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PREFACE
An understanding of the anatomical sciences is necessary for clinical 
observation and evaluation of the health of a patient. The study of gross and 
developmental anatomy provides a solid foundation for clinical practice 
due to the tight correlation between structure and function. The primary 
objective for this book is to review concepts in gross and developmental 
anatomy that are relevant for clinical practice. The clinician utilizes a broad 
base of anatomical knowledge when performing the physical examination, 
interpreting radiographic images, describing symptom presentation, 
formulating sound clinical diagnoses, and developing appropriate treatment 
strategies. This book aims to present these anatomical principles at an 
appropriate level of detail, in a clinically relevant context.

 

This approach will promote a deep understanding of the relationships 
between structure and function and help the student to develop a logic-
driven approach to clinical evaluation. Developmental anatomy is integrated 
with gross anatomy, and these principles are applied to physical examination 
of the patient, the evaluation of common injuries, radiographic imaging, and 
clinical diagnosis. The topics included in this book will provide a concise review 
of the anatomical foundation that is necessary for the student to succeed in 
the pre-clinical curriculum, successfully navigate the Step 1 exam, and move 
into clinical training.
     

Angela R. Cantrell
Jack L. Wilson
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Gametogenesis

1

Describe the formation of male and female gametes from primordial germ cells 
and the process of meiosis.

Understand the sequence of events of gametogenesis resulting in the development  
of sperm and ovum.

Compare and contrast male and female gametogenesis.

Objectives
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Introduction
The earliest event in development is the formation of the male and female gametes via 
the process of gametogenesis. This process begins during the 4th week of development. 
The process is similar in males and females, but there are some important and significant 
differences that must be appreciated.

The Gametes:
1. The mature male gametes are called spermatozoa (Figure 1.1). Spermatozoa are 

comprised of a head piece, middle piece, and the tail. The head piece is primarily 
comprised of the nucleus with cap of protein called the acrosome. The middle 
piece houses the mitochondria for energy production. The tail, which is the longest 
component, is comprised internally of microtubules. Spermatozoa are designed for 
motility (swimming), and the structure reflects that. 

2. The female gametes are called ova (Figure 1.1). However, the mature ovum is not the 
cell that is released at ovulation. The cell that is ovulated is called the secondary 
oocyte. The secondary oocyte is transformed into an ovum at fertilization (described 
later). The secondary oocyte is surrounded by two important structures, a dense 
protein coat that called the zona pellucida and a layer of follicular cells called the 
corona radiata.

3. Male and female gametes are haploid in number (23, 1C). They contain a single set of 
chromosomes (22 autosomes and 1 sex chromosome=23 total) consisting of a single 
copy of DNA. This represents half the total number of chromosomes and half the 
normal complement of DNA that is found in typical somatic diploid cells (46, 2C).

Figure 1.1   Male and Female Gametes
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Brief Overview of Gametogenesis:
We need to introduce some concepts central to the formation of the male and female 
gametes.

1. The process of gametogenesis in the male is called spermatogenesis. In the female, it 
is referred to as oogenesis.

2. Primordial germ cells (PGC) are the precursors to the development of the gametes in 
both males and females. The PGCs are a unique cell line that does not develop from 
any of the three primary germ cell layers (i.e. endoderm, mesoderm, or ectoderm). 
Rather, they develop from the epiblast during the second week of development.

3. PGCs are transformed into gametes by a unique form of cell division called meiosis 
that is unique to gametogenesis. 

4. PGCs are first seen in the yolk sac of the developing embryo at around the 4th week 
of development. They must undergo migration to the developing gonad before 
gametogenesis can take place. During migration to the gonads, the PGCs undergo 
rapid mitotic division to increase their numbers.

5. During the 4th to 6th weeks of development, the PGCs migrate from the yolk sac 
through the connecting stalk and dorsal mesentery to populate primary sex cords of 
the developing gonads (ovary and testis) where gametogenesis will eventually take 
place (Figure 1.2). 

Figure 1.2   Urogenital Ridge and Migration of Primordial Germ Cells
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Overview of Meiosis:
Meiosis is a special type of cell division which will transform the PGCs into haploid 
gametes. Meiotic division only takes place within the testis or ovary.

1. Prior to the beginning of meiosis, the male and female precursor cells undergo DNA 
replication.

2. Meiosis consists of two sequential stages (or reduction divisions) called meiosis I 
and meiosis II. The purpose of meiotic division is to divide the PGC, which is a typical 
somatic cell with 46 chromosomes (2N) and 2C DNA (diploid; 46,2C) into daughter 
cells that  have a haploid genetic makeup consisting of 23 chromosomes (1N) and 1C 
DNA (haploid; 23,1C).

3. The diploid number is restored in the zygote by the fusion of the male and female 
gametes at fertilization.

4. Meiosis I is the chromosome reduction event. Meiosis II is the DNA reduction event. 

5. Both meiosis I and meiosis II are divided into four phases:

• Prophase

• Metaphase

• Anaphase

• Telophase

6. Major events in meiosis I include:

• Synapsis (pairing of maternal and paternal homologous chromosomes)

• Chromosomal crossover (segmental exchange of DNA during prophase, the 
foundation for most of our genetic variability from person to person.)

• Alignment (of 46 homologous duplicated chromosomes during metaphase)

• Disjunction (separation of the chromosomes without splitting of the centromeres 
during anaphase)

• Cell division (produces a cell with 23 chromosomes and 2C DNA (23, 2C))

7. Meiosis II follows meiosis I without an intervening interphase. Major events in meiosis II 
include:

• No synapsis or crossover events occur

• Alignment (during metaphase)

• Disjunction (separation of the chromosomes with splitting of the centromeres 
during anaphase)

• Cell division (produces a cell with 23 chromosomes and 1C DNA (23, 1C))

8. Although the process of gametogenesis follows the same general plan in the  
male vs. female, as we begin to discuss the specifics we will note some important  
differences in:
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• The timing of the onset of gametogenesis

• The number of gametes produced

• The continuous vs. discontinuous nature of the process

• The overall duration of gametogenesis once it begins

Introduction of Key Terms Related to Gametogenesis:
Gonia—the root word “gonia” will always refer to a cell that is premeiotic.

Primary—the prefix “primary” will always refer to cell that is in meiosis I.

Secondary—the prefix “secondary” will always refer to a cell that is in meiosis II.

Male Gametogenesis: Spermatogenesis
The major sequence of events in spermatogenesis are described below and illustrated  
in Figure 1.3.

1. PGCs (46, 2C) migrate from the yolk sac and reach the future testis around the 6th 
week of development. As they migrate, the primordial germ cells are undergoing 
mitotic division to increase their numbers. Upon reaching the indifferent gonad, the 
PGCs go dormant at the 6th week and remain dormant at birth and on through 
puberty. 

2. Spermatogenesis and meiosis I begin at puberty, when the PGCs differentiate into 
Type A and Type B spermatogonia under the influence of the endocrine system.

3. Type A spermatogonia do not produce sperm. They remain in the seminiferous 
tubules of the testis for the life of male. They continually go through mitotic divisions to 
produce a constant supply of Type B spermatogonia. In other words, they function as 
stem cells.

4. Type B spermatogonia undergo DNA replication to form primary spermatocytes 
(46, 4C) which immediately enter prophase of meiosis I. The chromosome number 
remains unchanged (46 total), but each chromosome has doubled its DNA (4C) into 
two chromatids that are connected by a centromere.

5. The primary spermatocyte will complete meiosis I, undergoing synapsis, crossover, 
alignment, and finally cell division. Remember that cell division in meiosis I occurs 
without centromere splitting, so that half the chromosomes and DNA go to one 
daughter cell and half go to the other daughter cell. 

6. This produces two identical daughter cells that are 23, 2C in number. Therefore, 
meiosis I is the chromosome reduction event. These daughter cells are referred to as 
secondary spermatocytes, and these immediately enter meiosis II.

7. The two secondary spermatocytes produced at the end of meiosis I will enter 
immediately into meiosis II (with no intervening interphase and without undergoing 
DNA replication) and proceed sequentially through alignment and cell division. 
Remember that in meiosis II, cell division occurs with centromere splitting, so that 
each daughter cell receives one chromatid (or half the DNA). 
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8. This produces two identical daughter cells that are 23, 1C in number. Therefore, 
meiosis II is the DNA reduction event. These daughter cells are haploid spermatids.

9. The haploid spermatids must undergo morphological changes (spermiogenesis) to 
form mature spermatozoa that are capable of fertilization.

10. Spermatogenesis begins at puberty and is continuous for the life of the male without 
interruption. In the male, a single round of meiosis produces 4 identical spermatids 
that are 23,1C or haploid in number.

Primordial germ cells Dormant until puberty

Meiosis I
(chromosome reduction)

Meiosis ll
(DNA reduction)

Type A spermatogonia

Type B spermatogonia
(46 single chromosomes, 2C)

Primary spermatocyte
(46 duplicated chromosomes, 4C)

DNA Replication

Synapsis

Crossing over

Alignment and disjunction
Centromeres do not split

Alignment and
disjunction
Centromeres split

Secondary spermatocyte
(23 duplicated chromosomes, 2C)

Spermalids
(23 single chromosomes, 1C)

Chiasma

Cell division

Spermiogenesis Sperm

Centromere

Figure 1.3   Spermatogenesis
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Note: For simplicity, the Type B spermatogonia in the image above is shown in schematic 
form, illustrating 1 pair of chromosomes (rather than trying to illustrate all 23 pairs). 
Each pair of chromosomes consist of one from the mother (white) and one from 
the father (black).

Female Gametogenesis: Oogenesis
The major sequence of events in oogenesis is described below and illustrated in  
Figure 1.4. While there are a lot of similarities between oogenesis and spermatogenesis, 
there are important differences in the timing of the onset of oogenesis and the number 
of gametes produced vs. what we described for the male. Also note that oogenesis is 
discontinuous in the female. We will describe two time points during oogenesis during 
which meiotic division is arrested (or halted) for a period of time. Finally oogenesis does 
not continue until death of the female, only until menopause.

1. As described for the male, PGCs (46, 2C) migrate from the yolk sac and reach the 
future ovary around the 6th week of development. As they migrate, the primordial 
germ cells are undergoing mitotic division to increase their numbers. Upon reaching 
the indifferent gonad, the PGCs immediately begin to differentiate into oogonia 
and undergo rapid mitotic division. By the 5th month of development, ALL the PGCs 
differentiate into oogonia (roughly 7 million), which are somatic cells (diploid; 46, 2C) 
that are pre-meiotic.

2. Oogenesis and meiosis I begin during the 5th month of development, when all the 
oogonia undergo DNA replication to form primary oocytes within the primordial 
follicles of the fetal ovary. The chromosome number remains unchanged (46 total), 
but each chromosome has doubled its DNA into two chromatids, connected by a 
centromere, so that the primary oocyte is 46 ,4C in number.

3. All primary oocytes (around 7 million) enter meiosis I during the 5th month of 
development and continue to prophase of meiosis I where they all arrest for the first 
time. At birth, the female ovary will contain ~1-2million primary oocytes arrested in 
prophase of meiosis I (the numbers have decreased significantly due to cell death). 
All primary oocytes will remain in this arrested phase until puberty and the onset of 
the first menstrual cycle. Thus, the first arrested phase minimally spans from the 5th 
month of development to the first menstrual cycle.

4. At puberty, with the onset of the first menstrual cycle, a few arrested primary oocytes 
are selected each month to unarrest and continue meiosis I. Typically, only one of 
these will complete meiosis I during a monthly cycle. 

Clinical Note: This means that some primary oocytes will remain in the first arrested 
state for up to 50+ years, depending upon when menstruation and menopause begin. 
This is the basis for many of the development defects that become more common 
with pregnancies in older women. The quality of the primary oocytes decline as they 
remain in the arrested state for longer periods of time.

5. During each menstrual cycle, usually a single primary oocyte will unarrest and 
complete meiosis I. It undergoes synapsis, crossover, alignment, and finally cell 
division just like we saw for the male. Note that cell division in meiosis I occurs without 
centromere splitting. Half the chromosomes and DNA go to one daughter cell and 
half go to the other daughter cell. This is the chromosome reduction event.
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6. In contrast to what we saw for the male, cell division in the female is unequal and we 
end up with one daughter cell (23, 2C) and the first polar body. The daughter cell is 
called a secondary oocyte that will immediately enter meiosis II. The polar body will 
degenerate and be reabsorbed.

7. The single secondary oocyte produced by meiosis I will immediately enter meiosis 
II where it becomes arrested a 2nd time in metaphase of meiosis II about 3 hours 
before ovulation.

8. This secondary oocyte is the cell that is released from the graafian follicle at 
ovulation. The secondary oocyte will remain in an arrested state unless fertilized. If not 
fertilized, the secondary oocyte will be discarded.

9. If fertilization takes place, the secondary oocyte will unarrest and quickly complete 
meiosis II (DNA reduction phase). Once again, cell division is unequal at the end of 
meiosis II. We end up with a single mature ovum that is haploid in number (23, 1C) and 
another polar body. If there is no fertilization, the secondary oocyte degenerates and 
does not complete meiosis II.

Figure 1.4   Oogenesis
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For simplicity, the oogonia in the image on left is shown in schematic form, illustrating 1 
pair chromosomes (rather than trying to illustrate all 23 pairs). Each pair of chromosome 
consist of one from the mother (white) and one from the father (black).

Comparison of Male and Female Gametogenesis:
Table 1 summarizes the major differences in gametogenesis between males and females. 

• In males, 4 gametes (spermatozoa) are produced from each spermatogonia that 
completes meiotic division (1:4 ratio). In contrast, females produce only 1 gamete 
(ovum) per round of meiosis (1:1 ratio).

• In males, spermatogenesis begins at puberty and continues until death of the 
individual. In females, gametogenesis begins in the 5th month of development 
and continues only until the onset of menopause of the individual.

• In males, spermatogenesis is continuous from puberty until death, without 
any arrests in the cycle. In females, oogenesis is discontinuous. There are two 
arrested phases (prophase of meiosis I and metaphase of meiosis II), followed by 
menopause 

Table 1: Comparison of Male and Female Gametegenesis

Male:
(Spermatogenesis)

Female:
(Oogenesis)

4

1
(plus polar bodies)

Puberty

5th month of
development

Death

Menopause

Continous

Discontinuous
(2 arrested phases)

Number of gametes
Produced Per
Meiotic Cycle

Onset of
Meiosis

Endpoint
of Meiosis

Continuous vs.
Discontinuous



First Week of 
Development: 
Fertilization to 
Implantation

2

Describe the transport of male and female gametes.

Explain the sequential events of fertilization.

Describe the major events of the first week of development: 
cleavage, development of the blastocyst, and early 
implantation.

Explain the importance of the cellular components of the 
blastocyst.

Describe the division of trophoblast cells into cytotrophoblast 
and syncytiotrophoblast cells.

Objectives
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General Introduction
The next three chapters will review the major events that occur during the first, second, 
and third weeks of development. This will include gamete transport, the sequence of the 
stages of fertilization, implantation, formation of the bilaminar disc, and gastrulation and 
the formation of the three germ layers.
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2° oocyte
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Figure 2.1   Events of Week One
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The major events of the first week of development:

A. Gamete transport

Ovulation and Egg transport

Ovulation occurs at the mid-point of the menstrual cycle due to a surge of luteinizing 
(LH) hormone that results in the expulsion of the secondary oocyte from the graafian 
follicle of the ovary. The released secondary oocyte is arrested in the metaphase stage 
of meiosis 2. Ovulation of the oocyte includes the release of the secondary oocyte along 
with a layer of cells forming the zona pellucida and another layer forming the corona 
radiata (Figure 2.1). The oocyte is released into the peritoneal cavity and is swept into the 
ampulla at the distal end of the uterine tube by the movement of the fimbriae, cilia, fluid, 
and smooth muscle contractions of the uterine tube. 

Corpus Luteum

After ovulation, the remaining cells of the graafian follicle (under the control of LH) form 
the corpus luteum. It is composed of granulosa lutein and theca lutein cells. These lutein 
cells are necessary for the production of some estrogens and progesterone which is 
critical for the preparation of the uterine mucosa for any possible implantation of the 
embryo and maintenance of the pregnancy.

1. If there is no fertilization, the corpus luteum will degenerate in two weeks and form a 
scar tissue called the corpus albicans. 

2. If fertilization does occur, the production of human chorionic gonadotropin (hCG) 
by the syncytiotrophoblast in the second week of development prevents the normal 
degeneration of the corpus luteum resulting in the formation of the corpus luteum 
of pregnancy. The corpus luteum of pregnancy is responsible for the production of 
progesterone and estrogen until the placenta is fully developed at the end of the first 
trimester (discussed in chapter 3). 

Sperm Transport

At ejaculation, spermatozoa are rapidly propelled through the ductus deferens by 
smooth muscle contractions (sympathetic control via the lumbar splanchnic nerves  
(L1-L2). In the male genital tract, spermatozoa are mixed with the alkaline secretions of the 
prostate gland (30% of volume), the alkaline fructose secretions of the seminal vesicles 
(60% of volume), and the bulbourethral glands to form a seminal fluid volume of 3-5 ml. 
On average, 200-300 million sperms are released in the ejaculate. A minimum of 50-100 
million spermatozoa in the ejaculate are usually necessary for male fertility.

Spermatozoa are transported through the cervix, uterus, and uterine tubes via sperm 
motility and smooth muscle contractions of the uterus and uterine tubes. The movement 
of spermatozoa reaches the ampulla of the distal uterine tube. Only about 200 
spermatozoa reach the ampulla with the bulk of them discarded and absorbed in the 
female genital tract.

Freshly ejaculated spermatozoa are not capable of fertilizing the secondary oocyte. They 
have to undergo two events in the female genital tract before fertilization   
can take place.
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1. Capacitation. Capacitation takes approximately 7 hours, occurring during transport 
within the uterine tubes. During this time, there is removal of the proteins from 
the surface of the acrosome which allows penetration of the corona radiata. 
Capacitation is followed by the acrosome reaction.

2. Acrosome reaction. The acrosome reaction occurs more rapidly. This reaction is 
triggered by the first spermatozoa passing through the corona radiata and making 
contact with the zona pellucida. There is a rapid breakdown of proteins on the surface 
of the acrosome producing openings or apertures. Hydrolytic enzymes (acrosin) 
are released through these openings to allow for the penetration of a single sperm 
through the zona pellucida.

B. Fertilization
Fertilization occurs when the male and female gametes fuse to form the zygote, initiating 
the beginning of development. Fertilization commonly occurs in the ampulla of the 
uterine tube (Figure 2.1).

Fertilization is not a single event but involves a complex series of events beginning with 
sperm penetrating the corona radiata and terminating with the fusion of the male and 
female pronuclei. 

There are three basic stages of fertilization:
1. Penetration of the Corona Radiata. Spermatozoa that have undergone capacitation 

pass freely through the corona cells due to their increased action and swimming 
movements produced by capacitation.

2. Penetration of the Zona Pellucida. Upon binding to the zona pellucida, sperm undergo 
the acrosomal reaction described earlier, involving the release of hydrolytic enzymes 
from the acrosome through apertures on the surface of the sperm. The hydrolytic 
enzymes bore through the zona pellucida allowing passage of a single sperm through 
the zona pellucida.

After penetration of the zona pellucida by a single sperm, a zonal or cortical 
reaction occurs within the zona pellucida. The zonal reaction prevents other 
sperm from penetrating the zona pellucida, thus, preventing polyspermy.

3. Fusion of the cell membranes of the oocyte and spermatozoa. Upon penetrating 
the zona pellucida, the sperm enters the oocyte and sheds its plasma membrane. 
The nucleus of the sperm becomes the male pronucleus. The presence of the sperm 
in the oocyte activates the arrested second meiotic oocyte to become unarrested 
and to resume and finish its second meiotic cell division. The second polar body is 
released into the perivitelline space, and the remaining single cell is the final ovum 
and female pronucleus. The fusion of the male and female pronuclei completes the 
fertilization process resulting in formation of the diploid zygote.

 Results of Fertilization. 
Fertilization results in: (1) completion of the second meiotic cell division by the secondary 
oocyte, (2) restoration of the diploid (46) number of chromosomes, (3) determines the 
sex of the embryo based on if fertilization was made by a X (female) or Y (male) type of 
sperm, (4) intermingling of maternal and paternal chromosomes, and (5) initiation of the 
events of the first week of development.
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C. Cleavage and Formation of the Morula. 
The zygote formed by the fusion of the male and female pronuclei begins its passage 
through the uterine tube where it initially undergoes four days of mitotic cell division 
called cleavage (Figure 2.1). Movement through the tube is provided by cilia action and 
smooth muscle contractions of the uterine tubes. Mitotic cell division during cleavage 
results in the zygote dividing from one to 16-32 cells (blastomeres) by the end of the four 
days of cleavage.

During cleavage, the zona pellucida remains in place as a protein barrier around the 
dividing cells to help prevent early implantation. As the cells divide, they will compact 
into smaller cells due the restraint in overall growth provided by the presence of the zona 
pellucida. The zona pellucida is finally removed on the fourth day at the end of cleavage. 
With the removal of the zona pellucida, the mass of cells is called a morula. 

D. Blastocyst Formation.
As the morula enters the uterine cavity, fluid begins to penetrate within the intercellular 
spaces of the morula. This fluid collection forms a blastocyst cavity within the morula 
and converts the morula into a blastocyst. Removal of the zona pellucida at the end of 
the morula stage allows the blastocyst to begin to increase in overall size. The blastocyst 
enters the uterine cavity on about day 5.

The blastocyst contains the first two specialized cells of development, the inner and outer 
cell masses. Most of the compact cells of the morula move to one pole of the blastocyst 
(embryonic pole) to form the inner cell mass or embryoblast (embryonic stem cells). 
The inner cell mass gives rise to the embryo proper. A second single layer of cells forms a 
perimeter that surrounds the blastocyst cavity called the outer cell mass or trophoblast 
which contributes to the development of the placenta and extraembryonic tissues.

E. Early implantation.
The blastocyst floats freely in the uterine cavity between the 5 and 6th days. Early 
implantation begins at the end of the first week on the 6 to 7th day. Implantation usually 
occurs on the superior, posterior wall of the uterus. In order for implantation to begin, the 
cells of the trophoblast differentiate into two cell types (Figure 2.1): (1) cytotrophoblast 
that are mitotically active and (2) syncytiotrophoblast which form a multinucleated, 
syncytium without cell boundaries. 

The cells of the syncytiotrophoblast release hydrolytic enzymes which are responsible 
for implantation via the formation of finger-like extensions of the syncytiotrophoblast 
from the embryonic pole of the blastocyst. These cells penetrate and erode into the 
endometrial lining of the uterus (in the secretory phase of the menstrual cycle). 

During implantation, the cells of the cytotrophoblast mitotically divide and migrate 
into the syncytiotrophoblast where they lose their cell membranes and joins the 
syncytium. This migration of cytotrophoblast provides for the increasing volume of 
syncytiotrophoblast in the second week. 
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Describe the transport of male and female gametes.

Explain the sequential events of fertilization.

Describe the major events of the first week of development: 
cleavage, development of the blastocyst, and early 
implantation.

Explain the importance of the cellular components of the 
blastocyst.

Describe the division of trophoblast cells into cytotrophoblast 
and syncytiotrophoblast cells.

Objectives
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General Introduction
Several major events continue into the second week (Figure 3.1). Endometrial implantation 
continues from week one and completes in week two. The bilaminar embryonic disk 
develops in the second week from the embryoblast of week one. The bilaminar disk forms 
two cell lines that are the precursors of the tissues of the embryo and placenta. The early 
development of fetal circulation in the second week is critical for the nutritional needs 
required by the rapidly developing embryo. Extraembryonic tissues also form such as the 
amnion and amnionic cavity.

                                                                     

Figure 3.1   Week Two Events   

The major events of week two are described below:
1. Implantation continues into the second week as syncytiotrophoblast further invades 

the uterine lining. The blastocyst is completely embedded in the uterine wall by the 
tenth day, and the implantation site is covered by uterine epithelial cells by the end of 
the second week. 

2. During implantation, critical structural changes occur in the inner cell mass from 
week one, resulting in the formation of a bilaminar embryonic disk. The bilaminar 
disk is composed of two layers of cells, epiblast and hypoblast.

A. Cells of the epiblast layer form a dorsal layer of columnar pluripotent cells of 
the bilaminar disk.  In the second week, fluid-filled spaces appear in the epiblast 
that enlarge and form the amniotic cavity. The cells of the epiblast give rise to 
amnioblast cells that line the amniotic cavity and secrete amniotic fluid. The 
epiblast layer is adjacent to and forms the floor of the developing amniotic cavity. 
Very important to note that it is the cells of the epiblast which develop into the 
tissues of the embryo proper.
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B. Cells of the hypoblast form the ventral layer of cuboidal cells of the embryonic 
disc that are adjacent to the blastocyst cavity. These cells are short lived and are 
replaced in the third week by the formation of endoderm. Note, the hypoblast cells 
do not form any adult structures but contribute to extraembryonic tissues. The 
blastocyst cavity is transformed into the primary yolk sac in the second week.

3. At one end of the embryonic disk, the cells of the epiblast and hypoblast fuse, thicken, 
and form the prechordal plate which establishes the future mouth and cranial end of 
the embryo.

4. As syncytiotrophoblast invade deeper into the uterine wall during implantation, they 
erode the uterine arteries and the uterine glands in the wall of the uterus. This erosion 
of uterine arteries results in the formation of maternal, blood-filled sinusoidal spaces 
within the syncytiotrophoblast. These sinusoids coalesce to form lakes of maternal 
blood called lacunar networks. The syncytiotrophoblast absorbs nutrition from the 
maternal blood within the lacuna that diffuses to the embryo, thus establishing an 
early uteroplacental circulation. The establishment of this early fetal circulation in the 
second week is essential for the rapid nutritional needs of the embryo. 

The lacunar networks later form intervillous spaces of the mature placenta containing 
maternal blood. Diffusion occurs between the intervillous spaces and the fetal 
chorionic blood circulating in the tertiary villi mentioned below. 

5. By the end of the second week, the cytotrophoblast form columns of cells that extend 
into the syncytiotrophoblast referred to as primary chorionic villi (Figure 3.1). The 
primary villi will later develop into secondary and tertiary villi. Fetal chorionic blood 
vessels will grow into the tertiary villi.

Clinical Correlation
1. Spontaneous abortion. Greater than 50% of fertilized embryos are spontaneously 

aborted (miscarriages) during the first three weeks of development. Due to the 
small size of the embryos at this time, they are not normally noticed by the mother, 
who usually considers the miscarriage to be a heavy menstrual flow. Examinations 
of some of these embryos have shown that they often have severe chromosomal 
abnormalities. 

2. Ectopic Implantation. Implantation usually occurs on the superior, posterior wall 
of the uterus. However, extrauterine ectopic implantations can occur in several 
locations.  The most common site is in the ampulla of the uterine tubes, usually due 
to delayed transport through the uterine tubes. Ectopic implantation can also occur 
outside the uterine tube with the most common site being abdominal implantation 
in the pouch of Douglas (rectouterine cavity). Attachment to the peritoneal covering 
of the GI tract is also possible. Missed menstrual periods, abdominal pain, and uterine 
bleeding are common signs. 

Ectopic pregnancies are most often seen in women who have had endometriosis 
or pelvic inflammatory disease. Initially, the pregnancy appears normal. But these 
implantations will rupture in 2-3 months with hemorrhaging becoming dangerous to 
the life of the mother. 
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3. Hydatidiform Mole. The hydatidiform mole (HM) or molar pregnancy is a damaged 
blastocyst resulting from abnormal fertilization of the oocyte and abnormal 
placental growth. HM is characterized by an extensive, overdevelopment of paternal 
trophoblast cells with enlargement of chorionic villi with little or no development of 
the embryo. This is an example of paternal dominance at fertilization. They contain 
many small cysts giving the appearance of grapes. 

• Hydatidiform moles have a higher incidence in older mothers and occur with high 
levels of hCG.

• Removal of the HM is critical in preventing later malignancies (choriocarcinoma).

Hydatidiform moles can be of two types:

a. Complete moles consist of an abnormal placenta that are of total paternal origins 
with no embryo (46,XX).

b. Partial moles consist of abnormal placenta that have some fetal development 
(tripoiody:69, XXX or 69,XXY).

Additional Aspects of the Second Week
Human Chorionic Gonadotropin Hormone 
Human chorionic gonadotropin (hCG) is a hormone produced by the 
syncytiotrophoblast in the second week. hCG enters the maternal blood via the lacunae 
within the syncytiotrophoblast.

1. hCG prevents the breakdown of the corpus luteum within the ovary, thus, maintaining 
the endocrine activity of the corpus luteum into early pregnancy. The granulosa lutein 
cells of the corpus luteum secretes estrogen and progesterone that are critical for 
implantation and early development.

2. The corpus luteum of pregnancy remains active until the fourth month when the 
placenta is fully developed and takes over the endocrine role of producing estrogen 
and progesterone.

3. By the end of the second week, hCG can be assayed in maternal blood, providing the 
basis of an early pregnancy tests.

4. Twinning and hydatidiform mole formation are indicated by high levels of hCG.

5. Ectopic implantation and spontaneous abortions are indicated by low levels of hCG.

Amniotic Fluid
The amnion is a fluid-filled sac developed from the epiblast that begins its development 
in the second week. The amnion eventually enlarges to surround the body of the embryo 
and fetus and provides a covering for the umbilical cord. The amnion forms a fluid 
environment providing a hydraulic cushion to protect the fetus from external forces and 
to allow movements of the fetus. 
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The amniotic cavity contains a clear fluid that is initially secreted by the amnioblast 
surrounding the amnion. Later the volume is derived by diffusion from maternal tissues 
and blood. Amniotic fluid is continually being produced and is constantly being resorbed. 
At full term, the volume of fluid ranges from 800-1000 mL. In later pregnancy, amniotic 
fluid is changed every three hours.

Beginning in the fifth month, the fetus swallows amniotic fluid up to 400 ml per day. The 
fluid is absorbed by the digestive tract into the fetal blood. Some of the fluid is secreted 
by the fetal kidneys into the amnion. The excess fluid is filtered by the placenta and is 
excreted by the mother. This process is critical to the maintenance of normal volumes of 
amniotic fluid during gestation.

Clinical Correlation
1. Polyhydramnios occurs when the volume of amniotic fluid exceeds 2000 mL. 

Polyhydramnios is associated with multiple pregnancies, maternal diabetes, and 
congenital birth defects of the central nervous system (anencephaly), GI tract 
(esophageal stenosis and atresia), or respiratory system (tracheoesophageal fistula), 
all which interfere with the ability of the fetus to swallow amniotic fluid. 

2. Oligohydramnios is defined when the volume of amniotic fluid falls below 400 
mL. The primary cause is bilateral agenesis of the fetal kidneys. There is no renal 
output to replace fluid in the amniotic cavity. The low volume of fluid removes the 
hydrolytic protection provided by the amnion and is associated with underdeveloped, 
hypoplastic lungs and Potter sequence (facial and limb defects).

Twinning
In the United States, twinning occurs in 1 out of 80-90 pregnancies. Approximately 
two thirds of these are dizygotic twins (fraternal and nonidentical) and one third are 
monozygotic twins (identical). Dizygotic twins result from two separate fertilization events. 
Monozygotic twins result from fertilization of a single ovum by a single sperm. The most 
common types of twinning occur in the first week, and all types of twinning have to occur 
before the third week when gastrulation events form the trilaminar disk. Twinning has a 
higher incidence of premature delivery.
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Seperate amnions,
chorions, and placenta

Separate amnions;
common chorion

and placenta

Monozygotic twinsDizygotic twins

Embryoblast
(Inner cell mass)

Single placenta
Two placenta

Trophoblast

Embryoblast Splitting of embryoblast
in early blastocyst yields
two inner cell masses

Two embryos

Figure 3.2   Twinning

Table 3.1: Types of Twinning

Twin Type

Dizygotic
Fraternal twins

Monozygotic
Identical twins

Monozygotic
Conjoined twins

Day 1. 2 ova and sperm;
separate fertilization events

Days 4-7 (splitting of inner 
cell mass of blastocyst)

Week 2. Bilaminar embryo
(second week split:
incomplete)

2 amnions (diamniotic)
2 chorions (dichorionic)

2 amnions
1 chorion (monochorionic)

1 amnion (monoamniotic)
1 chorion (monochorionic)

2 placentae but can fuse
together (40%); same or
different gender

1 placenta; same gender

1 placenta; same gender

Time of Formation Fetal Mebranes Placenta

The major characteristics of the two major types of twinning are outlined in Table 3.1 and 
illustrated in Figure 3.2.
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Describe the events of gastrulation leading to the transformation of the 
bilaminar disk of week two to the trilaminar disk of week three. 

Understand the role of epiblast cells in the development of the 
three germ layers:  ectoderm, mesoderm, and endoderm.

Explain the formation of the primitive streak during gastrulation.

Describe the contributions of the three germ layers to the forma-
tion of adult tissues and organs.

Objectives
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General Introduction
The third week of development is an important time-line in early embryology. One 
of the significant events of the third week is the transformation of the bilaminar disk 
(epiblast and hypoblast) into a trilaminar disk in the first half of week three through a 
process called gastrulation. The trilaminar disk consists of three germ layers (ectoderm, 
mesoderm, and endoderm) that are the precursors of the tissues and organs of the 
developing fetus. Associated with gastrulation is the formation of the primitive streak and 
notochord. In the latter half of week three, embryogenesis (organogenesis) begins with 
the early development of the heart and nervous system. The third week of development 
corresponds to the time of the first missed menstrual period.
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A. Sagittal View of Second Week of Development

B. Dorsal View of Bilaminar Disk

Figure 4.1   Gastrulation

C. Cross-Section View of Migration of Epiblast Cells 
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The major events of the third week of development:
Gastrulation
At the end of the second week, the embryo consists of a flat, bilaminar disc formed 
by the dorsal epiblast and ventral hypoblast layers of cells. The third week begins with 
a three-day period of gastrulation and the formation of the trilaminar disc. During 
gastrulation, the cranial and caudal axis of the embryo is established by the presence of 
the prechordal plate (oropharyngeal or buccopharyngeal membrane) that indicates the 
future oral region of the embryo and the cloacal membrane indicating the future site of 
the anus of the embryo.

Gastrulation consists of a series of events.

1. Gastrulation begins with the formation of a condensation of epiblast on the dorsal, 
midline surface of the embryo referred to as the primitive streak (Figure 4.1). The 
epiblast cells of the primitive streak depress to form a narrow primitive groove, 
extending from the caudal cloacal membrane to the midpoint of the dorsal midline 
of the disc. An elevated thickening, the primitive node, forms at the cranial end of the 
primitive streak.

2. Epiblast cells migrate from all directions on the dorsal surface of the disc towards 
the midline and migrate through the primitive groove. The first wave of epiblast 
that pass through the groove forms the endoderm, the deepest of the three germ 
layers. Endoderm replaces the hypoblast cells of week two. Other waves of epiblast 
cells migrate through the primitive groove forming the middle mesoderm layer, The 
epiblast cells remaining on the dorsal surface of the disk form the ectoderm layer. 
Thus, all three germ layers of the trilaminar disk are derived from epiblast during 
gastrulation.

The migration of epiblast cells between the ectoderm and endoderm layers 
contributes to the formation of the primordial germ cells (future gametes) and 
cardiogenic cells (for heart development). The cardiogenic cells migrate cranially and 
condense around the precordial plate region. 

3. Notochord. In the middle of week three at the end of gastrulation, the notochord 
forms as a mid-axial rod by the growth of mesodermal cells from the primitive node. 
The notochord forms along the entire midline axis of the dorsal embryo between the 
ectoderm and endoderm layers, extending caudally to the cloacal membrane and 
cranially to the prechordal plate. Thus, the notochord establishes the dorsal, midline 
axis of the embryo and the future position of the axial skeleton of the fetus. Inductive 
signals from the notochord to the overlying ectoderm are essential for initiating 
the development of the nervous system in the last half of week three. Neurulation is 
discussed in the developmental chapter of the neuroscience section.

4. After gastrulation is completed, the primitive streak normally degenerates and 
regresses caudally to the cloacal membrane in the sacrococcygeal region. It 
disappears by the end of the fourth week.
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Clinical Correlation

 Sacrococcygeal teratoma

1. Most common tumor seen in newborns, with a high prevalence in females.

2. Formed by remnants of the primitive streak that failed to regress and completely 
disappear at the end of the fourth week.

3. Occurs in the sacrococcygeal region at the coccyx and contains pluripotent cells 
that can develop into a variety of tissues that are derived from different germ layers 
(bone, hair, nerve).

4. Can be surgically removed with a good prognosis.

5. Typically are not malignant at birth, but are removed to prevent later malignancy.

Chordoma

1. Bone tumors formed by remnants of the notochord that can occur at the base of the 
skull or at the lumbosacral region of the vertebral column.

2. Tumors grow slowly, usually occurring between 50-60 years of age and are more 
common in males.

3. One-third of chordomas are malignant with poor prognosis.

4. Being a bone tumor, they are difficult to remove surgically.

Differentiation and Derivatives of the Mesoderm Layer
Immediately after the mesoderm layer is formed during gastrulation, the mesodermal 
cells undergo further specialization and differentiation. On about the 17th day, the 
mesoderm begins to divide into three regions (Figure 4.2).
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Notochord

1

2

3

Figure 4.2   Differentiation of Mesoderm
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1. Paraxial Mesoderm. Blocks of paraxial mesoderm (or somites) form on either side of 
the notochord. The paired somites continue to develop segmentally in a   
cranial-to-caudal sequence until approximately 42-44 pairs of somites   
are formed by the fifth week of development.

The cells of the somites undergo an internal organization into three different  
types of cells:
a. Sclerotome. These cells form the axial skeleton (vertebrae, ribs, and sternum).
b. Myotome. These cells contribute to the skeletal muscles of the trunk, body wall, 

and limbs.
c. Dermatome. These cells form the dermis tissue of the skin.

2. Intermediate Mesoderm. Intermediate mesoderm forms a bilateral plate of 
mesoderm immediately lateral to the paraxial mesoderm. Intermediate mesoderm 
forms the urogenital ridge that gives rise to the urogenital systems (described in a 
later chapter).

3. Lateral Plate Mesoderm. Lateral plate mesoderm (Figure 4.2) forms at the most lateral 
region of the mesodermal layer. Spaces form within the lateral plate mesoderm that 
coalesce to form the intraembryonic coelom (divides later into the future pericardial, 
pleural, and peritoneal cavities). The coelom divides the lateral plate mesoderm into 
two layers:
a. Somatic or parietal mesoderm. This outer layer of lateral plate mesoderm is 

adjacent to the ectoderm and contributes to the parietal serous membranes and 
bones of the limbs.

b. Splanchnic or visceral mesoderm. This inner layer of lateral plate mesoderm 
is adjacent to the endoderm and forms the tissues of the wall of the GI tract 
including smooth muscles, respiratory tract, visceral serous membranes, and the 
heart.

Major Derivatives of the Three Germ Layers
Very important in one’s understanding of the general pattern of development of body 
systems is to examine the roles that ectoderm, mesoderm, and endoderm play in the 
development of each of the tissues and organs of the body (Figure 4.3).

Brief guidelines for understanding Figure 4.3.

1. Associate organ system development with the germ layers.

2. Notice structures that develop from two germ layers.

3. Notice which germ layers are involved in the development of different parts of the 
endocrine system.

4. Notice the important roles neural crest cells have on various tissue and organ system 
developments.
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Figure 4.3  Germ Layer Derivatives
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Describe the pharyngeal arches, pouches, and clefts and their relationships to the 
three germ layers.

Describe the adult derivatives of arches, pouches, and clefts during 
development of head and neck. 

Understand the developmental defects of the pharyngeal 
apparatus.

Describe the formation of the thyroid gland.

Understand the development of the tongue and its  
innervation.

Understand the contribution of the first pharyngeal arch in 
the formation of the face and the developmental defects that 
result in cleft lip and cleft palate.

Objectives
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DEVELOPMENT OF HEAD AND NECK
Pharyngeal Apparatus and Head Development
Many of the structures of the head and neck are derived from tissues of the pharyngeal 
apparatus. The pharyngeal apparatus is composed of pharyngeal arches, pharyngeal 
pouches, and pharyngeal clefts (Fig. 5.1) . The developmental aspects of these three 
components will be described. The development of the thyroid gland, tongue, and face 
also will be discussed in this chapter.
1. The structures comprising the pharyngeal apparatus appear at the lateral cervical 

region during the fourth week. These structures include pharyngeal arches, pouches, 
and clefts. 

2. The pharyngeal apparatus consist of a core of mesoderm covered externally by 
ectoderm and internally by endoderm. Thus, all three germ layers make variable 
contributions to the development of the head and neck.

3. Very critical for head and neck development is the migration of neural crest cells 
from the underlying neural tube into these pharyngeal structures. Neural crest cells 
play a critical role in the development of the craniofacial region. 

4. Additional mesoderm from the more cranial, occipital somites (somitomeres) 
migrate into the head and develop the seven skeletal muscles of the orbit and the 
skeletal muscles of the tongue. 

5. The development of the thyroid gland, tongue, and face depends on contributions 
from various germ layers and neural crest cells as described later in this chapter.

6. Because of the complexity of development of the head and neck, there are many 
opportunities for congenital defects.
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Figure 5.1A   Pharyngeal Apparatus.



Gross And Developmental Anatomy Essentials

3

5

3

Each of the three components of the pharyngeal apparatus and their adult 
derivatives will be described separately. These are illustrated in Figure 5.1.

