Structured Notes According to
ANATOMY
Revision friendly Fully Colored Book/Structured Notes

¥,
© Dr. Rajesh Kaushal
(Author)

For Best results, watch the video lectures along with reading notes

All rights reserved of these books are reserved under Indian Copyright Act, 1956. No part of this
publication may be reproduced stored in a retrieval system or transmitted, In any form or by any
means, electrical, chemical, mechanical, optical, photocopying, recording or otherwise, without the
prior permissionofthe copyrightowners.

Photocopying the whole book/uploading PDFs or images of the book without the due permission of
the copyright owner is punishable under the copyright act as it weighs against the fair use policy
because completely copyingand distributing the work for free online and physically would hinder the
economic viability of creating and maintaining the source. -

Any person/ organization found doing photocopy/PDF circulation will face, strict legal actions
withoutany priornotice.

For best result you are advised to study these books/structured notes along with Dr. Rajesh Kaushal’s
videos on PrepLadder app. For maximum gain, revision of these books/structured notes/books is
being done multiple times. At the time of examination, going through- structured Notes is advisable

ratherthanreadinganyreference book.

In case of any discrepancy between book and videos, Dr. Rajesh Kaushal’s videos on PrepLadder
shouldbe considered.

The copyright of “Anatomy Notes by Dr. Rajesh Kaushal’s” belongs to the author and any attempt to
reproduce or replicate it in any form will result in a legal action without prior warning.

"The content, information provided herein are as provided and shared by the Author and have been
produced on as-is basis. The Company disclaims all rights and liabilities inrelation to the accuracy or
correctness of the content, images or the information provided. The Author is solely responsible for,
including without limitation, any claims, liabilities, damages, losses or suits that may arise with
respecttothe informationprovided herein




CONTENTS | B

ANATOMY VOLUME 1

UNIT 1 - GENERAL EMBRYOLOGY

1.  Developmental Timeline 3
2.  Gametogenesis and In-Vitro fertilization ' 5
3.  Developmental Period : Week 1 & 2 14
4.  Developmental Period : Week 3 & 4 20
5.  Primitive streak & Germ Layer Derivatives : 26
6.  Ectodermand Neural Crest Cells Derivatives 28
7.  Mesoderm Derivatives 33
8.  Endoderm Derivatives 38
9.  Placenta Development 40
UNIT 2 - HISTOLOGY
10. Body Tubes 51
11.  Epithelial Tissue 58
12, Glands 68
13. Connective Tissue : _ 74
14. Cartilage Tissue 78
15. Lymphoid Tissue ; 82
16. Integumentary System } 92
17. Cell Junctions 96
18. Muscular System 100
19. Respiratory System - 103
20. Digestive System 110
21.  Urinary System 124
22.  Genital System ‘ 129
UNIT 3 - OSTEOLOGY AND ARTHROLOGY :
23.  Osteology i 135
24. Arthrology 143

UNIT 4 - NEURO ANATOMY

25. Organisation of Nervous System 153



26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
4s.
46.
47.

48,
49.
50.
51.
5V
53.
54.
S5.
56.
57.
8.
59.
60.

Development of Nervous System Part-1
Development of Nervous System Part-2
Development of Nervous System Part-3
Third Ventricle

Fourth Ventricle

White Matter (Types of Fibres)

Neural Columns

Cerebrum

Basal Ganglia

Internal Capsule

Thalamus and Hypothalamus
Brainstem and Cranial Nerves

Neural Column and Brainstem Nuclei
Cerebellum Part-1

Cerebellum Part-2

Spinal Cord

Autonomic Nervous System Part-1
Autonomic Nervous System Part-2
Arterial Supply of Nervous System
Brainstem Lesions Part-1

Brainstem Lesions Part-2

Venous Drainage of Cranial Cavity

UNIT 5 - HEAD AND NECK

Pharyngeal Arches

Pharyngeal Pouches and Cleft

Tongue Development

Pharyngeal Arch Arteries

Development of Skull

Cranial Cavity (Introduction)

Cranial Cavity -2 (Cranial Fossae and Related Foramina)
Trigeminal Nerve

Cranial Cavity-3 (Middle Cranial Fossa)
Cavernous Sinus

Cranial Cavity -4 (Posterior Cranial Fossa)
Facial Nerve

Glossopharyngeal Nerve

156
162
169
173
175
178
182
190
200
203
205
210
219
223
230
234
246
252
264
276
293
300

310
314
319
321
326
332
340
346
359
365
368
371
378



61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
2
73.
74.
75;
76.
77.
78.

