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Competency map: Abdomen and lower limb
Section I. Abdomen

1. Introduction and overview of the abdomen

Abdominal cavity proper (Fig. 1.1)

Pelvic cavity




Perineum

Overview of abdominal viscera (Figs 1.2 and 1.3)

Overview of pelvic viscera (Figs 1.4 and 1.5)

2. Osteology of the abdomen

Lower ribs and costal cartilages

Lumbar vertebrae

Sacrum AN 50.4, AN 53.4

Cocc Fig. 2.12

Hip bone

Bony pelvis

3. Anterior abdominal wall

Surface landmarks

Abdominal planes (Fig. 3.1) AN 44.1

Layers of the anterior abdominal wall AN 44.2

Muscles of the anterior abdominal wall AN 44.6

Rectus sheath AN 44.3

Deep nerves of the anterior abdominal wall AN 44.2

Deep arteries of the anterior abdominal wall

Fascia transversalis

4. Inguinal region/groin, inguinal canal and inguinal triangle



Inguinal region
Inguinal ligament
Subinguinal space (pelvifemoral space)

Inguinal canal (Fig. 4.4) AN

Inguinal triangle (Hesselbach’s triangle) AN 44.4

5. Male external genital organs

Penis AN 46.3

Scrotum
Testis

Epididymis AN 46.2

6. Abdominal cavity and peritoneum

Abdominal cavity

Boundaries of abdominal cavity proper

Shape of abdominal cavity proper

Contents (see Figs 1.2 and 1.3, pages 3 and 4)

Nine regions of the abdominal cavity AN 44.1

Four quadrants of the abdominal cavity

Peritoneum (G. Peritoneum = Stretched over)

Layers

Differences between male and female peritoneums/peritonea (Fig.
6.5)



Peritoneal folds AN 47.2

Peritoneal cavity

Tracing of the peritoneum AN 47.3

Greater sac AN 47.1

Intraperitoneal fossae AN 47.2

Subphrenic spaces/compartments AN 47.4

7. Abdominal part of oesophagus, stomach, and spleen

Abdominal part of the oesophagus

Stomach AN 47.5

Location

Shape

Size and capacity

External features

Relations

Microanatomical features of stomach wall

Internal features (interior of the stomach)

Arterial supply

Venous drainage

Lymphatic drainage

Nerve supply

Spleen AN 47.5




Location

Size, shape, and colour

External features

Relations

Arterial supply (Fig. 7.23)
Venous drainage
Lymphatic drainage
Nerve supply

Segments of the spleen

Development

8. Liver and extrahepatic biliary apparatus

Liver AN 47.5

Location

Shape, size, and colour
External features (Fig. 8.2

Lobes and fissures of the liver (Figs 8.3—8.5)

Peritoneal relations

Ligaments
Relations
Blood supply

Venous drainage



Lymphatic drainage
Nerve supply

Factors keeping the liver in position

Microanatomical structure

Development of liver and biliary apparatus

Extrahepatic biliary apparatus

Components

Imaging of the biliary tract

9. Duodenum, pancreas, and portal vein

Duodenum AN 47.5

Shape and location (Fig. 9.1)

Parts and relations

Interior of the duodenum

Suspensory muscle of duodenum (ligament of treitz)

Duodenal recesses (fossae) AN 47.2

Arterial supply (Fig. 9.10)

Venous drainage

Lymphatic drainage

Nerve supply

Microanatomical features of duodenum AN 52.1

Pancreas AN 47.5




Location (Fig. 9.12)

Size and shape

Parts (subdivisions) and relations

Ducts of the pancreas (Fig. 9.19)

Development (Fig. 9.20)

Arterial supply (Fig. 9.21)

Venous drainage (Fig. 9.22)

Lymphatic drainage

Nerve supply

Portal vein AN 47.8

Formation, course, and branches

Parts and relations (Fig. 9.24)

Tributaries

Portocaval (portosystemic) anastomoses (Figs 9.26 and 9.27) AN
47.10, AN 47.11

10. Small and large intestines

Small intestine AN 47.5

Jejunum and ileum

Large intestine
Parts

Microanatomical features of large intestine




Cardinal (distinguishing) features

Caecum

Vermiform appendix AN 47.5
Colon AN 47.5

Superior and inferior mesenteric vessels

11. Kidneys, ureters, and suprarenal glands

Introduction

Kidneys AN 47.5

Location

External features (Fig. 11.3)

Relations

Capsules (coverings) of kidney

Macroscopic structure

Microanatomical features AN 52.2

Arterial supply

Venous drainage AN 47.8

Lymphatic drainage

Nerve supply

Development of kidney (Fig. 11.17) AN 52.7

Exposure of the kidney from behind

Thoracolumbar fascia (Fig. 11.24) AN 45.1




Ureter AN 47.5

Course (Figs 11.26 and 11.27)

Parts and relations

Sites of anatomical narrowings/constrictions in ureter

Arterial supply

Venous drainage
Lymphatic drainage

Nerve supply

Microanatomical features of ureter AN52.2

Development of ureter (Fig. 11.17) AN 52.7

Suprarenal (adrenal) glands AN 47.5

Location (Fig. 11.33)

External features

Sheaths

Microanatomical features of the suprarenal gland AN 52.1

Arterial supply

Venous drainage

Lymphatic drainage

Nerve supply

12. Posterior abdominal wall and associated structures

Muscles of the posterior abdominal wall AN 45.3




Fasciae of the posterior abdominal wall

Great vessels of the abdomen

Lymphatics and lymph nodes of the posterior abdominal wall (Fig.

12.12)

Nerves of the posterior abdominal wall

Lumbar sympathetic chain (Fig. 12.14)

Autonomic nerve supply of abdominal viscera

13. Pelvis
Bony pelvis (Fig. 13.1)
Regions of the true pelvis and their boundaries

Obstetrical pelvic measurements

Types of the female pelvis AN 53.4

14. Pelvic walls, associated soft tissue structures, and contents

Pelvic walls

Muscles of the pelvis AN 48.1

Pelvic diaphragm (Fig. 14.7) AN 48.1
Pelvic fascia (Fig. 14.9)

Nerves of the pelvis AN 48.4

Vessels of the true pelvis

Contents of true pelvis

Peritoneum in the pelvis




15. Perineum

Boundaries of perineum

Divisions of perineum

Urogenital triangle (anterior perineum)
Anal triangle (posterior perineum)

16. Urinary bladder and urethra

Urinary bladder AN 48.2

Location

Size and shape

External features with peritoneal and other relations (Figs. 16.2 and

16.3)
Supports of the urinary bladder (fixation of the urinary bladder)

Microanatomical features of the urinary bladder AN 52.2

Interior of the bladder (Fig. 16.8)

Arterial supply
Venous drainage

Lymphatic drainage

Nerve supply (Fig. 16.

Development

Urethra

Male urethra (Fig. 16.12) AN 48.2




Female urethra

17. Male genital organs

Male internal genital organs AN 48.2

Prostate

Seminal vesicles

Ejaculatory ducts

Vasa deferentia (deferent ducts)

18. Female genital organs

Internal genital organs AN 48.2
Ovaries

Uterine tubes (fallopian tubes)

Uterus
Vagina
External genital organs (Fig. 18.23)

19. Rectum and anal canal

Rectum AN 48.2

Location

Extent and course

Curvatures (flexures of the rectum)

Relations of the rectum (Fig. 19.4)




Interior of the rectum

Arterial supply (Fig. 19.8)

Venous drainage

Lyvmphatic drainage (Fig. 19.10

Nerve supply

Supports of the rectum
Anal canal AN 48.2

Location

Extent and course

Relations

Interior of the anal canal (Fig. 19.11)

Anal sphincters (Fig. 19.12)

Surgical spaces related to the anal canal

Arterial supply

Venous drainage

Lymphatic drainage

Development

20. Surface anatomy of abdomen

Stomach AN 55.2

Duodenum AN 55.2

Spleen AN 55.2



Liver AN 55.2

Gall bladder AN 55.2

Bile duct/common bile duct

Pancreas

Small intestine

Large intestine

Kidneys and ureters AN 55.2

Abdominal aorta

Inferior vena cava

Portal vein

Section I1. Lower Limb

21. Introduction and overview of the lower limb
Parts/regions
Bones
Muscles
Nerves
Arteries (Fig. 21.8)

Veins

Lymphatics and lymph nodes

22. Bones of the lower limb




Hip bone (OS coxae, OS innominatum) AN 53.1, AN 14.1
Features and attachments (Figs. 22.1 and 22.2)

Femur

Patella (knee cap)
Tibia (shinbone)

Fibula

Skeleton of the foot (Figs. 22.24 and 22.25) AN 14.2

Tarsal bones

Metatarsal bones

Phalangeal bones

23. Front of the thigh: Femoral triangle, femoral canal, and adduc tor canal
Surface landmarks (Fig. 23.1) AN 20.7
Superficial fascia
Deep fascia of the thigh/fascia lata AN 20.3
Fascial compartments of the thigh (Fig. 23.8
Anterior compartment of the thigh AN 15.2

Femoral triangle AN 15.3

Femoral sheath

Adductor canal (Subsartorial canal/Hunter’s canal) AN 15.5

Femoral nerve (Fig. 23.24)

Femoral artery (Fig. 23.2



24. Medial side of the thigh
Boundaries of adductor compartment of thigh

Contents of adductor compartment of thigh

Muscles

Obturator nerve (Fig. 24.6)

Obturator artery

25. Gluteal region (hip)
Surface landmarks (Fig. 25.1) AN 20.7

Superficial fascia

Cutaneous nerves (Fig. 25.4)

Cutaneous arteries and lymph vessels

Deep fascia (Fig. 25.5)

Gluteal ligaments (Fig. 25.6)

Muscles of the gluteal region

Major muscles of gluteal region

Minor muscles of gluteal region

Arteries of the gluteal region

Nerves of the gluteal region AN 16.1 (Fig. 25.7)

26. Back of the thigh and popliteal fossa

Back of the thigh



Cutaneous innervation

Contents of posterior compartment of the thigh AN 16.4

Muscles on the back of the thigh

Sciatic nerve AN 16.5

Arteries supplying posterior compartment of the thigh
Popliteal fossa AN 16.6

Boundaries (Fig. 26.14)
Contents (Fig. 26.1

Salient features of the principal contents

Genicular anastomosis around knee joint (Fig. 26.21)

27. Hip joint

Articular surfaces

Ligaments

Stability of the hip joint

Relations of the hip joint (Fig. 27.8

Bursae around the hip joint (Fig. 27.9)

Arterial supply

Nerve supply

Movements

28. Front of the leg and dorsum of the foot




Front of the leg

Surface landmarks (Fig. 28.1) AN 20.7

Anterior (extensor) compartment of the leg AN 18.1

Muscles of the anterior compartment of the leg (Fig. 28.7)

Dorsum of the foot

29. Lateral and medial sides of the leg

Lateral side of the leg

Lateral compartment of the leg

Peroneal retinacula (Fig. 29.2) AN 20.3

Peroneal muscles

Superficial peroneal nerve (musculocutaneous nerve of the leg)

Medial side of the leg

30. Back of the leg

Bony framework (Fig. 30.1)

Superficial fascia and its contents

Posterior compartment of the leg

Muscles of the posterior compartment of the leg

31. Sole of the foot

Skin

Superficial fascia




Deep fascia/plantar fascia

Muscles of the sole of the foot

Plantar nerves

Plantar arteries (Figs 31.11 and 31.12)

32. Arches of the foot

Definition

Types of arches

Functions of the arches

33. Joints of the lower limb

Knee joint AN 18.4

Tibiofibular joints (Fig. 33.12) AN 20.1

AnKkle joint (talocrural joint) AN 20.1

Joints of the foot AN 20.2

Summary of joints of lower limb

34. Venous drainage, lymphatic drainage and dermatomes of the lower limb

Venous drainage of the lower limb AN 20.3

Classification of the veins

Lymphatic drainage of the lower limb AN 20.3
Lymph nodes
Lymphatics



Dermatomes of the lower limb AN 20.3

35. Overview of innervation of the lower limb

Nerves of the lower limb: An overview

Cutaneous innervation of the lower limb (Fig. 35.9)

Sympathetic innervation of the lower limb

36. Surface anatomy of lower limb

Blood vessels AN 20.9

Nerves AN 20.9

Miscellaneous

Multiple choice questions: Abdomen and lower limb

Index
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Preface to the fourth edition

It is a matter of great pride to present before you all the fourth edition of
Textbook of Anatomy: Abdomen and Lower Limb, Volume II to view. This
book is widely used not only in India but abroad also by the undergraduate
and postgraduate students of anatomy. The popularity of this book reflects
the appeal of its concept-building approach and easy to understand language
with clearly drawn figures. This approach has been retained in this edition as
well. Based on a large number of suggestions, criticisms and comments
received from the students and fellow academicians, the following major
changes have been done.

The competency codes are integrated within the text in accordance with the
competency-based curriculum of anatomy as per the revised guidelines of
National Medical Commission (NMC).

In this edition new features such as addition of competencies along with
codes in learning objectives, new facts to remember, new line diagrams, half-
tone diagrams, ultrasonographs, CT scans, MRIs, tables, and flowcharts have
been included.

Most of the diagrams are completely revised and redrawn by the Author
himself for easy understanding and reproducibility in the exam.

The chapters on Anterior Abdominal wall; Liver and Extrahepatic Biliary
Apparatus, Kidneys, Ureter, and Suprarenal Glands; Pelvis; Urinary Bladder
and Urethra; Male Genital Organs; Female Genital Organs; and Lateral and
Medial Sides of the Leg have been significantly revised.

The clinical correlations providing anatomical basis of common clinical
conditions have been presented in boxes, to provide clinical orientation to
students, which will help them immensely during their clinical years.

Anatomical, embryological, histological and radiological basis of case
studies are discussed at the end of each chapter to help students during their
early clinical exposure.

In addition, complimentary access to online chapter-wise image bank along
with complete e-book is also provided.



I sincerely hope that with changes made in this edition will make this book
more interesting and useful than the previous one. I would highly appreciate
to receive fair comments, both good and bad, from students and teachers.

“Anatomy Provides Basis of Clinical Practice.”

Vishram Singh



Preface to the first edition

Vishram Singh

This textbook on abdomen and lower limb has been carefully planned for the
first year MBBS students. It follows the revised anatomy curriculum of the
Medical Council of India. Following the current trends of clinically-oriented
study of Anatomy, I have adopted a parallel approach — that of imparting
basic anatomical knowledge to students and simultaneously providing them
its applied aspects.

To help students score high in examinations the text is written in simple
language. It is arranged in easily understandable small sections. While
anatomical details of little clinical relevance, phylogenetic discussions, and
comparative analogies have been omitted, all clinically important topics are
described in detail. Brief accounts of histological features and developmental
aspects have been given only where they aid in understanding of gross form
and function of organs and appearance of common congenital anomalies. The
tables and fl owcharts summarize important and complex information into
digestible knowledge-capsules. Multiple choice questions have been given
chapter-by-chapter at the end of the book to test the level of understanding
and memory recall of the students. The numerous simple 4-color illustrations
further assist in fast comprehension and retention of complicated
information. All the illustrations are drawn by the author himself to ensure
accuracy.

Throughout the preparation of this book one thing I have kept in mind is
that anatomical knowledge is required by clinicians and surgeons for physical
examination, diagnostic tests, and surgical procedures. Therefore,
topographical anatomy relevant to diagnostic and surgical procedures is
clinically correlated throughout the text. Further, Clinical Case Study is
provided at the end of each chapter for problem-based learning (PBL) so that



the students could use their anatomical knowledge in clinical situations.
Moreover, the information is arranged regionally since while assessing
lesions and performing surgical procedures, the clinicians encounter region-
based anatomical features. Due to propensity of fractures, dislocations, and
peripheral nerve lesions in the lower limb there is in-depth discussion on
joints and peripheral nerves. Similarly due to high incidence of abdominal
hernias and tumors involving abdominopelvic viscera, the inguinal region and
abdominal viscera are described in detail.

As a teacher, I have tried my best to make the book easy to understand and
interesting to read. For further improvement of this book I would greatly
welcome comments and suggestions from the readers.
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Competency map: Abdomen and
lower limb

Competency Core Chapter Page
code Competency (Y/N) Nos. Nos.
ABDOMEN

Topic: Anterior Abdominal Wall

AN 441 Describe and demonstrate Y 3 23,
the planes (transpyloric, 6 24
transtubercular, subcostal, 68—
lateral vertical, linea alba, 69
linea semilunaris), regions
and quadrants of
abdomen.

AN 44.2 Describe and identify the Y 3 25—
Fascia, nerves abdominal 30,
wall and blood vessels of 37—
anterior. 39

AN 44.3 Describe the formation of Y 3 35—
rectus sheath and its 37
contents.

AN 44.4 Describe and demonstrate Y 4 44—
extent, boundaries, 48
contents of Inguinal canal
including Hesselbach’s
triangle.

AN 44.5 Explain the anatomical Y 4 48—
basis of inguinal hernia. 50

[ [ [




AN 44.6 Describe and demonstrate 3 30—
attachments of muscles of 35
anterior abdominal wall.

AN 44.7 Enumerate common 3 30—
abdominal incisions. 40

Topic: Posterior Abdominal Wall

AN 45.1 Describe thoracolumbar 11 163
fascia. 164

AN 45.2 Describe and demonstrate 12 185
lumbar plexus for its root 186
value, formation and
branches.

AN 45.3 Mention the major 12 174
subgroups of back 178
muscles, nerve supply and
action.

Topic: Male External Genitalia

AN 46.1 Describe and demonstrate 5 59—
coverings, internal 65
structure, side
determination, blood
supply, nerve supply,
lymphatic drainage and
descent of testis with its
applied anatomy.

AN 46.2 Describe parts of 5 63
epididymis.

AN 46.3 Describe Penis under 5 52—
following headings: (parts, 58
components, blood supply
and lymphatic drainage).

AN 46.4 Explain the anatomical 5 62
basis of varicocoele. 10 146

AN 46.5 Explain the anatomical 5 55

basis of phimosis and
circumecision.




Topic: Abdominal Cavity

AN 47.1 Describe and identify 6 70,
boundaries and recesses of 81,
lesser and greater sac. 82
AN 47.2 Name and identify various 6 70—
peritoneal folds and o] 76,
pouches with its 70—
explanation. 84,
120
AN 47.3 Explain anatomical basis 6 77
of ascites and peritonitis.
AN 47.4 Explain anatomical basis 6 80
of subphrenic abscess.
AN 47.5 Describe and demonstrate 7-11 85+
major viscera of abdomen 94,
under following headings 94—
(anatomical position, 98,
external and internal 100
features, important 108
peritoneal and other 109
relations, blood supply, 111,
nerve supply, lymphatic 116
drainage and applied 122
aspects). 122
128
133
136
142
145
145
149
153
163
163
169
169

172




AN 47.6 Explain the anatomical 7 05,
basis of: Splenic notch, 8 98,
Accessory spleens, Kehr’s 9 98,
sign, Different types of 3, 03—
vagotomy, Liver biopsy 10 94
(site of needle puncture), 11 107,
Referred pain in 7 113,
cholecystitis, Obstructive 114
jaundice, Referred pain 128
around umbilicus, 26
Radiating pain of kidney to 161
groin and Lymphatic 92
spread in carcinoma
stomach.

AN 47.7 Mention the clinical 8 113
importance of Calot’s
triangle.

AN 47.8 Describe and identify the o] 128
formation, course 11 132
relations and tributaries of 12 160
portal vein, inferior vena 182
cava and renal vein. 183

AN 47.9 Describe and identify the 10 149—
origin, course, important 12 151
relations and branches of 178+-
abdominal aorta, coeliac 181
trunk, superior
mesenteric, inferior
mesenteric and common
iliac artery.

AN 47.10 Enumerate the sites of o) 130—
portosystemic 137
anastomosis.

AN 47.11 Explain the anatomic basis 3 29
of hematemesis and caput o] 130,
medusae in portal 132
hypertension.




AN 47.12 Describe important nerve N 12 185
plexuses of posterior 188
abdominal wall.

AN 47.13 Describe and demonstrate Y Refer
the attachments, openings, Textbook
nerve supply and action of of
the thoracoabdominal Anatomy:
diaphragm. Upper

Limb and
Thorax,
Vol. 1, 4e
by
Vishram
Singh, Ch
15, pages
197—201

AN 47.14 Describe the abnormal N Refer
openings of Textbook
thoracoabdominal of
diaphragm and Anatomy:
diaphragmatic hernia. Upper

Limb and
Thorax,
Vol. 1, 4e
by
Vishram
Singh, Ch
15, pages
197, 201

Topic: Pelvic Wall and Viscera

AN 48.1 Describe and identify the Y 14 202
muscles of pelvic 204
diaphragm.

AN 48.2 Describe and demonstrate Y 16-19 224
the (position, features, 235
important peritoneal and 236
other relations, blood 241




supply, nerve supply, 245
lymphatic drainage and 249
clinical aspects of) 251
important male and 250
female pelvic viscera. 263

279

AN 48.3 Describe and demonstrate 14 208
the origin, course, 209
important relations and
branches of internal iliac
artery.

AN 48.4 Describe the branches of 14 204
sacral plexus. 206

AN 48.5 Explain the anatomical 16—1 230
basis of suprapubic 233
cystostomy, urinary 241
obstruction in benign 243
prostatic hypertrophy, 250
retroverted uterus, 259
prolapse uterus, internal 272
and external
haemorrhoids, anal fistula,
vasectomy, tubal
pregnancy and tubal
ligation.

AN 48.6 Describe the neurological 16 230
basis of automatic bladder.

AN 48.7 Mention the lobes 17 241
involved in benign 242
prostatic hypertrophy and
prostatic cancer.

AN 48.8 Mention the structures 18, 261
palpable during vaginal 19 266
and rectal examination.

Topic: Perineum

AN 49.1 Describe and demonstrate 15 214
the superficial and deep 219




perineal pouch

%escribe and identify '

AN 49.2 15 218
perineal body.
AN 49.3 Describe and demonstrate 15 213
perineal membrane in 214
male and female. 217
218
AN 49.4 Describe and demonstrate 15 219
boundaries, content and 221
applied anatomy of
ischiorectal fossa.
AN 49.5 Explain the anatomical 15 218
basis of perineal tear, 19 220
episiotomy, perianal 272
abscess and anal fissure.
Topic: Vertebral Column
AN 50.1 Describe the curvatures of Refer
the vertebral column. General
Anatomy
with
Systemic
Anatomy,
Radiological
Anatomy
Medical
Genetics,
4e by
Vishram
Singh, Ch
8, page
108
AN 50.2 Describe and demonstrate 13 191
the type, articular ends, 192

ligaments and movements
of Intervertebral joints,
sacroiliac joints and pubic




| : |
Deseribe limbar puncture

AN 50.3 Y Refer
(site, direction of the Textbook
needle, structures pierced of
during the lumbar Anatomy:
puncture). Head,
Neck and
Brain, Vol
3, 4e by
Vishram
Singh, Ch
20, page
294 and
Textbook
of Clinical
Neuroanatomy,
4e by
Vishram
Singh Ch
7, page 58
AN | Explain the anatomical basis of 2 14
50.4| scoliosis, lordosis, prolapsed
disc, spondylolisthesis and spina
bifida.
Topic: Sectional Anatomy
AN | Describe and identify the cross- 9 Fig.
51.1 | section at the level of T8, T10 9.12B
and L1 (transpyloric plane).
AN | Describe and identify the 16,18
51.2 | midsagittal section of male and
female pelvis.
Topic: Histology and Embryology
AN | Describe and identify the o] 121
52.1 | microanatomical features of 10 144
gastro-intestinal system: 11 170




oesophagus, fundus of stomach, Also
pylorus of stomach, duodenum, refer
jejunum, ileum, large intestine, Selective
appendix, liver, gall bladder, Anatomy,
pancreas and suprarenal gland. Vol 2,
2e by
Vishram
Singh
AN | Describe and identify the 11 158,
52.2| microanatomical features of: 16 167
Urinary system: kidney, ureter Also 227
and urinary bladder male refer 228
reproductive system: testis, Selective
epididymis, vas deferens, Anatomy,
prostate and penis, female Vol 2,
reproductive system: ovary, 2e by
uterus, uterine tube, cervix, Vishram
placenta and umbilical cord. Singh
AN | Describe and identify the Ch 7, page 87
52.3 | microanatomical features of
cardiooesophageal junction,
corpus luteum.
AN | Describe the development of Refer Textbook
52.4| anterior abdominal wall. of General
Embryology,
3e by Vishram
Singh, Ch o,
page 115
AN | Describe the development and Refer Textbook
52.5| congenital anomalies of of General
diaphragm. Embryology,
3e by Vishram
Singh, Ch 21,
pages 226—231
AN | Describe the development and 10 136
52.6| congenital anomalies of: foregut, Also
midgut and hindgut. refer




Textbook
of

General

Embryology,

3e by
Vishram
Singh

52.7

Describe the development of
urinary system.

11

Also
refer
Textbook
of

General

Embryology,

3e by
Vishram
Singh,
Ch 24,
pages
275—
288

160,
169

52.8

Describe the development of
male and female reproductive
system.

Refer Textbook

of General

Embryology,

3e by Vishram

Singh, Ch 25,

pages 200—308

Topic: Osteology

AN
531

Identify and hold the hip bone in
the anatomical position.
Describe the salient features,
articulations and demonstrate
the attachments of muscle
groups.

|I\'J N
N

19
200

295

53.2

Demonstrate the anatomical
position of bony pelvis and show
boundaries of pelvic inlet, pelvic
cavity, pelvic outlet.

&

191




AN | Define true pelvis and false 13 191+
53.3| pelvis and demonstrate sex 198
determination in male and
female bony pelvis.
AN | Explain and demonstrate clinical 2 13,
53.4| importance of bones of 14
abdominopelvic region
(sacralization of lumbar
vertebra, lumbarization of 1st
sacral vertebra, tys of bony pelvis
and coccyx).
Topic: Radiodiagnosis
AN | Describe and identify features of 11 168
54.1 | plain X ray abdomen. Also
refer
General
Anatomy
with
Systemic
Anatomy,
Radiological
Anatomy
Medical
Genetics,
4e by
Vishram
Singh
AN | Describe and identify the special 8 113
54.2| radiographs of abdominopelvic 11 167
region (contrast X ray barium Also
swallow, barium meal, barium refer
enema, cholecystography, Textbook
intravenous pyelography and of
hysterosalpingography). Anatomy:
Upper
Limb




and

Thorax,
Vol. 1,
4e by
Vishram
Singh
for
contrast
X ray
barium
swallow
and
barium
meal
AN | Describe role of ERCP, CT N 8 113
54.3| abdomen, MRI, arteriography in 9 122
radiodiagnosis of abdomen. 11 172
Topic: Surface Marking
AN | Demonstrate the surface Y 3 23—
55.1 | marking of: regions and planes 6 25,
of abdomen, superficial inguinal 71—
ring, deep inguinal ring, 73
mcburney’s point, renal angle
and Murphy’s point.
AN | Demonstrate the surface Y 11 162+
55.2| projections of: stomach, liver, 20 163
fundus of gall bladder, spleen, 274
duodenum, pancreas, ileocaecal 278
junction, kidneys and root of
mesentery.
LOWER LIMB
Topic: Features of Individual Bones (Lower Limb)
AN | Identify the given bone, its side, Y 22 200
14.1 | important features and keep it in 310
anatomical position.
AN | Identify and describe joints Y 27,33 424




M2 | ISR Y SRS R o Y 22 301,
14.3 | ossification of lower end of 307
femur and upper end of tibia.
AN | Identify and name various bones N 22 310+
14.4 | in the articulated foot with 316
individual muscle attachment.
Topic: Front and Medial Side of Thigh
AN | Describe and demonstrate Y 23 331-
15.1 | origin, course, relations, 24 334
branches (or tributaries), 339
termination of important nerves 342
and vessels of anterior thigh.
AN | Describe and demonstrate major Y 23 322
15.2 | muscles with their attachment, 24 326
nerve supply and actions. 336
339
AN | Describe and demonstrate Y 23 326
15.3 | boundaries, floor, roof and 328
contents of femoral triangle.
AN | Explain anatomical basis of N 23 329
15.4 | psoas abscess and femoral
hernia.
AN | Describe and demonstrate Y 23 330
15.5 | adductor canal with its content.
Topic: Gluteal Region and Back of Thigh
AN | Describe and demonstrate Y 25 352
16.1 | origin, course, relations, 353
branches (or tributaries),
termination of important nerves
and vessels of gluteal region.
AN | Describe anatomical basis of Y 25 353
16.2 | sciatic nerve injury during
gluteal intramuscular injections.
AN | Explain the anatomical basis of Y 25 351
16.3 | Trendelenburg sign.




AN | Describe and demonstrate the Y 26 355
16.4 | hamstrings group of muscles 358
with their attachment, nerve
supply and actions.
AN | Describe and demonstrate the Y 26 358
16.5 | origin, course, relations, 362
branches (or tributaries),
termination of important nerves
and vessels on the back of thigh.
AN | Describe and demonstrate the Y 26 362
16.6 | boundaries, roof, floor, contents 367
and relations of popliteal fossa.
Topic: Hip Joint
AN | Describe and demonstrate the Y 27 368
17.1 | type, articular surfaces, capsule, 375
synovial membrane, ligaments,
relations, movements and
muscles involved, blood and
nerve supply, bursae around the
hip joint.
AN | Describe anatomical basis of N 27 374
17.2 | complications of fracture neck of
femur.
AN | Describe dislocation of hip joint N 27 373,
17.3 | and surgical hip replacement. 375
Topic: Knee joint, Anterior Compartment of Leg and
Dorsum of Foot
AN | Describe and demonstrate major Y 28 380
18.1 | muscles of anterior 382
compartment of leg with their
attachment, nerve supply and
actions.
AN | Describe and demonstrate Y 28 382
18.2| origin, course, relations, 388

branches (or tributaries),
termination of important nerves
and vessels of anterior




compartment of leg. | |

AN | Explain the anatomical basis of Y 457
18.3 | foot drop.
AN | Describe and demonstrate the Y 424
18.4| type, articular surfaces, capsule,
synovial membrane, ligaments,
relations, movements and
muscles involved, blood and
nerve supply, bursae around the
knee joint.
AN | Explain the anatomical basis of Y 432
18.5 | locking and unlocking of the
knee joint.
AN | Describe knee joint injuries with N 433
18.6| its applied anatomy.
AN | Explain anatomical basis of osteoarthritis. 3 433
18.7
Topic: Back of Leg and Sole
AN | Describe and demonstrate the major 0 398
19.1 | muscles of back of leg with their 404
attachment, nerve supply and actions.
AN | Describe and demonstrate the origin, 0 404
19.2 | course, relations, branches (or 406
tributaries), termination of important
nerves and vessels of back of leg.
AN | Explain the concept of “peripheral heart”. 0 400
19.3
AN | Explain the anatomical basis of rupture of 0 400
19.4 | calcaneal tendon.
AN | Describe factors maintaining importance 2 418
19.5 | arches of the foot with its importance. 422
AN | Explain the anatomical basis of flat foot 2 422

19.6

and club foot.




AN | Explain the anatomical basis of ‘ N ‘ i 409
19.7 | metatarsalgia and plantar fasciitis. 2 421
Topic: General Features, Joints, Radiographs and Surface
Marking
AN | Describe and demonstrate the type, Y 33 433
20.1 | articular surfaces, capsule, synovial 441
membrane, ligaments, relations,
movements and muscles involved, blood
and nerve supply of tibiofibular and ankle
joint.
AN | Describe the subtalar and transverse N 33 438
20.2 | tarsal joints. 439
AN | Describe and demonstrate fascia lata, Y 320
20.3 | venous drainage, lymphatic drainage, 8 379
retinacula and dermatomes of lower limb. 390
0 397
443
448
450
458
AN | Explain anatomical basis of enlarged N 34 450
20.4 | inguinal lymph nodes.
AN | Explain anatomical basis of varicose veins Y 34 447
20.5 | and deep vein thrombosis.
AN | Identify the bones and joints of lower Y 27 425
20.6 | limb seen in anteroposterior and lateral 33 435
view radiographs of various regions of
lower limb.
AN | Identify and demonstrate important bony Y| 23 317
20.7 | landmarks of lower limb: 25 344
28 376
« Vertebral levels of highest point of
iliac crest, posterior superior iliac
spines, iliac tubercle, pubic
tubercle, ischial tuberosity,
adductor tubercle.
- Tibial tuberosity, head of fibula.




« Medial and lateral malleoli,
condyles of femur and tibia,
sustentaculum tali, tuberosity of
fifth metatarsal, tuberosity of the
navicular.

AN | Identify and demonstrate palpation of 30, 403
20.8 | femoral, popliteal, posterior tibial, 36 404
anterior tibial and dorsalis pedis blood 467
vessels in a simulated environment.
AN | Identify and demonstrate palpation of 36 462
20.9 | vessels (femoral, popliteal, dorsalis pedis, 467
posterior tibial), mid inguinal point,
Surface projection of: femoral nerve,
saphenous opening, sciatic, tibial,
common peroneal, and deep peroneal
nerve, great and small saphenous veins.
AN | Describe basic concept of development of 21 283
20.10| lower limb.




List of Illustrations

FIG. 1.1 m Abdominal cavity

FIG. 1.2 m Organs occupylng the anterior part of the abdominal cavity.

FIG. 1.3 m Organs occupying the posterior part of the abdominal cavity. (The
broken line shows the position of the stomach.)

FIG. 1.4 m Structures present in the male pelvis.

FIG. 1.5 m Structures present in the female pelvis.

FIG. 2.1 _m Skeleton of the abdomen and pelvis.

FIG. 2.2 m Typical lumbar vertebra: (A) superior view; (B) lateral view; (C)
posterior view.

FIG. 2.3 m Fifth lumbar vertebra: (A) as seen from above; (B) as seen from
the side.

FIG. 2.4 m Quadrangular figures formed by joining the articular process of
lumbar vertebra.

FIG. 2.5 m Attachments of the lumbar vertebra.

FIG. 2.6 = Spondylolisthesis of fifth lumbar vertebra (forward displacement
of L5 vertebral body over the sacrum).

FIG. 2.7 m Scottish dog appearance of spondylolisthesis on the oblique
radiograph.

FIG. 2.8 m Posterolateral disc prolapse.

FIG. 2.9 m General features of the sacrum: (A) pelvic surface; (B) dorsal
surface; (C) lateral surface.

FIG. 2.10 m Structure related to the smooth medial part of the ala of sacrum.
FIG. 2.11 m Special features of the sacrum: (A) pelvic surface; (B) dorsal
surface and (C) lateral surface.

FIG. 2.12 m Coccyx: (A) pelvic surface; (B) dorsal surface.

FIG. 2.13 m Hip bone: (A) lateral view; (B) medial view (ASIS = anterior
superior iliac spine, PSIS = posterior superior iliac spine).

FIG. 3.1 m Bony landmarks and planes of the abdomen.

FIG. 3.2 m Soft tissue landmarks on the front of abdomen.

FIG. 3.3 m Soft tissue landmarks of the abdomen and their relationship with




gallbladder and spermatic cord.

FIG. 3.4 m Nine layers of anterior abdominal wall in the infraumbilical
region, as seen in a longitudinal section.

FIG. 3.5 m Cleavage (Langer’s) lines/crease lines on the anterior abdominal
wall.

FIG. 3.6 m Four embryological remnants at the umbilicus.

FIG. 3.7 m Congenital umbilical hernia.

FIG. 3.8 m Extent of the membranous layer of superficial fascia of the
abdomen (Scarpa’s fascia): (A) as seen in anterior view and (B) as seen in
sagittal section.

FIG. 3.9 m Attachment of the membranous layer of superficial fascia.

FIG. 3.10 m Rupture of urethra in perineum and collection of extravasated
urine in superficial perineal pouch and superficial inguinal space.

FIG. 3.11 m Cutaneous nerves of the anterior abdominal wall.

FIG. 3.12 m Dermatomes on the anterior abdominal wall.

FIG. 3.13 m Arteries of the anterior abdominal wall (FA = femoral artery).
FIG. 3.14 m Superficial veins of the anterior abdominal wall.

FIG. 3.15 m Subcutaneous venous collateral circulation: (A) formation of
caput medusae in portal obstruction and (B) formation of thoracoepigastric
vein in caval obstruction. (The arrows indicate the direction of blood flow in
superior vena cava obstruction on the right side and in inferior vena cava
obstruction on the left side.)

FIG. 3.16 = Superficial lymphatics of the anterior abdominal wall.

FIG. 3.17 m External oblique muscle.

FIG. 3.18 m Internal oblique muscle.

FIG. 3.19 m Origin and insertion of transversus abdominis muscle.

FIG. 3.20 m Schematic diagram to show cremaster muscle.

FIG. 3.21 m Neural pathway for cremasteric reflex.

FIG. 3.22 m Origin and insertion of rectus abdominis (right side).

FIG. 3.23 m Anterior and posterior walls of rectus sheath as seen in sagittal
section. Note: Tendinous intersections are attached only to the anterior wall.
FIG. 3.24 m Posterior wall of the rectus sheath.

FIG. 3.25 m Formation of the rectus sheath as seen in transverse sections
through rectus abdominis and its sheaths at three different levels: (A) above
the costal margin, (B) between costal margin and arcuate line, and (C) below
the arcuate line (EO = external oblique, I0 = internal oblique, TA =
transversus abdominis).

FIG. 3.26 m Nerves and arteries within the rectus sheath. Also note the




course taken by lower five intercostal, subcostal, iliohypogastric, and
ilioinguinal nerves.

FIG. 3.27 m Divarication of the recti abdominis.

FIG. 3.28 = Epigastric hernia.

FIG. 3.29 m Iliohypogastric and ilioinguinal nerves.

FIG. 3.30 m Fascia transversalis and its continuations as seen in: (A)
coronal section and (B) transverse section. (L = lumbar vertebra).

FIG. 3.31 m Common abdominal incisions.

FIG. 3.32 m Paramedian abdominal incision (arrow) and course of
intercostal nerve.

FIG. 3.33 m Parts of hernia.

FIG. 4.1 m Inguinal ligament and its extensions. Figure in the inset shows
formation of inguinal ligament and its attachment to the fascia lata. (AEO =
aponeurosis of external oblique; FL = fascia lata; IL = inguinal ligament).
FIG. 4.2 mIliopubic tract.

FIG. 4.3 m Subinguinal space (pelvifemoral space) and structures passing
through it.

FIG. 4.4 m Surface marking of the inguinal canal.

FIG. 4.5 m Boundaries of the inguinal canal: (A) anterior and posterior walls
as seen in coronal section and (B) roof and floor as seen in sagittal section.
FIG. 4.6 m Schematic diagrams to show the formation of the walls of
inguinal canal from outside inwards: (A) external oblique, (B) internal
oblique, (C) transversus abdominis, and (D) fascia transversalis. The
formation of anterior and posterior walls and location of inguinal rings can
easily be deduced from these figures.

FIG. 4.7 m Constituents of spermatic cord.

FIG. 4.8 m Coverings and contents of the spermatic cord.

FIG. 4.9 = Structures protecting the anterior and posterior walls of the
inguinal canal.

FIG. 4.10 m Interfoveolar ligament.

FIG. 4.11 = Boundaries of the inguinal (Hesselbach’s) triangle.

FIG. 4.12 m Indirect inguinal hernia: (A) an incomplete inguinal hernia
producing a bulge in the left groin but not extending into the scrotum called
bubonocele and (B) a complete inguinal hernia in the left groin extending
into the scrotum, obscuring the testis.

FIG. 4.13 = Relationship of inguinal and femoral hernia.

FIG. 4.14 m Coverings of the indirect inguinal hernia.

FIG. 4.15 = Coverings of the direct inguinal hernia: (A) lateral direct




inguinal hernia and (B) medial direct inguinal hernia.

FIG. 5.1 m Penis as seen in sagittal section.

FIG. 5.2 m Parts of the penis: (A) as seen from ventral (urethral) aspect; (B)
as seen in sagittal section.

FIG. 5.3 m Muscles covering the parts of the root of penis as seen from the
ventral (urethral) aspect of the penis.

FIG. 5.4 m Body of penis profile, view.

FIG. 5.5 m Transverse section through the body of the penis.

FIG. 5.6 m Schematic diagram to show glans penis, prepuce, preputial sac,
and frenulum of the penis.

FIG. 5.7 m Circumcision: (A) separation of the foreskin from the glans, (B)
the diagram showing the surgical removal of the foreskin called circumcision.
FIG. 5.8 = Ligaments of the penis.

FIG. 5.9 m Dorsal nerve and vessels of the penis after removal of deep fascia
of the penis (Buck’s fascia).

FIG. 5.10 m Superficial vessels of the penis.

FIG. 5.11 m Inferior aspects of the scrotum and penis showing median raphe.
FIG. 5.12 m Layers of the scrotum and structures present within it.

FIG. 5.13 m Nerve supply of the scrotum: (A) cutaneous nerves of the
scrotum anterior view; (B) lateral view showing segmental innervation.

FIG. 5.14 m External features of the testis (left testis as seen from the lateral
aspect).

FIG. 5.15 m Transverse section of the left testis and its surrounding
structures to show the coverings of the testis.

FIG. 5.16 = Hydrocele.

FIG. 5.17 m Longitudinal section of the testis and epididymis showing their
structures.

FIG. 5.18 m Testicular arteries.

FIG. 5.19 m Venous drainage of the testis.

FIG. 5.20 m The right testicular venogram showing pampiniform plexus and
testicular veins.

FIG. 5.21 = Lymphatic drainage of the testis.

FIG. 5.22 m Embryological remnants in relation to testis and epididymis.
FIG. 5.23 m Descent of the testis (stages A—D in sequence); note the fate of
processus vaginalis.

FIG. 5.24 m (A) Five sites of cryptorchidism (incomplete descent); (B) four
sites of ectopic testis.

FIG. 6.1 m Median/Sagittal section of body showing oblong abdominal




cavity.

FIG. 6.2 m Nine regions of the abdomen.

FIG. 6.3 m Four quadrants of the abdomen.

FIG. 6.4 m Transverse section of the abdomen showing kidney-shaped
abdominal cavity and arrangement of the peritoneum (V = vertebra).

FIG. 6.5 m Peritoneal cavity A, In the male and B, in the female.

FIG. 6.6 m Process of zygosis.

FIG. 6.7 m Schematic diagram showing three parts of the primitive gut with
their arteries and mesenteries.

FIG. 6.8 m Derivatives of ventral and dorsal mesogastria.

FIG. 6.9 m Transverse sections of developing foregut showing ventral and
dorsal mesogastria and their derivatives. A, Early stage and B, later stage.
FIG. 6.10 m Fate of dorsal mesentery of midgut and hindgut.

FIG. 6.11 m Greater omentum.

FIG. 6.12 m Stages of development of greater omentum (P = pancreas).
FIG. 6.13 m Attachments and contents of the lesser omentum.

FIG. 6.14 m Structures crossed by the root of the mesentery.

FIG. 6.15 m Attachments of the root of transverse mesocolon.

FIG. 6.16 m Attachments of the root of sigmoid mesocolon.

FIG. 6.17 m Attachments of the falciform ligament.

FIG. 6.18 m Attachments of the peritoneum on the posterior abdominal
wall. Note the division of peritoneal cavity into greater sac (orange colour)
and lesser sac (light blue colour).

FIG. 6.19 m Sagittal section of the abdominopelvic cavity (female) to show
the vertical disposition of peritoneum (SI = small intestine; S = stomach; TC
= transverse colon).

FIG. 6.20 m Horizontal section through supracolic compartment of the
abdomen showing horizontal disposition of peritoneum (BD = bile duct; HA =
hepatic artery; PV = portal vein).

FIG. 6.21 m Horizontal section through infracolic compartment of the
abdomen showing horizontal disposition of peritoneum (L = lumbar
vertebra).

FIG. 6.22 m Schematic diagram showing subphrenic spaces and paracolic
gutters (GB = gall bladder; RIS = right infracolic space; LIS = left infracolic
space).

FIG. 6.23 m Anatomy of the subphrenic spaces, the viscera having been
removed. 1, right anterior intraperitoneal space; 2, left anterior
intraperitoneal space; 3, left posterior intraperitoneal space (red arrow in




epiploic foramen); and 4, right posterior intraperitoneal space.

FIG. 6.24 m Common sites of subphrenic abscesses.

FIG. 6.25 m Hepatorenal pouch as seen in the sagittal section.

FIG. 6.26 m Lesser sac. A, As seen in the sagittal section and B, as seen in
the transverse section (A = aorta; IVC = inferior vena cava).

FIG. 6.27 m Schematic diagram to show the recesses of lesser sac (omental
bursa).

FIG. 6.28 m Boundaries of the foramen epiploicum.

FIG. 6.29 m Most dependent pouches of the peritoneal cavity where the
fluid or blood, or pus collects. A, In hepatorenal and rectouterine pouches
when subject is in supine position and B, in rectouterine pouch when subject
is in semi-upright position.

FIG. 7.1 m Location of the stomach (demarcated by red line) (E = epigastric
region; H = left hypochondriac region; U = umbilical region).

FIG. 7.2 m ‘Types’ of shape of the stomach as seen in barium meal X-ray of
abdomen: (A) reversed L-shaped; (B) J-shaped; (C) semilunar shaped; (D)
steer-horn shaped.

FIG. 7.3 m External features of the stomach.

FIG. 7.4 m Parts of the stomach (PA = pyloric antrum; PC = pyloric canal).
FIG. 7.5 m Peritoneal relations of the stomach.

FIG. 7.6 m Anterior relations of the stomach.

FIG. 7.7 m The ‘stomach bed’.

FIG. 7.8 m Three layers of the muscular coat of the stomach.

FIG. 7.9 m Alongitudinal section through pyloroduodenal junction showing
the thickening of circular muscle coat in the pylorus forming pyloric
sphincter and merging of deep fibres of longitudinal muscle coat in the
sphincter.

FIG. 7.10 m Interior of the stomach showing folds in mucous lining.

FIG. 7.11 m Gastric canal.

FIG. 7.12 m Arteries of the stomach (CT = coeliac trunk).

FIG. 7.13 m Venous drainage of the stomach.

FIG. 7.14 m Lymphatic drainage of the stomach: (A) lymphatic territories;
(B) lymph node groups draining the lymphatic territories of the stomach.
FIG. 7.15 m Parasympathetic innervation of the stomach: (A) distribution of
the anterior vagal trunk; (B) distribution of the posterior vagal trunk.

FIG. 7.16 m Types of the spleen according to its shape.

FIG. 7.17 m Location of the spleen as seen from the posterior aspect. Figure
in the inset shows that the axis of spleen corresponds to the long axis of the




10th rib of the left side, which makes an angle of approximately 45 degrees
with the horizontal plane.

FIG. 7.18 m External features of the spleen: (A) as seen in the transverse
section; (B) as seen from the visceral surface. Note the characteristic notches
on the superior border of the spleen.

FIG. 7.19 m Peritoneal relations of the spleen.

FIG. 7.20 m Visceral surface of the spleen showing different impressions.
FIG. 7.21 m Diaphragmatic surface of the spleen showing relation to gth,
10th, and 11th ribs.

FIG. 7.22 m Longitudinal section through the mid-axillary line to show the
relations of diaphragmatic surface of the spleen.

FIG. 7.23 m Arterial supply of the spleen.

FIG. 7.24 m Venous drainage of the spleen.

FIG. 7.25 m Vascular segments of the spleen.

FIG. 7.26 m Enlargement of spleen and Kehr’s sign of ruptured spleen.
FIG. 8.1 m Location of the liver: (A) surface projection of the liver as seen
from the front, it also shows various degrees of its enlargement. (B) CT scan
of the abdomen showing the location of the liver.

FIG. 8.2 m Schematic diagram to show shape (wedge shaped) and surfaces
of the liver.

FIG. 8.3 m Liver — viewed from the front/anterior aspect.

FIG. 8.4 m Liver — viewed from behind/posterior aspect.

FIG. 8.5 m Liver — viewed from below and behind/posteroinferior aspect
(IVC = inferior vena cava).

FIG. 8.6 m Anatomical lobes of the liver: (A) on the anterosuperior aspect of
the liver; (B) on the posteroinferior aspect (visceral surface) of the liver. On
the visceral (posteroinferior) surface right lobe shows caudate and quadrate
lobes (RL = right lobe, LL = left lobe, CL = caudate lobe, QL = quadrate lobe).
FIG. 8.7 m True/physiological lobes of the liver. The planes of demarcation
on anterosuperior surface (A) and visceral surface (B) are shown by the
interrupted red lines.

FIG. 8.8 = Eight segments of the liver.

FIG. 8.9 m Visceral relations of the liver (i.e. viscera are related to the
posteroinferior surface of the liver).

FIG. 8.10 m Needle biopsy of the liver.

FIG. 8.11 m Classical liver lobule.