A. Pharyngeal (Branchial) Arches
There are five pairs of pharyngeal arches numbered 1, 2, 3, 4, and 6 (Fig.5.2). Originally, 
there was a fifth arch, but it regresses quickly and does not make any structural 
contributions to the head region. The arches are comprised of mesoderm and neural 
crest cells.
Neural crest cells actively migrate into the arches and are critical for their development. 
Pharyngeal arches are separated externally by pharyngeal grooves and internally by 
pharyngeal pouches.
There are several common developmental characteristics of the pharyngeal arches:
1. The mesoderm of each arch forms the skeletal muscles derived from each arch.
2. The mesoderm of each arch is associated with a major artery (derived from the 

aortic arches).
3. The neural crest cells of each arch contribute to the facial bones and cartilages 

associated with each arch.
4. Although not derived from the pharyngeal arches, each arch is associated with a 

cranial nerve that grows into the arch from the brainstem. The cranial nerves are 
derived from neuroectoderm.

1 2 3 4 6

Pharyngeal arches

Level of section B

Developing pharynx

Arch

Arch

Arch

Arch

Arc
h

Occipital somites
(contribute to head
develpment)

Somites: Derive most
muscles of trunk and
limbs and the axial skeleton.

1

2

3

4

6

Endoderm

Mesoderm

Ectoderm

Pharyngeal grooves
(cleft) Ectoderm

Pharyngeal pouches:
Endoderm

-Cartilage
-Nerve
-Artery

Pharyngeal arches
Mesoderm and neural crest:

Figure 5.1B   Pharyngeal Apparatus.

Frontal View 
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(Mandibular nerve: CN V)
Muscles (Mesoderm)

-Masseter
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Mylohyoid
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Tensor tympani
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(Glossopharyngeal nerve: CN IX)
Muscles (Mesoderm)
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Greater horn of hyoid bone
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Aortic arch (Mesoderm)
Right and Left common carotid
arteries

Arch 3

Stylopharyngeus
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(Facial nerve: CN VII)
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Posterior digastric
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Aortic arch (Mesoderm)
No major vessels

Arch 2

Muscles of facial
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(Superior laryngeal nerve: CN X)
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Soft palate
Pharyngeal muscles (5)
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(Neural crest)
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Right subclavian artery
(right arch)

Arch 4
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Arch of aorta(left arch)

(Recurrent laryngeal nerve: CN X)
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Skeletal/Cartilage
(Neural crest)

Laryngeal cartilages
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Right pulmonary
artery (Right Arch)

Arch 6

Laryngeal muscles

Left pulmonary artery and
Ductus arteriosus (left sixth arch)

1
2

3
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Vagus (CN X):
Superior laryngeal
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Facial
(CN VII)

Mandibular
nerve

(CN V3)

Vagus (CN X):
Recurrent laryngeal
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Glossopharyngeal
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Note: The seven muscles of the orbit innervated by CN III, IV, and VI and the   
major muscles of the tongue (XII) develop from mesoderm of upper occipital  
somites (somitomeres).

Figurer 5.2   Pharyngeal Arch Derivatives.
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Clinical Correlation

First Arch Syndromes
There are several developmental defects associated with the first pharyngeal arch. Many 
of these result from the failure of neural crest cells to migrate into the first arch during 
the fourth week. Neural crest cells are critical for the development of the craniofacial 
regions, and any disturbance in neural crest migration can lead to severe defects to this 
region. Migration defects of neural crest cells into the head region are also associated 
with neural crest migration defects of the endocardial cushion in heart development. 
These syndromes can also develop from environmental factors.     
Examples of first arch defects are:
1. Treacher Collins syndrome. Common characteristics of this syndrome include 

hypoplasia of the mandible, zygomatic bone, and other facial bones, cleft palate, and 
lack of dentition.

2. Pierre Robin syndrome. Common characteristics of this syndrome include a very 
small mandible (micrognathia), cleft palate, defects of the external ear, and a 
posteriorly displaced tongue (glossoptosis).

B. Pharyngeal Pouches
There are four pairs of pharyngeal pouches (1, 2, 3, 4) located on the internal aspect 
of the pharynx in the intervals between the pharyngeal arches (Figure 5.3A). The four 
pouches are formed by evaginations of endoderm lining the internal surface of the 
pharynx. The important adult derivatives of the pouches are shown in Table 5.1.

Tympanic cavity
and auditory tube

Tympanic membrane

Auricle

Thyroglossal duct

Thyroid gland Superior parathyroid gland

Inferior parathyroid gland

External acoustic meatus

Foramen cecum: Endoderm
for thyroid development

Tongue

Site of thyroglossal cyst
Site of branchial cyst

1st

2nd
3rd
4th

Pharyngeal grooves
(ectoderm)

External auditory canal Tympanic membrane

Thyroid diverticulum

1st
2nd

3rd

4th

Pharyngeal pouches
(endoderm)

Esophagus

Figure 5.3A   Pharyngeal Clefts and Pouches.
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Table 5.1: Adult Derivatives of Pharyngeal Pouches

1

2

3

4

Epithelial lining of auditory tube, middle ear cavity, and mastoid air cells 

Epithelial lining of palatine tonsil crypts

Inferior parathyroid gland
Thymus

Superior parathyroid gland
Ultimobranchial body*

Pouch

} Migrate during development

Clinical Correlation
DiGeorge syndrome. DiGeorge syndrome is a genetic defect associated with 
chromosome 22 that results in the failure of the 3rd and 4th pouches and the 
endocardial cushion of heart to differentiate properly due to a defect of neural crest 
migration. Characteristics of DiGeorge syndrome include:
1. Defects in facial development similar to the first arch syndrome including cleft palate 

and lip, shortened philtrum of upper lip, low set ears.
2. Hypoplasia of thymus, thyroid, and parathyroid glands. The newborn is immune-

deficient. There is hypocalcemia, due to decreased C-cell development.
3. Cardiac defects of the truncus arteriosus including persistent truncus arteriosus and 

tetralogy of Fallot.

C. Pharyngeal Clefts or Grooves
The pharyngeal clefts (Figure 5.3A) are ectodermal invaginations from the external 
surface of the pharyngeal apparatus in the intervals between the pharyngeal arches.
1. The ectoderm of the first cleft forms the external auditory canal.
2. The lower three clefts fill in with tissue and are covered by epithelium to form a 

smooth neck.

*  Neural crest cell migrate into the ultimobranchial body to form parafollicular (C) cells  
of the thyroid.



Gross And Developmental Anatomy Essentials

7

5

7

Development of the Thyroid Gland
The thyroid gland is the first endocrine gland to develop. In the fourth week, a thickening 
of endoderm (thyroid bud) develops in the midline floor of the developing pharynx at 
an area called the foramen cecum (Figure 5.3B). In the adult, the foramen cecum is 
located on the dorsum of the tongue at the midpoint of the terminal line that separates 
the anterior two-thirds and the posterior one-third of the tongue. Note, the endoderm 
forming the thyroid gland is not the endoderm of the pouches.

1. The thyroid bud elongates and descends the ventral midline of the neck anterior to 
the hyoid bone and cartilages of the larynx following along the thyroglossal duct.

2. The thyroglossal duct is the tract that the thyroid bud descends the midline of 
the neck. The thyroglossal duct connects superiorly with the foramen cecum and 
eventually degenerates and closes.

3. After reaching the level of the second and third cartilaginous rings of the trachea, 
the thyroid bud gives rise to the follicular cells of the lobes and isthmus of the thyroid 
gland. 

4. Isolated pieces of ectopic thyroid tissue can be found anywhere along the 
thyroglossal duct.

5. The parafollicular cells or C cells develop by migration of neural crest cells into the 
fourth pharyngeal pouch (ultimobranchial bodies)

Tympanic cavity
and auditory tube

Tympanic membrane

Auricle

Thyroglossal duct

Thyroid gland Superior parathyroid gland

Inferior parathyroid gland

External acoustic meatus

Foramen cecum: Endoderm
for thyroid development

Tongue

Site of thyroglossal cyst
Site of branchial cyst

1st

2nd
3rd
4th

Pharyngeal grooves
(ectoderm)

External auditory canal Tympanic membrane

Thyroid diverticulum

1st
2nd

3rd

4th

Pharyngeal pouches
(endoderm)

Esophagus

Figure 5.3B   Development of Thyroid Gland.
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Clinical Correlation

Cervical cysts

Fluid-filled cysts can develop in two different positions on the neck (Figure 5.3B):

1. Thyroglossal cysts can appear anywhere along the course of the thyroglossal duct 
in the anterior midline of the neck. Most often, they occur at the level of the hyoid 
bone. These are highly mobile and are not painful.

2. Branchial or pharyngeal cysts occur later in life when fluid fills remnants of the 2nd, 
3rd, or 4th pharyngeal clefts that did not originally fill in properly. Branchial cysts are 
usually found at the lateral neck along the anterior border of the sternocleidomastoid 
muscle. Fistulas can develop that connect the cyst externally on the surface of the 
neck and internally with the pharynx.

Development of the Tongue
Tongue development begins at the end of the fourth week (Figure 5.4A). The development 
of the tongue follows a rather complex series of formations and fusions of lateral and 
midline swellings. Therefore, only a review of the very basics of development is required. 

Mucosal development of the tongue is shared, in part, by contributions from mesoderm 
of the first, second, third, and fourth pharyngeal arches. The innervation of the tongue 
follows the pattern of nerves associated with each of the arches.

1. The first pharyngeal arch forms two lateral lingual swellings that enlarge, grow 
medially, and merge to form the mucosa of the anterior two-thirds of the tongue, 
anterior to the terminal line and the foramen cecum (Figure 5.4A). The trigeminal 
nerve is associated with the first arch. Therefore, the mucosa on the anterior two-
thirds of the tongue receives its general somatic sensory innervation from the 
mandibular division of the trigeminal nerve.

2. A median swelling forms posterior to the lateral swellings called the copula, which is 
contributed to by the second pharyngeal arch anteriorly and by the third pharyngeal 
arch posteriorly. The anterior part of the copula is absorbed into the anterior two-
thirds of the tongue. The nerve of the second arch, CN VII, provides the special 
visceral sensory (taste) innervation for taste buds on the anterior two-thirds of the 
tongue via its chorda tympani branch.

3. The posterior part of the copula is associated with the third pharyngeal arch which 
forms the posterior one-third mucosa of the tongue. The glossopharyngeal nerve 
associated with the third arch provides both the general somatic sensory and the 
special sensory innervations to the mucosa of the posterior one-third of the tongue.

4. Parts of the fourth arch contribute to the mucosa at the base of the tongue around 
the epiglottis area. This area has general sensory and special sensory innervation 
provided by branches of the vagus nerve.

5. The skeletal muscles of the tongue are derived by the migration of somite mesoderm 
from upper occipital somites into the floor of the mouth. These muscles are mostly 
innervated by the hypoglossal nerve.
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Figure 5.4   Development of the Tongue.
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Medial nasal
process

Medial nasal
prominence (philtrum)

Frontonasal
prominence(1)

Lateral nasal
process

Maxillary
prominence (2)
Mandibular
prominence (2)

A. Week Six B. Week Seven

Forms upper hip:
1. Maxillary prominence
2. Medial nasal prominence

Philtrum

C. Week Ten

Site of cleft lip

Table 5.2: Development of Face

Frontonasal (1)*

Maxillary (2)

Mandibular (2)

Migrate medially to form lateral
portions of upper lip and secondary palate.

Fuses in midline to form lower lip and lower face

Facial Primordia Adult Structures

Medial nasal prominence Philtrum of upper lip, intermaxillary segment, nasal septum

Alae of nose

Forehead, cranium above the orbits, and medial and lateral
nasal prominences

Lateral nasal prominence

Figure 5.5   Development of Face.

Development of the Face
Development of the face is a multistep process involving the migration and fusion of 
different tissue masses of the first pharyngeal arch. Facial development occurs mostly 
between the fourth and tenth weeks. In the fourth week, facial development begins with 
the appearance of five facial primordia around the mouth composed of mesoderm and 
neural crest cells of the first pharyngeal arch:
1. A single frontonasal prominence
2. Paired maxillary prominences
3. Paired mandibular prominences
The contributions of the these five primordia to facial development are shown in Table 5.2 
and Figure 5.5. 
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1. The paired mandibular prominences migrate medially and merge in the midline to 
form the lower face, mandible, chin, and lower lip. The lower jaw and lip are the first 
parts of the face to form.

2. The frontonasal prominence forms the upper face (above the orbits) and forehead 
including the bridge of the nose and the upper eyelid. At the end of the fourth week, 
nasal placodes develop as bilateral, ectodermal thickenings on the lower, lateral 
aspects of the frontonasal prominence. The nasal placodes migrate medially and 
begin to invaginate to initiate the development of the nasal cavities. At the site of 
placode invagination, horseshoe-shaped masses of mesoderm elevate on the lateral 
and medial margins of the nasal placode to form the lateral and medial nasal 
prominences.
a. The two medial nasal prominences fuse medially to form the midline philtrum of 

the upper lip externally, the intermaxillary segment of the hard palate internally, 
and the nasal septum.

b. The lateral nasal prominences stay separate to form the lateral ala (wings)   
of the nose.

3. The two lateral maxillary prominences form the mid-face and the maxillae. 
The mesoderm of each maxillary prominences enlarges and migrates medially 
toward the midline. Parts of the maxillary prominences fuse with the medial nasal 
prominence (philtrum of the upper lip) to complete the upper lip development. Thus, 
the upper lip is formed by the fusion of the maxillary and medial nasal prominences.

Clinical Correlation
A Cleft lip results from a failure of fusion of the maxillary and medial nasal prominences 
(Figure 5.6B). A cleft lip can be unilateral or bilateral. Cleft lips are more common in males.
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Development of the Hard Palate
The hard palate also develops from two mesodermal and neural crest components of 
the first pharyngeal arch: (1) the primary palate (intermaxillary segment) formed by 
the medial nasal prominence and (2) the secondary palate formed by the maxillary 
prominences (Fig. 5.6). Note, that these two parts forming the hard palate are the same 
two tissues that form the upper lip, the maxillary and medial nasal prominences. The hard 
palate develops between the sixth to the twelfth weeks, with the critical time for defects 
to develop being between the sixth and ninth weeks.

1. Primary Palate
The primary palate or intermaxillary segment is formed in the sixth week by the midline 
fusion of the two medial nasal prominences. The primary palate is a wedge-shaped 
area of the bone that forms the most anterior and medial aspect of the hard palate 
(Figure 5.6A). The primary palate is deep to the middle of the upper lip (philtrum) and is 
composed of the tissues around the upper central incisors. The incisive canal is located 
at the junction between the primary and secondary palates.

2. Secondary Palate
The secondary palate completes the development of the hard palate, forming its larger 
posterior part. The secondary palate begins to develop by two lateral extensions (lateral 
palatine processes) from the internal parts of each maxillary process (Figure 5.6B). 
The two lateral palatine shelves grow from lateral to medial and merge in the midline 
to complete the formation of the hard palate and the roof of the mouth around week 
10. The midline fusion of the two palatine processes begins anteriorly with the primary 
palate and continues posteriorly with each other. The last part to fuse is posterior at the 
attachment of the uvula of the soft palate (Figure 5.6C). The lateral palatine processes 
fuse with the down growth of the nasal septum (developed from the medial nasal 
prominence) to complete the development of the hard palate and nasal septum.

Primary palate:
(Intermaxillary
segment)
Medial nasal
prominenceNasal septum

Palatine shelf

A. Week Seven B. Week Eight

Secondary palate:
Maxillary prominence

 (palatine shelf)

Incisive foramen

Fused palatal
shelves

C. Week Ten

Primary palate

Secondary palate

Uvula

Hard palate formed by:

2. Maxillary prominence
    (Palatine shelf) 

1. Medial nasal prominence
   (Intermaxillary segment)

Figure 5.6   Development of Hard Palate.
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Clinical Correlation
A cleft palate results from incomplete growth of the lateral palatine shelves towards the 
midline: Characteristics include: 

1. Failure of each palatine shelves to fuse with each other posteriorly. 

2. Failure of the palatine shelves failure to fuse anteriorly with the primary palate. 

3. Failure to fuse with the nasal septum (Fig 5.6). 

4. A complete cleft palate extends from the soft palate to the incisive canal. 

5. Cleft palates can occur with or without cleft lips and are more common in females.



THORAX 
and Autonomic

Nervous System

6

Describe the subdivision of the thoracic cavity into a central mediastinum housing the heart and 
related structures, and two lateral spaces housing the lungs and pleural membranes. 

Describe the lymphatics draining the mammary gland and their role in metastatic spread of cancer.

Describe the development of the respiratory system and  common developmental defects of lungs 
including their clinical presentations and the mechanisms responsible for these defects.

Describe the pleural membranes, pleural cavity, and pleural recesses. Be able to project the positions 
of the pleural recesses to the body surface. Describe the structural features of the two lungs and be 
able to project their position to the anterior chest wall by relating their positions relative to the ribs.

Describe the development of the heart and describe common developmental defects of the 
cardiovascular system, recognize their clinical presentations, and describe the mechanisms 
responsible for these defects.

Describe the external features of the adult heart and be able to project the position of the heart, 
its chambers, valves, and great vessels to the anterior chest wall, relating their positions to the 

sternum and the ribs. 

Describe the structure, function, and location of the coronary circulation and cardiac 
conduction system.

Review the functional organization of the autonomic nervous system, including visceral 
visceral efferent pathways.

Define the different types of motor ganglia and their role in the autonomic nervous 
system.

Describe the functional organization and the distributions of the sympathetic and 
parasympathetic divisions of the autonomic nervous system.

Objectives
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THORAX AND AUTONOMIC NERVOUS SYSTEM
General Introduction
The thorax houses and protects the heart, lungs, and great vessels. It plays a principle 
role in respiration, and acts as a conduit for structures passing between the neck and 
abdomen. The thorax contains two essential organs, the heart and lungs. Not to dismiss 
the importance of the function of other thoracic structures such as the esophagus 
(delivery of nutrition) or thoracic duct (returning tissue fluid to the systemic circulation), 
but the most important functions of the organs in the thorax are delivery of O2 required 
for tissue metabolism to cells of the body and the removal of the CO2 that is generated 
by metabolic activity.

The Thoracic Wall
Breast
The mammary gland (or breast) lies in the superficial cutaneous layer overlying ribs 
2-6 and the pectoralis major muscle (Figure 6.1A). The breast is a modified sweat gland 
consisting of fatty adipose tissue interspersed with lobular milk glands and ducts. The 
axillary tail of the breast extends laterally into the axillary region. The lobular glands drain 
into a series of lactiferous ducts (~15-20) which converge onto the nipple. The breast 
tissue is supported by connective tissue septi called suspensory ligaments (of Cooper) 
which extend from the deep fascia overlying the pectoralis major to the undersurface of 
the skin. 

Blood Supply of the Breast
Blood supply to the breast is provided primarily via branches of the internal thoracic 
artery medially and the lateral thoracic artery laterally. The lateral thoracic artery lies in 
close proximity to the long thoracic and thoracodorsal nerves on the anterolateral chest 
wall.

Lymphatics of the Breast
Lymph drainage from the breast is complex and may facilitate the spread of cancer. 
The main regional filtering stations are either the axillary nodes (located in the armpit) or 
parasternal lymph nodes (located along the lateral edges of the sternum) (Figure 6.1B).

1. The axillary nodes (humeral, subscapular, pectoral, central and apical) of the armpit 
receive drainage from the lateral 3/4 of the breast including the nipple region.

2. Parasternal nodes receive drainage from the medial 1/4 of the breast. These 
nodes are distributed along either side of the sternum, and they communicate with 
mediastinal channels and lymphatics of the opposite breast.
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Clinical Correlations:
1. Breast cancer. Most adenocarcinomas of the breast begin in the lactiferous ducts 

and may spread into the retromammary space between the breast tissue and the 
deep fascia overlying pectoralis major. The upper, lateral aspect of the breast is the 
most often involved. Tumors in the breast put tension on the Cooper’s ligaments 
causing them to pull on the undersurface of the skin, giving the breast a pitted 
appearance with an “orange peel” texture (peau d’orange) that is often indicative of 
advanced breast cancer.

B.   Lymphatics of Mammary Gland

Retromammary space

Lactiferous ducts

Lactiferous glands

Suspensory ligaments
(Cooper)

Pectoralis major muscle

Fatty tissue

Internal thoracic nodes
(Parasternal)

Apical nodes

Subclavian nodes

Axillary nodes

Brachial nodes (lateral)

Subscapular nodes
(posterior)

Pectoral nodes (anterior):
sentinel nodes

25%
75%

Ribs

A.   Mammary Gland Structure

Figure 6.1   Structure and Lymphatics of Mammary Gland
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2. Metastatic spread of breast cancer. 

A. The axillary nodes are usually the first nodes affected by metastasizing tumor 
cells originating from the lateral 3/4 of the breast. The pectoral nodes are first in 
line to receive lymph from this part of the breast tissue. Therefore, the pectoral 
nodes act as sentinel nodes for the spread of cancer to the axillary region. 
Cancer cells following this path usually will not involve the contralateral breast. 

B. Parasternal nodes are usually the first nodes affected by metastasizing tumor 
cells originating from the medial 1/4 of the breast. These nodes are distributed 
along either side of the sternum, and they communicate with mediastinal 
channels and lymphatics of the alodomen and opposite breast. This path puts 
the contralateral breast at risk for metastasis.

3. Mastectomy. Surgical approache to remove breast tissue require that the primary, 
lateral blood supply (lateral thoracic artery) be ligated. There is a risk of damage 
to nerve structures on the anteriolateral chest wall. The close proximity of the long 
thoracic and thoracodorsal nerves to the lateral thoracic artery may result in 
damage to the nerves as the vessel is ligated. 

A. Damage to the long thoracic nerve (innervates the serratus anterior) presents 
clinically as winged scapula with a significant weakness in vertical abduction 
of the limb.

B. Damage to the thoracodorsal nerve (innervates latissimus dorsi) will present 
clinically as weakness in extension and medial rotation of the arm.

Bony Thorax
The bony thorax consists of 12 pairs of ribs, 12 thoracic vertebrae and their associated 
intervertebral discs, and the sternum. (Figure 6.2). Ribs attach to parts of the sternum via 
costal cartilage, The costal cartilages of ribs 1-7 attach to the sternum directly, so these 
are called true ribs. Ribs 8-10 are called false ribs, because their cartilages attach to the 
sternum via the costal cartilage of the rib above. The 11th and 12th ribs have cartilaginous 
tips, but they do not attach to the others. These are called floating ribs.

Sternal Angle: 2nd rib

Body

Xiphoid process

Thoracic vertebrae

Manubrium

Tv 1

Intercostal space

Costal cartilage

Costal margin

1

2

3

4

5

6

7

8
9
10

11

12

Transverse thoracic plane:
(sternal angle to T4 disc) 

Superior thoracic
aperature (Site of thoracic

outlet syndrome)

Figure 6.2   Bony Thorax
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1. The sternum is comprised of the manubrium, body, and xiphoid process. The 
junction between the manubrium and the body of the sternum is referred to as the 
sternal angle (of Louie). The sternal angle is on the same horizontal plane as the 
T4 intervertebral disc. This plane (transverse thoracic plane) will be an important 
anatomical landmark for locating visceral structures within the thorax. The junction 
of the body of the sternum and the xiphoid process is referred to as the xiphisternal 
junction.

2. The thoracic inlet, or superior thoracic aperture, is bounded by the 1st thoracic 
vertebrae, the 1st ribs, and the manubrium of the sternum. The superior aspects of the 
lungs, and the membranes that cover them, project up through the superior thoracic 
aperture into the neck.

3. The thoracic outlet, or inferior thoracic aperture, is bounded by the xiphoid process, 
costal arch, the 11th and 12th ribs, and the 12th thoracic vertebra. This aperture is closed 
off from the abdomen by the diaphragm.

Clinical Correlation:
1. Counting ribs. The sternal angle forms a palpable ridge on the upper aspect of the 

anterior chest wall that facilitates counting of the ribs and the interspaces between 
them. The costal cartilage of rib 2 articulates with the sternum at the sternal angle. 
Once rib 2 is identified, you can continue to count ribs and intercostal spaces as you 
descend the chest wall. Rib 1 articulates with the manubrium deep to the clavicle and 
is usually not palpable. Palpating the sternal angle also allows for the approximation 
of the transverse thoracic plane. 

2. Rib fractures. Rib fractures usually occur at the angle of the rib. Single rib fractures 
are of little significance beyond the fact that they are extremely painful. With severe 
trauma, however, multiple rib fractures may be present. If enough ribs are broken, a 
loose segment of chest wall (called a flail segment) is produced. When the patient 
inhales deeply, the flail segment moves in the opposite direction to the chest wall, 
preventing full lung expansion and creating a paradoxically moving segment that is 
visible on examination.

3. Thoracic outlet syndrome. This is a term used to describe symptoms resulting from 
compression of brachial plexus structures (particularly the T1 ventral ramus) as they 
pass over the first rib and into the axillary space. There are several ways in which this 
type of compression might occur. Among these are the presence of a cervical rib, or 
the presence of a mass (e.g. Pancoast tumor) in the apex of the lung.
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Intercostal Spaces
The space between each pair of adjacent ribs is the intercostal space. There are 11 
intercostal spaces that are numbered according to the rib above.

1. The intercostal spaces are filled by 3 flat layers of intercostal muscles (Figure 6.3).

2. These three layers are arranged with alternating fiber directions to help provide 
structural support for the intercostal spaces during respiration. They also function 
collectively to move the ribs during respiration.

3. The intercostal spaces receive their neurovascular supply via the intercostal 
neurovascular bundle. This bundle consists of an intercostal vein, intercostal artery, 
and an intercostal nerve.

4. This neurovascular bundle lies in the costal groove which is located at the inferior 
edge of the upper rib (Figure 6.3). These neurovascular structures are arranged in the 
order listed above from superior to inferior. The mnemonic “VAN” (vein, artery, nerve) is 
often used to remember this arrangement.

5. Most of the anterior intercostal arteries arise as branches from the internal thoracic 
artery. The posterior intercostal arteries arise as branches from the descending 
thoracic aorta.

6. The posterior intercostal veins drain into a network of veins on the posterior thoracic 
wall called the azygos venous system. The anterior intercostal veins drain into the 
internal thoracic veins which parallel the same named arteries.

7. The intercostal nerves are just the ventral primary rami of spinal nerves T1-T11. They 
convey sensory (GSA) and motor (GSE) innervation to the intercostal spaces. The 
T1 ventral primary ramus supplies the first intercostal space, and so on. The ventral 
primary ramus of T12 is the subcostal nerve, which supplies the territory immediately 
below the 12th rib.

8. Deep to the intercostal spaces and ribs, the entire thoracic wall is lined internally by a 
layer of loose connective tissue called endothoracic fascia.

Costal groove

Internal intercostal muscle

Innermost intercostal muscle

Skin
Superficial fascia

External intercostal muscle

Endothoracic fascia

Intercostal nerve
Intercostal artery
Intercostal vein

Parietal pleura

Visceral pleura

Pleural cavity
Lung

V

A
N

Neurovascular bundle:

Intercostal muscles:

Figure 6.3   Intercostal Spaces
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Clinical Correlation:
1. Anesthesia. Intercostal nerve block is often necessary in patients with chest trauma 

or in those patients requiring anesthesia for a thoracotomy, mastectomy, or upper 
abdominal surgical procedure. The position of the neurovascular bundle determines 
the location where you would insert the needle containing anesthetic. In this case,  
you want to administer the anesthetic as close to the intercostal nerve as possible,  
so the needle is inserted at the upper margin of the intercostal space near the costal 
groove. 

2. Thoracotomy. Removal of excess fluid from the pleural cavity is usually accomplished 
by making an incision in the chest wall (thoracotomy) for the insertion of a chest tube 
or needle to drain the fluid. In this case, the incision is made in the lower aspect of the 
intercostal space to avoid damage to the neurovascular bundle.

Subdivisions of the Thorax Cavity
The thoracic cavity is the space contained within the bony thorax. The cavity is divided 
into three compartments. There is a central compartment called the mediastinum and 
two lateral compartments (Figure 6.4).

1. The lateral compartments house the lungs and the pleural membranes. The lateral 
thoracic compartments are bound laterally by the ribs and intercostal spaces, 
inferiorly by the diaphragm, and medially by the mediastinal region. The superior 
aspects of the lateral compartments extend up through the superior thoracic 
aperture.

2. The mediastinum comprises the central region of the thorax. It lies between the two 
lateral compartments and extends from the sternum anteriorly, to the bodies of the 
thoracic vertebrae posteriorly, and from the superior thoracic aperture superiorly to 
the diaphragm inferiorly. The mediastinum houses the heart, pericardial membranes, 
and other structures passing between the neck, upper extremity, and/or abdomen.

Right lateral
compartment Mediastinum

Left lateral
compartment

Pleural Membranes

Left LungRight Lung

Figure 6.4   Subdivisions of Thoracic Cavity
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Lateral Compartments and Lungs
Respiratory System Development
The lungs & lower respiratory tract develop from an endodermal bud off the esophagus 
(Figure 6.5A). The lungs and lower respiratory tract begin their development from a single 
respiratory diverticulum off the endodermal lining of the esophagus beginning in the 4th 
week. This respiratory diverticulum elongates to form the lung bud. 

1. The lung bud quickly bifurcates into a double bud that will form the right and left lungs 
and respiratory trees. Multiple divisions occur over the course of several weeks of 
development to form an elaborate respiratory tree.

2. By the 25th week of development, 17-18 generations of branching have formed and the 
type I and type II pneumocytes are adequately developed and producing enough 
surfactant to allow gas exchange.

3. Because the respiratory system develops from the foregut, there is initially an open 
communication between the developing respiratory and gastrointestinal systems. 
The communication is closed by the formation of the tracheoesophageal septum  
(TE Septum, mesoderm) which will separate the foregut from the trachea.

Clinical Correlation:
1. Premature Birth. By 25-26 weeks of gestation, the lungs are sufficiently developed 

to allow gas exchange. An infant born prematurely after this point in development 
has a good chance of survival with proper neonatal care. The amount of surfactant 
produced is critical to their survival.

Figure 6.5A   Development of Lungs

Foregut

Respiratory
diverticulum
Right lung bud

Site of tracheoesophageal
septum

Left lung bud

Lung bud

Pharynx
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Lung bud
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2. Tracheoesophageal Fistula. The most commonly occurring newborn defect of the 
respiratory system is tracheoesophageal fistula (TE fistula, Figure 6.5B). This occurs 
when the TE septum forms incorrectly resulting in an abnormal communication 
between the respiratory system and the esophagus.

• The most common type of TE fistula is characterized by esophageal atresia 
(where the proximal esophagus ends in a blind pouch). The distal portion of the 
esophagus is usually connected to the trachea near the carina. This condition is 
characterized by polyhydramnios (too much amniotic fluid) during fetal life, since 
the defect will interfere with the ability of the fetus to swallow amniotic fluid.

• The newborn will immediately regurgitate when he attempts the first feeding. The 
milk will simply ooze right back out after it reaches the blind sac. Note, this is not 
projectile vomiting. Additionally, when the newborn burps, gastric contents may 
be refluxed from the distal esophagus into the tender newborn lungs (aspiration 
pneumonia).

• This is repaired surgically as quickly as possible, to avoid damage to the lungs due 
to reflux of stomach acids and to ensure adequate nutrition.

3. Pulmonary Hypoplasia. Pulmonary hypoplasia refers to underdevelopment of the 
lungs. This usually occurs secondary to a congenital diaphragmatic hernia (results 
in the herniation of abdominal viscera into the thorax) or secondary to bilateral renal 
agenesis (accompanied by oligohydramnios which causes increased pressure on 
the thoracic wall, pulmonary hypoplasia, and other defects collectively described as 
Potter’s sequence). Pulmonary hypoplasia results in a decrease in lung volume and is 
life threatening.

4. Respiratory distress syndrome. Common in premature births and is the cause of the 
majority of premature births.There are inadequate levels of surfactant.

Proximal blind part of esophagus
(Esphageal atresia)

Tracheoesophageal fistula

Distal part of esophagus

Trachea

Tracheal bifurcation
Bronchi

Figure 6.5B   Tracheoesophageal Fistula
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Anatomy of the Adult Lung
The lungs occupy the lateral compartments on either side of the mediastinum. Each 
lung is covered by its own set of pleural membranes as described below. The purpose of 
the lungs is to provide oxygen to supply the metabolic needs of the body tissues and to 
remove the CO2 produced by this metabolic activity.

1. Each lung has the geometric shape of a half-cone (Figure 6.6). The base (or 
diaphragmatic surface) sits on the dome of the diaphragm. The apex (or cupola) 
of the lung projects up through the superior thoracic aperture and into the neck. 
The costal surface of the lung faces the ribs and intercostal spaces of the thoracic 
wall. The mediastinal surface faces medially and contains the hilum (or root) of the 
lung through which structures enter and leave the lung. Entering or exiting the lung 
at its hilum, are the pulmonary artery (carrying deoxygenated blood to the lungs), 
pulmonary veins (carrying oxygenated blood to the heart), a main (or primary) 
bronchus, bronchial vessels, autonomic nerves, and lymphatic vessels.

2. The right lung is larger and has three lobes (superior, middle, and inferior), which are 
separated by two fissures (horizontal and oblique). The horizontal fissure separates 
the superior lobe from the middle lobe. The oblique fissure separates the inferior lobe 
from the middle lobe.

3. The left lung is smaller because it has given up some space in the thoracic cavity to 
the heart. The left lung has only two lobes (superior and inferior), which are separated 
by a single fissure (oblique). The oblique fissure of the left lung separates the superior 
lobe from the inferior lobe. A tongue-like extension called the lingula extends from the 
lower part of the superior lobe and projects anterior to the pericardium. The lobes are 
further divided into branchopulmonary segments.

4. Right and left primary and secondary bronchi are the first two divisions of the 
respiratory tree. The right bronchus is more vertical than the left.

Horizontal fissure
(4th rib)

Oblique fissure
(6th rib)

Oblique fissure

Middle lobe

Inferior lobe
Inferior lobe

Superior lobe Superior lobe

Primary branchi

Cardic notch

Lingula

Pleural cavity

Figure 6.6   Lung Anatomy
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Clinical Correlation:
1. Foreign Object Aspiration. The right main bronchus is larger, straighter, and more of a 

direct continuation of the trachea than is the left main bronchus (Figure 6.6). For these 
reasons, aspirated foreign objects will more often enter the right main bronchus 
than the left. When a person is vertical, an aspirated object usually falls into the right 
primary bronchus and lodges in the posterior basal bronchopulmonary segment of 
the right inferior lobe. When the person is lying supine, the object usually lodges in the 
superior bronchopulmonary segment of the right inferior lobe.

2. Surface Anatomy. The positions of the lobes of the lungs can be projected onto the 
surface of the chest wall using certain ribs and interspaces as guides (Figure 6.7A  
and 6.7B).

a. On both the left and right sides, the oblique fissure follows the contour of the 6th rib 
on the anterior chest wall. 

b. The horizontal fissure of the right lung follows the contour of the right 4th rib on the 
anterior chest wall.

c. On the right side at the midclavicular line, the superior lobe of the right lung is found 
deep to interspaces 1-3. The middle lobe is found deep to interspaces 4 and 5. The 
inferior lobe has little or no anterior surface projection at the midclavicular line.

d. On the left side at the midclavicular line, the superior lobe of the left lung is found 
deep to interspaces 1-5. The inferior lobe has little to no anterior surface projection 
at the midclavicular line. The inferior lobes of both lungs have greater surface 
representation on the posterior chest wall deep to interspaces 6-9).

e. These surface anatomy projections will be important in determining where to 
place the stethoscope to hear lung sounds from individual lobes, and in the 
evaluation of penetrating chest wounds.

3. Auscultation of the Lungs. 

a. Breath sounds from the superior lobe of each lung can be auscultated on the 
anterior chest wall above the 4th rib, near the midclavicular line. 

b. Breath sounds from the middle lobe of the right lung can be auscultated on the 
anterior chest wall between ribs 4 and 6 at the midclavicular line. 

c. Breath sounds from the posterior lobes of both lungs can be auscultated on the 
posterior chest wall between the 6th and 10th ribs, near the paravertebral line.
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A.   Anterior View

B.   Dorsal View

Figure 6.7   Projection of Lungs to Body Surface
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Lymphatic Drainage of the Lungs
1. The lymphatic drainage of the lungs is complex (Figures 6.8 and 6.9). Superficial 

(deep to visceral pleura) and deep (bronchi) lymphatic channels drain into 
bronchopulmonary nodes near the hilum.

2. Bronchopulmonary nodes drain into tracheobronchial nodes at the bifurcation of the 
trachea. From the tracheobronchial nodes, lymphatic channels ascend on either side 
of the trachea to reach the bronchomediastinal nodes and trunks.

3. On the right, the bronchomediastinal trunk drains into the right lymphatic duct. On 
the left, the bronchomediastinal trunk drains into the thoracic duct. 

4. Lymphatics from some parts of the left inferior lobe cross over and follow the right 
lymphatic pathway.

5. Lymphatics from the inferior lobes of both lungs may also drain through the 
diaphragm into abdominal nodes.

Clinical Correlation:
Metastasis of lung cancer. The patterns of lymphatic drainage described above can 
result in the metastasis of tumor cells from the left inferior lobe to the right lung, or from 
either inferior lobe to the abdomen.

Right bronchomediastinal
trunks to right lymphatic duct Left bronchomediastinal

trunk to thoracic duct

Tracheobronchial 
nodes (Carinal)

Bronchopulmonary
nodes (Hilar)

Bronchomediastinal
nodes (paratracheal)

Carina

Figure 6.8   Lymphatics of the Lungs
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Right
lymphatic duct

Thoracic duct

Area drained by
right lymphatic duct

Area drained by
thoracic duct

Right
lymphatic duct

Thoracic duct

Area drained by
right lymphatic duct

Area drained by
thoracic duct

Figure 6.9   Drainage of Thoracic and Right Lymphatic Ducts

A

B

1. Thoracic duct drains lymph from left upper limb, left side of head, left side of thorax, 
and all body below the diaphragm.

2. Right lymphatic duct drains lymph from the right upper limb, right thorax, and right 
side of head.
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Pleural Membranes and Pleural Cavity
Each of the body cavities contains a double-wall serous membrane that covers the lungs 
(pleura), heart (pericardium) and abdominal viscera (peritoneum), respectively. 

• These membranes serve to reduce friction so that these viscera can move relative 
to one another and the body wall without damage.

• Each of these membranes is formed by an outer parietal layer that is continuous 
with an inner visceral layer.

• A thin cavity containing serous fluid is present between the parietal and serous 
layers.

1. Each lung is covered by a double-layered pleural membrane comprised of parietal 
and visceral pleura (Figure 6.10). The pleural membranes form a closed sac into which 
the lungs grow during development. 

2. The visceral layer of pleura adheres directly to the surface of the lung. 

3. The parietal layer of pleura lines the walls of the lateral compartment. The two layers 
are continuous with one another at the hilum of the lung.

4. Between the two layers is a potential space called the pleural cavity. Negative 
pressure develops in the pleural cavity during respiration to keep lungs inflated. The 
pleural cavity is quite small, and normally only contains a small amount of serous 
fluid. As a result, the surface of the lung which is covered by visceral pleura, directly 
opposes and slides freely relative to the parietal pleura that lines the walls of the 
lateral compartment, preventing damage to the lungs as they expand and contract 
during respiration. Lungs are not in the pleural cavity.

5. The parietal pleura is more complex than the visceral pleura. It is commonly 
subdivided into four types of parietal pleural depending upon which wall of 
the lateral compartment it is lining. The four types of parietal pleura are costal, 
diaphragmatic, mediastinal, and cervical (Figure 6.10). The costal parietal pleural lines 
the ribs and intercostal spaces. The diaphragmatic parietal pleura lines the superior 
surface of the diaphragm. The mediastinal parietal pleura lines the mediastinal 
surface. The cervical parietal pleura (or cupola) forms a dome over most superior 
aspect of the lung. This is the part of the pleural membrane that extends up through 
the superior thoracic aperture as mentioned earlier.

Innervation of pleura
The parietal pleura receives somatic innervation from the intercostal nerves (costal 
pleura) and the phrenic nerve (C3,4,5, mediastinal and diaphragmatic pleura). Parietal 
pleurae are highly sensitive to pain. The visceral pleura receives innervation from visceral 
autonomic nerves. Pain is generally not elicited from this tissue.
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Clinical Correlation :
1. Pleurisy. The term pleurisy (pleuritis) refers to inflammation of the pleural layers 

that may result in the formation of adhesions between the two layers. Somatic pain 
develops in the parietal pleura during inspiration when tension is placed on the 
adhesions. Parietal pleura is very sensitive to pain. Inflammation of the visceral layer 
will not produce pain.

2. Referred Pain. Pain from the parietal pleura is often referred to the dermatomes 
associated with the nerves supplying the GSA sensory innervation. 

a. In the case of the costal parietal pleura, pain is referred to the lateral thoracic wall 
in the dermatomes corresponding to intercostal nerves that supply that section of 
parietal pleura. 

b. In the case of diaphragmatic and mediastinal parietal pleura, pain is felt in the C 
3-4-5 dermatomes of the lateral neck, supraclavicular region, and shoulder.

Cervical pleura

Mediastinal part

Costal part

Diaphragmatic part

Visceral pleura
(Painless)

Diaphragm

Parietal pleura

Parts of Parietal pleura
(Somatic pain)

Hilum of lung
(site of entry of root of lung)

Mediastinum
(contains heart)

Pleural cavity
(Serous fluid)

Costodiaphragmatic recess

Figure 6.10   Pleura
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Pleural Recesses
Pleural recesses are narrow, potential spaces within the pleural cavity. These potential 
spaces exist between adjacent layers of parietal pleural that oppose one another when 
the lung is not fully inflated (Figure 6.11).

