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development of notocord tranverse section
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section through embryonic disc at axis
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intra embryonic coelom
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FIGS. 6.3A AND B: Appearance of primitive streak. 'B'is a
section along axis XY shown in ‘A
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FIGS. 6.4A AND B: Formation of '\nlraembryoﬂiﬂ
is a section along axis KL in ‘A-
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Fig. 5.2 Stages of formarion of notochord. A. As seen in
longitudinal secrion (lefr side). B. As seen in the horizoncal

secrion (righr side).
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PLACENTA (FIG. 6)

Formed from two sources:

1. Fetalsource — chorion frondosum

2 Matemal source — decidua basalis

The essential part of placenta is chorionic villi surrounded by maternal blood and fetal

blood circulates through capilaries in vili

Syncytiotrophoblast part of trophoblast prolferates and grow towards the decidua basalis

and capsularis,

Trophoblast proper with primary mesoderm forms charion,

Lacunar spaces appear within the syncytiotrophoblast and decidua basalis,

Trabeculae containing cords of syncytial

cells are present between these lacunar

spaces.

Lacunae enlarge and contain uterine vessels.

Then the cytotrophoblast extends in to

the core of trabeculae, converts them in to

primary chorionic villi.

Now lacunar spaces are called intervillous

spaces.

In the development of chorionic villi it

undergoes 3 stages:

1. Primary villi consisting of a central core of cytotrophoblast covered by syncytio-
trophoblast.

2 Secondary villi having layers extraembryonic mesoderm, cytotrophoblast and
syncytiotrophoblast

3. Tertiary villi having blood capillaries in extraembryonic mesoderm.

Cytotrophoblast spreads outwards at tips of primary vill, resulting in outer cytotropho-

lastic shell

Primary mesodermal cells invade central core of primary villi to form secondary villi

Fetal vessels derived from umbilical vessels appear within primary mesoderm, forming the

tertiary vil

+ Tertiary chorionic villi attached to decidua basalis forms the chorion frondosum, Rest

of the vili attached to the embryonic pole degenerates. This results in the formation of

placenta from chorion frondosum and decidua basalis.

Fig. 6: Chorionic vil formation

Primary wilous

Syneytio-
trophoblast

Fig 611 Three stages of development of villi. Figures on the right side are the sccrional views of three types of villi

Texthook of Clinical Embeyology

Rarmuli choni-
(finer branches)

Ramus chori
(branches)

Truncus chorii
(stem)

Free willi

Intervilous
spaces

into & number of branches

e of astem called munca obes
called ramns choris, which in turn divides into a umbet of fines branches called nasali dhordi,

Fig.6.12 Anchoring villi. Note cach

Uterine
endometnum

Matemal vessel opening
it the interwllous space

Groave

Decidua

Intensillous spaces

Endometnal
filled with blood

sepum

Anchoring villus

Umbsilical artenies

Umbilical cord

Fig. 6.14 Formation of cotyledons (lobes) of placenta. Placent consists of 15-20 cocyledons, and each cotyledon contains 2-3
anchoring villi.

Placenta

Umbilical cord

Uterine cavity

Chorion

Amniotic cavity

Fig.6.20 Umbilical cord and well-developed placenta. Note
amnion and chorion are fused.

1. Placenta previa (Fig. 6.7): Normally the blastocyst implants
dong the posterior wall of the cavity of body of the uterus and
the developed placenta is attached to the upper uterine seg-
ment (upper two-third of the body). Occasionally, the blasto-
cyst implants near the internal os and then the developed
placenta is attached to the lower uterine segment (lower one-
third of the body of uterus). It is termed placenta previa.

The various degrees of placenta previa are as follows
(Fig. 6.7).
(a) First degree: The attachment of the placenta does not
extend up to the internal os.
(b) Second degree: The attachment of the placenta extends
un to the intemal os but does not cover it.

(c) Third degree:The edge of the placenta covers the internal
os but when the os dilates during child birth the placenta
o longer occludes it.

(d) Fourth degree: The placenta completely covers/bridges
the internal os even when the os is fully dilated during
childbirth. The placenta previa of the fourth degree is
also sometimes termed ‘central placenta previa!

The placenta previa, especially the fourth degree, can
cause severe bleeding after the first trimester of preg-
nancy or during parturition (i.e, birth of the baby).

Upper
uterine
segment

Placenta

Lower
uterine
segment

i ==\ =
= =

D

Fig. 6.7 Types of placenta previa. A. First degree.
B. Second degree. C. Third degree. D. Fourth degree.
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FLOWCHART 9.2: Twinning—types and basis.