FIG. 8.12 m Components of the extrahepatic biliary apparatus. Note the
sphincters around hepatopancreatic ampulla and terminal parts of the bile,




and main pancreatic ducts.

FIG. 8.13 m Sites of termination of the accessory hepatic ducts are marked
by letters A, B, C, and D.

FIG. 8.14 m Location of the gall bladder on the inferior surface of the right
lobe of the liver. Figure in the inset on the right side shows connective tissue
and venous communication between gall bladder and liver.

FIG. 8.15 m Relations of the gall bladder: (A) as seen from the front after
removal of the liver; (B) as seen in sagittal section through the gall bladder
fossa.

FIG. 8.16 m Arterial supply of the gall bladder and bile duct (GD =
gastroduodenal, SPD = superior pancreatico-duodenal, GB = gall bladder).
FIG. 8.17 m Spiral valve of Heister.

FIG. 8.18 m Parts of the bile duct (dark green colour).

FIG. 8.19 m Boundaries and contents of the cystohepatic triangle (grey-
coloured area).

FIG. 8.20 m Moynihan’s hump.

FIG. 8.21 m ERCP demonstrating multiple small calculi within gall bladder
and common bile.

FIG. 8.22 m Biliary tract seen by a radiological technique called PTHC.
FIG. 9.1 m Location of the duodenum.

FIG. 9.2 m Parts of the duodenum.

FIG. 9.3 m Relations of the first part of the duodenum: (A) anterior relations
as seen in sectional view and (B) posterior relations as seen from anterior
aspect (inferior vena cava [IVC]).

FIG. 9.4 m Relations of the second part of the duodenum: (A) anterior
relations and (B) posterior relations.

FIG. 9.5 m Relations of the third part of the duodenum: (A) anterior
relations and (B) posterior relations.

FIG. 9.6 m Relations of the fourth part of the duodenum: (A) anterior
relations and (B) posterior relations.

FIG. 9.7 m Interior of the duodenum.

FIG. 9.8 m Suspensory ligament of Treitz.

FIG. 9.9 m Duodenal recesses.

FIG. 9.10 m Arterial supply of the duodenum: (A) pancreaticoduodenal
arterial arcades and (B) various arteries supplying the duodenum.

FIG. 9.11 m Radiograph of the stomach and duodenum after barium meal.
FIG. 9.12 m Location of the pancreas: (A) head lies opposite L1 and L3
vertebrae, body lies more or less in transpyloric plane (lower border of L1),




and tail is at the level of T12 vertebra; (B) CT scan of abdomen showing
location of the pancreas.

FIG. 9.13 m Parts of the pancreas.

FIG. 9.14 m Relations of the head of pancreas: (A) anterior relations and (B)
posterior relations.

FIG. 9.15 m Posterior relations of the neck of pancreas.

FIG. 9.16 m Surfaces and borders of the body of pancreas as seen in cross-
section.

FIG. 9.17 m Relations of the body of pancreas: (A) anterior and inferior
relations and (B) posterior relations.

FIG. 9.18 m Visceral relations of the different parts of the pancreas.

FIG. 9.19 m Pancreatic ducts.

FIG. 9.20 m Schematic diagrams showing stages (A—D) of formation of the
adult pancreas and its ducts (main and accessory) by the fusion of the dorsal
and ventral pancreatic buds.

FIG. 9.21 m Arterial supply of the pancreas.

FIG. 9.22 m Venous drainage of the pancreas.

FIG. 9.23 m Formation of the portal vein behind the neck of pancreas.
FIG. 9.24 m Course and parts of the portal vein.

FIG. 9.25 m Tributaries of the portal vein.

FIG. 9.26 = Sites of portocaval anastomosis: 1, lower end of oesophagus; 2,
anal canal; 3, in the region of umbilicus; 4, at the bare area of liver; 5,
between the colic veins and the renal veins (SMV = superior mesenteric vein,
IVC = inferior vena cava).

FIG. 9.27 m Highly schematic diagram to show the sites of portocaval
anastomosis: 1, umbilicus; 2, lower end of oesophagus; 3, anal canal; 4, bare
area of liver; 5, anterior aspect of kidney.

FIG. 10.1 m Parts of the small intestine.

FIG. 10.2 m Interior of ileum showing a Peyer’s patch.

FIG. 10.3 m Mesentery of the small intestine resembling a full skirt.

FIG. 10.4 m Surface marking of the root of the mesentery: (A) point
representing duodenojejunal flexure and (B) point representing ileocaecal
junction.

FIG. 10.5 m Differences between the jejunum and ileum.

FIG. 10.6 m Meckel’s diverticulum: (A) vitellointestinal duct connecting
midgut loop with yolk sac; (B) Meckel’s diverticulum (schematic
representation); and (C) Meckel’s diverticulum as seen during surgery.

FIG. 10.7 m Parts of the large intestine.




FIG. 10.8 m Cardinal features of the large intestine: (A) surface view and (B)
in cross-sectional view.

FIG. 10.9 m Types of caecum.

FIG. 10.10 m Posterior relations of the caecum. The position of caecum is
outlined by a thick broken black line.

FIG. 10.11 m Peritoneal relations of caecum: (A) anterior view of ileocaecal
region and (B) inferior view of ileocaecal region. Note retrocaecal recess
containing vermiform appendix (caecum has been pulled forward and
upward).

FIG. 10.12 m Interior of caecum showing ileocaecal and appendicular
orifices and associated ileocaecal valve and valve of appendicular orifice,
respectively. Figure in the inset shows the projection of ileum into the lumen
of the caecum.

FIG. 10.13 m Arterial supply of the caecum and appendix.

FIG. 10.14 m Surface marking of the appendix.

FIG. 10.15 m Positions of vermiform appendix (after Treves): (A) actual
positions and (B) positions according to the needle of clock.

FIG. 10.16 m Subhepatic appendix.

FIG. 10.17 m Microscopic structure of appendix as seen in its transverse
section. Note submucosa and mucosa are occupied by large number of
lymphoid follicles.

FIG. 10.18 m Subdivisions of the colon and their length.

FIG. 10.19 m Arterial supply of the colon. Note the formation of marginal
artery of Drummond.

FIG. 10.20 m Lymphatic drainage of the colon.

FIG. 10.21 m Superior mesenteric artery: (A) course and branches and (B) a
part of gut supplied by the superior mesenteric artery (1 = inferior
pancreaticoduodenal artery, 2 = middle colic artery, 3 = right colic artery, and
4 = ileocolic artery).

FIG. 10.22 m Superior and inferior mesenteric veins and their tributaries.
FIG. 10.23 m Inferior mesenteric artery, its branches, and distribution.
FIG. 11.1 m Location of the kidneys. (A) Surface projection in relation to the
anterior abdominal wall. The figure in the inset on the right shows the
vertebral levels of the kidneys. Note the transpyloric plane (TPP) passes
through the upper part of the hilum of the right kidney and the lower part of
the hilum of the left kidney and (B) CT scan in the axial plane showing
location of the kidneys in relation to the vertebral column (V = vertebra).
FIG. 11.2 m Distances of the upper poles, hila, and lower poles of kidneys




from the midline.

FIG. 11.3 m External features and measurements of the kidney.

FIG. 11.4 m Relationship of structures passing through the hilum of kidney.
Figure in the inset is the schematic transverse section of the kidney showing
this relationship.

FIG. 11.5 m Anterior relations of the kidneys. The structures separated from
anterior surface of each kidney by peritoneum are labelled in bold.

FIG. 11.6 m Posterior relations of the kidneys.

FIG. 11.7 m Capsules (coverings) of the kidney. (A) As seen in vertical
section through posterior abdominal wall in the lumbar region and (B) as
seen from above in cross-section through posterior abdominal wall in the
lumbar region.

FIG. 11.8 m Kinking of the ureter due to depletion of perinephric fat.

FIG. 11.9 m Macroscopic structure of the kidney as seen in the longitudinal
section.

FIG. 11.10 m Highly schematic diagram to show the renal sinus and kidney
proper.

FIG. 11.11 m Location of the uriniferous tubule within the kidney.

FIG. 11.12 m Renal vessels.

FIG. 11.13 m Segmental arteries.

FIG. 11.14 m Branching pattern of lobar arteries within the kidney.

FIG. 11.15 m Vascular segments of the kidney (left kidney in this figure). (A)
Shows branches of the renal artery and (B—D) show the segments as seen
from anterior (B) lateral (C) and posterior (D) aspects of the kidney,
respectively.

FIG. 11.16 m Schematic diagram showing avascular plane of the kidney
(Brodel’s line).

FIG. 11.17 m Development of the kidney. (A) Origin of the ureteric bud from
mesonephric duct and (B) point of union between the derivatives of the
ureteric bud and metanephros (metanephric cap) indicated by an arrow.
FIG. 11.18 m Polycystic kidney.

FIG. 11.19 m Horseshoe kidney.

FIG. 11.20 m Bimanual palpation of kidney.

FIG. 11.21 m Referred pain of kidney and ureter.

FIG. 11.22 m (A) Renal angle. (B) Showing danger of opening of pleura by
oblique incision to expose kidney when 12th rib is short.

FIG. 11.23 m Surface marking of the kidneys on the back.

FIG. 11.24 m Transverse section through lumbar region showing transverse




disposition of thoracolumbar fascia and coverings of the kidney.

FIG. 11.25 m Ureters.

FIG. 11.26 m Course of the ureters (IS = ischial spine).

FIG. 11.27 m Course of the pelvic part of the ureter.

FIG. 11.28 m Anterior relations of the abdominal parts of the ureters. (A)
Right ureter and (B) left ureter.

FIG. 11.29 m Normal sites of anatomical constrictions in the ureter
(arrows).

FIG. 11.30 m Arterial supply of the ureter.

FIG. 11.31 m Kidneys, ureters, and bladder as seen in coronal view of 3D
urogram using multidetector computed tomography.

FIG. 11.32 m Drawing from an intravenous pyelogram to show the
relationship of the ureters to the bony landmarks.

FIG. 11.33 m Location of the suprarenal glands (IVC = inferior vena cava).
FIG. 11.34 m Relations of the suprarenal glands. (A) Anterior relations and
(B) posterior relations.

FIG. 11.35 m Sheaths of the suprarenal gland.

FIG. 11.36 m Arterial supply of the suprarenal gland.

FIG. 11.37 m Venous drainage of the suprarenal gland.

FIG. 11.38 m Coronal CT scan of posterior abdominal wall showing
pheochromocytoma within the right suprarenal gland.

FIG. 12.1 m Bones and muscles forming the posterior abdominal wall.
FIG. 12.2 m Origin and insertion of the psoas major, psoas minor, iliacus,
and quadratus lumborum muscles.

FIG. 12.3 m Relations of the psoas major muscle.

FIG. 12.4 m Right lumbosacral triangle (of Marcille).

FIG. 12.5 m Psoas abscess.

FIG. 12.6 m Course and branches of the abdominal aorta.

FIG. 12.7 m Coeliac trunk.

FIG. 12.8 m Three ventral branches of the abdominal aorta as seen in left
lateral view of a sagittal section through the abdominal aorta. Note: Superior
mesenteric artery at its origin is sandwiched between splenic and left renal
veins.

FIG. 12.9 m Aortic aneurysm.

FIG. 12.10 m Extent and tributaries of the inferior vena cava.

FIG. 12.11 m Establishment of collateral circulation through azygos system
of veins (shown by violet colour) following blockage of SVC and IVC (SVC =
superior vena cava, IVC = inferior vena cava).




FIG. 12.12 m Lymphatics and lymph nodes of the posterior abdominal wall.
FIG. 12.13 m Lumbar plexus of nerves: the dorsal divisions are shown by
green colour and ventral divisions by blue colour.

FIG. 12.14 = Lumbar sympathetic chain and autonomic plexuses of the
posterior abdominal wall.

FLOWCHART 12.1 m Branches of the abdominal aorta.

FIG. 13.1 = (A) Male and (B) female pelvis.

FIG. 13.2 m Boundaries of the pelvic inlet (red line shows the shape of the
pelvic inlet). Figure given in inset on the right side shows the coronal section
of pelvis.

FIG. 13.3 m Boundaries of the pelvic outlet (red line shows the shape of the
pelvic outlet).

FIG. 13.4 m Joints and ligaments of pelvis as seen in horizontal section
through the lesser pelvis.

FIG. 13.5 m Sacrotuberous and sacrospinous ligaments of pelvis as seen
from: (A) front view; (B) back view.

FIG. 13.6 m Sacrotuberous and sacrospinous ligaments resisting rotation of
the sacrum. Note weight of the body is transmitted to the sacrum anterior to
the axis of rotation of the sacroiliac joint.

FIG. 13.7 m Lumbosacral angle.

FIG. 13.8 m Main differences between the male and female pelvis.

FIG. 13.9 m Boundaries of pelvic cavity.

FIG. 13.10 m The planes of pelvic inclination as seen in sagittal section.
FIG. 13.11 m Pelvic planes. (A) As seen in sagittal section and (B) as seen
from above.

FIG. 13.12 m Conjugate diameters.

FIG. 13.13 m Diameters at the pelvic inlet.

FIG. 13.14 m Diameters at the pelvic outlet.

FIG. 13.15 m Memory box for obstetrical pelvic measurements.

FIG. 13.16 m Estimation of the pelvic outlet by knuckles of a clenched fist.
FIG. 14.1 m Anterior wall of the pelvis (posterior view).

FIG. 14.2 m Posterior wall of the pelvis.

FIG. 14.3 = Lateral wall of the pelvis.

FIG. 14.4 m Arrangement of soft tissue structures on the pelvic walls.

FIG. 14.5 = Piriformis and obturator internus muscles.

FIG. 14.6 m Origin of levator ani muscle. (The origin and insertion of
coccygeus muscle and location of obturator internus on lateral pelvic wall are
also shown.)




FIG. 14.7 m Pelvic diaphragm as seen from below.

FIG. 14.8 m Prolapse of the uterus following tearing of perineal body during
difficult birth: (A) simulative representation and (B) actual representation.
FIG. 14.9 m Pelvic fascia as seen in coronal section of the male pelvis.

FIG. 14.10 m Lumbosacral trunk.

FIG. 14.11 m Sacral plexus. DDs are shown by green colour and VDs are
shown by blue colour (DDs = dorsal divisions, VDs = ventral divisions).

FIG. 14.12 m Sacral sympathetic trunks.

FIG. 14.13 m Internal iliac artery: (A) course and branches in relation to the
hip bone and (B) divisions and branches.

FIG. 14.14 = Contents and layout of peritoneum in the male pelvis (sagittal
section): 1, anterior abdominal wall; 2, back of the pubis; 3, superior surface
of the bladder; 4, posterior surface of the bladder; 5, upper ends of the
seminal vesicles; 6, rectovesical pouch; and 7, rectum.

FIG. 14.15 m Contents and layout of peritoneum in the female pelvis
(sagittal section): 1, anterior abdominal wall; 2, back of the pubis; 3, superior
surface of the bladder; 4, uterovesical pouch; 5, posterior surface of the
uterus and posterior fornix; 6, rectouterine pouch (of Douglas); and 7,
rectum.

FIG. 15.1 m Location of the perineum.

FIG. 15.2 m Perineum as seen in lithotomy position (the red broken lines
mark the boundaries of pelvic outlet): (A) male perineum; (B) female
perineum. Interrupted red lines indicate the position of pelvic outlet.

FIG. 15.3 m Deep boundaries of the perineum.

FIG. 15.4 m Subdivision of the perineum: (A) male perineum; (B) female
perineum.

FIG. 15.5 m Cutaneous innervation of the urogenital region.

FIG. 15.6 m Perineal membrane in female.

FIG. 15.7 m Coronal section of the urogenital region of male perineum
showing superficial and deep perineal pouches.

FIG. 15.8 m Coronal section of the urogenital region showing contents of the
superficial and deep perineal pouches: (A) urogenital region in male; (B)
urogenital region in female.

FIG. 15.9 m Root of the penis and superficial perineal muscles. The
superficial perineal muscles are removed in the left half of the diagram to
show crus and bulb of the penis.

FIG. 15.10 m Root of clitoris and superficial perineal muscles. The
superficial perineal muscles have been removed in the left half of the diagram




to show bulb of the vestibule and greater vestibular gland.

FIG. 15.11 m Greater vestibular glands.

FIG. 15.12 m Urogenital diaphragm in male (schematic diagram).

FIG. 15.13 m Perineal membrane as seen from below.

FIG. 15.14 = Structures piercing the perineal membrane: (A) in male; (B))
in female.

FIG. 15.15 m Perineal body. Note various muscles attached to it.

FIG. 15.16 m Episiotomy.

FIG. 15.17 m Surface view of the ischiorectal fossa and perineal membrane
in female.

FIG. 15.18 m Boundaries of the ischiorectal fossa as seen in coronal section
through the anal triangle.

FIG. 15.19 m Contents of the ischiorectal fossa in female.

FIG. 15.20 m Ischiorectal abscess and anorectal fistula.

FIG. 15.21 m Pudendal canal.

FIG. 15.22 m Course and branches of the pudendal nerve.

FIG. 15.23 m Pudendal nerve block.

FIG. 15.24 m Course and distribution of the pudendal nerve and internal
pudendal artery.

FIG. 16.1 m Location of the urinary bladder in males. Also note the reflection
of peritoneum in male pelvis.

FIG. 16.2 m External features of empty bladder (left lateral view).

FIG. 16.3 m External features of empty urinary bladder (inferior view).
FIG. 16.4 m Relations of the base of urinary bladder in males.

FIG. 16.5 m Relations of the inferolateral surfaces of the urinary bladder.
FIG. 16.6 m Medial view of lower part of lateral pelvic wall and levator ani
muscle. The bladder is superimposed by dotted lines to show relations of its
inferolateral surface.

FIG. 16.7 m True ligaments of the urinary bladder in females.

FIG. 16.8 m Interior of the urinary bladder as seen in the coronal section.
FIG. 16.9 m Innervation of the urinary bladder (sympathetic innervation:
blue lines; parasympathetic innervation: red lines; somatic innervation: black
lines).

FIG. 16.10 m Mechanism of micturition.

FIG. 16.11 m Congenital anomalies due to defective obliteration of allantois.
FIG. 16.12 m Male urethra: (A) left view in the sagittal section; (B) anterior
view (urethra straightened and cut open).

FIG. 16.13 m Features of the posterior wall of the prostatic urethra.




FIG. 16.14 m Different parts of the male urethra and their shapes.

FIG. 16.15 m Rupture of urethra: (A) rupture of the bulbous urethra leading
to superficial extravasation; (B) rupture of the urethra above the urogenital
diaphragm leading to deep extravasation. The orange-coloured areas
represent the extravasated of urine.

FIG. 16.16 m Suprapubic cystostomy and urethral catheterization.

FIG. 16.17 m Types of hypospadias.

FIG. 17.1 m Male reproductive organs. Note the course and relations of vas
deferens, in the three regions (namely, scrotum, inguinal canal, and pelvis)
traversed by it.

FIG. 17.2 m Location, features and relations of the prostate gland: (A) as
seen in the sagittal section, (B) as seen in the coronal section and (C)
posterior surface of the prostate (PS = posterior surface; AS = anterior
surface).

FIG. 17.3 m Lobes of the prostate gland as seen in sections through different
planes: (A) left view of a sagittal section, and (B) horizontal section (M =
median lobe).

FIG. 17.4 m Features on the posterior wall of prostatic urethra.

FIG. 17.5 m McNeal’s zones of prostate.

FIG. 17.6 m Capsules of the prostate gland as seen in the sagittal section.
FIG. 17.7 m Horizontal section of the prostate gland showing its structural
zones. Note mucosal, submucosal, and main prostatic glands arranged into
three concentric layers (S = prostatic sinus, C = colliculus seminalis [urethral
crest]).

FIG. 17.8 m Vertebral venous plexus.

FIG. 17.9 m Axial T2-weighted MRI showing (A) benign hypertrophy of
prostate involving transition zone and (B) small prostatic cancer in the
peripheral zone.

FIG. 17.10 m Sagittal section of enlarged prostate gland involved in benign
hypertrophy. Note the position of median lobe and presence of postprostatic
bladder pouch filled with stagnant urine.

FIG. 17.11 m Per-rectal examination of prostate gland.

FIG. 17.12 m The unravelled seminal vesicle.

FIG. 17.13 m Vasectomy (medial view from left).

FIG. 18.1 m Female genital organs.

FIG. 18.2 m Location of ovary in the ovarian fossa. Note the boundaries of
ovarian fossa.

FIG. 18.3 m Peritoneal relations of the ovary.




FIG. 18.4 m Position of ovary. (A) In a nulliparous woman, it is vertical and
its surfaces are smooth. (B) In a multiparous woman, it is horizontal and its
surfaces are irregular.

FIG. 18.5 m Structure of the ovary.

FIG. 18.6 m Arterial supply of the ovary.

FIG. 18.7 m Sagittal MR scan showing large ovarian cyst.

FIG. 18.8 m Descent of an ovary and its relationship to the developing
uterine tube and uterus. Note the formation of ligament of the ovary and
round ligament of the uterus.

FIG. 18.9 m Parts of the uterine tube.

FIG. 18.10 m Tubal ligation: The sites of incisions. (A) Incision at pubic hair
line for abdominal ligation and (B) a small incision near umbilicus for
laparoscopic ligation. Figure in the inset on right side shows procedure of
tubectomy.

FIG. 18.11 m Subdivisions of the uterus.

FIG. 18.12 m Attachments of the uterine tube, round ligament of uterus, and
ligament of ovary to the superolateral angle of uterus, that is, upper end of
the rounded lateral border of the uterine body.

FIG. 18.13 m Normal position and axis of the uterus. (A) Angle of
anteversion (angle between long axis of the vagina and long axis of the
cervix); (B) angle of anteflexion (angle between long axis of the cervix and
long axis of the body of uterus); and (C) normal anteverted and anteflexed
positions of uterus.

FIG. 18.14 m Relations of the uterus.

FIG. 18.15 m (A) Different parts of the uterus and (B) shapes of external os
in nulliparous and multiparous females.

FIG. 18.16 m Contents of the broad ligament. (A) Posterior aspect of the
right broad ligament of the uterus. The posterior layer of the ligament has
been removed to show the contents and (B) sagittal section through the
broad ligament of the uterus showing structures that lie within the broad
ligament.

FIG. 18.17 m Arterial supply of the uterus.

FIG. 18.18 m Intrinsic circulation of the uterus.

FIG. 18.19 m Lymphatic drainage of the uterus. Figure in the inset below
shows the lymphatic drainage of cervix.

FIG. 18.20 m Lateral view of fibromuscular ligaments providing primary
support to uterus.

FIG. 18.21 m Superior view of fibromuscular ligaments providing primary




support to uterus.

FIG. 18.22 m Relations of the vagina. (A) As seen in the sagittal section and
(B) as seen in the coronal section.

FIG. 18.23 m Female external genitalia.

FIG. 19.1 m Location of the rectum (as seen in the sagittal section through
the male pelvis).

FIG. 19.2 m Curvatures (flexures) of the rectum. (A) Anteroposterior
curvatures. (B) Lateral curvatures.

FIG. 19.3 m Puborectal sling of the levator ani maintaining perineal
curvature of rectum.

FIG. 19.4 m Peritoneal relations of the rectum. (A) Sagittal section. (B)
Cross-sections of the levels of upper one-third, middle one-third, and lower
one-third.

FIG. 19.5 m Parts of the sacrum and coccyx covered by the rectum.

FIG. 19.6 m Posterior relations of the rectum.

FIG. 19.7 m Transverse folds within the lumen of the rectum: (A) as seen
from above; (B) as seen in the coronal section of the rectum.

FIG. 19.8 m Arterial supply of the rectum and anal canal.

FIG. 19.9 m Venous drainage of the rectum and anal canal.

FIG. 19.10 m Lymphatic drainage of the rectum and anal canal.

FIG. 19.11 m Interior of the anal canal.

FIG. 19.12 m A coronal section of anal canal showing internal and external
anal sphincters.

FIG. 19.13 m Anorectal sling and different parts of the external anal
sphincters.

FIG. 19.14 m Location of the internal haemorrhoids.

FIG. 20.1 = Surface marking of stomach.

FIG. 20.2 = Surface marking of duodenum.

FIG. 20.3 = Surface marking of spleen.

FIG. 20.4 m Surface marking of liver.

FIG. 20.5 = Surface marking of gall bladder and bile duct.

FIG. 20.6 m Surface marking of pancreas.

FIG. 20.7 m Surface marking of large intestine (caecum, ascending colon,
transverse colon, descending colon). Tr. col., transverse colon.

FIG. 20.8 = Surface markings of kidneys and ureters on the posterior aspect
of the body.

FIG. 20.9 m Surface markings of ureters on the posterior aspect of the body.
PSIS, posterior superior iliac spine.




FIG. 20.10 m Surface markings of abdominal aorta and common and
external iliac arteries. ASIS, anterior superior iliac spine.

FIG. 20.11 m Surface markings of inferior vena cava and common and
external iliac veins.

FIG. 21.1 m Parts/regions of the lower limb.

FIG. 21.2 m Transmission of body weight from vertebral column to the
femurs.

FIG. 21.3 = Comparison of arrangement of the lower limb bones in humans
(A) and quadrupeds (B).

FIG. 21.4 m Weight-bearing points of the foot.

FIG. 21.5 m Transmission and distribution of weight to the feet.

FIG. 21.6 m Line of gravity.

FIG. 21.7 m Nerves of the lower limb, an overview: (A) on the anterior
aspect; (B) on the posterior aspect.

FIG. 21.8 m Arteries of the lower limb, an overview.

FIG. 22.1 m General features of the right hip bone: (A) outer surface and
(B) inner surface.

FIG. 22.2 m Special features (attachments) of the right hip bone: (A) outer
surface and (B) inner surface.

FIG. 22.3 m Attachments on the right iliac crest (as seen from above).
FIG. 22.4 m Attachments on the right ischial tuberosity (posterior aspect).
FIG. 22.5 m Ossification of hip bone.

FIG. 22.6 m Balancing the femur on the index finger to keep it in the
anatomical position.

FIG. 22.7 m Angle of inclination of the femur.

FIG. 22.8 m Angle of the femoral torsion (angle of declination of the femur).
FIG. 22.9 m General features of the right femur: (A) anterior view and (B)
posterior view. The figure in the inset on the right shows a section through
mid-shaft of femur showing three surfaces and three borders.

FIG. 22.10 m Special features (attachments) of the right femur: (A) anterior
view and (B) posterior view.

FIG. 22.11 m Structures attached to the linea aspera (magnified view).
FIG. 22.12 m Ossification centres of femur.

FIG. 22.13 m Radiograph of a full-term child showing the presence of
secondary centre of ossification at the lower end of the femur (arrow).

FIG. 22.14 m General features of the right patella: (A) anterior aspect and
(B) posterior aspect.

FIG. 22.15 m Special features of the right patella: (A) anterior aspect and




(B) posterior aspect.

FIG. 22.16 = Bipartite patella.

FIG. 22.17 m General features of the tibia: (A) anterior view and (B)
posterior view.

FIG. 22.18 m Special features (attachment) of the tibia: (A) anterior aspect
and (B) posterior aspect.

FIG. 22.19 m Features on the upper aspect of the tibia/tibial plateau.

FIG. 22.20 = Structures attached in intercondylar area on the superior
aspect of the upper end of tibia (MM = medial meniscus; LM = lateral
meniscus).

FIG. 22.21 m General features of the right fibula: (A) medial aspect; (B)
posterior aspect; and (C) lateral aspect of lower part. Figure in the inset is the
transverse section of the lower part of shaft showing borders and surfaces.
FIG. 22.22 m Schematic diagram to show the attachments of muscles on the
different surfaces of the fibula.

FIG. 22.23 m Special features of the lower end of right fibula (medial
aspect).

FIG. 22.24 m General features of the skeleton of the foot: (A) dorsal aspect
and (B) plantar aspect. IC, intermediate cuneiform; MC, medial cuneiform;
LC, lateral cuneiform.

FIG. 22.25 m Special features of the skeleton of the foot: (A) dorsal aspect
and (B) plantar aspect.

FIG. 22.26 m External features of the right talus: (A) dorsal aspect; (B)
lateral aspect; (C) medial aspect; and (D) plantar aspect. FHL, flexor hallucis
longus.

FIG. 22.27 m Fracture neck of talus.

FIG. 22.28 m General features of the right calcaneus: (A) dorsal aspect; (B)
plantar aspect; (C) lateral aspect; and (D) medial aspect.

FIG. 22.29 m Ossification centres of tarsal bones.

FIG. 23.1 = Bony landmarks on front of the thigh.

FIG. 23.2 m Cutaneous nerves of thigh arising from lumbar plexus.

FIG. 23.3 m Cutaneous nerves on the front of the thigh.

FIG. 23.4 m Superficial vessels on the front of the thigh. (ASIS = anterior
superior iliac spine).

FIG. 23.5 m Superficial inguinal lymph nodes (UL = upper lateral group; UM
= upper medial group).

FIG. 23.6 m Attachment of the iliotibial tract. Note superficial portion of
gluteus maximus and tensor fasciae latae insert into the iliotibial tract from




opposite directions.

FIG. 23.7 m The saphenous opening. Note the saphenous opening resembles
a double-breasted jacket.

FIG. 23.8 m Fascial compartments of the thigh as seen in cross sections. (A)
Showing nerves and arteries of different compartments and (B) cross-section
through mid-thigh showing muscles, nerves, and arteries in each
compartment. (FN = femoral nerve; ON = obturator nerve; SN = sciatic nerve;
FA = femoral artery; OA = obturator artery; PFA = profunda femoris artery; M
= medial intermuscular septum; P = posterior intermuscular septum).

FIG. 23.9 m Origin and insertion of quadriceps femoris: (A) anterior view
and (B) posterior view.

FIG. 23.10 m Origin and insertion of the tensor fasciae latae and sartorius
(ASIS = anterior superior iliac spine).

FIG. 23.11 m Boundaries of the femoral triangle.

FIG. 23.12 m Muscles forming the floor of the femoral triangle.

FIG. 23.13 m Schematic horizontal section through the upper part of femoral
triangle showing structures forming its roof and floor (FA = femoral artery;
FV = femoral vein).

FIG. 23.14 = Boundaries and contents of the femoral triangle (F = femoral
branch of the genitofemoral nerve).

FIG. 23.15 m Formation of the right femoral sheath (anterior view).

FIG. 23.16 m Formation of the femoral sheath (lateral view).

FIG. 23.17 m Compartments of the femoral sheath.

FIG. 23.18 m Boundaries of femoral ring.

FIG. 23.19 m Femoral hernia: (A) unilateral femoral hernia on the left side
in a female and (B) bilateral femoral hernia in a male (rare) causing a bulging
enlargement of the femoral canal.

FIG. 23.20 m Femoral hernia. (A) Course and direction of the femoral
hernia and (B) formation of the hernial sac and coverings of femoral hernia.
FIG. 23.21 m Extent of adductor canal. (The red arrow indicates the passage
of femoral artery.) Note the adductor canal is a narrow passage for the
femoral vessels.

FIG. 23.22 m Boundaries and contents of the right adductor canal as seen in
the transverse section through middle one-third of the thigh.

FIG. 23.23 m Contents of the right adductor canal as seen in dissection after
removing sartorius.

FIG. 23.24 m Course, branches, and distribution of the femoral nerve.

FIG. 23.25 m Course and extent of the femoral artery.




FIG. 23.26 m Branches of the femoral artery.

FIG. 23.27 m Schematic diagram showing relationship of femoral vessels.
FIG. 23.28 = Direction of stab wound at the apex of femoral triangle and
structures involved from superficial to deep.

FIG. 24.1 m Schematic diagram to show three layers of the adductor muscles
of the thigh.

FIG. 24.2 m Bony attachments of the muscles of medial compartment of the
thigh. Origin is shown by the red colour and insertion is shown by the blue
colour.

FIG. 24.3 m Origin and insertion of the pectineus and adductor longus.
FIG. 24.4 = Origin and insertion of the adductor brevis and the obturator
externus.

FIG. 24.5 m Origin and insertion of the adductor magnus and gracilis: (A)
anterior view and (B) posterior view.

FIG. 24.6 m Obturator nerve: (A) course and distribution and (B) accessory
obturator nerve.

FIG. 24.7 m Acetabular branch of obturator artery.

FIG. 24.8 = Abnormal obturator artery.

FIG. 25.1 m Surface landmarks of the gluteal region.

FIG. 25.2 m Nelaton’s line.

FIG. 25.3 m Bryant’s triangle (yellow-coloured area).

FIG. 25.4 m Cutaneous nerves of the gluteal region.

FIG. 25.5 m Schematic diagram to show the deep fascia of the gluteal region.
FIG. 25.6 m Gluteal ligaments (sacrotuberous and sacrospinous ligaments)
and greater and lesser sciatic foramina.

FIG. 25.7 m Structures passing through the greater and lesser sciatic
foramina.

FIG. 25.8 = Origin and insertion of the gluteus maximus muscle.

FIG. 25.9 m Muscles under cover of the gluteus maximus. The upper and
lower borders of gluteus maximus muscle are indicated by thick red lines.
FIG. 25.10 m Structures under cover of the gluteus maximus.

FIG. 25.11 m Origin and insertion of the gluteus medius.

FIG. 25.12 m Origin and insertion of the gluteus minimus.

FIG. 25.13 m Abductor mechanism of the hip joint (F = fulecrum, W =
weight, P = power).

FIG. 25.14 m Trendelenburg’s sign: (A) when both feet are supporting the
body weight, horizontal level of pelvis is maintained (i.e., ASISs lie in the
same horizontal plane), (B) when only one foot (e.g., right in this figure) is




supporting the body weight, the unsupported side of the pelvis is normally
raised or prevented from sagging by the opposite gluteus medius and
minimus muscles, and (C) if the gluteus medius and minimus muscles are
paralysed on one side (e.g., right side in this case), on the unsupported left
side of pelvis will sags (this is positive Trendelenburg’s sign).

FIG. 25.15 m Surface marking of the sciatic nerve in the gluteal region.
FIG. 26.1 m Cutaneous nerves on the back of the thigh.

FIG. 26.2 m Muscles of back (hamstring muscles): (A) bony attachments
and (B) disposition.

FIG. 26.3 m Origin and insertion of biceps femoris and semitendinosus
muscles.

FIG. 26.4 = Origin and insertion of semimembranosus muscle.

FIG. 26.5 m Extension of the hip joint and flexion of the knee joint by the
hamstring muscles.

FIG. 26.6 m Restriction of range of motion of hip flexion when the knee is
extended (e.g., toe-touching action).

FIG. 26.7 = Origin and formation of the sciatic nerve.

FIG. 26.8 m The variations in the mode of exit of the sciatic nerve from
pelvis. (A) Common peroneal nerve passing through the piriformis (12%) and
(B) common peroneal nerve passing above the piriformis (0.5%).

FIG. 26.9 m Deep relations of the sciatic nerve (sciatic bed).

FIG. 26.10 = Superficial relations of the sciatic nerve.

FIG. 26.11 _m Branches of the sciatic nerves to the muscles of the back of the
thigh.

FIG. 26.12 m Profunda (deep femoral) femoris artery. Figure in the inset
shows branches of the medial circumflex femoral artery (LCFA = lateral
circumflex femoral artery, MCFA = medial circumflex femoral artery).

FIG. 26.13 m Schematic diagram to show arterial anastomoses on the back
of the thigh.

FIG. 26.14 m Boundaries of the popliteal fossa.

FIG. 26.15 m Floor of the popliteal fossa. (A) Surface view and (B)
diagrammatic medial view. (LN = popliteal lymph nodes).

FIG. 26.16 m Structures on the roof of the popliteal fossa.

FIG. 26.17 m Boundaries and contents of the popliteal fossa.

FIG. 26.18 m Highly schematic diagram showing relationship of the tibial
nerve, popliteal vein, and popliteal artery in the popliteal fossa. Figure in the
inset on the right side shows relations of hip of neurovascular structures at
three levels (namely, upper, middle, and lower parts).




FIG. 26.19 m Anterior (deep) relations of the popliteal artery.

FIG. 26.20 m Genicular branches of popliteal artery.

FIG. 26.21 m Arterial anastomosis around the knee joint (genicular
anastomosis); (ATA = anterior tibial artery).

FIG. 26.22 m Branches of the tibial nerve in the popliteal fossa.

FIG. 27.1 m Hip joint: (A) line diagram of the right hip joint and (B)
radiograph of the right hip joint (AP view). The thick black line represents the
Shenton’s line.

FIG. 27.2 m Articular surfaces of the hip joint: (A) head of femur and (B)
acetabulum of the hip bone. Note the arrow passing through the acetabular
foramen.

FIG. 27.3 m Attachment of the capsular ligament of hip joint on the femur:
(A) anterior aspect; (B) posterior aspect.

FIG. 27.4 m Coronal section of the right hip joint showing the fibrous
capsule and the lining of synovial membrane.

FIG. 27.5 m Iliofemoral and pubofemoral ligaments.

FIG. 27.6 m Ischiofemoral and iliofemoral ligaments.

FIG. 27.7 m Acetabular labrum, transverse acetabular ligament, and
ligament of the head of femur.

FIG. 27.8 m Relations of the hip joint.

FIG. 27.9 m Bursae around the hip joint: (A) bursae on greater trochanter
and (B) subpsoas bursa communicating with the cavity of hip joint (arrow).
FIG. 27.10 m Arterial supply of the head of femur.

FIG. 27.11 m Types of fracture of the neck of femur.

FIG. 27.12 m Involvement of arteries supplying the head of femur: (A)
noninvolvement of retinacular vessels in extracapsular pertrochanteric
fracture of the neck of femur and (B) involvement of retinacular vessels in
intracapsular subcapital fracture of the neck of femur.

FIG. 27.13 m Surgical hip replacement. The implant is shown by blackish-
blue colour.

FIG. 28.1 m Surface landmarks on (A) the front of leg and foot, (B) medial
aspect of the foot, and (C) lateral aspect of the foot.

FIG. 28.2 m Superficial veins on the front of leg and dorsum of the foot.
FIG. 28.3 = Cutaneous nerves on the front of leg and dorsum of the foot.
FIG. 28.4 m Osseofascial compartments of the leg. Figure in the inset shows
transverse section through the tibia and fibula. Note the attachment of
interosseous membrane (T = tibia, F = fibula, IM = interosseus membrane).
Note lateral compartment does not have its own artery.




FIG. 28.5 m Superior and inferior extensor retinacula on the front of the
ankle. (A) Surface view showing their attachment. (B) Schematic diagram to
show relations of the tendons, vessels, and nerve to these retinacula.

FIG. 28.6 m Contents of the anterior compartment of the leg (IM =
interosseous membrane).

FIG. 28.7 m Origin (red colour) and insertion (blue colour) of the muscles of
the anterior compartment of leg.

FIG. 28.8 = Origin and insertion of the tibialis anterior.

FIG. 28.9 m Origin and insertion of the extensor hallucis longus.

FIG. 28.10 m Origin and insertion of the extensor digitorum longus and
peroneus tertius muscles. Figure in the inset shows the detailed mode of
insertion of extensor digitorum longus tendon.

FIG. 28.11 m Anterior tibial artery.

FIG. 28.12 m Relation of the anterior tibial artery and deep peroneal nerve.
FIG. 28.13 m Course and distribution of the deep peroneal nerve on the
dorsum of the foot.

FIG. 28.14 = Sensory innervation of the dorsum of the foot. (A) Cutaneous
nerves. (B) Territories of the cutaneous nerves.

FIG. 28.15 m Origin and insertion of extensor digitorum brevis.

FIG. 28.16 = Course and branches of dorsalis pedis artery.

FIG. 28.17 m Palpation of ‘dorsalis pedis pulse’ (pulse point of dorsalis pedis
artery).

FIG. 29.1 m Boundaries and contents of the lateral compartment of the leg.
FIG. 29.2 m Peroneal trochlea. Figure in the inset shows synovial sheaths
around the peroneal tendons (PB = peroneus brevis, PL = peroneus longus).
FIG. 29.3 m Origin and insertion of the peroneus longus muscle.

FIG. 29.4 = Origin and insertion of the peroneus brevis muscle.

FIG. 29.5 m Deformity of foot: (A) talipes varus and (B) talipes valgus.
FIG. 29.6 = Origin of superficial peroneal nerve from common peroneal
nerve on the lateral side of the neck of fibula.

FIG. 29.7 m Subcutaneous medial surface of the tibia showing attachment of
three tendons of sartorius, gracilis and semitendinosus in the upper part. It
also shows the attachment of medial collateral ligament and its relation with
the great saphenous vein.

FIG. 29.8 m Guy ropes muscles. Figure in the inset on the right side shows
wide apart origin of three muscles forming guy ropes (ASIS = anterior
superior iliac spine).

FIG. 29.9 m Bursa anserinus related to pes anserinus tendons of sartorius,




gracilis and semitendinosus.

FIG. 30.1 m Bony framework of the posterior aspect of the leg.

FIG. 30.2 m Superficial veins and cutaneous nerves on the back of the leg.
(Note there are 2 superficial veins and 7 cutaneous nerves on the back of leg.)
FIG. 30.3 m Areas on the back of the leg supplied by different cutaneous
nerves.

FIG. 30.4 m Flexor retinaculum of the ankle and the structures passing deep
to it.

FIG. 30.5 m A transverse section of the middle third of the leg showing
boundaries and contents of the posterior compartment of the leg. The deep
muscles of posterior compartment of thigh are shown by dark colour.

FIG. 30.6 m Attachments of the muscles of the back of leg on bony
framework of the leg.

FIG. 30.7 m Superficial muscles on the back of the leg (e.g., gastrocnemius,
soleus, and plantaris).

FIG. 30.8 m Origin and insertion of the gastrocnemius.

FIG. 30.9 m Origin and insertion of the soleus and plantaris.

FIG. 30.10 m Formation of tendoachilles (tendocalcaneus).

FIG. 30.11 m Origin and insertion of the popliteus muscle.

FIG. 30.12 m Origin and insertion of the flexor digitorum longus and flexor
hallucis longus.

FIG. 30.13 m Origin and insertion of the tibialis posterior.

FIG. 30.14 m Palpation of posterior tibial pulse.

FIG. 30.15 m Courses of the posterior tibial and peroneal arteries, and tibial
nerve.

FIG. 31.1 m Cutaneous innervation of the sole of the foot: (A) areas supplied
by three main sets of cutaneous nerves and (B) three dermatomes on the sole
of foot.

FIG. 31.2 m Plantar aponeurosis.

FIG. 31.3 m Layout of different bones on the plantar aspect of the skeleton
of the foot.

FIG. 31.4 m Muscles of the first layer of the sole.

FIG. 31.5 m Muscles of the second layer of the sole.

FIG. 31.6 m Muscles of the third layer of the sole.

FIG. 31.7 m Muscles of the fourth layer of the sole.

FIG. 31.8 m Muscles of fourth layer of sole: (A) dorsal interossei and (B)
plantar interossei.

FIG. 31.9 m Course and motor distribution of medial plantar nerves.




FIG. 31.10 m Course and motor distribution of lateral plantar nerves.

FIG. 31.11 m Course and branches of the medial and lateral plantar arteries.
Note the extent and branches of plantar arch.

FIG. 31.12 m Transverse section of the right foot through the metatarsal
showing arrangements of structures in the sole, especially the plantar arch.
Note the dorsalis pedis artery end by anastomosing with the lateral plantar
artery.

FIG. 32.1 m Anatomical and functional segments of the foot (N = navicular;
C = cuboid; M = medial cuneiform; I = intermediate cuneiform; L = lateral
cuneiform).

FIG. 32.2 m Right footprint showing weight-bearing points.

FIG. 32.3 m Distribution of the body weight among three points.

FIG. 32.4 m Supports of a stone bridge.

FIG. 32.5 m Formation of the longitudinal arches of the foot (superior view):
(A) bones forming medial longitudinal arch are unhatched and bones forming
lateral longitudinal arch are hatched. Note calcaneum is common to both but
primarily it forms the medial longitudinal arch, (B) medial longitudinal arch
— side view and (C) lateral longitudinal arch — side view. Note the medial
longitudinal arch is higher than the lateral arch. It is more pliant because of
the presence of talocalcaneonavicular and subtalar joints. It is more involved
in the propulsion, that is, initiating the next step during walking.

FIG. 32.6 m Factors maintaining the medial longitudinal arch: (A) supports
of the head of talus and (B) slings.

FIG. 32.7 m Factors maintaining the lateral longitudinal arch: (A) short and
long plantar ligaments and (B) tendons of the peroneus brevis and peroneus
longus.

FIG. 32.8 = Half dome of the transverse arch is completed when the two
feet are kept together.

FIG. 32.9 m Disorders of arches of foot: (A) medial aspect of left foot; (B)
footprints of left foot.

FLOWCHART 32.1 m Classification of the arches of the foot.

FIG. 33.1 m Three primitive articulations included in the knee joint: (A) two
condylar type of medial and lateral femorotibial articulations and (B) one
saddle type of intermediate patellofemoral articulation.

FIG. 33.2 m Articular surfaces of the knee joint: (A) inferior aspect of the
patella and lower end of the femur, (B) posterior aspect of the patella, and (C)
superior aspect of the tibia.

FIG. 33.3 m Radiograph of the knee joint showing bones and articular




surfaces: (A) AP view, (B) lateral view, and (C) sky view.

FIG. 33.4 m Attachment of capsular ligament of the knee joint: (A) anterior
aspects of the femur and tibia and (B) posterior aspects of the femur and
tibia.

FIG. 33.5 m Knee joint: (A) coronal section and (B) sagittal section (L =
lateral meniscus, M = medial meniscus).

FIG. 33.6 m Attachments and relations of collateral ligaments of the knee
joint: (A) tibial (medial) collateral ligament and (B) fibular (lateral) collateral
ligament.

FIG. 33.7 m Anterior (A) and posterior (B) cruciate ligaments. Note anterior
cruciate ligament is taut during knee extension and posterior cruciate
ligament during knee flexion.

FIG. 33.8 m Medial and lateral menisci of the knee joint.

FIG. 33.9 m Bursae around the knee joint: (A) bursae on the medial and
lateral aspects of the knee and (B) bursae on the front of the knee.

FIG. 33.10 m Relations of the knee joint (transverse section of right knee
joint) (AC = anterior cruciate ligament; LM = lateral meniscus; MM = medial
meniscus; PC = posterior cruciate ligament).

FIG. 33.11 m Injury of cruciate ligaments of the knee joint: (A) rupture of
anterior cruciate ligament (positive anterior drawer’s sign) and (B) rupture of
the posterior cruciate ligament (positive posterior drawer’s sign).

FIG. 33.12 m Tibiofibular joints.

FIG. 33.13 m Radiograph of the ankle joint: (A) AP view and (B) side view.
FIG. 33.14 m Articular surfaces of the ankle and talocalcanean joints.

FIG. 33.15 m Collateral ligaments of the ankle joint: (A) medial (deltoid)
ligament and (B) lateral ligament.

FIG. 33.16 m Relations of the ankle joint (transverse section of the ankle
joint) (D = deltoid ligament; L = lateral ligament).

FIG. 33.17 m Ankle sprain (note torn fibres of the anterior talofibular
ligament).

FIG. 33.18 m Inversion and eversion injuries of the foot (C = cuboid; T =
talus).

FIG. 33.19 m Pott’s fracture (C = calcaneus; T = talus).

FIG. 33.20 m Subtalar and talocalcaneonavicular joints.

FIG. 33.21 m Transverse tarsal (midtarsal) joint.

FIG. 33.22 m Axis of inversion and eversion (red line).

FIG. 34.1 m Schematic representation of the veins of the lower limb (deep
veins = light blue colour; superficial veins = deep blue colour; perforating




vein = violet colour).

FIG. 34.2 m Formation, course, termination, and tributaries of the great
saphenous vein.

FIG. 34.3 = Small (short) saphenous vein.

FIG. 34.4 m Perforators: (A) indirect perforators and (B) direct perforators.
FIG. 34.5 m Varicose veins in the left lower limb.

FIG. 34.6 m Superficial lymph nodes of the lower limb: (A) anterior aspect
and (B) posterior aspect.

FIG. 34.7 m Deep lymph nodes of lower limb.

FIG. 34.8 = Elephantiasis of the left lower limb.

FIG. 35.1 m Formation of femoral and obturator nerves.

FIG. 35.2 m Schematic diagram to summarize the course and branches of
the femoral nerve. Note that all the muscles on the front of thigh are supplied
by posterior division except sartorius, which is supplied by the anterior
division.

FIG. 35.3 m Summary of main branches of the obturator nerve.

FIG. 35.4 m Summary of branches of the sciatic nerve in the thigh. Ventral
divisions of ventral rami are shown by green colour and dorsal division of
ventral rami by grey colour. Note that all the muscles on the back of thigh are
supplied by tibial component of sciatic nerve except short head of biceps
femoris, which is supplied by its common peroneal component.

FIG. 35.5 m Summary of main branches of the tibial nerve. Note that all the
muscular branches in the popliteal fossa arise from lateral side except for the
medial head of gastrocnemius, which arises from medial side.