1. Anteriorly, there is a costomediastinal recess on each side where the costal pleural 
is opposed to the mediastinal pleura. On the left side, the lingula of the lung fills this 
recess during deep inspiration.

2. The costodiaphragmatic recess (CDR) is found at the base of each lung, where the 
diaphragmatic and costal parietal pleura oppose one another. This space is more 
expansive and more clinically relevant because this is where excess pleural fluid (or 
other fluid) will collect in a patient.

a. The costodiaphragmatic recesses span a two-rib interval of separation between 
the inferior extent of the lungs which is covered by visceral pleura, and the inferior 
extent of parietal pleural. You can map the positions of these two-rib intervals at 
the midclavicular, midaxillary, or midscapular lines.

b. Anteriorly, at the midclavicular line, the costodiaphragmatic recess is found 
deep to intercostal spaces 6 and 7. Laterally, at the mid-axillary line the 
costodiaphragmatic recess is found deep to intercostal spaces 8 and 9. 
Posteriorly, at the scapular line the costodiaphragmatic recess is found deep to 
intercostal spaces 10 and 11 (see Table 6.1).

Table 6.1: Surface Projections of the Costodiaphragmatic Recesses

Reference Line Inferior Extent of Lung
& Visceral Pleura

Inferior Extent of
Parietal Pleura

Location of
Costodiaphragmatic Recess

Midclavicular Line

Midaxillary Line

Midscapular Line

Rib 6

Rib 8

Rib 10

Rib 8

Rib 10

Rib 12

Deep to IC Spaces 6 and 7

Deep to IC Spaces 8 and 9

Deep to IC Spaces 10 and 11

CDRCDR CDRCDR CDRCDR
66

88

88

1010

66

88

1010

1212

A. Midclavicular line B. Midaxillary line C. Midscapular line

Figure 6.11   Pleural Spaces
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Clinical Correlations :
1. Pleural Effusion. A pleural effusion occurs when excess fluid accumulates within the 

costodiaphragmatic recess (Figure 6.12). Fluids (excess serous fluid, pus, blood, etc.) 
may accumulate in this space as a consequence of infection, malignancy, cardiac 
failure, hepatic disease, or pulmonary embolism. As the fluid accumulates within the 
pleural space, the underlying lung is compromised and may collapse as the volume 
of fluid increases. Once pleural effusion has been diagnosed, you will often need to 
aspirate the fluid to determine the cause and reduce pressure on the lung.

2. Thoracocentesis. In order to aspirate fluid from this space, an aspiration needle is 
inserted through the intercostal space overlying the costodiaphragmatic recess 
using the surface projections above (Figure 6.13B, Table 6.1). The needle is inserted 
closer to the border of the lower rib of the intercostal space, in order to avoid damage 
to the neurovascular bundle which lies in the costal groove. Contrast this with the 
needle location for chest wall anesthesia as described previously. If excess fluid levels 
are large, sometimes an incision is made (thoracotomy) for the insertion of a chest 
tube to drain the excess fluid.

Lung

Visceral pleura

Pleural cavity

Parietal pleura

Costodiaphragmatic
recess
Diaphragm

Fluid in pleural cavity

Costal parietal pleura

Diaphragmatic
parietal pleura

Diaphragm

Liver

Lung

Figure 6.12   Pleural Spaces
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Fluid in pleural cavity
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Diaphragmatic
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Diaphragm

Liver
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Figure 6.13A   Pleural Effusion and Thoracocentesis
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3. Pneumothorax. A pneumothorax refers to an injury to the chest wall or lung that 
allows air to enter the pleural cavity (Figure 6.13A). If air enters the pleural cavity, the 
negative pressure is lost on the affected side, and the lung will collapse. The patient 
will experience compromised breathing and shortness of breath, and potentially 
reduced cardiac output. There are three types of pneumothorax as described below:

a. Open pneumothorax occurs when the pleural cavity is open to the outside 
atmosphere following a smooth, penetrating chest wound. The negative pleural 
pressure is lost, and the lung on the damaged side will collapse. During inspiration, 
air is sucked into the pleural cavity, pushing the heart and other mediastinal 
structures toward the opposite side (cardiac shift) and compressing the other 
lung. During expiration, air is expelled back through the open wound and the 
mediastinal structures and the opposite lung will shift back into their normal 
positions. Open pneumothorax is characterized by decreased breath sounds and 
radiolucency on the affected side. This is usually not life-threatening.

b. Closed (or tension) pneumothorax occurs when a piece of tissue obstructs 
the internal surface of the wound allowing air to enter the pleural cavity during 
inspiration. During expiration, the inspired air is trapped and cannot escape the 
pleural cavity because the tissue over the wound acts like a one-way valve. 
With each inspiration, the pleural pressure builds and pushes the collapsed lung 
and other mediastinal structures to the opposite side. Closed pneumothorax is 
characterized by severely decreased cardiac output and respiratory function, 
often accompanied by tracheal deviation as seen in radiograph. This can be     
life-threatening.

c. Spontaneous pneumothorax occurs internally when a bleb on the surface of the 
lung ruptures, causing the lung to collapse as air enters the pleural cavity from 
the lung. The most common site for spontaneous pneumothorax is on the superior 
lobe of the lung.

Normal
airflow
during

inspiration

Right lung

Left lung

 Normal
airflow
during

expiration

Airflow into
pleural defect
Collapsed lung

Cardiac shift

Airflow out of
pleural defect

"Empty"pleural
cavity at
atmospheric
pressure

Cardiac shift
back to home position

Pleural defect
during
inspiration

Positive
pressure in
pleural cavity

Collapsed
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One-way
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Cardiac shift
persists

Normal Open
Pneumothorax

Closed
Pneumothorax

Figure 6.13B   Pneumothorax
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Mediastinum Divisions
For organizational purposes, the mediastinum is subdivided into several smaller regions 
(Figure 6.14). The transverse thoracic plane (extending from the sternal angle to the 
intervertebral disc between TV4/5) divides the mediastinum into a superior mediastinum 
and an inferior mediastinum.

1. The inferior mediastinum is further divided by the position of the pericardial sac into 
anterior, middle, and posterior mediastina.

• The anterior mediastinum is the region between the sternum and the anterior 
aspect of the pericardial sac.

• The middle mediastinum consists of the pericardial membranes and everything 
intimately attached to or contained within them (heart and great vessels).

• The posterior mediastinum is the region between the posterior aspect of the 
pericardial sac and the bodies of the thoracic vertebrae.

2. The superior, middle, and posterior mediastina are highly relevant for the Step 1 board 
exam. These regions will be discussed in subsequent sections.

Sternal Angle

Anterior
mediastinum

Middle
mediastinum

Superior mediastinum

Divisions of the
Inferior mediastinum

Posterior
mediastinum

Trachea

Esophagus

I
II

III

IV

V

VI

VII
VIII
IX

X

XI

XII

I
II

III

IV

V

VI

VII
VIII
IX

X

XI

XII

Transverse thoracic plane

Figure 6.14   Divisions of the Mediastinum

Major mediastinal contents

1. Superior mediastinum

Arch of aorta and its three 
branches
Brachiocephalic veins
Superior vena cava
Trachea and esophagus
Phrenic and vagus nerves

2. Middle mediastinum
Heart
Great vessels
Pericardium

3. Posterior mediastinum
Descending aorta
Esophagus
Thoracic duct
Azygos vein

4. Anterior mediastinum

Thymus 
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Superior Mediastinum
The superior mediastinum is continuous with the neck superiorly, and with the inferior 
mediastinum inferiorly (Figure 6.14). The relationships between the structures contained 
within the superior mediastinum are critically important to the identification of structures 
in cross-sectional radiographs through the thorax.

Boundaries
The boundaries of the superior mediastinum are as follows:
1. Anterior boundary—manubrium of the sternum
2. Posterior boundary—bodies of thoracic vertebrae 1-4
3. Lateral boundaries—lungs and pleural membranes
4. Superior boundary—superior thoracic aperture
5. Inferior boundary—imaginary line through the transverse thoracic plane

Contents of superior mediastinum
The major contents of the superior mediastinum are listed below. The first 7 items in 
this list have predictable relationships to one another. They are organized, in the order 
listed, from anterior to posterior within the superior mediastinum (Figure 6.15). These 
relationships will be critical to your identification of structures within this region on cross-
sectional radiographic images (see Thorax Imaging Chapter). The remaining contents 
(8 and 9) of the superior mediastinum do not really fall into this anterior-to-posterior 
gradient that we have established.

Left common carotid artery
Left internal jugular vein

Left brachiocephalic vein

Left vagus nerve

Left recurrent laryngeal nerve
Transverse thoracic plane
Left pulmonary veins

Right vagus nerve

Right brachiocephalic vein
Level of rib 1

Level of rib 3

Ligamentam arteriosum

Right phrenic nerve

Azygos vein

Superior vena cava

Right recurrent laryngeal nerve

Right common carotid artery

Right subclavian artery

Brachiocephalic trunk

Ascending aorta

Inferior vena cava

Pulmonary trunk

Left phrenic nerve

Aortic arch

Left subclavian artery

Figure 6.15   Superior Mediastinum

1. Sternum
2. Thymus
3. Brachiocephalic 

veins
4. Aortic arch and 

branches

Ventral to dorsal relationships:
5. Trachea
6. Esophagus
7. Vertebra
8. Phrenic and 

vagus nerves
9. Thoracic nerve
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1. Thymus gland. The thymus gland lies immediately posterior to the manubrium of 
the sternum. It was involved in the early development of the immune system but is 
atrophied in the adult and consists primarily of fatty tissues.

2. Venous plane. The venous plane consists of the right and left brachiocephalic veins, 
and the superior vena cava. Each brachiocephalic vein is formed by the union of 
the internal jugular and subclavian veins posterior to the medial ends of the clavicle. 
The right and left brachiocephalic veins join inferiorly to form the superior vena cava 
posterior to the first costal cartilage. The SVC descends and drains into the right 
atrium deep to the third costal cartilage. The right brachiocephalic vein is oriented 
vertically in the superior mediastinum, but the left brachiocephalic vein crosses the 
mediastinum obliquely from left to right, anterior to the branches of the aortic arch.

3. Arterial Plane. The arterial plane consists of the arch of the aorta and its three 
branches, the brachiocephalic trunk, left common carotid artery and the left 
subclavian artery.

a. The brachiocephalic artery is the first branch off the arch of the aorta. It terminates 
by dividing into the right common carotid artery and right subclavian artery. 

b. The left common carotid artery and the left subclavian artery are the next two 
branches off the arch of the aorta.

c. The arch of the aorta is the distal continuation of the ascending aorta (located in 
the middle mediastinum). It leaves the superior mediastinum as the descending 
thoracic aorta. The arch itself both begins and ends at the transverse thoracic 
plane and is therefore entirely contained within the superior mediastinum.

d. The superior vena cava descends to the right side of the arch of the aorta, 
whereas the left brachiocephalic vein is immediately anterior to the three 
branches of the arch.

e. The aortic arch is inferior to the left brachiocephalic vein and the three 
branches of the aortic arch are posterior to the left vein

f. Related to the arch of the aorta is the ligamentum arteriosum. The ligamentum 
arteriosum is a fibrous band that connects the inferior part of the aortic arch to the 
pulmonary trunk. It is the adult remnant of the ductus arteriosus (described later). 

4. Trachea. The trachea is a midline structure that is palpable at the jugular notch. 
The trachea begins at the distal end of the larynx and terminates at the transverse 
thoracic plane by dividing into the right and left main (or primary) bronchi at the 
carina. The trachea is held open by the presence of C-shaped cartilaginous rings 
embedded in its wall. The open part of the C faces posteriorly and the gap is filled in 
by connective tissue. The trachea is another structure that is entirely contained within 
the superior mediastinum.

5. Esophagus. The esophagus is a muscular tube that connects the pharynx superiorly, 
to the stomach inferiorly. The esophagus faces the open part of the C-shaped 
cartilages of the trachea. This arrangement is important, because it allows the 
esophagus to expand each time a bolus of food or liquid passes through it. The 
esophagus lies just anterior to the vertebral bodies of TV1-4.
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6. Right and left vagus nerves. The vagus nerves (CN X) descend through the superior 
mediastinum, however, they are not symmetrical on the right and left sides. 

a. The left vagus nerve descends between the left common carotid and left 
subclavian arteries, then crosses the left side of the aortic arch. As the left vagus 
nerve passes the arch of the aorta, the left recurrent laryngeal nerve branches 
off and passes deep and posterior to the ligamentum arteriosum at the inferior 
edge of the arch. The left recurrent laryngeal nerve then ascends back up to the 
neck just lateral to the trachea. to innervate the larynx.

b. The right vagus nerve descends between the right brachiocephalic vein and the 
brachiocephalic trunk. 

c. The right recurrent laryngeal nerve branches off higher in the neck and is NOT 
one of the contents of the superior mediastinum.

d. The right and left recurrent laryngeal ascend the neck deep to the thyroid gland.
The two nerves then enter the larynx where they innervate all the muscles & the 
larynx except for the cricothyroid muscle.

e. Both vagus nerves leave the superior mediastinum by passing posterior to the hila 
of the lungs to reach the posterior mediastinum.

7. Right and left phrenic nerves. The phrenic nerves (C3, 4, 5) are more lateral, 
relative to the vagus nerves. They pass through the superior mediastinum to 
reach the diaphragm. Both phrenic nerves leave the superior mediastinum by 
passing anterior to the hila (root) of the lungs.

8. Thoracic duct. The superior end of the thoracic duct terminates in the superior 
mediastinum by emptying into the junction of the left internal jugular and left 
subclavian veins.

9. Azygos Vein. The termination of the azygos vein (arch of the azygos vein) drains into 
the superior vena cava in the superior mediastinum near the transverse thoracic 
plane.

Clinical Correlation :
Compression of the left recurrent laryngeal nerve.

The left recurrent laryngeal nerve may be compressed along its course between the 
pulmonary artery and the arch of the aorta in a patient with pathologies in this region  
(i.e. aortic aneurysm, pulmonary cancer). The patient presents with paralysis of the left 
vocal fold and hoarseness of the voice. The right vocal fold is not involved because the 
right recurrent laryngeal nerve is not located in the superior mediastinum. Both nerves 
are at risk with surgical procedures involving the thyroid gland.
Inferior Mediastinum
The inferior mediastinum is further divided by the position of the pericardial sac into 
anterior, middle, and posterior mediastina (Figure 6.14).
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1. Anterior Mediastinum
The anterior mediastinum is inferior to the transverse thoracic plane. It is the narrow 
space between the body of the sternum and the pericardium. It contains the thymus 
and a few other structures that will not be described further. The middle, and posterior 
mediastina are highly relevant for the Step 1 board exam.

2. Middle Mediastinum
The middle mediastinum is inferior to the transverse thoracic plane. It consists of the 
pericardial membranes and everything intimately attached to or contained within them. 
The most significant structures within the mediastinum are the 3 great vessels (superior 
vena cava, ascending aorta and the pulmonary trunk) and the heart itself. This section 
will discuss the embryologic development of the heart and then describe the anatomical 
features of the adult heart. Both of these topics should be considered hi-yield for the Step 
1 board exam.

3. Posterior Mediastinum
The posterior mediastinum is inferior to the transverse thoracic plane. It is the space 
between the pericardium and the thoracic vertebrae. Its contents will be discussed later.
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Contents of the Middle Mediastinum
The contents of the middle mediastinum include the pericardial membranes, the three 
great vessels and the heart.

Pericardial Membranes
The heart is surrounded by the pericardial membranes (Figure 6.16). The pericardium 
is the second of three sets of serous membranes associated with the body cavity. The 
pericardium is a fibro-serous sac surrounding the heart and the origins of the great vessels. 
It is similar to the pleural membranes in concept, but there are some important distinctions. 

The pericardium consists of three layers rather than two. These layers are the :

1. Fibrous pericardium. The outermost layer is the fibrous pericardium (Fig. 6.16 ). The 
fibrous pericardium is attached inferiorly to the central tendon of the diaphragm. 
Superiorly it blends with the external connective tissue (adventia) of the great vessels 
entering and leaving the heart. Anteriorly, the fibrous pericardium is attached to the 
sternum. These attachments are important because they help to retain the position 
of the heart in the thoracic cavity and limit cardiac distension. One consequence of 
the attachment of the fibrous pericardium to the diaphragm is that the heart moves 
up and down in the thoracic cavity with each inspiration and expiration.

2. Serous pericardium. The serous pericardium (Fig. 6.16) is internal to the fibrous 
pericardium and consists of two layers, the parietal serous pericardium and the 
visceral serous pericardium.

• Parietal serous pericardium. The parietal serous pericardium lines the inner 
surface of the fibrous layer.

• Visceral serous pericardium. The visceral serous pericardium adheres to the 
surface of the heart and forms its outer covering. 

3. Pericardial cavity. The visceral and parietal serous layers are continuous with one 
another at the roots of the great vessels as they enter and leave the heart. There 
is a narrow potential space between these two layers, the pericardial cavity. The 
pericardial cavity normally contains a small volume of serous fluid to allow the 
frictionless movement of the heart relative to the surrounding structures.

4. Innervation. The fibrous and parietal serous pericardia receive somatic innervation 
from the phrenic nerve (C3, 4, 5). These layers are highly sensitive to pain. The visceral 
serous pericardium receives innervation from visceral autonomic nerves. Pain is 
generally not elicited from this tissue.

5. Pericardial Sinuses. There are two sinuses associated with the pericardium. The 
transverse pericardial sinus lies between the ascending aorta and pulmonary trunk 
anteriorly and the superior vena cava posteriorly. This sinus is clinically significant 
because a surgeon can place a finger through the sinus to separate the vessels or 
stabilize the heart. The oblique pericardial sinus is a blind cul-de-sac is posterior to 
the base of the heart between the pulmonary veins. A hand placed in this sinus may 
be used to stabilize the heart during surgery.
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Clinical Correlation:
1. Pericarditis. The term pericarditis refers to inflammation of the pericardium resulting 

in pain.

2. Referred Pain. Pain from the fibrous and parietal serous pericardia is often referred 
to the dermatomes served by the phrenic nerve (lateral neck, supraclavicular region, 
and shoulder, C3, 4, 5).

3. Pericardial Effusion. Normally, only a small amount of serous fluid is present in 
the pericardial cavity. However, in some pathological conditions, the space can 
be filled with excess fluid (serous fluid, blood, pus, etc.) resulting in a pericardial 
effusion. Because the fibrous pericardium has little to no elasticity, it cannot expand 
to accommodate a rapid increase of fluid in the pericardial cavity. The resulting 
pressure will be directed internally, compressing the heart and reducing cardiac 
output. This results in a condition known as cardiac tamponade. If not alleviated, 
this will lead to heart failure. Cardiac tamponade presents clinically with the 
following features: muffled heart sounds, jugular venous distension (JVD), and arterial 
hypotension (Beck’s triad).

4. Pericardiocentesis. Excess fluid can be removed by inserting an aspiration needle 
into the pericardial cavity to draw off the excess fluid. This procedure is called 
pericardiocentesis. The needle is usually placed through the 5th IC space, to the left of 
the xiphisternal junction. This will allow the needle to pass through the cardiac notch 
of the left lung to reach the pericardium.

Position of transverse
pericardial sinus

Pericardial cavity

Fibrous pericardium

Parietal layer
(Somatic pain)

Diaphragm

Left phrenic nerves Right phrenic nerves

Visceral layer

Serous pericardium

Figure 6.16   Pericardium
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Figure 6.17   Overview of Adult Heart

Heart
Overview of the Adult Heart
The adult heart is comprised of four chambers (right and left atria, and right and left 
ventricles) that are separated by internal partitions (Figure 6.17). The right and left atria 
are separated from one another by the interatrial septum. The right and left ventricles 
are separated from one another by the interventricular septum. The right atrium 
communicates with the right ventricle through the right atrioventricular aperture 
which is guarded by the right atrioventricular valve (or tricuspid valve). The left atrium 
communicates with the left ventricle via the left atrioventricular aperture which is 
guarded by the left AV (or bicuspid) valve. Flow of blood through the heart is controlled 
by pressure gradients and the function of the two atrioventricular valves and the two 
semilunar valves.
Entering and exiting the heart are eight great vessels:
1. The superior vena cava and inferior vena cava bring deoxygenated blood from the 

periphery into the right atrium. This blood is then pumped into the right ventricle 
through the right AV (tricuspid ) valve. From the right ventricle, the pulmonary 
trunk takes this deoxygenated blood to the lungs via the right and left pulmonary 
arteries for reoxygenation. Flow of blood into the pulmonary trunk is controlled by the 
pulmonary semilunar valve.

2. The pulmonary veins (4) bring re-oxygenated blood from the lungs to the left atrium. 
This blood is then pumped into the left ventricle through the left AV (mitral) valve. The 
ascending aorta sends the re-oxygenated blood out into the periphery to supply the 
tissues of the body via the arch of the aorta and its branches. Flow of blood into the 
ascending aorta is controlled by the aortic semilunar valve.
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Development of the Heart
The cardiovascular system is one of the first systems to begin developing and is one of 
the first major organ systems to become functional. Heart development coincides with 
the development of the nervous system (neurulation) beginning in the latter half of week 
three. The primitive, muscular heart tube will begin having some contractility as early as 
the 23-24th day, and by the end of the 4th week, it is a fairly functional system. This early 
developmental timeline is critical for meeting the extensive oxygen and nutritional needs 
of the developing fetus.

Early Heart Tube Development
1. The cardiogenic mesoderm forms from migrating epiblast cells during gastrulation 

in the first part of week 3. This mesoderm provides the primordial cells of heart 
development. This mesoderm is first seen in an unexpected cranial location, just 
cranial to the neural tube and the future mouth (cardiogenic region). The developing 
heart relocates to the thorax as a consequence of a series of body foldings.

2. By the 19th day, the cardiogenic splanchic mesoderm condenses to form a horse-
shoe shaped tube that will eventually split to form right and left endocardial tubes 
(Figure 6.18). 

3. At the end of the third week, lateral body folding results in the fusion of the right and 
left endocardial tubes into a single, midline embryonic heart tube.

4. Only the caudal end of the embryonic heart tube retains right-left sidedness. 

5. At the same time, head-to-tail folding of the embryo results in the relocation of the 
developing heart first to the neck region and finally into the thorax.

Endocardial tubes

Cut edge of amnion

Neural plate

Cardiogenic mesoderm

Day 18 Day 19 Day 20A B C

Lateral body
polding

Figure 6.18   Early Development of the Endocardial Tubes
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Embryonic heart tube
Once the embryonic heart tube reaches the mediastinum, it elongates and subdivides 
into distinctive regions that communicate openly with one another. The five divisions of 
the embryonic heart tube are (from cranial to caudal): truncus arteriosus, bulbus cordis, 
primitive ventricle, primitive atrium, and sinus venosus (Figure 6.19). The early heart tube 
has little resemblance to the adult cardiac structure described above. The big story of 
week 4, is the transformation of the embryonic heart tube. This transformation occurs via 
cardiac looping and folding of the tube itself. The folding of the heart depends on the 
correct migration of neuro crest cells, especially in the division of the truncus arteriosus.

1. At the beginning of week 4, the heart tube is vertical. By the 23rd day, the embryonic 
heart tube has some contractibility and is moving blood in a caudal to cranial 
direction. The cranial part of the tube represents the arterial outflow, while the caudal 
end of the tube represents the venous inflow. By the end of week 4, the embryonic 
heart has undergone a U-shaped looping and folding that results in the venous 
(atrial) end of the tube (including atria) moving posteriorly, superiorly, and to the right, 
and the arterial (truncal) end of the tube (including ventricles) moving anteriorly, 
inferiorly, and to the left (Figure 6.19).

2. This folding event is responsible for the definitive position of the right and left atria, 
which are more superior and posterior relative to the right and left ventricles (and 
great vessels) which occupy a more anterior, inferior position. The most posteriorly 
positioned part of the developing heart tube will give rise to the left atrium, which 
is the most posterior of the four heart chambers. These are important anatomical 
relationships and landmarks which will help you orient yourself to the position of the 
heart in cross-sectional images (see Thorax Imaging chapter).

Divisions of the embryonic heart tube
Each of the five regions of the embryonic heart tube give rise to specific adult structures 
as detailed in Table 6.2 and the text below.

Arterial
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venosus

4. Primitive
Atrium

Left
ventricle

Dorsal

Left atrium

Ventral

* Down and
Ventral

Up and
dorsal
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Figure 6.19   Embryonic Heart Tube Remodeling in Week Four
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1. Truncus Arteriosus. The truncus arteriosus forms the major outflow tracts of the 
heart (aorta & pulmonary trunk) and their semilunar valves. The truncus arteriosus is 
one of the most important cardiovascular development stories. It is one of two sites 
of neural crest cell migration in the cardiovascular system, and it is often involved in 
newborn cardiovascular defects (described later).

2. Bulbus Cordis. The bulbus cordis forms the smooth walled areas (outflow tracts) of 
the right and left ventricles (conus arteriosus & aortic vestibule).

3. Primitive Ventricle. The primitive ventricle forms the trabeculated parts of the right 
and left ventricles.

4. Primitive Atrium. The primitive atrium forms the trabeculated parts of the right and 
left atria (i.e. the auricles).

5. Sinus Venosus. The sinus venosus is another hi-yield cardiovascular development 
story. The sinus venosus is the only part of the embryonic tube that has distinct 
right-left sidedness from its earliest presentation. The right horn of sinus venosus 
is incorporated into and forms the smooth walled portion of the right atrium (sinus 
venarum). The left horn of the sinus venosus is involved in the formation of cardiac 
veins on the surface of the heart (coronary sinus and the oblique vein of the left 
atrium). 

Note : The truncus, bulbus, primitive ventricle, and primitive atrium must undergo 
septation events in order to form the definitive heart structures.

Table 6.2: Adult Derivatives of the Embryonic Heart Tube

Embryonic Division Adult Structure Undergoes
Septation?

Neural Crest
Cells Involved?

Truncus Arteriosus

Bulbus Cordis

Primitive Ventricle

Primitive Atrium

Right Horn Sinus 
Venosus

Left Horn Sinus 
Venosus

Ascending Aorta 
Pulmonary Trunk
Semilunar Valves

Conus Arteriosus of 
Right Ventricle

Aortic Vestibule of 
Left Ventricle

Trabeculated Parts
of Right and Left 

Ventricles

Trabeculated Parts 
of Right and Left 
Atria (Auricles)

Sinus Venarum 
(Smooth Part of 
Right Atrium)*

Coronary Sinus & 
Other Veins

Yes

Yes

Yes

Yes

No

No

Yes 
• Formation and Spiraling 

of AP Septum

Yes
• Formation of membranous 

part of IV Septum

No

No

Yes
• Formation of IA Septum

No

* Smooth part of the left atrium is formed by the incorporation of pulmonary veins into the atrial wall.
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Overview of Pre- and Postnatal Circulation
Before the septation events are described, we need to understand pre- and postnatal 
circulation. For this discussion, pay attention to both the structural features of prenatal 
circulation and the vessels where high, moderate, and low oxygenated blood is found in 
the system (Figure 6.20).

Prenatal circulation
In prenatal development, oxygen-saturated blood is provided to the fetus through the 
placental circulation via the single umbilical vein. Deoxygenated blood is returned to 
the placenta via the paired umbilical arteries as shown in Figure 6.20. This image is 
color coded. Areas of red represent high oxygen saturation, purple represents moderate 
oxygen saturation, and blue represents low oxygen saturation. The umbilical vein 
contains the blood with the highest oxygen content as it is coming directly from mom via 
the placenta and through the umbilical cord.

During fetal life, there are two visceral systems that are not functioning because mom is 
doing the work. Metabolism in the fetal liver is minimal, because the nutrients in the blood 
entering the system via the umbilical vein have already been metabolized by the mother. 
Similarly, the blood has already been oxygenated, so fetal lung function is not required. 
Therefore, these systems can be bypassed during fetal circulation. This is accomplished 
by the presence of three prenatal shunts.

1. Ductus venosus. The ductus venosus bypasses the liver by shunting blood (50%) 
from the umbilical vein to the IVC. In the IVC, the high oxygen saturated blood from 
the ductus venosus is mixed with low oxygen saturated blood returning from the 
fetal periphery. Nevertheless, blood flow from the IVC into the right atrium still has 
reasonably high oxygen saturation. 

2. Foramen Ovale. The foramen ovale shunts oxygen-rich blood from the right atrium 
directly into the left atrium, bypassing the pulmonary circulation of the fetus (lungs 
filled with amniotic fluid). The shunting occurs because right atrial pressure is greater 
than left atrial pressure during fetal life. This pressure gradient exists because there 
is a large volume of blood entering the right atrium from the placenta and because 
resistance in the pulmonary circulation is high. Once in the left atrium, oxygen-
rich blood flows through the left AV valve into the left ventricle and out into the 
systemic circulation via the ascending aorta, arch of the aorta, and its branches. 
Most importantly, the most highly oxygenated blood supplies the heart tissue itself 
(via coronary arteries), then enters the carotid arterial system while it still has a 
reasonably high oxygen saturation to supply the developing brain before distributing 
to the remainder of the periphery via the descending aorta and its branches.

3. Ductus Arteriosus. Low-oxygenated blood from the fetal periphery flows into the 
SVC and is directed into the right ventricle. The ductus arteriosus shunts this blood 
from the pulmonary trunk to the descending aorta (distal to the arch), bypassing 
the fetal pulmonary circulation without impacting the oxygen flow to the head. High 
oxygenated and low oxygenated blood mix in the descending aorta distal to the 
ductus arteriosus before distributing to the lower part of the body and returning to the 
placenta via the paired umbilical arteries. Circulating prostaglandins and low oxygen 
tension keeps the ductus arteriosus open durive fetal life.
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Figure 6.20   Prenatal Circulation



Gross And Developmental Anatomy Essentials

33

6

33

Postnatal circulation
An important concept to remember is that pressure on the right side of the heart is 
higher than the left side during prenatal circulation. At birth, all three shunts must close 
within the first few hours or first day of life.

1. The foramen ovale is closed in response to pressure changes. This change is nearly 
immediate, with the drawing of the first breath. The adult remnant is the fossa 
ovalis of the right atrium. Pulmonary circulation opens, the pressure gradients in the 
heart reverse. The right side, no longer receiving a massive influx of placental blood 
from mom, is now under lower pressure than the left side. These changing pressure 
gradients will be important to you in just a few moments when we begin describing 
septation events and newborn cardiovascular defects.

2. The ductus venosus and the ductus arteriosus are closed as a result of contraction 
of the smooth muscle that comprises the walls of those structures. This process 
takes place over the first 24-36 hours of life. The adult remnants are the ligamentum 
venosum of the liver and ligamentum arteriosum of the aortic arch, respectively 
(see Table 6.3). Acute decrease in prostaglandins and increase of oxygen tension at 
birth facilitates closure of the ductus arteriosus.

3. The closure of these shunts gives rise to the pattern of postnatal circulation that 
you are familiar with (Figure 6.21). The right heart, receiving deoxygenated blood via 
the SVC and IVC, comprises the venous side of the heart. The left heart, receiving 
oxygenated blood from the pulmonary circulation and sending it out into the 
periphery, comprises the arterial side of the heart. 
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Table 6.3: Adult Remnants of the Prenatal Circulation
Embryonic Structure Adult Remnant Mechanism of Closure

Umbilical Vein

Ductus Venosus

Foramen Ovale

Ductus Arteriosus

Umbilical Arteries

Ligamentum Teres of Liver

Ligamentum Venosum of the Liver

Fossa Ovalis

Ligamentum Arteriosum

Medial Umbilical Ligaments

Muscular Contraction

Muscular Contraction

Increased Pressure in 
the Left Atrium

Muscular Contraction

Muscular Contraction

Figure 6.21   Postnatal Circulation
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Cardiac Septation Events
Three major septation events (atrial septation, ventricular septation, truncal septation) 
transform the embryonic heart tube into the definitive four chambered structure of the 
adult heart. All three of these septation events are occurring simultaneously. Most events 
related to septation begin around the 5th week of development and are complete by the 
end of the 8th week. These events follow formation and remodeling (looping/folding) of 
the embryonic heart tube in week 4. For simplicity, we will consider the events one by one.

1. Some aspects of these septation events involve the migration of neural crest cells 
into the developing cardiac tissue. When neural crest cells fail to migrate properly, 
septation defects may occur. These defects are representative of a spectrum of 
newborn cardiovascular defects associated with failure of neural crest cell migration.

2. Septation defects result in abnormal communications between the right and left 
sides of the heart that allow shunting of blood from one side to another. The direction 
of the resulting shunt is important, as it will determine the severity of the defects.

3. Each defect is categorized as cyanotic or non-cyanotic at birth based on the type of 
shunt associated with the defect. They are also classified as neural crest dependent 
or neural crest independent defects. 

a. Left-to-Right Shunts. Left-to-right shunts produce defects that are non-cyanotic 
at birth. They result in continual cycling of oxygenated blood through the pulmonary 
circulation, producing super-saturated oxygen levels.

b. Right-to-Left Shunts. Right-to-left shunts produce defects that are cyanotic at 
birth. These defects push low oxygenated blood to the left side of the heart and 
out into the peripheral circulation. Cyanosis occurs when peripheral tissues do not 
receive adequate oxygenation and “bluing” of the skin and nails may occur, hence 
the term “blue-baby”. Some of these defects are so severe that they do not permit 
life to continue.

4. During fetal life, it is necessary to continually shunt blood from the right atrium to 
the left atrium (via foramen ovale) to distribute freshly oxygenated blood to the left 
atrium to the systemic circulation to supply the brain. This is due to higher right atrial 
pressure than left atrial pressure during fetal life.

Prenatal right atrial pressure is higher than the left because (1) there is a large volume 
of umbilical blood flowing into the right atrium from the placenta and (2) high 
pulmonary resistance which increases pressure on the right side of the heart.
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Endocardial Cushion
The endocardial cushion (EC) is a mass of mesoderm that is centrally located within the 
developing heart tube. It is a major site for migration of neural crest cells that play a 
critical role in certain aspects of cardiovascular development (Figure 6.22).

The endocardial cushion plays an important role in the :

1. Formation of the right and left atrioventricular canals and the valves that guard 
them.

2. Atrial Septation

3. Ventricular Septation

4. Truncal Septation

Clinical correlations
1. The cushion has a cruciform appearance on ultrasound with the atrioventricular 

canals and valves forming on the crossbar and the atrial and ventricular septi 
forming on the vertical bar.

2. Cushion defects are common in Down Syndrome (40-50%).

Formation of aorticopulmonary septum leading
the formation of ascending aorta/pulmonary trunk

Formation of semilunar valves of ascending
aorta/pulmonary trunk

Fusion of septum primum to EC cushion
(closes ostium primum)

Formation of left
atrioventricular canal
and left AV valve

Formation of membranous
part of interventricular septum

(closes interventricular foramen)

Formation of right
atrioventricular canal

and right AV valve

Endocardial Cushion

Figure 6.22   Cruciate Model of Endocardial Cushion Development
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Atrial Septation
Here are some important concepts to note before we talk about the specifics of atrial 
septation.

1. During fetal life, blood must be continually shunted from the right atrium to the left 
atrium via the foramen ovale in order to get highly oxygenated blood to the left heart 
and out into the systemic circulation. The foramen ovale, then, acts as a right-to-left 
shunt.

2. The foramen ovale must remain open at all times during fetal life, to allow for the 
right-to-left shunting of blood. Therefore, the atria cannot be fully septated until birth.

3. Blood flows from right-to-left through foramen ovale due to pressure differences 
between the two sides of the heart. During fetal life, right atrial pressure is higher 
than left atrial pressure, and blood flow follows that gradient, from high to low. Right 
atrial pressure is higher prenatally due to:

a. The large volume of umbilical blood entering the right atrium from the placenta.

b. High pulmonary resistance since the pulmonary circuit is closed.

4. Atrial septation is the most complex of the three septation events, due to this need 
to maintain a constant communication between the right and left atria up until 
birth. Table 6.4 introduces the main players involved in atrial septation and provides 
an overview of their roles. They include two septi (septum primum and septum 
secundum), two foramen or ostia (foramen primum and foramen secundum), the 
foramen ovale, the endocardial cushion, and neural crest cells which migrate into 
the cushion.
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Table 6.4: Structures Contributing to Atrial Septation

Embryonic Structure Alternative
Name Role In Development

• Downward growth of mesoderm from the interatrial roof
• Initially stops just short of the endocardial cushion forming foramen   
   primum

• Temporary opening in septum primum
• Just superior to the endocardial cushion
• Eventually closed by the fusion of septum primum and the
  endocardial cushion
• Fusion is dependent upon neural crest cell migration into the
  endocardial cushion

• Second downward growth of mesoderm from the interatrial roof  
   just to the right of and overlapping septum primum
• More rigid than septum primum
• The two septi eventually fuse to form the interatrial wall

• Before foramen primum is closed, a second opening forms in 
   upper aspect of septum primum via pre-programmed apoptotic 
   cell death
• This opening is foramen secundum. 
• This opening ensures that blood is able shunt R to L

• An oblique passage is formed between the overlapping septi.
• Blood flows under the inferior free margin of septum secundum 
 and through foramen secundum

• A mass of mesoderm that lies in the center of the developing   
   embryonic heart tube
• A major site of neural crest cell migration in developing
   cardiovascular system

Septum Primum

Foramen Primum

Septum Secundum

Foramen Secundum

Foramen Ovale

Endocardial Cushion N/A

Septum 1

Foramen 1

Septum 2

Foramen 2

N/A

Sequence of atrial septation events
Figure 23 depicts the major events in atrial septation. The three images labeled A-C are 
sequential stages of prenatal development between the 5th and 8th weeks. Image labeled 
D is immediately after birth (postnatal). Note the position of the endocardial cushion 
near the midpoint of the developing heart.

1. The first step in atrial septation is the downward growth of septum primum from 
mesoderm of the common interatrial roof (see image A). Septum primum grows 
toward, but initially stops just short of the endocardial cushion, leaving an opening 
in the developing interatrial wall called foramen (ostium) primum. This opening 
maintains the right-to-left shunt and blood flows along its pressure gradient from 
the right atrium to left atrium.

2. The septum primum will continue its downward growth and eventually fuse with 
the endocardial cushion, obliterating the foramen primum. The fusion of septum 
primum with the endocardial cushion is dependent upon neural crest cell 
migration into the cushion.
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3. Before foramen primum is completely closed, programmed cell death (apoptosis) 
occurs in the upper aspect of septum primum (see images B+C), forming a 
second opening higher in the interatrial wall called foramen (ostium) secundum, 
so that the right-to-left shunt is maintained.

4. In the next stage, a second septum (septum secundum) begins to grow 
downward from the interatrial roof just to the right of septum primum (see image 
B). Septum secundum is thicker and more rigid than septum primum.

5. Septum secundum continues to grow, eventually overlapping foramen secundum 
and the lower part of septum primum with its free inferior edge (see image C). This 
results in the formation of an oblique passageway between the right and left atria 
as indicated by the black arrow image C. This passageway is the foramen ovale. 
Foramen ovale will remain open until birth, providing a continual right-to-left 
shunting of blood in the fetal heart. The lower half of septum primum is quite thin 
and flexible. It acts as a one-way flapper valve for the foramen ovale that opens 
with every fetal heartbeat.

6. Both the 1st and 2nd foramina form in the 1st septum.

Septum 1

Septum 1

Septum 2

Septum 2

Foramen 1

Foramen 2

Primitive
ventricle

Primitive
atrium Endocardial

cushion

Endocardial
cushion

IV Septum

Fossa
ovalis

Foramen
ovale (arrow)

RA

RV LV

LA RA

RV LV

LA

A Prenatal B Prenatal

C Prenatal D At birth

Figure 6.23   Events in Atrial Septation
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Limbus
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Inferior
vena cava

Superior
vena cava

Sinus
venarum

Septum 2

Site of foramen ovale
during fetal life

Pectinate muscle

Tricuspid valve

Valve of coronary sinus

Right atrium

Figure 6.24   Postnatal Appearance of Interatrial Septum

Pressure Changes at Birth
1. Moments after birth, the umbilical cord is cut, reducing the volume of blood into the 

right atrium. With the first breath, the lungs inflate, and the pulmonary circulation 
opens, and pulmonary resistance is reduced. As a result, atrial pressure reverses, and 
pressure becomes higher on the left side relative to the right side. 

2. Increased pressure on the left side pushes the valve of the foramen ovale up tight 
against septum secundum, effectively closing the foramen ovale. Over the first 
several months of life, the layers fuse together forming a true septum. 

3. The fossa ovalis, a thumbprint-like depression on the interatrial wall, is the adult 
remnant of the foramen ovale (Figure 6.24). It has an elevated ridge around its margin 
called the limbus. The limbus is the inferior free edge of septum secundum. The floor 
of the fossa ovalis is thin and comprised of the septum primum. Above the fossa 
ovalis, the interatrial wall is thicker where it is comprised of both septum primum and 
septum secundum.

Congenital Heart Disease
There are a number of new-born heart defects that occur during development. Some 
may be mild, but others are complex and life-threatening. An understanding of normal 
heart development makes understanding congenital defects easier.
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Atrial Septal Defects (ASDs)
Atrial septal defects (ASDs) occur when the atrial septum does not form properly. There 
are two major classifications of these, secundum type ASDs and primum type ASDs. 
(Figure 6.25A) Both give rise to left-to-right shunts and are non-cyanotic at birth. They 
can be differentiated by their position on the interatrial wall as seen in Figure 6.25A.   