79.
80.
81.

Vagus Nerve

Hypoglossal Nerve

Cervical Plexus

Scalenus Anterior Muscle: Relations
Head and Neck : Arterial Supply
Head and Neck: Venous Drainage
Head and Neck: Lymphatic Drainage
Scalp

Neck Triangles

Neck Fascia and Spaces

Neck Fascia and Spaces : Revision
Parotid Gland

Pharynx

Oesophagus

Larynx (Part-1)

Larynx (Part-2)

Vertebral Landmarks and Trachea
Ear

Nose

Eyeball

Cranial Nerve: 3,4and 6

380
384
388
391
393
400
402
406
408
415
423
425
428
433
438
441
446
451
468
474

483



E‘Z‘/ SYNOPSIS

GENERAL EMBRYOLOGY

Developmental Timeline

T @

1. Menstrual Cycle
2. Developmental Timeline

3. Graphrepresenting Post conception Age

Gametogenesis and In-Vitro fertilization

1. Chromosomes

2. Gametogenesis

3. GermCell Tumour

4. CellDivision: Mitosis and Meiosis
4.1 Mitosis
4.2 Prophase

. 4.3 Metaphase
4.4 Anaphase
4.5 Telophase

5. Gametogenesis: Male and Female
5.1 OvaryatBirth
5.2 Testis at Birth

6. Menstruation

6.1 Bilateral Tubular Blockage

Developmental Period : Week 1 & 2
1. Development During Week 1
2. Implantation
3. Development During Week 2
4. Blastocyst

Developmental Period : Week 3 & 4
1. Gastrulation
2. WEEK3-4
2.1 Developmentduring week 3 & 4
2.2 Derivatives of Epiblast Cells formed during Gastrulation
2.3 Migration of Primordial Germ Cells
2.4 Yolk Sacand Amniotic Cavity

71



Primitive streak & Germ Layer Derivatives

1. Primitive Streak

Ectoderm and Neural Crest Cells Derivatives
1. Dorsal View of Embryo

2. Transverse Section of Embryo

3. Ganglia
3.1 Surface Ectoderm Derivatives
3.2 MCQs
Mesoderm Derivatives

1. Transverse section of Embryo

Components of Mesoderm

Intra-embryonic coelomic cavity-NUCLEUS PULPOSUS
Somite derivative components

Dorsal view of developing embryo

MCQs

R L B

Endoderm Derivatives
1. Phafyngeal Pouches
2. GutTube : Good to Know

: Placenta Development
1. Transverse section of Embryo
Extraembryonic Mesoderm
Yolk Sac

Chorionic Cavity

2
3
4. Uterusand Foetal Placenta
5
6. Chorionic Villi

72



DEVELOPMENTAL TIMELINE

Menstrual Cycle
¥ [PSM, Obstetrics & Gynaecology |

2 weeks

Py

3 weeks

Menses Ovulation Fertilization Implantation

»
L

Gestational age 40 weeks
280 days

»
»

Menstrual age

Ovulation age

Postcdnceptional age

Developmental Timeline

2 weeks

3 weeks

Menses Ovulation Fertilization Implantation |

v

OBSTETRICIAN FOLLOWS — Gestational Age — 40 Weeks
Menstrual Age — [280 days]

EMBRYOLOGIST/RADIOLOGIST — Ovulation Age .
) 38 weeks
FOLLOWS Post conceptional Age

Q. Heart development begins at week?
A 4
B.5
C.6
D.7

Explanation:
o When calculated from Post conceptional age, the heartbeat can be detected earliest by 4th week post

ovulationusing TVS.
e When calculated from LMP, the heartbeat can be detected earliest by 6th week.