FIG. 35.6 m Morton’s neuroma leading to Morton’s neuralgia.

FIG. 35.7 m Summary of main branches of the common peroneal nerve.
FIG. 35.8 m Effects of injury of the common peroneal nerve: (A) foot drop
and (B) sensory loss on anterolateral aspect of leg and dorsum of foot.

FIG. 35.9 m Cutaneous nerves of the lower limb: (A) on the anterior aspect
and (B) on the posterior aspect.

FIG. 35.10 m Cutaneous nerves of the foot and their areas of distribution:
(A) dorsum of the foot and (B) sole of the foot.

FIG. 35.11 m Arrangement of dermatomes in the developing lower limb: (A)
simple dermatomal pattern, L1 spinal nerve supplying the preaxial strip and
S3 spinal nerve supplying the postaxial strip and (B) definitive dermatomal
pattern of the lower limb bud.

FIG. 35.12 m Segmental innervation (dermatomes) of the lower limb: (A)
anterior aspect and (B) posterior aspect.




FIG. 36.1 m Surface markings of femoral vessels and femoral nerve.

FIG. 36.2 m Surface marking of long saphenous vein on the front of thigh.
FIG. 36.3 m Surface markings of popliteal and posterior tibial arteries.
FIG. 36.4 m Surface markings of anterior tibial and dorsalis pedis arteries.
FIG. 36.5 m Surface markings of medial and lateral plantar arteries.

FIG. 36.6 m Surface marking of sciatic nerve.

FIG. 36.7 m Surface markings of common peroneal and tibial nerves.
FIG. 36.8 = Surface markings of deep and superficial peroneal nerves.
FIG. 36.9 m Surface markings of superior and inferior extensor retinacula of
ankle.

FIG. 36.10 m Surface markings of great saphenous vein in the leg.

FIG. 36.11 m Surface markings of short saphenous vein.

FIG. 36.12 m Pulse points in the lower limb.
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Chapter 1: Introduction and
overview of the abdomen

Specific learning objectives

After studying this chapter, the student should be able to:

« Define the abdominal cavity and subdivide it into abdominal cavity
proper and pelvic cavity.

« Define perineum and enumerate its superficial structures.

« Enumerate the abdominal and pelvic viscera.

« Give the anatomical basis of common abdominal problems.

The abdomen is the lower part of the trunk between thorax superiorly and
lower limbs inferiorly. Its walls surround a large cavity called the abdominal
cavity. The abdominal cavity is much more extensive than what it appears
from the outside. It extends upward deep to the costal margin up to the
diaphragm and downward within the bony pelvis up to pelvic diaphragm. It
contains organs of digestive and urogenital systems. Thus a considerable part
of the abdominal cavity is overlapped by the lower part of the thoracic cage
superiorly and by gluteal region inferiorly.

Subdivisions of Abdominal Cavity

The abdominal cavity is subdivided by the plane of the pelvic inlet into a
larger upper part (i.e. the abdominal cavity proper) and a smaller lower
part (i.e. the pelvic cavity).

Chlinically the term abdominal cavity stands for abdominal
cavity proper.

Clinically the importance of the abdomen is manifold. To the physician, the
physical examination of the patient is never complete until he/she thoroughly



examines the abdomen.

To the surgeon, the abdomen remains an enigma because in number of
cases the cause of abdominal pain and nature of abdominal lump remains
inconclusive even after all possible investigations. To the obstetrician and the
gynaecologist, the examination of the pelvis and perineum is extremely
important. To the venereologist, the main territory of examination is confined
to the external genitalia. To summarize, many branches of medicine such as
general surgery, gastroenterology, nephrology, urology, obstetrics,
gynaecology, and venereology are all confined to the abdomen.

Abdominal cavity proper (Fig. 1.1)

The abdominal cavity is the largest cavity of the body. Its boundaries and
contents are as follows:



FIG. 1.1 m Abdominal cavity.

Boundaries of abdominal cavity proper
The boundaries of the abdominal cavity are as follows:

Superiorly: Diaphragm, which separates it from the thoracic cavity.

Inferiorly: Continues with the pelvic cavity at the pelvic inlet.

Anteriorly: Anterior abdominal wall, formed by muscles.

Posteriorly: Posterior abdominal wall, formed by lumbar vertebrae and
muscles.

Laterally: Lower ribs and parts of muscles of the anterior abdominal wall.



N.B.

» The diaphragm forming the superior boundary moves up and down with
respiration.

 The anterior abdominal wall is firm and elastic.

 Firmness of anterior abdominal wall protects the abdominal viscera and
its elasticity allows the expansion of the abdominal viscera.

 The posterior abdominal wall is osteomuscular and rigid. Its rigidity
provides support to the abdominal organs.

Contents of abdominal cavity proper (Figs. 1.2 and 1.3)

The organs and glands of the digestive and urinary systems occupy most of
the abdominal cavity. These organs and glands are listed below:

1. Stomach, small intestine, and most of the large intestine.

2. Liver, gallbladder, and pancreas.

3. Two kidneys and upper part of the ureters.

4. Adrenal glands (also known as suprarenal glands).

5. Other structures include blood vessels, lymph vessels, nerves, spleen,
and lymph nodes.



FIG. 1.2 m Organs occupying the anterior part of the
abdominal cavity.



FIG. 1.3 m Organs occupying the posterior part of the
abdominal cavity. (The broken line shows the position of
the stomach.)

Pelvic cavity

The pelvic cavity is roughly funnel shaped. Its boundaries and contents are as
follows:

Boundaries
The boundaries of the pelvic cavity are as follows:

Superiorly: Continuous with the abdominal cavity at the pelvic inlet.
Inferiorly: Pelvic diaphragm.

Posteriorly: Sacrum and coccyx.

Anteriorly: Pubic bones.

Laterally: Hip bones.

N.B.
The part of pelvis below the pelvic diaphragm is termed perineum (Fig. 1.1).




Contents of pelvic cavity (Figs. 1.4 and 1.5)
The pelvic cavity contains the following structures:

1. Loops of the small intestine.
2. Sigmoid colon, rectum, and anal canal.
3. Urinary bladder, lower part of the ureters, and urethra.
4. Reproductive organs:
(a) Prostate gland, seminal vesicles, vas deferens, and ejaculatory
ducts in male.
(b) Uterus, uterine tubes, ovaries, and vagina in female.

FIG. 1.4 m Structures present in the male pelvis.



FIG. 1.5 m Structures present in the female pelvis.

N.B.

The pelvic and urogenital diaphragms forming the inferior boundary of the
pelvic cavity to support the pelvic viscera and regulate the act of
defaecation, micturition, and parturition.

The walls of the abdominal cavity and most of the viscera present within it
are covered or enclosed by an extensive serous membrane called
peritoneum. The peritoneum consists of parietal and visceral layers, which
are continuous with each other and enclose a potential space called
peritoneal cavity.

N.B.

« All the abdominal viscera are intra-abdominal but extraperitoneal.

« The peritoneal cavity is a closed sac in the male but in the female it is an
open sac and communicates to the exterior through the openings of the
uterine tubes.



CLINICAL CORRELATION

« The upper part of the abdominal cavity is overlapped by the lower
thoracic region, and the lower part by the gluteal region. Therefore, the
penetrating wounds of these regions frequently involve the abdominal
viscera also.

« The upper abdominal contents such as liver and spleen fill the concavity
of the diaphragm. Therefore, it is easy for the surgeons to reach these
organs through the thorax and diaphragm or through the anterior
abdominal wall.

« The mobile diaphragm forms the upper boundary/limit of the abdominal
cavity; the abdominal contents descend with it on deep inspiration. This
is made use of in clinical examination of certain organs such as liver and
enlarged spleen, which can be palpated through the anterior abdominal
wall, inferior to the costal margin on deep inspiration, though hidden by
the thoracic cage in quiet respiration.

The kidneys also move with respiration, hence are easily palpated in the
lower back during deep inspiration.

Perineum

It is a region at the lower end of trunk below pelvic diaphragm. It is seen on
the surface as a diamond-shaped area when thighs are abducted.

Boundaries

The perineum is an area outlined by the pelvic outlet. Its boundaries and
contents are as follows:
The boundaries of perineum are as follows:

Anteriorly: Pubic symphysis.

Posteriorly: Coccyx.

Laterally: Ischiopubic rami (anteriorly) and sacrotuberous ligaments
(posteriorly).

Contents

» The contents of perineum are external genitalia (penis and scrotum
with its contents in male and vulva in female) and anus.



« It is the site for pee, poop and coitus.

Overview of abdominal viscera (Figs 1.2 and 1.3)

The abdominal viscera includes stomach and intestines, their associated
glands (liver and pancreas), blood and lymph vessels, spleen, kidney, and
suprarenal glands.

Stomach

The stomach is the most dilated part of the digestive tube. It is J-shaped and
located in the abdominal cavity below the diaphragm slightly to the left of the
midline. The capacity of the stomach is about 1500 mL in the adult.

Functions
The main functions of the stomach are as follows:

1. Churning and breaking of food and mixing it with the gastric juice
secreted by specialized glands in its mucosa.

2. Storing the food temporarily.

3. Secreting intrinsic factor needed for absorption of vitamin B,,.

Small intestine

The small intestine is a convoluted tube connecting stomach with the large
intestine. It is about 6 m in length and extends from the pyloric sphincter to
the ileocaecal junction. The small intestine is located in the central and lower
parts of the abdominal cavity surrounded by the large intestine. It consists of
three parts: (a) duodenum, (b) jejunum, and (c) ileum.

The duodenum is proximal short-curved (c-shaped) portion and is about
25 cm long. It is the widest and most fixed part of the small intestine. The
ducts from gallbladder and liver and pancreas enter it.

The jejunum is the name given to the upper two-fifths of the remainder of
the small intestine and the lower three-fifths is termed as ileum.

Functions
The main functions of the small intestine are digestion of food and
absorption of nutrients.

Large intestine

The large intestine begins at the end of the ileum as caecum and terminates
at the anus. It is about 1.5 m long and forms an arch around the coiled up



small intestine. For descriptive purposes, it is divided into following seven
parts:

1. Caecum and appendix.
2. Ascending colon.

3. Transverse colon.

4. Descending colon.

5. Sigmoid colon.

6. Rectum.

7. Anal canal.

Functions

The main functions of the large intestine are as follows:

1. Absorption of water and salts.
2. Formation and excretion of faeces.

Liver

The liver is the largest gland of the body. It is located in the upper right part
of the abdominal cavity. It has two main lobes: right and left. The right lobe is
much larger than the left lobe.

Functions
Some important functions of the liver are as follows:

1. Metabolism of carbohydrate, fat, and protein.

2. Detoxification of drugs and poisons.

3. Storage of glycogen and fat-soluble vitamins (A, D, E, and K).
4. Secretion of bile.

Gallbladder

The gallbladder is a pear-shaped organ located on the under surface of the
right lobe of the liver. It receives bile from the liver, which it stores and
concentrates. When fatty food enters the duodenum, the bile is poured into
the intestine through the bile duct by the contraction of the walls of the
bladder.

Functions
Storage and concentration of bile.



CLINICAL CORRELATION

Jaundice: It is a clinical condition characterized by yellowing of the skin
and sclera of the eyes. It occurs when bile enters into the blood. In liver
diseases such as hepatitis or cirrhosis of the liver where the liver cells break
down and release bile into the blood. Bile also enters into the blood when
outlet of bile from the gallbladder to intestine through the bile duct is
blocked.

Pancreas

The pancreas is an elongated, soft, pale, and finely lobulated grey gland. It is
about 12—15 cm in length and lies transversely across the posterior abdominal
wall. It consists of broad head, neck, body, and a narrow tail. The head of the
gland lies within the curve of the duodenum, the body behind the stomach,
and tail in front of the left kidney. The tail extends as far as the spleen.

Functions
The pancreas is an exoendocrine gland. The function of the exocrine pancreas
is to produce pancreatic juice containing enzymes that digest carbohydrates,
proteins, and fats.

The function of endocrine pancreas is to secrete hormones, insulin, and
glucagon, which control the blood glucose level.

CLINICAL CORRELATION

Diabetes mellitus: Deficiency of insulin results in diabetes mellitus. The
blood sugar level rises above the renal threshold and glucose is lost in the
urine.

Spleen

The spleen is a large wedge-shaped mass of vascular and lymphoid tissue. It is
purplish-red in colour and lies high up at the back of the abdominal cavity on
the left side behind the stomach.

Functions
The main functions of the spleen are as follows:

1. Destruction of red blood cells.
2. Production of fresh lymphocytes for the blood stream.



Kidneys
The kidneys are two bean-shaped organs situated on the posterior abdominal

wall, one on each side of the vertebral column, behind the peritoneum. The
right kidney usually lies at a slightly lower level than the left.

Function
The main function of the kidney is to secrete and excrete urine.

N.B.

The composition of blood must not vary beyond certain limits if the tissues
of the body are to remain healthy. This regulation depends on the removal
of harmful waste products, maintenance of water and electrolyte balance.

Ureters

The ureters are two tubes, which connect the kidneys to the urinary bladder.
Each ureter is usually 25 cm long with a diameter of about 3 mm.

Function
The ureters transport urine from the kidneys to the urinary bladder.

Adrenal glands (suprarenal glands)

There are two suprarenal glands—right and left. Each gland caps the upper
pole of the corresponding kidney. The right gland is triangular whereas the
left gland is semilunar in shape. Each gland consists of two parts: cortex and
medulla.

Functions
The function of the cortex is to secrete a number of steroid hormones, which
are responsible for: (a) maintenance of electrolyte and water balance, (b)
maintenance of blood sugar concentration and of liver and muscle glycogen,
and (c) control of inflammatory reactions.

The function of medulla is to secrete adrenaline and noradrenaline in the
blood, which serve as ‘stress’ hormones.

Overview of pelvic viscera (Figs 1.4 and 1.5)

The pelvic viscera in males are urinary bladder, prostate, and rectum; and in
females are urinary bladder, uterus, and rectum.

Urinary bladder



The urinary bladder is a reservoir of urine. Its size, shape, and position vary
with the amount of urine it contains. When empty it lies in the pelvic cavity,
but when distended with urine it expands upward and forward into the
abdominal cavity. The bladder can hold up to 500 mL (rarely 600 mL) of
urine, though this would cause pain. The desire to empty the bladder is
normally felt when it contains around 250-300 mL of urine.

The two ureters enter into it through its posterior wall. The urethra leaves
the bladder at its neck. The neck of the bladder is the lowest and most fixed
part of the urinary bladder. A thickening of smooth muscle called internal
urethral sphincter surrounds the opening of the urethra.

Function
The urinary bladder stores urine and expels it into the urethra.

Urethra

The urethra is a narrow canal that extends from the internal urethral
orifice in the urinary bladder to the external urethral orifice.

In a male, the urethra is about 18—20 cm long and in a female, it is about 4
cm long.

Functions
In a male, the urethra serves as a common passage for both semen and urine
whereas in a female, the urethra discharges urine from the body.

Prostate gland

The prostate is a fibromusculoglandular organ, which surrounds the
commencement of the urethra in the male. It is situated in the pelvic cavity
behind the pubic symphysis and in front of the rectum. It is about the size of
a chestnut and is traversed by the urethra and ejaculatory ducts.

Function

The function of the prostate is to secrete a thin and milky fluid, which forms
about 30% of the semen and gives it a milky appearance. The prostatic
secretion is alkaline in nature and provides nourishment to the sperms.

Seminal vesicles

The seminal vesicles are two small fibromuscular pouches lying between the
base of the bladder and the rectum.

Function



The seminal vesicles secrete an alkaline fluid containing nutrients for the
sperms and forms about 60% of the seminal fluid.

Ejaculatory ducts

The ejaculatory ducts are two narrow tubes about 1 cm long. The duct of
seminal vesicle and ductus deferens unite to form ejaculatory duct. They
traverse the prostate gland to open into the urethra within the gland
(prostatic part of urethra).

Function
The ejaculatory ducts expel the secretions of testes and seminal vesicles into
the prostatic urethra.

Uterus

The uterus is a hollow, thick-walled, and muscular organ situated in the
pelvic cavity between the urinary bladder and the rectum. It is pear shaped
and flattened anteroposteriorly. In the majority of women, it leans forward
(anteflexion) and bends forward (anteversion) almost at a right angle to
the vagina. In the erect posture, the uterus lies in an almost horizontal
position.

The uterus is divided from above downward into following three parts: (a)
fundus, (b) body, and (c) cervix. The cervix protrudes into the vagina through
its anterior wall and opens into it at the external os.

Above on either side, it communicates with the uterine tubes, which open
into it. Below, it communicates with the vagina.

Functions
The functions of the uterus after puberty are as follows:

1. Responsible for menstrual cycle.
2. Provides implantation to zygote in its wall.
3. Allows growth and development of the embryo and foetus.

Vagina

The vagina is a fibromuscular tube, which extends obliquely downward and
forward from the uterus to the vestibule of vagina—the elliptical space
between the labia. It is situated between the urinary bladder in front and the
rectum and anal canal behind. The vagina has no secretory glands though it is
kept moist by the cervical secretions.



Functions
The functions of the vagina are as follows:

1. Acts as a receptacle for penis during coitus.
2. Provides an elastic passage to the baby during childbirth.

Uterine tubes

There are two uterine tubes. Each tube is about 10 cm long, which extends
from the side of the uterus (between the fundus and body) to the ovary where
it opens into the peritoneal cavity.

It is divided into the following parts from distal to the proximal end: (a)
infundibulum, (b) ampulla, (¢) isthmus, and (d) intramural.

Functions
The functions of uterine tubes are as follows:

1. Transport the ovum from ovary to its lumen and provides an ideal site
for fertilization.
2. Transport the fertilized ovum to uterine cavity for implantation.

Ovaries

The ovaries are female gonads. Each ovary is about the size and shape of an
almond and is situated in a shallow fossa on the lateral wall of the pelvic
cavity behind and below the distal end of the uterine tube.

Functions
The ovaries begin to function at puberty and continue to discharge ova at
monthly intervals from about the age of 13 years to about the age of 45 years.

CLINICAL CORRELATION

Disorders of the abdomen: The disorders of the abdomen and pelvis are
numerous; the important ones are as follows:

(a) Hernia: It is the protrusion of an organ through the wall, which
contains/retains it. The common abdominal hernias are inguinal,
umbilical, femoral, and incisional; the order reflecting their frequency.

(b) Abdominal pain: Many intra-abdominal diseases present with pain

only. The two important features of an abdominal pain are its site and
its nature. If a clinician knows about these features, he/she has a good



chance of making a correct diagnosis. In general, (i) the upper
abdominal pain mostly occurs due to involvement of gallbladder,
stomach, duodenum, and pancreas; (ii) the central abdominal pain
usually occurs due to involvement of small bowel and kidneys; (iii) the
lower abdominal pain occurs due to involvement of urinary bladder,
uterus, caecum, and sigmoid colon.

(c) Abdominal mass: The common causes of abdominal masses are:
hepatomegaly (enlargement of liver), splenomegaly (enlargement of
spleen), hydronephrosis (enlargement of the kidney), pseudocyst of
pancreas, mesenteric cysts, carcinoma of stomach, enlargement of
gallbladder, accumulation of faeces, retention of urine in urinary
bladder, ovarian cyst, pregnant uterus, uterine fibroids, and appendicular
mass.

(d) Abdominal distension: The six common causes of abdominal
distension are Foetus, Flatus (gas in intestine), Faeces (impaction of
faeces in bowel), Fat, Fluid (ascites), and Fibroids.

The names of six conditions that cause abdominal distension start with

the letter ‘F’.
The distension (prominent abdomen) is normal in infants and young

children due to the following reasons:

- Their gastrointestinal tract contains a considerable amount of air.
« Their liver is relatively large in size.
 Their abdominal muscles are relatively less toned.

Golden Facts to Remember

- Largest gland in the body Liver
« Most dilated part of the digestive | Stomach
tube
« Pelvic organ with thickest Uterus
muscular walls
» Most of the abdominal cavity is Organs and glands of
occupied by the digestive system
| |



« Bulk of semen is formed by Secretion of seminal
vesicles

« Commonest cause of abdominal Pregnancy
distension in a married female




Chapter 2: Osteology of the
abdomen

Specific learning objectives

After studying this chapter, the student should be able to:

e Discuss the general features of a typical lumbar vertebra.
« Enumerate the atypical features of fifth lumbar vertebra.

« Give brief description of: (a) sacralization of fifth lumbar vertebra and
(b) lumbarization of first sacral vertebra. AN 53.4

« Describe the bony pelvis and coccyx. AN 53.4
« Give the anatomical basis of spondylolisthesis. AN 50.4

« Write short notes on: (a) Fawcett’s rule, (b) sacralization of fifth lumbar
vertebra, (c) sacral canal, and (d) differences between male and female
pelvis.

« Enumerate: (a) structures passing through sacral hiatus, (b) structures
passing in front of ala of sacrum, (c) contents of sacral canal, and (d)
structures related to pelvic surface of sacrum.

The osteology of abdomen deals with the bones of the abdomen and pelvis.
The skeleton of the abdomen and pelvis is formed by (Fig. 2.1):

1. Lower ribs and costal cartilages,
2. Lumbar vertebrae,

3. Sacrum,

4. Coccyx, and

5. Hip or innominate bones.



FIG. 2.1 m Skeleton of the abdomen and pelvis.

Lower ribs and costal cartilages

The ribs and costal cartilages are described in detail in Textbook of Anatomy:
Upper Limb and Thorax, Vol. I, 4ed. The costal cartilages of 7th—10th ribs
articulate with each other to form the costal margin. The 11th and 12th ribs
are shorter and do not articulate either with the transverse processes of 11th
and 12th thoracic vertebrae or with the adjacent costal cartilages. As a result
they can move independently, hence are termed floating ribs.

Lumbar vertebrae

The lumbar vertebrae are located in the lumbar (low back) region. They are
connected with each other by intervertebral discs. The term lumbar is derived
from Latin word Lumbus = loin. The lumbar vertebrae consist of the same



elements as the thoracic vertebrae but are more massive in keeping with the
greater load, which they have to transmit. There are five lumbar vertebrae out
of which first four (LL1—L4) are typical and fifth (L5) is atypical.

Identifying features of the lumbar vertebrae are as follows:

1. Massive reniform bodies.

2. Absence of costal facets on the body.

3. Absence of foramina transversaria in the transverse processes.

4. Presence of accessory and mammillary processes.

5. Thick, short and quadrilateral spinous processes, which looks hatchet-
shaped in profile view.

Features of typical lumbar vertebrae (L1—L4)

General features (Fig. 2.2)

Body

1. The body is massive and reniform (kidney shaped).

2. Its transverse diameter is more than the anteroposterior diameter.

3. It is constricted in front and at the sides.

4. The size of the body increases progressively from first to fifth lumbar
vertebra.

5. The length of the body is slightly greater anteriorly. This contributes to
the forward convexity of the lumbar vertebral column.

6. The body has no costal facets on its sides.



FIG. 2.2 m Typical lumbar vertebra: ( A) superior view; (
B) lateral view; ( C) posterior view.

Vertebral foramen

1. It is triangular in shape.
2. It is larger than in the thoracic vertebrae but smaller than in the
cervical vertebrae.

Vertebral arch

Pedicles

« The pedicles are short and strong processes.
« They project backwards from the upper parts of the body; as a result,
the inferior vertebral notches are much deeper than the superior ones.

Laminae

« The laminae are short, thick, and broad plates.

« They are directed posteromedially.

 The overlapping between the laminae of the adjoining vertebrae is
minimal.



Spine

« The spine is quadrilateral in shape.
« It projects almost horizontally backwards.

Transverse processes

 The transverse processes are thin and tapering.

« They are homologous to the ribs in the thoracic region.

 The posteroinferior aspect of each transverse process presents a small
rough elevation called accessory process. This represents the true
transverse process of the vertebra.

« A vertical ridge near the tip marks the anterior surface of each
transverse process.

Superior articular processes

« The facets on the superior articular processes are concave, which
project backward and medially.

 The superior articular processes lay farther apart than the inferior
articular processes.

« Their posterior borders are marked by a rough elevation called
mammillary process.

Inferior articular processes

« The inferior articular processes lie nearer to each other than the
superior articular processes.
« They bear convex articular facets, which face forward and laterally.

The characteristic features of typical lumbar vertebrae are summarized in
Table 2.1.

TABLE 2.1

Characteristic features of the lumbar vertebrae

Part Characteristics
Body Massive and kidney shaped




Vertebral | Triangular and relatively smaller than in cervical
Sforamen vertebrae

Transverse | Long and slender with accessory process on the
process posterior surface of base of each process
Articular | - Superior articular facets directed posteromedially
processes | « Inferior articular facets directed anterolaterally

Spinous Short, thick, broad, and hatchet shaped
process

Features of atypical fifth lumbar vertebra (L5)

The fifth lumbar vertebra presents the following atypical (distinguishing)
features (Fig. 2.3):

1. The transverse processes are thick, short, and pyramidal in shape.
Their base is attached to the whole thickness of the pedicle and
encroaches on the side of the body. They seem to be turned upward.

2. The spine is small, short, least substantial, and rounded at the tip.

3. The body is largest of all lumbar vertebrae. The vertical height of the
anterior surface of the body is more than that of the posterior surface.
This difference is responsible for sharp/prominent lumbosacral angle
(120°).

4. The superior articular facets look more backward than medially and
inferior articular facets look more forward than laterally as
compared to typical lumbar vertebrae. The pars interarticularis is the
region between superior and inferior articular processes.

5. The distance between the superior articular processes is equal or
more than that between the inferior articular processes.



FIG. 2.3 m Fifth lumbar vertebra: ( A) as seen from
above; ( B) as seen from the side.

N.B.

Fawcett’s rule for identification of individual lumbar vertebrae (Fig. 2.4):
According to this rule, an individual lumbar vertebra can be identified if it is
looked from behind. A four-sided figure can be constructed by joining the
four articular processes. The quadrangular figure thus constructed differs in
different lumbar vertebrae as given in the box below.




Shape of quadrangular figure Vertebra

Trapezium with top broader than First/second lumbar
base vertebra

Rectangle with long vertical lines Third lumbar vertebra
Square Fourth lumbar vertebra
Rectangle with long horizontal lines | Fifth lumbar vertebra




FIG. 2.4 m Quadrangular figures formed by joining the
articular process of lumbar vertebra.

Attachments of muscles and ligaments on lumbar vertebrae (Fig.
2.5)



These are:

1. Anterior longitudinal ligament is attached on the upper and lower
borders of lumbar vertebral bodies anteriorly.

2. Posterior longitudinal ligament is attached on the upper and lower
borders of lumbar vertebral bodies posteriorly.

3. Right crus of diaphragm is attached on the front of upper three
lumbar vertebral bodies.

4. Left crus of diaphragm is attached on the front of upper two lumbar
vertebral bodies.

5. Psoas major arises by fleshy slips from upper and lower borders of all
lumbar vertebrae.

6. Tendinous arches of psoas major are attached across the
constricted parts of the bodies on each side.

7. Ligamenta flava are attached to the laminae of adjacent vertebrae.

8. Posterior layer of thoracolumbar fascia is attached to the spinous
processes of lumbar vertebrae.

9. Supraspinous and interspinous ligaments are attached to the
spinous processes of lumbar vertebrae.

10. Erector spinae and multifidus muscles are attached to the spinous
processes of lumbar vertebrae.

11. Middle layer of thoracolumbar fascia is attached to the tips of
transverse processes of the all lumbar vertebrae.

12. Medial and lateral arcuate ligaments of diaphragm are attached to
the tips of transverse processes of L1 vertebra.

13. Anterior layer of thoracolumbar fascia is attached to the faint
ridge on the front of transverse processes.

14. Multifidus and intertransverse muscles are attached to the
mammillary processes.

15. Iliolumbar ligaments are attached to the tips of the transverse
processes of the fifth lumbar vertebra.

16. Accessory and mammillary processes provide attachment to the
medial intertransverse muscles.



FIG. 2.5 m Attachments of the lumbar vertebra.

Ossification

A lumbar vertebra ossifies from three primary centres and seven secondary
centres. The sites of appearance and age of fusion are given in Table 2.2.

TABLE 2.2

Ossification of a lumbar vertebra

Ossification centres Fusion

Primary centres (appear « Two halves of the vertebral arch
between seventh and eighth fuse during the first year

week of intrauterine life) « Vertebral arch fuses with the body

during the sixth year
« One for body/centrum

« Two for two halves of the
vertebral arch

Secondary centres(appear at | The portions derived from
about puberty) secondary centres fuse with rest of

the bone at about 25 years
« Two for annular

epiphysis of the upper and
lower surfaces of the body
 Two for tips of the
transverse processes




« Two for mammillary
processes

« One for the tip of the
spine

CLINICAL CORRELATION AN 53.4

 Sacralization of the fifth lumbar vertebra: It is the fusion of the
fifth lumbar vertebra with the sacrum. The fusion may be complete or
incomplete. In sacralization, number of sacral foramina is increased
unilaterally or bilaterally. The transverse process of L5 may articulate
with ala of sacrum and/or ilium and compress the L5 spinal nerve. This
condition occurs in about 5% of normal individuals.

« Lumbarization of first sacral vertebra: AN53.4 It is assimilation of
S1 vertebra into the fifth lumbar vertebra partially (unilateral) or
completely (bilateral). It is less common than sacralization, occurring in
about 2% cases. As a result, number of sacral foramina reduced to three
pairs.

« Spina bifida: AN50.4 It occurs due to nonfusion of two halves of the
vertebral arch. In this condition, the meninges and spinal cord are
exposed and may herniate out in the midline through the gap (for
details, see Clinical and Surgical Anatomy, 2ed. by Vishram Singh).

« Spondylolisthesis: AN50.4 It is the slipping forward of the one
vertebra over the other. Usually fourth lumbar vertebra slips over the
body of fifth lumbar vertebra or fifth lumbar vertebra slips over the
sacrum (Fig. 2.6). It occurs due to fracture of pars interarticularis and
called spondylolysis.

On oblique radiograph the defect in parts interarticularis gives the
appearance of a decapitated Scottish dog (Fig. 2.7). This condition
may clinically present as backache and pain radiating along the
course of the sciatic nerve—sciatica (also see Chapter 35, page 454).

N.B.

Spondylolysis is the fracture of the pars interarticularis whereas
spondylolisthesis is the slipping forward of one vertebra over the other
(term “listhesis” = to slip forward).




« Cauda equina syndrome: It is caused due to compression of cauda
equina—a leash of nerve roots of L2 to S1 around the filum terminale.
Clinically, it presents as:

(a) Flaccid paraplegia.

(b) Saddle-shaped anaesthesia.

(c) Late bladder and bowel involvement leading to incontinence of
urine and faeces.

(d) Impotence.

(e) Absence of knee and ankle jerks.

FIG. 2.6 m Spondylolisthesis of fifth lumbar vertebra
(forward displacement of L5 vertebral body over the
sacrum).



FIG. 2.7 m Scottish dog appearance of spondylolisthesis
on the oblique radiograph.

Intervertebral discs

An intervertebral disc lies between two adjacent vertebrae. It is a disc-shaped
structure made of fibrocartilage. It consists of mainly, two components: (a)
annulus fibrosus and (b) nucleus pulposus.

(a) The annulus fibrosus is the peripheral part of the disc. It is made up
of concentric sheets of collagen fibres and connected above and below
to vertebral end plates.

(b) The nucleus pulposus is the central part of the disc made up of
jelly-like substance of mucoproteins.

(¢) The intervertebral disc acts as shock absorber. There are 23 discs in
vertebral column.

CLINICAL CORRELATION




Disc prolapse: AN50.4 The disc prolapse usually occurs posterolaterally
due to rupture of annulus fibrosus and compress the spinal nerve root in
the intervertebral foramen and causes referred pain along course of that
nerve (Fig. 2.8).

The disc prolapse commonly occurs in lower lumbar (L.4/5 or L5/S1)
and/or cervical (C5/6 or C6/7) regions. The earlier is most common.

The disc prolapse in lumbosacral region commonly occurs due to its
compression during weight transmission. It often leads to low back pain,
which radiates in the leg along the course of sciatic nerve called sciatica.

FIG. 2.8 m Posterolateral disc prolapse.

Sacrum AN 50.4, AN 53.4

The sacrum (Latin sacrum = sacred) is a large flattened triangular/wedge-
shaped bone formed by the fusion of five sacral vertebrae (Fig. 2.9). The
sacrum articulates on either side with the hip bone to form the sacroiliac
joint. The functions of sacrum are as follows:

1. Forms posterior part of the bony pelvis.

2. Supports the vertebral column.

3. Transmits the weight of the body to the pelvic girdle through the
sacroiliac joints.



FIG. 2.9 m General features of the sacrum: ( A) pelvic
surface; ( B) dorsal surface; ( C) lateral surface.

Anatomical position
To keep the sacrum in anatomical position, hold it in such a way that:

1. Its smooth pelvic surface faces downwards and forwards and its rough
dorsal surface faces upwards and backwards.

2. Upper surface of the body of the first sacral vertebra slopes forwards at
an angle of about 30°.

3. Upper end of the sacral canal is directed almost upwards and slightly
backwards.

N.B.

In an articulated skeleton, the sacrum is placed obliquely like a wedge
between the two hip bones. When lumbar vertebral column is in position,
an angle is formed between L5 and S1 vertebrae. This angle is called




lumbosacral angle. It is measured by joining across the plane of superior
margin of sacrum and a horizontal line. It measures about 20°—45°. See Fig.

13.7, page 194.

General features (Fig. 2.9)
The sacrum presents the following general features:

1. Base.

2. Apex.

3. Four surfaces: pelvic, dorsal, and two lateral (right and left) surfaces.
4. Sacral canal.

Base

The base of the sacrum is directed upwards and forwards. It is formed by the
superior surface of the first sacral vertebra. It is divided into three parts:
median part and right and left lateral parts. The median part is formed by the
oval upper surface of the body of the first sacral vertebra. Its anterior border
is termed sacral promontory. The right and left lateral parts are fan shaped
and represent the upper surfaces of lateral masses of sacrum called alae. The
lateral masses represent the fused costal and transverse elements of the
sacral vertebrae.

1. Upper surface of the body of the first sacral vertebra articulates with the
fifth lumbar vertebra.

2. Vertebral foramen lying behind the body is triangular and leads into
the sacral canal.

3. Pedicles are short and directed backwards and laterally.

4. Laminae are quite oblique.

5. Transverse processes are massive and fused with the corresponding
costal transverse element of lower sacral vertebrae to form the broad
sloping lateral masses called alae of sacrum.

6. The spinous process forms the first spinous tubercle.

7. The superior articular processes are prominent and project backwards
and medialwards. They flank the superior opening of sacral canal.

Apex
1. It is the lower narrow blunt extremity formed by the inferior surface of

the body of the fifth sacral vertebra.
2. It bears an oval facet for articulation with the coccyx to form the



sacrococcygeal joint.

Surfaces

Pelvic surface (Fig. 2.9A)

The pelvic surface of sacrum is concave and directed downwards and
forwards. It presents the following features:

1. Four transverse ridges that indicate the lines of fusion of five sacral
vertebrae.

2. Lateral to transverse ridges are four anterior sacral foramina through
which ventral rami of upper four sacral nerves come out from sacral
canal.

3. The part of bone lateral to foramina is the lateral mass.

Dorsal surface (Fig. 2.9B)
The dorsal surface of sacrum is rough, irregular, and convex.

1. In the median plane, there is median sacral crest that bears three or
four spinous tubercles representing spinous processes of fused sacral
vertebrae.

2. Lateral to median crest, the posterior surface is formed by fused
laminae of upper four sacral vertebrae.

3. The laminae of the fifth sacral vertebra fail to join behind, forming a U-
shaped gap called sacral hiatus.

4. Lateral to laminae are four articular tubercles in line with the superior
articular process of the first sacral vertebra.

5. The inferior articular processes of the fifth sacral vertebra project
downwards as sacral cornua on either side of sacral hiatus.

N.B.
The most prominent features on the dorsal surface of sacrum are
the presence of:

« Five vertical crests:
— Median sacral crest, formed by the fusion of sacral spines.
— Two intermediate sacral crests, one on either side of median crest,
are formed by the fusion of articular processes of sacral vertebrae.
— Two lateral sacral crests, one on each side, lateral to intermedial
crest, are formed by the fusion of transverse processes of sacral
vertebrae.



e Sacral hiatus: An U-shaped gap at the lower end.

Lateral surface (Fig. 2.9C)
Each lateral surface is the lateral aspect of lateral mass formed by the fusion

of transverse and costal elements of sacral vertebrae.

1. It is wide above and narrow below.

2. Lower narrow part turns abruptly medially to form the inferolateral
angle of the sacrum.

3. Upper wider part bears an inverted L-shaped auricular surface
anteriorly and a deeply pitted area posteriorly. The auricular surface is
so called because of its resemblance to the auricle of the external ear.
It extends on to the upper three or three-and-a-half sacral vertebrae.

Sacral canal

1. The sacral canal is formed by the superimposed vertebral foramina of

the sacral vertebrae.
2. The upper end of the canal is directed upwards in line with vertebral

canal of lumbar vertebrae and its lower end opens at the sacral

hiatus.
3. The sacral canal communicates with the pelvic and dorsal sacral

foramina through the intervertebral foramina.

Contents of sacral canal

1. Lower part of cauda equina (sacral and coccygeal nerve roots).
2. Filum terminale.

3. Spinal meninges.

4. Lateral sacral vessels.

N.B.

The dural tube and arachnoid mater extend up to the second sacral
vertebra.

Structures emerging through sacral hiatus

1. Fifth sacral (S5) nerves.
2. Coccygeal (Cx 1) nerves.
3. Filum terminale.



Special features (attachments and relations)

Base

1. The upper surface of the body of the first sacral vertebra articulates
with the L5 vertebra to form the lumbosacral joint.
2. The smooth medial part of the ala of sacrum is related to the following
four structures. From lateral to medial side these are (Fig. 2.10):
(a) Obturator nerve
(b) Iliolumbar artery
(¢) Lumbosacral trunk
(d) Sympathetic chain
Mnemonic: Oh I Love Sweety.
The ventral ramus of L5 nerve is so taut that it grooves the ala.
3. The rough lateral part of the ala gives origin to iliacus muscle
anteriorly and attachment to the lumbosacral ligament posteriorly.

FIG. 2.10 m Structure related to the smooth medial part
of the ala of sacrum.

Apex
It bears an oval facet, which articulates with the body of first coccygeal
vertebra to form the sacrococcygeal joint.

Surfaces

Pelvic surface

It presents the following particular features (Fig. 2.11A):

1. The median sacral vessels are related to the pelvic surface in the
median plane.



2. The sympathetic trunks are related to the pelvic surface along the
medial margins of pelvic sacral foramina.

3. The upper two-and-half sacral vertebrae are related to the parietal
peritoneum except for the site of attachment of the medial limb of the
sigmoid mesocolon.

4. The lower two-and-half vertebrae are related to the rectum, but
separated from S3 vertebra by bifurcation of the superior rectal artery.

5. The piriformis muscle arises from the bodies of middle three sacral
vertebrae in an E-shaped fashion.

6. The pelvic sacral foramina transmit ventral rami of the
corresponding upper four sacral nerves and a branch from lateral
sacral arteries.

FIG. 2.11 m Special features of the sacrum: ( A) pelvic

surface; ( B) dorsal surface and ( C) lateral surface.



Dorsal surface

It presents the following particular features (Fig. 2.11B):

1. The four dorsal foramina transmit the dorsal rami of the corresponding
upper four sacral spinal nerves.

2. The erector spinae muscle arises from an elongated U-shaped linear
area involving the continuous rows of the spinous and transverse
tubercles.

3. The multifidus arises from the area enclosed by U-shaped origin of
erector spinae. The dorsal rami of upper four sacral spinal nerves reach
the surface by piercing multifidus and erector spinae muscles.

Lateral surface

The auricular surface/facet articulates with the corresponding auricular
surface of the ilium to form sacroiliac joint.

1. The rough area behind the auricular surface gives attachment to strong
interosseous sacroiliac ligament.
2. The lower narrow part of the lateral surface opposite the inferolateral

angle gives attachment to four structures. From behind forward these
are:

(a) Gluteus maximus.

(b) Sacrotuberous ligament.
(c) Sacrospinous ligament.
(d) Coccygeus.

The last structure (i.e. coccygeus) encroaches on the pelvic surface of the
sacrum.

The differences between male and female sacrum are given in Table 2.3.

TABLE 2.3

Differences between the male and female sacrum

Features Male Female

Base of Width of the Width of the articular area

sacrum articular area (body | (body of S1 vertebra) is either
of S1 vertebra) is equal or less than the length
more than the length| of ala of one side, that is body
of ala of one side, is narrow and alae are broad




that is body is broad
and alae are narrow

Sacral index | Less (sacrum is More (sacrum is relatively
relatively longer and | shorter and broader)
narrower)

Pelvic surface| « Smoothly curved, | « Abruptly curved, ‘J’ shaped
‘C’ shaped (curvature| (lower part of the pelvic
of the pelvic surface | surface abruptly curves

is gradual from forwards, curvature being
above downwards) most marked between S1 and
« Concavity of S2 segments and between S3

sacrum is shallower | and S5 segments)
« Concavity of sacrum is

deeper
Auricular  Extends on to the | « Extends on to the upper two
surface upper three or three | or two and a half of the sacral
and a half of sacral | vertebrae
vertebrae « Relatively smaller and more

« Relatively larger obliquely set

and less obliquely set| « Concavity of dorsal border
« Concavity of dorsal | of the auricular surface is
border of the more marked

auricular surface is
less marked

N.B.
Sacral index: It is the ratio between the length and breadth of the sacrum
and is expressed by the formula, breadth x 100/length.

The sacral index is higher in females than males. The average sacral index
in a female is 116 and in a male it is 112.

Ossification

The ossification of sacrum is not of much clinical interest. However, students
should simply know that as the sacrum is a composite bone formed by the
fusion of five sacral vertebrae, it ossifies by multiple centres.

Coccyx (Fig. 2.12)



The coccyx, or tailbone, is a small, triangular bone formed by the fusion of
four rudimentary coccygeal vertebrae, which progressively reduce in size from
above downwards. The tip of coccyx lies at the level of the upper border of the
pubic symphysis. The coccyx can be palpated in the natal cleft.

1. The word ‘coccyx’ is derived from the Greek word ‘cuckoo’, a bird. The
tailbone was so named because its shape resembled the cuckoo beak.

2. Morphologically coccyx represents the tail (tailbone).

3. The number of coccygeal vertebrae may vary from three to five.

FIG. 2.12 m Coccyx: ( A) pelvic surface; ( B) dorsal
surface.

General features

The coccyx is directed downwards and forwards, making a continuous curve
with the sacrum. It presents the following features:

1. Base.

2. Apex or tip.

3. Pelvic surface.
4. Dorsal surface.
5. Lateral margins.

Special features

Base

1. It is formed by the upper surface of the body of the first coccygeal

vertebra.
2, It articulates with the apex of sacrum to form a cartilaginous



sacrococcygeal joint.

3. A pair of bony processes called coceygeal cornu project from the
posterolateral aspects of the body of the first coccygeal vertebra and
are connected with the sacral cornua by the intercornual ligaments.

4. The fifth sacral nerves after emerging from the sacral hiatus pass
laterally through the interval between the body of the fifth sacral
vertebra and the intercornual ligaments.

5. The rudimentary transverse processes of the first coccygeal vertebrae
project laterally and upward from the side of the base.

Apex

1. It is formed by the body of the fourth coccygeal vertebra.

2. It lies about 4 cm behind and above the anal orifice.

3. It provides attachment to sphincter ani externus and anococcygeal
ligaments.

Pelvic surface

1. It is related to the rectum.

2. It provides attachment on each side to the coccygeus muscle in the
upper two pieces and levator ani in the lower two pieces of the
coccygeal vertebra.

3. The ganglion impar, where the sympathetic trunks of two sides meet,
lies on the pelvic surface of first coccygeal vertebra deep to the rectum.

4. Anastomosis between the median sacral and inferior lateral sacral
arteries and coccygeal body lies on the pelvic surface distal to ganglion
impar.

Dorsal surface

1. It provides origin on each side to gluteus maximus.

2. It provides origin to sphincter ani externus at the tip.

3. It provides attachment to filum terminale on the first coccygeal
vertebra.

Lateral margins
They provide attachment to sacrotuberous and sacrospinous ligaments.

Ossification
The coccyx ossifies from four primary centres, one for each segment.



CLINICAL CORRELATION

Coccydynia: It is a clinical condition characterized by pain in the coccygeal
region. It occurs due to separation of coccyx from sacrum following a fall
directly on the coccyx.

Hip bone

There are two hip bones, right and left. The hip bone is a large irregular bone
which articulates in front with the corresponding bone of the opposite side.
Posteriorly, two hip bones articulate with the sacrum. The pelvic girdle
consists of the two hip bones and sacrum.

Parts (Fig. 2.13)

Each hip bone consists of three parts: ilium, ischium, and pubis, which are
fused together at a cup-shaped hollow on the outer aspect of the bone called
acetabulum.

FIG. 2.13 m Hip bone: ( A) lateral view; ( B) medial view
(ASIS = anterior superior iliac spine, PSIS = posterior

superior iliac spine).

Ilium

The ilium is the upper expanded part of the hip bone. It presents the
following features:



1. Iliac crest.
2. Three surfaces.
3. Three borders.

Iliac crest

It is the broad, flattened, sinuous ridge forming the upper limit of the ilium.
The highest point of iliac crest lies at the level of intervertebral disc between
L3 and L4 vertebrae.

« The anterior end of iliac crest presents a bony projection called anterior
superior iliac spine, which provides attachment to the lateral end of
the inguinal ligament. The anterior superior iliac spine is easily
felt at the lateral end of the fold of the groin.

« The posterior end of iliac crest also presents a bony projection called
posterior superior iliac spine, which lies at the level of spine of S2
vertebra and marked on the surface as a small dimple on the lower
part of the back.

« The outer lip of iliac crest, about 5 cm behind the anterior superior iliac
spine, presents a tubercle called tubercle of the iliac crest.

N.B.

Morphologically, the iliac crest is divided into anterior two-thirds (ventral
segment) and posterior one-third (dorsal segment). The ventral segment
presents an inner lip, an outer lip, and an intermediate area. The dorsal
segment presents inner (medial) and outer (lateral) sloping surfaces.

Surfaces

1. Gluteal surface: It is the outer surface of the ilium. It is divided into
four areas by three gluteal lines. This surface is so named because it
provides origin to gluteal muscles (gluteus maximus, medius, and
minimus). It is described in detail on page 286.

2. Iliac fossa: It is a large, smooth, hollowed-out area on the anterior
part of inner/medial aspect of the ilium. The upper two-thirds of this
area gives origin to the iliacus muscle. Posterior to iliac fossa, lie the
auricular surface and tuberosity of ilium.

A curved ridge called arcuate line of ilium separates the iliac fossa
(which forms the bony wall of greater pelvis) from the pelvic
surface of ilium.

3. Sacropelvic surface: It is situated behind the upper part of medial



border of the ilium and consists of three parts: iliac tuberosity,
auricular surface, and pelvic surface.
(a) The iliac tuberosity is a rough area below the dorsal segment of
the iliac crest.
(b) The auricular surface is ear-shaped articular surface situated
anteroinferior to the iliac tuberosity.
(c) The pelvic surface is situated anteroinferior to the auricular
surface.

Borders

1. Anterior border: It extends from anterior superior iliac spine to the
acetabulum.

2. Posterior border: It extends from posterior superior iliac spine to the
upper end of the posterior border of ischium. It presents posterior
inferior iliac spine and greater sciatic notch.

3. Medial border: It extends from iliac crest to the iliopubic eminence. It
separates iliac fossa from sacropelvic surface.

Pubis

The pubis is the anteroinferior part of the hip bone and articulates with the
pubis of the opposite hip bone to form the symphysis pubis. It consists of
three parts:

1. Body.
2. Superior ramus.
3. Inferior ramus.

Body
It is flattened anteroposteriorly and presents the following features:

1. Pubic crest, pubic tubercle, and three surfaces (anterior, posterior, and
medial).

2. The pubic crest is the upper border of the body of pubis. At the lateral
end of the pubic crest is the pubic tubercle.

Superior ramus

It extends from the body of pubis to the acetabulum above the obturator
foramen. It presents three borders (pectineal line, obturator crest, and
inferior border) and three surfaces (pectineal, pelvic, and obturator).

- The pectineal line (also called pecten pubis) extends from pubic



tubercle to the iliopubic eminence.

« The obturator crest extends from pubic tubercle to the acetabular
notch.

 The inferior border is sharp and forms the upper margin of the
obturator foramen.

- The pectineal surface is situated between the pectineal line and
obturator crest. It is roughly triangular in shape and extends from
pubic tubercle to the iliopubic eminence.