A. Secundum ASDs:
1. Most common type of ASD (80%). Epidemiologically, this type of ASD is more common 

in females.

2. Characterized by defects 
that are located high on the 
interatrial wall (superior to the 
fossa ovalis) (Figure 6.25B)

3. Result from excessive 
resorption of septum primum 
or underdevelopment of 
septum secundum, such that 
they no longer overlap.

4. Result in left-to-right shunting 
from high pressure to low 
pressure.

5. Defect is non-cyanotic at birth  and is NOT a neural crest cell (NC) defect.

6. Defect may be asymptomatic and well tolerated untill later in life.

Arch of aorta

Superior
vena cava

Secundum
ASD

Fossa ovalis

Primum ASD

Inferior
vena cava

A

Septum primum

Secundum ASD

Endocardial cushion

B

Endocardial cushion

Primum ASD

Septum primum

C

Septum
secundum

Foramen
secundum

Arch of aorta

Superior
vena cava

Secundum
ASD

Fossa ovalis

Primum ASD

Inferior
vena cava

A

Septum primum

Secundum ASD

Endocardial cushion

B

Endocardial cushion

Primum ASD

Septum primum

C

Septum
secundum

Foramen
secundum

Figure 6.25B   Secundum ASD (Postnatal)

Figure 6.25A   Atrial Septation Defects (ASDs)
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Figure 6.25C   Primum ASD (Postnatal)

7. Small ASD’S may close on their own. Those of significant size may result in pulmonary 
hypertension and other defects later in life.

8. Major clinical considerations include atrial fibrillation and the formation of 
paradoxical emboli in the left atrium via right to left shunting. Blood clots can travel to 
the brain producing a stroke.

9. These are distinct from a patent foramen ovale (PFO), which result from failure of 
septum 1 and septum 2 to fuse at birth.

B. Primum ASDs:
1. Less common (20% of all ASDs).

2. Characterized by defects that are low 
on the interatrial wall (inferior to the 
fossa ovalis) (Figure 6.25C)

3. Results from failure of septum primum 
to fuse with the endocardial cushion 
giving rise to a patent foramen 
primum at birth.

4. Involves defect in migration of neural 
crest cells.

5. Can be associated with a 
membranous interventricular and 
atrioventricular valve defects.

6. Associated with Down syndrome.
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Secundum
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Figure 6.26   Events in Ventricular Septation

Ventricular Septation
Septation of the common ventricle is less complex, because we don’t have to maintain 
a prenatal shunt between the right and left ventricles. The interventricular (IV) septum 
consists of two parts (muscular and membranous) and is fully formed by the end of the 
8th week (Figure 6.26). 

1. Muscular Interventricular Septum. The large muscular portion of the IV septum 
develops from an upward growth of mesoderm from the common ventricular floor. 
The muscular portion stops short of the endocardial cushion, temporarily leaving an 
open interventricular foramen. 

2. Membranous Interventricular Septum. As development proceeds, the interventricular 
foramen is closed by week 7 by the formation of the membranous portion of the IV 
septum. The membranous part of the IV septum is formed by a downward growth 
of mesoderm from the bulbar ridges of the endocardial cushion. This downgrowth 
fuses with the superior edge of the muscular portion and closes the interventricular 
foramen. Development of the membranous portion of the IV septum is dependent 
upon neural crest cell migration into the cushion.
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Ventricular Septal Defects (VSDs)
Ventricular septal defects (VSDs) are another type of newborn cardiovascular defect 
that arises when septation events do not occur properly. Like ASDs, VSDs result in a  
left-to-right shunt of blood between the ventricles and are non-cyanotic at birth 
(Figure 6.27A). VSDs may be found in either the muscular portion or the membranous 
portion of the IV septum, however membranous VSDs are much more common. In fact, 
membranous VSDs are the most common of all newborn cardiac defects.

Membranous VSDs (mVSD):

AO

PA

LA

LV
RV

RA

Tricuspid valve

Pulmonary valve Mitral valve

Aortic valve

Membranous
VSD

AO = Aorta
PA =  

LA = Left atrium
RA = Right atrium
LV = Left ventricle
RV = Right ventricle

pulmonary
artery

Oxygen-rich blood

Oxygen-poor blood

Mixed blood

Early Months:
Left-to-Right

Shunting

Ventricular
septal defect
Left ventricle

Left atrium

Right atrium

Hypertrophied
right ventricle

Late First Year: Right-to-Left Shunting

Figure 6.27A   Membranous VSD: Early Presentation

1. Most common newborn cardiovascular defect.
2. Result from failure of the membranous portion of the IV septum to form.
3. Babies are born with a patent interventricular foramen.
4. Result in left-to-right shunting of blood through the open interventricular foramen 

from high pressure to low pressure.
5. Defect is non-cyanotic at birth.
6. IS a neural crest defect (neural crest cells fail to migrate properly to the endocardial 

cushion).
7. Epidemiologically, this type of VSD is more common in males. 
8. While these defects are non-cyanotic at birth, serious problems begin to develop 

within the first year of life.
9. Common in Down Syndrome and tetralogy of Fallot.
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Figure 6.27B   Membranous VSD: Late Presentation (Eisenmenger’s)

Eisenmenger Complex:
1. With a mVSD, the increased volume of blood that flows through the pulmonary trunk 

will eventually damage to the intima of the vessel with subsequent narrowing of its 
lumen, leading to pulmonary stenosis (Figure 6.27B).

2. Pulmonary stenosis will give rise to increasing pulmonary resistance (pulmonary 
hypertension) and pressure will rise on the right side of the heart relative to the left. 
As pressure on the right exceeds pressure on the left, blood flow through the patent 
interventricular foramen will reverse directions, now producing a right-to-left shunt.

3. This will force deoxygenated blood into the left heart and out into the peripheral 
circulation causing late-onset cyanosis (or Eisenmenger complex). 

4. This will become evident around the 9-10 months of life. Surgical correction prior 
to damaging the pulmonary trunk and the onset of Eisenmenger’s is usually 
recommended.

5. You can also get Eisenmenger’s complex with an ASD and PDA, but it occurs much 
more gradually over a longer period of time, since the pressures across the atria are 
lower than those across the ventricles.
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Truncal Septation
The last of the three septation events is septation of the truncus arteriosus. The truncal 
region is septated by the growth of the aorticopulmonary septum (AP septum), which 
divides the truncus into the pulmonary trunk and ascending aorta. 
• The AP septum is vertically oriented and spirals like a spiral staircase in the common 

lumen of the truncal region (Figure 6.28). The spiraling of the septum is critical and is 
responsible for the classic relationships of the great vessels. 

• The ascending aorta arises from the left ventricle and travels upward and to the right. 
It is crossed anteriorly by the pulmonary trunk. The pulmonary trunk arises from the 
right ventricle and travels upward and to the left. 

• Neural crest cells migrate into the truncal region and play a critical role in the 
formation and spiraling of the aorticopulmonary septum and semilunar valves.

Truncal Septal Defects
Cardiac defects associated with truncal septation produce right-to-left shunts and 
present with variable degrees of cyanosis at birth. Because of this, defects associated 
with truncal septation are more clinically significant and more difficult to manage in the 
newborn. The most common truncal defects are tetralogy of Fallot, transposition of the 
great vessels, and persistent truncus arteriosus.
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Aorta
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Figure 6.28   Truncal Septation
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A. Tetralogy of Fallot
Tetralogy of Fallot (TOF) is the most common cyanotic defect at birth. TOF results when 
the AP septum forms and spirals as it should, but fails to align properly in the midline 
of the truncal lumen. It usually ends up displaced to the right resulting in unequal 
division of the aorta and pulmonary trunk. This results in the formation of a narrow 
diameter pulmonary trunk (pulmonary stenosis) and a wide diameter aorta (Figure 6.29). 
Symptoms include dyspnea and clubbing of the fingers.

1. Four classic markers of TOF :
a. Pulmonary artery stenosis leading to pulmonary hypertension
b. Large over-riding aorta (straddles the VSD)
c. Always accompanied by a membranous VSD
d. Hypertrophy of the right ventricle (secondary to pulmonary stenosis)

2. The large, over-riding aorta receives blood from both the left and right ventricles, 
so the oxygen level of the blood flowing out to the periphery is reduced (purple). 
Physiologically, this is a right-to-left shunt.

3. Cyanosis is minimal at birth but increases with age. Individuals with this defect 
usually live a normal lifespan but must control the level of cyanosis by limiting 
physical exertion. If cyanosis develops during physical activity, symptomatic relief is 
sometimes obtained by squatting down for a moment. Squatting increases systemic 
vascular resistance resulting in an increase in pressure on the left side which will 
temporarily reduce right to left shunting and relieve cyanosis.

4. TOF is often accompanied by a patent ductus arteriosus (PDA), which is actually 
beneficial to the individual because, at least initially, it will force more blood into the 
lungs, increasing the oxygen saturation level.

5. The heart is described as having a boot-shaped appearance on radiograph due to 
right ventricular hypertrophy.

6. Defect is accompanied by a systolic heart murmur.

7. Most common congenital heart defect in infants and children.

LA
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LV

a. Pulmonary stenosis

b. Overriding aorta

c. mVSD

d. Ventricular hypertrophy

Superior vena cava

Inferior vena cava

Aorta

Ductus arteriosus
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Figure 6.29   Tetralogy of Fallot
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B. Transposition of the Great Vessels
The defect causing the most severe cyanosis at birth is transposition of the great 
vessels (Figure 6.30). It is more common in males.
1. Occurs when the AP septum forms in the midline but fails to spiral.

2. Results in the aorta arising from the right ventricle and the pulmonary trunk arising 
from the left ventricle. 

3. Results in a physiological right-to-left shunt (because deoxygenated blood from 
the right heart is flowing out into the systemic circulation via the aorta), with severe 
cyanosis at birth. Transposition defects will require surgical correction for long-term 
survival. 

4. Leading cause of death in infants younger than 1-year-old with cyanotic heart disease.

5. More common in infants of diabetic mothers and more common in males.

6. The presence of other heart  defects (VSD, ASD, PDA) at birth provides alternate routes 
of oxygenation and better survival. Prostaglandins are given to keep the ductus 
arteriosus open.

7. No heart murmur.

8. Surgical intervention required for survival.

9. Two forms (closed transposition and open transposition).

a. Closed (or pure) transposition. In closed transposition (Figure 6.30A), there are 
no other accompanying defects (ASDs, VSDs, or PDA). This gives rise to a totally 
separate right and left heart, with no communication between the systemic and 
pulmonary circulations. Deoxygenated blood entering the right heart via the SVC 
and IVC, flows into the right ventricle, then back out into the peripheral circulation 
via the aorta without being oxygenated. On the left side of the heart, super-
saturated, oxygenated blood is cycling repeatedly from the left atrium, to the left 
ventricle, to the lungs via the pulmonary trunk, and then back to the left atrium.  
The cyanosis is so significant that most of these newborns don’t survive very long. 

LA

RA

LVRV

Aorta

Pulmonary trunk arises from
left ventricle

Aorta arises from
right ventricle

LA

RA

LVRV

Aorta

Pulmonary trunk arlses from
left ventricleAorta arises from right

ventricle
Interventricular septal defect

Patent ductus arteriosus

Patent foramen ovale

Figure 6.30A   Closed Transposition of Great Vessels
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b. Open Transposition. In open transposition (Figure 6.30B), the defect is 
accompanied by the presence of one or more other cardiac defects (ASD, 
VSD, or PDA). There is still a right-to-left shunting of blood and cyanosis at birth, 
but the presence of other defects allows for some mixing of oxygenated and 
deoxygenated blood. Survivability is determined by the degree of oxygen 
saturation that can be achieved for the blood flowing to the periphery via the 
aorta. If this defect is accompanied by a PDA at birth, it is beneficial to keep that 
open, so prostaglandins are administered pharmacologically to prevent closure.
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Figure 6.30B   Open Transposition of Great Vessels
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Figure 6.31   Persistent Truncus Arteriosus

C. Persistent Truncus
The third truncal defect is persistent truncus.

1. Occurs when the AP septum fails to form or only forms partially.

2. Results in a single, common outflow vessel leaving the heart. 

3. Always accompanied by a mVSD.

4. Results in a right-to-left shunting of blood and some degree of cyanosis at birth.

5. Some approximation of a separate aorta and pulmonary trunk usually form 
somewhere distal to the common outflow tract. 

6. The common truncus straddles the mVSD, and a mix of oxygenated/deoxygenated 
blood is sent into the peripheral circulation via the aorta. The diameter of the 
pulmonary trunk will determine the level of cyanosis and survivability. If the pulmonary 
trunk is stenotic, survival probability is low because you cannot get enough blood 
into the pulmonary circulation to be oxygenated. If the pulmonary trunk has a larger 
diameter, there is a better chance of survival.

7. Surgical correction is often required.

8. More common in DiGeorge syndrome.
9. No heart murmur
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Figure 6.32   Patent Ductus Arteriosus

Other Cardiovascular Defects
There are a few other common cardiovascular defects that do not fall under the 
umbrella of the septation defects. These include patent ductus arteriosus and 
coarctation of the aorta.

Patent Ductus Arteriosus
A patent ductus arteriosus (PDA, Figure 6.32) is not a septation defect. The ductus 
arteriosus was a prenatal shunt between the pulmonary trunk and the descending 
aorta that allowed deoxygenated blood from the right heart to bypass the pulmonary 
circulation. It normally closes via contraction of its smooth muscle wall within 24-36 hours 
after birth, forming the ligamentum arteriosum. Closure of the ductus is initiated by a 
precipitous drop in the levels of prostaglandin E and a change in oxygen tension  
(Figure 6.32).

Occasionally the ductus arteriosus will fail to close, giving rise to a patent ductus 
arteriosus (PDA) at birth (Figure 6.32C)

1. PDAs result in left-to-right shunting of blood from the aorta to the pulmonary trunk 
that is non-cyanotic at birth. More common in females.

2. Eisenmenger’s complex may occur overtime if untreated (reverse of shunting right to 
left). It resuts in decreased oxygenated blood to the lower limbs.

3. Results in decreased oxygenation of the blood flow to the lower body.
4. Common in premature births or in mothers with rubella infection during pregnancy. 
5. Prostaglandin E inhibitors like ibuprofen or indomethacin may be used 

pharmacologically to induce closure of the ductus, although surgical correction is 
sometimes required. 

6. If a PDA occurs in common with other cardiovascular defects it may be beneficial 
to keep it open. In that case you would administer prostaglandins and avoid 
prostaglandin inhibitors.

7. Machine-like murmur.
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Coarctation of the Aorta
Another congenital malformation related to the aorta is coarctation (Figure 6.33). These 
aren’t true shunts, but they can be associated with variable degrees of cyanosis at birth. 
Coarctation (CoA) occurs when there is significant constriction or narrowing of the aorta 
distal to the origin of the left subclavian artery. Coarctations are classified as preductal 
(infant type) or postductal (adult type), depending on the relationship of the constriction 
to the ductus arteriosus. They also differ with regards to the presence or absence of 
a PDA at birth. The cause of aortic narrowing is not entirely clear but seems to involve 
proliferation of the intimal lining of the aorta.
Cyanosis can range from mild to severe depending upon the diameter of the aorta 
at the constriction. These defects are usually nonlethal. Both pre- and postductal 
coarctation defects can be corrected with catheterization or surgery.
Coarctation of the aorta occurs twice as often in males than in females, and the 
incidence of coarctation is increased in individuals with Down Syndrome and Turner 
Syndrome.

A. Preductal Coarctation (infant type).
1. Constriction is proximal to the ductus arteriosus (Figure 6.33A and B)
2. Less common than postductal coarctation.
3. Ductus arteriosus is open at birth (patent ductus arteriosus, PDA). 
4. The collateral circulation described later usually does not develop because 

oxygenated blood can reach the lower body via the patent ductus arteriosus. 
5. When the PDA closes at birth, differential perfusion of the upper and lower limbs can 

develop, resulting in better perfusion to the upper body relative to the lower body. 
This can cause differential cyanosis, because the upper body is perfused more 
adequately than the lower body, which will become cyanotic.

6. The lower body is hypotensive.

B. Postductal coarctation (adult type).
1. Constriction is distal to the ductus arteriosus (Figure 6.33C)
2. More common, this type of coarctation accounts for ~90% of total cases. 
3. Ductus arteriosus is normally closed in postductal coarctation.
4. Results in separation of the circulation between the upper body and the lower body. 

The vascular system must find a means of compensating for loss of blood supply to 
the lower extremity. It does so through the development of a collateral circulation that 
takes on the responsibility of getting oxygenated blood to the lower extremity.

5. The vessels involved in this collateral circulation (Figure 6.33B) include the:
a. Left subclavian artery
b. Thoracic aorta
c. Left internal thoracic artery
d. Intercostal arteries (enlargement of these within the costal groove will produce a 

distinct radiological notching of the ribs).
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6. The upper body is hypertensive. 
7. The lower body is hypotensive with weak pulses. 
8. Limited cyanosis.
9. Associated with bicuspid valve defects.
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artery

Preductal Coarctation (Infantile Type) Postductal Coarctation (AdultType)

Ductus
arteriosus

(open)

A B C

Internal
thoracic
artery

Figure 6.33   Coarctation of the Aorta

Table 6.5: Summary of Atrial and Ventricular Septation Defects

Type of Defect Direction
of Shunt Mechanism NC dependent?

Non-cyanotic or
Cyanotic at Birth

ASD 
(primum type) Left to Right

Left to Right

Left to Right

ASD 
(secundum type)

VSD
(membranous

type)

Non-cyanotic
(may be associated with 

paradoxical emboli)
*Rarely causes heart failure in 

childhood

Patent Foramen (septum) Primum:
• Found lower (near AV valves)on 
 the interatrial wall
• Failure of Septum 1 to fuse with 
 the EC
• Can present clinically in
 adulthood

• Found higher on the interatrial wall
• Insufficient growth of Septum 2 or 
 too much apoptosis in Septum 1
• Can present clinically in
 adulthood
*Not the same as a patent foramen 
 ovale

Patent Interventricular Foramen 
(failure of membranous part of IV 
septum to form)

Non-cyanotic
(may be associated with para-

doxical emboli)
*Rarely causes heart failure in 

childhood

Non-cyanotic
(If large leads to Eisenmenger 
complex: late onset cyanosis 

around >10 months of age)

YES
(endocardial 

cushion)

YES
(endocardial 

cushion)

No
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Table 6.6: Summary of  Truncal Septation Defects

Type of Defect Direction
of Shunt Mechanism NC dependent?

Non-cyanotic or
Cyanotic at Birth

Tetralogy of
Fallot

Right to Left

Right to Left

Right to Left

Right to Left

Transposition 
(Closed)

Transposition 
(Open)

Persistent
Truncus

Cyanotic (can be transiently 
improved  be  by modifying 

activity or squatting)
*Most common cyanotic defect

AP septum forms, but is misaligned 
to the right:
• Stenotic pulmonary trunk
• Large overriding aorta
• Always accompanied by mVSD
• Right ventricular hypertrophy
• Boot-shaped heart on radiograph

AP septum forms, but fails to spiral:
• Aorta is connected to right 
 ventricle
• Pulmonary trunk is connected to 
 left ventricle
• No other defects-completely 
 separate right and left heart
• Egg-on-a-string on radiograph

AP septum fails to form:
Common outflow trunk containing 
mix of high to low oxygenated
blood Always accompanied by a 
mVSD

AP septum forms, but fails to spiral:
• Aorta is connected to right 
 ventricle
• Pulmonary trunk is connected to 
 left ventricle
• Accompanied by at least one 
 other defect (ASD, VSD or PDA) 
 which allows some mixing of 
 oxygenated and deoxygenated 
 blood
• Egg-on-a-string on radiograph

Cyanotic (severe, incompatible 
with life)

*If foramen ovale stays open long 
enough to get the infant to 

surgery, the survival is maximized 
by making a hole in the interatrial 

septum.

Cyanotic (severe)

Cyanotic (degree depends upon 
diameter of PT distal to common 

outflow region)

YES

YES

YES

Yes

Table 6.7: Summary of Other Cardiovascular Defects

Type of Defect Direction
of Shunt Mechanism NC dependent?

Non-cyanotic or
Cyanotic at Birth

Patent Ductus 
Arteriosus (PDA) Left to Right

No Shunt

No Shunt

Coarctation of 
the Aorta 

(pre-ductal type)

Coarctation of 
the Aorta

(post-ductal type)

Non-cyanotic:
• Common in premature births or 
 in mothers who have rubella 
 during pregnancy
• Machine-like, constant murmur 
• May lead to Eisenmenger 
 complex but with only lower 
 limbs being cyanotic

Ductus arteriosus fails to close at 
birth:
• Close medically with 
   prostaglandin inhibitors
• It is sometimes advantageous to 
 keep an existing PDA open 
 medically with prostaglandins

Constriction of the aorta proximal to 
ductus arteriosus (accompanied by 

PDA during development)

Constriction of the aorta distal to 
ductus arteriosus
• Ductus arteriosus is closed 
• Collateral circulation develops 
 between left subclavian artery 
 and vessels of lower body. This 
 circulation gives rise to distinct 
 notching of the ribs on the left 
 side, visible on radiograph
• Often associated with Turner’s 
 Syndrome

Differential Cyanosis
*Obvious problem at birth, infant 

presents with shock

Non Cyanotic: 
• Due to presence of collateral 

circulation, upper limbs are 
hypertensive while lower limbs 
are hypotensive. There may be 
differential cyanosis. 

• Systolic murmur heard in 5th IC 
space

• Lower limb claudication
common with exercise

No

No

No
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Anatomy of the Adult Heart
The heart is described as having two borders and three surfaces. Its external surface is 
marked by three grooves or sulci that mark the boundaries between the heart chambers 
and house the coronary vessel distribution (Figure 6.34A and 6.34B). These relationships 
can be used to approximate the surface projection of the heart to the body wall and to 
identify parts of the heart on radiographic images.

External Features: Borders, Surfaces, and Sulci

A. Borders

1. Right Border. The right border is formed by the right atrium which lies between the 
SVC and the IVC (Figure 6.34A).

2. Left Border. The left border, sometimes called the obtuse margin, is formed by the  
left ventricle.

3. Apex. The apex is formed by the inferior most tip of the left ventricle. It is located in 
the 5th intercostal space at approximately the mid-clavicular line.

B. Surfaces

1. Anterior Surface. The anterior (or sternocostal) surface of the heart is formed 
primarily by the right ventricle which lies just posterior to the body of the sternum. 

2. Posterior Surface. The posterior surface of the heart (or base) is formed primarily 
by the left atrium. The great veins (IVC, SVC, pulmonary veins) all enter the base 
of the heart. This arrangement fixes the left atrium just anterior to the esophagus. 
This will be an important radiological landmark for interpreting cross-sectional 
radiographic images through the middle mediastinum (see Thorax Imaging chapter). 
This relationship also has implications regrading pathology, as problems with the left 
atrium will often impact the esophagus and vice versa. 

3. Inferior Surface. The inferior (or diaphragmatic) surface of the heart rests on the 
diaphragm and is comprised primarily of the left ventricle. The diaphragmatic surface 
is separated from the base of the heart by the position of the coronary sinus.

C. Sulci

1. Coronary Sulcus. The coronary sulcus almost completely encircles the heart and 
demarcates the boundary between atria above and the ventricles below.

2. Anterior Interventricular Sulcus. The anterior interventricular sulcus is found on the 
anterior surface of the heart. It marks the position of the interventricular septum and 
demarcates the boundary between the right and left ventricles.

3. Posterior Interventricular Sulcus. The posterior interventricular sulcus is found on 
the diaphragmatic surface of the heart. It marks the position of the interventricular 
septum and demarcates the boundary between the right and left ventricles. 

4. The sulci contain the neurovascular supply to the heart, embedded within variable 
amounts of epicardial fat.
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Coronary sulcus

Posterior interventricular
sulcus

B. Posterior View

A. Anterior View

Left border
Anterior
interventricular
sulcus

Sternocostal
surface

Sternocostal
surface

RV

RV

LV

LV

Coronary sulcus

Right border RA

RA

LA

LA

Coronary sinus (vein)
Posterior surface (base)

Diaphragmatic surface

Figure 6.34   External Features of the Heart
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Internal Features of the Heart Chambers

A. Right Atrium
1. Pectinate Muscles. Pectinate muscles are small bundles of “comb-like” modified 

cardiac muscles that line the right auricle and atrial wall (Figure 6.36).

2. Sinus Venarum. The sinus venarum is the large smooth-walled portion of the atrial 
wall (developed from the right horn of the sinus venosus).

3. Crista Terminalis. The crista terminalis is a muscular ridge that separates the sinus 
venarum from the pectinate muscles.

4. Fossa Ovalis. The fossa ovalis and its limbus form a “thumbprint” like depression on 
the interatrial wall that marks the position of the former foramen ovale.

5. Right atrioventricular aperture.

6. Opening for the coronary sinus.

7. Openings for the SVC and IVC.

B. Right Ventricle
1. Trabeculae Carneae. Trabeculae carneae muscles are modified cardiac muscles 

which form criss-crossing bundles on the ventricular wall (Figure 6.37).

2. Papillary Muscles. Papillary muscles (anterior, posterior, septal) are another type 
of modified cardiac muscle. They are pyramidal in shape, with bases that attach to 
the ventricular wall and apexes that attach to the cusps of the tricuspid valve via 
chordae tendineae.

3. Chordae Tendineae. The chordae tendineae are fibrous cords that attach the 
papillary muscles to the free edges of the leaflets of the tricuspid valve.

Superior vena cava

Aortic arch

Limbus of fossa ovalis

Crista terminalis
Site of foramen ovale

during fetal lifo
Fossa ovalis

Inferior vena cava

Sinus venarum

Opening of coronary sinus

Pectinate muscles

Figure 6.36   Internal Features of Right Atrium
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4. Septomarginal Trabeculae (Moderator Band). The moderator band is another 
specialized cardiac muscle. It forms a bridge between the lower aspect of the 
interventricular septum and the base of the anterior papillary muscle. It conveys a 
portion of the cardiac conduction system.

5. Tricuspid Valve. The tricuspid valve guards the right atrioventricular aperture. It is 
comprised of three leaflets (anterior, posterior, septal).

C. Left Atrium
1. Pectinate Muscles. Pectinate muscles are small bundles of “comb-like” modified 

cardiac muscles that line the right auricle and atrial wall.
2. Left atrioventricular aperture.
3. Openings for the pulmonary veins.
4. The left atrium is adjacent to the esophagus, and pathology of either one can affect 

the other.

D. Left Ventricle
1. Trabeculae Carneae. Trabeculae carneae muscles are modified cardiac muscles 

which form criss-crossing bundles on the ventricular wall (Figure 6.37).
2. Papillary Muscles. Papillary muscles (anterior, posterior) are another type of 

modified cardiac muscle. They are pyramidal in shape, with bases that attach to 
the ventricular wall and apexes that attach to the cusps of the tricuspid valve via 
chordae tendineae.

3. Chordae Tendineae. The chordae tendineae are fibrous cords that attach the 
papillary muscles to the free edges of the leaflets of the tricuspid valve.

4. Bicuspid Valve. The tricuspid valve guards the left atrioventricular aperture. It is 
comprised of two leaflets (anterior, posterior).

Superior Vena Cava

Right pulmonary artery

Pulmonary trunk

Right pulmonary veins

Tricuspid valve

Chordae tendineae

Moderator band

Inferior Vena Cava

Right papillary muscle
Trabeculae carneae

Interventricular septum

Left Papillary muscles

Pulmonary semilunar
valve

Aortic semilunar valve

Chordae tendineae

Mitral (Bicuspid) valve

Left pulmonary veins

Left pulmonary artery

Arch of aorta

RA

RV
LV

LA
RARARA

RV
LVLVLV

LALALA

Figure 6.37   Internal Features of Ventricles
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Surface Projection of the Heart
Projection of the heart to the anterior chest wall is important in cardiac imaging and in 
the evaluation of penetrating wounds to the chest wall. Important landmarks are the 
3rd and 6th ribs on the right side, and the 2nd rib and 5th intercostal space on the left side 
(Figure 6.35).The four corners of the heart are indicated by the four red dots on figure 6.35.

1. Surface Projection of the Right Border. The right border of the heart (consisting 
of the right atrium) extends between the 3rd and the 6th ribs just to the right of the 
parasternal border. 

2. Surface Projection of the Right Atrium. The right atrium is deep to the 3rd through the 
5th intercostal spaces, just to the right of the parasternal border. 

3. Surface Projection of the SVC. The SVC is formed deep to the junction of the first 
costal cartilage and the manubrium of the sternum. The SVC is found deep to the 1st 
and 2nd intercostal spaces, just to the right of the parasternal border. 

4. Surface Projection of the Left Border. The left border of the heart (consisting of the 
left ventricle) extends between the left 2nd rib and the 5th intercostal space at the 
midclavicular line. 

5. Surface Projection of the Left Ventricle. The left ventricle is found deep to the 3rd to 5th 
intercostal spaces on the left, at the midclavicular line. 

6. Surface Projection of the Right Ventricle. The right ventricle is mostly found deep to 
body of the sternum and extends laterally beyond the left parasternal border.

7. Surface Projection of the Pulmonary Trunk. The pulmonary trunk is deep to the left 
2nd intercostal space at the left parasternal border.

8. Surface Projection of the Apex. The apex of the heart is found in the left 5th intercostal 
space at the midclavicular line.

SVC

Upper right; 3rd rib

Coronary sulcus

Lower  right; 6th rib
Apex; 5th IC space

Left Atrium
Left interventricular
sulcus

Upper left; 2nd rib

Pulmonary Trunk

Ascending Aorta

Midclavicular line

RV

RA

LV

1

2

3

4

5

6

Figure 6.35   Surface Projection of Heart
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Auscultation of Heart Sounds
Auscultation reveals the normal audible cardiac cycle. Auscultation allows one to assess 
cardiac cycle, heart rate, rhythm and regularity, and valve function. Closing of the AV 
valves produces the S1 heart sound (lub) and marks the end of diastole. The closing of 
the semilunar valves produces the S2 heart sound (dub) and marks the end of systole. 
Cardiac murmurs can also be detected and evaluated. 

1. As a general principle, in order to listen to valve sounds, you should position the 
stethoscope just downstream of the blood flow through the valve of interest. This 
requires that you be able to project the positions of each of the four heart valves onto 
the anterior chest wall as shown in Figure 6.38. The arrows indicate the direction of 
blood flow through each valve.

a. Blood flow through the aortic semilunar valve is heard by placing the stethoscope 
in the right 2nd IC space, just to the right of the parasternal border.

b. Blood flow through the pulmonary semilunar valve is heard by placing the 
stethoscope in the left 2nd IC space, just to the left of the parasternal border.

c. Blood flow through the tricuspid AV valve is heard by placing the stethoscope in 
the left 5th IC space, just to the left of the parasternal border.

d. Blood flow through the bicuspid AV valve is heard by placing the stethoscope in 
the left 5th IC space, at the midclavicular line.

2. Atrioventricular valves are closed during diastole and open during systole.

3. Semilunar valves are open during systole and closed during diastole. 

4. The heart valves keep blood flow from back flowing into the chamber behind the valve.

5. The stethoscope is placed over the intercostal space, not the rib.

6. Heart murmurs in valvular heart disease result when there is valvular insufficiency or 
valvular regurgitation or stenosis. The aortic and mitral valves are most often involved 
in valvular heart disease.
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Aortic valve

Tricuspid
valve

Pulmonary
valve

Mitral valve

Figure 6.38   Auscultation of Heart Sounds

B. Atrioventricular (Derive from 
endocardial cushion)

• Mltral or Bicuspid-left heart

• Tricuspid-right heart

Heart Valves:

A. Semllunar valves                   
(Derive from truncus arteriosus)

• Aortic

• Pulmonary
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Blood Supply to the Heart
The myocardium receives its blood supply via the right and left coronary arteries   
(Figure 39). The right and left coronary arteries are the only branches off the ascending 
aorta. They arise just distal to the aortic semilunar valve, from the right and left aortic 
sinuses. Maximum blood flow into the right and left coronary arteries occurs during 
diastole, when the semilunar valve is closed. Pathology to these arteries can result in 
angina chest pain or myocardial infarction.

A. Right Coronary Artery
The right coronary artery arises from the sinus of the right coronary cusp of the aortic 
semilunar valve and travels in the right coronary sulcus. It supplies the anterior and 
diaphragmatic surfaces of the right atrium and right ventricle. It then curves around the 
right border of the heart to continue in the coronary sulcus posteriorly. The distal end 
of the right coronary artery enters the posterior interventricular sulcus as its terminal 
branch, the posterior interventricular artery.

It has three branches of major clinical importance.

1. Sinoatrial (SA) nodal artery. The SA nodal artery is one of the first branches off the 
right coronary artery. It encircles the base of the SVC and supplies the SA node of the 
cardiac conduction system.

2. Atrioventricular (AV) nodal artery. The AV nodal artery branches from the right 
coronary artery on the diaphragmatic surface of the heart right before it makes a 90 
degree turn into the posterior interventricular sulcus. The AV nodal artery penetrates 
the lower part of the interatrial septum to supply the AV node of the cardiac 
conduction system. 

3. Posterior interventricular artery (PDA). The posterior interventricular artery (a.k.a. 
posterior descending artery, PDA) is the terminal branch of the right coronary artery 
(85%). It travels in the posterior interventricular sulcus where it supplies the posterior 
one-third of the interventricular septum, and the right and left ventricles.

Left coronary artery

LA

RA

RV

LV

Circumflex artery: To left
border and posterior wall
of left ventricle

Diagonal or obtuce artery

Sinoatrial nodal artery

Right coronary artery

Atrioventricular nodal artery
Anterior descending or 
anterior interventricular 
artery supplies anterior 2/3 
of the IV septum, anterior left 
ventricle, and bundle of His.

Posterior descending or
interventricular artery: Supplies

posterior 1/3 of IV septum

Figure 6.39   Coronary Circulation



Gross And Developmental Anatomy Essentials

63

6

63

B. Left Coronary Artery
The left coronary artery arises from the sinus of the left coronary cusp of the aortic 
semilunar valve and travels in the left coronary sulcus for a short distance before dividing 
into two terminal branches, the circumflex artery and the anterior interventricular artery. 

It has two branches of major clinical importance.

1. Circumflex artery. The circumflex artery travels in the left coronary sulcus, around 
the left border of the heart. It supplies the left border of the heart and the posterior 
aspect of the left ventricle and left atrium.

2. Anterior interventricular artery. The anterior interventricular artery (a.k.a Left anterior 
descending artery, LAD) descends in the anterior interventricular sulcus. It supplies 
the anterior surfaces of the right and left ventricles, the anterior two-thirds of the 
interventricular septum, and the right and left atrioventricular bundles of the cardiac 
conduction system.

Clinical Correlations:
1. Coronary Dominance. Coronary circulation is said to be right-dominant if the 

posterior descending artery derives from the right coronary artery. This is true of ~85% 
of the population. Coronary circulation is said to be left-dominant if the posterior 
descending artery derives from the left coronary artery (~15% of the population). Right 
dominate patients have a better chance to survive a myocardial infaretion.

2. Coronary Artery Disease. Occlusion of a major coronary artery, usually due to 
atherosclerosis, leads to inadequate oxygenation of a portion of the myocardium and 
cell death. The severity of the problem will be related to the size and location of the 
artery involved, whether or not the blockage is complete. Depending on severity, the 
patient may develop angina (pain) or a myocardial infarction (MI). Occlusions may 
be treated with blood thinners, catheterization & angioplasty, stent placement, or 
coronary bypass.

3. Heart Attack. Heart attack occurs when the perfusion of the myocardium is 
insufficient to meet its metabolic needs, resulting in permanent tissue damage. 
The most common cause is total occlusion of a major coronary artery. The most 
commonly occluded cardiac vessel is the anterior interventricular artery (LAD, a.k.a. 
the widow-maker).
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Major Cardiac Veins
Most venous blood from the heart tissue is collected via the great, middle, and small 
cardiac veins (Figure 6.40). These veins drain into the coronary sinus. The coronary sinus 
is a large dilated vein that lies in the left coronary sulcus on the between the base and 
diaphragmatic surface of the heart. It opens directly into the right atrium.

1. Great cardiac vein. The great cardiac vein travels first with the anterior 
interventricular artery (in the anterior ventricular sulcus) and then with the circumflex 
artery (in the left coronary sulcus) to reach the coronary sinus.

2. Middle cardiac vein. The middle cardiac vein travels with the posterior 
interventricular artery (in the posterior interventricular sulcus) to reach the coronary 
sinus.

3. Small cardiac vein. The small cardiac vein travels first with the right marginal artery 
and then with the right coronary artery (in the right coronary sulcus) to reach the 
coronary sulcus.

4. Coronary sinus. The coronary sinus receives all the venous drainage from the heart 
except the small anterior cardiac veins and the thebesian veins, which drain directly 
into the heart chambers.

Great cardiac vein

Middle cardiac vein

Coronary sinus

Sternocostal
surface

Diaphragmatic
surface

Posterior
surfaceRA

LA

RV
LV

RA
LA

RVLV

Figure 6.40   Cardiac Veins
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Cardiac Conduction System
The conduction system of the heart consists of modified cardiac muscle that carries 
impulses through the heart, initiating and coordinating the contraction of the heart 
musculature (Figure 6.41). The conducting system is governed by the ANS. The conduction 
system of the heart consists of:

1. Sinoatrial (SA) Node. (“pacemker”) Impulses begin at the SA node (cardiac 
pacemaker). The SA node is located at the superior end of the crista terminalis of 
the right atrium, at the junction of the SVC and the right atrium. Excitatory signals 
generated by the SA node spread across the atria, causing the muscles to contract. 
The SA node sets the rate and force of cardiac contraction. It is supplied by the SA 
nodal branch of the right coronary artery.

2. Atrioventricular (AV) Node. The wave of excitation in the atria stimulates the AV 
node, which is located in the interatrial septum near the septal cusp of the tricuspid 
AV valve. The AV node functions to delay the depolarization from the atria to the 
ventricles. This allows the atria to complete their contraction before the ventricles 
begin to contract. The AV node is supplied by the AV nodal branch of the right 
coronary artery. AV node is the only site where the electrical signal can be conducted 
into the ventricles.

3. Atrioventricular(His) Bundle. The AV bundle is the direct continuation of the AV 
node. It passes through the cardiac skeleton and then splits into right and left 
atrioventricular bundles. The two bundle branches descend along the interventricular 
septum and end as Purkinje fibers that spread throughout the ventricular muscle. The 
AV bundle is supplied by the left anterior descending artery of the left coronary.  
  

4. Autonomic Control. The vagus nerve (CN X) supplies parasympathetic innervation. 
Thoracic cord segments (T1-T5) provide sympathetic innervation.

Atrioventricular bundle
(Bundle of His)

Left bundle branch (LBB)

Purkinje fibers (PF)

Sinoatrial node (SAN)

Atrioventricular node (AVN)

Right bundle branch (RBB)

RA

RV LV

LA

Figure 6.41   Cardiac Conduction System
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Clinical Correlations: 
1. Coronary Artery Disease. The cardiac conduction system can be affected by 

coronary artery disease. The normal rhythm may be disturbed if the blood supply to 
any part of the conduction system is disrupted.

2. Angina referred pain. Visceral afferent pain fibers from the heart travel with 
sympathetic fibers to the spinal cord. Pain is generally referred to the T1-T4 
dermatomes, corresponding to the origin of the sympathetic motor outflow                 
to the heart.

Posterior Mediastinum
The posterior mediastinum (Figure 6.42) is inferior to the transverse thoracic plane. It 
is the space wedged between the pericardium and the bodies of thoracic vertebrae. 
It communicates with the superior mediastinum above and is separated from the 
abdominal cavity by the diaphragm below.

Contents of the Posterior Mediastinum
1. Thoracic Aorta. The descending thoracic aorta begins at the transverse thoracic 

plane as the continuation of the arch of the aorta. It descends on the left side of the 
vertebral column before passing through the aortic hiatus at the level of the 12th 
thoracic vertebrae. It provides blood supply to the posterior thoracic wall (intercostal 
arteries), diaphragm (phrenic branches), lungs (bronchial branches), and esophagus.

2. Esophagus. The esophagus is a muscular tube that connects the pharynx to the 
stomach. In the thorax, it descends on the anterior aspect of the vertebral bodies, 
generally in a midline position. It passes posterior to the left atrium and then passes 
into the abdomen via the esophageal hiatus at TV10 with the right and left vagus 
nerves.

3. Azygos Venous System. The azygos venous system collects venous return from 
the posterior body wall and returns it to the SVC. It also serves as an important 
anastomotic pathway for the return of venous blood from the lower body if the IVC 
becomes occluded.

4. Thoracic Duct. The thoracic duct is the principal channel through which lymph from 
most of the body is returned to the venous system. It begins in the abdomen at the 
cisterna chyli. The thoracic duct enters the thorax posterior to the aorta, passing 
through the aortic hiatus at TV12. It terminates by draining its contents into the 
junction of the left subclavian and left internal jugular veins.
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Diaphragm
The inferior thoracic aperture is closed off from the abdomen by the diaphragm  
(Figure 6.42). The skeletal muscle that makes up the diaphragm originates around the 
periphery from lumbar vertebrae (crura of the diaphragm), the lower ribs, the costal arch 
and the xiphoid process, and inserts into a central tendon.

1. Motor innervation to the diaphragm is via the phrenic nerve (C3-4-5). Sensory 
innervation of the diaphragm is via the phrenic nerve (central portion) and the lower 
intercostal nerves (peripheral portion). 