Y .




Graph representing Post conception Age
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In this graph, point 0 is where the ovulation/ fertilization has occurred.
Embryonic period :3-8 weeks

Pre embryonic period: before 3 weeks

Foetal period: 9 weeks - 38 weeks

//
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2 GAMETOGENESIS AND IN-VITRO
FERTILIZATION

Chromosomes 00:00:16

e Chromosomes are present in the nucleus of a cell.
o 23 pairs of chromosomes - 22 pairs of autosomes and 1 pair of sex chromosome.

o DNAReplication occurs in'S [synthetic] phase of interphase.

o Thereare 46 chromosome (2n) out of which 23 (n) are from mother and 23 (n) from father

N
(BT TSR
o x KU

(¢ 1c N -
19 20 2 2

Autosomes Sex Chromosome

XX-FEMALE
XY-MALE

o Eachchromosome has a short arm and a long arm.

Chromatid 1 Chromatid 2

Centromere

qarm

*" Single chromosome” “Duplicated chromosome”

7 s



o Centromiere connects the short arm (P arm) and the long arm (q arm).
o The genetic designation given to any chromosome is n, N.

o n=isthe number of chromosomes.

o N=istheamountof DNA
¢ During DNA replication, the number of chromosome will be n, 2N

Homologous Chromosomes
eye color —> «— eye color
locus locus
hair color — «— hair color
- locus locus
Paternal Maternal
Gametogenesis 00:07:23

Primary spermatocyte/
‘ oocyte (diploid)
First meiotic
division
Second
/ \meiotic division / : \'
213 23 |
Four haploid gametes
Sperm Oocyte Zygote

N z ‘
23 23 46

(Haploid)  (Haploid)  (Diploid)

23I 23 I
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e Zygote will be having 46 chromosomes, 23 paternal and 23 maternal.

Gonocytes "
Gametogonia

Blastocyst/ ICM s -

Mature Sperm

e The Zygote is continuously divides and forms the Blastocyst.

o Theblastocyst contain some inner cell mass with epiblast cells which forms the primofdial germ cell
o Primordial germs cells further form the Gonocyte and the Gametogonia

e PGCisthefirst sex cell ofthe body.

» Gonocyte and the Gametogonia further gives primary and secondary gametocytes.

Cell Divisions:
Ectoderm
."' -
Epiblast |{-»| (2n,2N) [-» PGC ----- »| Endoderm
3 Y oy
Migration M dens
reEE e y . = Mitosis
enita ametogenesis e
Ridge (n, N) Gametogenesis f: vl
*|  Meoisis
!

If migration doesn't reach to genital ridge PGC can
reach other areas in ectoderm, endoderm, mesoderm
leads germ cell tumor

o During Gametogenesis cells under cell division like mitosis and meiosis.
e Mitosis isan equational division (no change in no of chromosomes).
o Meiosisis a2 stage process.
o Meiosis 1 is areduction division.
o Meiosis 2 behaves like mitosis.
o Chromosomes separate during meiosis 1.
o Chromatid separates at meiosis 2.

/A




Germ Cell Tumour Bt
| Radiology -Pediatrics |

o Haveall 3germ layers because the primordial germ cell is a pluripotent cell.

OROPHARYNGEAL SACROCOCCYGEAL
TERATOMA TERATOMA

Cell Division: Mitosis and Meiosis 00:17:43

Mitosis e PGC
{

o Gametogonium

l
» (M) Spermatocyte

® Primary gametocyte
“a (F)Oocyte

Meiosis [ Original cell here is primary gametocyte

e There is no cell division occurring between gametogonium and primary oocyte. Gametogonium
enlarges to form primary oocyte.

o The cell which enters meiosis 1 is primary spermatocyte or primary oocyte.

e Primary oocyte enters Meiosis 1 when female baby is in-utero as compared with the spermatogenesis in
males , which begin Meiosis 1 only after puberty.

e Primordial germ cell remains dormant until puberty in males.

