,i..rl 4 {' el | \ P 4 F_.'.:"Pr i|of
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1 R Gl )
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1] o e L
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L I-‘.::' M ‘_I ;::1.:!;.;.1'{1-
F I ".'k ?-f?." sl .
| i:j.-y =) 2l Cartilage
=23 o
1 Ty oy ll.'r"' |'|l
} bl ..r.r'_l:. ] . .
Nutrient arterny I'!p:'.'. N *;f:.il H - Calcified cartilage
! AR ...:; Al ]
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Perichondral fibrous ring
of La Croix (provides

support)

Ossification groove of
Ranvier (provides cells
for growth in width)

=

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

Load

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.
MNote presence of arterioles (cut-in section)

lllustration of how perichondral fibrous ring of La
Croix acts as limiting membrane and provides
mechanical support to cartilaginous growth plate
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Secondary bony
epiphysis
Epiphyseal

artsny =

Resarve rone

Proliferative zone

Hypertrophic
rone

Maturation
rone

Deppnerative
zone

fone of
provisional
calcification

Metaphysis ¢

Last intact
transverse
septum

Primary
spongosa

Socondary
Spongosa

Branches of
metaphyseal
and nutrient

areries

ment of fiber bone with
lamellar bone
External: funnelization

/o

. Blood PO
Functions supply 2
Matrix production Vessels pass Foor (low)
through, do
not supply
Storage thiz zone
Matrix production Excellent Excellent
Cellular proliferation ps
[longitudinal growth)
Foor (low)
Prograssive
decmease
Freparation of matrix |
for calzification
Prograssive
decregse
Calcification of matrix 1
Y . Foor
Mil fwery low)
Vascular invasion and Closed Foor
resorption of transverse | capillany
sepiz loops
Bone formation
Good Sood
- Femodeling
' Internal: removal of M
cartilage bars, replace- Excellent Excellent i e



Epiphyseal Growth Plat
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Zones . ~ SI ! ' Cell Call
Structures "i ‘ ( » respiration slycopen
Epiphyseal
& e ny =
i ey
. Ill - ,# A Ny ]
1 sy, BN T S Anserohic _
RESEREE cONE R Doy concentration
. - | Good, active. Much endoplasmic
reticulum, vacuoles, mitochondria
D e Aerobic High
. . - — — — n::unn::entrat_ic:nn
Proliferative zone = = . = Excellent. Much endoplasmic (less than in
== = = = reticulum, ribosomes, mito- above)
= - - — chondria. Intact cell membrane
= SRy - .
: = = e FProgressne
Maturation - - o, change i Glycogean
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- s "= =
.| Degenerative | . = = Flogisane A* bi
‘pertrophic | °5F =N e 1 = ) ® deterioration nEErobic
zone M glycolysis
" - e -
T [ = | ® L " ___T T
B P ] e el T -
00 0O s - y
Zone of - = A T ’r,i Anasrobic
provisional | L XD e ycolysis Mil
calcification ' +.-. paee" S
Cell death
Last intact z ;
transverse Eggif; lf
sEptum i embic 2
Primary
spongiosa
viotaphyzis
Secondary
spongiosa ¥
Branches of Aerobic " Fﬁ.ﬁ:};
metaphyseal : ""':IEN
and nutrisnt
areries




Epiphyseal Growth P

Jones
Struu:tures

Epiphyseal
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Resorve rone

Proliferative rone

sMaturation
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H rtrophic
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Ione

Zone of
provisional
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Last intact
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Primary
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Secondary
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Eqiphys

Epiphyseal
artery —

Resaryvae
rone

Proliferative
rone

Maturation
rone

Deppnerative

H}'pertruphlci T

Ione

Zone of
provisional

calcification |

Last intact
tranverse
septum

Primary
spongiosa

mMotaphysis |

Socondary
spongosa

Branches of
metaphyseal
and nutrient
areries ]

mecas

eal Gruwah P!SE b\OgSpO\--bU' o
eitiops Dafact {if known)

Diastrophic dwarfism .. ......... ..

(alzo, defects in other zones)

Feseudoachondroplasia . ... ..
(also, detects in other zones)

Kniest syndrome ... ...
@lzo, defects in other zones)

Defective type |l collagen synthesis

Defective processing and transport of proteoglycans

Defective processing of proteoghycans

Gigantism
Achondroplasia
Hypochondroplasia .. ... ... ..

Malnutrition, irrediation . . ... ..
injury, glucocoticoid excess

Increased cell proliferation ([growth harmone increased)
Deficiency of cell proliferation
Less severe deficiency of cell proliferation

Decreased cell proliferation andlor
. matrix synthesis

MO T

- aF
& -
- =
- -
= -
-
L] e

. Mucopolysaccharidosis . . ...

(Merguie's syndreme, Hurler's
syndromes)

Deficiencies of specific lysosomal acid hydrolases,
with lysosomal storage of mucopolysaccharndes

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

Insufficiency of Cal* andior Fi

foar normal calcification of matrix

4

Acute hematogenous
osteomyelitis

Metaphyseal chondrodysplasia
| dansen and Schmid types)

Extenzion of hyperrophic cells inte metaphysis

Flourishing of bacteria due to sluggish circulation, low
| F 0o, reticuloendothelial deficiency

Metaphyseal dysplasia
(Pyle dizease)

|
Abnormality of ostecclasts (internal remeodeling)

Abrnormality of osteoblasts and collagen synthesis

Inadeguate collagen formation

..... Abrnormality of funnelization
(external remodeling)




Ossification in the Newborn mmgsp()\_ LU

Skeleton o
Time of apga n\mgqmmy unless otherwise indicated)
WWWﬂmmntlcul§!§n§a'j =3 ] :

Coronzl suture

FParietal bone [12th week)

Sphenoid fonticulus (fontanslls)

Frontal bone (9th week) Squamosal sutune

MNasal bone (3th week)
Lacrimal bone [12th week)
Ethmeid bone (12th week)

Sphenoid bone (12th week)
Maxillz [9th weelk)
Zygomatic bone [9th week)
Mandible (Sth week)

Center for hyoid bone [26th weelk)

Temporal bone (3th week)
Mastoid fonticulus ffontanslls)
Cecipital bone [9th weelk)
Styloid process

Intervertebral foramen

Clavicle [7th week)

Secondarny proximal epiphyseal
center of humeral head (26th weelk)

Ribs (2th to 9th week)
Scapula (8th weelk

-

Humerus (8th week
Sternum (2th to 9th week

Fadius (8th weesk

"

Intervernebral disc

_—

Superior verebral epiphysis

_—

Verebral body
Ulna (2th wesk)

Triradiate carilage
Carpal cartilages

Large femaral head ariculating
with shallow acetabulum (2nd and
Gth month postnatal)

Metacarpals (9th week)

Fhalanges (Bth fo 11th week)
Fubic symphysis

Femur (7th week)

lium (2th weelk)

lschium [15th week)
Fubis [16th week)

Coxsl
bone

Secondarny distal epiphyseal
center of femur (26th weelk)

Secondary proximal center of
Patella (3rd to 6th year) tibia (26th week)
Center for talus (24th weel)

Metatarsals (3th to 10th weslk)

Tibia (8th week)

Fibula {8th week) IIM
W

Fhalanges [9th to 15th week)

Center for calcaneus [12th week)
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Cartilage (rudiment

PR ADMALY L R of bone)

:'l.f' =, .r ‘.‘r‘:l I11-r| L7 :T;:.I:'a ] .I_‘-:| .