2. There are three major hiatuses in the diaphragm for the passage of structures 
between the thoracic and abdominal cavities (Figure 6.42). 

• Caval hiatus. The caval hiatus is at the level of TV8. It transmits the IVC and the 
right phrenic nerve.

• Esophageal hiatus. The esophageal hiatus is at the level of TV10. It transmits the 
esophagus and the anterior and posterior vagal trunks.

• Aortic hiatus. The aortic hiatus is at the level of TV 12, bounded on right and left 
sides by the crura of the diaphragm. It transmits the aorta, azygos vein, and 
thoracic duct.

• I 8 10 Eggs At 12 is a useful mnemonic for remembering the vertebral levels 
corresponding to each of the hiatuses.

T8
Diaphragm
T10

T12

Esophagus (T10)

Aorta (T12)

Inferior vena cava (T8)

Posterior mediastinum

Transverse
thoracic plane

Superior mediastinum

Figure 6.42   Posterior Mediastinum and Diaphragm
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Development of the Diaphragm
Development of the diaphragm involves four different components (Figure 6.43A). 

1. The septum transversum forms most of the central tendon of the diaphragm. 

2. The right and left pleuroperitoneal membranes form the posterior part of the 
central tendon and the posterior aspect of the diaphragm by closing off the 
pericardioperitoneal canals. 

3. The dorsal mesentery of the esophagus forms the crura of the diaphragm which 
frame the aortic and esophageal hiatuses.

4. Muscular outgrowth from the body wall forms the peripheral parts of the diaphragm

Hypoplastic left lung

Small intestine, in left
chest, pushing heart
and lungs to the right

Liver partially
up into chest

Diaphragmatic hernia

1. Septum transversum
(central tendon)

3. Dorsal mesentery
of the esophagus

(crura)

2. Pleuroperitoneal
membrane

(dorsal diaphragm)

Site of congenital
diaphragmatic hernia

4. Muscular body wall

Aorta

Dorsal

Ventral

Figure 6.43A   Development of Diaphragm
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Clinical Correlations: 
1. Esophageal Hernia. An esophageal (hiatal) hernia may occur when the fibers of 

the diaphragm surrounding the esophageal hiatus become weak. This allows the 
stomach to herniate into the thoracic cavity. The patient will likely present with 
esophageal reflux and constriction of the esophagus or stomach. Damage to the 
vagal trunks may also occur.

2. Congenital Diaphragmatic Hernia. A congenital diaphragmatic hernia (Figure 6.43B) 
results when the pleuroperitoneal membranes fail to close the pericardioperitoneal 
canals. This results in an open communication between the abdomen and thorax 
which allows the herniation of abdominal contents (spleen, intestines, stomach, or 
liver) into the thorax.

Presence of the abdominal viscera in the thorax hinders the growth of the lung 
resulting in pulmonary hypoplasia and pulmonary hypertension at birth that is 
associated with a high degree of mortality (75%) due to pulmonary dysfunction. This 
most commonly affects the left side.

Figure 6.43B   Diaphragmatic Hernia
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AUTONOMIC NERVOUS SYSTEM

General Organization of the Nervous System 
The nervous system can be organized both anatomically and functionally:

1. Anatomically, the nervous system is divided into two parts: (1) central nervous system 
(CNS) consisting of the brain and spinal cord, and (2) peripheral nervous system 
(PNS) consisting of spinal nerves, cranial nerves, and their associated ganglia. Spinal 
nerves are discussed in the upper and lower limb and spinal cord chapters. Cranial 
nerves are covered in the brainstem chapter.

2. Functionally, the nervous system is divided into somatic and visceral systems. Each 
of these two systems contain both efferent (motor) and afferent (sensory) neurons.

a. Somatic pathways occur at conscious level and provide innervation for voluntary 
control of skeletal muscles (somatic efferent, SE) and conscious perception 
(somatic afferent, SA) of sensory modalities (touch, two-point discrimination, 
vibration, pain, temperature, proprioception) from peripheral receptors which are 
located mostly in skin, muscles, tendons, and joint capsules. These pathways form 
the somatic nervous system.

b. Visceral (autonomic) pathways are not usually preceived at conscious levels. 
They provide innervation for involuntary contraction of smooth and cardiac 
muscle and secretomotor innervation (visceral efferent, VE) to glands. They also 
provide sensory perception (visceral afferent, VA) from visceral structures. These 
visceral pathways form the autonomic nervous system.

Functional Organization of the Autonomic Nervous System 
The autonomic (visceral) nervous system (ANS) regulates and controls internal visceral 
systems, maintaining homeostasis of the internal environment via the sympathetic and 
parasympathetic nervous systems. A thorough understanding of the ANS is important 
clinically.

1. The ANS consists of neural circuits that span both the CNS and PNS.

2. Like the the somatic nervous system, the ANS contains afferent and efferent neurons. 
These neurons operate primarily at involuntary levels.

3. The ANS pathways regulate cardiovascular, respiratory, digestive, urinary, reproductive 
systems and many other autonomic reflex functions.

Note: The activity of the ANS is monitored and controlled by higher brain centers such as 
the hypothalamus. Descending hypothalamic fiber tracts in the CNS synapse on and 
activate the preganglionic neurons located in nuclei within the spinal cord and brainstem. 
These central and peripheral autonomic pathways will be described in this chapter. 
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Motor and Sensory Autonomic Pathways
A. Visceral Afferent Pathways
Visceral afferent neurons (unipolar neurons) of the ANS have their cell bodies located 
within sensory ganglia of either spinal or cranial nerves. Visceral afferents provide 
visceral sensation from viscera and blood vessels. They provide reflex circuitry from 
chemoreceptors (carotid sinus and bodies, CN IX) and baroreceptors (aortic bodies, 
CN X)utilized in respiratory control and regulation of blood pressure, respectively. Axons 
of visceral afferent functions (hunger, nausea, pain, and bladder, rectal, and sexual 
functions) course in the cardiac, thoracic, abdominal, and pelvic sympathetic nerves. 
These visceral sensory pathways provide important autonomic reflex innervations that 
have neural connections with the spinal cord and brainstem.

Clinical Application
Visceral pain results from pressure, stretch, or ischemia of the viscera. Viscera do not 
respond to burning or cutting. 

Visceral afferent pain is an important part of the clinical evaluation of a patient. It is 
more vague than somatic pain. Visceral pain can be felt in the area of the diseased 
organ(deep pain) or it is often expressed as referred pain corresponding to The 
distribution of somatic sensory dermatomes.

B. Visceral Efferent Pathways
The preganglionic and postganglionic visceral efferent ANS outflow from the 
CNS is divided into two distinctively different pathways and divisions: sympathetic 
(thoracolumbar) and parasympathetic (craniosacral) divisions. These two divisions 
are discussed below and are markedly different in many ways. Each has its own 
pharmacological properties, neurotransmitters, physiological functions, and different 
neural circuits. However, they do share some common anatomical distributions. The 
remainder of this chapter will describe the visceral motor system.

Clinical Application
An important principle to remember is that these two divisions, collectively, are 
responsible for innervating only three target tissues: (1) smooth muscle, (2) cardiac 
muscle, and (3) glands. 
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CNS

Motor
ganglia

Target organ/tissue
-  Smooth muscle
-  Cardiac muscle
-  Glands

1. Preganglionic
neuron

2. Postganglionic
neuron

Postganglionic
cell bodies located

in motor ganglion in PNS.
There is a synapse between

the two neurons In motor ganglia.

Preganglionic
cell bodies located

in CNS

The basic circuits formed by these two visceral motor neurons are 
illustrated in Figure 6.44.

Figure 6.44  Visceral Efferent Neurons

Overview of the Neurons of Visceral Efferent Pathways
The visceral motor ANS outflow from the CNS is organized differently than the somatic 
motor outflow which consists of only a single neuron from the CNS to the motor end 
plate. Visceral efferent outflow is formed by a two-neuron circuit that courses between 
the CNS and the targets in the PNS. The first neuron in the circuit is the preganglionic 
neuron, and the second neuron is the postganglionic neuron (figure 6.44).

1. Preganglionic neurons: The preganglionic (myelinated) neurons have their cell bodies 
located in the CNS within the gray matter of the spinal cord (intermediolateral cell 
columns) or in motor autonomic nuclei of the brainstem. Preganglionic axons exit the 
CNS with spinal or cranial nerve systems and synapse on postganglionic neurons in 
motor ganglia of the peripheral nervous system.

2. Postganglionic neurons: The postganglionic neurons (unmyelinated) have their cell 
bodies located within motor ganglia in the PNS. The postganglionic axons exit the 
motor ganglia and continue their peripheral course to reach the targets (smooth 
muscle, cardiac muscle, and glands).
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Overview of Ganglia 
Ganglia are defined as a collection of neuron cell bodies of common function located 
in the PNS. Ganglia are divided into two functional types: sensory and motor. Motor and 
sensory neurons located in ganglia in the PNS develop from neural crest cells. Collections 
of nerve cell bodies in the CNS are called nuclei.

1. Sensory ganglia contain cell bodies of pseudounipolar (unipolar) sensory neurons 
(somatic afferent and visceral afferent). There is no synapse in the sensory ganglian. 
Sensory ganglia are associated with both spinal and cranial nerves.

a. Spinal nerves: Dorsal root ganglia (DRG) are located on the dorsal roots of most of 
the 31 spinal nerves.

b. Cranial nerves: Sensory ganglia are located along the course of certain cranial 
nerves (V, VII, VIII, IX, and X) and are individually named for the associated cranial 
nerves (these are identified in the brainstem chapter).

2. Motor autonomic ganglia (Fig. 6.44) contain cell bodies of postganglionic neurons 
(visceral efferent) of the ANS. In contrast to sensory ganglia, motor ganglia will always 
have a synapse between the preganglionic and postganglionic neurons within the 
ganglia.

 There are three types of autonomic motor ganglia in the PNS:

a. Chain (paravertebral): Chain ganglia are segmentally located along the bilateral 
sympathetic chain that courses on each side of the vertebral column. The 
chain descends from the cervical region through the thorax and abdomen and 
terminates in the pelvic floor.

b. Collateral (prevertebral or para-aortic): Collateral ganglia are located in the 
abdomen and pelvis below the diagram. In the abdomen, collateral sympathetic 
ganglia are clustered around the origins of the major branches of the abdominal 
aorta (celiac, superior and inferior mesenteric arteries). In the pelvis, collateral 
sympathetic ganglia are scattered among the pelvic viscera or on the pelvic floor. 

c. Terminal: Terminal parasympathetic ganglia are cmbedded in the wall of or 
located on the surface of the viscera innervated. 

3. Note chain and collateral ganglia are utilized by the sympathetic nervous system and 
terminal ganglia are utilized by the parasympathetic nervois system.
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Sympathetic and Parasympathetic Divisions of the 
Autonomic Nervous System

The visceral motor efferent outflow of the ANS is divided into two distinct divisions with 
contrasting functions: sympathetic and parasympathetic divisions. These two systems 
differ in organization, the location of preganglionic and postganglionic nerve cell 
bodies, neurotransmitters, and function. Not all, but most, target structures receive dual 
innervation from the sympathetic and parasympathetic systems, with each usually 
providing antagonistic functions.

W hen comparing sympathetic vs parasympathetic pathways there are 3 main things to 
focus on:

1. Location of pre- and postganglionic cell bodies.

2. Target structures

3. General effects of sympathetic or parasympathetic activation on these targets. 

4. They usually have antagonistic effects.

A. Sympathetic (Thoracolumbar) Division
The sympathetic nervous system provides motor innervation to visceral structures 
located in the body wall, head, thorax, abdomen, and pelvis.

1. It is important to note that sympathetic pathways provide most of the innervation 
to vascular smooth muscle.

2. The effects of sympathetic motor innervation are often associated with the fight or 
flight response. These pathways are most active during stressful or fear-inducing 
situations.

3. Acetylcholine (ACh) is the neurotransmitter for the preganglionic neurons (nicotinic 
receptors), and norepinephrine for the postganglionic neurons (except for sweat 
glands(ACh).

Major Functions of the Sympathetic Nervous System 
• Pupil dilation

• Bronchodilation

• Cardiac acceleration

• Coronary dilatation

• Inhibition of peristalsis

• Constriction of smooth          
muscle sphincters of Gi Tract

• Sweating

• Piloerection

• Stimulation of glucose release

• Systemic vasoconstriction

• Emission

• Reduces glandular secretions
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Schematic Illustration of the Sympathetic Nervous System is 
shown in Figure 6.45.

Sympathetic
Preganglionics
T1 to L2 
spinal segments

T1

L2
(Thoracolumbar)

Smooth and cardiac
muscle: glands

Sweat glands

Preganglionic cell bodies are located in the
intermediolateral  cell column (lateral horn)
of spinal cord gray matter (T1 to L2): 
14 Spinal cord segments

A.

ACH

N

Spinal cord
lateral horn

Ganglia

PNS
CNS

ACH

M

NE

N (α/β)

Postganglionic cell bodies located in
chain or collateral motor ganglia (pns)
(and adrenal gland medulla)

B.

Ach: Acetylcholine
NE: Norepinephrine

N: Nicotinic receptors
M: Muscarinic receptors

Figure 6.45  Sympathetic Nervous System (Thoracolumbar) with Neurotransmittors

Overview of Sympathetic Efferent Outflow from the CNS
1. The preganglionic nerve cell bodies of the sympathetic nervous system are located 

in the lateral horn (intermediolateral cell column) gray matter of 14 spinal cord 
segments (T1–L2).

a. All preganglionic sympathetic outflow from spinal cord courses through spinal 
nerves T1-L2 to the sympathetic chain.

b. The preganglionic axons exit the spinal cord through the (1) ventral roots of spinal 
nerves, (2) spinal nerves, (3) ventral rami, and (4) white rami communicantes to 
enter the sympathetic chain of the PNS (Fig. 6.46).

c. These preganglionic neurons will synapse with postganglionics in either the chain 
ganglia, collateral ganglia, or the adrenal medulla (epinephrine). 
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2. The postganglionic sympathetic nerve cell bodies are located in either chain or 
collateral motor sympathetic ganglia in the PNS and the adrenal gland (Its medulla is 
a sympathetic ganglion). The postganglionic axons leave these ganglia and course to 
their target tissues (Figs 6.46 and 6.47).

a. The postganglionic neurons of the chain ganglia will innervate visceral structures in 
the body wall, thorax, and head.

b. The preganglionic axons that synapse in collateral ganglia pass through the 
sympathetic chain without a synapse and will synapse on postganglionics in 
collateral ganglia. These preganglionics are called thoracic or lumbar splanchnic 
nerves. The postganglionic neurons from the collateral ganglia innervate visceral 
structures in the abdomen, pelvis, and perineum.

Figure 6.46  Sympathetic Efferent Outflow From Spinal Cord

Route of Exit of Preganglionic Sympathetic Fiber Outflow from the Spinal Cord is 
Illustrated in Figure 6.46 

Note The following sequence list of axon outflow from the spinal cord. Lesions can occur 
anywhere along these pathways.

1. Lateral horn (intermediolateral column) gray matter (T1-L2)
2. Spinal nerve ventral roots
3. Spinal nerve and ventral rami
4. White rami communicantes
5. Sympathetic chain

Sympathetic chain

Spinal nerve

Dorsal and Ventral rami

Postganglionic
neuron to body wall

White ramus
communicantes (14)

Gray ramus
communicantes (31)

Preganglionic
Postganglionic

Preganglionic neuron
in lateral horn

T1 – L2

Sympathetic chain ganglion

Ventral root

Splanchnic Nerve:
Thoracic or Lumbar

(Does not synapse in
chain ganglia)

Collateral ganglion
( Site of synapse of

preganglionic fibers)

Abdomen,
Pelvis,

Perineum

1 2 3

4

5

*

*

*

* Site of synapse with postganglionic neurons in chain ganglia.
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Table 4.2: Functional Distribution of Sympathetic Nervous System

Preganglionic Cell Bodies in 
spinal cord segments of CNS Innervation – Target

Postganglionic Cell Bodies in 
motor ganglia of PNS

T1 - L2

T1 - T5

T1 - T2

L1 - L2:
Lumbar splanchnic* nerves

 T5 - T12:
Thoracic splanchnic* nerves

Chain ganglia

Chain ganglia

Chain ganglia

Collateral ganglia
(inferior mesenteric

& pelvic ganglia)

Collateral ganglia
(aorticorenal, celiac,
superior mesenteric)

1.  Greater: T5-T9 to FG
2. Lesser: T10-T11 to MG
3. Least: T12 to kidneys and gonads

Vascular and arrector pili
smooth muscle and sweat glands

of the body wall and limbs

Smooth and cardiac muscle
and glands of thoracic viscera

(heart, lungs, esophagus)

Smooth muscle and glands of
foregut (FG) and midgut (MG), 
kidneys, gonads, and adrenal 

medulla

Smooth muscle and glands
of pelvic and hindgut viscera and 

male genital tract (emission)

Smooth muscle and glands of 
head

Preganglionic Postganglionic

* Splanchnic = Visceral

Table 4.1: Distribution Patterns of Sympathetic Innervation

Circuits Utilizing Collateral ganglia Circuits Utilizing Chain ganglia 

3. Thoracic viscera

1. Body wall (limbs and trunk)
   visceral structures

2. Head visceral structures

4. Foregut and midgut viscera
     of abdomen

5. Hindgut, pelvic, and perineal viscera

Patterns of Sympathetic Innervation to Regions of the Body are 
Shown in the Table 7.8.

Clinical Targets of Sympathetic Outflow are Reviewed in Table 7.9.
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Superior
cervical ganglion

Middle
cervical ganglion

Stellate ganglion

Collateral ganglia
(abdomen)

Collateral ganglia
(abdomen and pelvis)

C1

C8
T1

T5

T12
L1

L2

L5
S1

S5

Liver

Lungs and
respiratory tree Esophagus Heart

Stomach
Adrenal
gland

Pancreas

Splenic flexure,
descending colon, rectum

Bladder Reproductive
organs

Small intestine
and cecum to

splenic flexure

Internal and external carotid arteries

• Dilator pupillae muscle
• Superior tarsal muscle
• Sweat glands

Periarterial sympathetic carotid plexus (Postganglionic)

Head
T1

Thorax
T1 - T5

Foregut,
Midgut
T5 - T12

Hindgut,
Pelvis,

Perineum
L1 - L2

Hypothalamus

Brainstem

Thoracic
splanchnics

T5 - T12

Lumbar
splanchnics

Body walls
and limbs

T1 - L2

L1 - L2

Descending 
hypothalamic tracts 
to the preganglionic 
sympathetic neurons

Splanchnic nerves
do not synapse in 
chain ganglia, but in 
collateral ganglia

Preganglionic

Postganglionic

Distribution of Sympathetic System Is Illustrated in Figure 6.47.

Table 4.10: Overview of Horner syndrome

Horner syndrome: 
(ipsilateral)

1. Slight ptosis
2. Miosis
3. Anhidrosis

Three-Neuron pathway  
to head:

1. First neuron - 
Hypothalamus

2. Second neuron - T1 
(preganglionic  
lateral horn)

3. Third neuron- superior 
cervical ganglion  
(postganglionic)

Central Horner: 
Lesion of descending 
hypothalamic tract.

1. Brainstem
2. Spinal cord   

(C1 - T1 or T2)

Peripheral Horner Lesion 
sites:

1. Sympathetic chain 
compression

2. Carotid artery 
aneurysm

- Vasoconstriction
- Sweat glands of trunk
 and limbs

Cord segmental origin
of preganglionics

Figure 6.47  Overview of the Distribution of Sympathetic Pathways
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Overview of Postganglionic Fiber Outflow from Sympathetic 
Ganglia To Targets

After entering the sympathetic chain, there are several routes preganglionic fibers can 
take in relationship to the sympathetic chain to synapse with postganglionic neurons for 
supply to the targets (Figs 6.46 and 6.47).

1. Distribution to Head, Thorax, and Body Wall, and Limbs:

a. Preganglionic fibers between T1-L2 will synapse with postganglionics in the 
chain at their level of entrance or ascend or descend the chain to synapse with 
postganglionics in the chain at a higher or lower ganglion levels.

b. After synapsing in chain ganglia, the postganglionic fibers leave the chain and 
course different routes to provide innervation to the head, thorax, and body wall 
and limbs (Figure 6.47).

2. Distribution to Abdomen, Pelvis, and Perineum

a. Other preganglionic fibers will pass through the chain ganglia without synapse and 
form thoracic (T5-T12) splanchnic nerves or lumbar (L1-L2) splanchnic nerves.

b. These splanchnic preganglionic fibers exit the sympathetic chain to synapse with 
postganglionic fibers within collateral ganglia in the abdomen and pelvis. The 
postganglionic fibers provide innervation to visceral targets in the abdomen, pelvis,  
and perineum (Figure 6.47).
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B. Parasympathetic (Craniosacral) Division
The distribution of the parasympathetic nervous system provides autonomic innervation 
to the viscera of the head, thorax, abdomen and pelvis: 

• There is minimal innervation to vascular smooth muscle.

• Note there are no parasympathetic innervations to the body wall and limbs.

• The functions of the parasympathetic system are generally in opposition to 
sympathetic functions. The parasympathetic system maintains most of everyday 
normal functions.

• The neurotransmitter for both preganglionic (nicotinic receptors) and postganglionic 
(muscarinic receptors) neurons is ACh.

Major Functions of the Parasympathetic Nervous System
• Pupil constriction
• Erection
• Bronchial constriction
• Decrease heart rate
• Increases peristalsis of gut tube
• Relaxes smooth muscle Sphincters of GI Tract
• Empties bladder and rectum
• Increases glandular secretion

Schematic Illustration of The Parasympathetic Nervous System is 
Shown in Figure 6.48.

Parasympathetic
(craniosacral)

Preganglionic cell bodies located in CNS:
• Brainstem nuclei of cranial
   nerves III, VII, IX, and X and
• Nuclei of gray matter: spinal cord
   segments S2, S3, and S4
   (pelvic splanchnics)

*See abbrevations
  on figure 4.2

Postganglionic cell bodies in
terminal motor ganglia of PNS

Cranial
Brainstem
cranial nerves
III, VII, IX, X

Sacral
S2, S3, S4
spinal segments
(pelvic splanchnics)

Target
ACH*

N
ACH

M

PNSCNS

A.

B.

Figure 6.48 Parasympathetic Nervous System (Craniosacral)
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Overview of Parasympathetic Efferent Neuron outflow from CNS
A. The parasympathetic preganglionic neuron cell bodies are found in one of two 

places within the central nervous system:

1. Brainstem: Preganglionic parasympathetic cell bodies are located in 
parasympathetic motor nuclei of four cranial nerves located in the brainstem:   
III, VII, IX, and X (described in brainstem chapters).

2. Spinal Cord: In the lateral aspect of the gray matter of the sacral spinal cord, 
preganglionic parasympathetic cell bodies are found at sacral levels: S2, S3, and S4 
(pelvic splanchnics).

B. The parasympathetic postganglionic neuron cell bodies are located in terminal 
motor ganglia within the PNS. Except in the head, terminal ganglia are usually located 
on the surface of the viscera or embedded in the wall of the target viscera.

Patterns of Parasympathetic Innervation to Regions of Body are 
Shown in Table 6.10.

Note pattern of parasympathetic distribution to body regions: Head, Thorax, Abdomen, 
and Pelvis

Table 4.4: Functional Distribution of Parasympathetic Nervous System

Preganglionic Cell Bodies 
(CNS) Innervation – Target

Postganglionic Cell Bodies 
(Motor Ganglia) of PNS

Cranial Nerves III, VII, IX

Spinal Cord Segments   S2-S4 
( Pelvic Splanchnic Nerves)

Cranial Nerve   X

Four terminal ganglia of the 
head (ciliary, submandibular, 

pterygopalatine & otic)

Terminal ganglia ( on the 
surface of or within the wall of 

visceral structures)

Terminal ganglia ( on the 
surface of or within  the wall of 

visceral  structures)

Smooth Muscle & Glands of Head

Smooth Muscle & Glands of 
Hindgut & Pelvis / Perineum

Smooth Muscle & Glands of 
Thorax, Foregut & Midgut
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Review of targets of parasympathetic pathways
1. Cranial nerves III, VII, and IX:

Ganglia: Cranial nerves III, VII, and IX utilize ciliary, submandibular, pterygopalatine, and 
otic motor terminal ganglia in the head, respectively. 
Target: Supplies smooth muscle (III) of the orbit and glands (VII, IX) of the head  
(Except sweat glands).

2. Cranial nerve X: 

Ganglia: CN X utilizes terminal ganglia embedded within the wall or on the surface of 
the target viscera.          
Target: Supplies smooth and cardiac muscles and glands of thoracic, foregut, and 
midgut viscera

3. Pelvic splanchnic nerves (S2, S3, and S4):

Ganglia: Utilize terminal ganglia embedded within the wall or on the surface of the 
target viscera or scattered on the pelvic floor 
Target: Supplies smooth muscles and glands of the viscera of pelvis, hindgut, and 
erectile tissue

Distribution of parasympathetic nervous system is illustrated in 
Figure 6.49.

Ciliary ganglion

Pterygopalatine ganglion

Submandibular ganglion

Otic ganglion

C1

T1

L1

S2
S3
S4

III

VII

IX

Rectum
Bladder

Erectile tissue Preganglionic

Postganglionic

Cranial parasympathetic outflow
via cranial nerves III, VII, and IX to head

Sacral parasympathetic outflow
via pelvic splanchnic nerves

(S2, 3, 4)

Viscera of the hindgut,
pelvis, and perineum

4 Terminal Parasympathetic Ganglia of Head

Lacrimal, nasal, and oral
mucosal glands (VII)

Sphincter pupillae and
ciliary muscles (III)

Parotid gland (IX)

X

Submandibular and
sublingual glands (VII)

Midbrain

Pons

Medulla

Thoracic and abdominal
(foregut and midgut) viscera

Note: All glands of the head are 
innervated by parasympathetics 
of CN VII and IX, except for sweat 
glands (sympathetic).

Head

Figure 6.49 Parasympathetic Nervous System

Thorax 6

82



Objectives

RADIOGRAPHIC 
IMAGING IN THE 

THORAX

7

Describe the conventions of dorsal/ventral and left/right orientation 
used in cross-sectional radiographic imaging.

Derive rules and develop mental strategies to transform 
solid-structure anatomical knowledge to cross-sectional 

radiographic appearance.

Apply these rules and mental strategies in order to predict/
recognize the appearance and location of musculoskeletal 
and visceral structures in cross-sectional radiographic 
images through the thorax.



Radiographic Imaging in the Thorax 7
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RADIOGRAPHIC IMAGING IN THE THORAX
One of the most critical and clinical applications for gross anatomy is the interpretation 
of radiographic images. In this chapter, we will describe strategies for orientation and 
identification of specific structures using both plain film radiographs and cross-sectional 
CT scans through the thorax.

General principles for approaching radiographic images:
1. Cross-sectional radiographs are presented using a standard convention as 

described below. This convention can be used to establish orientation and set 
expectations about where structures will be located in the section.

Figure 7.1 reminds you of the standard convention that has been adopted for the 
presentation of cross-sectional images. Images are viewed as if you were standing at 
the foot of the patient’s bed and looking towards the head. In this orientation, the top 
of the image is anterior (ventral), and the bottom of the image is posterior (dorsal). 
The left side of the image corresponds to the patient’s right side, and the right side of 
the image corresponds to the patient’s left side.

2. The presence of large, easily identifiable structures like the lungs, liver, or bladder 
may be used to establish which body region (thorax, abdomen, or pelvis) the image 
belongs to. For example, in any cross-section through the thorax, the lungs will occupy 
the lateral compartments. Sections through the abdomen will be identifiable by the 
presence of the liver, spleen, kidneys, or coils of intestine. Sections through the pelvis will 
be identifiable by the presence of the bladder or genital structures in the midline.

Figure 7.1   Orientation For Imaging
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3. Anatomical relationships and other clues may be used to determine the approximate 
level of the image within a given region. With an approximate level established, 
your knowledge of anatomy can be used to set expectations about what structures 
should be present at that level. Knowledge of structural features and anatomical 
relationships can be used to identify specific structures.

General approach to the thorax:
The notes below review some important concepts and anatomical relationships that can 
be used to determine the approximate level of a cross-sectional radiograph through   
the thorax.

1. In any cross-section through the thorax, the lungs will occupy the lateral 
compartments.

2. The contents of the central mediastinal space will differ according to the level 
at which the section is taken. The transverse thoracic plane is easy to identify 
and can be used to localize a cross-section through the thorax to either the 
superior or inferior mediastinum. The transverse thoracic plane was described 
in the Thorax chapter. It is a horizontal plane that passes through the sternal 
angle and the T4 intervertebral disc. It marks the boundary between the 
superior mediastinum and the inferior mediastinum.

3. A number of important transitions take place at the transverse thoracic plane 
as shown in Figure 7.2. At this level, the second rib articulates with the sternum, the 
fibrous pericardium blends with the adventitia (outer layer of connective tissue) of 
the superior vena cava (SVC) and ascending aorta, the azygos vein empties into the 
SVC, the aortic arch begins and ends, the pulmonary trunk divides into right and left 
pulmonary arteries, and the trachea divides into right and left 1° bronchi.

4. If the cross-section is above the transverse thoracic plane (i.e. through the superior 
mediastinum), the trachea will be present in the central midline.

5. If the cross-section is below the transverse thoracic plane (i.e. through the inferior 
mediastinum), the respiratory tree will be represented by right and left primary 
bronchi, or more distal segments of the respiratory tree.

Rib 2

manubrium

azygos

SVC aortic arch

pericardium

pulmonary
trunk

1° bronchi

trachea

T4

T5

Transverse
thoracic
plane

Superior mediastinum

Inferior mediastinum

Figure 7.2   Relationship At Transverse Thoracic Plane
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Upper Superior Mediastinum

Lower Superior Mediastinum
Transverse Thoracic Plane

LungLung

Aortic arch

Left common carotid artery

Left subclavian artery
Left brachiocephalic vein

Brachiocephalic trunk
SVC

Right brachiocephalic
vein

Specific approach to the superior mediastinum:
The notes below review some important concepts and anatomical relationships that can 
be used to identify structures in cross-sectional images through the thorax at the level of 
the superior mediastinum (Figure 7.3).

1. In a cross-section through the superior mediastinum, anterior/posterior relationships 
between structures can be used to identify many of the structures within the superior 
mediastinum. These relationships were reviewed in the Thorax chapter.

2. Differences in the appearance of the venous and arterial planes of the superior 
mediastinum will help you localize the section to the upper superior mediastinum vs. 
lower superior mediastinum.

• In the upper superior mediastinum, the venous plane is represented by the right 
and left brachiocephalic veins. The right and left brachiocephalic vein join to 
form the SVC at the level of the first rib. The arterial plane is represented by the 
3 branches off the aortic arch (brachiocephalic trunk, left common carotid 
artery, and left subclavian artery). These three branches are posterior to the left 
brachiocephalic vein. 

• In the lower superior mediastinum, the venous plane is represented by 
the SVC. The arterial plane is represented by the aortic arch (inferior to the  
brachiocephalic veins).

3. In either case, contents will be organized form anterior to posterior as listed here: 

a. Sternum

b. Thymus gland

c. Venous plane

d. Arterial plane

e. Trachea

f. Esophagus

g. Vertebra

Figure 7.3   Levels of Superior Mediastinum
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The locations of other structures that do not follow this anterior/posterior gradient may 
also be identified or approximated based on their relationships to other easily identifiable 
structures.

1. Right and left phrenic nerves

2. Right and Left vagus nerves

3. Left recurrent laryngeal nerve

Specific approach to the inferior mediastinum:
The notes below review some important concepts and anatomical relationships that can 
be used to identify structures in cross-sectional images through the thorax at the level of 
the inferior mediastinum (Figure 7.4).

If the section is through the inferior mediastinum, the superior to inferior relationships of 
the contents can be used to determine the level of the section.

1. In the upper inferior mediastinum (at the level of the great vessels), the view will be 
dominated by the great vessels (SVC, ascending aorta, pulmonary trunk), arranged 
in that order from right to left.

2. In the intermediate inferior mediastinum (at the level of the upper one-third of the 
heart), the contents will be transitioning from great vessels to chambers of the heart. 
The atria will be the first heart chambers to come into view as they are the most 
superior and posterior. Pulmonary arteries are superior to pulmonary veins and, will 
be seen at higher levels.

3. In the lower inferior mediastinum (at the mid-heart level), the view will be dominated 
by the chambers of the heart. When all four chambers are seen, the atria are 
generally more posterior and to the right while ventricles are generally more anterior 
and to the left.

Transverse Thoracic Plane
Upper Inferior Mediastinum
(great vessels)
Intermediate Inferior
Mediastinum (upper 1/3 heart)

Lower Inferior Mediastinum
(mid-heart)

Anterior View Posterior View

SVC

Aortic arch

Pulmonary trunk

IVC

RA

RV LV LV

LA RA

LA

Great vessels

Mid heart

Upper 1/3 heart

Figure 7.4   Planes Through The Heart
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Application to plain film radiography in the thorax:
Knowledge of what makes up the cardiac borders and surfaces is also useful for 
identifying specific heart chambers. These relationships were described in the Thorax 
Chapter and are reviewed below.

1. In a standard A-P plain film radiograph, the right border of the heart consists of the 
right atrium, with small contributions by the SVC and IVC. The left border of the heart 
consists of the aortic arch, pulmonary trunk, and the left ventricle (from superior to 
inferior). The aortic arch and the pulmonary trunk form two “cardiac knobs” that shape 
the superior aspect of the left border of the heart (Figure 7.5).

2. In sagittal plain film radiographs, the anterior (sternocostal) surface of the 
heart consists of the right ventricle. The posterior surface (base) of the heart 
consists primarily of the left atrium. The left atrium is always located just anterior 
to the esophagus. This relationship is an important radiographic landmark (indicated 
by red circle). The inferior (diaphragmatic) surface of the heart consists 
primarily of the left ventricle. More superiorly, the esophagus is posterior to the 
trachea (Figure 7.6).

Arch of aorta

Pulmonary
trunk

Apex of heart

Trachea

Esophagus

Posterior surface:
Left atrium

Left ventricle

Superior vena cava

Right border :
Right atrium

Anterior (sternocostal)
surface:

Right ventricle

Diaphragmatic surface:
Left ventricle

Left
border :

Figure 7.5   Anterior Chest Film

Figure 7.6   Lateral Chest Film
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Application to cross-sectional CT radiography in the thorax:
For cross-sectional CT images through the thorax, try asking a series of questions about 
the image to approximate the level of the section. Note that for most cross-sectional 
images that you will see on the board exam, T1 weighting is used. Air will contrast dark, 
bone and fat will contrast light, and soft tissue will contrast as shades of gray. The vessels 
will often contain contrast material, making them easier to identify. Contrast material in 
vasculature will appear bright on T1-weighted CT images.

1. Is the section through the thorax, abdomen, or pelvis? 
Look for the lungs in the lateral compartments (remember that air contrasts dark). 
If lungs occupy the lateral compartments, the image represents a cross-section 
through the thorax.

2. Is the section through the superior or inferior mediastinum? 
Look for a single, midline trachea. If present, the section is through the superior 
mediastinum, if bifurcated, then the section is through the inferior mediastinum.

3. Can the level of the section be more precisely localized within the superior 
mediastinum?
a. In the upper superior mediastinum, the venous plane will be represented 

by the right and left brachiocephalic veins. The right brachiocephalic vein is 
oriented vertically and will appear as a circle in cross-section at this level. The left 
brachiocephalic vein is oriented obliquely and will appear as an ellipse in cross 
section at this level (Figures 7.3 and 7.7). 

b. The arterial plane at this level will be represented by the 3 branches of the aortic 
arch. These branches are oriented vertically. At this level, they will appear as three 
circles in a crescent arrangement, posterior to the left brachiocephalic vein. From 
right to left, the circles represent the brachiocephalic trunk, left common carotid 
artery, and left subclavian artery (Figures 7.3 and 7.7).

c. In the lower part of the superior mediastinum, the venous plane will be 
represented by the SVC, and arterial plane will be represented by the arch of the 
aorta. The SVC is oriented vertically and will appear as a circle in cross-section at 
this level. The arch of the aorta is oriented obliquely and will appear as an ellipse 
that is oriented right to left and anterior to posterior. The SVC will be positioned to 
the right of the aortic arch in cross-section (Figures 7.3 and 7.8).

d. Once you have oriented yourself to the level of the superior mediastinum, the 
anterior/posterior relationships that we learned earlier can be used to identify the 
following from anterior to posterior:
-  Sternum
-  Thymic tissue
-  Venous plane
-  Arterial plane
-  Trachea 
-  Esophagus 
-  Vertebra

e. The positions of the left vagus nerve and left recurrent laryngeal nerve can be 
approximated according to their relationships to the position of the aortic arch  
(see red dots on the radiograph shown in Figures 7.7 and 7.8).
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Brachiocephalic
artery

Right brachiocephalic
vein

Thymus
Right phrenic nerve

Manubrium
of sternum

Left vagus nerve

Left phrenic  nerve
Left brachiocephalic
vein
Left common
carotid artery

Left subclavian
artery

Left recurrent
laryngeal nerve

Trachea

Right vagus nerve

Esophagus

Thymus

Manubrium
of sternum

Left vagus
nerve

Superior vena cava

Arch of azygos vein

Trachea
Right vagus nerve

Right phrenic nerve

Esophagus

Arch of
aorta
Left phrenic nerve

Left recurrent
laryngeal nerve

Superior Lobe of
RIght Lung

Figure 7.7   Upper Superior Mediastinum
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Thymus

Figure 7.8   Lower Superior Mediastinum
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6. Can the level of the section be more precisely localized within the inferior 
mediastinum?

A. In the upper part of the middle mediastinum the section will be dominated by the 
great vessels (SVC, ascending aorta, pulmonary trunk, descending thoracic aorta, 
Figure 9). These vessels are vertically oriented and will appear as circles in cross-
section at this level. They can be differentiated based on their relative positions with 
respect to one another.

1. The SVC is represented by a circle located to the right of the ascending aorta in 
cross-section.

2. The ascending aorta is represented by a circle located between the SVC and 
pulmonary trunk. The descending aorta is represented by a circle located just to 
the left of the vertebral bodies on the posterior wall of the thorax. The descending 
aorta will stay in this position in all sections through the inferior mediastinum and 
the abdomen.

3. The pulmonary trunk is represented by a circle to the left and a bit anterior to the 
ascending aorta. 

4. In some sections at this level, you may see the bifurcation of the pulmonary trunk 
into right and left pulmonary arteries (Figure 7.9). You may also see the right and 
left primary bronchi or the carina of the trachea. The esophagus is seen wedged 
between the respiratory tree and anterior to the vertebral bodies. Note that you 
may not be able to see a lumen in the esophagus.

B. As you move more inferiorly, you enter an intermediate range (at the level of the 
upper one-third of the heart) where the great vessels are transitioning to the 
chambers of the heart (Figure 7.10). At this level, the right and left primary bronchi will 
disappear from view, as will the pulmonary arteries. In the location formerly occupied 
by the pulmonary arteries, you may begin to see pulmonary veins. This should make 
sense if you remember that the pulmonary veins are inferior to the pulmonary 
arteries. If you see these pulmonary veins enter a heart chamber, that chamber will 
be the left atrium. Verify the identity of the left atrium by looking for the esophagus. 
The left atrium will always be just anterior to the esophagus. This relationship is an 
important radiographic landmark.
1. The SVC, ascending aorta, and pulmonary trunk will begin to transition into 

the heart chambers (Figure 7.10). The SVC will disappear from view and the 
right atrium will appear in the location formerly occupied by the SVC. Verify the 
identification of the right atrium as forming the right border of the heart. 

2. The pulmonary trunk will disappear from view and the right ventricle will appear 
in that location. Verify the identity of the right ventricle by noting its location 
immediately posterior to the sternum. 

3. The ascending aorta will appear like a “bulls-eye” in the center of the other cardiac 
structures. Part of the left ventricle is seen forming the left border of the heart. The 
descending aorta will still be occupying its position just to the left of the vertebral 
bodies on the posterior wall of the thorax.

4. Note : It can be difficult sometimes to distinguish between the great vessel and the 
chamber it is associated with. In general, if you can still see a well-defined circular 
margin surrounding the structure in question, we would consider that one of the 
great vessels.
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Figure 7.9   Level of Great Vessels

Figure 7.10   Upper One-Third of Heart
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C. In the lower part of the middle mediastinum (at the level of the mid-heart), you will 
be inferior to the great vessels of the heart. At this level, the section will be dominated 
by the four chambers of the heart (Figure 7.11). Identify the following:

1. The left atrium is the most posterior chamber of the heart (just anterior to the 
esophagus).

2. The right ventricle is just posterior to the sternum.

3. The right atrium will make up the right border of the heart.

4. The left ventricle will make up the left border of the heart. You may be able to 
visualize the interventricular and interatrial septa, or the positions of the coronary 
or interventricular sulci.

5. The descending aorta will remain in its position just to the left of the vertebral bodies. 

6. Note: The positions of the right and left coronary arteries, the circumflex artery 
and the left anterior descending artery (LAD) can be approximated as shown in 
Figure 11.