Mitosis
1. Prophase: The genetic material undergo condensation
2. Metaphase: Chromosome align at the equator
3. Anaphase: Sister chromatids separate away from midline

4. Telophase: Chromosome form 2 daughter cells

1. Prophase
Prophase:
Chromosomes condense and nuclear envelope
breaks down. Spindle fiber grow from centrioles.
Centrioles migrate to opposite poles of cell.

7 8}



2. Metaphase

Metaphase
AT Metaphase

Chromosomes lie along midline

of cell. Some spindle fibers

attach to kinetochores

Fibers of aster attach

to plasma membrane.

Py

i Spindle
fibers

Centriole

o Chromosomes lie along the midline of cell.
o Some spindle fibres attach to kinetochores.
o Fibre ofaster attach to plasma membrane

3. Anaphase

Anaphase
Centromeres divide in two.
Spindle fibers pull sister
- chromatids to opposite poles
of cell. Each pole (future
daughter cell) now has an
Clitsiiatids identical set of genes.

Kinetochore

e Centromeres divide into two.
o Spindle fibres pull sister chromatids to opposite poles of cell
e Eachpole (future daughter cell) now has an identical set of genes

4. Telophase

e Chromosomes gather at each pole of cell.

o Chromatin decondenses. ’

o New nuclear envelope appears at each pole.

o New nucleoli appear in each nucleus.

e Atend of mitosis , two daughter cells present with same number of chromosone (2n) and amount of
" DNA(2N) as of parent cell (2n,2N).

/N,



Mitosis Meiosis

)n S
3
hel

c g

.3 ‘g

§ i

o 8

57 7 o

: ; | » ©
’ P T
4o ;

Mitosis Meiosis

o Takes place in somatic cells completes in one | Takes place in germ cells completes in 2

sequence sequences;
e MeiosisI & meiosis II

e Crossing over of chromatids doesn'ttakesplace |e Crossing over of chromatids takes place

e Daughter cells have same chromosomes as |e Daughter cells have half the no. of

parent cells ; chromosomes as parent cells

o Daughter cells are identical to each other and to | e Daughter cells are not identical to each other &
parent to parent cell

o Equational division e Reductional division

e Meiosis is a 2-stage process, Meiosis 1 and Meiosis 2.
e Meiosis | has Prophase 1, Metaphase 1, Anaphase 1, Telophase 1
e Prophase 1 has subdivisions.

o Leptotene- Here chromosome condensation occurs.

o Zygotene-homologus chromosome appear as bivalent.

o Pachytene- appear as tetrad.

o Diplotene- mother father chromosomes sepetarion occurs.

In Interphase DNA duplication occur.

Leptotene Zygotene Pachytene Diplotene

7/ 10



LEPTOTENE PACHYTENE
Chromatid 1
Paternal T “ “
shster i : "Iblm dlsissemblln
chromatids ; entral region rotein axes
Chromat|d 2 of synaptgnem< Fiateral elements)
r complex
Matterial Chroamtid 3 —\I\MM
sister
chromatids | chromatid 4 ~A | I
| |
INTERPHASE ZYGOTENE DIPLOTENE
FOLLOWED
BY DIAKINESIS
Gametogenesis: Male and Female
Primary oocyte
after DNA These cells contain
replication 46 double-structured Primary spermatocytes
chromosomes after DNA replicator
/ First Maturation Division /
Secondary 23 double-structured
Oocyte chromosomes Secondary
spermatocytes
Second Maturation
Mature Division
oocyte 23 single
(22 + X) chromosomes
(22+Y)
A B

Polar bodies
(22 + X)

1st Polar body g

2
@ Secondary oocyte

of mexosm i untnl puberty

% Primary oocyte | [Dormant in dictyotene |

|Arrested in metaphase
| {F {of meiosis II !
" Owulation
| fertilization
Menstruation