Precartilage e e AR L - :
: FPerichondrium
condensation of - * e -f{:_;.;:*}-: . AT r Iy
L '1.|L.1.-."lr|l'|.T'a"."'.':rl|IJ g:ll.: -:::"I_".,-"IJ .
mesenchyme PR AR |1 L ol gl ‘ Joint capsule

; you Ay L .
.l.' {L
ey Circular cleft (joint cavity)

Site of future joint
gavity (mesenchyme
becomes rarified)

FPerichondrium

Cartilage

i I

F‘ar'rnstaumﬁ'i,: ¥ ;;;_3}-'%*:‘ Articular menisci
Lo |I ;'111...1‘3_
Epiphyseal cartilage gl A _

growth plate 0
Epiphyseal bone
Joint capsule

Synovial membrane

Joint cavity

Articular cartilages %])ﬁ I
U kot

"""""

Joint cavity
Epiphyseal bone o

Example: Example: Example:
interphalangeal joint knee joint sternoclavicular joint
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MNeural groove

At 19 days Ectoderm of embryonic disc
Y Somite e
Me soderm Cutedge of amnion
Nekschard Intraembryonic coelom
Endoderm {roof of yolk sac)
At 22 days Neural tube Epceim
Dorsal aorias
Dermomyotome
Sclerolome Intraembryonic coelom
Motoc hard Cut edge of amnion
Mesoderm Endederm of gut
At 27 days o

Dermomyotome

Spinal cord
to neural arch

Sclerctome contributions o o vertebral bod Dorsal acras

(cantrum

to costal process Posterior cardinal vein

Netehar ,. Mesoderm
Coelom
-'Fi
At 30 days ;F I{’:‘E:

— Spinal cond

Mote: Sections A, B, and C are at leve| of
future verebral body, but section D is at
level between developing bodies

Dersal root ganglion
Ventral root of spinal nerve

Mesenchymal contribution to

Ectoderm (future epidermis)
interveriebral disc

Dermatome (future dermis)
Aorta
Myotome . ] ;
Notochord {future nucleus pulposus) Posterior cardinal vein
Mesoderm Coelom

Mesonephnc kidney Dorsal mesentery
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sbry fibers of segmental spinal nerve extend Eﬂﬂi@ﬁigﬁir

Occipital (postotic)
myotomes

Mesenchymal mass
representing 3 preotic :
myotomes of primitive ""'._

vertebrates .

_-Cervical myotomes

Local mesenchyme gives
rise to all limb muscle
connective tissue

of Dorsal (epaxial)
. column of epimeres

Ventral (hypaxial)
column of hypomeres

Thoracic myotomes
Local mesenchyme gives

rise to all limb muscle
connective tissue

Lumbar myotomes

Y

Sacral myotomes



Epimere, Hypomere, and Muscl SPOL. LY
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Dorsal root
Ventral root

Epaxial muscles
Dorsal ramus

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

Ventral ramus
Posterior division
Anterior division

Posterior cutaneous nerve

Epaxial muscles

I:,:E[:x: . % _ Y Dorsal ramus
( Tng Ventral ramus

Hypaxial muscles
in thoracic and
abdominal wall

Hypaxial muscles
(flexors of limb)

Lateral cutaneous nerve
Hypaxial muscles
(flexors of ar

and shoulder 5
) Anterior cutaneous nerve

Somatic nervous system innervates somatopleure (body wall)

~/OHN A,
“HIeN



Development and Organization é&ijggp()L_\,ul "

medicalmag: sdown'

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.

WWW.

Apical ectodermal

ridge
Zone of polarizing
activity
Mesenchymal Extensor
bone precursor muscle Preaxial compartment
. In upper In lower
. i extremity: extremity:
Early craniocaudal morphological Flexor
differentiation is determined by a muscle Pollex (thumb)  wein

Radius Hallux (big toe)

gradient of sonic hedgehog produced Aoy
100=

I iCephalic vein isreater saphenous
by the zone of polarizing activity

'

(ZPA), a signaling center at the
caudal end of each limb bud. The In upper In lower
ZPA also stimulates the formation of extremity: extremity:
i i o Basilic wein Lesser saphenous
the apical ectodermal ridge. P \ U vein
d'wis'rnn nerye Fibula
< )
Ventral compartment Dorsal compartment  _JemN D
Flexor muscles Extensor muscles  ©HEN

Anterior division nerves Posterior division nerves
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At 5 weeks. Upper and lower limbs have

formed as finlike appendages pointing
laterally and caudally

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

soles face trunk

At 7 weeks. Upper and lower limbs have Y
undergone GD-ciegrae torsion about their % m—g
long axes, but in opposite directions, so &=

elbows point caudally and knees cramath,r

j At 8 weeks. Torsion of lower limbs resu

Al L

in
twisted or "barber pole" arrangement of their
cutaneous innervation
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\C uring limb developmen
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Upper limb Upper limb | &7

Preaxial border Lﬂ;@

At 4 weeks Postaxial border At 5 wkeeks

d Preaxial border L2

Lower limb 15

ﬂ Lower limb !” : I
Fostaxial border

Thumb Preaxial

Palmar Postaxial T6
At 7 weeks Gidirs. A e
T8

At 8 weeks
Freaxial border

Big toe

3 =
e

= e g
f N L
1

Pis ksl beisar Dorsal surface
FPostaxial border

2\

Preaxial border

Palmar surface

Big toe
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of spinal nerves)
Antenor division

Dorsal scapular ontribugtion from
[ ] Posteriordivision 3 trunks nerve (C5) [

] Dorsal rmmus

To phrenic | & 4

Suprascapular nenve
nerve (C5 C5)

3 anterior divisions

: e To subclavius
3 posterior divisions

muscle (5, C8)

3 cords

Laters| pactoral nerve
(S5, 0B, CF)
Terminal
branches

Viusculocutaneous nerve
(Ch, 05, ©F)

Contibution from T2

To longus colli and scalene
muscles (26, 05, CF, C8)

1st intercostal nerve

Axillary nerve (25, C8)

Long thoracic nerve (26, G5, CF)

Radial nerve (C§, 08, C7, 15t nb

C8, T1) Medial pectoral nerve (8, T1)
Medi b, 05, CF
BITAEE (59, CE', T*I'j Medial cutaneous nerve of am (T1)
Ulnar nerve (7, C8, T1) Medial cutaneous nernve of forearm (28, T1)
Upper subscapular nerve (5, C55) W
2 . L
Inconstant contribution Thoracodorsal (middle subscapular) nerve (25, CF, E:Eljé /::HN

Loveer subscapular nerve (S5, C8)



Divisi f the Lumb ] ]E‘ ‘ OoL.Lullt?
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W\N\N 'mc Ptk et T

—— i [58 - Anteriar division
Hichypogastric nerve (T2, L13

T'I. | | Fosterior division

Sympathetic trunk

isinguinal nere (L17

R ami

; . communicantes
To psoas major and psoas minor muscles

Ganitofemoaral nerve (L1, 127

Lateral cutaneous nerve of thigh (L2, L2

Genital branch
and Femoaral branch

— Lumbar plexus
of genitofemoral nerve

Ta psoas major and iliacus muscles

Anterior branches
and Lateral branches
of subcostal and
ilichypogastric nerves

Lol

Lumbosacral trunk

Merre to quadratus femoris (and
infarior gemelluzi(Ld, LS, 517

— Sacral plexus
Merve to obturator internus (and
superior gemellusi (LS, 51, 527

Superior gluteal nenve (L, L5, 517
Merve to piriformis (51, 52

Obturator nene (L2, L2, L

Acceszony abturator nerve (L2, LA (incanstant) il CDGC}"EEE[' |]|EJ{I.IE

Inferior gluteal nenve (LG, 51, 5Z) Pelvicsplanchnic nerves

Femoral nere (L2, L3, L) Ferforating cutaneous nene (52, 537

Sciatic nenve Merre to levator ani and cocoygeus (053, 54

“osterior cutaneous nenve of thigh (51, 52, 530 Ferineal branch of dth sacral nerve

Fudendal nerve (52, 53, 54 Anococcygeadl nenves

: Obturatar nence
Commaon fibular(peroneal) nene
Sciatic (L, LA, 51, 527

Inferior anal (rectal’l nene
nene

Tibial nene (L4, LS, 51, 52, 53 Corzal nene of penistclitoris

Posterior cutaneous

nenre of thigh Ferinedl nerre and Fosteriar scrotalflabial branches
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Brachioradialis

~ Developing Skeletal Muscles SPOL. LY
Bmﬁelnplng\skeletal n?ug%ﬁwﬂ%mbmu% p

Temporalis

Masseter

Orbicularis oculi Deltoid

e/domaics Brachialis

Orbicularis oris
Triceps brachii

Teres minor

Extensor carpi radialis

longus Teres major

Al ;
1 - = 3 - : 1. J .
Extensor digitorum ~— t*.:::._ N ,. Trapezius

. . — N ‘-:;;:l'f._:. ke i
Extensor carpi ulnaris e |

Flexor carpi ulnaris

Serratus anterior

Latissimus dorsi

Rectus abdominis |
Tendinous intersection Rib
Tibialis anterior !