« The pelvic surface is situated between the pectineal line and inferior
border of the superior ramus.

- The obturator surface is situated between the obturator crest and
inferior border.

Inferior ramus

It extends from the lower and lateral part of the body of pubis to fuse with the
ramus of ischium to form conjoint ischiopubic ramus on the medial side of
the obturator foramen.

N.B.

Arcuate line of ilium: It is a thick, curved ridge extending from

anteroinferior part of auricular surface of ilium to the iliopubic eminence.
Linea terminalis: It is formed by pubic crest, pecten pubis, iliopectineal

eminence, arcuate line of ilium and anterior margin of ala of sacrum.

Ischium
The ischium is the posteroinferior part of the hip bone and forms the
posterior boundary of the obturator foramen. It consists of two parts:

1. Body.
2. Ramus.

Body

« The body is thick and lies below and posterior to the acetabulum. It
presents two ends (upper and lower), three borders (anterior,
posterior, and lateral), and three surfaces (femoral, dorsal, and pelvic).

« The upper end of the body forms part (two-fifths) of the acetabulum,
whereas its lower end forms ischial tuberosity.

« The posterior border of the body is continuous with the posterior
border of the ilium and presents ischial spine superior to the
tuberosity. The ischial spine projects posteromedially and separates



the lesser sciatic notch of the ischium inferiorly from the greater
sciatic notch on the posterior border of the ilium.

Ramus
The ramus arises from the lower part of the body and runs forwards, upwards,
and medially. It presents two surfaces (anterior and posterior) and two
borders (upper and lower).

The upper border forms the boundary of obturator foramen and lower
border forms the lateral border of pubic arch.

The hip bone is described in detail in Section II: Chapter 22.

The hip bones, sacrum and coccyx together form the bony pelvis. The brief
account of bony pelvis is given below.

Bony pelvis

The bony pelvis is made up of four bones, viz. two hip bones (one on either
side), sacrum and coccyx. The ring of pelvic girdle is closed anteriorly by the
pubic symphysis and posteriorly on either side of sacrum by sacroiliac joints.
The bones of pelvis connects the lower end of trunk with lower limbs. It plays
an important role in transmission of weight from axial skeleton to the lower
appendicular skeleton.

The bony pelvis is described in detail in Chapter 13. One should read it to
understand the abdomen.

Golden Facts to Remember

- Largest cavity of body Abdominal cavity

- Largest lumbar vertebra Fifth lumbar (L5)

« All the lumbar vertebrae are Fifth lumbar vertebra
typical except which is atypical

« Most prominent feature on the Presence of five
dorsal surface of the sacrum vertical crests

« Sacred bone Sacrum

« Vertebra magnum Sacrum

 Tail bone Coccyx

CLINICAL CASE STUDY



A 65-year-old man visited a hospital and complained of low backache and
pain radiating to the posterolateral aspect of the thigh. During the physical
examination, on running his fingers along the lumbar spinous processes,
the doctor found an abnormally prominent L5 spinous process. He
suspected spondylolisthesis. The diagnosis was confirmed by sagittal
MRI of the lumbosacral region.

Questions

1. What is spondylolysis?
2. What is spondylolisthesis?

3. In normal conditions, which parts of the fifth lumbar vertebra and
sacrum interlock with each other?

Answers

1. A defect in lumbosacral region, allowing part of vertebral arch of L5
vertebra to be separated from the body. In this condition, there is
separation of vertebral body from the part of vertebral arch bearing
the inferior articular processes (Fig. 2.6). The site of fracture is pars
interarticularis.

2. When the defect is bilateral (vide supra), the body of L5 vertebra slips
anteriorly on the sacrum so that it overlaps the sacral promontory.
This condition is called spondylolisthesis (Fig. 2.7).

3. Normally inferior articular processes of L5 vertebra interlock with the
articular processes of the sacrum.



Chapter 3: Anterior abdominal
wall

Specific learning objectives

After studying this chapter, the student should be able to:

« Describe the planes on anterior abdominal wall (transpyloric, subcostal,
transtubercular, lateral vertical, etc.). AN 44.1

« Describe the layers, fasciae, nerves and blood vessels of anterior
abdominal wall. AN 44.2

» Describe and demonstrate the attachments of muscles of anterior
abdominal wall. AN 44.6

« Describe the formation, contents, and clinical significance of rectus
sheath. AN 44.3

« Write short notes on: (a) umbilicus, (b) transpyloric plane, (c) Scarpa’s
fascia, (d) McBurney’s point, and (e) conjoint tendon.

- Give the anatomical basis of: (a) extravasation of urine in perineum and
(b) cremasteric reflex.

« Give the anatomical basis of caput medusae in portal hypertension. AN
47.11
« Enumerate the common abdominal incisions. AN 44.7

The anterior abdominal wall is a musculoaponeurotic structure confined to
the anterior and lateral aspects of the abdomen, hence also called
anterolateral abdominal wall.

It is bounded superiorly by the xiphoid process, (in the midline) and right
and left costal margins (superolaterally) inferiorly by the anterior part of the
iliac crest, fold of groin, pubic tubercle, pubic crest (inferolaterally) and pubic



symphysis (in the midline) and on each side it is separated from the posterior
abdominal wall by the midaxillary line.

The anatomy of anterior abdominal wall is clinically very important due
to the following reasons:

1. The physical examination of the abdomen is mostly performed through
the anterior abdominal wall.

2. Access to the abdominal contents is usually obtained through an
incision in the anterior abdominal wall called laparotomy.

3. Abdominal hernias mostly occur through anterior abdominal wall.

N.B.
Clinically, the term anterior abdominal wall includes both the front and the
side walls of the abdomen.

Surface landmarks

The surface landmarks are important guides in orienting the clinician to the
location of the viscera within the abdominal cavity.

Bony landmarks (Fig. 3.1)

Costal margins

The costal margin is formed by the union of cartilages of the 7th—10th ribs.
The right and left costal margins extend inferolaterally from xiphisternal joint
in the midline to the midaxillary line to form superolateral margin of anterior
abdominal wall.



FIG. 3.1 m Bonylandmarks and planes of the abdomen.

Subcostal/infrasternal angle

The infrasternal angle is formed by the union of upper ends of costal margins.
The xiphoid process lies in the depression at the apex of this angle. It
measures about 90°.

Xiphoid process

It forms the upper limit of anterior abdominal wall in the anterior median
plane. It lies at the apex of subcostal angle and its apex is sometimes bent
forward and hence easily palpable beneath the skin. The xiphoid process lies
at the level of T9 vertebra.

Iliac crest
It forms the lower limit of the anterior abdominal wall at the side and can be
traced forward to the anterior superior iliac spine. The anterior superior iliac
spines lie at the level of sacral promontory. About 5 cm behind the anterior
superior iliac spine, a prominent tubercle (tubercle of iliac crest) can be
felt on the outer lip of the crest.

The highest points of iliac crests lie at the level of L4 vertebra just below
the level of umbilicus.

Pubic symphysis

It forms the lower limit of anterior abdominal wall in the anterior median
plane. It is easily palpable by pressing just above your genital area. It lies at
the level of coccyx.



The small prominences felt on either side at the lateral edges of pubic
crests are called pubic tubercles.

Soft tissue landmarks (Figs. 3.2 and 3.3) AN 44.1, AN 55.1

Groove of groin/inguinal line

It is a curved linear horizontal groove, which extends downward and medially
from anterior superior iliac spine to the pubic tubercle. It is convex
downward and overlies the inguinal ligament which extends from anterior
superior iliac spine to the pubic tubercle. Hence, it is also called inguinal line.

It is placed at the junction of the anterior abdominal wall and the front of the
thigh.

FIG. 3.2 m Soft tissue landmarks on the front of
abdomen.



FIG. 3.3 m Soft tissue landmarks of the abdomen and
their relationship with gallbladder and spermatic cord.

Spermatic cord

It is a soft-rounded cord present on either side in the scrotum, in the males. It
can be palpated through skin as it passes downward just above the medial end
of inguinal ligament to enter the scrotum.

Midline furrow/groove

It is a linear furrow/groove, which extends from the xiphoid process above to
the pubic symphysis below. It corresponds to the underlying linea alba—a
tendinous raphe, which separates the two rectus muscles from each other.
The midline linear furrow divides the anterior abdominal wall into right and
left halves.

Umbilicus (belly button)
It is an irregular, depressed scarred area in the linear midline furrow, a little
below its midpoint (page 24).

Linea semilunaris



It is a vertical curved furrow, which extends from tip of the ninth costal
cartilage to the pubic tubercle. It lies few centimetres away from the median
furrow and corresponds to the lateral margin of the underlying muscle—
rectus abdominis.

Transverse furrows

The three transverse/horizontal furrows are seen on anterior abdominal wall,
on either side of anterior midline, between linea alba and linea semilunaris.
They are produced by tendinous intersections present in each rectus
abdominis muscle. These furrows are responsible for producing 6-packs in
the atheletes or body builders. For details see page 35.

Murphy’s point

It is a point felt where linea semilunaris meets the right subcostal margin. It
corresponds to the tip of the ninth costal cartilage. The fundus of gallbladder
lies deep to this point.

Abdominal planes (Fig. 3.1) AN 44.1

Transpyloric plane/addison’s plane

It is an imaginary horizontal plane, which passes through the midpoint of the
line joining the jugular (suprasternal) notch to the symphysis pubis. It lies
about one hand’s breadth below the xiphisternal joint. Anteriorly it passes
through the tips of the ninth costal cartilages and posteriorly through the
lower border of the body of L1 vertebra.

It is the key plane of the abdomen as it transects number of abdominal
viscera, for example:

a) Pylorus of stomach, the distal tubular part of the stomach
b) Fundus of gallbladder

c) Neck of pancreas

d) Hila of kidneys

e) Origin of superior mesenteric artery

f) Formation of portal vein

g) Root of transverse mesocolon

Subcostal plane

It is an imaginary horizontal plane, which passes immediately below the
costal margins. It passes anteriorly through the lowest borders of costal



cartilages of the 10th rib, and posteriorly through the body of L3 vertebra.

Transumbilical plane

It is a transverse plane that passes through the umbilicus (or navel) and lies
at the level of intervertebral disc between the L3 and L4 vertebrae.

Intertubercular plane

It is an imaginary horizontal plane, which joins the tubercles of the iliac
crests which are palpable 5 cm posterior to the anterior superior iliac spines
and passes through the upper part of the body of L5 vertebra.

Right and left vertical planes (also called midclavicular planes)
(Figs. 3.1 and 6.2)

They pass from the midpoint of the clavicle superiorly to the point midway
between the anterior superior iliac spine and the pubic symphysis inferiorly,
that is midinguinal point.

N.B.

These planes are used to delineate the nine regions or four quadrants
of the abdominal cavity, which the clinicians refer, to describe the
location of the abdominal viscera and pain in abdomen.

These regions and quadrants are described in detail in Chapter 6, pages
68-60.

Layers of the anterior abdominal wall AN 44.2

The anterior abdominal wall is firm and elastic. In infraumbilical region, the
superficial fascia divides into two layers: (a) superficial layer (Camper’s
fascia) and (b) deep layer (Scarpa’s fascia). Hence, in this part, anterior
abdominal wall, consists of nine layers (Fig. 3.4). From superficial to deep,
these are as follows:

1. Skin

2. Camper’s fascia (CF)

3. Scarpa’s fascia (SF)

4. External oblique muscle (EO)

5. Internal oblique muscle (10)

6. Transversus abdominis muscle (TA)
7. Fascia transversalis (FT)



8. Extraperitoneal fat (EF)
9. Parietal layer of peritoneum (PP)

FIG. 3.4 m Nine layers of anterior abdominal wall in the
infraumbilical region, as seen in a longitudinal section.

N.B.

The deep fascia is absent in the anterior abdominal wall to allow the
bulging/distension of the abdominal wall as after taking meals, during

pregnancy, etc.

Skin AN 44.2
The skin of the anterior abdominal wall is thinner and more sensitive than



the skin of the posterior abdominal wall.

Visible skin creases/lines on the anterior abdominal wall (Fig. 3.2)

1. Midline furrow/groove (page 23)

2. Linea semilunaris (page 23)

3. Transverse furrows: Two or three transverse furrows may sometimes
be seen crossing the rectus abdominis muscle and corresponds to the
tendinous intersections of the muscle. They are called linea
transversalis.

4. Line of Venus: It is a semilunar line with concavity facing upward, seen
mostly in females on the anterior abdominal wall between the
umbilicus and pubic symphysis.

5. Linea gravidarum: In the multiparous women, the lower part of the
anterior abdominal wall presents a number of irregularly branched
white lines called striae gravidarum. They occur due to degenerative
fibrosis of subcutaneous fat because of undue stretching of the
anterior abdominal wall by the gravid uterus.

Cleavage lines of skin in the anterior abdominal wall

The cleavage lines (Langer’s lines) in the anterior abdominal wall run
horizontally. Therefore, the abdominal incisions preferably should be given
horizontally. So that wounds heal with invisible linear scars (Fig. 3.5).



FIG. 3.5 m Cleavage (Langer’s) lines/crease lines on the
anterior abdominal wall.

Umbilicus

The umbilicus is of great anatomical, embryological, and clinical importance
and hence discussed in detail in the following text.

1. The umbilicus is the most obvious feature of the anterior abdominal
wall.

2. It is in fact a normal puckered scar in the anterior abdominal wall
representing the site of attachment of the umbilical cord in the foetus.

Position

In adult, it lies at the level of intervertebral disc between L3 and L4 vertebrae.
However, the position of umbilicus is variable.

Anatomical significance



1. The level of umbilicus serves as water-shed line for venous and
lymphatic drainage. The venous blood and lymph flow upward
above the level of the umbilicus and downward below the level of the
umbilicus.

2. It indicates the level of T10 dermatome, that is skin around the
umbilicus is supplied by the 10th spinal segment.

3. It is one of the important sites of portocaval anastomosis.

CLINICAL CORRELATION

« Although the umbilicus is a scar in the anterior abdominal wall, it is of

immense cosmetic value. Therefore, the surgical incision should never
be given across it.

« The skin around the umbilicus is supplied by T10 spinal segment.
Therefore, visceral pain of appendicitis is referred to the umbilicus (note
the appendix is supplied by T10 spinal segment).

Embryological significance of umbilicus
During embryonic life, the umbilicus is seen in the form of a circular gap
(umbilical ring) in the anterior abdominal wall to provide passage to
umbilical cord covered by glistening membrane—the amnion.

The following structures pass through this gap into umbilical cord:

« Allantois/urachus
« Vitellointestinal duct
« Umbilical vessels (two arteries and one vein)

Thus the umbilicus is the meeting point of three systems:

(a) Excretory system, viz. urachus.
(b) Vascular system, viz. umbilical vessels.
(¢) Digestive system, viz. vitellointestinal duct.

Thus there are four important embryological remnants seen on
the posterior (internal) surface of anterior abdominal wall
radiating away from umbilicus (Fig. 3.6). These are:



FIG. 3.6 m Four embryological remnants at the
umbilicus.

CLINICAL CORRELATION

Congenital anomalies: The important congenital anomalies of the
umbilicus are fistulae and exomphalos.

(a) Faecal fistula: Failure of vitellointestinal duct to obliterate results in
faecal fistula at the umbilicus.

(b) Urinary fistula: Failure of urachus to obliterate leads to urinary
fistula at the umbilicus.



(c) Exomphalos (or omphalocele): Failure of midgut loop to return in
the abdominal cavity results in the exomphalos. Since the intestine
protrudes through a defect in all layers of the abdominal wall at
umbilical ring a thin transparent membrane—the amnion—couvers it.

(d) Congenital umbilical hernia (Fig. 3.7): In this condition, the
intestine protrudes through the umbilicus due to weakness of umbilical
scar, hence it is covered by the skin (for details, see Clinical and
Surgical Anatomy, 2ed. by Vishram Singh).

N.B.

The umbilicus is therefore considered as hot bed of embryology by the
clinicians.

FIG. 3.7 m Congenital umbilical hernia.

Superficial fascia AN 44.2
The superficial fascia of anterior abdominal wall contains a variable amount



of fat, especially in its lower half. The anterior abdominal wall is the major
site of fat accumulation especially in the females leading to obesity.

Below the level of umbilicus, it consists of two layers (Fig. 3.8): (a) a
superficial fatty layer (Camper’s fascia) and (b) a deep membranous layer
(Scarpa’s fascia). The space between the two layers contains superficial
epigastric, circumflex iliac, external pudendal vessels, and superficial inguinal
lymph nodes.

FIG. 3.8 m Extent of the membranous layer of superficial
fascia of the abdomen (Scarpa’s fascia): ( A) as seen in
anterior view and ( B) as seen in sagittal section.

Camper’s fascia (superficial fatty layer)

This superficial fatty layer of superficial fascia of the abdomen is continuous
with the superficial fascia of the adjoining areas of the body. Over the penis, it
is devoid of fat, and in the scrotum, it is replaced by an involuntary dartos
muscle.

Scarpa’s fascia

This deep membranous layer of superficial fascia of the abdomen is made up
of elastic type of fibrous tissue. Students must remember its following
features:

1. In the midline, it is attached to the linea alba.

2. On each side, it is separated from underlying external oblique muscle
by a layer of loose areolar tissue, which disappears superiorly and
towards the median plane.



3. Below:

(a) It crosses the inguinal ligament and gets attached to the fascia lata
of the thigh immediately below and parallel to the ligament.

(b) It is prolonged over the penis to enclose it up to the base of the
glans and forms the fascia of the penis (Buck’s fascia).

(c) It covers the scrotum where it is replaced by dartos muscle and
then continues with the superficial fascia of perineum—the Colles’
fascia. The Colles’ fascia stretches across the margins of pubic arch
and is attached to the posterior edge of the urogenital
diaphragm /posterior border of the perineal membrane, which also
stretches across the pubic arch. The space between the perineal
membrane and Colles’ fascia is known as superficial perineal
pouch.

N.B.

« The line of attachment of Scarpa’s fascia with the fascia lata is marked on
the surface by Holden’s line, which begins a little lateral to the pubic
tubercle and extends laterally for about 8 cm.

« A potential space exists in the anterior abdominal wall between Scarpa’s
fascia and aponeurosis of the external oblique. It is termed superficial
inguinal space.

CLINICAL CORRELATION

Clinical significance of Scarpa’s fascia: The Scarpa’s fascia bears two
important clinical relations:

(a) It serves as a firm unit for suturing the superficial fascia during closure
of the anterior abdomen/perineum after abdominal or pelvic surgery.

(b) The attachments of Scarpa’s and Colles’ fasciae are such that they
prevent the passage of extravasated urine due to urethral rupture
backward into the ischiorectal fossae and downward into the thighs.

The line of fusion of Scarpa’s fascia passes over Holden’s line, body of
pubis, margins of pubic arch, and posterior border of the perineal
membrane/posterior edge of the urogenital diaphragm (Fig. 3.9).

Therefore, if male urethra is ruptured in the perineum, the extravasated



urine collects first in the superficial pouch of perineum and then on to the
anterior abdominal wall inferior to the umbilicus in the superficial inguinal

space (Fig. 3.10).

The presence of urine in this confined space where Scarpa’s fascia is
attached makes the clinician to suspect urethral rupture due to trauma.
Clinically rupture of the urethra in the perineum presents as follows:

(a) Swollen perineum

(b) Swollen scrotum

(c) Swollen penis

(d) Swollen lower part of abdominal wall

FIG. 3.9 m Attachment of the membranous layer of
superficial fascia.



FIG. 3.10 m Rupture of urethra in perineum and

collection of extravasated urine in superficial perineal
pouch and superficial inguinal space.

Cutaneous nerves (Fig. 3.11) AN 44.2

The skin of the anterior abdominal wall is supplied by lower six thoracic and
first lumbar nerves. Almost entire abdominal wall is supplied by the lower six
thoracic nerves through intercostal and subcostal nerves. Only the most
inferior part is supplied by the first lumbar nerves through the iliohypogastric
and ilioinguinal nerves.



FIG. 3.11 m Cutaneous nerves of the anterior abdominal
wall.

Anterior cutaneous branches

The anterior cutaneous nerves (seven in number) are derived from the lower
five intercostal, subcostal, and iliohypogastric nerves. They pierce the anterior
wall of the rectus sheath a short distance away from the median plane and
divide into medial and lateral branches to supply the skin.

The anterior cutaneous branch of iliohypogastric nerve emerges 2.5 cm
above the superficial inguinal ring.

The ilioinguinal nerve lacks the lateral cutaneous branch and its anterior
cutaneous branch passes through the superficial inguinal ring and supplies



skin on the upper medial aspect of the thigh and skin of the scrotum or
labium majus.

Dermatomes of anterior abdominal wall
The important dermatomes are as follows:

« T7 in epigastric region
« T10 in umbilical region

« L1 in inguinal region (i.e. region of inguinal fold)

The dermatomes of the anterior abdominal wall are shown in Fig. 3.12.



FIG. 3.12 m Dermatomes on the anterior abdominal wall.

Lateral cutaneous branches

« The lateral cutaneous branches from lower two intercostal nerves
emerge through the external intercostal muscle and divide into a large
anterior and small posterior branches to supply the skin.

« The lateral cutaneous branches of subcostal and iliohypogastric nerves
appear close to the iliac crest and descend over it to supply the skin in
the upper anterior part of the gluteal region.



Cutaneous arteries (Fig. 3.13) AN 44.2
These are as follows:

1. Anterior cutaneous arteries are the branches of superior and inferior
epigastric arteries which arise from internal thoracic and femoral
arteries, respectively. They accompany the anterior cutaneous nerves.

2. Lateral cutaneous arteries are the branches of posterior intercostal
arteries. They accompany the lateral cutaneous nerves.

3. Three superficial inguinal arteries are the three superficial branches of
femoral artery (superficial external pudendal, superficial epigastric,
and superficial circumflex iliac) and supply the skin of the abdomen
below the umbilicus.

(a) The superficial external pudendal artery runs medially and passes
in front of the spermatic cord to supply the scrotum (or labium
majus) and penis.

(b) The superficial epigastric artery runs superomedially across the
inguinal ligament up to the umbilicus.

(¢) The superficial circumflex iliac artery runs laterally below the
inguinal ligament towards the anterior superior iliac spine to
supply the skin of inguinal region.



FIG. 3.13 m Arteries of the anterior abdominal wall (FA =
femoral artery).

Superficial veins (Fig. 3.14) AN 44.2

These are tributaries of great saphenous vein from below and axillary vein
from above.



FIG. 3.14 m Superficial veins of the anterior abdominal

wall.

They drain the venous blood from superficial abdominal wall into superior
and inferior vena cava, respectively. The details are as under:

The superficial veins also follow water-shed line at the level of umbilicus.
They accompany the cutaneous arteries and drain as follows:

1. Below the umbilicus, they run downward and drain into the
great saphenous vein in the groin and thus eventually in the
inferior vena cava.

2. Above the umbilicus, they run towards the axilla and drain into
the axillary vein and thus eventually in the superior vena cava.

3. From umbilical region, the paraumbilical veins, the small
tributaries of portal vein which run along the ligamentum teres to



drain into the portal vein (obliterated left umbilical vein).

CLINICAL CORRELATION

Clinical significance of superficial veins of the anterior abdominal
wall: The superficial veins of the anterior abdominal wall anastomose

freely with each other and with the small veins (paraumbilical veins), which
drain the umbilicus.

« In portal vein obstruction (Fig. 3.15A), when the venous drainage
through the liver is obstructed, the backflow of blood may occur through
paraumbilical veins towards the umbilicus. As a result, the paraumbilical
veins and superficial veins around the umbilicus become grossly
distended and tortuous. They radiate out from the umbilicus like spokes
of a wheel, producing a clinical sign called caput medusae. This
condition is so called because of its resemblance to the serpents on the
head of Medusa, a mythical lady in Greek mythology. AN 47.11

« In caval obstruction (Fig. 3.15B) (i.e. obstructions of superior and
inferior vena cavae), the thoracoepigastric vein connecting the great
saphenous and axillary veins opens up.

In superior vena cava obstruction, blood in the thoracoepigastric vein
flows downward whereas in the inferior vena cava obstruction it flows
upward crossing the water-shed line.

FIG. 3.15 m Subcutaneous venous collateral circulation: (



A) formation of caput medusae in portal obstruction and (

B) formation of thoracoepigastric vein in caval obstruction.

(The arrows indicate the direction of blood flow in superior

vena cava obstruction on the right side and in inferior vena
cava obstruction on the left side.)

N.B.

The thoracoepigastric vein is formed by the anastomosis of lateral thoracic
vein (a tributary of axillary vein) with the superficial epigastric vein (a
tributary of great saphenous vein).

Superficial lymph vessels (Fig. 3.16) AN 44.2
They drain lymph from the skin and superficial fascia of the abdominal wall
into axillary and superficial inguinal lymph nodes as follows:

1. Above the umbilicus, the lymph vessels run upward to drain into the
axillary lymph nodes (anterior/pectoral group).

2. Below the umbilicus, the lymph vessels run downward and laterally
to drain into the superficial inguinal lymph nodes. The umbilicus
forms the water-shed line.



FIG. 3.16 m Superficial lymphatics of the anterior
abdominal wall.

Thus lymphatics faithfully follow the water-shed line at the level
of the umbilicus.

CLINICAL CORRELATION

Clinical significance of cutaneous lymph vessels of anterior
abdominal wall: The infection or malignant tumour of the skin in the
lower part of the anterior abdominal wall may cause swelling in the groin
due to enlargement of superficial inguinal lymph nodes, and similar lesions
in the upper part of the abdomen may produce swelling in the axilla due to
enlargement of axillary lymph nodes.

Muscles of the anterior abdominal wall AN 44.6



The anterior abdominal wall consists of five pairs of muscles—five on either
side of midline (three large flat muscles and two vertical muscles).

The three large flat muscles are situated anterolaterally on either side of
abdomen.

The two vertical muscles are situated on either side of median fibrous
raphe — the linea alba.

The three flat muscles are fleshy posterolaterally and aponeurotic
anteromedially. The aponeuroses of these muscles pass towards the midline
to enclose the rectus abdominis and pyramidalis, and then fuse with each
other and with the aponeuroses of the muscles of the opposite side in the
median fibrous raphe extending from the xiphoid process to the pubic
symphysis, forming the linea alba. This aponeurotic sheath around rectus
abdominis is called rectus sheath.

Flat muscles

The three anterolateral flat muscles (external oblique, internal oblique,
and transversus abdominis) form three distinct layers in the anterior
abdominal wall, similar to those in the intercostal spaces, and as in the
intercostal space the neurovascular structures lie between the internal
oblique and transversus abdominis muscles.

External oblique muscle (Fig. 3.17)

Origin

The external oblique muscle arises from eight fleshy slips from the outer
surfaces (the middle of the shaft) of lower eight ribs.



FIG. 3.17 m External oblique muscle.

Insertion

Most of the fleshy fibres run downward, forward, and medially in the same
direction as the fingers do when you put the hand inside the side pocket of
your pantaloon.

The insertion occurs as follows:

1. The posterior-most fibres pass vertically downward to be inserted on to
the outer lip of the anterior two-thirds of the iliac crest. The posterior
border of muscle is thus free but thickest.

2. The remaining fibres pass downward, forward, and medially to end in a
broad aponeurosis, which is inserted into the linea alba extending from
the xiphoid process to the pubic symphysis.

(a) The upper border of the aponeurosis is free and overlapped by the
fibres of pectoralis major muscle.

(b) The lower border of the aponeurosis is free and jumps from
anterior superior iliac spine to the pubic tubercle bridging across
the muscles, nerves, and vessels that enter the thigh from the
abdomen.



The lower free border of the aponeurosis is thickened and rolled inward on
itself to form the inguinal ligament.

N.B.

« The upper four slips of origin interdigitate with the slips of serratus
anterior and lower four slips with the slips of latissimus dorsi.

« Above the pubic crest, the aponeurosis presents a triangular gap called
superficial inguinal ring.

« Posterior-free border of muscle is thickest part and forms the anterior
boundary of the lumbar triangle.

Nerve supply
By anterior primary rami of lower six thoracic spinal nerves (T7-T12).

Internal oblique muscle (Fig. 3.18)

This muscle is relatively smaller and thinner than the external oblique. It lies
deep to external oblique and its fibres run at right angles to those of external
oblique muscle like fingers, when you put your hand over chest.

FIG. 3.18 m Internal oblique muscle.




Origin
It arises from:

1. Lateral two-thirds of the upper surface of the inguinal ligament.
2. Anterior two-thirds of the iliac crest (intermediate area).
3. Thoracolumbar fascia.

Insertion
Most of the fibres run upward, forward, and medially at right angle to that of
external oblique (as your fingers do when you place your hand in front of the
chest).

The insertion occurs as follows:

1. Most of the fibres run upward, forward, and medially, and end in a
broad aponeurosis, which is inserted into the seventh to ninth costal
cartilages, and linea alba extending from the xiphoid process to the
pubic symphysis.

2. The posterior-most fibres ascend vertically upward and inserted by
fleshy fibres into the lower border of lower three or four ribs and their
costal cartilages.

3. The inferior fleshy fibres arising from inguinal ligament arch over the
inguinal canal and its contents, and then descend to be inserted on to
the pubic tubercle and pecten pubis. These fibres fuse with the
corresponding tendinous fibres of the transversus abdominis muscle to
form conjoint tendon which is inserted into the pubic crest and
medial part of the pecten pubis.

Nerve supply
By the anterior primary rami of lower six thoracic nerves (T7—T12) and first
lumbar nerve (L1) via iliohypogastric and ilioinguinal nerves.

Transversus abdominis muscle (Fig. 3.19)
The transversus abdominis muscle is the innermost of three flat abdominal
muscles. The direction of most of its fibres is horizontal /transverse.



FIG. 3.19 m Origin and insertion of transversus
abdominis muscle.

Origin
It arises from:

1. Lateral one-third of the upper surface of the inguinal ligament.
2. Anterior two-thirds of the iliac crest (inner lip).

3. Thoracolumbar fascia.
4. Inner surfaces of the lower six ribs and their costal cartilage.

Insertion

1. Most of the fibres run horizontally and end in a broad aponeurosis,
which is inserted into the linea alba extending from the xiphoid
process to the pubic symphysis.

2. Inferior inguinal fibres arch forward forming the roof of the inguinal
canal, and then turn downward and medially forming an aponeurosis,
which joins similar aponeurosis of internal oblique to form conjoint
tendon, through which it is inserted into the pubic crest and medial

part of pecten pubis.

Nerve supply
By the anterior primary rami of lower six thoracic nerves (T7—-T12), and first

lumbar (L1) nerve via iliohypogastric and ilioinguinal nerves.



N.B.

An important fact for students to remember is that external oblique lies
superficial to the lower ribs, internal oblique attaches to the costal margin,
and transversus abdominis muscle lies deep to the lower ribs.

Structures derived from flat muscles
The structures derived from flat muscles are as follows:

1. Inguinal ligament
2. Conjoint tendon
3. Cremaster muscle

Inguinal ligament
It is the lower-free border of external oblique aponeurosis stretching between
anterior superior iliac spine and pubic tubercle (page 42).

Conjoint tendon (falx inguinalis)

It is formed by the fusion of lower aponeurotic fibres of internal oblique and
transversus abdominis muscles, which arches over the spermatic cord and is
attached on to the pubic crest and medial part of the pectineal line (pecten
pubis). The important features of the conjoint tendon are as follows:

1. It forms the medial half of the posterior wall of the inguinal canal and
strengthens the posterior wall of the canal opposite the superficial
inguinal ring.

2. Medially, it blends with the anterior wall of the rectus sheath.

3. Laterally, it may extend occasionally up to the interfoveolar ligament, a
thickening in the fascia transversalis along the medial border of deep
inguinal ring. The interfoveolar ligament extends from the lower
border of transversus abdominis to the superior ramus of the pubis.

N.B.
The weakening of conjoint tendon due to old age or injury of iliohypogastric
and ilioinguinal nerves predisposes the occurrence of direct inguinal hernia.

Cremaster muscle (Fig. 3.20)

The cremaster muscle consists of a series of loops of skeletal muscle
fibres joined by loose areolar tissue, the cremaster fascia. The loops of
cremaster muscle and fascia form the covering around the spermatic cord and
testis. These muscle loops are derived from lower-arched fibres of internal



oblique. The medial ends of loops are attached to the pubic tubercle, pubic
crest, and conjoint tendon. The cremaster muscle is supplied by
genitofemoral nerve which arises from L1 and L2 spinal segments through its
genital branch.

FIG. 3.20 m Schematic diagram to show cremaster
muscle.

The contraction of cremaster muscle pulls the testis up towards the
superficial inguinal ring, which helps to plug the superficial inguinal ring. It
also helps in controlling the temperature of the testis.

CLINICAL CORRELATION

Cremasteric reflex (Fig. 3.21): Upon stroking the skin of the upper
medial aspect of thigh, there is reflex contraction of cremaster muscle
leading to reflex elevation of the testis. The reflex is more brisk in children.




The femoral branch of genitofemoral nerve forms the afferent limb and
genital branch of genitofemoral nerve forms the efferent limb. The reflex
centre is in L1 and L2 spinal segments.

FIG. 3.21 m Neural pathway for cremasteric reflex.

Vertical muscles

The two vertical muscles—rectus abdominis and pyramidalis—lie on either
side of the anterior midline and are enclosed in the tendinous sheath formed
by the aponeuroses of the three pairs of flat muscles.

Rectus abdominis muscle (Fig. 3.22)

It is a long, flat strap muscle, which extends vertically upward along the linea
alba from the pubic symphysis below to the costal margin above. It gradually



widens as it ascends from the pubic symphysis to the costal margin, thus it is
wider above and narrows below.

FIG. 3.22 m Origin and insertion of rectus abdominis
(right side).

Origin
It arises by two tendinous heads:

1. Medial head arises from the anterior surface of the pubic symphysis.
2. Lateral head arises from the lateral part of the pubic crest and pubic
tubercle.



Insertion

It is inserted on the anterior thoracic wall by four fleshy slips along a
horizontal line passing laterally from xiphoid process and cutting in that
order, the seventh, sixth, and fifth costal cartilages.

Special features of rectus abdominis

« Presence of tendinous intersections: The muscle presents three
tendinous intersections: first at the level of tip of the xiphoid process;
second at the level of the umbilicus; and third at the level midway
between the above two. Sometimes a fourth intersection may be
present below the umbilicus.

Each tendinous intersection passes horizontally in a zigzag manner
and is attached to the anterior wall of the rectus sheath. The
tendinous intersection divides the long muscle column into shorter
segments to provide more strength. They are also responsible
for six packs in athletes.

« Presence of rectus sheath: The muscle is enclosed in the aponeurotic
sheath derived from three-paires anterolateral flat muscles of the
abdominal wall. It is called rectus sheath.

Nerve supply
By the lower five intercostal and subcostal nerves (T7-T12).

Action

Flexion of the trunk on the pelvis.

Pyramidalis

The pyramidalis is rudimentary in human beings. It is a small triangular
muscle, lying anterior (i.e. superficial) to the lower part of the rectus
abdominis muscle within the rectus sheath. It has its base below in front of
the pubis, and its apex is directed above and medially. It is absent in about
20% of people.

Origin

It arises from the front of the body of pubis and anterior pubic ligament.
Insertion

It is inserted into the linea alba midway between the umbilicus and the pubic
symphysis.

Nerve supply

By the subcostal nerve (T12).

Action



It tenses the linea alba.

The origin, insertion, and nerve supply of muscles of anterior abdominal

wall is summarized in Table 3.1.

TABLE 3.1

Muscles of the anterior abdominal wall

ligament

(b) Anterior
two-thirds of
the iliac crest
(c)
Thoracolumbar
fascia

(d) Inner
surfaces of the
lower six costal
cartilages (7—

tendon)

Muscles Origin Insertion Nerve supply
- Flat muscles
— External | Outer surfaces | Anterior two-thirds| Lower six
oblique of lower eight | iliac crest, linea thoracic spinal
ribs (5th—12th | alba, and pubic nerves (anterior
ribs) tubercle rami of T7-T12)
— Internal (a) Lateral (a) Inferior border | Lower six
oblique two-thirds of | of lower three or | thoracic and first
the inguinal four ribs lumbar spinal
ligament (b) Seventh to nerves (anterior
(b) Anterior ninth costal rami of T7-T12;
two-thirds of | cartilages, linea L1)
the iliac crest | alba, pectineal line
(c) of pubis via
Thoracolumbar| conjoint tendon
fascia
— (a) Lateral Linea alba, pubic | Lower six
Transversus| one-third of crest, and pectineal | thoracic and first
abdominis | the inguinal line (via conjoint | lumbar spinal

nerves (anterior
rami of T7-T12;
L1)




12)
« Vertical muscles
— Rectus (a) Lateral (a) Fifth to seventh| Lower six
abdominis | head from costal cartilages thoracic nerves
lateral part of | (along a horizontal | (anterior rami of
the pubic crest | line) T7-T12)
(b) Medial (b) Xiphoid process
head from
anterior
surface of the
pubic
symphysis
— Anterior Into linea alba Subcostal nerve
Pyramidalis| surface of the (T12)
(Absentin | body of pubis
20% cases)

Functions of the anterior abdominal muscles
The three main functions of the anterior abdominal muscles are as follows:

1. To provide strong and expandable support for the abdominal viscera
against gravity and protect them from injury.

2. To compress the abdominal contents to increase the intra-abdominal
pressure and thus help in expulsive and expiratory acts.

3. To move the trunk to maintain the posture.

The details are as under:

Support and protection of abdominal viscera
The tone of oblique and transverse muscles provides firm but elastic support
to the abdominal viscera and protects them from external injury.

Compression of abdominal contents

The contraction of oblique and transverse muscles compresses the abdominal
wall and increases the intra-abdominal pressure, which subserve the
following functions:

1. Elevates the relaxed diaphragm to expel air during respiration.
2. Is required for forceful expiratory acts including coughing, sneezing,



nose blowing, screaming, etc.

3. Produces force for expulsive acts such as defaecation, micturition, and
parturition.

4. Is involved in heavyweight lifting, as a result the force may sometime
cause hernia.

Movements of the trunk

1. Flexion of trunk especially of the lumbar region is mainly performed by
the rectus abdominis muscles.

2. Lateral flexion of trunk is done by the unilateral contraction of oblique
muscles.

3. Rotation of trunk produced by the combined contraction of external
oblique muscle of one side with internal oblique muscle of the
opposite side.

Rectus sheath AN 44.3

The rectus sheath is an aponeurotic sheath enclosing the rectus abdominis
muscle on either side of the linea alba. It is derived from the aponeuroses of
flat muscles.

The functions of rectus sheath include the following:

(a) Checking the bowing of rectus abdominis muscle during its
contraction and hence increasing its efficiency.

(b) Maintaining the strength of the anterior abdominal wall and
preventing it from collapse.

Features (Figs. 3.23 and 3.24)

1. The rectus sheath presents anterior and posterior walls.

2. The anterior wall is complete and covers the entire extent of rectus
abdominis muscle longitudinally from the upper end to the lower end.

3. The posterior wall is deficient above and below, hence does not cover
the entire extent of muscle longitudinally. Above muscle lies directly
on fifth to seventh costal cartilages. Below halfway between umbilicus
and pubis, it presents a free curved margin with concavity facing
inferiorly called arcuate line (line of Douglas). Below this level, muscle
lies directly on the fascia transversalis and peritoneum.



FIG. 3.23 m Anterior and posterior walls of rectus sheath
as seen in sagittal section. Note: Tendinous intersections
are attached only to the anterior wall.



FIG. 3.24 m Posterior wall of the rectus sheath.

N.B.

« The anterior wall of rectus sheath is firmly adherent to the tendinous
intersections of the rectus abdominis forming transverse furrows on
anterior abdominal wall. Whereas its posterior layer is free from the
muscle.

« Rectus sheath also encloses pyramidalis if it is present.

Formation (Fig. 3.25)



The formation of rectus sheath differs from above downward as follows:

1. Above the level of costal margin:

(a) Anterior wall is formed by the aponeurosis of external oblique
only.

(b) Posterior wall is deficient and muscle lies directly on the fifth to
seventh costal cartilages.

2. Between costal margin and arcuate line:

(a) Anterior wall is formed by the fusion of aponeurosis of external
oblique with the anterior lamina of aponeurosis of internal oblique.

(b) Posterior wall is formed by the fusion of aponeurosis of
transversus abdominis with the posterior lamina of aponeurosis of
internal oblique.

3. Below the level of arcuate line:

(a) Anterior wall is formed by the aponeuroses of all the three flat
muscles (the aponeuroses of transversus abdominis and internal
oblique are fused but the aponeurosis of external oblique remains
separate).

(b) Posterior wall is deficient.



FIG. 3.25 m Formation of the rectus sheath as seen in
transverse sections through rectus abdominis and its
sheaths at three different levels: ( A) above the costal

margin, ( B) between costal margin and arcuate line, and (
C) below the arcuate line (EO = external oblique, IO =
internal oblique, TA = transversus abdominis).

N.B.

Recent view of rectus sheath formation: Recently it is found that the
aponeuroses of all the three flat muscles (external, internal, and
transversus) are bilaminar thus giving six laminae in all. The three layers
form anterior wall and three layers form posterior wall of the rectus sheath.
The laminae do not terminate in the linea alba but decussate with other
laminae across the midline, that is in the region of linea alba and continue
as the laminae of contralateral muscles.



Contents (Fig. 3.26)

The rectus sheath contains the following structures:

1. Two muscles: Rectus abdominis and pyramidalis (if present).

2. Two arteries: Superior epigastric and inferior epigastric.

3. Two veins: Superior epigastric and inferior epigastric.

4. Six nerves: Terminal parts of lower six thoracic nerves, including
lower five intercostal nerves and subcostal nerve. (They are
accompanied by terminal parts of posterior intercostal vessels.)



FIG. 3.26 m Nerves and arteries within the rectus sheath.

Also note the course taken by lower five intercostal,
subcostal, iliohypogastric, and ilioinguinal nerves.

Relevant features of contents

The superior epigastric artery, a branch of internal thoracic artery, enters
the rectus by passing through the gap between the costal and xiphoid slips of
origin of the diaphragm and passes deep to the rectus abdominis. The
inferior epigastric artery, a branch of external iliac artery, enters the
sheath by passing in front of the arcuate line. These arteries anastomose with
each other within the sheath and supply the rectus muscle.

The superior epigastric vein accompanies the superior epigastric artery
and drains into the internal thoracic vein. The inferior epigastric vein
accompanies the inferior epigastric artery and drains into the external iliac
vein.

The intercostal nerves (T7-T11) pass from their intercostal spaces into
the abdominal wall between the internal oblique and transversus abdominis
muscles, and run in this neurovascular plane to enter the rectus sheath by
piercing the posterior lamina of internal oblique aponeurosis. Within the
sheath, they proceed forward deep to rectus muscle to about its midline and
then enter the muscle, supply it, and emerge through the anterior wall of the
sheath as the anterior cutaneous nerves.

CLINICAL CORRELATION

« The pedicle flap of the upper part of the rectus abdominis muscle based
on the superior epigastric artery is commonly used in the reconstructive
surgery of the breast.

- Divarication of the recti (separation of the recti abdominis
muscles; Fig. 3.27): The separation of two rectus muscles usually
occur in elderly multiparous woman with weak abdominal muscles. In
this condition, the aponeuroses forming the rectus sheaths become
excessively stretched, consequently when the patient coughs or strains,
the recti separate widely and a hernial sac containing loops of intestine
protrudes forward between the medial margins of the recti.

- Haematoma of rectus sheath: Sometimes the superior and inferior
epigastric arteries are unduly stretched during a severe bout of coughing



or in later months of pregnancy and ruptures if they are exposed to blunt
trauma to the anterior abdominal wall leading to the formation of
haematoma within the rectus sheath. Clinically, it presents as:

(a) Midline abdominal pain.

(b) Tender mass confined to one rectus sheath.

- Epigastric hernia (Fig. 3.28): The linea alba, a midline fibrous raphe,
extends from the xiphoid process to the pubic symphysis. Above the
umbilicus, it is wider (about 1 cm) and below the umbilicus it is very
narrow. It becomes weak in elderly multiparous women and chronically
ill children. When the intra-abdominal pressure is excessively raised, a
small amount of extraperitoneal fat may protrude through the upper
part of linea alba and eventually may drag behind it a small peritoneal
sac, which may contain a portion of the greater omentum forming the
epigastric hernia.

FIG. 3.27 m Divarication of the recti abdominis.



FIG. 3.28 m Epigastric hernia.

Deep nerves of the anterior abdominal wall AN 44.2

These nerves are derived from the lower six thoracic and first lumbar
segments of spinal cord and supply the anterior abdominal wall. These
include the following nerves:

1. Lower five intercostal nerves (T7-T11).
2. Subcostal nerve (T12).

3. [liohypogastric nerve (L1).

4. Ilioinguinal nerve (L1).

Lower five intercostal nerves

1. They leave the intercostal spaces between the slips of origin of
transversus abdominis muscle and diaphragm; and enter the
abdominal wall by passing behind the 7th—10th costal cartilages.

2. They run forward in a neurovascular plane between the internal
oblique and transversus abdominis muscle; and enter the rectus
sheath by piercing its posterior wall. Within the sheath they pass in



front of epigastric vessels, pierce the rectus muscle and anterior wall of
rectus sheath to come out as the anterior cutaneous nerves, which
supply the skin of the anterior abdominal wall.

3. They give muscular branches to supply the muscles of anterior
abdominal wall and give off the lateral cutaneous nerves, which
supply the skin on the side of the abdominal wall.

Subcostal nerve

It is the anterior primary ramus of T12 spinal nerve. It enters the anterior
abdominal wall by passing behind the lateral arcuate ligament of the
diaphragm and runs laterally in the neurovascular plane similar to the
intercostal nerves. It supplies pyramidalis and adjoining 3 flat muscles and its
lateral cutaneous branch supplies the skin of the gluteal region.

Iliohypogastric nerve

It is derived from the anterior primary ramus of the L1 spinal nerve. It runs in
the neurovascular plane (i.e. between the internal oblique and transversus
abdominis) and pierces the internal oblique about 2.5 cm in front of the
anterior superior iliac spine (Fig. 3.29). It becomes cutaneous by piercing the
external oblique aponeurosis about 2.5 cm above the superficial inguinal ring
and supplies skin over pubic region. Its lateral cutaneous branch supplies the
skin of the upper gluteal region. It does not enter the rectus sheath.



FIG. 3.29 m Iliohypogastric and ilioinguinal nerves.

N.B.

In inguinal incisions to repair hernias may injure the inguinal nerves
(iliohypogastric, ilioinguinal, and genitofemoral) directly or it may be
included in the suture during the closure of incision inadvertently.

Ilioinguinal nerve

It is the anterior primary ramus of L1 spinal nerve. It pierces the internal
oblique muscle and enters the inguinal canal to run along the inferolateral
side of the spermatic cord. It comes out through the superficial inguinal ring
to enter the front of thigh where it supplies skin of the medial aspect of thigh,
root of penis, anterior one-third of scrotum (or labium majus in female). It
has no lateral cutaneous branch (Fig. 3.29).

The deep nerves of the anterior abdominal wall are summarized in Table

3.2.

TABLE 3.2

Deep nerves of the anterior abdominal wall

Nerves Root Motor branches Cutaneous
value branches
Lower five T7-T11 | - External oblique | » Anterior
intercostal « Internal oblique | - Lateral
e Transversus
abdominis
* Rectus
abdominis
Subcostal T12 « Pyramidalis - Anterior
« External oblique | « Lateral
« Internal oblique
 Transversus
abdominis
Iliohypogastric | L1 - Internal oblique | » Anterior
« Transversus - Lateral
abdominis




TIioinguinal L1 « Internal oblique | Anterior
« Transversus
| abdominis

N.B.

« [liohypogastric and ilioinguinal nerves do not enter the rectus sheath.

- Lateral cutaneous branches of subcostal and iliohypogastric nerves
supply gluteal region.

« Ilioinguinal nerve does not give lateral cutaneous branch.

« All deep nerves of the anterior abdominal wall give sensory twigs to the
parietal peritoneum.

Deep arteries of the anterior abdominal wall

The deep arteries supply the anterior abdominal wall. These include the
following arteries (Fig. 3.13):

1. Superior epigastric artery

2. Musculophrenic artery

3. Inferior epigastric artery

4. Deep circumflex iliac artery

Superior epigastric artery

It is one of the two terminal branches of internal thoracic artery. It begins in
the sixth intercostal space and enters the abdomen by passing between the
sternal and seventh costal slips of origin of the diaphragm. It crosses the
upper border of transversus abdominis and enters the rectus sheath, where it
runs vertically downward on its posterior wall and ends by anastomosing with
the inferior epigastric artery.

Musculophrenic artery

It is the other terminal branch of the internal thoracic artery. It runs
downward and laterally; and enters the abdomen by passing through the gap
between the seventh and eighth costal slips of origin of the diaphragm. It
continues its course downward and laterally along the deep surface of the
diaphragm as far as the 10th intercostal space.