2nd polarbody ®

@ Mature oocyte

¢ Inmales primary spermatocytes rise to 4 spermatids each
* Primary oocytes getarrested in, when they enter prophase 1 of meiosis, until puberty

.0 P-Primary oocyte
o P1-Prophase 1
o P-Puberty

00:30:48

o After puberty females will have LH surge and the arrest will be broken as a result the primary oocyte

forms secondary oocyte and 1" polar body
e Secondary oocyte will enter meiosis 2 but gets arrested in metaphase 2 of meiosis 2

© Mnemonic: M2F (Secondary oocyte is arrested at Metaphase 2 until fertilization occurs)

o Iffertilization fails to happen then secondary oocyte gets degenerates, followed by mensturation
o Iffertilization happens, then meiosis 2 will resume, leading to formation of mature oocyte and 2™

polar body.

7/ 1




Ovary at Birth
e This arrest is due to a factor k/a OMI (oocyte maturation inhibitor), which increases the level of
cAMP thereby not allowing the cell to progress to the next stages.

e When puberty hit and LH surge occurs, it reduce level of cAMP and then cell can progress to next

stages.

Testis at Birth

Dormant N -
> Till puberty

PGC

e PGC [Primordial germ cell] are present in Testis (at birth). It remains dormant till puberty.
e Spermatogenesis takes 74 days for completion, oogenesis takes years for completion.

Mitosis ;
@ _ | Oogonium 2n 2N ]
'S' Phase (Ip)
DNA Duplication

Sc @ [primary oocyte | [ 2n,4N | |PPP|

e | @

Maternal & Paternal

chr. (1A) :
® @ [Sec oocyte n,2N|[M/F |

Ovulation
' ———— within (24) H
Fertilization W )

Sister chromatid
Separate

QVUMDX
OO ===

00:37:01

Important Information

o LH surge occurs 36 hrs before ovulation.

e 1"polarbody gets released at LH peak.

o LH peakisachieved approximately 12 hrs before ovulation.

Menstruation

Ovulation

Al

LH Surge;/

Day Day Day

00:48:36




e Menstrual cycle is normally of 28 days.

e Day 14 will be day of ovulation.
o Sudden increase in LH concentration is the LH surge. It occur 36 hrs before Ovulation.

e LH peak occur 12 hrs before ovulation and 1" polar body gets released.

e 2"Polarbody gets released after fertilization.

e Themost fertile 3 days of menstruation are around the days of ovulation.

e Aspermis capable of fertilization for 48hrs or 2 days, after ejaculation in female genital tract.

Bilateral Tubular Blockage

Uterine
cavity

e InBilateral tubular blockage invitro fertilization can be done.

e Itis done by hyper stimulating the ovary using clomiphene citrate, leading to formation of multiple
graafian follicle. Just before ovulation, these graafian follicles are aspirated and secondary oocytes
are removed. '

e Thesesecondary oocytes are mixed with sperm in test tubes.

e One the embryo becomes a morula (8-cell stage), it is implanted into the uterus via transvaginal
route.

e Alsoimplanted at 32 cell stage. But it is difficult process.

Previous Year Question ‘
Q. Which cell undergoing fertilization
A. Primary oocyte in prophase arrest
B. Primary oocyte in metaphase arrest
C. Secondary oocyte in prophase arrest
D. Secondary oocyte in metaphase arrest

Q. Afterentering first meiotic division, primary oocyte remains arrested in which stage?
A. Diplotene
B. Pachytene
C. Metaphase
D. Telophase

Q. Conceptus reaches uterine cavity at which stage
A. lcell
B. 2Cell
C. 16cell
D. 32Cell

7/ 13 Jf




DEVELOPMENTAL PERIOD: WEEK 1 & 2

Introduction

e Ovaryisundergoing ovulation

o The cell found is a secondary oocyte which is undergoing ovulation (surrounded by glycoprotein

membrane)

o

e}

(¢]

This protein membrane is called zona pellucida (acellular structure)
This acellular structure attracts the sperm and helps in fertilization.