Extensor hallucis longus —

Abdominal external
cblique

Thoracolumbar fascia

Fibularis peroneus longus : :
covering erector spinae

Extensor digitorum longus
[ Extensor compartment E::grgggh::ﬂﬁbral
muscles innervated by

posterior division nerves Quadruceps femoris

I Flexor compartment muscles Tensor fasciae latae

innervated by anterior division
nerves (not as visible in this view)

Spinal cord

Gluteus medius gﬂ"{
3

I Muscles innervated by ventral or dorsal Fibula :
Gluteus maximus

spinal nerve rami or cranial nerves Biceps femoris  Femur
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W\NW m e d-‘ C a'\ m CQ%@I Time Scale (Months)

Blastocyst

3—4 weeks
The pharyngeal ﬁr\ 4—5 weeks
arches are appearing. \ ~. |Lens, nasal, and otic placodes
;,*:u.u;\ are beginning to invaginate.
f " | Pharyngeal arches are
approaching full development.
6—7 weeks Oropharyngeal membrane is
Pharyngeal arch tissues | — Embryo disintegrating.
migrate and differentiate. < g \)
Nasal sacs (primitive \-""L
nasal cavity) are aboutto| J 7—8 weeks
communicate with the —
stomodeum. f
2
8—10 weeks f,f” o 5 "
Secondary palate is complete . 1~ ricle is present. Primary palate is
and fused to the nasal septum. |/ fused, but the secondary palate is not
Eyelids are temporarily fused. yet completed. Most nerves, muscles,
Ossification is occurring glands, and n‘_rasanchyn'lal skeletal
throughout the skull. Enamel elements are in place.
organs of deciduous teeth are
forming.

Newborn

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




Ectoderm, Endoderm, and a,mgspo\__b\_u LI
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|—( 1.0 mm "I

Otic placode

Forebrain

i i F: 1st cervical somite
Lett optic vesicle &

2nd pharyngeal elevation
(future hyoid arch)

A

Cardiac prominence

1st pharyngeal elevation
(future mandibular arch)
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Future brain ventricle Neural crest mesenchyme (surrounds brain)

Rathke's pouch Oropharyngeal membrane

Ectoderm Foregut

Future thyroid gland

Forebrain
(neural tube)

Anterior neuropore /

Future thoracic wall

Future lung bud

Stomodeum Midgut

Heart Future liver

Pericardial coelom Yolk sac wall

Amnion
Extraembryonic coelom ﬁ gﬂ&g

/o1
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= 3.0 mm >

Auditory vesicle from otic placode

Maxillary process (part
of 1st pharyngeal arch)

1st cervical somite

Left lens placode
Nasal placode
Stomodeum , L2
Cardiac prominence _—(—
L
%
h

Pharyngeal arches
: le"’“



RUAVA R R
Feto e e 10O =P
\NWW . med\ca\mcq Membranous (otic)

labyrinth of inner ear

Occipital (postotic)
somite myotomes

Mesenchyme from
prectic somitomeres

Cervical somite
myotomes

Thoracic somite myotomes

2\
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| 3.0 mm >

1st pharyngeal W " Auditory vesicle
groove i

2nd pharyngeal groove
Maxillary process

(part of 1st arch) 1st cervical somite
(myotome portion)
Left lens ¥
placode -
S 3rd and 4th
Masal placode - pharyngeal
- 1 grooves
Stomodeum
_. 4th pharyngeal arch
Cardiac ___/,-—‘
prominence .
! 3rd pharyngeal arch
2nd pharyngeal
(hyoid) arch

1st pharyngeal
(mandibular) arch

Y



Pharynlgeal (Branchial) l&cﬁm\ogsp()\_ LUl
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1st pharyngeal pouch
1st pharyngeal groove

1st aortic arch

Internal carotid artery 2nd pharyngeal pouch

Maxillary process 2nd pharyngeal groove

(part of 1st arch) ;":

4th aortic arch

6th aortic
(pulmonary) arch

— Left dorsal aorta
Pulmonary artery

Laryngotracheal ridge
Oropharyngeal membrane
Stomodeum S
1st pharyngeal arch Trachea
Thyroid diverticulum Ventral aorta Bronchial buds

Truncus arteriosus

2



Ventral and Midsagittal \é’ﬂ?b\ogspOL.bU| i

~dicalmcgstow

WW\Nﬂhq\view

Plane of sagittal section

shown in sagittal section
I

Frontal prominence

Nasal placode Left optic vesicle

Maxillary process
(of 1st arch)

Oropharyngeal membrane
(disintegrating)

1st pharyngeal arch

2nd pharyngeal arch
e - 1st pharyngeal groove

3rd and 4th
pharyngeal arches

2\
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Infundibulum {posterior lobe)
Pituitary gland
Rathke's pouch (anterior lobe)

Hypothalamus of brain
1st pharyngeal pouch

Oropharyngeal membrane
(disintegrating)

Frontal
ominence

i
i
O
e A
e

i
N VR
LRI AN

e

.
o L

Nasal
placode

E sophagus
Bronchial bud

Laryngotracheal ridge or groove

Thyroid diverticulum Pharynx ? W
-i-
I."

/o

1st pharyngeal arch
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Oraopharyngeal membrane
(disintegrating)

Stomodeum

Pharyngeal pouches — Thyroid diverticulum

i

Pharyngeal membrane
(endodermal wall of 2nd

WV pharyngeal pouch makes direct
- contact with ectodermal wall of
2nd pharyngeal cleft)
Trachea

Laryngotracheal ridge
Right bronchial bud

Left bronchial bud

Splanchnic mesoderm of
ventral foregut (lung stroma)

— Esophagus

2



Fate of the Pharynge P{ﬁaeb\ogsp()\..bu| LI
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Foramen cecum of tongue

Pharyngeal cavity 1st pharyngeal pouch (future

ol ' auditory tube and middle ear)

2nd pharyngeal pouch (future
supratonsillar fossa)

3rd pharyngeal pouch

Parathyroid Ill (future inferior
parathyroid gland)

Laryngotracheal ridge (future larynx)
Thymus

4th pharyngeal pouch

Parathyroid IV (future

fwrold J: Right lateral lobe
superior parathyroid gland)

gland Isthmus

Ultimobranchial body
(future C cells of thyroid

gland)

Esophagus

Trachea

AV



Midsagittal View of tl‘i&ﬂ/;b\ogsp()\_.bu- LI
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Rathke's pouch

Opening of 1st

pharyngeal pouch
(future auditory tube)

Oronasal
membrane

Nasal pit (sac)

Stomodeum Openings of 2nd,
3rd, and 4th
| F’rim'rtiv? ?r pharyngeal pouches
primary palate