Figure 7.11   Level of Midheart
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Describe the muscle and fascial layers of the anterior abdominal wall and their 
relationships and contributions to the inguinal canal

Define the boundaries of the inguinal canal with special emphasis on how the 
components of the posterior wall define different types of hernias

Understand the different types of inguinal hernias and their clinical 
presentations

Describe the general organization of the GI tract and its division 
into foregut, midgut, and hindgut

Describe the development of the GI tract and the major 
congenital defects 

Understand the distribution of the peritoneum and the visceral 
and vascular contents of the major mesenteries

Describe the autonomic nervous system innervation of the GI tract

Define the major arterial supply of the GI tract and understand their 
clinical correlations

Describe the two major venous systems of the GI tract

Define the portal-caval anastomoses that occur with portal 
hypertension

Describe the development of the urinary system with its major congenital 
defects

Define the muscular and urinary system structures of the posterior 
abdominal wall 
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 ABDOMEN
General Introduction
The abdominal and pelvic cavities contain the foregut, midgut, and hindgut portions of 
the gastrointestinal tract including the accessory glands such as the liver, spleen, and 
pancreas. In addition, the major parts of the renal system lie on the posterior abdominal 
wall. Functionally, these structures play important clinical roles in digestion, metabolism, 
nutrition, and filtration of waste products from the blood. 

Pelvic Bone
The right and left pelvic bones articulate with each other anteriorly at the pubic 
symphysis and with the sacrum posteriorly to form a rigid circle of bone. (Figure 8.1). The 
pelvic bone originally is formed by three separate bones (ilium, ischium, and pubis) that 
fuse together in the teenage years. The bony pelvis houses and protects the lower parts 
of the abdominal viscera, the pelvic viscera, and the lumbosacral plexus (Figure 8.1).

Sacrum

Illiac crest

Sacroiliac joint

Anterior superior
illac spine

Pubic tubercle

Pubis

Inguinal ligament

Inguinal canal

Pubic symphysis

Ilium

Ischium

Ischial spine

Figure 8.1   Pelvic Bone Structure
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1. Skin

2. Superficial fascia

a. Camper (Superficial fatty layer)

b. Scarpa (Deep membranous layers: 
Forms Colles and dartos layer in the 
perineum)

3. External abdominal oblique muscle and 
aponeurosis

4. Internal abdominal oblique muscle and 
aponeurosis

5. Transversus abdominis muscle and 
aponeurosis

6. Transversalis fascia

7. Extraperitoneal connective tissue: 
Contains the urogenital ridge and 
developing gonads in the fetus)

8. Parietal peritoneum

A. List of layers : Superficial to deep

Anterolateral Abdominal Body Wall and Inguinal Canal
Superior to the bony pelvis, the anterolateral abdominal body wall is not supported 
by bone but is comprised of layers of fascia, muscles, and aponeuroses that provide 
strength and support for the abdominal viscera. The anterior body wall below the 
umbilicus is formed by eight layers of fasciae and muscles as described below.  
This lower anterior body wall has several unique features that contribute to the   
formation of the inguinal canal and relates to inguinal hernias.

Innervation and Blood Supply to Anterolateral Abdominal Body Wall
The innervation of the anterolateral wall is provided by (1) the lower intercostal and 
subcostal nerves and (2) the L1 spinal nerve contributions to the iliohypogastric and 
ilioinguinal nerves. The blood supply is derived mostly from the superior and inferior 
epigastric and intercostal arteries.

The superficial to deep layering of structures of the inferior anterior 
abdominal wall.

B. Description of layers of inferior abdominal wall
1. Skin

2. The superficial fascial layer is divided into two components below the umbilicus. 

a. The superficial fatty layer (Camper) is the typical fatty layer seen throughout the 
body underneath the skin.

b. The deep membranous layer (Scarpa) is a stronger facial component that is 
uniquely found in the lower anterior body wall and is not seen in any other regions.
Scarpa’s layer of fascia continues into the perineum where it is called   
Colles’ fascia.
• Colles fascia forms boundaries of some of the pouches of the perineal region. 
• Colles’ fascia also lines the wall of the scrotum where it is referred to as the 

dartos layer containing smooth muscle.  
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• The dartos smooth muscle is innervated by sympathetic nerve fibers supplying 
the body wall including the wall of scrotum. By contracting or relaxing the wall 
of the scrotum, the dartos smooth muscle assists in regulating the temperature 
of the testis to about two degrees below normal body temperature required for 
spermatogenesis.

3. The external abdominal oblique muscle and aponeurosis form the superficial 
muscle layer and contribute to the following inguinal structures: 

a. The inguinal ligament is formed by the thickened, inferior free edge of the external 
abdominal oblique muscle fascia that extends between the anterior superior iliac 
spine and the pubic tubercle.

b. The superficial inguinal ring is a triangular opening of the external abdominal 
oblique fascia superior to the pubic tubercle.

c. The external spermatic fascia is the continuation of the external abdominal  
oblique fascia that covers the spermatic cord.

4. The internal abdominal oblique muscle and aponeurosis form the middle muscle 
layer and contribute to the following parts of the inguinal region

a. The aponeurosis of the internal abdominal oblique muscle joins the aponeurosis 
of the transversus abdominis muscle to insert on the pubic crest and form the 
conjoint tendon (falx inguinalis).

b. The fascia of the internal abdominal oblique muscle extends onto the spermatic 
cord to form the middle spermatic fascia (cremaster skeletal muscle and fascia). 
See description of the cremasteric reflex in the male later in the notes.

5. The transversus abdominis muscle and aponeurosis form the deepest muscle layer 
and contribute to the following parts of the inguinal region:

a. The aponeurosis of the transversus abdominis muscle joins the aponeurosis of the 
internal abdominal oblique muscle to form the conjoint tendon (falx inguinalis) 
that inserts on the pubic crest.

b. Does not contribute to any layers of spermatic fascia.

6. Transversalis fascia forms an investing layer of fascia that surrounds the anterior, 
lateral, and posterior abdominal wall. It contributes the following parts    
of the inguinal region:

a. Forms the deep inguinal ring

b. Forms the internal spermatic fascia

7. Extraperitoneal connective tissue forms a circular band of fascia around the 
anterior, lateral, and posterior abdominal wall.

a. Contains the urogenital ridge where the gonads develop during embryonic 
development.

8. Parietal peritoneum.
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Inguinal Canal
The inguinal canal is an oblique, narrow fibromuscular canal that courses obliquely in 
the inferior part of the anterior abdominal wall. The inguinal canal courses parallel to and 
immediately superior to the medial half of the inguinal ligament. Its position is indicated 
by the dashed lines in Figure 8.2.

The layers of the lower abdominal body wall and the structures of the inguinal canal 
are illustrated in Figure 8.2.

1. The inguinal canal is approximately 4.5 cm in length and begins laterally at the deep 
inguinal ring and ends medially at the superficial inguinal ring. 

2. The deep ring is formed by an evagination of the transversalis fascia into the 
inguinal canal. The extension of transversalis fascia forms the internal spermatic 
fascial layer of the spermatic cord. The deep ring is superior to the midpoint of the 
inguinal ligament and lateral to the inferior epigastric vessels. Structures entering and 
leaving the inguinal canal will pass through the deep ring.

3. The superficial ring is formed by a triangular opening in the aponeurosis of the 
external oblique muscle and is just superior to the pubic tubercle. 

4. The inguinal canal is present in both males and females. In the male during the last 
semester, the testes will descend through the canal on its way to the scrotum. In the 
female, the ovary descends to the lateral pelvic wall but does not pass through the 
inguinal canal. 

5. Thus, the inguinal canal in the male is more clinically significant because the passage 
of the testis through the canal inherently weakens the canal, predisposing males 
to having a much higher incidence of inguinal hernias than females. The female 
inguinal canal is stronger and not weakened since the ovary does not pass thru the 
canal, resulting in a much lower incidence of inguinal hernias.

Parietal peritoneum
Extraperitonal fat

Transversalis fascia
(deep ring)

Transversus abdominis
Internal abdominal oblique

Forms Conjoint tendon:

External abdominal oblique
(superficial ring and

inguinal ligament)
Cremaster muscle

(skeletal muscle)

Deep inguinal ring
(site of indirect hernia)

Weak area
(site of direct hernia)
Conjoint tendon
(falx inguinalis)

Rectus abdominis

Inferior epigastric
artery and vein

External oblique fascia :
external spermatic fascia

Spermatic fascia

Internal oblique fascia :
cremaster muscle and fascia
Transversalis fascia :
Internal spermatic fascia

Superficial inguinal ring

Posterior wall structures

Figure 8.2   Inguinal Canal

Lateral Medial
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Table 8.1: Inguinal Boundaries and Landmarks 

Boundary

Anterior Aponeurosis of external abdominal muscle

Inguinal ligament

Evagination of transversalis fascia and is superior to the midpoint of the inguinal
ligament and lateral to inferior epigastric vessels. Transmits structures
between the inguinal canal and the abdominal and pelvic regions

Slit-like opening in external abdominal oblique aponeurosis, superior to 
the pubic tubercle
Lateral crus is lateral margin of superficial ring
Medial crus is medial margin of superficial ring

Arching fibers of internal abdominal oblique and transversus abdominis
muscles 

- Deep ring
- Inferior epigastric vessels
- Weak area formed by layers of the parietal peritoneum
   and transversalis fascia
- Conjoint tendon (combined insertion of internal abdominal oblique
   and transversus abdominis muscles). 

Posterior
(Lateral to medial)

Superior (roof)

Inferior (floor)

Deep inguinal ring

Superficial
inguinal ring 

Description

Cremasteric reflex
The cremaster muscle (skeletal muscle) is formed by extensions of the fibers of the 
internal oblique muscle onto the spermatic cord at the superficial ring forming the 
middle layer (cremasteric muscle and fascia) of spermatic fascia. The muscle fibers 
extend into the scrotum, loop around the testis, and can elevate the testis out of the 
scrotum towards the superficial ring. The reflex circuit (cremasteric reflex) is formed by 
sensory and motor circuits.

1. Sensory: Stimulating the skin on the medial aspect of the thigh in the male will excite 
the sensory fibers of the ilioinguinal nerve (L1 cord segment).

2. Motor: The motor fibers of the genital branch of the genitofemoral nerve (L1 cord 
segment) contract the cremaster muscle resulting in elevation of the testis upward 
from the scrotum towards the superficial inguinal ring.

Boundaries and Features of the Inguinal Canal
The structural organization, boundaries, and landmarks of the inguinal canal are outlined 
in Table 8.1. You will note multiple boundaries, but the most important clinical one is the 
relationship of structures forming the posterior boundary. The clinical importance 
of these posterior relationships described below relates to identifying the landmarks 
relevant to determining a direct or indirect hernia as discussed later.
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Review of structures forming the posterior wall of the inguinal canal 
and their relationships to inguinal hernias.
The structures forming the posterior wall extend laterally from the deep inguinal ring to 
the conjoint tendon medially. The following describes the relationship of these landmarks 
from lateral to medial (Figure 8.2).

1. The deep inguinal ring is formed by the evagination of the transversalis fascia and is 
lateral to the inferior epigastric vessels. An indirect hernia passes through the deep 
ring.

2. The inferior epigastric vessels are distal branches of the external iliac artery superior 
to the inguinal ligament. These vessels ascend medially and provide a major blood 
supply to the anterior abdominal body wall.

a. The position of the inferior epigastric vessels on the posterior wall is clinically 
important because they form the key landmark used to identify and distinguish 
between direct and indirect hernias (described later). They reinforce the posterior 
wall between the deep ring and weak area.

3. The weak area is medial to the inferior epigastric vessels and is comprised of thin 
layers of transversalis fascia and peritoneum. The lack of any significant support 
at the weak area predisposes it to be the site of a direct hernia. 

a. The weak area corresponds to the position of the inguinal triangle (Hasselbach’s 
triangle). The triangle is bounded by the inferior epigastric vessels laterally, the 
inguinal ligament inferiorly, and the conjoint tendon and the lateral margin of the 
rectus sheath medially. 

b. Note that the position of the deep ring is lateral to the vessels and is the site of 
an indirect hernia, and the weak area of the posterior wall is medial to the vessels 
and is the site of a direct hernia.

4. The conjoint tendon is the common aponeurotic insertion of internal abdominal 
oblique and transversus abdominis muscles. The conjoint tendon reinforces the 
medial aspect of the posterior wall between the weak area and the rectus sheath.
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Contents of Inguinal Canal
1. The contents of the male inguinal canal.

a. Spermatic cord

b. Ilioinguinal nerve

2. The contents of the female inguinal canal.

a. Round ligament of the ovary.

b. Ilioinguinal nerve (L1 nerve) is sensory to a small area of skin on the anterior aspect 
of the labia.

Table 8.2: Spermatic Cord Structures

Structure

Ductus deferens (vas deferens)

Testicular artery

Pampiniform venous plexus

Ilioinguinal nerve

Autonomic nerve fibers

Lymphatic vessels

Muscular tube that conveys sperm from epididymis to
ejaculatory duct. It enters the inguinal canal at 
the superficial inguinal ring.

Branch of abdominal aorta; passes through the deep ring, 
and supplies testis and epididymis

A branch of the LI spinal nerve and is sensory to anterior wall
of scrotum. 

Innervate smooth muscle in blood vessels, testis, ductus
deferens, and epididymis

Drain lymph from testis and associated structures to lumbar 
(pre-aortic) nodes.
Note: Other structures of the perineum drain into the
superficial inguinal nodes.

Vine-like venous network that converges to form testicular 
veins at the deep ring. The right testicular vein drains into the
inferior vena cava, and the left testicular vein drains into the 
left renal vein.

Description
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Clinical Correlation
1. Varicocele

In the male, defective valves or a weakening of the walls of the pampiniform venous 
plexus can result in the veins in the wall of the scrotum dilating with blood resulting in 
a varicocele. (Figure 8.3). A varicocele can also occur with a nutcracker syndrome that 
results in left renal vein stenosis.

• Varicoceles result in an enlarged and often painful scrotum. 

• Externally on the surface of the scrotum, the dilated veins appear as a “bag of worms”. 

• Left varicoceles predominate because the left testicular vein drains into the left renal 
vein at nearly a right angle which tends to hinder venous drainage on the left. The 
right vein drains into the inferior vena cava at a much smaller angle.

Diagnostic test:

1. During the clinical exam of an enlarged, fluid-filled scrotum, the scrotum with a 
varicocele will decrease in size after lying down for 10-15 minutes. In the supine 
position, the blood will drain from the venous plexus. 

2. Also, in the normal scrotum, a bright light will illuminate and glow through the scrotum. 
With a varicocele, the increased dark blood will prevent the light from shining through.

3. Ultrasound imaging is useful in diagnosis.

4. Varicocele can lead to infertility.

 
2. Testicular Cancer
In a patient with cacinomas of the perineum involving the penis, clitoris, scrotum, labia, 
and anal canal below the pectinate line, the cancer cells will metastasize into the 
superficial inguinal nodes. However, testicular cancers spread via the testicular veins 
and lymphatic channels through the inguinal canal and deep inguinal ring to reach the 
lumbar-aortic nodes on the posterior abdominal wall. Ultrasound imaging is useful in 
identifying testicular cancer. Biopsies are not performed with testicular cancer because 
of the increased chance of metastasis.

Spermatic cord

Varicocele

Epididymis

Testis

Varicocele seen
on surface
of the scrotum
"Bag of worms" Pampiniform plexus

of veins

Figure 8.3   Varicocele
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Descent of the Testis
During the first two trimesters of development, the testis and ovary develop at the T10 
vertebral level from the mesoderm of the urogenital ridge. During the last trimester, 
the testis and ovary lose their attachments to the urogenital ridge and descend around 
the lateral body wall in the extraperitoneal connective tissue layer. In the male, the testis 
descends and passes through the inguinal canal to reach the developing scrotum by 
week 33(Figure 8.4). In the female, the descent of the ovary is to the lateral pelvic wall.
The sequence of events during descent of the testis in the last semester is shown in  
Figure 8.4.

1. The male gubernaculum is a connective tissue band that attaches to the inferior 
pole of the testis at the urogenital ridge. It extends inferiorly into the scrotal swelling, 
attaching to the floor of the scrotum. The gubernaculum serves to guide the testis 
during descent to its final position in the scrotum. Most of it is removed as the testis 
descends. The distal end remains as a ligament attaching the testis to the floor of the 
scrotum.

2. The processus vaginalis is an evagination of the abdominal parietal peritoneum 
which protrudes into the lower anterior body wall before the testis begins to descend. 
The evagination follows the course of the gubernaculum into the scrotal swelling, 
forming the inguinal canal. Most of the processus vaginalis obliterates once the testis 
reaches the scrotum except for the distal part described below.

3. The distal part of the processus vaginalis that remains after testicular descent forms 
a structure called the tunica vaginalis. The tunica vaginalis covers most of the 
surface of the testis forming a double-layered serous membrane containing a thin 
layer of serous fluid. The lubricated serous sac allows the testis to move freely within 
the scrotum without producing friction and pain.

Testis

Pubis

A B

C D

Parietal
peritoneum

Gubernaculum

Testis
Processes vaginalis

Tunica vaginalis

Figure 8.4   Descent of Testis: Last Semester
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Hydrocele

A. Testis B. Spermatic cord

Figure 8.5   Hydrocele

Clinical Correlation
1. Congenital Indirect Inguinal Hernia

Failure of the processus vaginalis to close before birth (patent processus vaginalis) 
results in a patent connection with the abdominal cavity. Part of the intestine can easily 
herniate into the patent processus vaginalis and descend into the scrotum at birth or 
within a few weeks after birth producing a congenital indirect inguinal hernia.

2. Hydrocele

Excess amounts of serous fluid that collect in the tunica vaginalis or along a dilation in the  
processus vaginalis form a hydrocele. A hydrocele can be found within the spermatic 
cord or within the tunica vaginalis (Figure 8.5).

Clinical observations consistent with a hydrocele:

a. Swollen, painful scrotum.

b. Transillumination of the scrotum will occur with a bright light test because the 
serous fluid is clear.

c. The size of the scrotum does not reduce with the individual laying down.



Abdomen 8

12

Deep inguinal ring
Inferior epigastric vessels

Parletal peritoneum

Conjoint tendon

Extraperitoneal fascia

Superficial inguinal ring

Peritoneal sac

Testis

Figure 8.6   Indirect Inguinal Hernia

Inguinal Hernia
Protrusion and herniation of parts of the abdominal viscera (typically small intestines) 
through a weakness or defect in the inguinal region of the anterior body wall result in an 
inguinal hernia. Inguinal hernias are twenty times more common in males than females 
due to the inherent weakness of the inguinal canal following descent of the testis. 
Inguinal hernias bulge superior to the inguinal ligament. Ultrasound imaging and manual 
examination are used for diagnosis. There are two types of inguinal hernias, direct and 
indirect.

Indirect Inguinal Hernia 
1. Occur more frequently in younger males (Figure 8.6).

2. Often result from a failure of the processus vaginalis to close completely.

3. The hernia enters the deep ring, lateral to the inferior epigastric vessels.

4. The hernia descends through the entire length of the inguinal canal following the 
original descent route of the testis within the spermatic cord.

5. The hernia is covered by all three layers of spermatic fascia.

6. The hernia usually passes through the superficial inguinal ring and coils into the 
scrotum.

7. In the male, more than two thirds of the hernias are indirect.

Medial Lateral
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Inguinal ligament

Sartorius muscle

Femoral triangle

Saphenous opening

Femoral nerve

Femoral artery

Femoral vein

Herniated gut

Femoral canal

Femoral sheath

Deep inguinal ring

Inferior epigastric vesselsParletal peritoneum

Conjoint tendon

Peritoneal bulge

Superficial inguinal ring

Testis

Extraperitoneal fascia

Lacunar ligament

Femoral hernia

Contents of femoral
sheath

Femoral ring

Figure 8.7   Direct Inguinal Hernia

Direct Inguinal Hernia
1. Occur more common in the older male (Figure 8.7).

2. The hernia protrudes through the weak area (area of the inguinal triangle) medial to 
the inferior epigastric vessels.

3. The hernia does not pass through the deep inguinal ring or traverse the entire length 
of the inguinal canal.

4. The hernia lies on the surface of the spermatic cord and external to the three layers of 
spermatic fascia in the inguinal canal.

5. The herniated gut will bulge at the superficial inguinal ring where it can be palpable.

6. It seldom enters the scrotum.

Medial Lateral



Abdomen 8

14

Femoral Hernia
1. They occur more often in females (Figure 8.8).

2. Femoral hernias bulge inferior to the inguinal ligament.

3. The hernia courses through the femoral ring and canal (medial compartment of the 
femoral sheath) in the upper aspect of the femoral triangle of the anterior thigh. The 
hernia bulges at the saphenous opening within the femoral triangle.

4. Within the femoral canal, the hernia is lateral to the pubic tubercle and lacunar 
ligament and medial to the femoral vein (Figure 8.8).

5. The femoral ring has very rigid margins that may result in strangulation of the gut. 
Loss of blood supply and necrosis are more likely to occur with a femoral hernia than 
with an inguinal hernia. Femoral hernias may require immediate surgery.

6. From lateral to medial, the femoral sheath contains the femoral artery, vein, and the 
femoral canal. It does not contain the femoral nerve. The femoral nerve is located 
lateral to and outside of the femoral sheath.

Inguinal ligament

Sartorius muscle

Femoral triangle

Saphenous opening

Femoral nerve

Femoral artery

Femoral vein

Herniated gut

Femoral canal

Femoral sheath

Deep inguinal ring

Inferior epigastric vesselsParletal peritoneum

Conjoint tendon

Peritoneal bulge

Superficial inguinal ring

Testis

Extraperitoneal fascia

Lacunar ligament

Femoral hernia

Contents of femoral
sheath

Femoral ring

Figure 8.8   Femoral Hernia
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Foregut
Blood supply :
Celiac trunk
Parasympathetic innervation*:
Vagus nerve

Sympathetic innervation**:
Preganglionics :Greater thoracic
splanchnic nerves (T5 - T9)

Referred pain :
Epigastrium

Midgut

Blood supply :
Superior mesenteric artery

Parasympathetic innervation :
Vagus nerve
Sympathetic innervation :
Preganglionics :Lesser and least
thoracic splanchnic nerves
(T10 - T12)

Referred pain :
Umbilical (T10)

Hindgut
Blood supply :
Inferior mesenteric artery

Parasympathetic innervation :
Pelvic splanchnic nerve (S2-S4)
Sympathetic innervation :
Preganglionics : lumber
Splanchnic nerves (L1-L2)

Referred pain :
Hypogastrium

Adult derivatives :
Pharynx
Esophagus
Stomach
Doudenum (first and
second parts to the bile duct)
Liver
Pancreas

endoderm

Biliary apparatus and
gallbladder
Spleen - mesoderm

Foregut

Jejunum
Ileum
Cecum
Appendix
Ascending colon
Transverse colon
(proximal two thirds)

Midgut
Adult derivatives :
Doudenum
(second, third and fourth parts)

Adult derivatives :
Transverse colon
(distal third-splenic flexure)
Descending colon
Sigmoid colon
Rectum
Anal canal
(above pectinate line)

Hindgut

Figure 8.9   Organization of Gut Tube

Organization of the Digestive System
For descriptive purposes, the development and organization of the adult GI tract is 
divided into foregut, midgut, and hindgut regions.
The general organization and divisions of the GI tract are shown in Figure 8.9.

* Parasympathetic innervation is responsible for stimulating peristalsis and glandular 
secretions and relaxing smooth muscle sphincters.

** Sympathetic innervation is responsible for inhibiting peristalsis and glandular 
secretions and constricting muscle sphincters
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Epigastric
region

Umbilical
region

Hypogastrium

Transpyloric plane

Transpyloric Plane

The horizontal, transpyloric plane passes through the L1 vertebra. This plane is described 
in the abdomen imaging chapter and is an important radiological landmark for 
identifying a number of abdominal structures. Some of these critical relationships include 
the pylorus of the stomach, first part of the duodenum, neck and body of the pancreas, 
third part of the duodenum, and the origin of the superior mesenteric artery. 

Figure 8.10   Abdominal Regions

The projection of referred pain (figure 8.10) to the anterior 
abdominal wall follows a general pattern as described below:

Visceral pain from the foregut is perceived as in the epigastric region.

Visceral pain from the midgut is perceived as in the umbilical region.

Visceral pain from the hindgut is perceived as in the hypogastric region.
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Mesoderm

Yolk sac

Ectoderm

Endoderm

Amniotic cavity

Lateral body folds

Connection between gut
and yolk sac (viteline duct)

Ectoderm

Intraembryonic
coelom (developing)

Ectoderm

Gut

Dorsal mesentery

Mesoderm

Coelom: Body cavities
1.  Pleural
2. pericardial
3. peritoneal

A.

B.

C.

Figure 8.11   Lateral Body Folding 

Development of the Digestive System
The development of the GI tract begins in the fourth week and involves lateral and 
head-to-tail (craniocaudal) body foldings. During these foldings, the dorsal part of 
the endoderm-lined extraembryonic yolk sac is pulled into the body of the embryo and 
forms a major part of the embryonic gut tube (Figure 8.11). The endodermal lining will 
form the epithelium and mucosal glands of the GI tract. The muscles, connective tissues, 
and vascular structures forming the remainder of the wall of the gut tube develops from 
mesoderm. 

Folding of the Embryo
The body foldings of the fourth week begin the transformation of the trilaminar, flat disc 
of week three into a cylindrical, three-dimensional form by the end of the fourth week. The 
lateral and craniocaudal (head to tail) body foldings occur simultaneously in the fourth 
week. Body foldings contribute to the initial development of the digestive system.
1. Lateral body folding. The right and left lateral body foldings (Figure 8.11) begin at 

the lateral margins of the embryonic disc in week four. The ventrolateral body folds 
consist of all three germ layers and the amnion. The lateral folds wrap dorsal to 
ventral and fuse at the ventral, anterior midline of the embryo. During the lateral 
folding, the endoderm-lined dorsal part of the yolk sac is incorporated into the 
embryo forming most of the gut tube.
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Extraembryonic space is also captured within the lateral folds resulting in the 
formation of the intraembryonic coelom which is later partitioned into the pleural, 
pericardial, and peritoneal cavities. Initially, there is a small connection (vitelline 
duct) between the gut tube and the yolk sac that eventually closes as the yolk sac is 
removed in the tenth week.

2. Craniocaudal (head-to-tail) body folding. The cranial and caudal ends of the 
embryo fold ventrally forming a C-shaped embryo. (Figure 8.12) This folding assists 
in the completion of the development of the foregut and hindgut portions of the gut 
tube.

Connections Between Embryonic Gut Tube and Connecting Stalk

During development, there are two patent diverticula that connect different parts of the 
embryonic gut tube with the connecting stalk (Figure 8.12). In normal development, these 
will close and obliterate later during pregnancy.

1. The vitelline (omphaloenteric) duct connects the midgut with the umbilical stalk 
and will obliterate around the 10th week of development.

2. The allantois connects the developing hindgut with the stalk. The extraembryonic part 
of allantois will degenerate by the eighth week. The intraembryonic part of the allantois 
forms a fibrous cord (urachus or median umbilical ligament) after birth. The urachus 
extends from the apex of the urinary bladder to the umbilicus in the adult.

Foregut :

Midgut :

Hindgut : Septation

Lung bud

Esophagus

Stomach

Pharynx

Liver bud

Pancreatic buds

Yolk sac

Vitelline duct

Gut loop

Allantois

Cloaca

270° counter
clockwise rotation

Herniates (6-10th weeks)

90° clockwise rotation

Inferior
mesenteric
artery

Superior
mesenteric
artery

Celiac artery
A

B

C

Figure 8.12   Craniocaudal Body Folding
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Development of the Foregut
Derivatives of foregut

The structures forming the foregut include the lower pharynx, esophagus, stomach, and 
small intestine down to the second part of the duodenum where the bile duct drains into 
the duodenum (ampulla of vater). The foregut also includes the liver (and biliary tree), 
pancreas, and spleen.

There are three visceral systems that develop as endodermal buds    
of the foregut:

1. Lungs and lower respiratory tract: Lung buds begin to develop from foregut 
endoderm in the fourth week. The lung buds undergo multiple divisions to form the 
lower respiratory tree. The details are discussed in the thorax chapter.

2. Liver and biliary tract: The hepatic diverticulum and the biliary system begin their 
development in the early part of the fourth week with the hepatic bud growing into 
the ventral embryonic mesentery. The liver diverticulum enlarges rapidly and initially 
fills a large area of the developing abdominal cavity.

3. The pancreas develops from a pair (ventral and dorsal) of endodermal buds of the 
foregut in the fourth week and is discussed later.

Major Characteristics of Foregut Development

1. During abdominal development, the peritoneum forms within the abdominal cavity. 
The peritoneum is one of the three major serous membranes and is formed by two 
layers, the parietal peritoneum and visceral peritoneum. The parietal peritoneum 
lines the inner surface of the abdominal wall. The visceral peritoneum is continuous 
with the parietal layer extending from the abdominal wall to surround many of the 
abdominal viscera. Between the two layers, a thin, potential peritoneal cavity is 
formed containing a thin layer of serous fluid. The serous fluid serves as a lubricant 
allowing the intraperitoneal organs to move freely against each other without friction. 
The peritoneum is fully discussed on page 27.

2. During early GI development, the foregut is suspended from the ventral and  
dorsal body walls by the ventral and dorsal embryonic mesenteries, respectively 
(Figure 8.13). This array is oriented from anterior to posterior within the body cavity.

3. The foregut undergoes a 90 degree clockwise rotation to the right around    
its long axis.

a. This anterior-posterior  array rotates 90° to the right. The liver develops within the 
ventral embryonic mesentery and ends up on the right side. The lesser 
omentum is composed of the hepatogastric and hepatoduodenal ligaments. 
The falciform ligament  attaches the liver to the diaphragm and anterior body 
wall. The lesser omentum and falciform ligament are derivatives of the ventral 
embryonic mesentery.

b. The spleen and dorsal pancreas develop within the dorsal embryonic mesentery 
and ends up on the left. The greater omentum and splenorenal ligament 
develop from the dorsal embryonic mesentery.

4. The 90-degree clockwise rotation of the foregut to the right subdivides the original 
peritoneal cavity into a lesser peritoneal sac (omental bursa) and a greater 
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Dorsal
Aorta

Dorsal embryonic
mesentery

Foregut

Kidney

Ventral embryonic
mesentery

Ventral

Right kidney

Hepatogastric
ligament

Falciform
ligament

Stomach
Liver

Pancreas

Omental bursa
(lesser sac)

Splenorenal
ligament

Gastrosplenic
ligament

Dorsal mesentery

Ventral mesentery

Site of epiploic foramen

Lesser omentum

Spleen

Greater omentum
Greater sac

(Foramen of winslow)

A

C

E

Aorta
Left kidney

Dorsal
mesenterySpleen

Stomach

Liver

Liver

Stomach

Spleen
PancreasDorsal

mesentery

Aorta 

Lesser
omentum

The peritoneal cavity is divided into
two compartments after rotation
of the foregut :
1. Lesser sac (omental bursa)
2. Greater sac
3. The two sacs are connected
     by the epiploic foramen

Lesser
omentum

Falciform
ligament

B

D

The figure below illustrates the development of the foregut : 

Table 8.3: Development of Major Adult Mesentery

Embryonic Mesentery

Ventral Lesser omentum (hepatoduodenal and hepatogastric ligaments);
falciform ligament of liver.

Dorsal
Greater omentum, (gastrosplenic and splenorenal ligaments),
the mesentery of small intestine; transverse mesocolon; sigmoid 
mesocolon.

Adult Derivities

Figure 8.13   Development of Foregut

peritoneal sac. The two sacs communicate via the epiploic foramen of Winslow 
(discussed later).

5. The liver with the bile duct system develop from an endodermal diverticulum within 
the ventral embryonic mesentery.

6. The dorsal pancreas (endodermal buds) and the spleen (develops from mesoderm) 
both begin their developments within the dorsal embryonic mesentery.

7. Only the foregut  is surrounded by both dorsal and ventral embryonic mesentary.
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Development of the Pancreas
In the fourth week, the pancreas develops from two endodermal buds of the foregut. 
The dorsal and ventral pancreatic buds form on the dorsal and ventral sides of the 
duodenum, respectively (Figure 8.14A).

1. The dorsal pancreatic bud develops within the dorsal embryonic mesentery and 
forms the neck, body, and tail of the pancreas. 

2. The ventral pancreatic bud develops within the ventral embryonic mesentery 
and rotates dorsally around the duodenum to lie inferior to and fuse with the 
dorsal pancreatic bud. The ventral bud forms the head and uncinate process of 
the pancreas. With the rotation of the foregut, the duodenum moves to the right, 
becoming C-shaped.

Dorsal pancreatic bud

Main pancreatic duct
(Wirsung)

Ventral Pancreas
(head and uncinate process)

Gall bladder

Stomach

Dorsal pancreas
(neck, body, tail)

Ventral pancreatic
bud (rotates)

Common bile duct

Fourth week

Sixth week

Liver bud

Liver bud

Figure 8.14A   Development of the Pancreas 
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Clinical Correlation 
Annular Pancreas

Annular pancreas (Figure 8.14B) results when the ventral pancreatic bud splits into 
two segments that rotate in both directions around the duodenum, resulting in the 
duodenum being surrounded by a ring or band of pancreatic tissue (Figure 8.14B). 

1. May cause partial or complete bowel obstruction shortly after birth.

2. More common in males

3. May result in pancreatitis

4. Newborns will have projectile bile-stained vomiting a short time after feeding.

5. Radiology will show a “double bubble” with dilation in stomach and duodenum.

6. Can be associated with Down syndrome.

7. Polyhydramnios is present during gestation due to the inability of the fetus to 
properly ingest amniotic fluid.

Development of the Spleen
The spleen begins development in the fifth week from a mass of mesoderm that 
migrates into the dorsal embryonic mesentery. During foregut rotation, the spleen is 
moved to the left body wall where it is protected by ribs 9, 10, and 11.

Common bile duct

Common hepatic duct

Gallbladder

Annular pancreas

Main pancreatic duct

Accessory
pancreatic duct

Dorsal pancreas

Stomach

Figure 8.14B   Annular Pancreas
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Development of the Midgut
The midgut begins immediately distal to the entrance of the bile duct into the second part 
of the duodenum and extends through the proximal two-thirds of the transverse colon. 

Major characteristics of midgut development.
1. Initially in the fourth week, the midgut appears as a U-shaped gut loop consisting of a 

cranial and a caudal loop. The midgut loop undergoes a complex and rapid growth. 
The cranial loop develops into most of the small intestines, and the caudal loop 
contributes to the ascending and most of the transverse colon. 

2. Initially, the rapid-growing liver will occupy most of the available space within the 
abdominal cavity. This results in the midgut herniating out of the abdominal cavity 
through the umbilical ring into the umbilical cord between the sixth and the tenth 
weeks. At the tenth week, the herniated midgut returns to the larger abdominal cavity. 
The cranial loop formed structures return first, and then the caudal loop formed 
structures return last. 

3. During the herniation, the midgut loop will undergo a 270-degree counterclockwise 
rotation around the axis of the superior mesenteric artery. Note that most of the 
270-degree rotation occurs during herniation.
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Abnormalities of GI development
A. Vitelline Duct

A remnant of the fetal vitelline duct in the newborn can result in two different 
abnormalities.

1. Meckel’s (Ileal) Diverticulum. A Meckel’s diverticulum occurs when the distal end of 
the vitelline duct at the umbilicus closes normally, but the proximal attachment to the 
ileum remains patent as a small finger-like, blind pouch. 

a. This is the most common developmental defect of the midgut. 

b. A Meckel’s diverticulum is clinically described as being found in 2% of the 
population, 2 inches long, 2 feet from the ileocecal junction, and 2 times more 
common in males than in females (rule of 2’s).

c. The blind pouch may contain ectopic gastric and pancreatic tissue. 

d. Inflammation of the diverticulum mimics the symptoms of appendicitis.

2. Vitelline Fistula. In the newborn, if the vitelline duct remains totally patent between 
the midgut and the umbilicus, an open fistula will be present between the midgut 
and the umbilical stump. After birth, there can be leakage of contents of the gut 
tube and meconium at the umbilical stump.

B. Patent Allantois

During normal development, the allantois is an open connection between the cloaca of 
the hindgut and the umbilicus that obliterates around week 8.  

1. In the adult, the obliteration of the allantois will form in the adult a fibrous cord 
(urachus or median umbilical ligament) extending between the apex of the bladder 
and the umbilicus on the anterior body wall.

2. If the allantois remains patent at birth, a patent allantoic fistula may develop. There 
may be leakage of urine at the umbilical stump after birth. 

C. Pyloric Stenosis

After birth, excess muscular thickening (hypertrophy) of the pyloric region of the stomach 
can result in severe stenosis of the pyloric canal and blockage of the passing of food. 
Symptoms tend to develop within a few weeks after birth. 

1. The stomach becomes enlarged and distended as shown with imaging.

2. After feeding, the infant will expel the contents of the stomach with forceful, projectile 
non-bilious vomitus. There is no bile staining because the obstruction is proximal to 
opening of the bile duct into the second part of the duodenum. 

3. During gestation, polyhydramnios is present due to the inability to ingest the 
amniotic fluid.

4. Surgical repair is required.
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Umbilical cord at apex

Herniated gut Through
umbilical ring with a
covering membrane (amnion)

Figure 8.15   Omphalocele  

D. Omphalocele

An omphalocele results from an anterior body wall defect allowing the herniated 
intestines and viscera through the body wall at birth (Figure 8.15).

1. The basis of this defect is failure of the herniated midgut to return into the abdominal 
cavity around the 10th week.

2. The extruded gut passes through the umbilical ring.

3. The extruded gut is covered in a sac of amnion.

4. The herniation can contain stomach, liver, or intestines.

5. There is an elevated incidence of genetic cardiac and neural tube defects 
associated with omphalocele leading to a high mortality rate (25%)

6. It is associated with increased levels of a fetoprotein during pregnancy.
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E. Gastroschisis

Gastroschisis is also an anterior body wall defect resulting in herniation of the intestines 
and viscera through the body wall at birth (Figure 8.16). 
1. This is a defect in normal closure of the anterior body wall due to a weakness of the 

lateral body folding during the fourth week of development.

2. The weakness usually involves the right lateral body fold such that the herniated gut 
is extruded through the body wall to the right of the umbilicus and not through the 
umbilical ring.

3. The herniated gut hangs loosely and is not covered by an amniotic sac. The gut is 
exposed to the amniotic fluid during development.

4. It is associated with increased levels of a fetoprotein during pregnancy.

5. It is not usually associated with other genetic defects and survival rate is greater than 
with omphalocele.

6. After birth, the gut has to be returned to the abdominal space in stages to allow 
growth of the abdominal cavity.

F. Colonic Aganglionosis (Hirschsprung Disease)

Hirschsprung disease results from a defect in the development of parasympathetic 
terminal ganglionic cells in the myenteric (Auerbach) and submucosal (Meissner) 
plexuses in the wall of the hindgut.
1. Hirschsprung disease results from a failure of neural crest cells to migrate into 

the wall of the hindgut, usually in the sigmoid colon and rectum. Parasympathetic 
ganglionic cells fail to develop as a result.

2. There is loss of peristalsis in the segment of the affected large intestine.

3. Proximal to the lesion, the gut is enlarged with a distended abdomen (megacolon).

4. Results in hindgut obstruction and blockage in the newborn with decreased ability to 
pass meconium.

5. It is the most common cause of obstruction of the colon in the newborn.

6. It often requires surgical correction.

Herniation to the side of
the umbilicus

Figure 8.16   Gastroschisis
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Small intestine

Visceral peritoneum

Parietal peritoneumAorta
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Figure 8.17   Peritoneum

Anatomy of the Adult Abdomen
A. Peritoneum
The peritoneum is the third of the serous membranes. The peritoneum has a very 
complex relationship with the abdominal viscera and body wall. The peritoneum consists 
of two continuous layers: parietal and visceral peritoneum (Figure 8.17).

1. Parietal peritoneum lines the inferior surface of the diaphragm, the abdominal wall, 
and crosses the upper surfaces of the pelvic viscera. The parietal pleura has somatic 
innervation and is sensitive to pressure, cold, temperature and pain. At multiple points, 
it reflects from the body wall as visceral peritoneum.

2. Visceral peritoneum reflects from various points of the body wall to surround many 
viscera and returns to the body wall where it is continuous with parietal peritoneum. 

3. Visceral mesenteries are formed when the visceral peritoneum  reflects from the 
body wall. It will usually consist of two or more layers.   

Mesenteries provide a passageway for vascular, nerve, and lymphatic supply to reach 
the viscera they enclose. Visceral peritoneum is innervated by autonomic visceral 
nerves and is insensitive to temperature and pain but is very sensitive to stretching 
and chemical irritation.

Note different parts of the visceral peritoneum are named according to the viscera 
they enclose.

• Greater and lesser omenta are attached to the greater and lesser curvatures of the 
stomach, respectively.

• Mesocolon attaches to the transverse and sigmoid colon.

• Numerous ligaments are named by their attachments to the viscera.



Abdomen 8

28

Table 8.4: Intraperitoneal Versus Retroperitoneal Viscera 

Intraperitoneal

•  Stomach

•  First part of the duodenum
    (duodenal cap or bulb)

•   Jejunum

•   Ileum

•   Cecum

•   Transverse colon

•   Sigmoid colon

•   Liver and spleen

•   Gallbladder

•   Tall of pancreas

•  Second, third, and fourth parts of duodenum

•  Ascending colon

•  Descending colon

•   Rectum

•   Head, neck, body of pancreas

•   Kidneys

•   Ureters

•   Suprarenal gland

•   Abdominal aorta

•   Inferior vena cava 

Retroperitoneal

Peritoneal cavity

The peritoneal cavity is the potential space between the parietal and visceral layers of 
peritoneum. It contains no organs and secretes serous fluid that lubricates the opposing 
peritoneal surfaces, allowing the viscera to have freedom of movement without 
producing friction and pain.
1. Resulting from foregut rotation, the peritoneal cavity is divided into a lesser 

peritoneal sac (omental bursa) and a greater peritoneal sac. The greater sac forms 
the largest part of the peritoneal cavity. The lesser peritoneal sac is a cul-de-sac that 
forms posterior to the stomach and lesser omentum during foregut rotation. The two 
sacs communicate with each other through the epiploic foramen (of Winslow) that 
is located posterior to the hepatoduodenal ligament of the lesser omentum.