Ovulation Type of twins Chorion and amnion Basis for twinning
Polyovulation — Dizygotic ™ —— Bichorial, biamniotic Usual manner of development
of each fetus
Monoovulation —» Monozygotic A
\‘ Bichorial, biamniotic Early blastomere separation
Monocharial, biamniotic Duplication of inner cell mass

e

Monochorial, monoamniotic  Duplication of embryonic disc
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conjnoint twins




Twins have a high incidence of morbidity and mortality due to
preeclampsia, congenital anomalies, premature delivery, etc.

i

Conjoint (Siamese) twins: This condition is seen in monozy-
gotic twins. Monozygotic twins in which the inner cell mass
(embryoblast) does not completely split. In this condition,
two fetuses are joined to each other by a tissue bridge.
Classification of conjoint twins: The conjoint twins are clas-
sified into following four types based on the site and extent
of fusion (Fig. 6.24).
(@) Craniophagus: Fusion of heads
(b) Thoracophagus: Fusion of thorax
(c) Cephalothoracophagus: Fusion of head and thorax
(d) Pygophagus: Fusion of sacral regions
The conjoint twins can be separated only if they have no
vital parts in common.

N.B. Phagus = Fastened

Craniophagus  Thoracophagus  Pygophagus

Fig. 6.24 Types of conjoined twins.
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FIG. 10.18: Structure of epiphyseal cartiliage. .






fate of pharyngeal cartilage




First arch cartilage

1. Malleus

3. Spine of
sphenoid

Second arch cartilage

2. Incus \&W— 1. Stapes

2. Sryloid process

4. Sphenomandibular
ligament -
3. Stylohyoid ligament

4. Lesser cornu and
upper part of the
body of hyoid bone

5. Remnants of
Meckel’s cartilage

Third arch cartilage

l

1. Greater cornu and
2. Lower part of the
body of hyoid bone

Fourth and sixth arch cartilages

1. Thyroid cartilage
2. Cuneiform cartilages

3. Corniculate cartilages
4. Arytenoid cartilages

5. Cricoid cartilage

Fig. 10.7 Structures derived from various arch cartilages (frontal view). Structures derived from first arch cartilage (red color),

structures derived from second arch cartilage (green color), scructures derived from third arch cartilage (blue color), and structures
derived from fourth and sixch arch cartilages (yellow color).
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fate of pharyngeal pouches
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stages in devepmnt of
thyroid gland..




Tubotympanic recess
(primordium of auditory
tube and middle ear cavity)

Tubotympanic
recess

1st pharyngeal cleft
(primordium of external
auditory meatus)

. : i— |
1st pharyngeal membrane Palatine tonsil 2nd phanyngea
. ; ; pouch
(pnmordium of tympanic
membrane) ~ Parathyroid Il Svd phasynges)
(inferior parathyroid) pouch
2nd : Thymus
Pharyngeal clefts { 3rd Cervical sinus
4th Parathyroid IV (2 — 4th pharyngeal
(superior parathyroid) pouch

Epicardial ridge Ultimobranchial body
(caudal pharyngeal
complex)
Ulumobranchial body
(caudal pharyngeal
complex)

Fig. 10.9 Seructures derived from pharyngeal pouches and clefts, and formation of cervical sinus. Note the second arch grows over
the third and fourth arches, thus buying the second, third, and fourth pharyngeal clefts to form the cervical sinus.

Foramen cecum

Parathyroid IV
(superior parathyroid)

Ultimobranchial body

(caudal pharyngeal complex) Thyroid gland

Parathyroid Il
(inferior parathyroid)

Thymus

Fig. 10.10 Migration of parathyrid and thymus glands. Note that the thyroid glands originate at the level of foramen cecum and
descends to the levels of first tracheal ring.

| Endodermal —————wr—
thickening Tuberculum impar
foramen caecum Foramen cecum

Il Depression of ——AJS~ v FWO::::’;?:
endodermal
thickenin
2 DA Ultimobranchial body
r = (caudal pharyngeal
Il Formation of;L _ | . complex)
thyroglossal Developing thyroid Hyoid bone

duct from thyroglossal duct

Bifid lower Pyramidal lobe
end of Pyramidal lobe
thyroglossal Lateral lobe
duct
Isthmus of
thyroid gland
A B