=7 : \ Epiglottis

‘.J‘ T

] &L

——— / . Laryngotracheal groove
~—l_ opening (glottis)

| f f |

U\ Trachea

Esophagus

1st pharyngeal arch

Tongue (cut surface)

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

1



Midsagittal View of the Pha 19| 0gSP-~=
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Broken line indicates position
of right choana (posterior naris)

Ostium of auditory tube

Palate (lateral palatine
process contribution)

: Tonsillar fossa
Superior concha

Lobule of middle Epiglottis

concha

Arytenoid cartilage
Inferior concha

Palate (medial palatine Ventricle of larynx

process contribution)

\ Right vocal fold
Tongue -
‘\. i
- Junction of pharynx
Hyoid cartilage (2nd arch) £ — and esophagus
L4

Cricoid cartilage
(6th arch)

]
Meckel's cartilage (1st arch) /

Thyroid cartilage (4th arch)

4
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—}= 7.0 mm i

1st pharyngeal cleft

Nodules that will merge

Left eye to form auricle of ear

MNasolacrimal groove

2nd pharyngeal arch

Maxillary process
(1st arch)

3rd and 4th pharyngeal

Opening of left nasal arches in cervical sinus

sac (future naris)

Cardiac prominence

Hepatic prominence

Arm bud
1st pharyngeal arch

Oral opening

2\



Fate ﬂfatre Phar%%\a‘lé;ﬁa/fb\ogsp()\..bu| L

Embryo at 6 to ' C mgﬁﬂ
WWW . ﬂ‘ca\m q 10.0 mm —)_l

Auricle of ear

External auditory meatus

Lateral nasal process

Medial nasal process

Philtrum



1st pharyngeal groove

1stand Znd
pharyngeal arches

2nd pharyngeal pouch

Ventral pharyngeal wal

3rd pharyngeal pouch
2nd pharyngeal pouch

4th pharyngeal pouch

Ventral pharyngeal wall

3rd pharyngeal pouch

3rd pharyngeal pouch

3rd pharyngeal pouch

I Foramen cecum
Fersistent thyroglossal duct

Tympanic cavity

Eamrum

| Pharyngeal fistula

Extemal acoustic meatus

_Eﬂxu rcle

MNasopharynx

.I‘_r

Soft palate (velumm)

Dmophanynx

Supratonsillar fossa
Epitheliurn of palatine tonsil

Tongue (cut)

Hyoid bone (cut)

| Aberrant pamthyroid gland 11

—I:F'haryngeal fistula
Farathymoid gland 1V

| Ultirobranchial body

L_Pyramidal and lateral
lobes of thymid gland

Farathymoid gland 111

| Persistent cod of thymus

Cormmon camtid artery

_I:F'haryngeal fistula
Manubrum of stemum

{Aterrant parmthymoid gland |11

Thyrus gland

Heart

X5

Pharyngeal Groove and Pouch Anomailies1S|DOL. Y

wwiLmed!
1 aryngeal pouch

A




Pharyngeal Arch
CQSdOWn

¢ somitomemns

Dphthmmiﬁ T&me d\ Ca\ m

sensory for orbit,
1ose, and foehead

htic ganglion
(V3]

(Ciliary
ganglion

(V1)

Ftenygopalatin

e
ganglion { W2

Lens
placode

Dptic cup
submandibular

ganglion (43
homa tympani

Taste toant. 273 of

Head tongue and
mesenchymea Offactory parasympathetic to
placode salivary glands

Fharyngeal arches and their nerves:

[ | Arch 14trigeminal nerve W)
Maxillary part of arch 1-maxillary nerve (tigeminal, V2
PMandibular part of arch 1-rmandibular nerve (tigeminal, Wa)

[ ] Arch 2-facial nerve VIl

[ Arch 3glossopharyngeal nerve (1)
| Arch 4-vagus n. (X

I Arch &-vagus n. (X)

NS . blogSPOH-~=

FPostotic somites

e e,

AcCessory
nene Xl
elates to
somitic
mesenchyme
by arch &

Heart
bulge

Tympanic nere Farasympathetic and
viseral sensory branch
frorm X for foregut and

rnidgut

Viscerml sensory for
middle ear and
parasyrmpathetic for

parotid gland <JOHN A.CRAIG —AD

©1EN
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Sensory Innervation Jerrit

What the senso nenﬁe territor
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Lateral view at 8 to 10 weeks

240 MM =—|

Cranial nerves:

[ Trigeminal {V1)- Arch 1
(maxillary)

[ Trigeminal (V2)-Arch 1
(mandibular)

[ Facial (VIl)-Arch 2

0 Glossopharyngeal-Arch 3
1 Vagus (X)-Arches 4 and 6

Sagittal section at 8 to 10 weeks

VIS (010151 N
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—— 24.0 mm ——i

Cranial nerves:

Philtrum of —

L Arch 1 (maxillary)
= Trigeminal (V2)-
Arch 1
mandibular
Adult ( )

Dorsal rami
of cervical
spinal nerves

Facial (VIl)-Arch 2
N Glossopharyngeal-

ol

Arch 3
h, _ Auricular branch of m Vagus (X)-Arches
) S.. " vagus to external 4 and 6

meatus and small
area on
posteromedial
surface of auricle

V2 —

Branches from
cervical plexus
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Otic vesicle

Glossopharyngeal (1X) n.
Vagus (X) n.
Accessory (XI) n.

Trochlear (IV) n. ,.-. C IR 28 L Wi = Roots of
Ny, L 1 Yl | /% & hypoglossal (XII) n.
Oculomotor (111} n. ’ - | l e 3 Y

Pharyngeal and

Abducens (V1) n. laryngeal muscle mass

Eye muscle masses Sensory ganglion of C1

Muscles of mastication mass
(in 1st pharyngeal arch)

Trapezius and
sternocleidomastoid
muscle mass
Muscles of facial expression

S lion of C4
mass (in 2nd pharyngeal arch) ensory ganglion o

Anterior neck muscle mass
FPhrenic n.

Diaphragm muscle mass

Tongue muscle mass

Stylopharyngeus muscle mass Septum fransversum portion of diaphragm

14
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Otic vesicle (inner ear
labyrinth)

Vestibulocochlear (VIII) n. Glossopharyngeal (1X) n.

Oculomeotor () n. Vagus (X) n.

Trigeminal (V) n.

Accessory (XI) n.

Trochlear (IV) n. Roots of hypoglossal
(Xl n.

Facial (VII) n.
C1

Sternocleidomastoid
muscle mass

Abducens (V) n.
Eye muscle mass

Masticatory muscle mass — 5

Tongue muscle mass

Pharyngeal and
laryngeal muscle mass

FPhrenic n.

Facial muscle mass

tylopharyngeus muscle mass

: Diaphragm muscle mass
Anterior neck muscle mass '.ﬁ? L phrag

Developing diaphragm

Y



Later Development of Pharyngea spoOL. LY
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Epicranial aponeurosis
(galea aponeurotica)

Temporalis

Auricularis mm.

Occipitofrontalis (occipital
belly)

Occipitofrontalis (frontal belly)

Orbicularis oculi

Procerus Masseter

Nasalis i ', 'L I.' o ::-_....._.::.T. I.r Sl'}f|{'.llbd process

Levator labii superioris Stylohyoid

£YROMENCYs: M. Digastric (posterior belly)

Orbicularis oris Thyrohyold

Buccinator
Mentalis

Sternocleidomastoid

it s Prevertebral fascia
Depressor labii inferioris

o Trapezius
Depressor anguli oris

, - Omohyoid
Mylohyoid . .