2. The peritoneal cavity is completely closed in the male but opens into the uterine tube 
in the female.

Intraperitoneal versus Retroperitoneal Position of Viscera

1. Intraperitoneal viscera are suspended from the body wall by mesenteries and are 
almost completely enclosed by visceral peritoneum. Being suspended from the body 
wall, they are mobile.

2. Retroperitoneal viscera have no mesentery attachments and are external to 
the parietal peritoneum. These viscera are covered only on one side by parietal 
peritoneum and are mostly immobile. They are located between the posterior wall of 
the parietal peritoneum and the body wall.

Table 8.4 Organizes the abdominal organs as intraperitoneal or retroperitoneal. 
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Falciform ligament
(contains ligamentum

teres of liver)

1. Hepatogastric ligament

2. Hepatoduodenal
    ligament contains:
•  Common bile duct 
•  Proper hepatic artery
•  Hepatic portal vein

Leser omentum

Spleen

Greater curvature
of stomach

Descending colon

Greater omentum

Ascending colon

Lesser curvature
of stomach

Liver

Epiploic foramen

Greater and Lesser Omenta
1. The lesser omentum is derived from the ventral embryonic mesentery. The lesser 

omentum consists of the hepatogastric and the hepatoduodenal ligaments which 
extend between the visceral surface of the liver (porta hepatis) to the lesser curvature 
of the stomach and the first part of the duodenum, respectively (Figure 8.18).

a. Forming the right, free margin of the lesser omentum, the hepatoduodenal 
ligament contains the common bile duct, proper hepatic artery, and hepatic 
portal vein (portal triad).

b. The epiploic foramen (of Winslow) is located immediately posterior to the mid-
point of the hepatoduodenal ligament. The epiploic foramen is the entrance 
into the omental bursa (lesser peritoneal sac) and is the only communication 
between the lesser and great sacs of the peritoneal cavity.

2. The greater omentum forms a large, apron-like fold of visceral peritoneum that is 
derived from the dorsal embryonic mesentery. It is suspended from the greater 
curvature of the stomach, spleen, and drapes inferiorly covering over most of the 
midgut. 

Figure 8.18 illustrates the in-situ position and features of the greater and lesser 
omenta and the epiploic foramen.

Figure 8.18   Greater and Lesser Omenta
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Liver

2. Common bile duct

3. Hepatic portal vein
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Inferior vena cava

Pancreas
H- Head
N- Neck
B- Body
T- Tail

Splenic vessels
Tail of pancreas

Ligament contains:

B. Omental Bursa and Epiploic Foramen
The omental bursa or lesser peritoneal sac is the cul-de-sac which forms following the 
90-degree clockwise rotation of the foregut as described earlier (Figure 8.19). The only 
communication between the lesser sac with the greater sac is via the epiploic foramen 
(of Winslow) (Figure 8.18 and 8.19

Boundaries of the Omental Bursa

1. Anterior - Lesser omentum (with contained structures) and the posterior wall of the 
stomach.

2. Posterior - Body of the pancreas, left kidney, and left adrenal gland.
 
Boundaries of the epiploic foramen

1. Anterior- Hepatic portal vein within the hepatoduodenal ligament.

2. Posterior- Inferior vena cava.

Hepatorenal Recess (Morrison’s Pouch)

The hepatorenal recess is a part of the greater peritoneal sac that is located between 
the right visceral surface of the liver and the right kidney. Morrison’s pouch is a gravity-
dependent potential space normally containing a thin layer of serous fluid. It can enlarge 
greatly with excess collection of serous fluid. Note that in the supine position, this is the 
first space to show a collection of excess serous fluid in the body cavity.

Figure 8.19   Relationships of Omental Bursa, Epiploic Foramen, and Hepatorenal Recess
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Figure 8.20   Stomach

C. Additional Adult Abdominal Visceral Relationships
A. Stomach

1. The stomach is intraperitoneal (Figure 8.20). 

2. Subdivisions of the stomach: cardia, fundus, body, and pylorus.

3. The lesser curvature forms the right border of the stomach and is connected to the 
liver via the lesser omentum.

4. The greater curvature forms the left border of the stomach and is attached to the 
greater omentum.

5. The stomach has extensive lymphatic drainage making them difficult to surgically 
remove following carcinoma of the stomach.

6. The omental bursa is located posterior to the body of the stomach.
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B. Liver
The anterior and posterior surfaces of the liver are shown in the Figure 8.21.

1. The liver develops from an endodermal bud of the foregut within the ventral 
embryonic mesentery. 

2. There are four lobes of the liver: right, left, caudate, and quadrate. The quadrate 
and most of the caudate lobe are functionally part of the left lobe. The liver has 
diaphragmatic and visceral surfaces (Figure 8.21).

3. The liver is mostly intraperitoneal. The falciform ligament attaches the 
diaphragmatic surface of the liver to the diaphragm and body wall. The lesser 
omentum attaches the visceral surface of the liver to the stomach and duodenum.

4. The porta hepatis is on the visceral surface of the liver and is the area where 
structures comprising the portal triad enter or exit the liver (hepatic portal vein, proper 
hepatic artery, and common hepatic duct).

5. On the visceral surface, there are two fibrous ligaments that are adult remnants of 
prenatal vascular structures: (1) Ligamentum teres of the liver located between 
the left lobe and the quadrate lobes is a fibrous remnant of the umbilical vein. (2) 
Ligamentum venosum located between the left lobe and the caudate lobe is a 
fibrous remnant of the ductus venosus. These are discussed in the thorax chapter.

6. The hepatic portal vein delivers blood with absorbed digestive products from the gut 
tube to the liver. 

7. Several hepatic veins drain blood from the liver into the inferior vena cava.

Diaphragm

Left lobe

Gallbladder

Falciform
ligament

Right lobe Caudate lobe
Ligamentum venosum

(ductus venosus)

Ligamentum teres of
the liver (umbilical vein)

Porta hepatis

Quadrate lobe

Left lobe of liver

Inferior vena cava

Right lobe of liver

Gallbladder
Neck
Body
Fundus

Anterior surface of liver Posterior (visceral) surface of liver

Figure 8.21   Surfaces of the Liver 
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C. Biliary System
The biliary system (Figure 8.22) is composed of a series of ducts draining bile from the 
liver to the 2nd part of the duodenum.

1. The right and left hepatic ducts drain bile from the corresponding right and left parts 
of the liver at the porta hepatis.

2. The right and left hepatic ducts fuse to form the common hepatic duct at the porta 
hepatis.

3. The cystic duct drains the gallbladder and then joins the common hepatic duct to 
form the common bile duct. 

4. The common bile duct descends in the hepatoduodenal ligament at the free 
margin of the lesser omentum, passes posterior to the first part of the duodenum, 
and penetrates the head of the pancreas where it joins the main pancreatic duct of 
(Wirsung). Both drain into the second part of the duodenum at the greater duodenal 
papilla (ampulla of Vater).

Clinical Correlation
Gallstones usually occur at the (1) neck of the gallbladder, (2) common bile duct, (3) the 
major duodenal papilla. Gallstones at the greater papilla also block drainage of the 
main pancreatic duct and can lead to pancreatitis.

Liver

Gallbladder
Cystic duct

Common bile duct

Common hepatic duct

Ampulla of Vater
(Greater duodenal papilla)

Duodenum

Duodenum

Left hepatic duct
Right hepatic duct

Pancreas

Main pancreatic duct
(Wirsung)

1

2

3 = Sites for gallstones

Figure 8.22   Biliary System
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D. Pancreas, Duodenum, and Junction of the Foregut and  Midgut

1. The duodenum of the foregut is C-shaped and divided into four parts. Only the first 
part (duodenal bulb) is intraperitoneal (enclosed by the hepatoduodenal ligament), 
and parts 2, 3, and 4 are retroperitoneal (Figure 8.23).

2. Part one of the duodenum is attached to the lesser omentum, part two lies anterior to 
the right kidney, part three crosses the midline anterior to the inferior vena cava and 
abdominal aorta of at the level of L1, from right to left in the nutcracker, and part four 
is suspended from the posterior abdominal wall by the ligament of Treitz located at 
the junction of the duodenum with the jejunum.

3. The ligament or Treitz is an important clinical bleeding marker. Intestinal bleeding 
proximal to the ligament presents clinically with bloody vomitus, but intestinal 
bleeding distal to the ligament presents clinically with rectal bleeding. 

4. The gastroduodenal vessels and the common bile duct course posterior to the 
first part of the duodenum to reach the head of the pancreas. There is a risk of 
hemorrhaging with duodenal ulcers.

5. The pancreas is divided into four parts.
a. Head - Enclosed by the concavity of the duodenum.
b. Neck – Crosses the body midline, anterior to the formation of the hepatic         

portal vein.
c. Body – Located on the posterior wall of the omental bursa and partly anterior to 

the left kidney and suprarenal gland.
d. Tail – Passes through the splenorenal ligament with the splenic vessels to reach 

the  hilum of the spleen.   

6. The pancreas develops from a pair of endodermal buds of the foregut within the 
dorsal embryonic mesentery as previously described.

1

2

3

4

Head

Neck
Body

Tall

Ligament of Treitz
(bleeding marker)

= vomit blood

Superior mesenteric
artery

= rectal blood

Main pancreatic duct
Left kidney

Common bile duct

Duodenum

Right kidney

Greater duodenal
papilla

Common bile duct

Jejunum

Superior mesenteric
vein

Spleen

Pancreas

Inferior vena cava

Abdominal aorta

Figure 8.23    Junction of Foregut and Midgut
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7. The main pancreatic duct (of Wirsung) drains the pancreas through the tail, body, 
and neck to reach the head where it joins with the common bile duct at the ampulla of 
Vater to drain into the second part of the duodenum at the greater duodenal papilla. 

Clinical Correlation
1. Pancreatic cancer of the head of the pancreas can obstruct the common bile duct 

and the main pancreatic duct resulting in jaundice and pancreatitis.

E. Spleen
1. The spleen lies posterior to the left midaxillary line deep to ribs 9-11 in the upper left 

quadrant of the abdomen. Fractures of these ribs may lacerate the spleen.
2. Develops from mesoderm in the dorsal embryonic mesentery.
3. The anterior surface is related to the stomach, left kidney, and the splenic flexure of 

the large colon.
4. The splenic vessels pass through the splenorenal ligament (with tail of pancreas) to 

the hilum of the spleen.
5. The spleen has a thin capsule and is the most commonly ruptured abdominal viscera 

following trauma.

F. Small Intestines
Duodenum

1. The duodenum is the C-shaped, first segment of the small intestines. This curvature 
envelops the head of the pancreas.

2. The duodenum is divided into four parts with the first part being intraperitoneal 
(surrounded by the hepatoduodenal ligament). The other three parts are 
retroperitoneal.

3. The gastroduodenal vessels and the common bile duct descend posterior to the first 
part of the duodenum (duodenal bulb).

4. The second part of the duodenum receives the drainage of the common bile duct 
and the main pancreatic duct at the ampulla of Vater. The ampulla of Vater is the 
landmark that separates the foregut from the midgut.

Jejunum and Ileum

1. The jejunum and ileum are the longest part of the small intestines (forms the distal 2/5 
of the small intestines).  Both segments are intraperitoneal and are attached to the 
mesentery proper of the visceral peritoneum.

2. The junction between the duodenum and jejunum (duodenojejunal junction) is 
located 2 cm to the left of the midline at the level of the L2 vertebrae.

3. The duodenojejunal junction is suspended by the attachment of the ligament of Treitz 
to the right crus of the diaphragm.

4. The ileum empties into the cecum at the ileocecal junction (muscular valve).
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G. Large Intestines
1. The large intestines consist of the cecum, ascending, transverse, descending, and 

sigmoid colon, and the rectum.
2. The ascending and transverse colon are continuous at the hepatic flexure, 

and the transverse and descending colon are continuous at the splenic flexure  
(watershed area).

3. The transverse and sigmoid are intraperitoneal, attaching to the transverse 
mesocolon and the sigmoid mesocolon, respectively. 

4. The ascending and descending colon are retroperitoneal, attached to the posterior 
abdominal wall by fusion fascia.

5. The rectum is located in the pelvis and is continuous with the descending colon at the 
S3 vertebral level. The rectum descends on the concavity of the sacrum where it is 
continuous with the anal canal.

H. Anal Canal
1. The anal canal is 1 ½ inches long and terminates at the anus. 
2. The anal canal is continuous with the rectum at the at the pelvic diaphragm,  

making a 90-degree dorsal bend as it passes through the pelvic diaphragm. 
3. The 90-degree bend is maintained by the pull of the puborectalis muscle fibers of the 

pelvic diaphragm to facilitate fecal continence.
4. The midpoint of the canal is marked by the pectinate line, formed by circular vessels 

deep to the mucosa. The importance of the pectinate line is discussed in the pelvis 
and perineum chapter.

5. The anal canal is guarded by two muscular sphincters:

a. The internal anal sphincter consists of smooth muscle fibers surrounding the anal  
canal. These muscle fibers are innervated by the autonomic nervous system.
Sympathetic innervation (lumbar splanchnics) increases the tone of the fibers, 
and the parasympathetic innervation (pelvic splanchnics) decreases the tone 
during defecation.

b. The external anal sphincter consists of voluntary skeletal muscle fibers surrounding 
the lower part of the anal canal which relaxe during defecation. These muscle 
fibers are somatically innervated by the pudendal nerve.
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Figure 8.24   Abdominal Aorta and Inferior Vena Cava

Arterial Supply to the Abdomen
The abdominal aorta (Figure 8.24) is the continuation of the thoracic aorta as it passes 
through the aortic hiatus of the diaphragm at the T12 vertebra. The abdominal aorta 
descends anterior to the bodies of L1 to L4 lumbar vertebrae, slightly to the left of the 
midline. At the L4 vertebra, the abdominal aorta divides into the right and left common 
iliac arteries. The common iliac artery divides into the internal and external iliac 
arteries which supply the pelvis and perineum and the lower limb, respectively.
In its short course, the abdominal aorta provides many visceral and parietal branches 
to the abdominal viscera and body wall. Only the visceral branches will be discussed. 
It is important to identify the specific vertebral levels of origin where the main visceral 
arteries branch from the abdominal aorta and correlate these vertebral levels with the 
cross-sectional images presented in the chapter on abdominal imaging. 
The visceral branches of the abdominal aorta are organized into unpaired vs paired 
groups of arteries. 

A. Three single unpaired visceral 
branches: 

1. Celiac trunk (TV12)– Supplies 
foregut viscera

2. Superior mesenteric artery (LV1) – 
Supplies midgut viscera

3. Inferior mesenteric artery (LV3)– 
Supplies hindgut viscera

B. Three paired visceral branches:

1. Middle suprarenal arteries
2. Renal arteries (LV2)
3. Gonadal arteries
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A. Celiac Trunk
The celiac trunk (Figure 8.25) is the first visceral branch of the abdominal aorta. The 
trunk arises from the anterior surface of the abdominal aorta immediately below the 
diaphragm at the T12 vertebral level. The origin of the celiac trunk is at the superior 
border of the pancreas. It immediately divides into the left gastric, splenic, and common 
hepatic arteries. These three vessels arise in a retroperitoneal position from the celiac 
trunk but will enter the mesenteries.

Branches of the celiac trunk:

1. The left gastric artery is the smallest of the three branches. It courses along the 
lesser curvature of the stomach. The artery is the main blood supply to the lesser 
curvature of the stomach. It also gives rise to an esophageal branch that supplies 
the distal part of the esophagus below the diaphragm. A small right gastric artery 
(branch of the proper hepatic artery) is sometimes present on the lesser curvature. 

2. The splenic artery is the largest branch of the celiac trunk. It follows a very tortuous 
course to the left along the upper border of the pancreas and posterior to the body 
of the stomach to reach the hilum of the spleen within the splenorenal ligament (with 
the tail of the pancreas). 

In addition to the spleen, the splenic artery gives rise to the following branches:

a. Several short gastric branches arise from the distal splenic artery and supply the 
fundus of the stomach.
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Figure 8.25   Arterial Distribution of Celiac Trunk 
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b. Several pancreatic branches supply the neck, body, and tail of the pancreas. The 
splenic artery does not supply the head of the pancreas.

c. The left gastroepiploic (gastro-omental) artery is a distal branch of the splenic 
artery close to the hilum of the spleen. It courses on and supplies the left part of the 
greater curvature of the stomach. It will anastomose with the right gastroepiploic 
artery along the greater curvature.

3. The common hepatic artery travels a short distance to the right along the 
upper border of the pancreas and divides into the proper hepatic artery and the 
gastroduodenal arteries.

a. The proper hepatic artery ascends the right free margin of the lesser omentum 
within the hepatoduodenal ligament (with the hepatic portal vein and the 
common bile duct) to reach the porta hepatis on the visceral surface of the liver. 
At the porta hepatis, the proper hepatic divides into the right and left hepatic 
artery to the corresponding lobes of the liver. The right hepatic artery provides a 
cystic artery to the gallbladder.

b. The gastroduodenal artery descends posterior to the first part of the duodenum 
(duodenal bulb) with the common bile duct where it supplies branches to the 
duodenum. 

At the head of the pancreas, it divides into its two terminal branches:

1. The right gastroepiploic artery courses to the left at the pyloric part of the 
stomach and courses along the greater curvature where it supplies this part 
of the stomach. It connects with the left gastroepiploic artery at the greater 
curvature.

2. The superior pancreaticoduodenal artery penetrates and supplies the 
upper part of the head and uncinate process of the pancreas. Within the 
pancreas, it anastomoses with the inferior pancreaticoduodenal artery of the 
superior mesenteric artery which completes the blood supply to the head 
and uncinate process of the pancreas.

 
Clinical Correlation
1. The splenic artery courses posterior to the body of the stomach and may 

hemorrhage due to erosion by dorsal gastric ulcers. This results in intense bleeding 
into the omental bursae.

2. The gastroduodenal artery courses posterior to the duodenal bulb where it may 
hemorrhage due to dorsal ulcerations of the duodenal bulb. Ulcers of the foregut are 
more common at the duodenal bulb.

3. The connections between the superior and inferior pancreaticoduodenal arteries 
within the head of the pancreas establish critical anastomoses between the celiac 
trunk and the superior mesenteric artery. If there is a blockage at the origins of either 
one of the two major vessels from the aorta, retrograde filling from the other one may 
be able to provide adequate blood flow.
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B. Superior Mesenteric Artery
The superior mesenteric artery (SMA) (Figure 8.26) arises from the anterior surface of 
the abdominal aorta and provides the blood supply to the midgut. It arises immediately 
inferior to the origin of the celiac artery at the L1 vertebral level. The origin of the superior 
mesenteric artery is posterior to the neck of the pancreas and forms an acute angle 
between the SMA and the abdominal aorta called the “nutcracker” (discussed later). The 
SMA enters the mesentery of the midgut where it gives off its branches.

The superior mesenteric artery provides the following branches:
1. The inferior pancreaticoduodenal artery (not shown) is the first branch of the SMA. It 

ascends into the head of the pancreas where it forms collateral connections with the 
superior pancreaticoduodenal artery distribution of the celiac trunk.

2. Numerous jejunal and ileal arteries arise in succession from the left side of the 
SMA within the mesentery and supply the jejunum and most of the ileum. Within the 
mesentery, these branches form anastomotic arcades that increase in number from 
proximal to distal along the small intestines.

3. The middle colic artery is a superior branch from the right side of the SMA. It enters 
the transverse mesocolon and divides into right and left branches that supply the 
proximal two-thirds of the transverse colon. The left branch connects with the left 
colic artery (branch of the inferior mesenteric artery) at the distal one-third of the 
transverse colon. The right branch connects with the right colic artery.

4. The right colic artery stays retroperitoneal, courses to the right, and supplies the 
ascending colon. It makes connections with branches of the middle colic and 
ileocolic arteries.

5. The ileocolic artery is an inferior branch from the right side of the SMA that courses 
inferiorly to the right and supplies the cecum (and appendix) and the distal  
end of the ileum.

Splenic flexure
(Watershed area)

Marginal artery
of Drummond

Inferior mescenteric
artery:

(1) Left colic artery

(2) Sigmoid arteries

(3) Superior rectal artery

Sigmoid colon

Rectum

Transverse colon

Cecum

(4) Jejunal and
ileal arteries

(3) Ileocolic artery

(2) Right colic artery

(1) Middle colic artery

Hepatic flexure

Superior
mescenteric artery

Figure 8.26   Superior and Inferior Mesenteric Arteries
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C. Inferior Mesenteric Artery
The inferior mesenteric artery (Figure 8.27) is the third and most inferior of the three 
unpaired, visceral branches. It branches from the anterior surface of the abdominal 
aorta at the level of L3 vertebra to supply the hindgut. The origin of the inferior mesenteric 
artery is posterior to where the third part of the duodenum crosses the abdominal aorta. 
It descends retroperitoneally to the left to reach the hindgut.

The inferior mesenteric artery provides the following branches:
1. The left colic artery courses to the left and supplies the descending colon including 

the splenic flexure.

2. Several sigmoid arteries descend inferiorly into the sigmoid mesocolon to supply the 
lower part of the descending colon and the sigmoid colon.

3. The superior rectal artery is the distal most branch of the inferior mesenteric artery. 
This artery descends into the pelvic cavity and divides into branches that supply the 
upper part of the rectum. Within the wall of the rectum, the distal branches of the 
superior rectal artery connect with branches of the middle and inferior rectal arteries 
(branches of the internal iliac artery).

Clinical Correlation
1. The marginal artery (of Drummond) forms a continuous, anastomotic ring of vessels 

around the perimeter of the ascending, transverse, and descending parts of the 
large colon. The marginal artery forms collateral connections between the ileocolic, 
right colic, middle colic, left colic, and sigmoid branches of the superior and inferior 
mesenteric arteries. Arteriosclerosis can develop in the superior or inferior mesenteric 
arteries resulting in partial or complete occlusion of the vessels. The collaterals 
provided by the marginal artery enlarge and may provide adequate blood flow if any 
one or two of the arterial branches are blocked.

2. The splenic flexure (watershed area) has the least effective collaterals in the GI tract, 
and is the first part of the gut tube to become ischemic with decreased blood flow.

3. Aneurysms of the abdominal aorta commonly occur in the distal part of the aorta 
between the origins of the renal arteries and the bifurcation at the L4 vertebra. The 
inferior mesenteric artery is often enveloped by the aneurysm. Rupture of aortic 
aneurysms have a high mortality rate because of the massive amount of blood loss.

4. The nutcracker (Figure 8.27A and 8.27B) is the angle formed between the origin of the 
superior mesenteric artery and the abdominal aorta. The left renal vein is the most 
superior structure in the angle crossing the abdominal aorta (left to right) to drain 
into the inferior vena cava. Immediately inferior to the left renal vein, the third part of 
the duodenum crosses the aorta from right to left to become the fourth part of the 
duodenum. 
a. Aneurysm of the superior mesenteric artery and other pathological events can 

reduce the angle of the nutcracker and compress the left renal vein resulting in 
reduced blood flow to the left kidney. This can result in venous blood collecting 
in the left testicular vein and the pampiniform plexus of veins resulting in a left 
varicocele in the scrotum.

b. Compression of the third part of the duodenum can lead to gut blockage and 
constipation.
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Figure 8.27   Nutcracker

The three paired visceral branches of the abdominal aorta:
1. Renal Arteries

The paired renal arteries (Figure 8.24) branch from the lateral sides of the abdominal 
aorta at the L2 vertebral level. The right renal artery is longer than the left because it has 
to cross to the right of the midline posterior to the inferior vena cava and posterior to the 
right renal veins to enter the hilum of the kidney. The left renal artery passes posterior to 
the left renal vein to reach the kidney.

2. Gonadal Arteries

The paired gonadal arteries (Figure 8.24) branch from the abdominal aorta just inferior to 
the origin of the renal arteries. They descend retroperitoneally on the posterior abdominal 
wall on the ventral surface of the psoas major muscle where they cross the ureter. The 
testicular artery joins the ductus deferens at the deep inguinal ring to enter the inguinal 
canal. The ovarian artery descends across the pelvic brim and enters the suspensory 
ligament of the ovary to supply the ovary.

3. Middle Suprarenal Arteries

The suprarenal arteries are small and arise from the lateral surfaces of the abdominal 
aorta just above the renal arteries. They provide one of the three blood supplies to the 
suprarenal gland.
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Venous drainage of the Abdomen
There are two major venous systems draining the abdominal region: The inferior vena 
cava and the hepatic portal venous system.

A. Inferior Vena Cava
The inferior vena cava (Figure 8.28) receives venous blood flow from the lower limbs, 
pelvis and perineum, body wall, hepatic veins, renal veins, and from most of the 
retroperitoneal visceral structures that are not part of the GI tract. 

1. The inferior vena cava begins at the union of the right and left common iliac veins at 
the L5 vertebral level. The formation of the inferior vena cava is immediately inferior 
to the bifurcation of the abdominal aorta at the L4 vertebra.

2. The inferior vena cava ascends to the right of the lumbar vertebra and passes 
through the caval opening of the diaphragm at the T8 vertebral level to enter the 
thoracic cavity where it drains into the right atrium of the heart.

Hepatic veins

Right suprarenal vein

Suprarenal gland

Right renal vein

Inferior vena cava

Right gonadal vein
and artery

Psoas major muscle

Common illiac
artery and vein

Bladder

Lesser trochanter

Celiac trunk

Left suprarenal vein

Suprarenal gland

Superior mesenteric
artery (nutcracker)

Right Kidney

Left renal vein

Left gonadal vein and artery

Abdominal aorta

Ureter (retroperitoneal)

Rectum

Iliopsoas muscle

T8

T12

L5

T8T8T8

T12T12T12

L5L5L5

Left Kidney

Figure 8.28   Inferior Vena Cava
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3. The inferior vena cava receives tributaries from both sides of the posterior abdominal 
wall but does not receive venous flow from the gut tube. 

There is asymmetry in the pattern of venous return for the suprarenal and gonadal veins 
from each side of the posterior abdominal wall.

a. The left gonadal and suprarenal veins drain into the left renal vein which then 
drains into the inferior vena cava.

b. The right gonadal and suprarenal veins drain directly into the inferior vena cava.

Clinical Correlation
The left renal vein courses through the “nutcracker” formed by the angle between 
the abdominal aorta and the origin of the superior mesenteric artery. In the male, 
compression or pathology of the left renal vein can cause blood to back up into the left 
testicular vein resulting in a left varicocele.
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B. Hepatic portal Venous System
The hepatic portal venous system (Figure 8.29) drains the spleen and the nutrient-
rich blood from the GI tract structures that are supplied by the celiac and the superior 
and inferior mesenteric arteries. Most of these viscera are intraperitoneal. In the liver, 
this portal venous circulation flows through the hepatic lobules for metabolism of the 
digested products. Blood drains from the liver via three hepatic veins into the inferior 
vena cava and into the heart (right atrium).

1. The hepatic portal vein forms posterior to the neck of the pancreas by the 
convergence of the splenic vein (draining foregut) and the superior mesenteric vein 
(draining midgut).

2. The inferior mesenteric vein (draining the hindgut) usually drains into the splenic 
vein.

3. The hepatic portal vein ascends posterior to the first part of the duodenum and 
enters the hepatoduodenal ligament. As it ascends the ligament, it courses anterior 
to the epiploic foramen and enters the liver at the porta hepatis.

4. Three hepatic veins drain the blood from the liver into the inferior vena cava.

Hepatic vein

Liver

Superior mesenteric
vein

Hepatic portal vein

Ascending colon

Ileum

Inferior mesenteric
vein

Inferior vena cava

Stomach

Spleen

Splenic vein

Descending colon

Rectum

Figure 8.29   Hepatic Portal Venous System
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Portacaval Anastomoses
With development of cirrhosis of the liver, tumors and other scarring events in the liver, 
normal circulation of blood through the hepatic lobules will be restricted and reduced. 
Portal hypertension develops resulting in blood backing up into and engorging the veins 
of the portal system. 
The engorged blood in the portal system will atempt to find alternate routes to the heart 
via the long-term development of collateral veins connecting the portal venous system 
with the superior or inferior vena cava. These alternate routes of venous flow are called 
portacaval anastomoses (Figure 8.30). 
Note : Portal hypertension can be minimized with a shunt between the hepatic porta vein 
and the inferior vena cava at the ventral border of the epiploic foramen.
The portacaval anastomoses are reviewed in Figure 8.30 below.

Portacaval anastomoses occur at three main sites:
1. Distal esophagus. The left gastric vein of the portal system will form venous 

anastomoses with tributaries to the azygos veins which drain into the superior 
vena cava. These enlarged veins form esophageal varices in the wall of the distal 
esophagus that can rupture and bleed profusely resulting in a life threating event.

2. Rectum. The superior rectal veins of the portal system form anastomoses with the 
tributaries of the inferior rectal veins (drain into the inferior vena cava) in the wall of 
the rectum. These varicose veins enlarge and form internal hemorrhoids that occur 
at the anorectal junction above the pectinate line. They are painless and can rupture 
with anal bleeding. These are not an emergency room event.

3. Umbilicus. Paraumbilical veins of the portal system will anastomose with superficial 
veins of the anterior abdominal wall. These engorged veins appear as radiating 
spokes from the umbilicus (caput medusa). This can be one of the earliest signs of 
liver obstructive disease.

Azygos vein (caval)
Interior vena cava

Hepatic vein

Liver

Paraumbilical vein (Portal)

Umbilicus

Abdominal wall veins (Caval)

Rectum

Esophageal vein
and varices

Left gastric vein (portal)

Stomach

Hepatic portal vein
Splenic vein

Interior mesenteric vein
Superior mesenteric vein

Superior rectal vein (portal)

Inferior rectal vein (caval)

Caput medusa

Blocked circulation

Internal hemorrhoids (painless)

1

2

3

Figure 8.30   Portacaval Anastomoses
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Table 8.5: Portal-Caval Anastomoses

Site of Anastomoses

Esophagus (site 1)

Rectum (site 2)

Umbilicus (site 3)

Esophageal varices

Rectal varices
(internal hemorrhoids:

painless)

Caput medusa

Lest gastric vein        azygos vein

Superior rectal vein        inferior rectal veins

Paraumbilical vein        superficial
abdominal wall veins

Clinical Sign Venous Anastomoses



Abdomen 8

48

Development of the Urinary System
The development of the urinary and genital systems are closely related to each 
another, both embryologically and anatomically. Both systems develop from a bilateral 
longitudinal column of intermediate mesoderm called the urogenital ridge located on 
the posterior body wall of the fetal abdominal cavity. The two systems share some of the 
same structures during the early stages of development. The urinary system begins to 
develop before the genital system. Development of the genital system is discussed in the 
pelvis and perineum chapter.

A. Development of the Kidney
The human kidney develops in a cranial-to-caudal wave along the urogenital ridge in a 
series of three successive stages of renal development beginning in week four.

1. Pronephros. The pronephric kidney begins to develop at the cranial end of the 
urogenital ridge early in the 4th week. It is temporary and is not functional in humans. 
The pronephric kidney regresses in a few days and disappears by the end of the 
fourth week.

2. Mesonephros. The mesonephros is the intermediate kidney which begins 
development in the late fourth week as the pronephric kidney is regressing. It will be a 
functional filtration system up to about weeks 8-10. 
a. The mesonephric renal development begins at the cranial end of the urogenital 

ridge and progresses caudally in a wave down the ridge.
b. Filtration units develop segmentally on the ridge with each filtration unit drained 

by mesonephric tubules that drain into the larger mesonephric duct. 
c. The mesonephric duct is a longitudinal duct that courses on the lateral border of 

the urogenital ridge and drains into the cloaca of the hindgut. 
d. The mesonephric kidney regresses by the tenth week retaining the mesonephric 

duct. The mesonephric duct (Wolffian duct) remains in the male and becomes 
part of the male genital system but disappears in the female at the end of renal 
development.

Remnant of pronephros
(not functional)

Mesonephros
(Functions 4-8 weeks)

Mesonephric duct

Metanephrogenic
blastema (mass)

Ureteric bud

Metanephros
(permanent kidney)
(Begins 8-10 weeks)

Cloaca

Urogenital ridge
(intermediate

mesoderm) Filtration units

3

1

2

Vitelline duct

Allantois

Figure 8.31   Renal Stages & Development 
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Ureteric bud

Hindgut

Cloaca

Urorectal septum

A. End of 5th week

Figure 8.32   Development of the Metanephric Kidney

3. Metanephros. The metanephros is the final and permanent kidney. It begins 
developing in week five and becomes functional by week 10 as the mesonephros 
kidney regresses (Figure 8.32). 

The metanephric kidney develops from two mesodermal components of the 
urogenital ridge:

a. The ureteric bud develops as an outgrowth of the distal mesonephric duct close 
to the cloaca. The ureteric bud penetrates into the metanephric mass and forms 
the epithelial lining of the: straight collecting ducts, major and minor calyces, 
renal pelvis, and ureter.

b. The metanephric mass or blastema is a cap of mesoderm that covers the distal 
ureteric bud. The mesodermal mass will form the nephron structures located in 
the cortex and medulla of the kidney: glomeruli, Bowman’s capsule, proximal and 
distal convoluted tubules, and the loop of Henle.

Clinical Correlation
1. Unilateral Renal agenesis occurs when either the ureteric bud or the metanephric 

mass fail to develop on one side. The ureteric bud and metanephric mass have 
cross-induction influences on each other, and both are required for normal kidney 
development.

2. Bilateral renal agenesis in the fetus results in oligohydramnios that compresses 
the fetus causing Potter sequence: pulmonary hypoplasia, limb defects, and facial 
deformities.
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B. Development of the Urinary Bladder and Urethra
The early development of the urinary bladder and urethra begins with the partitioning 
of the cloaca of the hindgut between the fourth and seventh weeks. The cloaca is the 
endodermal-lined, distal expanded part of the hindgut. 

The cloaca is divided into dorsal and ventral parts by the ventral growth of a 
mesodermal urorectal septum. (Figure 8.33) The urorectal septum grows ventrally from 
the dorsal body wall and eventually divides the cloaca into two parts by the seventh 
week. At the seventh week, the urorectal septum fuses ventrally at the central position of 
the perineum (perineal body in the adult). 

1. The dorsal division of the cloaca is the anorectal canal which forms the hindgut from 
the splenic flexure to the pectinate line. 

2. The ventral division of the original cloaca is the urogenital sinus. The urogenital sinus 
is divided into several parts:

a. The superior and largest part (cranial or vesical part) of the urogenital sinus 
becomes the urinary bladder. Note that the adult urinary bladder is lined by 
endoderm because the original cloaca of the hindgut was lined by endoderm.  
The distal ends of the mesonephric ducts are absorbed into the posterior wall of 
the urinary bladder (trigone region). During development, the bladder has an open 
communication with the umbilicus via the allantois. The allantois should obliterate 
by the eighth week.

b. The lower pelvic part of the urogenital sinus gives rise to the entire female urethra 
and the prostatic and membranous parts of the male urethra. In the male, the 
prostate gland forms as an endodermal bud from the lining of the urethra. In the 
female, urethral glands are formed from the endodermal buds of the urethra. 
The lower 2/3 of the vagina develops from endoderm of the pelvic part of the 
urogenital sinus. 

Note : The upper 1/3 of the vagina develops from the mesoderm of the paramesonephric  
            ducts (see early embryology chapters).
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Clinical Application
Imperforate anus 

An imperforate anus results from failure of the anal membrane separating the anal canal 
from the exterior during development to perforate in the eighth week. The anal membrane 
forms at the junction of the developing upper and lower anal canal (site of the future 
pectinate line), and If it fails to break down, minor surgical intervention is required. 

Mesonephros

Metanephric
kidney
Urorectal septum

Cloaca

Anal membrane

Anorectal canal
(hindgut to pectinate line)

Urorectal
septam

Urogenital sinus
develops into:

Kidney

Ureter

Urorectal septum
Anal membrane

(site of imperforate
anus)

Urinary bladder

   A. Early 5th week

B. Late 5th week

C. Late 7th week

2. Urethra
1. Urinary bladder

3. Prostate gland
4. Upper vagina

Figure 8.33   Development of the Urinary Bladder
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Posterior Abdominal Region
Kidneys and Ureters
The paired, bean-shaped kidneys lie retroperitoneally on the posterior abdominal wall 
immediately lateral to either side of the vertebral column. The upper and lower poles 
of the kidneys extend between the T12 and L3 vertebrae, respectively. The right kidney 
is slightly lower than the left due to the size and position of the liver. The kidneys are 
surrounded in renal fascia and perirenal fat.

Celiac trunk
Left suprarenal vein
Superior mesenteric
artery and nutcracker
Left renal vein

Left gonadal vein
Ureter (Retroperitoneal)

Abdominal aorta

Quadratus lumborum 
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Common iliac
artery and vein
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Psoas major muscle

Internal iliac
artery and vein

External iliac
artery and vein

Lesser trochanter Common sites 
for kidney stones
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2

3

=

T8T8

T12T12

Figure 8.34   Posterior Abdominal Wall
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1. The suprarenal glands cover the superior pole of the kidneys. These glands are also 
covered by renal fascia and perirenal fat.

2. The hilum on the medial side of the kidney is at the L1 vertebral level (transpyloric 
plane). The hilum is the area where renal vessels, ureter, lymphatics, and nerves either 
enter or exit the kidney. 

3. At the hilum, note the right and left renal veins are anterior to the renal arteries 
and continue this relationship in their courses to the inferior vena cava and aorta, 
respectively. The left renal vein courses through the “nutcracker” (the angle between the 
aorta and superior mesenteric artery) on its way to drain into the inferior vena cava.

4. The ureters exit the renal pelvis of the kidney at the hilum and descend 
retroperitoneally on the anterior surface of the psoas major muscle. The ureter can 
be found in this location on cross sectional radiographs if urinary contrast is used.
The ureter crosses the pelvic brim at the bifurcation of the common iliac artery and 
descends retroperitoneally on the lateral pelvic wall to enter the posterior wall of the 
bladder.

5. Posteriorly and medially, the kidney lies on a renal bed formed by two muscles of the 
posterior abdominal wall, the psoas major and the quadratus lumborum muscles.

a. The psoas major muscle originates from the transverse processes of the lumbar 
vertebrae and courses medial to the hilum of the kidney. The muscle descends on 
the posterior abdominal wall with the ureter on its ventral surface and branches 
of the lumbar plexus located dorsally, The muscle continues into the greater pelvis 
where it receives fibers of the iliacus muscle, The iliopsoas muscle passes deep 
to the inguinal ligament to enter the thigh and insert on the lesser trochanter 
(iliopsoas muscle). 

b. The quadratus lumborum muscle extends from the lower ribs superiorly to the 
iliac crest inferiorly and forms the lateral flank of the posterior abdominal wall. The 
muscle forms the posterior wall of the renal bed.

 
Clinical Application

a. Kidney stones (renal calculi) are more frequent in males and produce 
hypogastric and groin pain. Renal calculi usually occur at the three points where is 
ureter is slightly constricted:

1. In the renal pelvis where the ureter exits the renal pelvis

2. At the pelvic brim where the ureter crosses the bifurcation of the common 
iliac artery

3. In the wall of the bladder where the ureter enters the bladder

B. A double ureter on one side results from a splitting of the ureteric bud or the 
formation of two ureteric buds.

C. A horseshoe kidney occurs during development when the inferior poles of the 
kidneys fuse in the pelvis before the kidneys ascend to their position on the 
posterior abdominal wall. The fused inferior poles of the horseshoe kidney will hook 
under the inferior mesenteric artery halting their ascent.
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Describe the conventions of dorsal/ventral and left/right 
orientation used in cross-sectional radiographic imaging.

Derive rules and develop mental strategies to transform 
solid-structure anatomical knowledge to cross-sectional 
radiographic appearance.    

Apply these rules and mental strategies in order 
to predict/recognize the appearance and location of 
musculoskeletal and visceral structures in cross-sectional 
radiographic images through the abdominopelvic cavity.

Objectives
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RADIOGRAPHIC IMAGING IN THE ABDOMEN AND 
PELVIS
One of the most critical applications for gross anatomy is the interpretation of 
radiographic images. In this chapter, we will describe strategies for orientation and 
identification of specific structures using both plain film radiographs and cross-sectional 
CT scans through the abdomen and pelvis.

General principles for approaching radiographic images:
1. Cross-sectional radiographs are presented using a standard convention as 

described below. This convention can be used to establish orientation and set 
expectations about where structures will be located in the section. 

Figure 9.1 reminds you of the standard convention that has been adopted for the 
presentation of cross-sectional images. Images are viewed as if you were standing at 
the foot of the patient’s bed and looking towards the head. In this orientation, the top 
of the image is anterior (ventral), and the bottom of the image is posterior (dorsal). 
The left side of the image corresponds to the patient’s right side, and the right side of 
the image corresponds to the patient’s left side.

2. The presence of large, easily identifiable structures like the lungs, liver, or bladder 
may be used to establish which body region (thorax, abdomen, or pelvis) the image 
belongs to. For example, in any cross-section through the thorax, the lungs will occupy 
the lateral compartments. Sections through the abdomen will be identifiable by the 
presence of the liver, spleen, kidneys, or coils of intestine. Sections through the pelvis 
will be identifiable by the presence of the bladder or genital structures in the midline.