Inferior epigastric artery

It arises from the external iliac artery just above the inguinal ligament. It
runs upward and medially in the extraperitoneal tissue along the medial
margin of the deep inguinal ring. It pierces fascia transversalis just at the
lateral border of the rectus abdominis and enters the rectus sheath by
crossing the arcuate line. Within the sheath, it runs on its posterior wall and
ends by anastomosing with the superior epigastric artery.

N.B.

The pubic branch of the inferior epigastric artery anastomoses with the
pubic branch of the obturator artery. It may become the abnormal
obturator artery when the obturator artery is very small.

Deep circumflex iliac artery

The deep circumflex iliac artery arises from the lateral side of the lower end
of external iliac artery opposite to the origin of inferior epigastric artery. It
runs upward and laterally along the inguinal ligament, pierces fascia
transversalis and continues its course along the iliac crest up to its middle
where it pierces the transversus abdominis to enter the plane between the
transversus abdominis and internal oblique.

Fascia transversalis

The fascia transversalis is a thin layer of fascia that lines the inner surface of
the transversus abdominis muscle (Fig. 3.30).



FIG. 3.30 m Fascia transversalis and its continuations as
seen in: ( A) coronal section and ( B) transverse section. (L
= lumbar vertebra).

Extent

Superiorly, it is continuous with the similar layer lining the inferior aspect of
the diaphragm—the diaphragmatic fascia and inferiorly with the fascia
covering the iliacus muscle—the fascia iliaca.

Anteriorly, it extends up to the linea alba to which it becomes adherent, and
posteriorly it becomes continuous with the anterior layer of the
thoracolumbar fascia.

Important features

1. The fascia transversalis presents an oval opening about 1.2 cm above
the midinguinal point called deep inguinal ring.

2. It forms a tubular prolongation around the spermatic cord in the form
of internal spermatic fascia.

3. Its prolongation into the thigh over the femoral vessels forms the
anterior wall of the femoral sheath.

4. All the main arteries of the abdominal cavity lie deep to the fascia
transversalis and fascia iliaca whereas main nerves lie outside it. This



explains why femoral vessels are inside the femoral sheath and
femoral nerve outside it.

5. It forms iliopubic tract, which is the thickened inferior margin of the
fascia transversalis in the inguinal region.

CLINICAL CORRELATION

A. Common abdominal incisions (Fig. 3.31) AN44.7 The abdominal
incisions are commonly given by surgeons to explore the abdominal cavity
and perform the desired surgery. It is called laparotomy. The
undergraduate medical students should have some idea about these
incisions. The abdominal incisions may sometime give rise to incisional
hernias.

A brief account of some commonly given incisions are given in the
following text:

1. Midline incision: This incision is given in the midline along the linea
alba. It is easier to perform incision above the umbilicus because linea
alba is wider in this region.

The advantages of this incision are as follows:

(a) It is almost bloodless.

(b) No muscle fibres are cut across.

(c) No nerves are injured.

(d) It gives access to both sides of the abdomen.

The disadvantage of supraumbilical incision is that healing is poor and
may lead to incisional hernia. The infraumbilical incision is safer
because of the close approximation of recti prevents the ventral
incisional hernia.

2. Paramedian incision (Fig. 3.32): This incision is advantageous than
the median incision. In this the anterior wall of rectus sheath is exposed
and incised about 1 in (2.5 cm) lateral and parallel to the midline. In this
the anterior wall of the sheath is freed from the tendinous intersections.
The rectus muscle is retracted laterally with its nerve supply intact and
posterior wall of the sheath is exposed. The posterior wall of the sheath
along with fascia transversalis and peritoneum is then incised. The
wound is closed in layers. In paramedian incision, postoperative
weakness and occurrence of incisional hernia is minimal. Hence, it is
given most frequently.

3. McBurney’s incision/grid-iron incision: It is commonly given for



appendicectomy. An oblique incision is made in the region of the right
iliac fossa about 2 in (5 cm) above and medial to the anterior superior
iliac spine at right angle to the spinoumbilical line.

The external oblique, internal oblique, and transversus abdominis
muscles are incised or split in the line of their fibres and retracted to
expose the fascia transversalis. Hence, it is also termed muscle-
splitting incision. The transversalis fascia and parietal peritoneum
are incised to open the abdominal cavity, the incision is closed in
layers. This incision has no postoperative weakness.

4. Kocher’s incision (right subcostal incision): It is given 2—5 cm
below and parallel to the right costal margin. This incision is used to
explore the gallbladder and associated ducts.

5. Transverse incision: The transverse incision in the lower part of the
abdomen (with slight concavity upward) is given about 2 cm below the
umbilicus along the skin crease (line of Venus). It is used to explore the
pelvic organs, especially in surgeries related to the uterus and ovaries.

N.B.
The nerve supply of large flat muscles of abdominal wall form a rich
communicating network, hence if incisions are given across the direction
of fibres of these muscles with division of one or two nerves produce no
clinical ill effects.

On the other hand, segmental nerve supply of rectus abdominis has
little cross communication, hence damage to these nerves if possible, must
be avoided.

B. Common abdominal hernias

The hernia is a protrusion of abdominal viscera through its walls at sites
of weakness. Abdominal hernias are most common.

Parts of hernia

The hernia consists of four parts: (1) neck, (2) hernial sac, (3) contents,
and (4) coverings (Fig. 3.33).
— Neck, a narrow upper part of peritoneal protrusion.
— Sac, a wider lower part of peritoneal protrusion—the body.
— Contents include part large or small intestine, omentum or any



other viscera.
— Coverings are layers of abdominal wall covering the hernial sac.

Types of abdominal hernia

a) Inguinal hernia
b) Femoral hernia
¢) Umbilical hernia
d) Epigastric hernia
e) Incisional hernia
f) Hiatal hernia
« Inguinal hernia: The protrusion of abdominal viscera into inguinal
canal. For details, see page 48.
« Femoral hernia: The protrusion of tissue (viz. fat) or viscera through
femoral canal. For details, see page 329.
« Umbilical hernia: The protrusion of abdominal viscera through
umbilicus. It may be congenital or acquired.
a) Congenital occurs due to nonreturn of midgut loop back into
abdomen.
b) Acquired, due to weakness of umbilical scar.

For example, when intestinal loop herniates/protrudes through linea alba
around umbilicus.

- Epigastric hernia occurs, when a small amount of extraperitoneal
fat herniates through the upper wider part of linea alba (i.e. in the
epigastric region). For details see page 37.

 Incisional hernia: Occurs through incompletely healed (week)
surgical incision.

C. Uncommon abdominal hernias

« Spigelian hernia, occurs through the spigelian fascia an—aponeurotic
layer between rectus abdominis medially and semilunar line laterally.

- Internal hernias, occur when an internal organ protrudes into a
foramen or peritoneal fossa within abdominal cavity. For example,
herniation of intestinal loop through the epiploic foramen.

Complications of hernia



« Irreducibility: If herniated loop of intestine fail to return to the
abdominal cavity as it was doing in the beginning.

« Obstruction: When the loop of intestine cannot move forward due to
kinking.

« Strangulation, necrosis of loop due to blockage of arterial supply.

FIG. 3.31 m Common abdominal incisions.



FIG. 3.32 m Paramedian abdominal incision ( arrow) and
course of intercostal nerve.

FIG. 3.33 m Parts of hernia.

Golden Facts to Remember




« Most important abdominal Transpyloric
plane plane/Addison’s plane

- Largest and most superficial External oblique
flat muscle of the anterior
abdominal wall

- Largest content of rectus Rectus abdominis muscle
sheath

« Most common vertical incision | Paramedian incision
given in the anterior abdominal
wall

» Most preferred incision for McBurney’s incision
appendectomy/appendicectomy

« Commonest site of abdominal | Groin
hernias

« Murphy’s point Meeting point of linea
semilunaris and right
subcostal margin

CLINICAL CASE STUDY

A 65-year-old obese and overweight woman visited the hospital and
complained of pain and swelling around her umbilicus. On examination, the
doctor noticed a lump beside the umbilicus, which on pushing to one side
acquired a crescent shape. The lump was firm in consistency and its surface
was smooth. It was resonant on percussion and expansive on coughing. It
could also be reduced easily. The ‘paraumbilical hernia’ was diagnosed.

Questions
1. What is umbilical hernia?
2. What are the various types of umbilical hernias?

3. Enumerate the differences between the three types of umbilical hernias
(vide supra).

Answers

1. Any hernia, which is closely related to the umbilicus is called umbilical
hernia.



2. The three types of umbilical hernias are: (a) congenital umbilical
hernia, (b) acquired umbilical hernia, and (c) paraumbilical hernia.
3.

(a) Congenital umbilical hernia is the protrusion of bowel through
the weak scar of the umbilicus just after the fall of the atrophied
umbilical cord or few months later. The umbilical scar is usually
attached to the hernial sac.

(b) Acquired umbilical hernia is the protrusion of abdominal
contents through the umbilical scar in the adults due to raised
intra-abdominal pressure. The umbilical scar is attached to the
centre of hernial sac.

(¢) Paraumbilical hernia is the common acquired hernia. It appears
(protrudes) through a defect, which is adjacent to the umbilical
scar. It does not bulge through the centre of umbilical scar; hence
umbilical skin is not attached to the centre of the sac.



Chapter 4: Inguinal region/groin,
inguinal canal and inguinal
triangle

Specific learning objectives

After studying this chapter, the student should be able to:

« Describe the inguinal canal under following headings: (a) location, (b)
boundaries, (c) contents, and (d) applied anatomy. AN 44.4

« Describe the location, boundaries and clinical anatomy of Hesselbach’s
triangle. AN 44.4

« Write short notes on: (a) spermatic cord and (b) inguinal triangle
(Hesselbach’s triangle).

« Give the anatomical basis of inguinal hernias: (a) indirect inguinal
hernia and (b) direct inguinal hernia. AN 44.5

« Enumerate coverings of: (a) spermatic cord, (b) indirect inguinal hernia,
and (c) direct inguinal hernia.

« Give differences between: (a) inguinal and femoral hernias and (b)
indirect and direct inguinal hernias.

Inguinal region

The inguinal region (groin) is the junction of the anterior abdominal wall and
the anterior aspect of the thigh. It extends between the anterior superior iliac
spine and the pubic tubercle. Clinically, the inguinal region includes area
along and around the inguinal ligament. This region is important both
anatomically and clinically, anatomically because it is the region where
structures exit from and enter into the abdominal cavity and clinically



because the pathways of exit and entry are potential sites of herniation.
Majority of abdominal hernias occur in this region, that is inguinal and
femoral hernias; only inguinal hernias account for 75% of all hernias of the
body. The key structures in this region are the inguinal ligament, inguinal
canal, and femoral canal. Hence, surgically it is the most important region.

Inguinal ligament

The inguinal ligament is a thick, fibrous band extending from anterior
superior iliac spine to the pubic tubercle. It lies beneath the fold of groin. It is
formed by the lower-free border of the external oblique aponeurosis, which is
thickened and folded backward on itself. Thus the lower aspect of the
ligament is round while its upper aspect presents a groove. The grooved upper
surface of inguinal ligament forms the floor of inguinal canal (Fig. 4.1).

FIG. 4.1 m Inguinal ligament and its extensions. Figure in
the inset shows formation of inguinal ligament and its



attachment to the fascia lata. (AEO = aponeurosis of
external oblique; FL = fascia lata; IL = inguinal ligament).

The strong deep fascia of the thigh (fascia lata) is attached to the lower
aspect of the entire length of the ligament, which makes it convex inferiorly
by its pull.

Extensions/expansions
The inguinal ligament has three extensions as under:

« Lacunar/Gimbernat’s ligament
« Pectineal/Cooper’s ligaments
« Reflected part of inguinal ligament

The various extensions/expansions of the inguinal ligament are shown in
Figure 4.1:

Lacunar ligament (or gimbernat’s ligament)

From the medial end, the deep fibres of the inguinal ligament curve
horizontally backward to the medial part of the pecten pubis forming lacunar
ligament. This ligament is triangular in shape with apex attached to the pubic
tubercle. Its sharp lateral edge forms the medial boundary of the femoral ring,
which is the site of production of a femoral hernia.

Pectineal ligament (ligament of cooper)

It is the extension of the posterior part of the lacunar ligament along the
pecten pubis up to the iliopectineal eminence. Some authorities regard it as a
thickening in the upper part of the pectineal fascia.

Reflected part of inguinal ligament

The superficial fibres from the medial end of the inguinal ligament expand
upward and medially to form this ligament. It lies behind the superficial
inguinal ring and in front of the conjoint tendon. Its fibres interlace with
those of its counter-part of the opposite side at the linea alba.

Functions of inguinal ligament
These are:

« Forms the floor of inguinal canal.
« Protects the structures passing through subinguinal space.



« Acts as landmark to distinguish inguinal hernia from femoral hernia.

N.B.
Iliopubic tract ( Fig. 4.2): 1t is the thickened inferior margin of the fascia
transversalis, which appears as a fibrous band running parallel and
posterior to the inguinal ligament. When the inguinal region is viewed from
its posterior aspect, the iliopubic tract is seen in place of the inguinal
ligament.

According to Fruchaud, the inguinal ligament and iliopubic tract span an
innate area of weakness in the inguinal region.

FIG. 4.2 m Iliopubic tract.

Subinguinal space (pelvifemoral space)

The space between the inguinal ligament and the hip bone is called
pelvifemoral /subinguinal space (Fig. 4.3). The muscles (psoas major and
iliacus) and neurovascular structures of posterior abdominal wall pelvis pass
into the femoral region of the thigh through this space. This space is divided
by the iliopectineal arch into two parts:



FIG. 4.3 m Subinguinal space (pelvifemoral space) and
structures passing through it.

The iliopectineal arch is a thickened band of fused iliac fascia and psoas
fascia passing from posterior aspect of inguinal ligament anteriorly across the
front of femoral nerve to attach to iliopectineal eminence of hip bone.

The subinguinal space/retroinguinal space is divided into two
compartments by iliopectineal arch.

(a) Large lateral part called lacuna musculorum.
(b) Small medial part called lacuna vasculorum.

The iliacus and psoas muscles, and femoral and lateral cutaneous nerves of
thigh pass through the lacuna musculorum behind the fascia iliaca.

The external iliac vessels in abdomen become femoral vessels as they pass
through the medial part of the subinguinal space—the lacuna vasculorum.

The fascial lining of the abdomen is prolonged into the thigh to enclose the
upper 3.75 cm of the femoral vessels forming the femoral sheath (for
details see Chapter 23, page 328).

Inguinal canal (Fig. 4.4) AN 44.4
The inguinal canal is an oblique intermuscular passage in the lower part of
the anterior abdominal wall. It lies above and parallel to the medial half of the



inguinal ligament.

It is about 4 cm long and directed downwards, forwards, and medially. It
has opening at each end. It is formed due to descent of testis into the scrotum
during foetal development. The main content of inguinal canal is spermatic
cord in male and round ligament of uterus in female.

The inguinal canal is larger in male.

Extent and direction

The inguinal canal extends from deep inguinal ring (an oval opening in the
fascia transversalis) to the superficial inguinal ring (a triangular gap in
the external oblique aponeurosis). It is directed downward, forward, and
medially.

On the surface, the canal is marked by two parallel lines (1 cm apart and 4
cm long) just above the medial half of the inguinal ligament. The deep
inguinal ring is marked 1.2 cm above the midinguinal point as an oval
opening at the lateral end of two parallel lines (vide supra). The superficial
inguinal ring is marked just above the pubic tubercle as a triangular opening
at the medial end of two parallel lines (Fig. 4.4).

FIG. 4.4 m Surface marking of the inguinal canal.



Inguinal rings

Deep inguinal ring

1. The deep inguinal ring is an oval opening in the fascia transversalis and
lies about 1.25 cm (1/2 in) above the midinguinal point (Fig. 4.4). The
inferior epigastric artery lies just medial to it (Fig. 4.5).

2. From its margins, the fascia transversalis is prolonged into the canal
like a sleeve, the internal spermatic fascia, around the structures
that pass through the ring.

FIG. 4.5 m Boundaries of the inguinal canal: ( A) anterior
and posterior walls as seen in coronal section and ( B) roof
and floor as seen in sagittal section.

These structures constitute the spermatic cord in male.

Superficial inguinal ring

1. The superficial inguinal ring is a triangular gap in the aponeurosis of
external oblique and lies above and lateral to the pubic crest (Fig. 4.4).
2. The pubic crest forms the base of the triangle. The sides (upper/medial
and lower/lateral margins) of the triangle are called crura. They are
made up by fibres of external oblique. They meet laterally to form an
obtuse apex.
Near the apex, the two crura are united by the intercrural fibres. The



fibres of crura continue to cover the inguinal contents as it
descends into the scrotum.
3. Itis 2.5 cm long and 1.2 cm broad (at the base).

The structures passing through the deep and superficial inguinal rings are
given in Table 4.1.

TABLE 4.1

Structures passing through the deep and superficial inguinal rings

Structures passing through deep inguinal ring

In male In female

 Ductus deferens and its artery « Round ligament of uterus

« Testicular artery and the « Obliterated remains of
accompanying veins processus vaginalis

« Obliterated remains of processus | « Lymphatics from the uterus
vaginalis « Genital branch of

« Genital branch of genitofemoral | genitofemoral nerve
nerve
« Autonomic nerves and lymphatics

Structures passing through superficial inguinal ring

In male In female
 Spermatic cord « Round ligament of uterus
« [lioinguinal nerve? « [lioinguinal nerve?

4Tlioinguinal nerve enters the inguinal canal by piercing its wall and not
through the deep inguinal ring.

Boundaries
The boundaries of the inguinal canal (Fig. 4.5) are as follows:

Anterior | It is formed from superficial to deep by:
wall:

(a) Skin

(b) Superficial fascia in the whole extent.




(c) External oblique aponeurosis |

(d) Internal oblique muscle fibres, in lateral one-third.

Posterior| It is formed from deep to superficial by:

wall:
(a) Fascia trasversalis, in the whole extent
(b) Conjoint tendon, in medial two-third
(c) Reflected part of the inguinal ligament, in medial-
most part.
Roof: It is formed by the lower arched fibres of internal

oblique and transversus abdominis muscles.

Floor: It is formed by:

(a) Grooved upper surface of the inguinal ligament in
the whole extent

(b) Abdominal surface of the lacunar ligament at the
medial end.

The arrangement of muscles (external oblique, internal oblique, and
transversus abdominis) and fascia transversalis in relation to the inguinal
canal is shown in Fig. 4.6.



FIG. 4.6 m Schematic diagrams to show the formation of
the walls of inguinal canal from outside inwards: ( A)
external oblique, ( B) internal oblique, ( C) transversus
abdominis, and ( D) fascia transversalis. The formation of
anterior and posterior walls and location of inguinal rings
can easily be deduced from these figures.

Contents

In male: Spermatic cord and ilioinguinal nerve.
In female: Round ligament of the uterus and ilioinguinal nerve.

N.B.

The ilioinguinal nerve, although a content of the inguinal canal, does not
enter the canal through the deep inguinal ring. It enters the canal from side
through a slit between the external and internal oblique muscles. It lies in
front of the cord and passes out of canal through the superficial inguinal
ring to supply the inguinal region.

Spermatic cord

The spermatic cord is a collection of structures that pass from abdomen to the
testis. It extends from the deep inguinal ring to the upper pole and posterior
border of the testis. It is covered by three fascial layers.

Constituents/contents (Fig. 4.7)
The spermatic cord consists of the following six groups of structures:

« Ductus deferens, in the posterior part.
« Three arteries:
(a) Testicular artery, from abdominal aorta.
(b) Cremasteric artery, from inferior epigastric artery.
(c) Artery to ductus deferens, from inferior vesical artery.

« Veins, the pampiniform venous plexus.

- Lymphatics, especially from testis draining into preaortic and para-
aortic nodes, and some from the coverings draining into external iliac
nodes.

« Three nerves:



(a) Genital branch of genitofemoral nerve,

(b) Cremasteric nerve, and

(c) Sympathetic fibres, which accompany the arteries.
- Remains of processus vaginalis.

FIG. 4.7 m Constituents of spermatic cord.

Coverings (Fig. 4.8)
The spermatic cord is covered by three fascial layers from within outward,
these are as follows:

1. Internal spermatic fascia, derived from fascia transversalis.

2. Cremasteric fascia consisting of loops of skeletal muscle fibres united
by areolar tissue. The muscle fibres are derived from internal oblique
muscle.

3. External spermatic fascia, derived from aponeurosis of external oblique



muscle.

FIG. 4.8 m Coverings and contents of the spermatic cord.

Mnemonic: Structures and coverings of spermatic cord can be easily
remembered if they are arranged in groups of three each: three arteries,
three nerves, three other things, and three fascias.

« Three arteries: Testicular artery, artery to ductus deferens, and
cremasteric artery.

« Three nerves: Genital branch of genitofemoral, cremasteric nerve*,
and sympathetic fibres.

« Three other things: Ductus deferens, pampiniform plexus, and
lymphatic vessels.

- Three fascias: External spermatic fascia, cremasteric fascia, and
internal spermatic fascia.

Mechanisms to maintain the integrity of the inguinal canal

The inguinal canal is a site of potential weakness in the lower part of the
anterior abdominal wall, and may provide herniation of abdominal viscera.
But normally it is prevented by strength and good tone of the muscles of the
anterior abdominal wall by the following five mechanisms:

1. Flap-valve mechanism

The canal is oblique hence its deep and superficial inguinal rings do not lie
opposite to each other. As a result when intra-abdominal pressure is raised,
the anterior and posterior walls of the canal are approximated like a flap.

2, Guarding of the inguinal rings



The deep inguinal ring is guarded anteriorly by the internal oblique muscle,
and superficial inguinal ring is guarded posteriorly by the conjoint tendon and
reflected part of the inguinal ligament (Fig. 4.9).

FIG. 4.9 m Structures protecting the anterior and
posterior walls of the inguinal canal.

3. Shutter mechanism

The internal oblique surrounds the canal in front, above, and behind like a
flexible mobile arch and thus forming its anterior wall, roof, and posterior
wall. Consequently, when it contracts, the roof is pulled and approximated on
the floor like a shutter.

4. Slit-valve mechanism

The contraction of external oblique muscle approximates the two crura
medial and lateral of superficial inguinal ring like a slit valve. The intercrural
fibres also help in this act.

5. Ball-valve mechanism
Contraction of cremaster muscle pulls the testis up and the superficial
inguinal ring is plugged by the spermatic cord.

N.B.

In addition to the above mechanisms, the interfoveolar ligament also helps
to maintain the integrity of the inguinal canal by strengthening fascia




transversalis laterally. The muscle fibres arch down from the lower border
of transversus abdominis to the superior ramus of pubis and constitute the
interfoveolar ligament—the functional medial edge of the deep inguinal

ring (Fig. 4.10).

FIG. 4.10 m Interfoveolar ligament.

The features of the inguinal canal are summarized in Table 4.2.

TABLE 4.2

Features of the inguinal canal

Features Formed by

Boundaries| - Anterior | « External oblique aponeurosis
wall (supplemented by internal oblique in the
« Posterior | lateral one-third)
wall « Fascia transversalis (supplemented by
« Roof conjoint tendon in the medial two-thirds)
« Floor « Internal oblique and transversus

abdominis muscles (arched fibres)
« Inguinal ligament (supplemented by
lacunar ligament medially)

Openings |- « Triangular aperture in external oblique
Superficial | aponeurosis above and lateral to the pubic




inguinal
ring

» Deep
inguinal
ring

crest
« Oval aperture in fascia transversalis 1.25
cm above the midinguinal point

Inguinal triangle (Hesselbach’s triangle) AN

44-4

The inguinal triangle is situated bilaterally in the lower anterior abdominal
wall above the groin. However, it is seen on the inner aspect of the lower part

of the anterior abdominal wall.

Boundaries

The boundaries of the inguinal triangle are as follows (Fig. 4.11):

Medial: Lower 5 cm of the lateral border of the rectus abdominis muscle.

Lateral: Inferior epigastric artery.

Inferior: Medial half of the inguinal ligament.

Floor: The floor of the triangle is covered by the peritoneum,
extraperitoneal tissue, and fascia transversalis.




FIG. 4.11 m Boundaries of the inguinal (Hesselbach’s)
triangle.

N.B.

The medial umbilical ligament (obliterated umbilical artery) crosses the
triangle and divides it into medial and lateral parts. The medial part of the
floor of the triangle is strengthened by the conjoint tendon.

The lateral part of the floor of the triangle is weak, hence direct inguinal
hernia usually occurs through this part.

CLINICAL CORRELATION AN44.5

Inguinal hernias: A protrusion of abdominal viscera (e.g. loop of intestine
or part of omentum) into the inguinal canal is termed inguinal hernia.
There are two types of inguinal hernias, direct and indirect.

1. Indirect inguinal hernia: The indirect inguinal hernia occur when
the hernial sac enters the inguinal canal through the deep inguinal ring,
lateral to the inferior epigastric artery. They can be incomplete or
complete types (Fig. 4.12).

It is common in children and young adults. The predisposing factor for
this type of hernia is the complete or partial patency of the processus
vaginalis.

a) Incomplete/bubonocele: In this hernia remain confined to
inguinal canal and does not protrude through the superficial
inguinal ring. Clinically, it presents as bulge confined to groin
only (Fig. 4.12A).

b) Complete/vaginal type: In this the processus vaginalis remain
patent along the entire extent and hernia reaches the base of
scrotum in from of testis. Clinically, it presents as pear-shaped
swelling in the scrotum.

The indirect inguinal hernias are more common than the direct inguinal
hernias and occur more often in males than females. The indirect
inguinal hernia may be congenital or acquired.

« Congenital indirect inguinal hernia: It occurs due to patent processus
vaginalis (an outpouching of the peritoneum), connecting peritoneal
cavity with the tunica vaginalis.

« Acquired indirect inguinal hernia: It occurs due to increased intra-



abdominal pressure as during weightlifting. When intra-abdominal
pressure is increased immensely, the abdominal contents are pushed
through the deep inguinal ring into the inguinal canal.

2. Direct inguinal hernia: The direct inguinal hernia occurs when the
hernial sac enters the inguinal canal directly by pushing the posterior
wall of the inguinal canal forward, medial to inferior epigastric artery
through the Hesselbach’s triangle.

The neck of hernial sac is wide. The direct inguinal hernias are common
in elderly due to weak abdominal muscles.

This triangle is divided into two parts: medial and lateral by obliterated
umbilical artery. The direct hernia leaves the triangle through its
lateral part or medial part, and therefore it is of two types: (a) lateral
direct inguinal hernia and (b) medial direct inguinal hernia.



FIG. 4.12 m Indirect inguinal hernia: ( A) an incomplete
inguinal hernia producing a bulge in the left groin but not
extending into the scrotum called bubonocele and ( B) a
complete inguinal hernia in the left groin extending into the
scrotum, obscuring the testis. (Source : A, Fig. 17.123 and B,
Fig. 17.124, Pages 643—692, Atlas of Pediatric Physical
Diagnosis , Sixth edition, Basil J Zitelli, Sara C Mclntire,
and Andrew J Nowalk. Copyright 2012 Saunders. All rights

reserved.)

N.B.

« The contents of hernial sac may vary from a piece of omentum to a loop
of small or large intestine. However, if Meckel’s diverticulum is the



content of hernial sac, then it is known as Littre’s hernia.

 The inguinal hernias occur only in humans and not in other mammals.
This is due to evolutionary changes, which have taken place in inguinal
region due to erect posture.

« Out of two, inguinal and femoral hernias in females, inguinal hernias are
more common in females also.

« Difference between femoral and inguinal hernias are given in Table 4.3
and shown in Fig. 4.13.

« Difference between indirect and direct inguinal hernias are given in
Table 4.4.

TABLE 4.3

Differences between inguinal and femoral hernias

Inguinal hernia Femoral hernia
Sex More common in More common in

males females
Protrusion of Into inguinal canal Into femoral canal
hernial sac
Neck of Lies above and medial | Lies below and lateral to
protrusion of to pubic tubercle the pubic tubercle
hernia

(Source: Modified from Table 4.2, Page 150, Clinical and Surgical Anatomy,
Second edition, Vishram Singh. Copyright Elsevier 2007. All rights reserved.)



FIG. 4.13 m Relationship of inguinal and femoral hernia.
(Source : Fig. 4.7, Page 149, Clinical and Surgical
Anatomy , Second edition, Vishram Singh. Copyright
Elsevier 2007. All rights reserved.)

TABLE 4.4

Differences between the indirect and direct inguinal hernia

Indirect inguinal Direct inguinal
hernia hernia
Cause Defect in abdominal wall,| Weakness of abdominal
present since birth muscles, developed over
time
Site of Deep inguinal ring Posterior wall of
protrusion of inguinal canal




hernial sac

Shape Pear shaped Globular

Extent Generally scrotal Rarely scrotal

Direction Oblique (directed Straight (directed
downward, forward, and | forward)
medially)

Neck of Narrow and lies lateral to| Wide and lies medial to

hernial sac the inferior epigastric the inferior epigastric
vessels vessels

Reducibility | Sometimes irreducible Generally always

reducible

Age group Occurs in children Occurs in adult and old
(young age) age

Internal ring | Positive Negative

occlusion test?

dAfter reducing the hernia, the pressure is applied over deep inguinal ring and
patient is asked to cough. If hernia does not appear, it is indirect (because
herniation occurs through the deep inguinal ring), and if hernia appears, it is
direct (because herniation occurs through the Hesselbach’s triangle).

(Source: Table 4.1, Page 147, Clinical and Surgical Anatomy, Second edition,
Vishram Singh. Copyright Elsevier 2007. All rights reserved.)

Coverings of the indirect and direct inguinal hernias
The coverings of the hernia are the structures separating the hernial

sac/peritoneal sac from the surface of the body. The coverings of indirect and
direct inguinal hernias are shown in Figs. 4.14 and 4.15, and are summarized

in Table 4.5.



FIG. 4.14 m Coverings of the indirect inguinal hernia.

FIG. 4.15 m Coverings of the direct inguinal hernia: ( A)
lateral direct inguinal hernia and ( B) medial direct inguinal
hernia.

TABLE 4.5

Coverings of the indirect and direct inguinal hernias




Indirect inguinal

hernia (Fig. 4.14)
- Extraperitoneal

Direct inguinal hernia (Fig. 4.15)

 Extraperitoneal tissue

tissue » Fascia transversalis
o Internal spermatic | « Conjoint tendon in medial direct hernia and
fascia cremaster fascia in lateral direct hernia

« Cremasteric fascia
- External spermatic
fascia
« Skin

Table 4.5 clearly shows that coverings of both indirect and direct inguinal
hernias are more or less same. The only difference is that in direct inguinal
hernia (medial direct), internal spermatic fascia is replaced by fascia
transversalis and cremasteric muscle and fascia is replaced by conjoint
tendon.

 External spermatic fascia
« Skin

Golden Facts to Remember

« Groin Area of junction between the
anterior abdominal wall and

front of thigh
Indirect inguinal hernia

« Most common hernia in the
inguinal region

« All the contents of inguinal
canal lie within the spermatic
cord except

Ilioinguinal nerve

« Commonest symptoms of an
inguinal hernia

Presence of lump, dragging
and aching sensations in the
groin

Peritoneal sac enters into
the inguinal canal

- Inguinal hernia

e Femoral hernia

Peritoneal sac enters into
femoral canal

e Most lumps in the groin move
with coughing (a transmitted
impulse) except

Hernia and vascular tumour,
which expand with coughing




- Canal of Nuck Persistence of processus
vaginalis in the female
inguinal canal

 Incisional hernias Herniation through a defect
in scar of a previous
abdominal operation

« Spigelian hernia Occurs through a defect in
the Spigelian line at the level
of arcuate line

« Groin hernias Direct and indirect inguinal
and femoral hernias

- Spigelian line Linea semilunaris

CLINICAL CASE STUDY

A 70-year-old patient with history of chronic bronchitis and constipation
complained that he noticed a gradually increasing swelling in his right groin
and often feels dragging and aching sensation at that site. On physical
examination the doctor noticed a globular lump above the right pubic
tubercle, which expands on coughing.

After manually reducing the swelling/lump, occluded the deep inguinal
ring with his thumb and asked the patient to cough. The swelling
reappeared medial to the thumb. A diagnosis of direct inguinal hernia
was made.

Questions

1. What is inguinal hernia?

2. What are the types of inguinal hernias and how they differ from each
other?

3. Give the surface marking of deep inguinal ring.

Answers

1. Protrusion of abdominal viscus into the inguinal canal.
2.

(a) Indirect inguinal hernia.

(b) Direct inguinal hernia.



In indirect inguinal hernia, abdominal viscus (e.g. loop of intestine)
protrudes into inguinal canal through unobliterated/poorly
obliterated deep inguinal ring, whereas in direct inguinal hernia
abdominal viscus protrudes into inguinal canal by pushing weak
posterior wall inguinal canal (pages 46 and 47).

3. It is marked 1.25 cm above the midinguinal point as an oval opening.

*Cremasteric nerve lies between cremasteric fascia and internal spermatic
fascia.



Chapter 5: Male external genital
organs

Specific learning objectives

After studying this chapter, the student should be able to:

« Describe the penis under following headings: parts, components, blood
supply, and lymphatic drainage. AN 46.3

« Explain the anatomical basis of phimosis and circumcision. AN 46.5

« Describe the testis under the following headings: (a) external features,
(b) coverings, (c) internal structure, (d) blood supply, (e) nerve supply, (f)
lymphatic drainage, (g) descent of testis, and (f) applied anatomy. AN
46.1

« Give the anatomical /embryological basis of the following: (a) hydrocele,
(b) cryptorchidism, (c) ectopic testis, and (d) vasectomy.

« Describe the parts of epididymis. AN 46.2
- Explain the anatomical basis of varicocele. AN 46.5

« Give a brief account of the following: (a) erection of penis and
ejaculation, and (b) structure of penis

The male genital organs are classified into two types—external and internal
(Table 5.1).

TABLE 5.1

External and internal male genital organs

Organs Functions




External | - Penis « Copulation

genital - Passage for semen and urine

organs « Scrotum « Maintenance of testicular temperature
for proper spermatogenesis

Internal « Testis « Production of sperms and male

genital hormones

organs  Epididymis | » Reservoir and maturation of sperms

« Vas deferens| » Transportation of sperms
» Prostate and| ¢« Production of secretions to form the

seminal bulk of semen and provide nutrition to
vesicles sperms

. « Produce oily secretion for lubrication
Bulbourethral| of urethra

glands

From a surgical and clinical point of view, the male external genital organs
include the following structures:

1. Penis

2. Scrotum

3. Testes

4. Epididymis

5. Spermatic cords

The surgeons and physicians routinely examine these structures during
clinical practice to diagnose a number of ailments associated with them,
namely, phimosis, cancer glans penis, hydrocele, varicocele, hernias,
testicular tumour, etc. The surgical procedures related to these structures
(e.g. circumcision, herniorrhaphy, etc.) are also routinely performed by the
surgeons.

N.B.

Axiom: In males, the physical examination of the abdomen is not complete
without the examination of external genitalia.

Penis AN 46.3

The penis is the male organ of copulation. It is traversed by the urethra,
which provides passage (outlet) for both urine and semen. It is capable of



becoming hard and erect due to its engorgement with blood, a requirement
for its intromission into the vagina during copulation to deposit semen into
the vagina.

- In general usage, the term penis is used for the body of penis and its
expanded cone-shaped tip.

- In anatomical position, the penis is erect, and its dorsum is directed
posteriorly. When the penis is flaccid, the dorsum of penis is directed

anteriorly (Fig. 5.1).

FIG. 5.1 m Penis as seen in sagittal section.

Size of penis
The average size of penis is as follows:

« Length



(a) In flaccid state = 3.5” (9 cm)

(b) In erect state = 5.1” to 5.5” (13—14 cm)
« Girth

(a) In flaccid state = 3.6” (9 ¢cm)

(b) In erect state = 4.6” (11.6 cm)

Parts
The penis consists of the following two parts (Fig. 5.2):

1. Root (or radix), an attached portion, not seen on the surface.
2. Body (or corpus), a free pendulous portion.

FIG. 5.2 m Parts of the penis: ( A) as seen from ventral
(urethral) aspect; ( B) as seen in sagittal section.

Root (radix)

The root of the penis is triradiate in form. It is situated in the superficial
perineal pouch and is attached to the inferior aspect of the urogenital
diaphragm. It comprises three masses of erectile tissue, namely, two crura
(right and left) and the bulb of the penis. Each crus is firmly attached to the
everted margin of the pubic arch on the corresponding side. Anteriorly, it
converges towards its fellow of the opposite side, and near the inferior border
of the pubic symphysis, the two crura come together and continue as the
corpora cavernosa of the body of the penis. The bulb is firmly attached on the



inferior aspect of the perineal membrane stretching between the two crura.
The bulb narrows anteriorly and continues as the corpus spongiosum of the
body. Its flattened deep surface above its centre is pierced by the urethra,
which traverses its substance to reach the corpus spongiosum. This part of
the urethra in the bulb shows a dilatation in its floor called intrabulbar
fossa.

Each crus is covered by the ischiocavernosus muscle, and the bulb is
covered by the bulbospongiosus muscle (Fig. 5.3). The root helps in
maintaining the erection of penis.

FIG. 5.3 m Muscles covering the parts of the root of penis
as seen from the ventral (urethral) aspect of the penis.

Body (corpus)

The body of the penis is the free pendulous portion that is suspended from
pubic symphysis and lies in front of scrotum (Fig. 5.4). It becomes
continuous with the root of the penis present in perineum and, hence, is not
seen on the surface. Therefore, in general usage, the term penis stands for the
body of penis. In the flaccid state, it hangs free below from the pubic
symphysis, anterior to the scrotum and terminates in an acorn-like
enlargement called glans penis.



FIG. 5.4 m Body of penis profile, view.

For convenience of study and proper understanding, the body of penis is
further divided into three parts, namely, body proper, neck, and glans penis

(Figs. 5.2 and 5.4).

Body proper

Shape

In the flaccid state, it is a long, cylindrical and pendulous structure; and
directed downwards and forward. In the erect state, it is directed upwards and
backward and assumes a triangular prism-like shape, as seen in the cross-
section with rounded angles (Fig. 5.5). The surfaces of penis are described in
this state.



FIG. 5.5 m Transverse section through the body of the
penis.

Surfaces
In flaccid state there are two surfaces—ventral and dorsal.

« The ventral surface faces backward and downward.
 The dorsal surface faces forward and upward.

Neck of penis

It is an obliquely grooved constriction just behind the base of the glans.

Glans penis (Figs. 5.4 and 5.6)

It is an enlarged, conical structure at the distal end of the penis, with sagittal
slit-like aperture on its summit called external urethral meatus. The
projecting margin of the base of glans is called corona glandis, which
overhangs the neck of the penis. It is the most sensitive part of the penis.

Microanatomical features of penis

It is composed of three elongated masses of erectile tissue, which are capable
of considerable enlargement when engorged with blood during an erection.
The three erectile tissue masses include two corpora cavernosa and one

corpus spongiosum (Fig. 5.2).

Corpora cavernosa (Figs. 5.2, 5.3, and 5.5)

The two corpora cavernosa form the greater part of the body of penis. They
are the forward continuation of the crura. The two corpora cavernosa,
throughout their length, lie in close apposition with one another and are
surrounded by a common fibrous envelope called the tunica albuginea.
Tunica albuginea consists of superficial and deep layers. The longitudinally



arranged superficial fibres form a tube to enclose both corpora, while the
circular deep fibres surround each corpus separately and form at their
junction in the midline, the septum of penis. This septum is complete
proximally but replaced distally by fibrous bands such as the teeth of a comb
called pectiniform septum.

The wide groove between the two corpora cavernosa on the ventral
(urethral) surface lodges the corpus spongiosum. A similar but narrower
groove on the dorsal surface lodges the deep dorsal vein of the penis being
flanked on each side by the dorsal artery and dorsal nerve of the penis. The
corpora cavernosa does not reach the end of the penis but terminates as
conical extremities within the hollow on the internal aspect of glans penis.

Corpus spongiosum

The corpus spongiosum is the forward continuation of the bulb. It is
cylindrical and tapers slightly towards the distal end, where it suddenly
expands to form a conical enlargement—the glans penis. Throughout its
length, it is traversed by the spongy part of the urethra. It is also surrounded
by a thin fibrous sheath of tunica albuginea.

Coverings

Skin of penis (Fig. 5.6)

It is remarkably thin, delicate, dark, and hairless. It envelops the body of
penis completely. It is loosely attached to the fascial sheath of the penis and,
hence, is freely mobile. At the neck of the penis, it is folded upon itself to
form the prepuce or foreskin, which covers the glans for a variable
distance. The prepuce is retracted during coitus or manually. The internal
layer of prepuce is continuous with the thin skin covering the glans firmly.
The skin covering the glans is continuous with the mucous membrane of the
urethra at the external urethral orifice. On the urethral aspect of the glans, a
small median fold passes from the inner aspect of prepuce to the glans
immediately proximal to the external urethral meatus. The sensitivity of the
frenulum of prepuce plays an important role in orgasm.



FIG. 5.6 m Schematic diagram to show glans penis,
prepuce, preputial sac, and frenulum of the penis.

Prepuce of the skin
It is a fold of skin, which covers the glans for a variable extent and is attached
to the neck of the penis. It protects the glans from abrasions and trauma.

Frenulum of the prepuce

It is a median fold of skin on the ventral surface of glans, which passes from
the inner surface of prepuce to the external urethral meatus. It is highly
sensitive and plays an important role in ejaculation.

Preputial sac

It is a potential space/cleft between the glans and the prepuce.

CLINICAL CORRELATION

» Medicolegal significance of smegma: On the corona glandis and
neck of the penis, there are numerous small preputial glands
(modified sebaceous glands), which secrete sebaceous material called
smegma. The smegma has a characteristic odour and collects in the
preputial sac.

It is of great medicolegal significance in the cases of rape. It should be



cleaned regularly during bathing; otherwise it may cause
inflammation and ulceration in the region of the neck of penis.

« Phimosis and circumcision: AN 46.5 The circumcision is the
removal of foreskin or prepuce of penis to treat phimosis, a condition in
which foreskin fails to retract from glans penis; and paraphimosis, a
condition in which foreskin is retracted forcibly to form a constriction
ring around the neck of penis, that is behind glans penis. The
circumcision is also a ritual in some religions.

The foreskin separates from glans either immediately after birth or may
take several years. Its separation from glans is essential for its
retraction to expose the glans during coitus (Fig. 5.7A).

Procedure (Fig. 5.7B): The foreskin is pulled forward and held in
this position with forceps. Then foreskin is excised.






FIG. 5.7 m Circumcision: ( A) separation of the foreskin
from the glans, ( B) the diagram showing the surgical
removal of the foreskin called circumecision.

Superficial fascia of the penis

It consists of two layers—superficial and deep. The superficial layer is devoid
of fat and consists of loose areolar tissue. It may contain few muscle fibres—
the peripenic muscle. The deep layer in the lower part of the anterior
abdominal wall is condensed and forms the fascia of penis termed deep
fascia of the penis or Buck’s fascia. It surrounds both corpora cavernosa
and corpus spongiosum, but does not extend beyond the neck of penis. Buck’s
fascia separates the superficial and deep dorsal veins of the penis.

Supports of penis

The two ligaments support the weight of the free pendulous part (body) of the
penis at its base. These are as follows (Fig. 5.8).

1. Fundiform ligament of penis: It springs from the lower part of the
linea alba and splits into two lamellae, which enclose the proximal part
of the body of penis and then unite on its urethral aspect with the
septum of scrotum.

2. Suspensory ligament of penis: It is deep to the fundiform ligament
and triangular in shape. Its narrow upper end is attached in front of the
pubic symphysis and broad lower part blends with Buck’s fascia (fascia
of penis) on either side of the body of penis.



FIG. 5.8 m Ligaments of the penis.

Arterial supply

The penis is supplied by the following four pairs of arteries (Figs. 5.9 and
5.10):

1. Deep arteries of the penis.
2. Dorsal arteries of the penis.

3. Arteries of the bulb.
4. Superficial dorsal arteries of penis.



FIG. 5.9 m Dorsal nerve and vessels of the penis after
removal of deep fascia of the penis (Buck’s fascia).



FIG. 5.10 m Superficial vessels of the penis.

Out of these, the first three pairs of arteries arise from internal pudendal
arteries, which are branches of anterior divisions of internal iliac arteries,
while the last pair arises from superficial external pudendal arteries, which
are branches of femoral arteries.

N.B.

The penis is supplied with blood chiefly by deep arteries and dorsal arteries.
Deep arteries are the principal vessels for filling the lacunae of erectile
tissue during erection of the penis. Each deep artery of the penis runs
lengthwise in corpus cavernosum and gives off numerous branches. These
arteries give rise to minute arteries, which directly open into the cavernous
spaces. In the flaccid state of the penis, these vessels project in the lacunae
as looped or spiral vessels and, hence, are termed ‘helicine arteries’. The
dorsal arteries run on the dorsum beneath the deep fascia and supply the
glans penis and distal part of corpus spongiosum, prepuce and frenulum of
prepuce. The arteries of bulb supply to the bulb and proximal half of the
corpus spongiosum. The superficial external pudendal arteries supply to the
skin and fascia of the penis.

Venous drainage



The following two veins mainly drain the venous blood from the penis (Figs.
5.9 and 5.10):

1. Superficial dorsal vein of the penis.
2. Deep dorsal vein of the penis.

N.B.
The main veins, contrary to the arteries are unpaired and lie in the midline
separated from each other by the deep (Buck’s) fascia of penis.

« Superficial dorsal vein of the penis: It lies in the superficial fascia on the
dorsal aspect of the penis in the midline and is usually visible through
the skin. Proximally, it divides into right and left branches, which drain
into the superficial external pudendal veins.

« Deep dorsal vein of the penis: It lies deep to the deep fascia of penis in
the median plane dorsally in the narrow groove between the two corpora
cavernosa.

Deep vein drains most of the venous blood from the cavernous tissue.
Proximally, it passes through the gap between the perineal membrane and the
lower border of the pubic symphysis to drain into the prostatic venous plexus.
The other veins correspond to the arteries.

Lymphatic drainage

The lymphatic drainage is important because of its role in metastasis of penis
cancer, which occurs frequently. Lymph vessels from the glans penis drain
into the deep inguinal lymph nodes, especially into the lymph node of
Cloquet. The lymph vessels from the rest of penis drain into superficial
inguinal lymph nodes.

Nerve supply

1. Sensory innervation: Sensory supply to the penis is derived from the
following:
— Dorsal nerve of penis.
— Ilioinguinal nerve.
2. Motor innervation: The muscles of penis are supplied by the perineal
branch of pudendal nerve.



3. Autonomic innervation: The autonomic nerves of the penis are
derived from the pelvic (inferior hypogastric) plexus via the prostatic
plexus. The sympathetic nerves are vasoconstrictor while
parasympathetic fibres are vasodilator. The parasympathetic fibres
(nervi erigentes) are derived from S2, S3, and S4 spinal segments. The
autonomic fibres are distributed through the pudendal nerve.

Mechanism of erection and ejaculation

The mechanism of erection of penis is purely a vascular phenomenon and
occurs in response to the parasympathetic stimulation. The sexual arousal
leads to rapid inflow of blood from helicine arteries in the cavernous spaces
of erectile tissue of the penis. The filling of blood in the cavernous spaces
leads to the compression of the veins, which drain erectile tissues. (This is
associated with simultaneous spasm of venous smooth muscle sphincters.)
As the venous outflow is occluded, the blood pressure in the cavernous spaces
causes inflation and rigidity of the erectile tissue, causing erection. The
pressure within the corpora cavernosa is 100 mmHg at the time of penile
erection.

N.B.

 The strong fibrous envelope (tunica albuginea) greatly contributes to the
stiffness of the engorged corpora.

« Erection is controlled by nervi erigentes (S2—S4).

The ejaculation consists of two processes—emission and ejaculation. The
emission is the transmission of seminal fluid from vasa deferentia, seminal
vesicles, and prostate into the prostatic urethra. The ejaculation is the onward
transmission of seminal fluid from the prostatic urethra to the exterior.

The sympathetic outflow from L1 to L2 spinal segments leads to emission
of semen by causing constriction of smooth muscle of vasa deferentia,
seminal vesicles, and prostate. It also constricts the internal urethral opening
to prevent the retrograde flow of semen into the bladder.

Contraction of urethral muscle, a parasympathetic response (S2—S4 nerves)
and the rhythmic contraction of bulbospongiosus, supplied by the perineal
nerve S2—S4 (somatic), compresses the penile urethra and expels the fluid to
the exterior—ejaculation.



N.B.

The neural controls of erection and ejaculation are different; erection is
mediated by parasympathetic nerve fibres, whereas ejaculation is
mediated by sympathetic and somatic nerve fibres.