Clavicle

Digastric (anterior belly)

Platysma (mostly

Sternohyoid removed)

Sternothyroid

14



Later Development of Pharynge esJOL. LT
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Tensor veli palatini

Levator veli palatini
Part of lateral pterygoid m. arising

from lateral pterygoid lamina Eardrum

Extrinsic eyeball mm. Superior pharyngeal
constrictor
Pterygomandibular raphé

Styloid process
Part of buccinator arising from raphe

Sternocleidomastoid
Tongue : ¢\ vl v i Splenius capitis (epaxial
Genioglossus = N UNJSS TYWWASLSVA T
' S Pl Carotid sheath
Mandible - else P S g
SR --__ =t/ 1 ) ’ Scalene mm. (hypaxial)
Geniohyoid YN =7 L)) £ g
—— .1\ | = N // Levator scapulae
Hyoglossus : e L) T TR (hypaxial)
Hid b = .' TTHIE Trapezius
Stylopharyngeus
Thyroid cartilage
Styloglossus

Inferior pharyngeal constrictor

Cricothyroid Middle pharyngeal constrictor

Trachea

Esophagus
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2nd pharyngeal
arch territory 1

\N\N\N_med-\c

Stapes

Styloid process
1st pharyngeal
arch territory Stylohyoid ligament
=

3rd pharyngeal
arch territory

Greater horn of
hyoid cartilage

Incus
Meckel's |Malleus

cartilage “|Future sphenomandibular ligament
E{:-rt'u:-n mandibular bone surrounds

Lesser horn of hyoid cartilage 4 |

Upper half of hyoid body 4th pharyngeal 6th pharyngeal
i arch territory pm
Lower half of hyoid body L L

Thyroid  Cricoid
cartlage cartilage

PHARYNGEALARCH BEONES AND CARTILAGE

Arch# | Derivatives of Arch Cartilages
|ﬁ| Malleus, incus, sphenomandibular ligament
2 Stapes, styloid process, stylohyoid ligament, upper half of hyoid

3 Lower half and greater horns of hyoid
4 | Thyroid and epiglottic cartilages of larynx ﬁ ;f,"'!:g

ﬁ Cricoid, arytenoid, and corniculate cartilages of larynx =B




Ossification of the S _b\OgSp()\"bU' 1l
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W\Nwrm.%gat 9 weeks

Orbitosphenoid (orbital,
or lesser, wing of future
sphenoid bone) (vision) _

Crista galli

-

Nasal capsule (olfaction)
Meckel's cartilage )
Cartilaginous ,

pharyngeal |Hyoid cartilage
SO S EEOD Thyroid cartilage
Cricoid cartilage

Membrane bones at 9 weeks

o T

Frontal bone_

Nasal bone

Maxilla

Mandible

Zygomatic
bone

Optic foramen

Greater wing of
sphenoid bone

Otic capsule (audition)

Incus

Malleus

Pharyngeal arch
mesenchyme for
viscerocranium

—Intramembranous
ossification (both
from neural
crest)

Interparietal part of
. occipital bone
A = Head
mesenchyme for
neurocranium

Cartilage from

pharyngeal arches
| for viscerocranium

4 and neck cartilages

Cartilage from
somite
sclerotomes and
neural crest
anteriorly for base
of neurocranium

— Endochondral
ossification

Chondrocranium

Squamous part of
temporal bone

Y



Ossification of th
Membran

reyrmost DIOGSPEH=T

Site of future anterior

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

fonticulus (fontanelle)

Site of future coronal suture
Parietal bone

Interparietal part of occipital bone
Greater wing of sphenoid bone
Chondrocranium

Squamous part and zygomatic
process of temporal bone

Tympanic ring of temporal bone

— Intramembranous
ossification (both from
neural crest)

— Endochondral
ossification

2\
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Maxilla
Palatine process
Zygomatic process

Sphenoid bone Zygomatic bone
Pterygoid process
Medial plate

Lateral plate

Greater wing

Frontal bone

Palatine bone

Temporal bone

Zygomatic process
Articular tubercle

Mandibular fossa
Styloid process

External acoustic
meatus

Mastoid process
Petrous part

Vomer

Occipital bone
Basilar part

Occipital condyle

Foramen magnum
Superior nuchal line

External occipital

Parietal bone by

P10



Premature Suture lnsura b\ogspo\_ RUAS LR
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Limitation of growth
of sagittal suture

Scaphocephaly due to sagittal

craniosynostosis

s

Brachycephaly due to
Limitation of growth of coronal sutures wﬂng. ﬂri;n;;’;y nostosis



Fate of body, costal Pmcesgfl:.%cﬁiﬂl OPNSSIF%% ‘QLQ gnd ﬂgﬂ}:bu it

W\N\N e dr‘l'éra‘\lm 9 HHEE of ossification centers

Cervical vertebra

Spinous process

Lamina

Vertebral foramen

Superior articular process

Transverse |FPosterior tubercle
process 4 Anterior tubercle

Ossification center appears
at 9th or 10th week

Vestige of notochord

Ossification center appears
at 9th or 10th week

Transverse foramen

Ossification center appears

Spinous process
at 9th or 10th week

Lamina
Transverse process -
13
Rib — Ossification center
appears at 8th or 9th

KEY Superior articular process week
[ Body Pedicle Vestige of notochord
[ Costal process Vertebral foramen

Ossification center appears

[ 1 Meural arch Body at 9th or 10th week

Thoracic vertebra

1485



Cervical Ossificati oL LY
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1st cervical vertebra (atlas) (superior view)

= FPosterior tubercle

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

Superior articular process 1”
Transverse process

Transverse foramen ’£ “Q .

Site of ossification center for arch
(center appears at end of 1st year)

P, Site of ossification center for dens
Ossified part of neural arch (center Ay - (center appears at 2 to 3 years)
appears at Tth or 8th week prenatal) ""--—-..:"'u"k / Ossified part of dens, originally part of

;ﬁ N f,' |I f;%} atlas (center appears at 6th month
Transverse process and foramen *R_I:“* “ZI_' ﬂ-ﬁk prenatal)

g Ossified part of body (center
Inferior articular process et i o ok e

2nd cervical vertebra (axis) (anterior view)

Key
[ 1 Cartilage
| | Bone

Y



Torticollis \0gsSPOL-~=t
load.b
a.\ mg HBSCEQHEE?*.\EQ!HQ leidomastoid muscle

\ () \
| \ o ‘\:&_ often referred to as sternocleidomastoid tumor.
: = This earliest manifestation of congenital muscular
torticollis regresses, to be followed by contracture
of muscle

Child with muscular
torticollis. Head tilted to
left with chin turned
slightly to right because
of contracture of left
sternocleidomastoid
muscle. Note facial
symmeitry (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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Myelencephalon (future
medulla oblongata)

Spinal cord
Myotome of 1st
cervical somite
Hypoglossal
(XIl) nerve Sensory ganglion of

1st cervical nerve
Lingual muscle mass

(future tongue) Superior root of

-— T 2 e ansa cervicalis

Inferior root of
ansa cervicalis

Infrahyoid muscle
mass (future so-called
strap muscles)

Ansa cervicalis

To rectus capitis lateralis,
longus capitis and rectus
capitis anterior muscles

Diaphragmatic
muscle mass
Septum transversum _
(future anterior portion
of diaphragm) __-n-""# Phrenic nerve  4th cervical nerve
Cervical plexus: schema 7 s \}vmcessnw nerve (X1)
Hypoglossal nerve (XII )7” - L ——Great auricular nerve
- = e \ ’- Lesser occipital nerve
To geniohyoid muscle—"—=—"—""_——"—""& I

To thyrohyoid muscle ———" i =

|
Communication to vagus nerve

Transverse cervical newas—<>—~7— 7

To omohyoid muscle (superior belly}—w? r.f”

Superior root <] '
Ansa camcahs—&fﬂmr ot '; J,I, .L,.