Fig. 11.7 Development of the thyroid gland. A. Stages of development. B. Pathway of the thyroglossal duct.
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Tip of tongue
Antenior +— Lingual swellings
Five sources of 2/3rd (15t arch)
development of tongue
of tongue
l Sulcus

® Lingual swellings terminalis
(two in number)

Postenior *=— Cranial part of
1/3rd hypobranchial
of tongue eminence
(3rd arch)

Posterior =— Caudal part of
most part  hypobranchial

of tongue eminence

Epiglotus (4ch arch)

O

|

=%

Foramen
» Tuberculum impar cecum

Foramen
* Cranial part of

hypobranchial

eminence

¢ Caudal part of
hypobranchial
eminence

Fig. 11.2 Schematic diagram to show development of various parts of the tongue from different sources. A. Five sources of devel-
opment. B. Definitive tongue.

Pharyngeal arches

Epiglottis

Antenior 2/3rd
of tongue
Postenor most part
2nd arch buried of tongue
under 3rd arch Posterior 1/3rd of tongue
including circumvallate
papillae

ig: 11.3 Overgrowth of third arch over the second arch. Note second arch is buried under third arch.
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Lateral nasal
process

Medial nasal
process

Maxllary
process
Mandibular

C l process

L
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lip: 1t commonly occurs in the upper lip. The incidence of

Fr sal lipis Tin 1000 births and 60-80% of children involved are
process males. The cleft upper lip presents three varieties (Fig, 12.11).
Maslary Lens placode ) Undteacpoccs oetoabreofsonof s
process Olfactory nasal lary process with the medial nasal process of the same side.
Mandibular placode (b) Bilateral cleftfp: It occurs due to fadure of fusion of maxil-
lary processes with the frontonasal process.
o (S:;n:::: ) /lC] Gentral cleft ip/hair lip: 1t occurs due to faiure of develop-
mouth) ment of philtrum of the upper lip from the frontonasal
process.
'/ Very rarely the two mandibular processes may fail to fuse in
he midine to cause deft lower lp.
facial cleft (also called orbitofacial lssure Fig, 12.12):1t
a rare congenital anomaly of the face, which occurs when
Nasal pit mixilary process fails to fuse with the lateral nasal process. The

fissure extends from medial angle of the eye to the upper lip.
Consequently, the nasolacrimal duct is exposed to the exterior,
Is anomaly is usually bilateral

rostomia (small mouth) a (large mouth):
Lateral angles of oral fissure are formed at the junction of the
maxillary and mandibular processes. Initially the lateral angle of
mouth extends much laterally close to aurcle. Sbsequently in
normal conditions the angles of mouth gradually shift medially
by fusion between the maxilary and mandibular processes till
normal adult pasition & reached. The excessive fusion of these
processes lead to microstomia and arrest of this fusion leads to
macrostomia.

b

lateral complete cleft palate occurs if both the maxillary

Fusion of
maxillary masillary processes fail to fuse with the premaxilla. In this type,
 process process with secondary palate is divided into two equal halves by a
wihlanral | (S /) | medial nasal median clekt with an anterior V-shaped cleft separating
nasal process [/~ process remasila completely.
Narowing of ‘J ‘ (ncomplete or partial cleft palate (Fig, 12.14): The follow-
mouth it Fusion of ng types may occur
Fusion of maxllary and = Afid uvula: Cleft imvolving only wvula. It i of no clinical
mandibular mandibular q.._.> importance.
proces D processes to
K > form the cheek
o~ F
Fig.12.1 Development of face.
i ofugperlip
‘,-’IJ \ Aaeola proces of Oﬁlqut
/A PR facial cleft
[ G\ o=
[ &) ‘ T . ‘I. Pemaily
| O | oy
- ‘l‘._ '@ |

pper i, e pitof ey oo wich o e, ) gl prmary el

Frontonasal process

M\ r—islan
{\{f {

[ H——
[ ] e Pinit el
|P’\:)~‘_f\_ T ‘."" .“.‘
Wy e / Masllary processes
e e | | |

|
) A
i
s’\.‘ N h
al 4 27
X f

/ laze

B of plare feves
nd raml e

ol

Fip 1210 Deehpotorf e Nosedesvaon of e v i o diffeen s e nche et e
) oo sepurtion of el covits B cach e and o she ol caviy

Fig. 12.12 Oblique facial cleft

Fig, 12.11 Types of cleft lip. A. Unilateral eft upper
lip. B, Bilateral cleft of the upper lip. C. Median cleft
of the upper lip (hair Lip). D. Cleft lower lip

@pmm defective fusion of various segments of palate
rise 1o clefts in the palate. These vary considerably in
degree, leading to varieties of cleft palate as follows:
Complete cleft palate (Fig. 12.13)
dateral complete cleft palate occurs if masillary pro-
cess on one side does not fuse with the premaxilla. It is
always associated with the cleft lip on the same side.