Fertilization occurs in the ampulla of the fallopian tubes.

e RolesofZP:

o Prevents abnormal implantation (because it should occur in the uterine cavity).
o Doesn'tallow Polyspermy
o Attracts sperm
o Glycoprotein
o Implantation
3 B i
Development During Week 1 | PSM, Obstetrics & Gynaecology ‘ (00:01:17)
Advanced Morula
Morula -
=~ 30hours
Fimbria
Endome_trium
Days Explanation
Day1 e Zygote (single cell structure) is formed after the fertilization
e [tiscovered by zonapellucida
Day2 e Twocelled stage
Day3 e Multicellular stage (morula-16 celled)
e Butmorulacanbe 12/16/32/58 cell
e Bestanswer: 16 cell stage
Day 4 e Advanced morula (16-64 cells) enters the uterine cavity
e Usually considered as 32 cells

7 14 Jf




End of Day 4 e Thenitwill change into blastocyst formed (end of day 4)
- e Blastocyst has some blast cells with a cyst like cavity
e Itisstill covered by zona pellucida, preventing implantation

Day$s e Blastocyst hatched out of the zona pellucida

Day 6 e The blastocyst will be attached to the endometrium.

e Implantation is a week long process, starting from day 5 and completing on day 12

e Atday 12-+/- 1, uterine placental circulation will also be established.

Q1. Choose the CORRECT sequence of the following embryonic events
A. Cortical reaction — Zona reaction — Acrosome reaction
B. Zonareaction — Acrosome reaction — Cortical reaction
C. Acrosome reaction — Cortical reaction — Zonareaction
D. Acrosome reaction — Zonareaction — Cortical reaction .

Answer C: Acrosome reaction — Cortical reaction — Zona reaction

Explanation:
e Secondary oocyte covered by zona pellucida
o After attaching and binding with zona pellucida, sperm loses the acrosomal cap, releasing enzymes

Acrosome reaction ‘
o Those enzymes will help the sperm penetrate zona pellucida and the sperm membrane will fuse with

the oocyte membrane.
o This will result in the release of calcium membranes and further lead to release of cortical granules

known as the Cortical reaction
e Once cortical granules are released, it changes the permeability of zona pellucida membrane called

as Zonareaction
o Now, zona pellucida will not allow any more sperm to enter the oocyte, hence preventing Polyspermy

Perivitelline
space

Egg plasma

membrane
%ttachment: a
¢ fJ
§ Binding: b
&

"{
4" Acrosome

Cortical j ) reaction: ¢

reaction J
: \ﬂ_ﬁ/ z mtration:d
Zona reacy \:\\‘% !

" ,",:.\\‘k\usion: e

oy
Polyspermy blocking: f %

Zona pellucida

First polar body.

Cortical
geanules
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Implantation

00:09:26

DAY 4

OF ENDOMETRIUM

DAY9 * .

* primary villi

FUNCTIONAL LAYER _, UTERINE

CAVITY

Blastocoele

inner cell
mass
(Embryoblast)

Cyto-trophoblast

Blastodisc

Yolk sac cavity
Amniotic cavity

Lacuna

e Onday4, advanced morula (32 cell) changes at the end of the day into Blastocyst
o [tstarts when the blastocyst comes out from the zona pellucida

e Blastocysthas some blast cells with a cyst like cavity _

e Blastcells of 2 types
o Inner cell mass (Embryoblast)
o Outer cell mass (Trophobast)

— Trophoblast cell helps in placenta formation
e OnDay 6to8, Trophoblastdividesinto Syncytiotrophoblast and Cytotrophoblast
o Syncytiotrophoblast: Structure with cell organelles without cell membrane
— This will help in penetration and attachment to maternal endometrium by the conceptus

o Cytotrophoblast have intact cell boundaries
e Inner cell mass: Embryoblast

o Dorsal cell (Epiblast)

o Ventral cell (Hypoblast)
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