To sternothyroid muscle r, ]
To sternohyoid muscle :}ﬁ }(

To longus capitis and
longus coli muscles

To omohyoid muscle (inferior belly) - — \~ To scalene and levator
1 h-_ 5
Supraclavicular newes‘%@m -J"""‘F'hren'rc o ') scapulae muscles M
Mote: e
S =5 Gray ramus from superior . $ i
cervical sympathetic ganglion
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Surface ectoderm
_',."'

Meuroectoderm . : . Optic stalk
. (forebrain) '
g Mesenchyme iDptic cup
o : Dptic cup
\ -":i.'"{:j Lens placode
] r. L - | .
) ens vesicle ~L
' . Hyaloid & 3\
Early eye develops as neurcectodermal cutpouching it )
loptic vesicle) of primitive forebrain and thickening of ¥ A
adjgcent surface ectoderm (lens placods) Internal -
Eyeld | Mesenchymal carotid anery '
primandiz i condenzation Lens placods invaginates to form the lens vesicle. The optic
forms outer layers vesicle invaginates fo form a double layered optic cup that
of globe (cornes surrounds the lens vesicle and hyaloid vessels
and sclera) Crbicularis oculi " Extraocular muscles
: 2nd pharyngeal [prectic somitomeres)
Hyaloid are |: { L
3 W arch) - Sclera (mesenchyme)
Conjunctiva ey Choroid
surface i
Inner layer of l: o

(mesenchyme]
ectoderm)

optic vesicle
Fvisual reting)

Corneal
Duter layer of optic vesicle epithelium
. [pigmented retina [gpithelium]) (surface
ectoderm) =———
. (Fa c !
Anterior ,,JJ g‘:@r’:’;'ﬂ: ‘-'ﬁi?itﬂ Cornea % | \ —
chamber > I:-igh P (mesenchyme) | B . \

Anterior chamber

L

Lens (surface ectoderm)

Iris (neurcectoderm)
.'.":.

Wisual retina. |

neurcectoderm) =

iDptic nerve
(neurcectoderm)
| A

Fusion of visual retina and
pigmented retinal epithelium Figmented retina (epithelium) ~<OFNA.C =D

(neurcectoderm) ©lEN



Days

Future

recess

Ossicular

Tubotympanic
recess

Utricular

Day 30
Meatal
plug

~/OHN A, —AD
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 CN VIl (cochlear)
CN VIII (vestibular)

—- Endolymphatic Developing semicircular

SAC canals
CN VI Endolymphatic sac
Stpes Semicircular canals
Incus Anterior
Nislieus Lateral CN VI

Stapes Incus

Tympanic cavity Posterior

Meatal plug

External
auditory &
meatus

Saccule

Ductus
reuniens

CN VI
CN VI

|1 Malleus

membrane

Auditory
tube

[E'IQI'HA. =AD

Term Appearance  Tympanic
cavity
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Anterior semicircular
canal and duct

= Posterior semicircular

—— il /
' —— " canal and duct
- i

Ampullag

Dura mater
Endolymphatic sac

Endolymphatic duct in
vestibular aqueduct

Utricle

Saccule

Commeon bony and
membranous limbs

Lateral semicircular
canal and duct

Otic capsule

Stapes in oval (vestibular)

Helicotrema of cochlea window

Ductus reuniens Incus
' Malleus

Scala vestibuli \k - ) | -_ | f’% -3 Tymtic iy
Cochlear duct . h A iy, f Lo g External acoustic meatus
Umbo

Scala tympani

Cochlear aqueduct — Tympanic membrane
Otic capsule Round (cochlear) window
, (closed by secondary
Vestibule ) ey, Ty Mpanic membrane)
Pharyngotympanic Y 4 T
(auditory) tube . n = y
Inner ear from otic Middle ear  External ear
placodelotocyst from 1st from 1st
pharyngeal  pharyngeal
pouch groove

Y
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Scala vestibuli

Vestibular (Reissner's)
membrane

Cochlear duct

Osseous spiral lamina Spiral ligament

Nerve fibers Tectorial membrane
Modiolus of cochleus “*"3, L"Ih = e yy P REE Spiral organ (Corti)
Spiral ganglion LU e -. Basilar membrane

Wi

lI | IJ:
Hl J Outer hair cells
i

Scala tympani Osseous cochlea

Cochlear nerve

Pillar (rod) cells

Inner hair cell

2
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Otocyst from the
otic placode

1st pharyngeal
groove

Arch 1and 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)

From the 1st -._- TR
pharyngeal
groove

1st pharyngeal

arch territoryr= 2nd pharyngeal

arch territory T

Incus
Malleus
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neory for orbit
nose, and forehead

FPostotic somites

“

ACCessony
; : nerve Xl
Otic gangllnn elates to
somitic
C|I|ar',f mesenchyme
ganglmn Dy arch-6

ganglion (W2

Lens
placode

Pte rygc:palatme l

-
|4

=submandibular

ganglion (W3 |
Zhomds tympsni
Taste to ant. 273 of
Head
tongue and
mesenchyme Olfactory parmsympathetic to
saliva lands
placode ¥ Heart 3\
bulge i
Pharyngeal arches and their nerves: ¥ TGRS F'arasymgatheﬁitf} and};rifseral
bhieg sensory branch from X for
[ Arch -tnigeminal nerve () Visceral sensory foregut and midgut

Maxillary part of arch 1-

for middle ear and
rmaxillary nerve (tigeminal, V2

parasympathetic

Mandibular part of arch 1- :
mandibular ﬁzwe (trigerninal, ¥3) for parotid gland Wﬁh =D
Fretematic brench- EI h|
ophthalmic nense (tngerminal, Y1)
[ 1 Arch 2-facial nerve (V11 Somite primordia and their nerves: Ectodermal structures and their nerves:

FIRlermatic BiancCnoma Ly par Frectic somitormems-oculormnactor nerve (111),  Olfactory placode-clifactory nerve (1)

B S0cho-0assopharkNges) eneiL) trochlear nerve (W), Optic cupoptic nerve (1)

FiElEmalis i pritenic neive abducens nerve (V1) Olic placode-vestibulocochlear nerve (VI
[ Arch 4-vagus n. () Postotic somites-hypoglossal nerve (X1

B Arch 8-vagus n. (X) Sormitic mesenchyme-accessory nerve (X)



Pa thetic | i d oL uult’
rasympathetic nnarvwn:‘m éld,(bf\(’g@p
WWW m&@r!m dﬁ‘;m qu Pterygopalatine ganglion for lacrimal gland and

mucosa of nasal cavity and palate
resynaptic parasympathetics: oculomotor nerve (I

Fresynaptic parasympathetics: greater petrosal nerve
Postsynaptic parasympathetics: short ciliany nerves (V1) (¥Il) and nerve of the pterygoid canal
S ) _ FPostsynaptic parasympathetics: zygomatic, greater and lesser
Ophthalmic division of trigeminal nerve (1) palating, posterior lateral nasal, and nasopalatine branches of
Sensory fororbit, nose, and forehead W

Accessony nerve Xl
relates to somitic

mesenchyme by arch &

Chorda tympani

Taste to ant. 202 of
tongue and
parasympathetic to
zalivary glands

Ctic ganglion for parotid salivany gland

Fresynaptic parasympathetics: tympanic ()
and lesser petrosal nerves

Heart
bulge S
Fostsynaptic parasympathetics:
aurculetemporal nere (V3
Tympanic nerve FParasympathetic and viseral
Submandibular ganglion for submandibular and Uiscamlssrnguryiar sensory branch from Xfor foregut
sublingual salivary glands s and midgut
Fresynaptic parasympathetics: chords parasympathetic for
tympani (V10 parotid gland SN A, w—AD
Fostsynaptic parasympathetics:

©1EN
lingual nerve branches (WV2)
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Lateral view