CLINICAL CORRELATION

Impotence: The failure to achieve tumescence erection is called
impotence. The most common causes of erectile dysfunction are the
following: (a) psychogenic disturbance with failure to relax the smooth
muscle in the corpora, (b) arterial insufficiency because of atheromatous
disease, and (c) involvement of nervi erigentes (parasympathetic outflow)
secondary to diabetes.

« Priapism: Persistent erection is termed priapism. It occurs due to
persistent spasm of venous smooth muscle sphincters.

« Peyronie’s disease/chordee: It occurs due to a localized thickening or
plaque of the corpora cavernosa, which prevents expansion of a segment
of erectile tissue during erection. As a result, penis becomes curved
especially during erection.

« Phimosis: It is a narrowing of the distal end of the prepuce (foreskin),
which prevents its retraction over the glans penis and may interfere with
micturition (passage of urine).

« Paraphimosis: It is an uncommon condition in which narrowing of the
prepuce is insufficient to interfere with micturition, but the prepuce is
just sufficiently tight to get stuck on the glans posteriorly on erection
and thus interfere with copulation.

Scrotum

The scrotum (L. scrotum = bag) is a large pendulous sac of skin located below
and behind the penis. It is considered as an out-pouching of the lower part of
the anterior abdominal wall. It contains the following structures:

1. Testes
2. Epididymis



3. Lower parts of the spermatic cords

External features
The scrotum presents the following external features:

1. The scrotum is divided into right and left halves by a median ridge or
raphe, which indicates the line of fusion of the two halves of the
scrotum. This ridge is continued forward in the midline to the
undersurface of the penis and backward in the midline of the perineum
to the anus (Fig. 5.11).

2. The skin of scrotum is rugose (corrugated) and dark in colour. The
rugosity of the skin occurs due to the presence of subcutaneous dartos
muscle.

3. The left half of the scrotum hangs lower than the right half, because the
left spermatic cord is longer than the right spermatic cord.



FIG. 5.11 m Inferior aspects of the scrotum and penis
showing median raphe.

Layers of the scrotum (Fig. 5.12)
The scrotal wall from outside to inside is made up of the following five layers:

1. Skin.
2. Dartos muscle (which replaces the superficial fascia).

3. External spermatic fascia.
4. Cremasteric muscle and fascia.



5. Internal spermatic fascia.

FIG. 5.12 m Layers of the scrotum and structures present
within it.

The comparison between the layers of the anterior abdominal wall and the
scrotum is given in Table 5.2.

TABLE 5.2

Comparison between the layers of the anterior abdominal wall and
the scrotum

Layer of
anterior Layer of scrotum
abdominal wall

Skin Skin




Superficial fascia | Dartos muscle

External oblique | External spermatic fascia

muscle

Internal oblique | Cremasteric muscle and fascia

muscle

Transversus No corresponding layer (Note: The transversus

abdominis muscle| abdominis muscle does not continue into the
scrotum)

Fascia Internal spermatic fascia

transversalis

The cavity of the scrotum is partly divided into two halves, namely, right
and left, by a septum; the dartos muscle extends into this septum. Each half
of the scrotal cavity contains the testis, epididymis, and lower part of the
spermatic cord of the corresponding side.

N.B.

The subcutaneous dartos muscle helps in the regulation of temperature
within the scrotal cavity. It should be remembered that the testis needs
proper temperature for proper spermatogenesis. Hence, during the summer
under the influence of warmth, the relaxed scrotum becomes flaccid and
elongated. Contrary to this, in the winter season under the influence of cold,
dartos muscle contracts and scrotum becomes rounded and small with
enhanced skin rugosity.

Blood supply
The following arteries supply the scrotum:

1. Superficial external pudendal artery.

2. Deep external pudendal artery.

3. Scrotal branches of the internal pudendal artery.

4. Cremasteric artery, a branch of the inferior epigastric artery.

Nerve supply (Fig. 5.13A)

1. Anterior one-third of the scrotum is supplied by ilioinguinal nerve (L1)
and genital branch of genitofemoral nerve (L1).

2. Posterior two-thirds of the scrotum is supplied by posterior scrotal
branches of the perineal nerve (S3) and perineal branch of the



posterior cutaneous nerve of the thigh (S3).
3. The involuntary dartos muscle is supplied by the sympathetic fibres
through genital branch of the genitofemoral nerve.

FIG. 5.13 m Nerve supply of the scrotum: ( A) cutaneous
nerves of the scrotum anterior view; ( B) lateral view
showing segmental innervation.

N.B.
The areas supplied by L1 and S3 spinal segments are separated by the
ventral axial line (Fig. 5.13B).

Lymphatic drainage

The lymph vessels from the scrotum drain into the superficial inguinal lymph
nodes.

Development

The scrotum develops from labioscrotal swellings/urogenital folds, which
fuse in the midline to form the scrotum. The site of fusion of urogenital folds
is marked by midline fibrous ridge/raphe on the scrotum. The labioscrotal
folds in the female form the labia majora and urogenital folds remain
separate and form the labia minora.

CLINICAL CORRELATION

« Scrotal oedema: The scrotum is a common site of oedema due to laxity



of the skin and its dependent position.

» Sebaceous cysts: The skin of scrotum is a common site of sebaceous
cysts, which are often multiple due to the presence of a large number of
hair and sebaceous glands in it.

- Scrotal elephantiasis: It is a clinical condition characterized by a
massive swelling and enlargement of the scrotum due to accumulation
of interstitial fluid in the scrotal wall following blockage of lymph
vessels by slender worms of filariasis (Wuchereria bancrofti).

Testis

The testis is a male gonad. It is homologous with the ovary in the female. It is
a mobile organ and lies in each half of the scrotal sac. The functions of the
testis include production of spermatozoa and secretion of testosterone (or
dihydrotestosterone), a male hormone, responsible for the development and
maintenance of the secondary sex characteristics of maleness.

Shape and measurements

Shape
It is oval/ellipsoid in shape (compressed from side to side).

Measurement
Average testicular dimensions are 5 cm (length), 2.5 cm (breadth), 3 cm
(anteroposterior diameter).

Position in the scrotum

The testis is suspended in the scrotum by the spermatic cord. It lies obliquely,
so that its upper pole is tilted slightly forward and laterally, and lower pole is
tilted backward and medially.

N.B.

The left testis lies slightly at the lower level than the right because the left
spermatic cord is slightly longer than the right. This is because descent of
left testis begins early.

External features
The testis presents the following external features:



Two poles—upper and lower.
Two borders—anterior and posterior.
Two surfaces—medial and lateral.

Both the upper and lower poles are convex and smooth. The upper pole
provides attachment to the spermatic cord. The anterior border is rounded
and completely covered by the tunica vaginalis. The posterior border is
straight and covered only partly by the tunica vaginalis. It provides
attachment to the epididymis. On the lateral aspect, the epididymis is
separated from the testis by the extension of the cavity of tunica vaginalis
called sinus of the epididymis (Fig. 5.14).

FIG. 5.14 m External features of the testis (left testis as
seen from the lateral aspect).

Both the medial and lateral surfaces are smooth and slightly convex.



N.B.

A small oval body is often found attached to the upper pole of the testis. It is
called appendix of the testis and represents the remnant of the
paramesonephric duct.

Coverings

Three coats cover the testis (Fig. 5.15). From superficial to deep, these are as
follows:

1. Tunica vaginalis
2. Tunica albuginea
3. Tunica vasculosa

FIG. 5.15 m Transverse section of the left testis and its
surrounding structures to show the coverings of the testis.

Tunica vaginalis
It is a serous sac representing the persistent lower portion of the processus
vaginalis. It is invaginated by the testis from behind. As a result, it presents
parietal and visceral layers with a potential cavity between them.

Thus the tunica vaginalis completely encloses the testes on the front and
sides.



CLINICAL CORRELATION

Hydrocele (Fig. 5.16): It is the accumulation of the fluid within the tunica
vaginalis. The fluid may collect following inflammation of the testis because
tunica vaginalis is closely related to the front and side of the testis but most
hydroceles are idiopathic. The fluid from tunica vaginalis can be removed by
inserting a fine trocar and canula through the scrotal skin.

The canula traverses the following structures: (a) skin, (b) dartos muscle,
(c) external spermatic fascia, (d) cremasteric muscle and fascia, (e) internal
spermatic fascia, and (f) parietal layer of the tunica vaginalis.

For types of hydrocele, refer the book Clinical and Surgical Anatomy by
Vishram Singh.




FIG. 5.16 m Hydrocele.

N.B.

The collection of blood and pus in the tunica vaginalis is called haematocele
and pyocele, respectively.

Tunica albuginea

It is a thick, dense layer of fibrous tissue enclosing the testis. It is covered by
the visceral layer of tunica vaginalis except where it is in direct contact with
the epididymis (i.e. superiorly and posteriorly).

Tunica vasculosa
It is the innermost vascular layer of the testis, lining the lobules of the testis.

Internal structure (Figs. 5.15 and 5.17)

The testis is enclosed in a fibrous capsule, the tunica albuginea. Posteriorly,
the tunica albuginea is thickened to form an incomplete vertical
septum/ridge, the mediastinum testis. Numerous incomplete fibrous septa
extend from the mediastinum to the inner aspect of the tunica albuginea and
divide the interior of the testis into 200—-300 lobules. Each lobule contains
two to four coiled seminiferous tubules, lined by thick-multilayered germinal
epithelium that produces spermatozoa. The thin, thread-like loops of
seminiferous tubules join each other and become straight as they pass
towards the mediastinum forming straight tubules. The straight seminiferous
tubules do not produce spermatozoa but discharge them into the network of
channels called the rete testis. The small efferent ductules connect the
channels of rete testis to the upper end of the epididymis. The interstitial
cells, which produce male sex hormones, lie in the areolar tissue between the
seminiferous tubules.



FIG. 5.17 m Longitudinal section of the testis and

epididymis showing their structures.

N.B.

Number of lobules in testis: 200—300. Number of seminiferous tubules in
each lobule: two to four. Length of each seminiferous tubule: 60 cm. Thus,
if all the seminiferous tubules are joined together, their overall length
becomes 500 m.

Arterial supply (Fig. 5.18)

The testicular artery supplies the testis, which arises from the abdominal
aorta in the abdomen at the level of L2 vertebra. Then it passes downward
and laterally to enter the deep inguinal ring and traverses through the



inguinal canal within the spermatic cord to reach the testis. At the posterior
border of testis, it is divided into a number of small branches and two large
(medial and lateral) branches. The medial and lateral branches pierce the
tunica albuginea, and ramify on the surface of lobules of the testis to form the

tunica vasculosa (Fig. 5.15).

FIG. 5.18 m Testicular arteries.

Venous drainage (Fig. 5.19)

The pampiniform plexus of veins: The veins emerging from the testis
form a plexus of veins called pampiniform plexus (pampiniform = like vine),



which drains the venous blood from the testis. This plexus ascends up and at
the superficial inguinal ring condenses to form four veins, which pass
through the inguinal canal within the spermatic cord. At the level of deep
inguinal ring, they join to form two testicular veins, which accompany the
testicular artery (Fig. 5.19). On the right side, the testicular vein drains into
the inferior vena cava at an oblique angle, while on the left side it drains into
the left renal vein at a right angle.

FIG. 5.19 m Venous drainage of the testis.

CLINICAL CORRELATION AN46.4




Varicocele: It is a clinical condition in which veins of the pampiniform
plexus become dilated, tortuous, and elongated. It commonly affects
adolescents and young adults. It mostly occurs on the left side due to the
following reasons: (a) left testicular vein drains at a right angle in the left
renal vein; hence, venous pressure is high in the left testicular vein, (b)
compression of the left testicular vein by loaded constipated sigmoid colon,
and (c) blockage of entry of the left testicular vein in the left renal vein may
sometimes occur by the growth in the malignant tumour of the left kidney.
Clinically, varicocele presents as follows:

(a) Vague, dragging sensations and aching pain in the scrotum.
(b) On palpation, the veins of pampiniform plexus feel like ‘bag of worms’.

N.B.

« It is must for clinicians to investigate the left kidney in rapidly
developing left-sided varicocele.

« The pampiniform venography (Fig. 5.20) is advised in cases of
recurrent varicoceles.



FIG. 5.20 m The right testicular venogram showing

pampiniform plexus and testicular veins. ( Source : Fig.
5.10, Page 229, Last’s Anatomy: Regional and Applied
12th edition, Chummy S Sinnatamby. Copyright 2011,
Churchill Livingstone, Elsevier.)

Lymphatic drainage (Fig. 5.21)
The lymph vessels from the testis ascend along the testicular vessels in the
spermatic cord and drain into preaortic and para-aortic groups of lymph



nodes at the level of the second lumbar vertebra.

FIG. 5.21 m Lymphatic drainage of the testis.

N.B.

The testicular arteries arise in the abdomen, the testicular veins drain in the
abdomen, and testicular lymph vessels drain in the abdominal lymph nodes.
This is because during development, the testis has migrated from high up
on the posterior abdominal wall, down through the inguinal canal into the
scrotum, dragging its blood supply and lymph vessels along it.



Epididymis AN 46.2
The epididymis is a comma-shaped structure, which lies on to the superior
and posterolateral surface of the testis. It is made up of highly coiled tubes.

Parts

The epididymis is divided, starting from the top, into three parts: head, body,
and tail.

The head (the upper expanded part) is connected to the upper pole of testis
by efferent ductules and consists of highly coiled efferent ductules. The body
(middle part) and tail (lower period part) are made up of a single highly coiled
duct of epididymis, which emerges from the tail as the vas deferens.

Functions
The functions of epididymis are as follows:

1. Storage and maturation of spermatozoa.

2. Absorption of the fluid.

3. Addition of substances to the seminal fluid to nourish the maturing
spermatozoa.

N.B.

Laterally, a distinct groove exists between the testis and the epididymis. A
fold of visceral layer of tunica vaginalis invaginates it to form the sinus of
epididymis.

CLINICAL CORRELATION

« Tumours of the testis: The two main varieties of testicular tumours
are seminoma (carcinoma of the seminiferous tubules) and teratoma
(malignant change in the totipotent cells). The cancer cells from testis
spread upward via the lymph vessels to the lumbar (preaortic and para-
aortic) lymph nodes at the level of L1/L2 vertebra and produce
secondary tumour in the abdomen.

« Torsion of the testis: It is a clinical condition in which rotation of the
testis occurs around the spermatic cord within the scrotum. It
commonly affects active young people and children, and is accompanied
by severe pain.



« Epididymo-orchitis: The inflammation of epididymis is called
epididymitis. It is usually due to bacterial infection. It is sometimes
called epididymo-orchitis.

Clinically it presents as:
— Swollen, red, warm scrotum.
— Testicular pain or tenderness.
— Enlarged groin lymph nodes.
— Swollen tender spermatic cord.

Development of testis and epididymis

The testis develops in the abdominal cavity on its posterior wall from the
mesodermal genital ridge on the medial side of the developing
mesonephros at the level of T10 segment. All the components of the testis
(tunica albuginea, fibrous septa, seminiferous tubules, straight tubules, rete
testis, and Sertoli cells) develop from the genital ridge except primordial germ
cells (spermatogonia), which develop from the wall of yolk sac and migrate
secondarily into the genital ridge.

Most of the mesonephric tubules atrophy, but about 10—15 tubules persist
and form the efferent ductules of the testis.

The mesonephric duct forms the duct of epididymis, vas deferens, seminal
vesicles, and ejaculatory duct.

Embryological remnants in relation to testis and epididymis (Fig.
5.22)
These are as follows:

1. Appendix of testis: It is an oval body attached to the upper pole of testis.

2. Appendix of epididymis (hydatid of Morgagni): It is a small
pedunculated rounded body attached to the head of epididymis. It is
remnant of cranial end of mesonephric (Wolffian) duct.

3. Paradidymis (organ of Giraldes): It consists of three or four small free
tubules, which are found in the spermatic cord, just above the head of
epididymis. They are remnants of caudal mesonephric tubules.

4. Superior aberrant ductules: They are two or three in number and
attached to the upper end of testis above the afferent ductules of testis.
They are remnants of the upper mesonephric tubules.

5. Inferior aberrant ductules: They are one or two in number and



attached to the tail of epididymis. They are remnants of the
intermediate mesonephric tubules.

FIG. 5.22 m Embryological remnants in relation to testis
and epididymis.

N.B.

The embryological remnants (vide supra) may sometime form cysts in
relation to the testis and epididymis.

Descent of the testis (Fig. 5.23) AN 46.1

The testis develops in the abdominal cavity, where the temperature is high
and not suitable for proper spermatogenesis. Hence, it migrates out of the
abdominal cavity into the scrotum.






FIG. 5.23 m Descent of the testis (stages A—D in
sequence); note the fate of processus vaginalis.

At an early stage of intrauterine life (IUL), the developing testis lies
retroperitoneally on posterior abdominal wall in the upper abdomen, on the
medial side of the mesonephros, at the level of L2/3 vertebra. A fold of the
peritoneum called processus vaginalis extends in front of the testis and
reaches the scrotum. Just after the formation of processus vaginalis, a cord-
like fibromuscular band, the gubernaculum testis, develops and connects the
mesonephric duct, and the lower pole of the testis to the base of the scrotum.
Differential body growth in the embryo and foetus results in the descent of
the testis from the abdominal cavity to the scrotum.

Each testis begins to descend from posterior wall of upper abdomen
(L2/L3) during the second month of the IUL according to following time
table.

 Reaches the iliac fossa by the third month.

« Rests at the deep inguinal ring from fourth to sixth month.
« Traverses the inguinal canal during the seventh month.

« Reaches the superficial inguinal ring by the eighth month.
« Enters the scrotum at the ninth month.

 Reaches the base of the scrotum at or just after birth.

Factors responsible for descent of the testis
These factors are as follows:

1. Differential growth of the body wall.

2. Increased intra-abdominal pressure and temperature.

3. Hormones (male sex hormones produced by the testis and maternal
gonadotropins).

4. Contraction of the gubernaculum (a band of loose fibromuscular tissue
extending from the lower pole of the testis to the base of the scrotum).

5. Calcitonin gene-related peptide (CGRP), a neurotransmitter secreted by
the genitofemoral nerve.

CLINICAL CORRELATION

« Cryptorchidism (incomplete descent of testis): In this condition,
the testis, during its descent, although it travels through its normal path



but fails to reach the base of the scrotum. Thus, it may be found at the
following five sites:

(1) Within the abdomen.

(2) At the deep inguinal ring.

(3) Within the inguinal canal.

(4) At the superficial inguinal ring.

(5) High up in the scrotum (Fig. 5.24A).

The complications of cryptorchidism are as follows:
— It may fail to produce spermatozoa.
— It is prone to undergo malignant change.

« Ectopic testis (maldescent of the testis): In this condition, the testis
travels down along an abnormal path, and therefore fails to reach the
scrotum. Thus, it may be found at one of the following four sites:

(1) In the superficial fascia of the lower part of the anterior abdominal
wall.

(2) In front of the pubis.

(3) In the perineum.

(4) In the thigh (Fig. 5.24B).

In the past, the ectopic testis was attributed due to the presence of
subsidiary tail of gubernaculum testis and gonad following a subsidiary tail
of gubernaculum. However, now it is felt that it occurs because processus
vaginalis reaches an abnormal site, and the testis follows it.

FIG. 5.24 m ( A) Five sites of cryptorchidism (incomplete



descent); ( B) four sites of ectopic testis. ( Source : (A) Fig.
4.8A, Page 152, Clinical and Surgical Anatomy , Second
edition, Vishram Singh. Copyright Elsevier 2007. All rights
reserved. (B) Fig. 4.8B, Page 152, Clinical and Surgical
Anatomy , Second edition, Vishram Singh. Copyright
Elsevier 2007. All rights reserved.)

N.B.

It is necessary for the testis to be in the scrotum for proper
spermatogenesis. Therefore, it is necessary that the undescended testis is
brought down in the scrotum (by a surgical procedure) before puberty.

An ectopic testis usually develops normally, but it is susceptible to
trauma. Therefore, it should also be placed in the scrotum by a surgical
procedure.

Golden Facts to Remember

» Most important Penis is traversed by the urethra
difference between whereas clitoris is not
penis and clitoris

« Lymph node involved | Lymph node of Cloquet (deep
in cancer (carcinoma) inguinal lymph node present in the
of penis femoral canal)

- Carcinoma penis is the | Which do not practice ritual of
relatively more common | circumcision
in those races

« Common sites of Neck (coronary sinus) and frenulum
carcinoma penis

« Phimosis Narrowing of the distal end of the
prepuce (foreskin)

- Paraphimosis Tight prepuce that gets stuck to
glans penis at erection

« Commonest cause of | Hydrocele
scrotal swelling




- Lymph nodes involved | Preaortic and para-aortic lymph

in cancer testis nodes

- Nervi erigentes Pelvic splanchnic nerves carrying
parasympathetic fibres from S2, S3,
and S4 spinal segments

« Varicocele mostly Left side
occurs on
- Testis begins to Second month of IUL

descend during

CLINICAL CASE STUDY

An educated mother brought her 6-month-old son to the hospital and
complained that the right scrotum of her son was empty. On physical
examination, the doctors found the presence of the testis only in the left
half of the scrotum and a small swelling about 1.5 cm in diameter in the
inguinal region on the right side. A clinical diagnosis of ‘cryptorchidism’
was made.

Questions

1. What is cryptorchidism?

2. What are the disadvantages of cryptorchidism?

3. Enumerate the factors responsible for descent of testis.
4. What is ectopic testis?

Answers

1. It is a condition in which the descent of the testis is arrested in its
course and fails to reach the scrotum.
2,
(a) It fails to develop properly hence does not produce spermatozoa
that may cause infertility.
(b) It is more prone to malignancy.
3. See page 65.
4. It is a condition in which the testis descends along an abnormal path
and hence fails to reach the scrotum. Also, see clinical correlation on

page 63.






Chapter 6: Abdominal cavity and
peritoneum

Specific learning objectives

After studying this chapter, the student should be able to:

« Describe and demonstrate the various planes (transpyloric,
transtubercular/subcostal, and lateral) used to divide abdominal cavity
into regions and quadrants. AN 44.1

« Divide abdominal cavity into nine regions and tell the abdominal viscera
located in each region.

« Describe the boundaries and recesses of lesser and greater sacs. AN 47.1

« Name the various peritoneal folds and pouches with their explanation.
AN 47.2

« Write short notes on: (a) greater omentum, (b) mesentery of small
intestine, (c) foramen epiploicum, (d) hepatorenal pouch/Morison’s
pouch, (e) rectouterine pouch/pouch of Douglas, and (f) lesser sac.

« Explain the anatomical basic of ascites and peritonitis. AN 47.3
« Explain the anatomical basis of subphrenic abscess. AN 47.4

« Draw labelled diagrams to show vertical and horizontal disposition of
peritoneum.

Abdominal cavity

The abdominal cavity is the largest cavity of the body that lies between the
diaphragm above and the pelvic inlet below (see Fig. 1.1, page 3). It encloses
largest serous sac of the body, the peritoneal cavity between its parietal and
visceral layers. The parietal layer lines the walls/parities, whereas visceral



layer is intimately adherent to the viscera.

Boundaries of abdominal cavity proper
The boundaries of the abdominal cavity proper are as follows:

« Roof: It is formed by the diaphragm, which also forms the upper parts
of the lateral and posterior walls.

« Anterior wall: It is formed by three pairs of flat muscles (external
oblique, internal oblique, and transversus abdominis) and their
aponeuroses and a pair of vertical muscles (rectus abdominis). The
vertical muscles lie in the anterior median region, one on each side of
the anterior midline and are enclosed in the aponeuroses of the flat
muscles, called rectus sheath.

- Lateral wall: The upper part of each lateral wall between the ribs and
the iliac crest (also called flank) is formed by three flat muscles. The
lower part of each lateral wall is formed by the ilium of hip bone
covered internally by the iliacus muscle.

 Posterior wall: It is formed by the vertebral column, muscles
attached to it (diaphragm, psoas major, and quadratus lumborum),
and thoracolumbar fascia. Below this, it is formed by the posterior part
of ilium and iliacus muscle covering it.

 Floor: It is absent inferiorly as the abdominal cavity communicates
with the pelvic cavity at the pelvic brim.

N.B.
The abdomen and pelvic cavities are lined by a thin serous membrane called
peritoneum.

Shape of abdominal cavity proper

In median section, the abdominal cavity is oblong longitudinally, and its
posteroinferior part is continuous below with the pelvic cavity (Fig. 6.1).



FIG. 6.1 m Median/Sagittal section of body showing
oblong abdominal cavity.



In transverse section, the abdominal cavity is kidney-shaped because the
vertebral column protrudes into it posteriorly in the midline. Thus, there is a
deep paravertebral gutter on each side of the vertebral column (Fig. 6.4, page

70).

Contents (see Figs 1.2 and 1.3, pages 3 and 4)

These are:

1. Greater part of digestive system, i.e. stomach, intestines,
associated glands (liver, pancreas with their ducts), and
spleen: They lie anteriorly and are surrounded to a greater or lesser
extent by the peritoneal cavity.

2. Abdominal aorta and inferior vena cava: They lie posteriorly on
the anterior surface of the vertebral column and are enclosed in the
endoabdominal fascia.

3. Kidneys, ureters, and suprarenal glands: They lie on each side of
vertebral column in the paravertebral gutter, enclosed in the fascial
lining of the abdominal cavity.

Nine regions of the abdominal cavity AN 44.1

The clinicians divide the abdominal cavity into nine regions to describe the
location of abdominal organs and the pain associated with them during
physical examination.

The abdominal cavity is divided into nine regions (Fig. 6.2) by four
imaginary planes (two vertical and two horizontal) on the anterior abdominal
wall.

1. Superior horizontal plane: It corresponds to the transpyloric plane
of Addison. It is placed midway between the suprasternal notch and
the pubic symphysis. This however is an awkward estimation during
physical examination for a clinician, and a simpler and practical
method is to locate a point midway between the umbilicus and the
lower end of the body of sternum. The xiphoid process should not be
used because its size is variable. The transpyloric plane lies at the level
of lower border of L1 vertebra and cuts the costal margin at the gth
costal cartilages.




Occasionally, the subcostal plane is used in preference to the transpyloric
plane. This is drawn through the lowest parts of the costal margins at the
10th costal cartilages and lies at the level of the body of L3 vertebra.

2. Inferior horizontal plane (intertubercular plane): It is drawn at
the level of tubercles of the iliac crests, which are palpable 5 cm
posterior to the anterior superior iliac spine. The intertubercular plane
lies at the level of upper border of L5 vertebra.

3. Right and left vertical planes (midclavicular planes): Each
vertical plane passes vertically downward from the midpoint of the
clavicle to the mid-inguinal point (a point midway between the
anterior superior iliac spine and the pubic symphysis).

FIG. 6.2 m Nine regions of the abdomen.

Nine regions thus marked out are arranged into three horizontal zones of
abdomen: upper abdomen, middle abdomen, and lower abdomen.



From right to left, in the upper abdomen, they are designated as right
hypochondrium, epigastric region, and left hypochondrium. In the middle
abdomen, they are designated as right lumbar region, umbilical region, and
left lumbar region. In the lower abdomen, they are designated as right
iliac fossa, hypogastric (pubic) region, and left iliac fossa (Table 6.1).

TABLE 6.1

Regions of the abdomen

Zone Regions (right to left)

Upper Right hypochondrium, epigastric region, and left
abdomen hypochondrium

Middle Right lumbar region, umbilical region, and left lumbar
abdomen region

Lower Right iliac fossa, hypogastric region (pubic), and left
abdomen iliac fossa

The abdominal viscera/structures located in the nine regions of the
abdomen are given in Table 6.2.

TABLE 6.2

Nine regions of abdomen and their main contents 2

Region Contents
Right hypochondrium e Liver

« Gall bladder
Epigastric region  Stomach

» Pancreas

e Duodenum
Left hypochondrium  Stomach

- Spleen

« Left colic flexure
Right lumbar region « Right kidney

e Right ureter

« Ascending colon
Umbilical region  Loops of small intestine




 Aorta

« Inferior vena cava
Left lumbar region o Left kidney

o Left ureter
 Descending colon

Right iliac fossa « Caecum
 Appendix
Hypogastric region « Coils of small intestine

« Urinary bladder (if distended)
« Uterus (if enlarged)

Left iliac fossa « Sigmoid colon

2This information is based on the clinical data.

CLINICAL CORRELATION

Clinical significance of nine regions of the abdomen: The knowledge
of structures present in the nine regions helps the clinician to know the
source of pain. The general guidelines are as follows:

« Pain in the right hypochondrium comes from the gall bladder and
biliary ducts.

« Pain in the epigastric region comes from the stomach and
duodenum.

« Pain in the left hypochondrium comes from the pancreas.

« Pain in the right lumbar region comes from the right kidney.

 Pain in the umbilical region comes from the small intestine.

« Pain in the left lumbar region comes from the left kidney.

 Pain in the right iliac fossa comes from the vermiform appendix.

« Pain in the hypogastrium comes from the urinary bladder and uterus.
- Pain in the left iliac fossa comes from the sigmoid colon.

N.B.

It is important to note that pain in the abdomen usually occurs because of
two reasons: (a) inflammation and (b) obstruction of conducting muscular
tubes such as the bowel or the ureter.



Four quadrants of the abdominal cavity

For more general clinical descriptions, the abdominal cavity is divided into
four quadrants by a horizontal transumbilical plane passing through the
umbilicus and a vertical median plane intersecting the horizontal plane at
the umbilicus (Fig. 6.3). The four quadrants thus formed are as follows:

1. Right upper quadrant
2. Left upper quadrant
3. Right lower quadrant
4. Left lower quadrant



FIG. 6.3 m Four quadrants of the abdomen.

Peritoneum (G. Peritoneum = Stretched over)

The peritoneum is a large thin serous membrane, which lines the interior of
the abdominopelvic cavity and covers majority of the abdominal organs. This
serous membrane is made up of an outer layer of fibro-elastic tissue and
inner layer of simple squamous epithelium (mesothelium). The outer layer
provides strength, whereas inner layer secretes a serous fluid. It forms the



largest serous sac of the body. It is similar to the pleura and serous
pericardium in consisting of parietal and visceral layers. These layers are
separated from each other by a potential space called peritoneal cavity,
which is filled with a thin capillary film of fluid. This fluid lubricates the two
layers of the peritoneal cavity and facilitates the movement of those parts of
the abdominal viscera, which are ensheathed by the visceral layer. For
example, the mobile parts of intra-abdominal digestive tube are completely
surrounded by the visceral layer of peritoneum and attached to the posterior
abdominal wall by a double-layered fold of peritoneum called mesentery.
Where the two layers of the visceral peritoneum meet the fascial lining of the
posterior abdominal wall, they become continuous with the parietal layer of
peritoneum.

The peritoneal lining is separated from the fascial lining of the abdominal
cavity by a layer of loose areolar tissue.

Layers

Initially the peritoneum forms a closed sac, but when it becomes invaginated
by a number of abdominal viscera, it is divided into two layers: (a) an outer
parietal layer and (b) an inner visceral layer. The folds of peritoneum by
which viscera are suspended are called mesentery (Fig. 6.4).

FIG. 6.4 m Transverse section of the abdomen showing
kidney-shaped abdominal cavity and arrangement of the



peritoneum (V = vertebra).

The neurovascular structures enter the gut through mesentery. Thus,

the peritoneum presents two layers: parietal layer called parietal

peritoneum and visceral layer called visceral peritoneum. The parietal
peritoneum is a simple layer lining the internal surface of the abdominopelvic
walls. The arrangement of the visceral layer is complex. It forms folds, which

surround the intricately folded and tightly packed gut tube.
The differences between the parietal and visceral peritonea are given in

Table 6.3.

TABLE 6.3

Differences between parietal and visceral peritonea

Parietal peritoneum

Visceral peritoneum

Arrangement of the parietal
layer of the peritoneum is
simple.

Arrangement of the visceral layer of
peritoneum is complex.

It lines the inner surface of
the abdominopelvic walls
(parietes) from which it is
separated by extraperitoneal
connective tissue and
therefore can be easily
stripped off.

It forms mesenteries, which surround
the intricately folded and tightly packed
gut tube, liver, and spleen. It is firmly
adherent to the outer surface of the
viscera and cannot be stripped off, in
fact it forms part and parcel of the
viscera.

Embryologically, it is
derived from the
somatopleuric layer of the
lateral plate mesoderm.

Embryologically, it is derived from the
splanchnopleuric layer of the lateral
plate mesoderm.

It is innervated by somatic
nerves and therefore is
sensitive to pain due to
prick and cut.

It is innervated by the autonomic nerves
and therefore is insensitive to pain due
to prick and cut.

Differences between male and female
peritoneums/peritonea (Fig. 6.5)




« In the male, the peritoneum is a closed serous sac lined with
mesothelium (squamous epithelium; Fig. 6.5A).

« In the female, the peritoneum is not a closed sac because it
communicates with the exterior through uterine tubes, uterus, and
vagina (Fig. 6.5B). It is also lined by mesothelium as in male.

FIG. 6.5 m Peritoneal cavity. A, In the male and B, in the
female.

N.B.

The peritoneum covering the ovaries is lined by cuboidal epithelium
instead of mesothelium.

Peritoneal folds AN 47.2

These are formed by the visceral layer of the peritoneum.

1. Many organs within the abdomen are suspended by the peritoneal
folds. These organs are mobile within the abdominal cavity. The degree



and direction of their mobility depend on the size and direction of the
folds.
Apart from allowing mobility to organs, the peritoneal folds also
provide pathways for passage to nerves, vessels, and lymphatics.
2. The organs that lie outside the peritoneal cavity are called
retroperitoneal organs. They are fixed and immobile.
3. Some organs are initially suspended by the peritoneal folds, that is,
they possess mesenteries but later on lose their mesenteries by a
process called zygosis and become retroperitoneal secondarily.

The retroperitoneal organs are given in Table 6.4.

TABLE 6.4

Retroperitoneal organs

Classification Organs
Primarily retroperitoneal « Kidneys
« Suprarenal glands
 Ureters
Secondarily retroperitoneal (mesentery lost « Pancreas (except
during development by zygosis) tail)

e Duodenum (except
initial 2 cm)

« Ascending colon
 Descending colon

» Caecum

« Rectum (upper
two-third)

N.B.

The zygosis is a process of absorption of the mesentery. One layer of the
mesentery fuses with the parietal peritoneum and then fused portions of
visceral and parietal peritonea are absorbed and organ becomes
retroperitonealized (Fig. 6.6).



FIG. 6.6 m Process of zygosis.

Functions

The functions of peritoneal folds are as follows:

1. To provide mobility to the viscera
2. To provide passage to vessels and nerves

Classification of the peritoneal folds

The peritoneal folds are classified into three types: mesentery/mesocolon,
omenta, and ligaments.

1. Mesentery/mesocolon: The fold suspending the small intestine is
called mesentery and the fold suspending the colon is called
mesocolon.

2. Omenta (singular omentum): These are the peritoneal folds that
connect the stomach with other viscera. The examples are as follows:

(a) Greater omentum, a fold connecting the stomach with the
transverse colon.

(b) Lesser omentum, a fold connecting the stomach with the liver.

(c) Gastrosplenic omentum, a fold connecting the stomach with the
spleen (in general usage, it is termed gastrosplenic ligament).

3. Ligaments: They are the folds that connect organs to the abdominal
wall or to each other. The examples are gastrosplenic ligament
(between stomach and spleen), lienorenal ligamentum (between
kidney and spleen), and coronary ligaments (between liver and



diaphragm).

Embryological basis of understanding the peritoneal folds

A little description of the development of gut makes it easier to understand
the various peritoneal folds. The developing gut is divided from above
downward into three parts: foregut, midgut, and hindgut. Each part has its
own artery — a ventral branch of the abdominal aorta. The coeliac artery is
the artery of foregut, superior mesenteric artery is the artery of midgut, and
inferior mesenteric artery is the artery of hindgut (Fig. 6.7). The derivatives of
the foregut, midgut, and hindgut are given in Table 6.5.

FIG. 6.7 m Schematic diagram showing three parts of the
primitive gut with their arteries and mesenteries.

TABLE 6.5



Derivatives of the developing gut in the abdomen

Part Derivatives

Foregut | « Oesophagus

 Stomach

« Upper half of the duodenum (up to the opening of
common bile duct)

Midgut | « Lower half of the duodenum (distal to the opening of
common bile duct)

« Jejunum

e [leum

 Appendix

« Caecum

« Ascending colon

« Right two-third of the transverse colon

Hindgut|  Left one-third of the transverse colon
 Descending colon

« Sigmoid colon

* Rectum

« Upper part of the anal canal

The abdominal part of foregut possesses both ventral and dorsal
mesenteries, which are termed ventral mesogastrium and dorsal
mesogastrium, respectively (Fig. 6.7). The developing liver divides the
ventral mesogastrium into two parts: ventral and dorsal.

The fate of ventral mesogastrium is as follows (Fig. 6.8). The ventral part
forms the falciform and coronary ligaments between the body wall and
the liver; and dorsal part forms the lesser omentum between the liver and
the lesser curvature of the stomach.



FIG. 6.8 m Derivatives of ventral and dorsal mesogastria.

The fate of dorsal mesogastrium is as follows (Fig. 6.8):

1. The larger caudal part becomes greatly elongated to form the greater
omentum. The smaller cranial part becomes divided into dorsal and
ventral parts by the development of spleen within it. The ventral part
forms the gastrosplenic ligament, whereas the dorsal part forms
the lienorenal and gastrophrenic ligaments.

2. The cross-sectional views of ventral and dorsal mesogastria of the
foregut and their derivatives are shown in Fig. 6.9.



FIG. 6.9 m Transverse sections of developing foregut
showing ventral and dorsal mesogastria and their
derivatives. A, Early stage and B, later stage.

The midgut and hindgut possess only the dorsal mesentery. The fate of
dorsal mesentery is as follows (Fig. 6.10):

1. It forms the mesentery of jejunum and ileum.

2. It forms the mesentery of appendix — mesoappendix.

3. It forms the mesentery of transverse colon — transverse mesocolon.
4. It forms the mesentery of sigmoid colon — sigmoid mesocolon.



FIG. 6.10 m Fate of dorsal mesentery of midgut and
hindgut.

N.B.

The mesenteries of the duodenum, ascending colon, descending colon, and
rectum are lost by zygosis as a result they become retroperitonealized
secondarily.

Some of the peritoneal folds are discussed in detail in the following text.

Greater omentum (L. Omentum = Apron)
The greater omentum is a large thick fold of peritoneum, which hangs from



the greater curvature of stomach and the adjacent part of the duodenum like
an apron and covers the loops of intestine to a variable extent (Fig. 6.11).

FIG. 6.11 m Greater omentum.

The greater omentum is made up of four layers of peritoneum, which are
fused together to form a thin fenestrated membrane containing variable
amount of fat.

Attachments

The anterior two layers descend from the greater curvature of the stomach
(where they are continuous with the peritoneum covering the anterior and
posterior surfaces of the stomach) to a variable extent and then folds on itself
to form the posterior two layers. The mode of folding is such that the first



layer becomes the fourth layer and the second layer becomes the third layer.
The posterior two layers ascend up to the transverse mesocolon where the
fourth layer loosely blends with the peritoneum on the anterior surfaces of
the transverse colon and transverse mesocolon above it. The part of lesser sac
between the second and third layers gets obliterated except for approximately
1 inch (2.5 cm) below the greater curvature of the stomach (Fig. 6.12).

FIG. 6.12 m Stages of development of greater omentum
(P = pancreas).

Contents

1. Adipose tissue (fat) of variable amount depending on the nutritional
status of an individual.

2. Aggregation of macrophages, which form dense patches called milky
spots.

3. Right and left gastroepiploic vessels run between the anterior and
posterior layers of the greater omentum close to the greater curvature
of the stomach.

Functions

The functions of greater omentum are as follows:

1. It is a storehouse of fat (adipose tissue).
2. It protects the peritoneal cavity from infection due to the presence of a
large number of macrophages.



3. It limits the spread of infection. The greater omentum moves to the site
of infection and seals it off from the surrounding areas. It also moves
to the site of perforation of gut to plug the gap to prevent the leakage
of contents of gut in the pertoneal cavity. For this reason, greater
omentum is often termed the ‘policeman of abdomen’.

4. It is sometimes used as grafting material by the surgeons.

5. It protects the abdominal viscera from blow on the anterior abdominal
wall.

6. It forms a partition between the supracolic and the infracolic
compartments of the greater sac.

Lesser omentum (Figs 6.11 and 6.13)

The lesser omentum is a double-layered fold of peritoneum between the
lesser curvature of stomach and the inferior surface of the liver.

FIG. 6.13 m Attachments and contents of the lesser

omentum.

Attachments

1. Inferiorly, it is attached to the right side of the lesser curvature of the
stomach, and first 2 cm of the duodenum.



2. Superiorly, it is attached in the inverted ‘L’-shaped manner to the
margins of fissure for ligamentum venosum and porta hepatis.

Parts

The part of lesser omentum between stomach and liver is called
hepatogastric ligament, and the part between duodenum and liver is called
hepatoduodenal ligament.

N.B.

The right free margin of lesser omentum where the anterior and posterior
layers of peritoneum become continuous forms the anterior boundary of
the foramen epiploicum.

Contents

1. Along the lesser curvature of the stomach, the lesser omentum
contains:
(a) Right and left gastric vessels and associated gastric lymph nodes
(b) Branches of the left gastric nerve
2. The right free margin of the lesser omentum contains:
(a) Portal vein
(b) Hepatic artery and bile duct anterior to the portal vein, with duct
to the right of the artery
(c) Autonomic nerves
(d) Lymphatic and lymph nodes

Mesentery (mesentery of small intestine)

It is a broad fan-shaped fold of the peritoneum, which suspends the coils of
the small intestine (jejunum and ileum) from the posterior abdominal wall.

The width of mesentery on an average is approximately 6 inches (15 cm).
The maximum width is 8 inches (20 cm) in the central part and gradually
diminishes towards the proximal and distal ends.

General features

The mesentery presents two borders:

1. Attached border (or root)
2. Free border (or intestinal border)

Root of mesentery (attached border): It is attached to an oblique line
across the posterior abdominal wall, extending from the duodenojejunal



flexure to the ileocaecal junction. The duodenojejunal flexure lies to the left
side of L2 vertebra, whereas the ileocaecal junction lies at the upper part of
the right sacroiliac joint.

(a) The root of mesentery from above downward crosses in front of (Fig.
6.14):
(i) Horizontal (third) part of duodenum
(i) Abdominal aorta
(ii1) Inferior vena cava
(iv) Right gonadal vessels
(v) Right ureter
(vi) Right psoas major muscle
(b) The root of mesentery divides the infracolic compartment into two
parts: right and left.
« The right one is small and terminates in the right iliac fossa.
« The left one is larger and passes without interruption into true
pelvis.



FIG. 6.14 m Structures crossed by the root of the

mesentery.

Free border (intestinal border): It is approximately 6 m (20 feet) long and
encloses the jejunum and ileum.

The root of mesentery is 6 inches (15 cm) long, whereas its periphery (free
border) is 6 m long. This accounts for the formation of folds (pleats) in it (a
frill-like arrangement).

« Its length permits the free mobility of the loops of jejunum and ileum
in the abdominal cavity.
« It has fat deposition along its root, which diminishes towards the



intestinal border. Near the intestinal border, it presents fat-free
oval/circular windows (translucent area) of peritoneum. The amount
of fat is greater in the distal part of the mesentery.

Contents

The contents of the mesentery are as follows:

1. Superior mesenteric artery and vein (in the root) — with vein being to
the right of the artery

2. Jejunal and ileal branches of superior mesenteric artery and
accompanying veins

3. Lymphatics (lacteals)

4. Lymph nodes (100—200 in number)

5. Autonomic nerve plexuses

6. Fat and areolar connective tissues

7. Jejunum and ileum (enclosed in the free border)

CLINICAL CORRELATION

» The great length of the mesentery permits the descent and protrusion of
the loops of the small intestine into the hernial sacs of inguinal and
femoral hernias.

« A group of lymph nodes when infected may become adherent to an
adjoining loop of the small intestine and may result in the mechanical
intestinal obstruction.

« An acute terminal mesenteric lymphadentitis is often
indistinguishable from acute appendicitis.

« The failure of the root of mesentery to fuse over its entire length with the
posterior abdominal wall allows a peritoneal pocket to be formed, which
may form a sac of an intraperitoneal hernia called mesenteric
parietal hernia of Waldeyer.

Transverse mesocolon

The transverse mesocolon is a broad horizontal fold of peritoneum, which
suspends the transverse colon from the posterior abdominal wall.

The line of attachment of the root of transverse mesocolon on the posterior
abdominal wall (or rather to the organs that lie on the posterior abdominal
wall at that level) is horizontal with an upward inclination towards the left.



From right to left, it is attached to the anterior aspect of the head and anterior
border of the body of pancreas (Fig. 6.15).

FIG. 6.15 m Attachments of the root of transverse
mesocolon.

Sigmoid mesocolon

The sigmoid mesocolon is a triangular fold of peritoneum, which suspends
the sigmoid colon from the pelvic wall. The attachment of the root of sigmoid
mesocolon on to the pelvic wall takes the form of an inverted ‘V’, the apex of
which lies at the division of the left common iliac artery. The intersigmoid
recess of peritoneum is found at the apex of the V-shaped attachment and the
left ureter lies behind the peritoneum of this recess.

The left limb of V is attached along the upper half of the left external iliac
artery and the right limb to the posterior pelvic wall extending downward and
medially from the apex to the median plane of sacrum up to the level of S3
vertebra (Fig. 6.16).



FIG. 6.16 m Attachments of the root of sigmoid
mesocolon.

Falciform ligament

The falciform ligament is a sickle-shaped fold of peritoneum, which connects
the anterosuperior surface of the liver to the supraumbilical part of the
anterior abdominal wall and the inferior surface of the diaphragm.

Its concave inferior margin contains the ligamentum teres (the obliterated
left umbilical vein). The ligamentum teres extends from the umbilicus to the
notch for this ligament on the inferior border of the liver and joins the left
branch of the portal vein at the left end of the porta hepatis (Fig. 6.17).



FIG. 6.17 m Attachments of the falciform ligament.

The falciform ligament contains the following structures:

1. Ligamentum teres

2. Paraumbilical veins, tributaries of portal vein

3. Numerous small veins which connect paraumbilical vein with the
diaphragmatic veins

Peritoneal cavity

1. The peritoneal cavity is the largest and most complex serous sac in the
body.

2. It is a potential space between the parietal and visceral layers of the
peritoneum.

3. In males, it is a closed cavity, but in females, it communicates with the



exterior through ostia of uterine tubes, uterus, and vagina; therefore,
pelvic peritoneal infections are common in the females.

Functions

1. Provides a slippery surface for the free movement of the abdominal
viscera.

2. Provides a moist surface to prevent friction between the adjacent
viscera.

3. Guards the viscera against infection by phagocytic cells within its
mesothelial lining.

4. Prevents the spread of infection by wrapping around the inflamed site
and sealing the site of perforation by its fold, for example, greater
omentum.

5. Provides a large surface area for absorption of fluids.

6. Provides healing power for its mesothelial cells, which can transform
into fibroblasts.

7. Provides storage of fat in its folds, for example, greater omentum,
particularly in obese persons.

CLINICAL CORRELATION

« Normally, the peritoneal cavity is only a potential space and contains
only a thin film of serous fluid, which lubricates the adjacent surfaces of
peritoneum so that they can glide over one another but the peritoneal
cavity is capable of great distension following the collection of fluid
(ascites), blood (haemoperitoneum), and air
(pneumoperitoneum).

- Peritonitis and ascites: The peritonitis is the inflammation of
peritoneal membrane. It is usually infectious and often life
threatening. It occurs because of leakage of intestinal contents due to
its rupture. For example, burst appendix. The ascites is the
accumulation of fluid in the peritoneal cavity and often causes
generalized swelling of abdomen.

« Peritoneal dialysis: The peritoneum is a semipermeable membrane
with an extensive surface area much of which overlies blood and
lymphatic capillary beds. Hence, diffusible solutes and water are
exchanged between the blood and the peritoneal cavity as a result of
concentration gradient.



The peritoneal dialysis is a procedure by which waste products such as
urea are removed from the blood in patients with renal failure.

- Paracentesis abdominis: It is a procedure by which excessive
collection of intraperitoneal fluid is evacuated by canula inserted
through the abdominal wall. After emptying the urinary bladder with
catheter, the canula is introduced on a trocar either through the anterior
midline, where linea alba is relatively bloodless, or through the flank
(lateral to McBurney’s point, where there is no danger of injuring —
inferior epigastric vessels). The canula inserted in the flank will pass
through the skin, superficial fascia, aponeurosis of external oblique
muscle, internal oblique muscle, transversus abdominis muscle, fascia
transversalis, extraperitoneal fat, and parietal peritoneum.