Development of Face, Nose, and Palate

//mﬁo{ the soft palate: Involving uvula and adjoining part
of the soft palate.

/(fmafmmfzpdm:lnudving wula, whole of the soft
palate, and extends into the hard palate.

Clinical phatographs of cleft lip and cleft palate are shown in

Fg. 1215
Philtrm
Premaila

/ \

I \

#f

|
A B
Fig. 1213 Complete cleft palate, A. Unilateral. B. Bilateral

Philtrum

Hard palate

Premaxlla
1w
‘$ Hard palate
Soft palate

A

vy

fig. 1214 Incomplete/partial cleft palate. A. Bifida uvula. B. Cleft of the woft palate involving uvula and joining part of the
it valate C Clefr of the wofr nalare srendine into the hard nalare

Soft palate

Cleft
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formation of urorectal




Allantois \\}_

Cloaca

Mesonephric
duct

Cloacal membrane

Urorectal septum

Primitive urogenital sinus

Rectum

Urogenital membrane

Anal membrane
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derivation of various
parts of gut



=T
Abdominal
Stomach part of esophagus
~ Foregut
Stomach
Duodenum TC
“ PIP
l Midgut Descending colon
Ascending — Jejunum and ileum
N colon
Cecum
r Hindgut
Sigmoid colon
= ) Appendix Rectum
Anal canal
A B

Fig. 13.5 Derivatives of various abdominal parts of the gut. A. Primitive gut. B. Adulc gur. TC = transverse colon; AIP =anterior
intestinal portal; PIP = posterior intestinal porral.
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Hepatic
bud

Midgut

Bifid
pars hepatica

Pars cystica

Fig. 14.1 Successive stages of

Ventral
mesogastrium

Septum
transversum

Foregut Pars hepatica

Pars cystica

Junction between
foregut and midgut

Liver

Right and left lobes of
liver (almost of equal size)

Hepartic ducts

+— Common
hepatic duct

Gall-
bladder

o D

the development of the liver. A. Hepatic bud arising from foregur at its junction with the midgut.

B. Growth of hepatic bud towards septum transversum through ventral mesogastrium. Note the subdivision of hepatic bud into

pars hepatica and pars cystica.

| NGRS TR S GeigA larst it

C. Division of pars hepatica into right and left portions. D. Fully formed liver and gallbladder along
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development of
Pancreatic duct System
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Left principal
bronchus

Upper and
inferior lobar

bronchi of
leftlung

Right

principal

bronchus
Upper, middle,
and inferior
lobar bronchi of

Bronchial buds nghtlung
5 B

Parietal pleura
Right
upper lobe

; . = Left principal
Right principal biosichins
bronchus ‘
Right
Right Leftupper ~ middle lobe
upper lobe lobe
Right Left
middle lobe Lk ) lower lobe
lob Right
Right o lower lobe
inferior lobe
<

Fig. 16.7 Successive stages in the development of bronchi and lungs. A. At 4 weeks. B. At 5 weeks. C. At 6 weeks. D. At 8 weeks.
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Distal 1/3=
truncus
arteriosus

Middle 1/3=

Bulbus
conus

cordis

Proximal
1/3

Bulboventricular sulcus

Atrioventricular canal

Sinoatrial orifice

Sinus venosus

Right horn of sinus venosus is
absorbed into right atrium

Right common cardinal
vein forms part of
superior vena cava

Right umbilical vein
disappears

\enliele

Alrium

Body

Right vitelline vein
forms part of inferior

vena cava

Truncus arte
Middle 1/3 ¢

Proximal 1/3

Forms ascending aorta and
pulmonary trunk

Forms outflow tracts of right
left ventricles

and

Forms primitive right ventricle
(trabeculated part)

Forms primitive left ventricle
(trabeculated part)

Primitive atrium is partitioned to form i
atrium and left atrium

Body is absorbed into right atrium and
smooth part

Left horn retrogresses.
The remnant forms part of
coronary sinus

FIG. 19.9: Main subdivisions of the heart tube and their fate.