I"( 1.0 mm H

Forebrain : Auditory pit
_ 7 | . 1st cervical somite
Left optic vesicle — 3 i F-;_,i b
s 1A Ti_l_.-ﬁp}:" ;
2nd pharyngeal elevation
SR (future hyoid arch)
Cardiac prominence . 1st pharyngeal elevation

(future mandibular arch)

A
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Lateral view

Anterior neuropore Forebrain

1st pharyngeal elevation
(future mandibular arch})

Stomodeum

2nd pharyngeal elevation
(future hyoid arch)

Cardiac prominence

2\
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Sﬂgithl section

. Oropharyngeal
membrane

Foregut

Forebrain

o Future thyroid

gland

Future thoracic wall

‘
-_lﬂ.‘ ¥ E
Hﬂart !:a" |

Yolk sac wall
Amnion
Extraembryonic coelom

Future liver
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Lateral view at 4 to 5 weeks

|-

Ventral view at 4 to 5 weeks

ol Frontonasal process

3.0 mm

1st pharyngeal groove Auditory vesicle

Maxillary process

of 1st arch

prominence

3rd and 4th

4th pharyngeal arch
3rd pharyngeal arch

2nd pharyngeal arch
1st pharyngeal arch

2nd pharyngeal cleft

1st cervical somite
(myotome portion)

pharyngeal grooves

MNasal placode

Maxillary process

of 1st arch Left optic
vesicle

1st pharyngeal
arch (mandibular
part)

2nd pharyngeal Oropharyngeal

membrane
(disintegrating)

3rd and 4th

pharyngeal 1st pharyngeal cleft
arches

4 e
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Early Development of the Face; 4 to b\\eehS DU~
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Lateral view at 5 to 6 weeks Ventral view at 5 to 6 weeks
Frontonasal
= 4.0 mm - process

Left eye

MNasal pit

Cardiac
prominence

MNasolacrimal
groove

Maxillary

Medial nasal

Location of auditory vesicle prominence

(future membranous

labyrinth of inner ear) Lateral nasal

Right prominence

Tal nasal pit

pharyngeal
groove

Right eye

1st cervical somite
(myotome portion)gg

(mandibular
part)

Masolacrimal
groove

Stomodeum

1st pharyngeal
groove

2nd

pharyngeal

Site of future arch

process of
1st arch |
1st pharyngeal
arch

hyoid bone

3rd and 4th

Arm bud pi'fary ngeal arches
(sites of future

laryngeal cartilages)

Znd pharyngeal arch

Pharyngeal arches 3 and 4
s
i /:m
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Lateral view at 6 to 7 weeks

g 7.0 mm -l

Left eye 1st pharyngeal groove

Modules that will
merge to form
auricle of ear

3rd and 4th

' pharyngeal
GPE?E% arches in
nasal sac cervical
(future sinus
naris)
1st pharyngeal
Nasolacrimal arch
s Oral opening
Hepatic Maxillary
prominence process
Cardiac
prominence

Arm bud

almcgsdown

Ventral view at 6 to 7 weeks

Intermaxillary
segment (interior part
of primitive or primary
palate and nasal
septum)

Opening of right nasal
sac (future naris)

Maxillary
process of 1st
arch

Medial nasal
prominence

Lateral nasal
prominence

Right eye

1st pharyngeal
arch

Masolacrimal
groove

Oral opening
1st pharyngeal
cleft (future MNodules that
external acoustic merge to form
meatus) auricle of ear
2nd
pharyngeal
arch
3rd and 4th pharyngeal
Site of future arches in cervical sinus
hyoid bone (sites of future laryngeal

cartilages)

AV
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Ventral view at 7 to 8 weeks

Philtrum of upper lip
(fusion of medial nasal
processes)

= 10.0 mm -]

Auricle of ear

Lateral nasal
prominence

Medial nasal
prominence

Philtrum
Lateral view at 7 to 8 weeks

almcgsdown

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

jt———— Z24.0 mm

Fused eyelids

Philtrum of
upper lip o

Auricle of ear

Lateral view at 8 to 10 weeks
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Sagittal section at 5 to 6 weeks Sagittal section at 6 to 7 weeks
Stomodeum Rathlie's pouch Oral Lateral palatine process
cayity (secondary palates)
Oronasal membrane Opening of 15t pharyngeal Cronasal membrane Rathke's pouch
pouch (future auditory tube) Sy pilete Foramen cecum of
MNasal pit (sac) _ (median palatine araue :
Brimary Openings of 2nd, 3rd, and process) COpening of 1st
o dth pharyngeal pouches , pharyngeal pouch {future
palate Right nasal sac auditory tube)
Manallary fold Openings of 2nd, 3rd,
Epiglottis | and 4th pharyngeal
Ethmeid fold Ll s
Epiglottis
g Lanyngotracheal =
groove opening - LAl
15t pharyngeal arch [glottis) . -
! RN
Trachesa / .
Tengue (cut surface
gue { ) 15t pharyngeal arch
Esophagus
~ Foramen cecum of fongue Tongue (cut surlace) Arytenoid swelling
(site of ongin of thyroid gland) that borders
laryngeal cpening
(gloths)
Esophagus
Trachea

Y4
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Palate Forma

almcasdowh

Sagittal section at 7 to 8 weeks

Olfactory bulb

Right cerebral
hemisphers

3

\
| .9

Frimary palate

Hyoid cartilage

Meckel's cartilage

1 - __P__._.'I. |

|

-'. r '..

Axons of nerve cells passing from

olfactory epithelium of nazal cavity to

olfactony bulb

Ethmoid fold
Maillary fold

T

Thyroid carnilage

_ Traches
Tracheal cartilage

Ostium of auditory tube

"
-

fonyd.blogSPRr-~=

Sagittal section at 8 to 10 weeks

Broken ling indicates position of
right chozna (posterior nars)

Supreme conchae | and |

Superior concha

Lobule of
middle concha

Inferior

Right lateral
concha

palzatine process of
secondary palate

Cut surface of
tongue

Epiglottis
Falate
(primary
palate
contribution)

Fharynx
Larnynx

Cricoid cartilage

Tengue

Meckel's cartilage
Esophagus

Thynoid cartilage

Hyoid cartilage

Dstium of auditory tube

FPalate (secondany
palate contribution)

Tansillar fossa
Epiglottis
Anytenoid

cartilage
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Right eye

Frontal area

Medial nasal process
Lateral nasal process
Nasolacrimal groove

Primitive or primary palate
{median palatine process)

Oronasal membrane (primitive
posterior naris or choana)

Roof of stomodeum (base of skull)

Definitive nasal septum
Maxillary process of 1st arch

Lateral palatine process
(secondary palate)

Opening of Rathke's pouch
Palate formation

(inferior view; 7 to 8 weeks) Left naris

Site of fusion of medial nasal and
maxillary processes (cleft lip site)

Philtrum of upper lip (fusion of medial
nasal processes)

Primitive posterior naris or choana

Primary palate (median palatine process) (f ite of | membrane)
ormer site of oronasal membrane

Definitive nasal septum
Left lateral palatine process

Mucosa covering base of skull
Site of evagination of Rathke's pouch

Roof of oral cavity

(inferior view; 8 to 10 weeks) .
Left naris

Broken lines border area formed from
nasomedial processes and primitive or
primary palate

Medial palatine process (primary palate
contribution to definitive palate)

Lateral palatine process (secondary
palate contribution to definitive palate)

Upper lip

Gingiva (gum)

Palatine raphé (cleft palate site)
Palatoglossal arch
Palatopharyngeal arch

— Uvula 2# ’I&F
A

Arrow emerging from choana
(posterior naris of right nasal cavity)
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Unilateral cleft lip-

partal Partial clef
of palate

Unilateral cleft of

primary palate-

complete, involving

lip and alveolar ridge
Complete cleft of
secondary palate

and unilateral cleft
of primary palate

Bilateral cleft lip

Torus palatinus-bone
deposition on palate
Ankyloglossia-
restricted tongue
movement from a
short lingual
frenulum
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lip portion of 1st

pharyngeal arch Lower lip portion of

mandibular (15t
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Lateral lingual