Subdivisions of the peritoneal cavity
The peritoneal cavity may be broadly divided into two parts:

1. Greater sac
2. Lesser sac (or omental bursa)

The greater sac is the larger (main) compartment of the peritoneal cavity
and extends across the whole breadth and length of the abdomen.

The lesser sac is the smaller compartment of the peritoneal cavity, which
lies behind the stomach, liver, and lesser omentum as a diverticulum from
the greater sac.

The two sacs communicate with each other through the foramen
epiploicum (Figs 6.18—6.20).



FIG. 6.18 m Attachments of the peritoneum on the

posterior abdominal wall. Note the division of peritoneal
cavity into greater sac ( orange colour) and lesser sac ( light
blue colour).



FIG. 6.19 m Sagittal section of the abdominopelvic cavity

(female) to show the vertical disposition of peritoneum (SI
= small intestine; S = stomach; TC = transverse colon).



FIG. 6.20 m Horizontal section through supracolic

compartment of the abdomen showing horizontal
disposition of peritoneum (BD = bile duct; HA = hepatic
artery; PV = portal vein).

N.B.

The small pockets of peritoneum (fossae and recesses) may be separated
from the main peritoneal cavity by small inconstant peritoneal folds. They
are more frequently found in infants but soon obliterate, but some of them
may persist in adult life and then may at times be the site of an internal
hernia and strangulation of the extraperitoneal tissue of the abdominal
walls.

Tracing of the peritoneum AN 47.3

The peritoneum is a large serous membrane, which lines the interior of the
abdominopelvic walls, roof, and floor. It is reflected along certain lines from
these parietes to be continuous with a layer of peritoneum over certain
viscera. Thus, although the peritoneum is usually divided descriptively into
parietal and visceral layers, they are really parts of the same membrane (Fig.
6.18).

The vertical disposition of the peritoneum is shown in Fig. 6.19. The
horizontal disposition of the peritoneum is shown in Figs 6.20 and 6.21.



FIG. 6.21 m Horizontal section through infracolic

compartment of the abdomen showing horizontal
disposition of peritoneum (L = lumbar vertebra).

Greater sac AN 47.1

As discussed earlier, it is the main part of the peritoneal cavity and into this
sac protrude all the peritoneal organs.

Compartments of the greater sac of peritoneal cavity AN 47.1

The abdominal part of the peritoneal cavity is divided into supracolic and
infracolic compartments by the transverse mesocolon (Fig. 6.22).



FIG. 6.22 m Schematic diagram showing subphrenic
spaces and paracolic gutters (GB = gall bladder; RIS = right
infracolic space; LIS = left infracolic space).

Supracolic compartment
The supracolic compartment is largely under the cover of costal margin and
diaphragm.

The supracolic compartment of peritoneal cavity surrounds the liver,
stomach, spleen, and the superior part of the duodenum. It lies anterior to the
pancreas, duodenum, kidney, and suprarenal glands. The attachments of the
liver to the diaphragm and anterior abdominal wall define the subdivisions of



the supracolic compartment. The subdivisions of supracolic compartment are
described under the heading subphrenic spaces on page 80.

Infracolic compartment
The infracolic compartment is filled with the coils of jejunum and ileum, and
surrounded by ascending, transverse, and descending colons.

The infracolic compartment is divided into right and left infracolic
spaces by the root of mesentery of the small intestine.

1. The right infracolic space is triangular with its apex lying below at
the ileocaecal junction. It is bounded on the right side by the ascending
colon, above by the transverse mesocolon and on the left side by the
mesentery of the small intestine.

2. The left infracolic space is larger than the right infracolic space and
is quadrangular in shape. It is bounded above by the transverse
mesocolon, on the right by the root of mesentery, and on the left by the
descending colon. Below it is continuous across the pelvic brim into
the pelvic cavity.

N.B.
Free communication occurs between supra- and infracolic compartments
through right paracolic gutter (Fig. 6.22).

Right and left paracolic gutters are grooves between lateral aspect of
ascending and descending colons and posterolateral abdominal wall.

« Lateral to the ascending colon is the right paracolic gutter. It is
continuous above with the hepatorenal pouch and below with the pelvic
cavity. Therefore, it may be infected by downward spread of infection
from hepatorenal (Morrison’s) pouch and lesser sac or by an upward
spread of infection from appendix.

« Lateral to the descending colon is the left paracolic gutter. It is limited
above by the phrenicocolic ligament (a small transverse fold of
peritoneum stretching between the left colic flexure and the diaphragm),
below it is continuous with the pelvic cavity. Therefore, it may be
infected by an upward spread of infection from the pelvis.

Intraperitoneal fossae AN 47.2
The peritoneal cavity presents a number of small pockets/recesses called



fossae into which loops of bowel may become caught and get strangulated.
The important ones are as follows:

1. Lesser sac: A diverticulum of the peritoneal cavity behind the stomach
(page 81).

2. Paraduodenal fossa: A peritoneal recess between the
duodenojejunal flexure and the inferior mesenteric vein. Its orifice
looks to the right.

3. Retrocaecal fossa: A recess of the peritoneum behind caecum, in
which the appendix frequently lies.

4. Intersigmoid fossa: A triangular recess formed by the inverted V-
shaped attachment of the sigmoid mesocolon. This recess is open
inferomedially.

Subphrenic spaces/compartments AN 47.4

These spaces are located below diaphragm and above transverse mesocolon.

Below the diaphragm, six spaces are defined in relation to the periphery of
the liver called subphrenic spaces. These spaces are of great importance to
surgeons because of localized collection of pus (abscess) in these spaces
forming subphrenic abscesses. The ligaments of the liver play a major role in
delimiting these spaces (Fig. 6.23).

FIG. 6.23 m Anatomy of the subphrenic spaces, the
viscera having been removed. 1, right anterior



intraperitoneal space; 2, left anterior intraperitoneal space;
3, left posterior intraperitoneal space (red arrow in epiploic
foramen); and 4, right posterior intraperitoneal space.

Of these six spaces, three are on the right side and three on the left side.
Out of the three spaces on each side, two are intraperitoneal and one is
extraperitoneal. They are named as follows (Fig. 6.23):

1. Right posterior intraperitoneal space (Morison’s pouch)
2. Right anterior intraperitoneal space

3. Right extraperitoneal space

4. Left posterior intraperitoneal space (lesser sac)

5. Left anterior intraperitoneal space

6. Left extraperitoneal space

Nowadays the intraperitoneal spaces/compartments are called
perihepatic spaces particularly by radiologists.

CLINICAL CORRELATION

« Subphrenic abscesses (Fig. 6.24): AN 47.4 The subphrenic
abscesses are localized collections of pus below diaphragm and above
the transverse colon and transverse mesocolon. Usually, they occur
because of surgical trauma, perforation of viscera, viz., duodenum,
appendix, etc.; inflammatory process, viz., pancreatitis; trauma of
internal organs, viz., stabs, gunshots, etc.; surgical trauma, viz.,
cholecystectomy, etc.

The subphrenic abscesses are more common on the right side,
especially in the right posterior intraperitoneal space — Morison’s
pouch — because it is most dependent region above the pelvic brim in
supine position.

The common sites of subphrenic abscesses are shown in Fig. 6.24.

The diagnosis of subphrenic abscess is difficult. Hence, it is also known
by a famous aphorism: “pus somewhere, pus nowhere else, pus
under the diaphragm.”



FIG. 6.24 m Common sites of subphrenic abscesses.

Right posterior intraperitoneal space (hepatorenal pouch or
morison’s pouch)

It is situated between the posteroinferior surface of the liver and front of the
right kidney (Fig. 6.25).

FIG. 6.25 m Hepatorenal pouch as seen in the sagittal
section.

Boundaries



Anterior: Posteroinferior (visceral) surface of the liver.

Posterior: Peritoneum covering the front of the upper pole of the right
kidney and the diaphragm.

Above: Posterior (inferior) layer of the coronary ligament.

Below: Transverse colon and mesocolon.

Communications
On the left: It communicates through foramen epiploicum with the lesser
sac of peritoneum (omental bursa).

Along the sharp inferior border of liver: It communicates with the
right anterior intraperitoneal compartment.

CLINICAL CORRELATION

Clinical significance of hepatorenal pouch: In supine position,
hepatorenal pouch of Morison is the most dependant part of the peritoneal
cavity above the pelvic brim. Hence, fluid from various locations will tend to
collect here. It is important to note that the right posterior intraperitoneal
and right anterior intraperitoneal compartments communicate with each
other along the sharp inferior/anterior border of the liver. But if abscess
forms in one of these compartments, the pus is prevented from extending
around the sharp inferior border of the liver to enter other compartment
because of the formation of adhesions between transverse colon and greater
omentum and inferior border of the liver.

Right anterior intraperitoneal space

It is situated between the anterior surface of the right lobe of the liver and
diaphragm in front of the superior layer of coronary ligament and right
triangular ligament (Fig. 6.23).

Boundaries

Anterior: Diaphragm and anterior abdominal wall

Posterior: Anterior surface of the liver

Superior: Superior layer of the coronary ligament

Left: Right side of the falciform ligament

Right: Fossa communicates with the right posterior intraperitoneal space
Below: Open

Right extraperitoneal space



It is the space between the bare area of the liver and the diaphragm.

Boundaries

Anterior: Superior layer of the coronary ligament

Posterior: Inferior layer of the coronary ligament

Left: Inferior vena cava

Right: Fusion of the two layers of coronary ligament to form the right
triangular ligament

Above: Diaphragm

Below: Posterior surface of the liver

N.B.

The right extraperitoneal space is completely shut off and if it is distended
by fluid or pus, the liver may be pushed down and the diaphragm may be
pushed up.

Left posterior intraperitoneal space (lesser sac) AN 47.1

The lesser sac (also called omental bursa) is a diverticulum of the
peritoneal cavity behind the stomach. It communicates with the greater sac
through a slit-like aperture called epiploic foramen (or foramen of Winslow).

Boundaries (Fig. 6.26)

Anterior wall: From above downward, it is formed by
(a) Caudate lobe of the liver
(b) Lesser omentum
(¢) Posteroinferior surface of the stomach
(d) Anterior two layers of the greater omentum
Posterior wall: From below upward, it is formed by
(a) Posterior two layers of the greater omentum and
(b) Structures forming the stomach bed except spleen are as follows:
— Transverse colon
— Transverse mesocolon
— Pancreas
— Upper part of the left kidney and left suprarenal gland
— Diaphragm



FIG. 6.26 m Lesser sac. A, As seen in the sagittal section
and B, as seen in the transverse section (A = aorta; IVC =

inferior vena cava).

N.B.

All the structures forming the stomach bed are separated from the stomach
by the lesser sac except spleen, which is separated from the stomach by the
greater sac.

Recesses of lesser sac AN 47.1
The lesser sac (omental bursa) presents the following three recesses:

1. Superior recess: It lies behind the lesser omentum and the liver. The
portion behind the lesser omentum is termed vestibule of the lesser
sac.

2. Inferior recess: It lies between the anterior two layers and the
posterior two layers of the greater omentum.

3. Splenic recess: It lies between the gastrosplenic and lienorenal
ligaments.

N.B.
The lesser sac is somewhat akin to an empty hot water bottle with its neck
facing towards the right (Fig. 6.27).




FIG. 6.27 m Schematic diagram to show the recesses of
lesser sac (omental bursa).

CLINICAL CORRELATION

Pseudocyst of pancreas: The collection of fluid in the lesser sac occurs
most frequently as a result of acute pancreatitis or sometimes after
pancreatic injury forming ‘pseudocyst of pancreas’. The pseudocyst of
pancreas projects forward either between the stomach and liver or between
the stomach and transverse colon.

The perforation of posterior wall of stomach also results in the passage of
its fluid contents in the lesser sac.

Foramen epiploicum (foramen of winslow)

The foramen epiploicum is a vertical slit through which lesser sac of
peritoneum (omental bursa) communicates with the greater sac of
peritoneum. It is situated behind the right free margin of lesser omentum at
the level of T12 vertebra.

Boundaries (Fig. 6.28)

Anterior: Right free border of the lesser omentum containing bile duct,



vertical part of the hepatic artery, and portal vein. Remember duct and
artery are anterior to the vein with the duct being to the right of the
artery. (The duct is dexter, which means to the right.)

Posterior: Inferior vena cava and right suprarenal gland.

Superior: Caudate process of the caudate lobe of the liver.

Inferior: First part of the duodenum and horizontal part of the hepatic

artery.

FIG. 6.28 m Boundaries of the foramen epiploicum.

CLINICAL CORRELATION

- Internal hernia: Sometimes the loop of the small intestine may
herniate into the lesser sac through foramen epiploicum, producing an
internal hernia.

Reduction of strangulated internal hernia: This hernia if
strangulated cannot be reduced by cutting any of the important
boundaries of the foramen of Winslow (for details see Clinical and
Surgical Anatomy, 2ed. by Vishram Singh). However, it can be
reduced by aspirating the gut contents and pushing the herniated loop



out from the lesser sac by inserting the index finger into it through the
anterior two layers of greater omentum or through the transverse
mesocolon.

« Control of haemorrhage during cholecystectomy: If the cystic
artery is torn during cholecystectomy, the surgeon can stop
haemorrhage by compressing the hepatic pedicle (formed by the
right free margin of lesser omentum), containing portal vein, hepatic
artery, and bile duct, between the index finger and thumb. This is
achieved by inserting the index finger in the foramen of Winslow and
compressing the hepatic pedicle against it by the thumb (Fig. 6.28).

Left anterior intraperitoneal space

It lies between the left lobe of the liver and the diaphragm in front of the left
triangular ligament.

Boundaries

Anterior: Abdominal wall
Posterior: Liver

Above: Left triangular ligament
Right: Falciform ligament

Left: Open

Below: Open

Communications

1. Below it is continuous in front of the lesser omentum and stomach.
2. To the left, it is continuous around the spleen.

N.B.

The right and left anterior intraperitoneal compartments are separated from
each other by the falciform ligament.

CLINICAL CORRELATION

The abscess in this space may be formed following operations on the
stomach, spleen, splenic flexure of colon, and tail of the pancreas.

Left extraperitoneal space



It is merely the loose connective tissue around the upper pole of the left
kidney and left suprarenal gland.

It is hardly infected and therefore is the least important of the six
subphrenic spaces.

N.B.

Under the modern facilities of CT scan and ultrasound, the accuracy of
diagnosis of subphrenic abscess has improved tremendously. The
radiologists are now able to drain subphrenic abscess by percutaneous
catheters under the guidance of ultrasound.

Rectouterine pouch (pouch of douglas)

It is a pouch of peritoneum situated between the rectum and the uterus in the
pelvic cavity but discussed here for the sake of comaprison with hepatorenal
pouch (or Morison’s pouch). It is the most dependent part of the peritoneal
cavity in the upright position. In the supine position, it is the most dependent
part of the pelvic cavity.

Boundaries

The rectouterine pouch is bounded (Fig. 14.15):

Anteriorly: By the uterus and the upper one-third of the vagina (posterior
fornix of vagina).

Posteriorly: By the rectum.

Inferiorly (floor): By the rectovaginal fold of the peritoneum. The floor of
the pouch is approximately 5.5 cm above the perineal skin.

CLINICAL CORRELATION

Clinical significance of rectouterine pouch: The rectouterine pouch is
the most dependent part of the peritoneal cavity below the pelvic brim; the
pus tends to collect here and form the pelvic abscess (Fig. 6.29B). The pus
can be drained either through the rectum or through the posterior fornix of
the vagina (posterior colpotomy).




FIG. 6.29 m Most dependent pouches of the peritoneal

cavity where the fluid or blood, or pus collects. A, In

hepatorenal and rectouterine pouches when subject is in

supine position and B, in rectouterine pouch when subject

is in semi-upright position.

N.B.

The hepatorenal pouch is the most dependent part of the abdominal cavity
in supine position above the pelvic brim (Fig. 6.29A). As a result, pus tends

to collect in it following an upper abdominal surgery, namely,
cholecystectomy. Therefore, as a routine, surgeons insert a tube in this

pouch to facilitate gravitational drainage. The hepatorenal and rectouterine
pouches communicate with each other through the right paracolic gutter,

which serve as a route of infection from the abdomen to the pelvis.

Golden Facts to Remember

« Primordium of the peritoneal
cavity

Intraembryonic celom

» Policeman of the abdomen

Greater omentum

- Largest fold of the peritoneum

Mesentery

» Most dependent part of the
peritoneal cavity in the abdomen in
supine position

Hepatorenal pouch (of
James Rutherford
Morison)




e Clinically the term ‘abdominal Anterior abdominal

wall’ stands for wall

« Most dependant part of peritoneal | Rectouterine pouch
cavity below the pelvic brim (pouch of Douglas)
- Distance of rectouterine pouch 5.5 cm

from the perineal surface

- Situs inversus Transposition of the

abdominal viscera

CLINICAL CASE STUDY

A 45-year-old patient was admitted in the hospital with severe pain in the
abdomen associated with fever and tachycardia. On palpation, the doctor
found tenderness and guarding of the abdominal wall, and on auscultation,
he noted the absence of bowel sounds. His pulse rate increased gradually
during 1—2 h of observation. He was diagnosed as a case of ‘acute
peritonitis’.

Questions

1. What is peritonitis?

2. Enumerate the means by which infection may gain access to the
peritoneal cavity.

3. What is the anatomical basis of tenderness and guarding of the anterior
abdominal wall?

4. What will be the nature of pain if visceral peritoneum is inflamed?

Answers

1. Peritonitis is the inflammation of the peritoneum.

2. a. Traumatic and surgical penetration of the abdominal wall, (b)
perforation of the gastrointestinal tract, (c) haematogenous or
lymphatic spread, and (d) rupture of the uterine tube.

3. The parietal peritoneum is innervated by the somatic nerves of the
anterior abdominal wall. An inflamed parietal peritoneum is extremely
sensitive to palpation and leads to tenderness. The muscles of the
abdominal wall become tense, guarding to produce a rigid abdomen
and thereby minimize the pain and prevent the spread of infection.



4. The visceral peritoneum is innervated by autonomic nerves. Therefore,
the inflamed visceral peritoneum results in diffuse, crampy, or colicky
abdominal pain, which may be referred to specific dermatomes on the
abdominal wall.



Chapter 7: Abdominal part of
oesophagus, stomach, and spleen

Specific learning objectives

After studying this chapter, the student should be able to:

« Describe the stomach under following headings: (a) external features,
(b) internal features, (c) relations, (d) blood supply, (e) nerve supply, (f)
lymphatic drainage, and (g) applied anatomy. AN 47.5

« Write short notes on: (a) abdominal part of oesophagus, (b) stomach
bed, (c¢) arterial supply of stomach, (d) lymphatic drainage of stomach,
and (e) oesophageal varices.

« Describe the spleen in brief under following headings: (a) definition and
location, (b) development, (c¢) external features, and (d) relations and (e)
applied anatomy. AN 47.5

« Describe the development and congenital anomalies of spleen. AN 52.6

« Give the embryological and anatomical basis of: (a) notches of spleen,
(b) accessory spleens, and (c) Kehr’s sign. AN 47.6

« Give the anatomical basis of Kehr’s sign. AN 47.6



Abdominal part of the oesophagus

The abdominal part of the oesophagus is only 1.25 cm long. It enters the
abdomen through the oesophageal opening of the diaphragm, runs downward
and to the left in front of the left crus of the diaphragm, and behind the left
lobe of the liver to end by opening into the cardiac end of the stomach.

The oesophageal opening of the diaphragm is situated at the level of T10
vertebra slightly to the left of the median plane. The cardiac end of the
stomach is situated at the level of T11 vertebra approximately 2.5 cm to the
left of the median plane. Thus, the abdominal part of the oesophagus extends
only from T10 to T11 vertebra.

Its right border becomes continuous with the lesser curvature of the
stomach, whereas its left border is separated from the fundus of the stomach
by a notch called cardiac notch.

The relations of abdominal part of the oesophagus are as follows:

1. It is covered by the peritoneum only anteriorly and to the left.

2. Posteriorly it is related to the posterior vagal trunk and the diaphragm.

3. Anteriorly it is related to the anterior vagal trunk and the left lobe of
the liver.

4. The oesophageal branches of the left gastric artery and accompanying
veins run along its right side.

N.B.

The veins from the abdominal part of the oesophagus drain partly into the
portal circulation and partly into the systemic circulation. The veins drain
into the portal circulation through the left gastric vein and into the systemic
circulation through the hemiazygos vein. Thus, it is one of the important
sites of portocaval anastomosis.

CLINICAL CORRELATION

» Oesophageal varices: The lower end of the oesophagus is one of the
important sites of portocaval anastomosis (Fig. 9.26). In portal
hypertension (e.g., due to cirrhosis of the liver), the portocaval
anastomotic channels open and become dilated and tortuous forming
oesophageal varices. Their rupture may cause severe and fatal
haematemesis (vomiting of blood).



« Achalasia cardia: Owing to neuromuscular incoordination, sometimes
the lower end of the oesophagus fails to open and does not allow smooth
passage of food leading to dysphagia called achalasia cardia. For details
see Chapter 23, Textbook of Anatomy: Upper Limb and Thorax, Volume
I, 4ed. by Vishram Singh.

« The lower end of the oesophagus is prone for inflammation and
ulceration due to acidic regurgitation from the stomach.

« The lower end of the oesophagus is the commonest site of carcinoma.

Stomach AN 47.5

Synonyms: Gaster (in Greek); venter (in Latin).

The stomach is the widest and most distensible part of the alimentary canal
between the oesophagus and the duodenum.

Following are the main functions of stomach:

1. Forms a reservoir of food.

2. Mixes food with gastric secretions to form a semifluid substance called
chyme.

3. Controls the rate of delivery of chyme into the small intestine to allow
proper digestion and absorption in the small intestine.

4. Hydrochloric acid secreted by the gastric glands destroys bacteria
present in the food and drink.

5. Castle’s intrinsic factor present in the gastric juice helps in the
absorption of vitamin B,, in the small intestine.

Location

The stomach is situated in the upper left part of the abdomen occupying left
hypochondriac, umbilical, and epigastric regions. It extends obliquely from
the left hypochondriac region into the epigastric region (Fig. 7.1).



FIG. 7.1 m Location of the stomach (demarcated by red
line) (E = epigastric region; H = left hypochondriac region;
U = umbilical region).

Most of the stomach lies under cover of the left costal margin and lower
ribs.

Shape

The stomach is mostly ‘J’ shaped. Its long axis passes downward, forward, to
the right, and finally backward and slightly upward. It tapers from the fundus
on the left of the median plane to the narrow pylorus slightly to the right of
the median plane.

The shape of the stomach is studied by radiographic examination



using barium meal. Generally, four types of shape of the stomach are seen
in barium meal X-ray (Fig. 7.2): (A) reversed ‘L’ shaped, (B) ‘J’ shaped, (C)
semilunar shaped, and (D) steer-horn shaped.

FIG. 7.2 m ‘Types’ of shape of the stomach as seen in
barium meal X-ray of abdomen: (A) reversed L-shaped; (B)
J-shaped; (C) semilunar shaped; (D) steer-horn shaped.

N.B.

« Both the shape and position of the stomach vary greatly according to the
build of an individual. It is
1. High and transverse (steer-horn type) in short obese persons.
2. Low and elongated in tall and weak persons.

« Even in the same individual the shape of the stomach depends on the:



1. Volume of fluid or food it contains.
2. Position of body (erect or supine position).
3. Phase of respiration.

Size and capacity

Length: 10 inches (25 cm)
Capacity: The capacity of the stomach is variable as the stomach is highly
distensible.
1. At birth the capacity is only 30 mL (1 ounce).
2. At puberty the capacity is 1000 mL (1 L).
3. In adults the capacity is 1500—-2000 mL.

External features
The stomach presents the following external features (Fig. 7.3):

1. Two ends: cardiac and pyloric

2. Two curvatures: greater and lesser

3. Two surfaces: anterior (anterosuperior) and posterior
(posteroinferior)



FIG. 7.3 m External features of the stomach.

Ends

Cardiac end (upper end)
It joins the lower end of the oesophagus and presents an orifice called
cardiac orifice.
Pyloric end (lower end)
It joins the proximal end of the duodenum and presents an orifice
called pyloric orifice.

The stomach is relatively fixed at upper and lower ends but mobile in
between.
The details of cardiac and pyloric orifices are given in Table 7.1.

TABLE 7.1

Cardiac and pyloric orifices of the stomach

Cardiac orifice Pyloric orifice




It is at the junction between the
lower end of the oesophagus and
stomach, and marks the level at
which curvatures begin

It is at the junction between the
pyloric end of the stomach and
first part of the duodenum

It is situated to the left of the
median plane behind the left 7th
costal cartilage, 2.5 cm from its
junction with the sternum at the
level of lower border of T11

It is approximately 1.5 cm to the
right of median plane at the
lower border of L1 (i.e.,
transpyloric plane)

It does not have an anatomical
sphincter but is guarded by the
physiological sphincter

It has anatomical pyloric
sphincter formed by the
thickening of a circular coat of
muscle assisted by a deep set of
longitudinal fibres of the
stomach

N.B.

The cardiac end of the stomach is less mobile and less likely to vary in

position, whereas the pyloric end of the stomach is more mobile and more

likely to vary in position.

Curvatures

The stomach presents two curvatures — lesser and greater.

Lesser curvature

It is concave and forms the shorter right border of the stomach. The
most dependent part of this curvature, the angular notch/incisura
angularis, indicates the junction of the body and pyloric part. The

lesser curvature provides attachment to the lesser omentum.

Greater curvature

It is convex and forms the longer left border of the stomach. At its
upper end this curvature presents a cardiac notch, which separates
it from the left aspect of the oesophagus. The greater curvature
provides attachment to the greater omentum, gastrosplenic, and
gastrophrenic ligaments.

Surfaces




Anterosuperior (anterior) surface
It faces forward and upward.

Posteroinferior (posterior) surface
It faces backward and downward.

Parts
The stomach has four parts (Fig. 7.4):

1. Cardiac part (or cardia)
2. Fundus

3. Body

4. Pyloric part

FIG. 7.4 m Parts of the stomach (PA = pyloric antrum; PC
= pyloric canal).

Cardia/cardiac part
It is the small part of stomach below and around the cardiac orifice. Inferior



sphincter of oesophagus at cardia prevents acidic chyme of stomach from
entry into the oesophagus. The cardia lies nearest to the heart hence named
SO.

Fundus
The fundus is the upper dome-shaped part of the stomach situated above the
horizontal plane drawn at the level of cardiac notch. Superiorly, the fundus
usually reaches the level of the left 5th intercostal space just below the
nipple; hence, gastric pain sometimes imitates the pain of angina pectoris.
The cardiac notch lies between the fundus and the oesophagus.

The fundus is generally distended with gas/air, which is clearly seen as a
radiolucent shadow under the left dome of the diaphragm in a skiagram.

N.B.

Traube space: It is a topographic area overlying the fundus of the stomach,
which is tympanic on percussion. It is bounded superiorly by the lower
border of the left lung, inferiorly by the left costal margin, on the left side by
the lateral end of the spleen, and on the right side by the lower border of the
left lobe of the liver.

Body

The body is the major part of the stomach between the fundus and the pyloric
antrum. It can be distended enormously along the greater curvature. It
contains classical gastric glands.

Pyloric part

The pyloric part is the funnel-shaped outflow region of the stomach. A line
drawn downward and to the left from the angular notch to the greater
curvature separates it from the body. It extends from the angular notch to the
gastroduodenal junction. It is divided into three parts: pyloric antrum,
pyloric canal, and pylorus.

1. Pyloric antrum is the proximal wide part, which is separated from the
pyloric canal by an inconstant sulcus, sulcus intermedius present on
the greater curvature. It is approximately 3 inches (7.5 cm) long and
leads into the pyloric canal.

2. Pyloric canal is a distal narrow and tubular part measuring 1 inch (2.5
cm) in length. It lies on the head and neck of the pancreas.

3. Pylorus (Greek gatekeeper) is the distal most and sphincteric region of
the pyloric canal. The circular muscle fibres are markedly thickened in



this region, which control the discharge of stomach contents through
the pyloric orifice into the duodenum.

N.B.

The position of the pyloric orifice is indicated on the surface by (a) a
circular sulcus — pyloric constriction produced by the underlying pyloric
sphincter or pylorus and (b) the prepyloric vein of Mayo on the anterior
surface of the pylorus.

Relations

Peritoneal relations

The stomach is covered by the peritoneum except where blood vessels run
along its curvatures and a small area (called bare area of the stomach)
posteriorly near the cardiac orifice. The bare area of the stomach is
directly related to the left crus of the diaphragm.

The peritoneal folds extending from the lesser and greater curvatures of the
stomach to other structures are as follows (Fig. 7.5):

1. Lesser omentum extends from the lesser curvature of the stomach to
the liver.

2. Greater omentum extends from the lower two-third of the greater
curvature to the transverse colon (page 73).

3. Gastrosplenic ligament extends from the upper one-third of the greater
curvature (i.e., fundus) to the spleen (near the hilum).

4. Gastrophrenic ligament extends from the uppermost part of the fundus
to the diaphragm.



FIG. 7.5 m Peritoneal relations of the stomach.

Visceral relations

1. Relations of the anterior (anterosuperior) surface (Fig. 7.6): On
the right side this surface is related to the gastric impression of the left
lobe of the liver and near the pylorus to the quadrate lobe of the liver
(a). The left half of this surface is related to the diaphragm and rib cage

(b). The lower part of this surface is related to the anterior abdominal
wall (c).



FIG. 7.6 m Anterior relations of the stomach.

N.B.

Gastric triangle: It is a triangular area of the stomach in contact with the
anterior abdominal wall. It is bounded on the left side by the left costal
margin, on the right side by the lower border of the liver, and inferiorly by
the transverse colon. In complete oesophageal obstruction, gastrostomy is
performed in this area to feed the patient.

2. Relations of the posterior (posteroinferior) surface: This
surface is related to a number of structures on the posterior abdominal
wall, which collectively form the stomach bed (Fig. 7.7). These
structures are as follows:

(a) Diaphragm

(b) Left kidney

(c) Left suprarenal gland

(d) Pancreas

(e) Transverse mesocolon

(f) Left colic flexure (splenic flexure of colon)
(g) Splenic artery

(h) Spleen



Mnemonic: ‘Dr S3 Kills Patients Mercilessly’

D = Diaphragm; S3 = Splenic artery, Suprarenal gland (left), and
Splenic flexure; K = Kidney (left); P = Pancreas; M =
Mesocolon (transverse).

FIG. 7.7 m The ‘stomach bed’.

N.B.

All the structures forming the stomach bed are separated from the stomach
by the lesser sac except spleen, which is separated from the stomach by the
greater sac of peritoneum.

Microanatomical features of stomach wall

The wall of the stomach consists of four coats. From outside inward, these are
serous, muscular, submucous, and mucous coats.

« The serous coat is formed by the peritoneum.
- The muscular coat consists of three layers of unstriped muscles —
outer longitudinal, middle circular, and inner oblique (Fig. 7.8).
Close to the pyloric end the longitudinal muscle coat separates into
superficial and deep fibres. The deep fibres turn inward at the pylorus



and join with circular muscle coat to help form the pyloric sphincter.
The circular muscle coat thickens at the pylorus to form a ring of muscle
called pyloric sphincter (Fig. 7.9).

« The submucous coat consists of loose areolar tissue.

« The mucous membrane is thick, soft, and velvety. It presents a
number of temporary folds (rugae), which disappear when the
stomach is distended.

The mucous membrane of the stomach is lined by simple columnar
epithelium, which form tall simple tubular gastric glands.

These are well developed in fundus and body of stomach and secrete
gastric juice, which contains hydrochloric acid (HCl), intrinsic
factor, lipase and pepsin. (For details see histology book.)

— The glands in the cardiac and pyloric regions secrete mucus.

FIG. 7.8 m Three layers of the muscular coat of the
stomach.



FIG. 7.9 m A longitudinal section through pyloroduodenal
junction showing the thickening of circular muscle coat in
the pylorus forming pyloric sphincter and merging of deep

fibres of longitudinal muscle coat in the sphincter.

Internal features (interior of the stomach)

When the stomach is cut open, the interior of the stomach presents the
following features (Fig. 7.10):

1. Gastric folds/gastric rugae: The mucosa of an empty stomach is
thrown into numerous folds called gastric rugae. They are longitudinal
along the lesser curvature and irregular in the remaining part. The
rugae are flattened when the stomach is distended.

2. Gastric pits: These are small depressions on the mucosal surface in



which open the gastric glands.

3. Gastric canal (or magenstrasse): It is a longitudinal furrow that
forms temporarily along the lesser curvature of stomach during
swallowing between the longitudinal folds of the mucosa of the lesser
curvature (Fig. 7.11). The gastric canal forms due to firm attachment of
the gastric mucosa to the underlying muscular layer, which does not
have an oblique layer at this site. This canal allows a rapid passage of
swallowed liquids along the lesser curvature to the lower part before it
spreads to the other parts of the stomach.

FIG. 7.10 m Interior of the stomach showing folds in
mucous lining.



FIG. 7.11 m Gastric canal.

Thus the lesser curvature is subject to maximum insult of the swallowed
spicy food and irritable liquids (e.g., alcohol), which makes it vulnerable to
the gastric ulceration.

Arterial supply

The stomach has rich arterial supply derived from the coeliac trunk and its
branches. The arteries supplying the stomach are as follows (Fig. 7.12):

1. Left gastric artery, a direct branch from the coeliac trunk

2. Right gastric artery, a branch of the common hepatic artery

3. Left gastroepiploic artery, a branch of the splenic artery

4. Right gastroepiploic artery, a branch of the gastroduodenal artery

5. Short gastric arteries (five to seven in number), branches of the splenic
artery



FIG. 7.12 m Arteries of the stomach (CT = coeliac trunk).

Venous drainage

The veins of the stomach correspond to the arteries and drain directly or
indirectly into the portal vein. The veins of the stomach are as follows (Fig.
7.13):

1. Left gastric vein

2. Right gastric vein

3. Left gastroepiploic vein
4. Right gastroepiploic vein
5. Short gastric veins.



FIG. 7.13 m Venous drainage of the stomach.

The left and right gastric veins drain directly into the portal vein. The left
gastroepiploic and short gastric veins drain into the splenic vein. The right
gastroepiploic vein drains into the superior mesenteric vein.

Lymphatic drainage
The knowledge of lymphatic drainage of the stomach is clinically very
important because gastric cancer (carcinoma of stomach) spreads through the
lymph vessels.

For descriptive purposes, the stomach is divided into four lymphatic
territories as follows:

First, divide the stomach into right two-third and left one-third by a line
along its long axis. Now divide the right two-third into upper two-third
(area 1) and lower one-third (area 4), and left one-third into upper one-
third (area 3) and lower two-third (area 2). In this way, four lymphatic
territories are marked out and numbered 1 to 4 (Fig. 7.14A).



FIG. 7.14 m Lymphatic drainage of the stomach: (A)

lymphatic territories; (B) lymph node groups draining the
lymphatic territories of the stomach.

Mode of lymphatic drainage from four lymphatic territories into different
groups of lymph nodes is as follows (Fig. 7.14B):

1. Area 1 is the largest area along the lesser curvature. The lymph from
this area is drained into left gastric lymph nodes along the left
gastric artery. These lymph nodes also drain the abdominal part of the
oesophagus.

2. Area 2 includes the pyloric antrum and pyloric canal along the greater
curvature of the stomach. (The carcinoma of the stomach most
frequently occurs in this area.) The lymph from this area is drained
into right gastroepiploic lymph nodes along the right
gastroepiploic artery and pyloric nodes, which lie in the angle
between the first and second parts of the duodenum.

3. Area 3 (also called pancreaticosplenic area) drains into
pancreaticosplenic (pancreaticolienal) nodes along the splenic artery.

4. Area 4 includes the pyloric antrum and pyloric canal along the lesser
curvature of the stomach. The lymph from this area is drained into
right gastric nodes along the right gastric artery and hepatic nodes
along the hepatic artery.

The efferents from all these lymph node groups pass to the coeliac nodes.
Efferents from coeliac nodes enter the cisterna chyli through intestinal
lymph trunk.



CLINICAL CORRELATION AN47.6

 Gastric carcinoma (gastric cancer): It commonly occurs in the
region of pyloric antrum along the greater curvature of the stomach. The
gastric cancer spreads by lymph vessels to the left supraclavicular lymph
nodes. The enlarged and palpable left supraclavicular node (Virchow’s
node) may be the first sign of gastric cancer (Troisier’s sign). The
cancer cells reach the left supraclavicular lymph node through the
thoracic duct.

« Gastric ulcers: These occur along the lesser curvature of stomach due
to breach (or break) in the continuity of thick mucous lining. They are
usually caused by hyperacidity and antiinflammatory drugs (NSAIDs).

Clinically these present as:

« Burning sensations and pain in epigastric region

« Heart burn

« Acid reflex, etc.

— Pain is felt in epigastric region occurs because sympathetic
nerves supplying stomach are derived from T7-T9g spinal
segments. Which also supply the skin in the epigastric region of
abdomen (hence a referred pain).

— Hyperacidity occurs because of eating spicy food such as
curry, worry due to unnecessary tension, and hurry, e.g.,
always tense to reach in time (to get tension).

Hence the old aphorism: ‘Hurry, worry and curry’ often
cause peptic ulcer.

« Endoscopic examination: The interior of the stomach can be
directly examined in the living person by an endoscope. The
gastric mucosa is reddish brown during life except in the pyloric
part, where it is pink. One can also examine mucosa of oesophagus
and duodenum by endoscopy.

Nerve supply

The stomach has both sympathetic and parasympathetic innervation.

Sympathetic innervation
The sympathetic fibres are derived from T6 to T10 spinal segments via greater



splanchnic nerves and coeliac and hepatic plexuses. They reach the stomach
by running along its arteries.

The sympathetic supply to the stomach is (a) vasomotor, (b) motor to
pyloric sphincter, and inhibitory to the remaining gastric
musculature, and (c) serves as the chief pathway for pain sensations from
the stomach.

Parasympathetic innervation
The parasympathetic fibres are derived directly from the vagus nerves (Fig.
7.15).

FIG. 7.15 m Parasympathetic innervation of the stomach:

(A) distribution of the anterior vagal trunk; (B) distribution
of the posterior vagal trunk.

At the gastro-oesophageal (GE) junction, the left vagus nerve largely
becomes anterior vagal trunk and the right vagus nerve largely becomes
posterior vagal trunk.

The anterior vagal trunk, derived largely from the left vagus nerve and
partly from the right vagus nerve, enters the abdomen on the anterior surface
of the oesophagus. Soon after entering the abdomen it gives off three
branches in the vicinity of the lesser curvature:

1. Hepatic branch (or branches), which runs in the upper part of the lesser
omentum to the porta hepatis to supply the liver and gall bladder. It
also gives a branch to the pyloric antrum.

2. Coeliac branch, which follows the left gastric artery to the celiac plexus.



3. Anterior nerve of Latarjet (largest of the three branches), which follows
the lesser curvature and distributes anterior gastric branches to the
stomach as far as the pylorus.

The posterior vagal trunk, derived largely from the right vagus nerve
and partly from the left vagus nerve, enters the abdomen on the posterior
surface of the oesophagus; soon after, entering the abdomen it also gives rise
to three types of branches:

1. Coeliac branch to the coeliac ganglion.

2. Nerve of Grassi is the name given to one or more branches of the
posterior vagal trunk, which arises at the level of the GE junction and
supplies the gastric fundus.

3. Posterior nerve of Latarjet, which runs along the lesser curvature and
gives branches to the posterior surface of the stomach (posterior
gastric branches).

N.B.
The nerves of Latarjet supply the acid and pepsin secreting areas of the
stomach.

The vagus nerves largely control the secretion of acid by the parietal cells of
the stomach. As excess acid secretion is the main cause of peptic ulcers, the
section of vagal trunks (vagotomy) as they enter the abdomen is carried out
to reduce the production of acid.

CLINICAL CORRELATION AN4g47.6

« Vagotomy (a surgical procedure of cutting the vagus nerves): It
is done to cure the chronic duodenal ulcers. There are three different
types of vagotomies:

(a) Truncal vagotomy: In this procedure the anterior and posterior
vagal trunks are cut at the lower end of oesophagus, above the origin
of hepatic and coeliac branches.

(b) Selective vagotomy: In this procedure both the vagal trunks are
cut below the origin of the hepatic and coeliac branches.

Note: The above two procedures cause denervation of pyloric antrum
with subsequent defect in gastric emptying.



(c) Highly selective vagotomy: In this procedure only parietal
cells of stomach are denervated by cutting the anterior and
posterior gastric branches (particularly nerve of Grassi) of nerves
of Latarjet. The advantages of high selective vagotomy are that the
nerves of Latarjet and their antral branches are preserved. As a
result the gastric emptying remains normal.

 Gastric pain: It is usually referred to the epigastric region because the
stomach is supplied by T6—T10 spinal segments.

Spleen AN 47.5

Synonym: Splen (in Greek); Lien (in Latin).
The spleen is the largest lymphoid organ in the body (strictly speaking a
haemolymphoid organ). Following are the main functions of the spleen:

1. To filter blood by removing worn-out RBCs and microbial agents from
the circulation.

2. To manufacture RBCs in fetal life and lymphocytes after birth.

3. To provide immunity to the body by producing immunoglobulin M
(IgM) by plasma cells.

4. To store RBCs and release them in circulation when required.

Location

The spleen is located in the left hypochondrium between the fundus of the
stomach and the diaphragm, behind the mid-axillary line opposite the 9th,
10th, and 11th ribs. Its long axis lies parallel to the long axis of the 10th rib. It
moves a bit in living during respiration.

Size, shape, and colour

The spleen is a wedge-shaped soft organ with purple colour. The size of the
spleen roughly corresponds to the fist of the subject.

N.B.

Classification of the spleen according to its shape (Fig. 7.16): According to
the shape or form, the spleen is classified into three types: (a) wedge-
shaped (44%), (b) tetrahedral (42%), and (c) triangular (14%).










FIG. 7.16 m Types of the spleen according to its shape.

Measurement
Measurements of the spleen are as follows:

Thickness: 1 inch (2.5 cm)
Breadth: 3 inches (7.5 cm)
Length: 5 inches (12.5 cm)
Weight: 7 ounces

The splenic measurements can be easily remembered by the Harris’
dictum.

N.B.

The Harris’ dictum of odd numbers 1, 3, 5, 7, 9, 11 summarizes some
splenic statistics, namely, it measures 1 inch in thickness, 3 inch in breadth,
5 inch in length, weighs 7 ounces, and lies deep to 9, 10, and 11 ribs.

Surface marking

The spleen is marked on the surface on the left side of the back of the trunk.
Its long axis corresponds to that of the 10th rib. Its upper border corresponds
to the upper border of the 9th rib, and its lower border corresponds to the
lower border of the 11th rib. Its medial end/pole lies approximately 5 cm from
the posterior midline of the body at the level of spine of T10 vertebra and its
lateral end lies at the mid-axillary line on the 11th rib (Fig. 7.17).



FIG. 7.17 m Location of the spleen as seen from the

posterior aspect. Figure in the inset shows that the axis of
spleen corresponds to the long axis of the 10th rib of the left
side, which makes an angle of approximately 45 degrees
with the horizontal plane.

External features
The spleen presents the following external features (Fig. 7.18):

1. Two ends (anterior and posterior)
2. Three borders (superior, inferior, and intermediate)
3. Two surfaces (diaphragmatic and visceral)



FIG. 7.18 m External features of the spleen: (A) as seen in

the transverse section; (B) as seen from the visceral surface.
Note the characteristic notches on the superior border of
the spleen.



N.B.

Some authorities also describe two angles: (a) anterobasal angle at the
junction of superior border with anterior end and (b) posterobasal angle at
the junction of inferior border with the anterior end. The anterobasal angle
is called clinical angle of spleen because it is felt first when the spleen is
enlarged.

Ends

The anterior end (lateral end/lower pole) is broad and is more like a
border. It is directed downward, forward, and to the left. It is related to
the left colic flexure in front and phrenicocolic ligament below.

The posterior end (medial end/upper pole) is blunt and rounded. It is
directed upward, backward, and medially towards the vertebral
column. It is related to the upper pole of the left kidney.

Borders

Superior border
The superior border is thin and convex. It separates the visceral
surface (gastric impression) from the diaphragmatic surface. It
characteristically presents one or two notches near its anterior end
(called splenic notches). These notches indicate that the spleen
develops by the fusion of separate masses of lymphoid tissue
(lobulated development). AN 47.6
Inferior border
The inferior border separates the visceral surface (renal
impression) from the diaphragmatic surface. It is rounded and
corresponds to the lower border of the 11th rib.
Intermediate border
The intermediate border is rounded and separates the gastric
impression from the renal impression on the visceral surface.

Surfaces

Diaphragmatic surface
The diaphragmatic surface is smooth, convex, and directed
upward, backward, and to the left.
Visceral surface
The visceral surface is concave and irregular. It presents four



impressions: gastric, renal, colic, and pancreatic.

Relations

Peritoneal relations

The spleen is completely enclosed in the peritoneum except at its hilum, from
where two peritoneal folds extend — one to the stomach and one to the left
kidney, called gastrosplenic and lienorenal ligaments, respectively (Fig. 7.19).

1. Gastrosplenic ligament extends from the hilum of the spleen to the
upper one-third of the greater curvature of the stomach. It contains
short gastric vessels.

2. Lienorenal ligament extends from the hilum of the spleen to the
anterior surface of the left kidney. It contains (a) tail of the pancreas,
(b) splenic vessels, and (c) pancreaticosplenic lymph nodes.

FIG. 7.19 m Peritoneal relations of the spleen.




N.B.

Phrenicocolic ligament: It is a triangular fold of the peritoneum, which
extends from the left colic flexure to the diaphragm opposite to the 10th rib.
It passes below the lateral end of the spleen, which it supports; hence, it is
also termed sustentaculum lienis.

Visceral relations
The visceral surface of the spleen is related to the following viscera (Fig.
7.20):

1. Fundus of the stomach

2. Anterior surface of the left kidney
3. Left colic flexure

4. Tail of pancreas

FIG. 7.20 m Visceral surface of the spleen showing

different impressions.
These viscera produce impressions on this surface (Fig. 7.20). These are:

« The gastric impression is produced by the fundus of the stomach. It



is the largest impression and lies between the superior and
intermediate borders. The hilum of spleen is located in the lower part
of this impression.

« The renal impression is produced by the left kidney and lies below
and behind the gastric impression between the intermediate and
inferior borders.

 The colic impression is produced by the left colic flexure. It is
triangular in shape and situated in front of the lateral end.

- The pancreatic impression (occasional) is produced by the tail of
the pancreas. It is located between the hilum and the colic impression.

The diaphragmatic surface of the spleen is related to the diaphragm,
which separates it from the costophrenic recess of the pleura, lung, and 9th to

11th ribs (Figs 7.21 and 7.22).



FIG. 7.21 m Diaphragmatic surface of the spleen showing
relation to 9th, 10th, and 11th ribs.




FIG. 7.22 m Longitudinal section through the mid-
axillary line to show the relations of diaphragmatic surface
of the spleen.

Arterial supply (Fig. 7.23)

The spleen is supplied by the splenic artery, the largest branch of the coeliac
trunk (Fig. 7.23). It traverses through the lienorenal ligament to reach near
the hilum of the spleen, where it divides into five or more branches, which
enter the spleen through its hilum to supply it.



FIG. 7.23 m Arterial supply of the spleen.

The splenic artery is remarkably tortuous to allow movements of the spleen
following distension of the stomach and movements of diaphragm, without
obstruction to the blood flow.

N.B.

The spleen is classified into two types, diffuse and compact, depending on
the branching pattern of the terminal branches of the splenic artery, which
enter the hilum.

(a) Diffuse type of spleen — if the terminal branches are long and arise far
away from the hilum.

(b) Compact type of spleen — if the terminal branches are small and arise
close to the hilum.

Venous drainage

The venous blood from the spleen is drained by the splenic vein, which is
formed at the hilum by the union of five or more tributaries, which emerge
from the splenic substance. The splenic vein runs a straight course from left
to right behind the body of pancreas. Behind the neck of pancreas it joins the



superior mesenteric vein to form the portal vein. Its tributaries are as follows
(Fig. 7.24):

1. Short gastric veins

2. Left gastroepiploic vein
3. Pancreatic veins

4. Inferior mesenteric vein

FIG. 7.24 m Venous drainage of the spleen.

Lymphatic drainage

The splenic tissue proper has no lymphatics. The tissue fluid formed in the
spleen freely enters the venous sinusoids. The splenic lymphatics are
confined to its trabeculae, capsule, and visceral peritoneum. They drain along
the splenic vessels into the pancreaticolienal lymph nodes.

Nerve supply

The spleen is supplied by the sympathetic fibres derived from the coeliac
plexus. They supply blood vessels (vasomotor) and smooth muscle fibres
present in the trabeculae and capsule.