development of inter atrial septum




Septum spurium

Septum spurium
Sent ) Primitive

Sinoatrial 4 PWum primum pulmonary ‘ < Primitive

orifice - vein Sinoa;_r::ae pulmonary
Right and — e Vel

left venous : Right and left
valves V‘ } venous valves £ Foramen
' primum

B cushions form,
Septum secundum Septum intermeg,

Foramen
secundum Two pulmonary

veins Crista
Left terminalis ¢
atrium Valve of £

VG

Intersepto-
valvular space

Septum
secundum

Endocardig|

cushions in

| between the
opening of foyr

pulmonary veing

Foramen ovale

Septum
primum
fushed to
AV cushions ; Wi
septum Valve of corona

i(nteemedium) 3 E
FIGS. 19.13A TO D: Sinoatrial orifice and venous valves in right atrium. Formation of interatrial septum. (A) Septum primn
appears; (B) Septum primum grows toward fused AV cushions (septum intermedium). The gap between them is the foramen
primum; (C) Septum primum fuses with atrioventricular (AV) cushions. At the same time, the upper part of the septum primyn
degenerates to form the foramen secundum. The septum secundum is formed to the right of the septum primum; (D) Septun
secundum overlaps the free edge of septum primum. Blood now flows from left to right through the oblique cleft between the e

septa. Incorporation of pulmonary veins into the left atrium is shown. (IVC: inferior vena cava)

Right atrium
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Spiral septum

Proliferation
from
L AV cushions

Bulbar
septum

Proliferation from Interventricular
AV cushions septum
Outflow part of right

ventricle from conus

Outflow part
of left ventricle
from conus

Trabeculated
part of left
ventricle from
primitive
ventricle

Trabeculated part of right
ventricle from dilated part
of bulbus cordis

FIGS. 19.19A TO D: Two stages in the formation of the
ventricular septum. (B) and (D) correspond to (A) and (C)
respectively. (A) Bulbar septum grows down from above. and
interventricular septum grows upward from below; (C ar'ld D)
The gap between the bulbar septum and the interventricular
septum is filled in by proliferation from atrioventricular (AV)

lions. For explanation of orientation of these fi ser
d to Figures 19.18A and B. figures, see
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Crania

anastom

~—Liver Dorsal

SOSSIOmOSS Splenic anad supernor

Vitelline veins .
mesenteric vein
Caudal ventral

Duodenum . \
|
E ] anastomosis

Ductus venosus

4 :
Inferior vena cava

Left umbilical vein

Splenic vein

Superior
mesenteric

vein Portal vein

Duodenum

FIGS. 19.48A TO D: Development of the portal vein. (A) Right and left vitelline veins; (B) Vitelli S

anastomoses: cranial ventral, caudal ventral and middle dorsal; (C) Some of the vein(s &zsat:g'::rf'?-;?f gzzfvtz:} refz:na:dsv;;m:

(1) Part of left vitelline vein. (2) Dorsal anastomosis. (3) Part of right vitelline vein. (4) The cranial vanial brace is : i

the left branch of the portal vein. (5) Right vitelline cranial to cranial ventral anastomosis forms Habit brancha tta “:‘r:eolse :t becomes

vein ending in left branch of portal vein and the ductus venosus connecting it with inferior vena sy 1 (D) : umm%
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Fig. 20.6 Stages of development of nephron (excretory system of the kidney consisting of 3 million nephrons). Note each
nephron consists of distal convoluted tubule (1), loop of Henle (2), proximal convoluted tubule (3), Bowman's capsule (4),
and glomerulus (5). Arrows (red) indicate the place where excretory unit (blue) establishes a communication with the collecting

system (yellow),
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devepmnt of urovaginal
canal
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FIGS. 20.19A AND B: Formation of uterovaginal canal by
fusion of the caudal parts of paramesonephric ducts.
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FIGS. 22.1A TO F: Development of hypophysis cerebri. (A) Rathke’s pouch and infundibular process; (B and C) Approximation
of the two developmental components of pituitary gland; (D) Hat!'\ke's pouch separating from stomodeum; (E) Closely placed
developmental components and their subdivisions; (F) Microscopic appearance of pars anterior, intermedia, and posterior.
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Fig. 242 Formation and development of the optic vesicke.
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Fig. 24.3 Development of the lens vesicle and its invagination iate the optic cup.
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development of the diaphram
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FIGS. 18.16A TO C: Development of diaphragm: (A) Pleuroperitoneal canals, septum transversum and mesent ﬂf

esophagus; (B) Closure of pleuroperitoneal canal their closure; (C) Expansion from body wall.
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