: — Future anterior  Median sulcus
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two-thirds of of tongue
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" Future lingual tonsil

~ {postenor portion of
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opening (glothis) swelling
Arytenoid swelling

Oral cavity and fauces (36 weeks)

Upper lip

Incisive papilla

Left nans

Frenulum

Gingiva (gum) covering deciduous teeth

Transverse folds of hard palate Palatine raphé

Outline of elevated epiglottis Uvula

behind soft palate Leftcleft formed by midline elevated

larynx dividing isthmus faucium into two
canals (Mewborn can breathe with
larynx locked in nasophanynx while milk
flows through faucial clefts)

Palatopharyngeal arch

FPalatine tonsil

Palatoglossal arch Left vallecula

Median glossoepiglottic fold Lingual tonsil of posterior one:

third of tongue
Faramen cecum

YVallate papillas

Sulcus terminalis
Foliate papillas

Gingiva [gum) covering M
deciduous teeth j -
Lower lip f:m

Median lingual sulcus

Filifiorm and fungiform
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Right olfactory bulb

_.:—_________/ Left cerebral hemisphere

Left lateral ventricle
Axons of olfactory nerve
cells of mucosa of

Ethmoid cartilage
septum and ethmoid fold

Frontal bone
Ocular muscles

Septal cartilage

_,‘.--—""‘"" Eyelid

Nasal septum

Eyeball
Vitreous body

Maxilla

Right lateral palatine
process of secondary
palate

Tongue
Muscles of facial
expression

Meckel's cartilage — Mandible

Submandibular salivary
gland

Hyoid cartilage

Hypoglossal (XIl) nerve

Platysma

Thyroid cartilage

Lumen of larynx

Esophagus

Cuneiform cartilage

Corniculate cartilage
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Septal cartilage

Superior sagittal sinus

Superior concha and meatus Dura mater

Left cerebral hemisphere
Ethmoid cartilage

Left lateral ventricle

Eyeball
Frontal bone

Lens Ocular muscles

Middle concha and meatus Fused eyelids
Right nasal cavity Maxilla
Inferior concha and meatus Zygomatic bone
Muscles of facial expression
Enamel organs of . :
' Sites of fusion of lateral
deciduous molar teeth palatine processes and
Meckel's cartilage i e
Oral cavity
Submandibular salivary gland Mandible
Hyoid cartilage Tongue
Platysma

Infrahyoid muscles
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Permanent tooth bud

Enamel organ

Outher epithelium
Enamel reticulum
Inner epithelium
(ameloblasts)

Enﬂml

Bell stage (28 weeks)
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Enamel

Dentin
Ameloblasts

Enamel reticulum
Cemento-enamel
junction
Gingiva
Odontoblasts il \
Predentin ) e Bown
Periodontal ! R

ligament
Cementum
Cementoblasts
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Postnatal (6 months)
(early eruption)
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Deciduous Permanent
(primary) (colored blue)

Usual age of | Usual age of
eruption eruption

Central incisor (7th year)

Lateral incisor (8th year)
Canine (cuspid) (11th-12th year)

Central incisor (8-10 months)

1st premolar (Sth year)
Lateral incisor (8-10 months) — 2nd premolar (10th year)
Canine (cuspid) (16-20 months) Tst molar (6th year)
1st molar (15-21 months) AT (1EU Ry
2nd molar (20-24 months) > -~ =3rd molars (17th-25th year)
2nd molar (20-24 months) / :

2nd molar (12th-13th year)

1st molar (6th year)

2nd premolar (10th year)

1st premolar (9th year)

Canine (cuspid) (11th-12th year)
Lateral incisor (8th year)
Central incisor (7th year)

1st molar (16-21 months) =~
Canine (cuspid) (15-21 months)
Lateral incisor (15-21 months)

Central incisor (6-9 months)

AV
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Central incisors

Lateral incisors
Canines
1st premolars

Incisive fossa 2nd premolars

1st molars
2nd molars, '\ /

: A 3rd molars :.S" y
- ] j.‘. b

It/

87

Palatine process
of maxilla

Horizontal plate
of palatine bone

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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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 Inferior parathyroids, thymus Cervical sinus (disappears)
4 Superior parathyroids, parafollicular cells (C cells) of thyroid | Cervical sinus (disappears)
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Structures Primordia
Auricle Mesenchyme of the 1st and 2Znd pharyngeal arches
External auditory meatus 1st pharyngeal groove (ectoderm)
Middle ear cavity; auditory tube,
mastoid air cells 1st pharyngeal pouch (endoderm)
Cochlea and semicircular canals Otic placode/otocyst (ectoderm)
Tympanic membrane 1st pharyngeal membrane (ectoderm/endoderm) with intervening mesenchyme
Ear ossicles 1st pharyngeal arch cartilage {incus and malleus)
2nd pharyngeal arch cartilage (stapes)
Temporal bone Occipital sclerotomes {mastoid and petrous parts)
2nd pharyngeal arch cartilage (styloid process)
1st pharyngeal arch mesenchyme (squamous and tympanic parts)
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MNerve

Primordium Innervated

Meuron Components

Ollactory (1)
Optic (1)
Vestibulocochlear (VI

Olfactory placode
Optic cup

(Otic placade

Special sensory (olfaction)
Special sensory (vision)
Special sensory (hearing and balance]

Oculomaotor (1)

Irachlear (1V)
Abducens (V1)
Hypoglossal (X11)
Accessory (XI)

Preotic somitomere

Preotic somitomere
Preolic somitomere
Postotic somites

Somitic mesenchyme
by arch 6

Somatomatar to extraocular eye muscles

Parasympathetics to ciliary ganglion {ior pupil
constrictor and ciliary muscle)

Somatomaotor to superior oblique muscle

Somatomoltor o lateral rectus muscle

Somatomotor to tongue muscles

Somatomotor to sternocleidomastoid and trapezius

=N
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Nerve Arch Neuron Components

Irigeminal (V) 1 General sensory (face, orbit, nasal and oral cavities)
Branchiomotor (muscles of mastication; lensor ympani; lensor
veli palating)

Facial (VI 7 Branchiomotor (muscles of facial expression; stylohyoid; posteriar
digastric; stapedius)

Spedial sensory (1aste 1o anlerior wo-thirds of longue)

Parasympathetic lo pterygopalatine and submandibular ganglia
(for lacrimal gland, nasal mucosa, and salivary glands)

Cilossopharyngeal (IX) 3 Visceral sensory to pharynx

Branchiomotor to stylopharyngeus

Parasympathetic 1o otic ganglion ({or the parotid gland)

Special sensory (laste Lo posterior tongue; carotid body and sinus)

Vagus (X] 4dand 6 | Branchiomotor (pharvnx and larynx)

Visceral sensory (larynx; foregut below pharynx and midgut)
General sensory to external acoustic meatus

Parasympathetics (enteric ganglia of foregut and midgut)

Special sensory (taste in laryngopharynx; carotid body and sinus)

=N
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INNERVATION OF THE TONGUE

Anterior two-thirds (oral cavity) General sensory (GSA)—Ilingual branch of V3

Taste (SVA)—facial nerve (VII)

Posterior one-third (oropharynx) Visceral sensory (GVA)—glossopharyngeal nerve (I1X)
Taste (SVA)—glossopharyngeal nerve (1X)

Root (laryngopharynx) Visceral sensory (GVA)—vagus nerve (X)
Taste (SVA)—vagus nerve (X)
Tongue muscles Somatomotor—hypoglossal nerve (XII)
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