Segments of the spleen

The splenic artery within the spleen usually gives two branches — superior
and inferior. These branches usually do not anastomose and each branch
supplies its own territory (segment). Thus, an avascular zone exists between
these two territories. Thus, the spleen presents two segments, superior and
inferior, separated by an avascular plane passing perpendicular to the long
axis of the spleen (Fig. 7.25). The knowledge of these vascular segments is
essential for segmental resection of the spleen to preserve the splenic tissue if
required (for details, see Clinical and Surgical Anatomy, 2ed., by Vishram
Singh).

FIG. 7.25 m Vascular segments of the spleen.

N.B.

The branches of the splenic artery within the spleen are segmental in
distribution, whereas the tributaries of the splenic vein within the spleen
are intersegmental.

Development

The spleen develops between the two layers of the upper part of the dorsal
mesogastrium from a number of condensations of mesenchymal cells. These
separate masses of mesenchymal cells (called splenunculi) fuse together to



form the lobulated spleen. The splenic notches on the superior border of
the adult spleen indicate the lobulated development of the organ. AN 47.6

Accessory spleens AN 47.6

The failure of fusion of splenunculi results in the formation of accessory
spleens (splenunculi). These are usually found in the derivatives of the dorsal
mesogastrium (Fig. 7.19), namely, (a) in the gastrosplenic ligament, (b) in the
lienorenal ligament, and (c) in the greater omentum. Rarely, these are formed
in the left spermatic cord and in the broad ligament of the uterus (left side).

CLINICAL CORRELATION

- Palpation of the spleen: The normal spleen is not palpable; however,
it can be mapped out by percussion. When it is enlarged more than
double of its size, it becomes palpable at the left costal margin during
deep inspiration.

The very large (massive) spleen projects downward and medially towards
the right iliac fossa in the direction of the axis of the 10th rib (Fig.
7.26). The enlarged spleen may be differentiated from the enlarged
kidney by the presence of one or more notches on its superior border
(for details, see Clinical and Surgical Anatomy, 2ed., by Vishram
Singh).

» Splenomegaly: The enlargement of the spleen (splenomegaly) occurs
in number of diseases. The spleen may increase in size by as much as
tenfold (massive splenomegaly). The common causes of massive
splenomegaly are (a) malaria, (b) cirrhosis of liver, (¢) chronic myeloid
leukaemia, and (d) kala-azar.

» Splenectomy: The splenectomy (surgical removal of the spleen) is
sometimes performed when the spleen is ruptured or inadvertently
nicked at operation. It is also performed in the treatment of certain
blood diseases. If the accessory spleens are located in the splenic pedicle
they should also be removed. The removal of spleen does not impair the
immune response very seriously, hence one can live normal life with
little care about hygiene.

« Rupture of spleen: Although well protected by 9th, 10th, and 11th ribs,
the spleen is the most frequently ruptured organ in the abdomen
following severe external blow to the left upper abdomen and left lower
chest. The pain is referred to the left shoulder because of irritation of the



left dome of diaphragm by the splenic pool of blood. It is called ‘Kehr’s
sign’. AN 47.6

FIG. 7.26 m Enlargement of spleen and Kehr’s sign of

ruptured spleen.

Golden Facts to Remember

» Most dilated and Stomach
distensible part of the
digestive tube




» Most fixed part of the Cardiac end (gastro-oesophageal
stomach junction)

- Angle of His Cardiac notch
- Bare area of the stomach | Triangular nonperitoneal area on

the posterior surface of the
cardiac end

« Commonest site of gastric| Along the lesser curvature
ulcer

- Commonest site of gastric| Pyloric antrum along the greater
cancer curvature

« Criminal nerve of Grassi | First branch of posterior vagal
trunk to fundus of stomach

« Virchow’s node Left supraclavicular lymph node

 Troisier’s sign Enlarged and palpable left
supraclavicular lymph node in
gastric cancer

« Most commonly ruptured | Spleen
organ in the abdomen

« Commonest site of Gastrosplenic or lienorenal
accessory spleens ligaments

(splenunculi)

- Largest lymphoid organ | Spleen

in the body

« Clinically the most Presence of notches on its
important surface feature | superior border

of the spleen

« Most important function | Filtration of blood
of the spleen

CLINICAL CASE STUDY

A 65-year-old man was admitted in the hospital with a history of loss of
appetite, indigestion, and epigastric pain. Pain was not relieved by taking
antacids, food, or vomiting. He had lost 10—20 kg weight in 1—2 months. He
also gave the history of vomiting of large quantities of indigested food. On



examination, the doctors made the following observations: (a) wasting and
pallor, (b) a palpable left supraclavicular node (often called Virchow’s
node), (c) epigastric tenderness, and (d) epigastric mass (on deep palpation
at full respiration). He was diagnosed as a case of ‘gastric cancer’
(carcinoma of the stomach).

Questions

1. What is the commonest site of carcinoma of the stomach?

2. What are premalignant conditions of gastric cancer?

3. Which age group and sex are commonly affected by gastric cancer?

4. Give anatomical basis of vomiting of large quantities of undigested
food.

5. How do the cancer cells reach the left supraclavicular node?

Answers

1. Pyloric antrum along the greater curvature of the stomach.

2. (a) Chronic gastric ulcer, (b) pernicious anaemia, and (c) gastric polyps.

3. Individuals between the ages of 50 and 70 years. The males are affected
two or three times more than females.

4. Cancer of pylorus often obstructs the outflow tract of the stomach,
which leads to vomiting.

5. Stomach — lymph vessels — lymph nodes — intestinal lymph trunk —
thoracic duct — left supraclavicular lymph node.



Chapter 8: Liver and extrahepatic
biliary apparatus

Specific learning objectives

After studying this chapter, the student should be able to:

« Describe the liver under following headings: (a) anatomical position, (b)
external and internal features, (c) relations, (d) vascular and nerve supply,
and (e) applied anatomy. AN 47.5

« Enumerate the various components of extrahepatic biliary apparatus.
Describe the gall bladder and bile duct in detail.

« Write short notes on: (a) segments of liver, (b) porta hepatis, (c)
true/functional lobes of liver, and (d) bare area of liver.

« Draw a labelled diagram to show the relations of visceral surface of liver.

« Give the anatomical basis of: (a) liver biopsy (site of needle puncture),
(b) obstructive jaundice, and (c) cholecystitis. AN 47.6

« Discuss the clinical importance of Calot’s triangle. AN 47.7

« Give the anatomical basis of: (a) cirrhosis of liver, (b) cholecystitis, and
(c¢) referred pain of gall bladder.

« Describe in brief cholecystography and ERCP. AN 54.2, AN 54.3

Liver AN 47.5

The liver (Greek hepar: liver) is the largest gland of the body, occupying much
of the right upper part of the abdominal cavity. It weighs about 1500 g and
accounts for about 2.5% of adult body weight. It consists of both exocrine and
endocrine parts.

The liver performs a wide range of metabolic activities necessary for



homeostasis, nutrition, and immune response. Its main functions are as
follows:

1. It secretes bile and stores glycogen.

2. It synthesises the serum proteins and lipids.

3. It detoxifies blood from endogenous and exogenous substances (e.g.,
toxins, drugs, and alcohol) that enter the circulation.

4. It produces haemopoietic cells of all types during fetal life.

Location

The liver almost fully occupies the right hypochondrium, upper part of the
epigastrium, and part of the left hypochondrium up to the left lateral
(midclavicular) line. It lies mostly under cover of the ribs and costal cartilages
immediately below the diaphragm. It extends upward under the rib cage as far
as the 5th rib anteriorly on the right side (below the right nipple) and left 5th
intercostal space anteriorly on the left side (below and medial to the left
nipple).

In the midline, the upper border lies at the level of the xiphisternal joint.
The sharp inferior border crosses the midline at the level of transpyloric plane
(at the level of L1 vertebra; Fig. 8.1).

FIG. 8.1 m Location of the liver: (A) surface projection of
the liver as seen from the front, it also shows various
degrees of its enlargement. (B) CT scan of the abdomen
showing the location of the liver. ( Source : Fig. 4.85B,
Page 286, Gray’s Anatomy for Students , Richard L Drake,



Wayne Vogl, Adam WM Mitchell. Copyright Elsevier Inc.
20035, All rights reserved.)

N.B.

The liver is much larger in newborn and young children because of its
haemopoietic function in fetal life, and occupies two-fifths of the abdomen.

Shape, size, and colour

Shape

The liver is wedge shaped and resembles a four-sided pyramid laid on one
side with its base directed towards the right and apex directed towards the
left.

Weight

« In males: 1.4-1.8 kg.

e In females: 1.2-1.4 kg.

 In newborn: 1/18th of the body weight.

« At birth: 150 g.

 Proportional weight: In adult 1/40th of the body weight.

Colour
It is red-brown in colour.

External features (Fig. 8.2)

The large wedge-shaped liver presents two well-defined surfaces,
diaphragmatic and inferior; and one well-defined border, inferior border.

The diaphragmatic surface is convex and extensive. It faces superiorly,
anteriorly, to the right and posteriorly.

The inferior surface is relatively flat, irregular and faces inferiorly.

These two surfaces meet in front at the sharp inferior border which is
clinically palpable on deep inspiration.

Conventionally, the diaphragmatic surface is further subdivided into
superior, anterior, right lateral, and posterior parts, but there is no
distinct demarcation between these surfaces (Fig. 8.2).



FIG. 8.2 m Schematic diagram to show shape (wedge
shaped) and surfaces of the liver.

To study the features of liver, it is viewed from front/anterior aspect (Fig.
8.3), from behind/posterior aspect (Fig. 8.4) and from below and
behind/postero-inferior aspect (Fig. 8.5).

FIG. 8.3 m Liver — viewed from the front/anterior aspect.



FIG. 8.4 m Liver — viewed from behind/posterior aspect.

FIG. 8.5 m Liver — viewed from below and
behind/posteroinferior aspect (IVC = inferior vena cava).

Diaphragmatic surface
The dome-shaped diaphragmatic surface includes smooth peritoneal areas,

which face superiorly, anteriorly and to the right and a rough bare area
(devoid of the peritoneum) which faces posteriorly.

« The inferior vena cava (IVC) is embedded in the deep sulcus in the left
part of the bare area. In most cases, this sulcus is roofed by the fibrous
tissue termed ligament of IVC, which may contain hepatic tissue
converting the sulcus into the tunnel.



« The peritoneal ligaments are coronary, left and right triangular and
falciform ligaments.

Inferior surface
The inferior surface is relatively flat or concave. It is directed inferiorly,
posteriorly, and to the left. It is separated in front from the diaphragmatic
surface by the sharp inferior border and behind from the diaphragm by the
inferior layer of coronary ligament.

The notable features on the inferior surface are as follows:

« Fossa for the gall bladder.
« Fissure for the ligamentum teres hepatis.
« Porta hepatis.

The visceral surface is covered by the peritoneum except at the fossa for
gall bladder and the porta hepatis.

The notable features of diaphragmatic and inferior surfaces of the liver are
summarized in detail in Table 8.1.

TABLE 8.1

Notable features on diaphragmatic and inferior surfaces of the liver

Surface Features
Diaphragmatic| - Bare area of the liver
surface « Groove for inferior vena cava

« Fissure for ligamentum venosum

- Attachment of coronary, right, and left triangular
and falciform ligaments

Inferior « Fissure for ligamentum teres hepatis

surface « Porta hepatis

« Fossa for gall bladder

Inferior border
The features of the inferior border are as follows:

1. It separates the diaphragmatic surface from the inferior surface.
2. It is rounded laterally where it separates the right lateral surface from
the inferior surface.



3. It is thin and sharp medially where it separates the anterior surface
from the inferior surface.
4. It presents two notches:
(a) Notch for ligamentum teres or interlobar notch: It is located just
to the right of the median plane.
(b) Cystic notch: It is located about 5 cm to the right of the median
plane and often corresponds to the fundus of the gall bladder.
5. In the epigastrium, it extends from the right gth costal cartilage to the
left 8th costal cartilage; thus, it ascends sharply to the left.
6. In the median plane, it lies in the transpyloric plane.

Lobes and fissures of the liver (Figs 8.3-8.5)

« On the anterosuperior aspect of diaphragmatic surface, the
liver is divided into two lobes, right and left, by the attachment of the
falciform ligament. This ligament is sickle-shaped remnant of ventral
mesentery between liver and anterior abdominal wall. Its free margin
contains obliterated umbilical vein — the ligamentum teres hepatis
(Fig. 8.3).

The right lobe, which forms the base of the wedge-shaped liver is
approximately six times larger than the left lobe (Fig. 8.2).

« On the posteroinferior aspect (i.e. posterior part of diaphragmatic
surface and inferior surface)/visceral surface, the liver is divided
into two lobes, right and left, by fissure for ligamentum teres
inferiorly, and by fissure for ligamentum venosum posteriorly. This
surface also presents quadrate lobe, caudate lobe, porta hepatis,
groove of the IVC, and fossa for the gall bladder.

These fissures and fossae together form an H-shaped figure (Fig.
8.6B).

- Quadrate lobe lies on inferior surface between the fossa for gall
bladder on to the right, the fissure for ligamentum teres on to the
left and the porta hepatis superiorly.

- Caudate lobe lies on posterior surface between the groove for IVC
on to the right the fissure for ligamentum venosum on to the left
and the porta hepatis inferiorly.

Both quadrate and caudate lobes are part of right lobe of the liver
and seen on posteroinferior surface of liver.




The anatomical lobes demarcated by surface features, only serve as useful
anatomical landmarks but they are not true lobes because they do not
correspond to the internal architecture of the liver.

FIG. 8.6 m Anatomical lobes of the liver: (A) on the
anterosuperior aspect of the liver; (B) on the posteroinferior

aspect (visceral surface) of the liver. On the visceral
(posteroinferior) surface right lobe shows caudate and
quadrate lobes (RL = right lobe, LL = left lobe, CL = caudate
lobe, QL = quadrate lobe).

Physiological lobes/functional lobes/true lobes (Fig. 8.7)

The division of the liver into lobes is based on the intrahepatic distribution of
branches of the bile ducts, hepatic artery, and portal vein.

FIG. 8.7 m True/physiological lobes of the liver. The



planes of demarcation on anterosuperior surface (A) and
visceral surface (B) are shown by the interrupted red lines.

The liver is divided into right and left physiological lobes by an imaginary
sagittal plane/line (Cantlie’s plane/line).

On the posteroinferior surface, this plane passes through the fossa for
gall bladder, to the groove for IVC. (INote: Caudate lobe is equally shared
between the right and left lobes.)

On the anterosuperior surface of the liver, this plane passes from the
IVC to the cystic notch present a little to the right of the falciform ligament.

The physiological right and left lobes are approximately equal in size.

Each true lobe of the liver has its own primary branch of the hepatic artery
and portal vein and is drained by its own hepatic duct.

Hepatic segments (segments of the liver)
These are structural units of the liver (Fig. 8.8). There are eight hepatic
segments. They are deduced as follows (Fig. 8.8).



FIG. 8.8 m Eight segments of the liver.

The right physiological lobe is divided into anterior and posterior parts, and
the left physiological lobe into medial and lateral parts.



Each of these parts is further divided into upper and lower parts and form
eight surgically resectable hepatic segments. The veins draining the hepatic
segments are intersegmental, that is, they drain more than one segment.

On the surface of the liver, there is no identifiable demarcation between
anterior and posterior segments of the right lobe. The fissures for
ligamentum teres and ligamentum venosum mark the junction between the
medial and lateral segments of the left lobe. The caudate and quadrate lobes
are incorporated into the upper and lower areas of the medial segment of left

lobe.

N.B.

The caudate lobe is regarded as a separate special segment by many
authorities because it is drained by both right and left hepatic ducts and
supplied by both right and left branches of the hepatic artery and portal
vein.

Couinaud’s segments: According to nomenclature of Couinaud, the
hepatic segments are numbered I-VIII (Fig. 8.8), I-1IV in the left hemiliver
and V-VIII in the right hemiliver. According to this nomenclature, the
segment I corresponds to the caudate lobe and segment IV corresponds to
the quadrate lobe.

Segments I-1V of the left lobe are supplied by the left branch of hepatic
artery, left branch of portal vein and drained by left hepatic duct. The
segments V-VIII of right lobe are supplied by right hepatic artery, right
branch of portal vein and drained by right hepatic duct.

CLINICAL CORRELATION

Segmental resection of liver: The hepatic segments are not well defined
as the bronchopulmonary segments. The anatomy of hepatic segments is
still of controversial usefulness in partial resection of the liver. Therefore, a
true lobe rather than a segment should be resected in most instances of
partial hepatectomy.

A large volume of liver (75%) can be removed safely because healthy
hepatocytes have great regenerative capacity.

The liver can regrow to its original size within 6—12 months.

Peritoneal relations
Most of the liver is covered by the peritoneum. The areas, which are not



covered by the peritoneum are as follows:

1. Bare area of the liver: It is a large triangular area on the posterior
aspect of the right lobe (page 102).

2. Fossa for gall bladder, on the inferior surface of the liver.

3. Groove for IVC, on the posterior surface of the right lobe of the liver.

4. Fissure for ligamentum venosum.

5. Porta hepatis.

Ligaments
Ligaments of the liver are of two types: (a) false and (b) true.

False ligaments
The false ligaments are actually peritoneal folds and include the following:

1. Falciform ligament

2. Coronary ligament

3. Right triangular ligament
4. Left triangular ligament
5. Lesser omentum

Falciform ligament

It is a sickle-shaped fold of the peritoneum connecting anterosuperior surface
of the liver to the undersurface of the diaphragm and the anterior abdominal
wall up to the umbilicus (page 102).

Coronary ligament

It is a triangular fold of the peritoneum connecting the bare area of the liver
to the diaphragm. It consists of two layers: upper and lower. The upper layer
is reflected from the diaphragm to the liver, whereas the lower layer is
reflected from the liver to the upper end of the kidney.

1. When traced on the right side, the layers are continuous with the right
triangular ligament.

2. When traced on the left side, the upper layer is continuous with the
right layer of the falciform ligament and the lower layer is continuous
with the peritoneal reflection along the right border of the caudate
lobe.

Right triangular ligament
It is a small triangular fold of the peritoneum, which connects the right
lateral surface of the liver to the diaphragm. It encloses the apex of the bare



area of liver.

Left triangular ligament
It is extremely small triangular fold of the peritoneum, which connects the
upper surface of the left lobe to the diaphragm.

1. When traced to the left side, both layers come close to each other to
form a free margin.

2. When traced to the right side, the upper layer is continuous with the
left layer of the falciform ligament and the lower layer becomes
continuous with the anterior layer of the lesser omentum along the left
margin of the fissure for ligamentum venosum.

Lesser omentum

It is the fold of peritoneum connecting the lesser curvature of the stomach
and proximal 1 inch (2.5 cm) of duodenum to the visceral surface of the liver.
The hepatic attachment is J-shaped with vertical limb being attached to the
margins of fissure for ligamentum venosum and horizontal limb being
attached to the margins/lips of porta hepatis (see Fig. 6.13, page 74).

True ligaments
The true ligaments are actually the remnants of fetal structures and include
the following:

1. Ligamentum teres hepatis
2. Ligamentum venosum

Ligamentum teres hepatis
It is the remnant of the obliterated left umbilical vein and extends from the
umbilicus to the left branch of the portal vein.

Ligamentum venosum
It is the remnant of the obliterated ductus venosus, which in fetal life
connects the left branch of the portal vein with the IVC.

Relations
A Diaphragmatic surface
1. Superior surface/part

a) The convex right and left parts of this surface fit into the corresponding
domes of the diaphragm, which separate them from the corresponding



lung and pleura.

b) The central depressed area of this surface is related to the central
tendon of the diaphragm, which separates it from the pericardium of
the heart. Hence, this area is often termed cardiac impression.

2. Anterior surface/part

It is related to the xiphoid process and anterior abdominal wall in the median
plane and diaphragm on each side. The falciform ligament is attached to this
surface a little to the right of the median plane.

3. Right lateral surface/part
It is related to the diaphragm opposite 7th—11th ribs in the midaxillary line.
Through the diaphragm:

a) Upper one-third of this surface is related to both the lung and the
pleura (remember the lung extends up to the 8th rib).

b) Middle one-third of this surface is related to the costodiaphragmatic
recess of pleura (remember the pleura extends up to the 10th rib).

c¢) Lower one-third of this surface is related to 10th and 11th ribs (i.e., it
is related neither to the lung nor to the pleura).

N.B.

For taking biopsy of the liver, the needle is inserted in the midaxillary line
in 9th or 10th intercostal space to avoid injury to the lung (for details, see
Clinical and Surgical Anatomy, 2ed., by Vishram Singh).

4. Posterior surface/part (Fig. 8.9)

« The posterior part of diaphragmatic surface is broad on to
the right lobe. It presents: bare area of the liver, groove for IVC,
caudate lobe, fissure for ligamentum venosum.

— The bare area of the liver is a large triangular area to the right of
groove for the IVC between the two layers of coronary ligament
and the diaphragm.

Right suprarenal gland is related to the inferomedial part of this
area, that is, near the groove for IVC.

— The groove for IVC as the name indicates lodges the IVC. Its floor
is pierced by the hepatic veins.

— The caudate lobe is present left to IVC. It related to the superior
recess of the lesser sac.



The caudate lobe presents two processes: a papillary process,
which arises from its left side, and a caudate process above the
porta hepatis, which connects it to the rest of the liver.

— The fissure for ligamentum venosum is a deep cleft to the left
of the caudate lobe. The ligamentum venosum lies in its floor.

« The posterior part of diaphragmatic surface is narrow on the
left lobe of liver. 1t is related to the abdominal part of the
oesophagus, just to the left of the upper part of fissure for ligamentum
venosum and causes oesophageal impression. The fundus of the
stomach is related just to the left of the oesophageal impression.

FIG. 8.9 m Visceral relations of the liver (i.e. viscera are
related to the posteroinferior surface of the liver).

B Inferior surface (Fig. 8.9)

 The inferior surface of the left lobe is related to the anterosuperior
surface of the stomach, which produces a gastric impression. Near the
left side of the fissure for ligamentum venosum, this surface presents a
slight elevation that comes in contact with the lesser omentum. Hence,
it is called tuber omentale/omental tuberosity.

 The inferior surface of the right lobe presents three prominent
features: quadrate lobe, fossa for gall bladder, and porta hepatis.

The relations of the inferior surface are as follows:



(a) The quadrate lobe is related to the pyloric end of the stomach
and the first part of the duodenum.

(b) The fossa for gall bladder lies to the right of the quadrate lobe,
occupied by the gall bladder with its cystic duct close to the
right end of the porta hepatis.

(c) The right colic flexure is related to the inferior surface to the
right of the gall bladder near the inferior margin and produces
colic impression.

(d) The junction of first and second parts of the duodenum is
related to the right upper part of the fossa for gall bladder and
adjoining part of the right lobe and produces the duodenal
impression.

(e) The right kidney is related to the inferior surface posterior to
the colic impression and to the right of the duodenal
impression and causes renal impression.

(f) The porta hepatis (gateway of the liver) is a horizontal fissure
about 5 cm long on the visceral surface (inferior surface) of the
liver between the quadrate lobe and the caudate lobe. Through
it, major vessels and ducts enter or leave the liver. The main
structures entering the porta hepatis are right and left branches
of the hepatic artery and portal vein, and the main structures
leaving the porta hepatis are right and left hepatic ducts. They
lie in the order from posterior to anterior as vein, artery, and
duct (VAD) (Fig. 8.5). Also present in the porta hepatis are
lymph nodes and nerves of the liver.

(g) The fissure for ligamentum teres is a deep cleft to the left of
the quadrate lobe. The ligamentum teres lies in its floor.

CLINICAL CORRELATION

- Surgical importance of the bare area of the liver: The bare area of
the liver is clinically important because it is in direct contact with the
diaphragm, by loose connective tissues which separates it from the right
pleural cavity.

Surgically, it is important because it encloses the right
extraperitoneal subphrenic space.

In amoebic hepatitis, the pus may collect in this space and form a
subphrenic abscess, which may burst into the right pleural cavity



through the diaphragm.

Thus, it is a site where infection may spread from abdominal cavity to
the thoracic cavity.

It is also a potential site of portacaval anastomosis. As a potential
anastomosis of venous capillaries exists in the region of bare area
between the liver and the diaphragm. It becomes functional under
certain pathological conditions (e.g., portal hypertension).

» Needle biopsy of the liver (Fig. 8.10): AN 47.6 In needle biopsy of
the liver, the needle is inserted in the midaxillary line through gth or
10th intercostal space. The needle passes through the chest wall,
costodiaphragmatic recess of the pleura, diaphragm, and right anterior
intraperitoneal space to enter the liver. Needle inserted above the 8th
intercostal space will injure the lung.

- Palpation of liver (Fig. 8.1A): Put the palm of your hand flat below the
right costal margin. Ask the patient to take deep breath, the liver moves
downward due to downward displacement of diaphragm. If liver is
enlarged, it strikes with hand (Fig. 8.1).

- Liver resection/hepatectomy: It is a surgical procedure to remove
part of your liver. Up to two-third (75%) of liver can be removed if
needed. The liver has immense capacity of regeneration; hence, within 3
months of operation, the liver grows back to near its normal size.

- Transplantation of liver: In this, the patient’s diseased part of liver is
replaced with a part of healthy liver of another person.

N.B.

Now, even whole diseased liver (end-stage liver disease) can be replaced by
a healthy liver of a donor.



FIG. 8.10 m Needle biopsy of the liver.

Blood supply

The liver is a highly vascular organ. It receives blood from two sources. The
arterial blood (oxygenated blood) is supplied by the hepatic artery and venous
blood (rich in nutrients) is supplied by the portal vein.

In a normal adult (in the recumbent position), nearly one-third of the
cardiac output passes through the liver. About 80% of this is delivered
through the portal vein and 20% is delivered through the hepatic artery.

Venous drainage

Most of the venous blood from liver is drained by three large hepatic veins:
(a) left hepatic vein between medial and lateral segments of the left true
lobe, (b) middle hepatic vein between true right and left true lobes, and (c)
right hepatic vein between anterior and posterior segments of the right true
lobe.

These veins do not have the extrahepatic course. They emerge in the upper
part of the groove for IVC and open directly in the IVC, just below the central
tendon of the diaphragm.

The three veins may enter the IVC independently but the left and middle



veins usually join, so that only two major veins join the IVC.

N.B.

« The middle hepatic vein lies in the sagittal plane that divides the liver
into true right and left lobes. Therefore, it is a useful landmark in
radiological and ultrasonographic investigations.

« In addition to three large hepatic veins, several small accessory veins
including a separate vein from the caudate lobe emerge in the lower part
of the groove for IVC and open into the IVC.

 The hepatic veins are intersegmental (vide supra).

Lymphatic drainage

A network of superficial lymphatics exists in the capsule of the liver
underneath the peritoneum. The superficial lymphatics from the
posterior aspect of the liver converge towards the bare area of the liver
and communicate with the extraperitoneal lymphatics, which perforate the
diaphragm and drain into the posterior mediastinal lymph nodes. The
superficial lymphatics from the anterior aspect of the liver drain into
three or four nodes that lie in the porta hepatis (hepatic nodes). The nodes
also receive the lymphatics from the gall bladder. Efferents from these nodes
run downward along the hepatic artery to coeliac nodes.

The lymphatics accompanying the portal triads constitute the deep
lymphatics. The deep lymphatics form two trunks. The ascending trunk
enters the thorax through the vena caval opening and terminates in the nodes
around the IVC. The descending trunk empties in hepatic nodes located in the
porta hepatis.

Nerve supply

The liver is supplied by both sympathetic and parasympathetic fibres. The
sympathetic fibres are derived from the coeliac plexus. They run along the
vessels in the free margin of the lesser omentum and enter the porta hepatis.

The parasympathetic fibres are derived from the hepatic branch of the
anterior vagal trunk, which reaches the porta hepatis through the lesser
omentum.

Pain occurring because of distension of the hepatic capsule and hepatic
peritoneum due to inflammation and swelling of the liver (hepatitis) run



along the sympathetic fibres. The pain is often referred to the epigastrium
and sometimes to the shoulder.

Factors keeping the liver in position
These are as follows:

1. Hepatic veins connecting the liver to the IVC.

2. Intra-abdominal pressure maintained by the tone of abdominal
muscles.

3. Peritoneal ligaments connecting the liver to the abdominal walls.

Microanatomical structure

According to traditional concept, the liver consists of hexagonal lobules
(classical liver lobules) made up of anastomosing cords of hepatocytes
radiating away from the central vein, a radicle of hepatic vein. At the
periphery of the lobules in the corners of hexagon are portal triads/tracts.
In the perilobular fibrous connective tissue. Each triad contains three
structures namely radicle of bile duct (hepatic ductule), hepatic artery
(hepatic arteriole), and portal vein (portal venule) (Fig. 8.11).



FIG. 8.11 m Classical liver lobule. ( Source : A. Fig. 12.14,
Page 239, Textbook of Histology and a Practical Guide ,

JP Gunasegaran. Copyright Elsevier 2010, All rights
reserved).

The plates/cords of hepatocytes are separated by vascular spaces called
sinusoids, which connect the portal vein of the triad to the central vein of
the lobule. The blood flow in the sinusoids is from the periphery of the lobule
towards the central vein.

The bile secreted by hepatocytes is collected in the thin tubes called bile
canaliculi, which drains it out of liver through bile ductules and hepatic ducts.

Further details

e A triangular area of liver parenchyma with central vein located at each
corner is called portal lobule.



« A diamond-shaped elliptical area of liver parenchyma with central vein
at its each end and portal triad at each side of the middle portion is
called liver acinus/hepatic acinus.

CLINICAL CORRELATION

Cirrhosis of the liver: The hepatocytes sometimes undergo necrosis
caused by hepatitis and chronic alcohol abuse. The dead hepatocytes are
replaced by fibrous tissue by the proliferation of the perilobular connective
tissue. The resultant hepatic fibrosis is clinically termed cirrhosis of the
liver. The patient develops jaundice because of obstruction of bile flow.

Resistance to blood flow through cirrhotic liver is increased which leads
to increase of pressure in the radicles of portal vein in the portal triads. As
portal vein and its tributaries are devoid of valves, the increased venous
pressure in the portal vein causes engorgement and distension of all its
tributaries, as well as of spleen. This clinical condition is called portal
hypertension.

Development of liver and biliary apparatus

The liver develops from a diverticulum (hepatic bud) from the distal end of
the foregut. The hepatic bud elongates cranially and gives rise to a small
accessory bud on its right side called pars cystica, which forms cystic duct
and gall bladder. The main bud called pars hepatica grows into the septum
transversum. It bifurcates and gives rise to right and left hepatic ducts and
liver parenchyma. The septum transversum contains the vitelline veins and
umbilical veins before the hepatic bud invades it. These vessels subdivide to
form sinusoids, which invade the liver parenchyma breaking it up into hepatic
cords. The bile canaliculi and ductules are formed in the liver parenchyma
and establish connections with the extrahepatic bile ducts at a later stage.

Extrahepatic biliary apparatus

The extrahepatic biliary apparatus receives the bile from liver, stores and
concentrates it in the gall bladder, and transmits it to the second part of the
duodenum when required.

Functional significance

Liver secretes the bile, a greenish fluid which is required for emulsification of
fats.



The bile passes from liver through right and left hepatic ducts, which join
to form common hepatic duct. The common hepatic duct unites with the
cystic duct to form bile duct.

The bile is produced continuously by the liver; however, between the meals
it is accumulated and stored within the gall bladder, which concentrates the
bile by absorbing water and salts. When chyme of food reaches the
duodenum, the gall bladder contracts and sends concentrated bile to the
duodenum.

The anatomical knowledge of the extrahepatic biliary apparatus is
extremely important clinically because it is often affected in various disease
processes such as cholecystitis (inflammation of gall bladder), cholelithiasis
(formation of stones in the gall bladder), obstruction of common bile duct
(CBD), and so on. Further, it is frequently visualized by various imaging
techniques.

Components
It consists of five components (Fig. 8.12):

1. Right and left hepatic ducts

2. Common hepatic duct

3. Gall bladder

4. Cystic duct

5. Bile duct (formerly, common bile duct)



FIG. 8.12 m Components of the extrahepatic biliary
apparatus. Note the sphincters around hepatopancreatic
ampulla and terminal parts of the bile, and main pancreatic
ducts.

Hepatic ducts

The right and left hepatic ducts from the right and left lobes of the liver
emerge through porta hepatis and unite near its right end to form the
common hepatic duct, which passes downward for about 2.5 cm (1 inch)
and then joined on its right side by the cystic duct to form the CBD. The angle
between the cystic duct and the common hepatic duct is acute and is called
cystohepatic angle. In the right free margin of the lesser omentum, the
common hepatic duct lies on the right side of the hepatic artery proper, in
front of the portal vein.

N.B.
The accessory hepatic ducts are seen in about 15% of cases. They usually
emerge from right lobe of the liver and may open in one of the following




sites: (a) common hepatic duct, (b) cystic duct, (c) bile duct, and (d) gall
bladder (Fig. 8.13).

FIG. 8.13 m Sites of termination of the accessory hepatic
ducts are marked by letters A, B, C, and D.

Gall bladder

The gall bladder is an elongated pear-shaped sac of about 30—50 mL capacity.
It stores and concentrates the bile and discharges it into the duodenum by its
muscular contraction. Radiopaque substances, which are excreted in the bile,
are also concentrated in it. Therefore, they are used to demonstrate
radiographically (cholecystography) the cavity of gall bladder and its ability to
concentrate and contract.

N.B.

Hormonal control of gall bladder emptying: When the food rich in fat
enters the duodenum, the duodenal cells liberate a hormone called
cholecystokinin (CCK). This hormone is carried to the gall bladder and
causes its contraction. There is a reflex mediation, when the gall bladder
contracts, the sphincter of Oddi relaxes. Thus, concentrated bile is emptied
into the duodenum.




Location (Fig. 8.14)

The gall bladder lies in the fossa for gall bladder on the inferior surface of the
right lobe of the liver along the right edge of the quadrate lobe. It extends
from the right extremity of porta hepatis to the inferior border of the liver. It
is usually attached to the liver substance by connective tissue and has venous
communications with it. But it may be suspended from the liver by a short
mesentery, or partly buried in it.

FIG. 8.14 m Location of the gall bladder on the inferior
surface of the right lobe of the liver. Figure in the inset on

the right side shows connective tissue and venous
communication between gall bladder and liver.

Dimensions

Length: 10 cm.
Width: 3 cm (at its widest part).

Parts and relations (Fig. 8.15)
The gall bladder is divided into the following three parts: fundus, body, and
neck.



FIG. 8.15 m Relations of the gall bladder: (A) as seen
from the front after removal of the liver; (B) as seen in
sagittal section through the gall bladder fossa.

Fundus

1. It is the expanded blind end of the organ. It projects from the inferior
border of the liver and touches the anterior abdominal wall at the tip of
the right gth costal cartilage, deep to the point where the right linea
semilunaris meets the costal margin.

2. It is completely surrounded by peritoneum.

3. It is related anteriorly to the anterior abdominal wall and posteriorly to
the transverse colon.

4. It is continuous through the body of the gall bladder with the narrow
neck.

Body

1. It is directed upward, backward, and to the left to join the neck at the
right end of the porta hepatis.

2. Its upper surface is related directly to the liver and is devoid of the
peritoneum.

3. Its undersurface is covered by the peritoneum and is related to the
second part of the duodenum.

Neck



1. It is the narrow upper end of the gall bladder lying near the right end of
the porta hepatis.

2. It joins the cystic duct and its junction with this duct is marked by a
constriction.

3. It is attached to the liver by loose areolar tissue in which cystic artery is
embedded.

4. It is related inferiorly to the first part of the duodenum.

5. Its posteromedial wall shows a pouch-like dilatation (Hartmann’s
pouch) directed downward and backward.

6. The gallstones lodged in this pouch may cause adhesion with the first
part of the duodenum and may perforate it.

7. The neck turns sharply downward to become continuous with the cystic
duct.

Structure of the gall bladder
The wall of the gall bladder consists of the following layers:

1. Serous layer of the peritoneum.

2. Subserous layer of the loose areolar tissue.

3. Fibromuscular layer of the fibrous tissue mixed with smooth muscle
fibres, which are arranged in loose bundles disposed in longitudinal,
circular, and oblique directions.

4. Mucous membrane is loosely connected with the fibrous layer and is
elevated into minute rugae, which give it a honeycomb appearance.
The epithelium lining consists of a single layer of tall columnar cells.

Arterial supply (Fig. 8.16)

The gall bladder is supplied by the cystic artery — a branch of right hepatic
artery.



FIG. 8.16 m Arterial supply of the gall bladder and bile
duct (GD = gastroduodenal, SPD = superior pancreatico-
duodenal, GB = gall bladder).

Venous drainage

The venous drainage of the gall bladder is twofold: (a) by the cystic vein,
which drains into the portal vein and (b) by a number of small veins, which
pass from the superior surface of the gall bladder into the liver through the
gall bladder bed to join the tributaries of the hepatic veins.

Lymphatic drainage

1. The majority of lymph vessels from the gall bladder drain into (a) the
cystic lymph node of Lund, located in the Calot’s triangle and (b)
the node alongside the upper part of the bile duct (node at the anterior
border of epiploic foramen), which finally drains into the coeliac group



of lymph nodes. Cystic node is constantly enlarged in cholecystitis.
2. Few lymph vessels from the upper surface of gall bladder directly
communicate with subcapsular lymph vessels of the liver.

Nerve supply

The gall bladder receives its nerve supply via cystic plexus formed by the
sympathetic fibres (T7—-T9), parasympathetic fibres (right and left vagus
nerve), and fibres of the right phrenic nerve.

Clinically, gall bladder pain is referred to (i) the inferior angle of the right
scapula by sympathetic fibres, (ii) the tip of the right shoulder via the right
phrenic nerve, and (iii) the stomach by vagus.

Cystic duct

1. The cystic duct is about 3—5 cm long and runs backward and downward
from the neck of the gall bladder to run in the lesser omentum with
common hepatic duct and joins it at an acute angle to form the bile
duct.

2. Its junction with common hepatic duct is usually situated immediately
below the porta hepatis.

3. The mucous membrane lining the interior of the cystic duct is thrown
into a series of crescentic folds (5—10 in number). They project into the
lumen in a spiral fashion forming a spiral fold called ‘spiral valve’ (of
Heister; Fig. 8.17).



FIG. 8.17 m Spiral valve of Heister.

The valve of Heister keeps the duct open so that bile can pass through it
both in and out of the gall bladder.

When the CBD is closed at its inferior end, the bile secreted by the liver fills
the duct and passes through the cystic duct into the gall bladder.

When the CBD is open, the bile flows into it from the common hepatic and
cystic ducts.

The flow of bile is augmented by the contraction of the gall bladder. It is



coordinated by the relaxation of sphincter of CBD under the influence of CCK,
a hormone released by the duodenal mucosa.

Bile duct/common bile duct

Formation

It is formed near the porta hepatis by the union of cystic and common hepatic
ducts. It is usually 7.5 cm (3 inches) long and about 6 mm in diameter. Its
normal diameter does not exceed 8 mm.

Parts

It is divided into four parts (Fig. 8.18):

1. Supraduodenal part
2. Retroduodenal part
3. Infraduodenal (or pancreatic) part
4. Intraduodenal part



FIG. 8.18 m Parts of the bile duct ( dark green colour).

Supraduodenal part

It is about 2.5 cm long and descends in the right free margin of the lesser
omentum anterior to the portal vein and to the right of the hepatic artery
proper. It is the most accessible part of bile duct for surgery.

Retroduodenal part
It descends behind the first part of the duodenum with the gastroduodenal
artery on its left; and portal vein and IVC on its posterior aspect.

Infraduodenal (pancreatic) part
It runs in the groove on the upper and lateral parts of the posterior surface of
the pancreas and is sometimes completely embedded in the pancreatic tissue.
Here it lies in front of the IVC from which it is separated by a thin layer of
pancreatic tissue.

It is accompanied on its left side by the gastroduodenal artery, which gives
origin to the superior pancreaticoduodenal artery.



The superior pancreaticoduodenal artery crosses the bile duct either
anteriorly or posteriorly. Clinically, it is a source of haemorrhage in the
exposure of infraduodenal part of the bile duct. Near the middle second part
of the duodenum, it comes in contact with the pancreatic duct.

Intraduodenal (or intramural) part

It enters the posteromedial surface of the descending (second) part of the
duodenum a little below to its middle. The main pancreatic duct also enters
the wall of the duodenum at the same site. The two ducts run obliquely in the
wall of the duodenum and unite to form an expansion, the hepatopancreatic
ampulla (or ampulla of Vater), which bulges the mucous membrane of
duodenum inward forming the major duodenal papilla. The distal
constricted end of this ampulla opens on the summit of the major duodenal
papilla 8—10 cm distal to the pylorus.

Sphincters around the terminal parts of bile and pancreatic ducts and ampulla

The intramural parts (terminal parts) of bile and pancreatic ducts as well as
ampulla are surrounded by smooth muscle sphincters (Fig. 8.13). The
sphincter around the bile duct is called sphincter choledochus (of
Boyden), the sphincter around the pancreatic duct is called sphincter
pancreaticus, and the sphincter around the ampulla is known as sphincter
ampulla (of Oddi). The three sphincters are independent of duodenal
musculature. The sphincters remain closed until the gastric contents enter
the duodenum, stimulating its mucosa to release a hormone called CCK. This
hormone in addition to causing contraction of the gall bladder relaxes these
sphincters allowing bile and pancreatic secretions to enter the duodenum.

Arterial supply of the bile duct/common bile duct (Fig. 8.16)

The upper part of bile duct is supplied by a twig from the descending branch
of cystic artery, the middle part of the duct is supplied by right hepatic artery
while its lower part is supplied by the ascending branches of the
gastroduodenal and superior pancreaticoduodenal arteries.

CLINICAL CORRELATION

Arterial supply of the CBD is clinically important because if the anastomosis
between the superior and inferior pancreaticoduodenal arteries is poor, the
ligation of superior pancreaticoduodenal artery during surgery can lead to
gangrene of the CBD.

Cystohepatic triangle of calot



The cystohepatic triangle (Fig. 8.19) is bounded on the right side by the
cystic duct, on the left side by common hepatic duct, and above by inferior
surface of the liver. The apex of triangle faces downward between the cystic
and common hepatic ducts.

FIG. 8.19 m Boundaries and contents of the cystohepatic

triangle ( grey-coloured area).

The contents of the triangle are right hepatic artery, cystic artery,
and cystic lymph node of Lund.

It is in this triangle that most of aberrant segmental right hepatic ducts and
arteries are usually encountered.

The accessory hepatic ducts terminate either into the gall bladder or
into the common hepatic duct or even into the bile duct, and are responsible
for oozing of bile from the wound after cholecystectomy (Fig. 8.13, page 109).

CLINICAL CORRELATION

« Clinical importance of Calot’s triangle: AN 47.7 The identification
of cystohepatic triangle and its contents helps the surgeon to locate the
pedicle of gall bladder and its ligation in cholecystectomy. The errors
in gall bladder surgery often occur from failure to appreciate the
common variations of the extrahepatic biliary system. This occurs
especially when the right hepatic artery in this triangle presents a
caterpillar-like loop called Moynihan’s hump (Fig. 8.20), which may



be inadvertently clamped, ligated along with cystic pedicle, and cut
leading to profuse bleeding.

N.B.

The cystic node of Lund (a solitary node) present in the apical part of
this triangle receives most of the lymph from gall bladder and is constantly
found enlarged in cholecystitis.

« Cholecystitis: The cholecystitis is the inflammation of the gall bladder.
It may be acute or chronic.

(a) Acute cholecystitis: It occurs usually in adult women and is
characterized by (i) sudden pain in the hypochondrium referred to
the inferior angle of the right scapula or to the tip of right shoulder,
(i) vomiting, and (iii) positive Murphy’s sign — if the finger is
pressed under the right costal margin at the tip of the gth costal
cartilage when the patient is asked to take a deep breath, she or he
feels sharp pain and winces with a ‘catch’ in the breath as the
diseased gall bladder meets the examining finger.

The symptoms of cholecystitis are aggravated on taking fatty meals
because the gall bladder contracts to pour the bile into the duodenum
when fat reaches the duodenum. Fat in the duodenum induces
liberation of a local hormone cholecystokinin-pancreozymin (CCK-
PZ), which reaches the gall bladder through the bloodstream and
stimulates its contraction.

(b) Chronic cholecystitis usually leads to formation of stones
in the gall bladder (cholelithiasis): It usually occurs typically in
fat, fertile, flatulous female of forty (5F).

» Referred pain in cholecystitis: AN 47.6 In acute cholecystitis, the
inflammation of the gall bladder may cause irritation of the
subdiaphragmatic parietal peritoneum, which is supplied in part by the
phrenic nerve (C3, C4, and C5 spinal segments). This may lead to
referred pain over the tip of the right shoulder for being supplied by the
supraclavicular nerves (C3 and C4 spinal segments).

- Biliary colic: It is usually caused by the spasm of smooth muscle of the
gall bladder wall in an attempt to expel the gallstone. It is intermittent
and is most intense when stone (calculus) is impacted either at the
terminal end of cystic duct or at the lower end of the bile duct because
the smooth muscle everywhere in the biliary duct system is sparse



except at the terminal portions of the cystic and bile ducts. The afferent
fibres from the gall bladder enter the thoracic segments of spinal cord
(T7—To9); hence, referred pain is felt in the right upper quadrant or
epigastrium (T7-T9) dermatomes.

« Obstructive jaundice: AN 47.6 It occurs because of blockage of
common bile duct preventing normal drainage of bile into duodenum.
This leads to the following signs and symptoms:

— Yellow discolouration of eyes

— Absence of bile causes decreased absorption of fat-soluble vitamins

— Dark yellow-coloured urine

— Pain in right upper quadrant of abdomen

— Loss of appetite

— Itchy skin

The obstruction of CBD usually occurs because of gallstones,
pancreatic carcinoma, or enlarged neoplastic hepatic lymph nodes. It
causes obstruction to bile flow, which leads to jaundice.

« Courvoisier’s law: This law states that the obstructive jaundice with
distended and palpable gall bladder is most likely due to extrinsic
obstruction of CBD (e.g., carcinoma of head of pancreas). On the
contrary, obstructive jaundice with nondistended, nonpalpable gall
bladder is due to an intrinsic obstruction of CBD (e.g., impaction by
gallstones) because in this case previous cholecystitis makes the gall
bladder fibrotic and contracted.



FIG. 8.20 m Moynihan’s hump.

Imaging of the biliary tract

Cholecystography AN 54.2

Gall bladder is not opaque to X-ray, but when certain radiopaque dyes are
given by either mouth or intravenous injection, they are excreted by the liver
from blood into bile and reach the gall bladder. In the gall bladder, the dye is
concentrated and thus the gall bladder becomes opaque to X-rays.

Ultrasound

The ultrasonography is a noninvasive imaging technique to visualize the gall
bladder and other components of the biliary apparatus. This technique has
largely replaced the cholecystography.

Endoscopic retrograde cholangiopancreatography (ERCP) AN 54.3

In endoscopic retrograde cholangiopancreatography (ERCP), is a procedure
done to diagnose and treat the problem of extrahepatic biliary apparatus and



pancreas. It is done under direct vision through a fibre-optic endoscope, a
catheter is inserted into the hepatopancreatic ampulla and radiopaque

contrast medium is injected, and bile and pancreatic ducts are visualized (Fig.
8.21).

FIG. 8.21 m ERCP demonstrating multiple small calculi
within gall bladder and common bile. ( Source :
Integrated Anatomy , 1st Edition, David Heylings, Fig. 6.20,
Page 172, Copyright Churchill Livingstone, Elsevier, 2006.)

If ERCP fails, the biliary tract is visualized by a radiological technique
called percutaneous transhepatic cholangiography (PTHC or PTC) (Fig. 8.22).



FIG. 8.22 m Biliary tract seen by a radiological technique
called PTHC. ( Source : Gray’s Anatomy for Students
Richard L Drake, Wayne Vogl, Adam WM Mitchell. Figure

4.102, Page 323, Copyright Elsevier Inc. 2005, All rights
reserved.)

N.B.

The bile and pancreatic ducts can now also be visualized by the noninvasive
magnetic resonance imaging (MRI) technique.

Golden Facts to Remember




- Largest gland in the | Liver
body

» Most obvious features | Inferior vena cava and bare area of
on the diaphragmatic | the liver
surface of the liver

- Gateway of the liver Porta hepatis

- Cantlie’s line/plane Line/plane of demarcation between
right and left true (physiological)
lobes of the liver

« Most obvious feature | Porta hepatis
on the visceral surface

of the liver

- Fibrous appendix of | Fibrous band at the left extremity of

the liver the liver representing the
degenerated part of the left lobe

- Riedel’s lobe Tongue-like process projecting from

the inferior border of the liver just to
the right of the gall bladder

» Most accessible 