3. Anatomical relationships and other clues may be used to determine the approximate 
level of the image within a given region. Once the approximate level has been 
established, knowledge of anatomy can be used to set expectations about what 
structures should be present at that level. Knowledge of key structural features and 
anatomical relationships can be used to identify specific structures.

Figure 9.1   Orientation For Imaging
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General approach to the abdomen and pelvis:
The notes below review some important concepts and anatomical relationships that can 
be used to determine the approximate level of a cross-sectional radiograph through the 
abdomen/pelvis and to identify structures.

1. Cross-sections through the abdomen and pelvis are identifiable by the presence of 
large, easily identifiable abdominal or pelvic viscera including the liver, spleen, kidneys, 
coils of intestines, and bladder.

2. The contents of the abdominopelvic cavity will differ according to the level at which 
the section is taken. A useful approach to cross sectional imaging in the abdomen is 
to use the foregut/midgut/hindgut organization of the GI tube to set up expectations 
regarding what structures should be present in cross-sectional images taken at 
superior, intermediate, and inferior aspects of the abdominopelvic cavity (Figure 9.2).

• Sections through the superior aspect of the abdominopelvic cavity are 
dominated by foregut (FG) associated structures (e.g. liver, stomach, spleen, Figure 
2). The liver occupies the upper right quadrant, the spleen occupies the upper left 
quadrant, and the stomach/pancreas occupy an intermediate position.

• Sections through the intermediate aspect of the abdominopelvic cavity are 
dominated by intestinal structures of the midgut (MG) and hindgut (HG), and the 
kidneys (Figure 9.2). The ascending and descending colons are vertically oriented 
on the right and left sides of the posterior body wall, respectively. The transverse 
colon spans the abdominal cavity from right to left. The coils of small intestine are 
generally arranged such that the jejunum is localized superior and to the left of 
the midline, while the ileum is localized inferior and to the right of the midline. The 
kidneys are located high on the posterior abdominal wall.

• Sections through the inferior aspect of the abdominopelvic cavity are dominated 
by intestinal structures of the MG and HG, and pelvic structures (bladder and 
reproductive organs, Figure 9.2). The parts of the intestine described above 
maintain similar positions at this level. The bladder, reproductive organs, and 
rectum are arranged from anterior to posterior within the pelvis.

3. Knowledge of structural features and the anatomical relationships between 
structures in these subdivisions can be used to predict the geographic location of 
specific structures (including vasculature) as described below.
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transverse colon, coils of small intestine,
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Dominated by cecum, descending colon,
coils of small intestine, and pelvic structures.
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Figure 9.2    Imaging Levels For Abdomen
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Important anatomical features and relationships between 
structures in the abdominopelvic cavity:
The notes and images below review some important structural features and key 
anatomical relationships that can be used to identify structures in abdominopelvic 
radiographs.

1. In general, organs that belong to the gastrointestinal (GI) system are located more 
anteriorly in the abdominopelvic cavity. Organs that belong to the urogenital (UG) 
system are located more posteriorly in the abdominopelvic cavity (Figure 9.3).

2. Likewise, intraperitoneal organs (like liver and spleen) are more anterior in the 
abdominopelvic cavity, whereas retroperitoneal organs (like kidney and abdominal 
aorta) are more posterior in the abdominopelvic cavity (Figure 9.3).

3. The inferior vena cava (IVC) and descending abdominal aorta lie parallel to one 
another in a retroperitoneal position on the posterior body wall (Figure 9.3). The 
descending abdominal aorta is always slightly to the left of the vertebral bodies. 
The IVC is always to the right of the vertebral bodies. These vessels will occupy these 
positions throughout the superior-to-inferior extent of the abdomen.

4. The descending abdominal aorta enters the abdominal cavity via the aortic hiatus at 
the level of TV12. Its major unpaired branches to the GI tract branch can be mapped to 
specific vertebral levels. These relationships help to localize the level of a section and 
allow for the specific identification of these arteries. The celiac trunk branches at TV12, 
the superior mesenteric artery (SMA) branches at LV1, and the inferior mesenteric 
artery (IMA) branches at LV3 (Figure 9.4). The descending abdominal aorta bifurcates 
at the level of LV4, forming the right and left common iliac arteries.

5. The IVC forms at the level of LV5 at the union of the right and left common iliac veins 
(Figure 9.4). The IVC exits the abdominal cavity via the caval hiatus at TV8.

6. In views where you see both caval and portal venous structures, remember that 
portal venous structures are always anterior relative to caval venous structures 
(Figure 4). The hepatic portal vein forms at the confluence of the superior mesenteric 
vein (SMV) and the splenic vein, just posterior to the neck of the pancreas (Figure 9.5).

7. The nutcracker relationship between the SMA and the descending abdominal 
aorta is an important radiographic landmark. The left renal vein and 3rd part of the 
duodenum pass horizontally through the angle between the descending abdominal 
aorta and the SMA (Figure 9.5).

Figure 9.3   Cross Section of Foregut
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Application to plain film radiography in the abdomen and 
pelvis:
1. Specific regions of the GI tract can be visualized using standard A-P plain film 

radiography in combination with contrast imaging (Figure 9.6). 

2. The middle image is a classic upper GI view, and the lower image is a classic lower 
GI view. The patient has been asked to swallow a solution containing contrast and 
images were collected as the contrast moved through the GI tract.

3. Small intestine and large intestine can be broadly differentiated based on the 
amount of air or gas present. Small intestine usually contains few air/gas pockets and 
appears more opaque on radiographs. Large intestine contains more air/gas pockets 
and is characterized by having translucent regions interposed with more opaque 
regions (Figure 9.6, lower panels).

4. The stomach can be distinguished based primarily on location (upper left quadrant) 
and its characteristic “J” shape.

5. Duodenum can also be easily distinguished based on its location (right of midline) 
and characteristic “C” shape.

6. Jejunum and ileum are more difficult to distinguish. One distinguishing feature is 
location. Coils of jejunum are generally localized more to the upper left quadrant, 
while coils of ileum are localized more to the lower right quadrant. However, these 
relationships are not always maintained. A better way to distinguish the two in plain 
film radiographs is based on the “sharpness” of the margin of the intestinal wall. Coils 
of jejunum have less distinct margins and are said to have a “fuzzy” appearance that 
is similar to the nap on an old teddy bear. Coils of ileum have much sharper margin 
as seen in the middle image.

7. The different parts of the large intestine are most easily identified based upon 
location/orientation. The ascending colon is oriented vertically on the right side of 
the posterior abdominal wall. The transverse colon is oriented horizontally, spanning 
from right to left, across the intermediate aspect of the abdominal cavity. The 
descending colon is oriented vertically on the left side of the posterior abdominal wall. 
It is continuous with the S-shaped sigmoid colon and the rectum in the midline. Right 
(hepatic) and left (splenic) flexures are also apparent.

8. FG associated organs of the GI tract (liver, pancreas, spleen) are not visible in these 
images because they do not take up contrast when administered orally (i.e. barium 
swallow). You should still be able to approximate the positions of the liver (upper right 
quadrant), spleen (upper left quadrant), and pancreas (posterior to the stomach) in 
the images shown in Figure 9.6.
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Figure 9.6   Upper and Lower GI Tract Plain Films
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Application to cross-sectional CT radiography in the 
abdomen and pelvis:
For cross-sectional CT images through the abdominopelvic cavity, try asking a series of 
questions about the image to approximate the level of the section. Note that for most 
cross-sectional images that you will see on the board exam, T1 weighting is used. Air will 
contrast dark, bone and fat will contrast light, and soft tissue will contrast as shades of 
gray. The vessels will often contain contrast material, making them easier to identify. 
Contrast material in vasculature will appear bright on T1-weighted CT images.

1. Is the section through the thorax, abdomen, or pelvis?

• Look for large, easily identifiable viscera of the GI or UG systems (i.e. liver, spleen, 
intestines, kidneys, bladder). If these are present, then the image represents a 
cross-section through the abdominopelvic cavity. Also, look for the absence of 
lungs in the lateral compartments (remember that air contrasts dark). This will help 
to confirm that the section is through the abdominopelvic cavity and not through 
the thorax.

2. Can the level of the section be more precisely localized in the abdominopelvic cavity?

• Sections through the superior aspect of the abdominopelvic cavity are 
dominated by foregut (FG) associated structures (e.g. liver, stomach, spleen). 

• Sections through the intermediate aspect of the abdominopelvic cavity are 
dominated by intestinal structures of the midgut (MG) and hindgut (HG), and renal 
structures.

• Sections through the inferior aspect of the abdominopelvic cavity are dominated 
by intestinal structures of the MG and HG, and pelvic (urogenital) structures.



Gross And Developmental Anatomy Essentials

11

9

11

3. What do you expect to see in foregut cross-sections at the level of the upper 
abdominopelvic cavity (~TV10-TV11)?

• Sections through the upper abdominopelvic cavity are relatively easy to interpret. 
The radiograph will be dominated by large, easily identifiable organs of the FG. At 
this level, the liver will occupy the right side, the spleen will occupy the left side, 
and the stomach will be in an intermediate position between the two (Figures 9.7 
and 9.8).

• At the most superior aspect of the abdominopelvic cavity, few other structures 
are present except the descending aorta and the IVC. These vessels are vertically 
oriented on the posterior body wall and will appear as circles in cross-section. The 
descending abdominal aorta will be located just to the left of the vertebral bodies, 
and the IVC will be located to the right side of the vertebral bodies. 

• The descending aorta will maintain its position down to the level of LV4, where it 
bifurcates into right and left common iliac arteries. The IVC will maintain its position 
all the way down to the LV5 level. You may see horizontally oriented veins within the 
liver tissue that look like spokes on a wheel. These are the hepatic veins that return 
blood that has been processed by the liver to the IVC.

• Note the relationship of the crura of diaphragm to the aorta. A cross-section 
through the aorta as it passes beneath the crus of the diaphragm looks a little like 
a girl’s face with long hair (we call her “Heidi”, see Figure 9.8). As long as “Heidi” has 
a full head of hair, you can be certain that the section is superior to the LV1 level. A 
“bald spot” will appear on the crown of the “Heidi’s” head once you are below LV1 
(see Figure 10 later). 

• As we move a bit more inferiorly, the liver, stomach, and spleen will continue to 
occupy their expected positions from right to left. Likewise, the IVC and descending 
aorta will continue to maintain their positions to the right and left of the vertebral 
column, respectively (Figure 9.8).

• Note that the IVC is now located just posterior to the liver, within the fossa for the 
IVC. It may appear to be embedded in liver tissue at this point. The appearance 
of the aorta/crura of the diaphragm indicates that we are still superior to LV1 (i.e. 
“Heidi” still has a full head of hair).

• A few other foregut structures come into view as we move inferiorly. One of the 
things to look for is the appearance of the hepatic portal vein. If you are superior 
to the porta hepatis, then the hepatic portal vein will be surrounded by liver tissue. 
As we move more inferiorly, the hepatic portal vein will move closer to the IVC. Note 
that the hepatic portal vein will always remain anterior to the IVC in sections where 
they are both present.
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Figure 9.7   Upper Abdomen (Foregut)

Figure 9.8   Upper Abdomen (Foregut)
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4. What do you expect to see in midgut cross-sections at the level of the intermediate 
abdominopelvic cavity (~TV12-LV3)?

• As you continue to move more inferiorly, the pancreas will come into view. You should 
be able to identify the head, neck, body, and tail of the pancreas (Figure 9.9). Using 
the appearance of the crura of the diaphragm as a reference, you can see that you 
are still above the level of TV12 in this section (i.e. “Heidi” still has a full head of hair). 

• At this level, the major unpaired branches off the aorta begin to appear. The celiac 
trunk is the first of the unpaired arteries to branch off the ventral aspect of the 
aorta. This branch point is usually near the aortic hiatus (Figure 9.9).

• The hepatic portal vein is formed at this level by the union of the SMV and the 
splenic vein. It is seen just posterior to the neck of the pancreas, and anterior to the 
IVC. You may see the splenic vein or artery in relation to the body of the pancreas. 
Confirm what it drains into to identify whether the vessel is artery or vein (figure 9.9).

• This level (TV12) is where you usually begin the transition from foregut to midgut. 
The liver will disappear from view along with the stomach and spleen. Coils of the 
intestine will start to appear in their place. Remember that the small intestine is 
usually devoid of gas and will contrast white. The large intestine usually contains 
gas and will contrast dark in the regions where air is present (Figure 9.10).

• In general, the coils of jejunum will be seen on the left. Duodenum and coils of 
ileum will be present on the right side, depending on the level. The ascending colon 
is seen in cross sections on the right side, the descending colon is seen in cross 
sections on the left side. Transverse colon will cross the image from right to left and 
will be more ventrally located (Figure 9.10).

• At levels below the aortic hiatus, “Heidi” will develop a “bald spot” indicating that you 
are at the level of LV1 or below (Figure 9.10). 

• Just below the aortic hiatus, you are likely to see the SMA branching off the ventral 
aspect of the abdominal aorta (LV1), forming the nutcracker relationship with the 
left renal vein and 3rd part of the duodenum (Figures 9.5, 9.11, 9.12).

• Look for the left renal vein passing through the nutcracker to reach the IVC. The SMV 
will be traveling with the SMA. The SMA/SMV are anterior to the left renal vein and the 
descending aorta is posterior to the left renal vein. The IMV is usually not visible on 
radiographs. The hepatic portal vein is not seen at this level.

• The IVC and descending aorta are still in their expected locations. The kidneys will 
occupy their positions on the posterior abdominal wall.

• You will still have the same presentations of the different parts of the intestine as 
described above. You may still see a bit of pancreas, but probably only the head.

• The left renal artery comes into view around this level. Note that it enters the hilum 
of the left kidney just posterior to the left renal vein (Figure 9.11).

• The psoas major and quadratus lumborum have come into view as we have 
passed the inferior aspect of the diaphragm. Note how these muscles form a “bed” 
for the kidneys (Figure 9.12).

• You may also see the renal arteries branching from the right and left sides of the 
abdominal aorta. You will still have the same presentations of the different parts of 
the intestine as described above, except the transverse colon is not seen at this level.
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Figure 9.9   Intermediate Abdomen

Figure 9.10   Intermediate Abdomen
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Figure 9.11   Intermediate abdomen

Figure 9.12   Intermediate abdomen
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5. What do you expect to see in cross-sections at the level of the intermediate 
abdominopelvic cavity (~LV4-LV5)?

• As you reach the inferior aspect of the abdominopelvic cavity (Figure 9.13), the 
kidneys will no longer be seen, but the ureter can be followed along the ventral 
surface of the psoas major muscle. (The ureter on the left has contrast added to 
the image. The one on the right does not).

• The bifurcation of the abdominal aorta into the common iliac arteries indicates 
that the section is at the level of LV4. When the common iliac veins are seen, that is 
an indication that you are at the level of LV5 (Figure 9.13).

• Coils of the small intestine are present at these levels as well. The cecum will be 
seen in cross-sections on the right side, and the descending colon will still be 
visible in cross sections on the left side.

Crus of the
Diaphragm

Figure 9.13   Intermediate abdomen
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6. What do you expect to see in cross-sections at the level of the pelvis?

As you reach pelvic levels, pelvic urinary and reproductive structures will come into 
view (Figures 9.14 and 9.15).

Male
Figure 9.14 shows cross-sectional radiographs through the male pelvis. A section 
through the more superior aspect of the pelvis is seen on the left and a section 
through the more inferior aspect of the pelvis is seen on the right. The bladder 
contains contrast material in both images.

The urinary bladder is the most ventral structure in the male pelvis. The rectum is 
the most posterior structure. Male reproductive organs (seminal vesicles, ampulla of 
the vas def) are more intermediate. The prostate gland can be seen inferior to the 
bladder in the panel on the right.

Female
Figure 9.15 shows cross-sectional radiographs though the female pelvis. A section 
through the more superior aspect of the pelvis is seen on the left and a section 
through the more inferior aspect of the pelvis is seen on the right. The bladder does 
not contain contrast material in these images.

The urinary bladder is the most ventral structure in the female pelvis. The rectum 
is the most posterior structure. Female reproductive organs (uterus, cervix, vaginal 
canal) are more intermediate. The uterus lies over the superior aspect of the bladder 
in the more superior image obscuring it from view. The uterus is said to be anteflexed/
anteverted in this position. The vaginal canal is wedged between the bladder and the 
rectum in the panel on the right.

M
al

e
Fe

m
al

e

Figure 9.14   Male Pelvis

Figure 9.15   Female Pelvis
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Identify the boundaries of the pelvis and perineum.

Compare and describe the structure and function of male and female pelvic vis-
cera using a midsagittal section.

Describe the structure and function of the two muscular diaphragms of the pelvis 
and perineum.

Understand the autonomic and somatic pathways that control micturition.

Describe the blood supply, innervation, and lymphatic 
drainage of the perineum.

Understand the organization of the perineum into 
triangles and pouches.

Explain the sequence of events in development of the 
male and female genital systems.

Describe the development of external genitalia.

Describe the most common congenital defects of the 
reproductive system and the major disorders of sexual 

differentiation.

Objectives
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PELVIS AND PERINEUM
General Introduction
This chapter will focus on key concepts and relationships rather than an exhaustive 
description of the anatomy of these regions. Key concepts to focus on include the 
following:
• Understanding the structure/function of the two skeletal muscular diaphragms of the 

pelvis and perineum.
• Describing and differentiating male and female pelvic viscera as seen on a 

midsagittal section.
• Describing the patterns of innervation, blood supply, and lymphatic drainage to/from 

the perineum.
• Explaining the routes of extravasation of urine following injury to the urethra in the 

male perineum.
• Describing the development of the male and female reproductive systems.

Overview of the Pelvis
The pelvis is the region of the body cavity that is associated with the pelvic girdle. The 
pelvic girdle consists of the two os coxae (hip bone) and the sacrum. The pelvis is divided 
into two regions—the false (or greater) pelvis and the true (or lesser) pelvis. The true 
pelvis houses parts of the urinary, gastrointestinal, and reproductive systems, and their 
neurovascular supply. The boundary between the two is indicated by the position of the 
linea terminalis (Figure 10.1A). The linea terminalis (red line in Figure 1A) marks the inlet of 
the true pelvis. The false pelvis is related to the iliac fossa and contains abdominal viscera.
The linea terminalis consists of the:
1. Sacral promontory

2. Margins of the ala of the ilum

3. Arcuate line of the ilium

4. Pectineal line of the pubis

5. Pubic symphysis

Sacral promontory
Sacro-iliac joint

Ilium

Pubis

Ischium
Ischiopubic

ramus

Linea terminalis
(red line)

Pectineal line

Arcuate line
Sacrum
Ischial spine

Pubic symphysis
Pubic crest

Margin of ala of ilium

Figure 10.1A   Hip Bone.
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Boundaries of the Pelvis
The pelvis can be described as having a floor and four walls (anterior, posterior, and right 
and left lateral). The walls and floor of the true pelvis are comprised of bone, ligaments, 
and muscles (Figure 10.1A and 10.1B). The pelvis is separated from the abdominal cavity by 
the lower extent of the parietal peritoneum which drapes over the pelvic contents as 
described later.
1. The anterior wall of the true pelvis is comprised of the following bony elements:

• Pubic symphysis
• Body of the pubis
• Superior ramus of the pubis
• Ischiopubic ramus

2. The posterior wall of the true pelvis is comprised of the following bony elements:

• Sacrum
• Coccyx

3. The rounded lateral walls of the true pelvis are comprised of the following bony, 
muscular, and connective tissue elements:

• Pubis
• Ischium
• Sacrotuberous ligament
• Sacrospinous ligament
• Obturator internus muscle
• Piriformis muscle

4. The floor of the true pelvis is formed by the pelvic diaphragm. 

• The pelvic diaphragm is one of two musculofascial diaphragms that are 
important to the structure and function of the pelvis/perineum region.

Figure 10.1B   Boundaries and Floor of the Pelvis.

Piriformis muscle

Pelvic diaphragm Obturator internus
muscle

Ischial spine

Tendinous arch of
levator ani muscle
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Figure 10.2A   Pelvic Diaphragm.

Muscular Diaphragms of the Pelvis and Perineum
The funnel shaped pelvic diaphragm (PD) rests atop a second musculofascial 
diaphragm called the urogenital diaphragm (UG). Both of these diaphragms are 
comprised of skeletal muscles under voluntary control and both serve important 
support and sphincter functions in the region (Figure 10.2).

A. The pelvic diaphragm (Figure 10.2A and 10.2B )
1. Forms a funnel-shaped boundary between the pelvis and the perineum.
2. Comprised of two skeletal muscles (levator ani and coccygeus) under voluntary 

control via direct branches from the sacral plexus (S2-4).
3. Contains apertures for portions of the GI tract (anal hiatus) and the genitourinary 

system (genital hiatus).
4. Provides an important support mechanism for the viscera of the pelvis  

(described below).
5. Serves an important sphincter function. The puborectalis portion of the levator ani 

muscle contributes to rectal continence by maintaining the 90 degree ano-rectal 
junction (Figure 10.2B). This muscle must be voluntarily relaxed to allow defecation.

6. At risk for stretching or tearing during labor and delivery, leading to clinical 
consequences including uterine prolapse and rectal incontinence.

7. A weakness in the trove of the puborectalis portion of the levator aui can cause  
rectal incontinence

Iliac crest

Urethra

Greater pelvis (false pelvis)

Abdomen

Pelvic diaphragm
(levator ani)

True (lesser) pelvis

Urogenital diaphragm
(perineal membrane)

Urinary bladder

Pubic symphysis

Urethra

Genital hiatus

Vagina

90° anorectal angle
at anorectal junction

Puborectalis part of levator ani
(forming puborectal sling)

Coccyx

Anal canal

Rectum

Sacrum

Ischial tuberosity
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B. The urogenital diaphragm (Figure 10.2A)
1. Forms a horizontal shelf within the perineum that spans between     

the two ischiopubic rami.
2. Comprised of two skeletal muscles (deep transverse perineus and external 

sphincter urethrae) under voluntary control via the pudendal nerve (S2-4).
3. Contains apertures for the passage of the urethra and the vaginal canal.
4. Provides an important support mechanism for the external genitalia (described later).
5. Serves an important sphincter function. The external sphincter urethrae muscle 

forms a voluntary muscle of micturition surrounding the urethra that prevents the 
leakage of urine.

6. At risk for stretching or tearing during labor and delivery leading to clinical 
consequences including urinary incontinence.

7. Forms the deep space (compartment) of the perineum (more on this later).
8. A weakness in the tone of the sphincter urethrae portion of the UG can cause    

urinary incontinence.

Contents of the Male vs. Female Pelvis
The major structures in the male vs. female pelvis are shown in Figures 10.3 and 10.4, 
respectively. The pelvic viscera include portions of the urinary tract, the gastrointestinal 
tract, and the male/female pelvic reproductive organs. These viscera occupy a midline 
position in the pelvis. The bladder is anterior and the rectum is posterior with the 
reproductive organs interposed between. 

The only physical barrier between the abdominal cavity above and the pelvic cavity 
below is the inferior extent of the parietal peritoneum. The peritoneum drapes over the 
pelvic viscera, covering or enveloping the pelvic viscera. The peritoneum also forms 
pouches or spaces between adjacent viscera and a number of folds or ligaments 
between viscera and the pelvic walls. It generally does not reach all the way to the  
pelvic floor.

Iliac crest

Urethra

Greater pelvis (false pelvis)

Abdomen

Pelvic diaphragm
(levator ani)

True (lesser) pelvis

Urogenital diaphragm
(perineal membrane)

Urinary bladder

Pubic symphysis

Urethra

Genital hiatus

Vagina

90° anorectal angle
at anorectal junction

Puborectalis part of levator ani
(forming puborectal sling)

Coccyx

Anal canal

Rectum

Sacrum

Ischial tuberosity

Figure 10.2A   Coronal Urogenital Diaphragm.
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Viscera and Relationships of the Male Pelvis

Detrusor muscle
(pelvic splanchnics

S2, S3, S4)

Parietal peritoneum

Anterior body wall

Urinary bladder

Internal urethral
sphincter (lumbar
splanchnics L1, L2)
at neck of bladder

Ductus deferens

Pubis

Prostatic

Membranous

Penile (spongy)

Urethra:

 Corpora cavernosa
(ischiocavernosus

muscle)

Corpus spongiosum
with urethra

(bulbospongiosus
muscle)

Testis

Epididymis

Erectile tissue:

Ureter
Trigone (from

mesonephric duct)

Fundus of bladder

Rectovesical pouch

Rectum

Genital tract:

Prostate:

Ductus deferens

Seminal vesicle

Ejaculatory duct

Median lobe
(periurethral zone)
benign

Posterior lobe
(peripheral zone)
carcinoma

Anterior lobe

Urogenital diaphragm
external urethral sphincter:
(pudendal nerve)

External anal sphincter
(pudendal nerve)

Bulbourethral gland
(in deep perineal space)

Figure 10.3   Midsagittal Section Through the Male Pelvis.
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A. Peritoneal Relationships
The draping of the parietal peritoneum between the bladder and the rectum in the male 
forms the rectovesical pouch (Figure 10.3). The rectovesical pouch is the lowest point of 
the abdominopelvic cavity when the patient is standing.

B. Bladder

1. Serves as a storage receptacle for urine.

2. It has an apex which is directed anteriorly towards the pubic symphysis, and is 
continuous with the median umbilical ligament (urachus) on the anterior abdominal 
wall (remnant of the allantois from embryology).

3. It has a base (fundus) which is directed posteriorly and is related to parts of the male 
genital tract.

4. Sits immediately superior to the prostate gland in males.

5. The mucosal lining the bladder is folded and loosely attached to the wall except for 
the area of trigone where the mucosa is smooth. The ureters enter the bladder at 
the superior angles of the trigone. The urethra drains inferiorly from the inferior angle 
of the trigone (neck of the bladder) and pierces the pelvic diaphragm to enter the 
perineum.

6. The walls of the bladder external to the trigone area are primarily comprised of 
smooth muscle called the detrusor muscle. The detrusor muscle relaxes under 
sympathetic control, (lumbar splanchnic nerves) to allow the bladder to fill and 
contracts under parasympathetic control (pelvic splanchnic nerves) to allow   
the bladder to empty. 

7. Circular smooth muscle fibers at the distal end of the trigone form the internal 
urethral sphincter muscle. The internal urethral sphincter contracts under 
sympathetic control (lumbar splanchnic nerves) to keep the internal urethral orifice 
closed as the bladder fills with urine. It relaxes under parasympathetic control (pelvic 
splanchnic nerves) to allow the bladder to empty.

C. Autonomic Control of Micturition

1. Sympathetic innervation via the lumbar splanchnic nerves (L1-L2) inhibits micturition 
by contraction of the internal urethral sphincter.

2. Parasympathetic innervation via the pelvic splanchnic nerves (S2-S4) facilitates 
micturition by contraction of the detrusor muscle.

Clinical Correlation

1. Spinal cord damage above S1 results in spastic bladder due to loss of sensory 
information via the dorsal column system to the brainstem.

2. Spinal cord damage at sacral levels results in an atonic bladder due to loss of 
parasympathetic pelvic splanchnic nerve innervation to the detrusor muscle of the 
bladder. Presents as an inability to void.
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D. Urethra
1. The male urethra is ~ 20cm in length and takes a complex route through the pelvis 

and perineum. It passes inferiorly through the prostate gland, the pelvic diaphragm, 
and the urogenital diaphragm, then enters the bulb of the penis and continues 
distally in the corpus spongiosum. It opens at the external urethral orifice at the tip of 
the glans penis.

2. There are three distinct parts prostatic, membranous, and penile (spongy)   
(Figure 10.3).

Clinical Correlation

1. There are 2 angles in the course of the male urethra. There is a fixed angle where 
the urethra bends anteriorly in the root of the penis after passing through the UG 
diaphragm. 

2. There is another angle distally where the unattached part of the penis curves 
inferiorly when the penis is flaccid. Note that this angle disappears when the penis 
is erect. These are important considerations that must be taken into account when 
catheterizing a male patient.

E. Rectum/Anal Canal
1. The rectum is continuous with the sigmoid colon at about the level of SV3, and with 

the anal canal as it pierces the pelvic floor.
2. The rectum lies on the anterior surface of the sacrum.
3. The lower part of the rectum is expanded to form the rectal ampulla which serves as 

a reservoir for fecal matter. 
4. The anal canal begins at the terminal end of the rectal ampulla where it passes 

through the pelvic diaphragm at the anal hiatus (Fig. 10.2A). The anal canal is angled 
posteriorly at about 90 degrees (anorectal junction) relative to the rectum. This angle 
is maintained by muscles of the pelvic floor (puborectalis part of levator ani) and is 
relaxed during defecation. 
• There are two sphincter muscles associated with the anal canal. The external 

anal sphincter muscle is comprised of skeletal muscle under voluntary control 
(pudendal nerve, S2-S4). The internal anal sphincter muscle is comprised of 
smooth muscle and is under autonomic control via the lumbar splanchnic nerves 
(sympathetic, L1-L2, contraction) and pelvic splanchnic nerves (parasympathetic, 
S2-S4, relaxation).

• The tone of the sphincter muscles keeps the lateral walls of the anal canal 
opposed to one another except when the sphincters relax during defecation. The 
puborectalis muscle, the internal and external anal sphincter muscles, and the 
ampulla are all important in maintaining rectal continence.

F. Internal (Pelvic) Reproductive Organs
The male pelvic reproductive organs occupy an intermediate position between the 
bladder anteriorly and the rectum posteriorly (Figure 10.3).
1. The vas deferens conveys spermatozoa from the testes/epididymis. Note the pelvic 

course of the vas deferens from the deep inguinal ring to where it expands distally as 
the ampulla of the vas deferens on the posterior surface (fundus) of the bladder.
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2. The paired seminal vesicles also lie on the posterior surface of the bladder, just 
lateral to the ampulla of the vas deferens. The seminal vesicle secretes a fructose-
rich fluid that mixes with and contributes to the volume (60%) of the semen and 
provides a nutrient source (fructose) for the spermatozoa.

3. The seminal vesicle and the ampulla of the vas deferens unite inferiorly to form the 
ejaculatory duct which passes through the posterior aspect of the prostate gland to 
empty into the prostatic urethra.

4. The prostate gland sits inferior to the bladder on the superior surface of the 
urogenital diaphragm. The prostate gland is an unpaired accessory gland of the 
male reproductive system that surrounds the urethra in the pelvic cavity. It produces 
an alkaline liquid that is added to the volume (30%) of ejaculate.

5. The prostate gland is divided into 5 anatomical lobes by the positions of the 
urethra and the ejaculatory ducts (anterior, right lateral, left lateral, median, and 
posterior). The median lobe (periurethral zone) is most commonly involved in benign 
hypertrophy of the prostate. The posterior lobe (peripheral or transitional zone) is 
most commonly involved in prostatic cancer (Figure 10.3).

External Reproductive Organs
The external genitalia in the male consists of the body of the penis and the scrotum. The 
body of the penis consists of three tightly bound, parallel cylindrical masses of erectile 
tissue—the corpus spongiosum and the right and left corpora cavernosa (Fig. 10.3). 

1. The corpus spongiosum occupies a midline, ventral position and expands distally as 
the glans of the penis. The corpus spongiosum transmits the distal part of the urethra 
through the superficial perineal space to its termination at the external urethral 
orifice. 

2. The right and left corpora cavernosa occupy the dorsal side of the penis.

3. The testis functions in germ cell and hormone production. The testes develop on 
the posterior abdominal wall at the urogenital ridge (described later), then descend 
before birth through the inguinal canal and into the scrotal sac. Each testis is 
comprised internally of seminiferous tubules and interstitial tissue surrounded by a 
thick connective tissue capsule called the tunica albuginea, which lies deep to the 
visceral layer of tunica vaginalis. Spermatozoa are produced in the seminiferous 
tubules which ultimately drain into the epididymis. The epididymis has a head, a body 
and a tail that is continuous with the vas deferens. 

4. The pelvic diaphragm provides important support for the bladder, rectum, and pelvic 
reproductive organs which sit on its superior surface. The urogenital diaphragm 
provides important support for the external genitalia which are suspended from its 
inferior surface.
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Viscera and Relationships of the Female Pelvis
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Figure 10.4   Midsagittal Section Through the Female Pelvis.

Figure 10.5   Important Relationships of the Ureter in the Female.
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A. Peritoneal Relationships
The draping of the peritoneum is more complicated in the female due to the 
intermediate position of the uterus (Figure 10.4).

1. The vesicouterine pouch is formed between the bladder and the anterior wall   
of the uterus.

2. The rectouterine pouch (a.k.a. Pouch of Douglas) is formed between the posterior 
wall of the uterus and the rectum. The Pouch of Douglas is the lowest point of the 
abdominopelvic cavity when the patient is in the standing position. It is a frequent 
collection site for fluids and infection. It is also at risk for perforation during cystoscopic 
procedures that use a vaginal approach due to the proximity of the posterior fornix of 
the vagina. It’s also the most common site for abdominal ectopic pregnancy.

B. Bladder
Same as described for the male.

C. Urethra
The female urethra is shorter (~3-4 cm in length) and travels a more direct route to 
terminate at its external orifice. It passes through the pelvic diaphragm, the urogenital 
diaphragm, and the perineum to open in the vestibule at the external urethral orifice.

D. Rectum
Same as described for the male.

E. Internal (Pelvic) Reproductive Organs
1. The ovary functions in germ cell and hormone production. The ovaries develop on 

the posterior abdominal wall at the urogenital ridge (described later), then descend 
before birth. The ovaries descent is halted prior to reaching the inguinal canal, so that 
they assume a position on the lateral wall of the true pelvis.

a. The superior pole of the ovary is suspended from the lateral wall of the pelvis by 
the suspensory ligament of the ovary. The suspensory ligament of the ovary 
transmits the ovarian artery, vein, lymphatics and nerve supply. This ligament is 
often referred to as the infundibulopelvic ligament (IPL) in the clinic.

b. The ovary lies in the ovarian fossa (or bed). The ovarian fossa is a slight depression 
in the peritoneum that is bounded posteriorly by the ureter and anteriorly by the 
external iliac vessels. 

Clinical Correlations
When performing an oophorectomy (a.k.a. ovariectomy, surgical excision of the ovary), 
care must be taken to avoid damage to the ureter at the medial boundary of the ovarian 
fossa (Figure 10.4).

1. The uterine tubes are the usual site of conception and function as a transport organ 
for the zygote to reach the uterus. Each uterine tube has an expanded, trumpet 
shaped end (the infundibulum) rimmed with small fingerlike projections called 
fimbriae which trap the ovum and sweep it toward the opening of the uterine 
tube. The infundibulum leads to the ampulla of the uterine tube (where conception 
normally occurs). 
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2. The uterus is the organ of gestation in which the fertilized oocyte normally becomes 
embedded and grows until birth. It is located between the urinary bladder anteriorly 
and the rectum posteriorly. Structurally, the uterus consists of the fundus, body, and 
cervix. The fundus is the part of the uterus above a line connecting the uterine tubes. 
The body is the part of the uterus between the fundus and the cervix. The cervix is 
the neck of the uterus and is continuous with the vaginal canal. The cervical canal 
connects the uterine cavity and the vagina. The uterus normally arches forward over 
the superior surface of the bladder. In this position, the uterus is said to be anteverted 
and anteflexed so that the anterior surface of the uterus rests on the superior surface 
of the bladder, and the posterior surface faces superiorly.

3. The vaginal canal connects the uterus to the external environment and is the female 
organ of copulation and parturition. It is a musculofibrous tube that serves both to 
introduce spermatozoa into the female genital tract and as the lower portion of the 
birth canal. Its walls are normally opposed to one another, in part due to the action 
of the muscles of the pelvic and urogenital diaphragms. The anterior wall of the 
vagina is related to the base (fundus) of the bladder and the urethra. Posteriorly the 
wall of the vagina is related to the ampulla of the rectum, the perineal body, and the 
rectouterine pouch (pouch of Douglas). Note that the cervix projects inferiorly into the 
lumen of the vaginal canal, forming the anterior, posterior and lateral fornices of the 
vaginal canal. The posterior fornix is related to the rectouterine pouch. Inferiorly, the 
vagina opens into the vestibule immediately posterior to the external urethral orifice.

Clinical Correlation

1. Note the “water under the bridge” relationship of the ureter to the uterine artery in 
the floor of the pelvis (Figure 10.5). The ureter passes inferior and at right angles to the 
uterine artery at the lateral aspect of the cervix. During a hysterectomy, the surgeon 
must be extremely careful not to damage the ureter when ligating the uterine artery.

2. The uterine tubes are common sites for ectopic (or non-uterine) pregnancy and must 
be carefully examined when an ectopic pregnancy is suspected. The uterine tube will 
rupture resulting in an abdominopelvic hemorrhage if the ectopic pregnancy is not 
terminated.

F. External Reproductive Organs
The external genitalia are more complex in the female and are collectively referred to as 
the vulva. The vulva includes the mons pubis, labia majora and minora, the clitoris, the 
vestibule of the vagina and the vestibular bulb. The mons pubis and labia majora are the 
homologues of the scrotum.
The clitoris is the homologue of the penis. The clitoris consists of the body of the clitoris 
and the glans of the clitoris. The body of the clitoris is similar to the body of the penis 
except it is formed by two (rather than three) cylindrical cavernous bodies. These are 
the right and left corpora cavernosa. The glans of the clitoris is a small mass of erectile 
tissue that caps the body of the clitoris. 

Clinical Correlation
The pelvic diaphragm provides important support for the bladder, rectum, and pelvic 
reproductive organs which sit on its superior surface. The urogenital diaphragm provides 
important support for the external genitalia which are suspended from its inferior surface. 
Weakness of these support structures can lead to uterine prolapse into the vagina or 
bulging of the bladder (cystocele) or rectum (rectocele) into the vagina.
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Overview of the Perineum
The perineum is the outlet of the pelvis (Figure 10.6). It is located inferior to the pelvic 
diaphragm and occupies the narrow region between the proximal parts of the thighs. 
When the limbs are abducted, this region appears roughly diamond shaped. The distal 
parts of the GI tract, the urethra, and parts of the male and female reproductive tracts 
pass through this space.
The boundaries of the perineum correspond to those of the inferior pelvic aperture as 
shown in Figure 10.6. 

1. Anterior -Symphysis pubis.

2. Anterolateral - Ischiopubic rami (pubic arch).

3. Lateral - Ischial tuberosity.

4. Posterolateral - Sacrotuberous ligaments.

5. Posterior - Coccyx.

6. Floor - Skin and fascia.

7. Roof - Pelvic diaphragm.

Figure 10.6   Boundaries of the Perineum.
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Figure 10.7   Course of the Pudendal Nerve and Internal Pudendal Vessels.

Innervation of the Perineum
The pudendal nerve (S2-S4) is the primary nerve supply to the perineum. It provides 
somatic motor innervation to the urogenital diaphragm and other skeletal muscles of 
the perineum, and somatic sensory innervation to most of the perineum. It is clinically 
important because gynecological/obstetric procedures frequently require local 
anesthetic (i.e. pudendal nerve block).
A. The pudendal nerve supplies sensory innervation to:

1. Most of the skin of the perineum (except a small area of skin on the anterior 
scrotum or labia majora that is supplied by the ilioinguinal nerve).

2. The anal canal below the pectinate line.
B. The pudendal nerve supplies motor innervation to:

1. The urogenital diaphragm (external urethral sphincter) to maintain voluntary 
urinary continence.

2. The external anal sphincter to assist in the maintenance of voluntary rectal 
continence. 

3. Ischiocavernosus and bulbospongiosus muscles of the perineum help maintain 
clitoral/penile erection. In males, contraction of the bulbospongiosus muscles 
facilitates emptying of the penile urethra during micturition and the expulsion of 
seminal fluid during ejaculation.

Blood Supply to the Perineum
The internal pudendal artery is the primary blood supply to the tissues of the perineum, 
including the erectile tissues of the penis and clitoris. The internal pudendal artery is a 
branch of the internal iliac artery in the pelvis.

The internal pudendal artery is a branch of the internal iliac artery in the pelvis. It exits 
the pelvis via the greater sciatic foramen, wraps around the sacrospinous ligament and 
then enters the perineum via the lesser sciatic foramen.
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Course of the Pudendal Nerve and Internal Pudendal Vessels
The pudendal nerve is a branch of the sacral plexus that arises in the pelvis. The 
pudendal nerve exits the pelvis via the greater sciatic foramen, wraps around the 
sacrospinous ligament and then enters the perineum via the lesser sciatic foramen 
(Figure 10.7). It travels through the ischioanal fossa within the pudendal canal where it 
divides into three terminal branches that supply sensory and motor innervation to the 
perineum.

Triangles of the Perineum
The perineum is arbitrarily divided into two triangles by a horizontal line drawn between 
the two ischial tuberosities (Figure 10.6).

A. Anal Triangle
B. Urogenital (UG) Triangle 

A. Anal Triangle of the Perineum
The anal triangle is posterior in the perineum (Figure 10.8). The anal triangle contains the 
anal canal and its external orifice (anus) which is located in the midline. 
To either side of the anal canal are the right and left ischioanal fossa. The ischioanal 
fossae are wedge shaped, fat filled spaces on either side of the anal canal. These spaces 
allow for movement of the pelvic diaphragm and expansion of the anal canal during 
defecation. The pudendal nerve and internal pudendal vessels course through the 
pudendal canal on the lateral wall of the ischioanal fossa to enter the perineum.
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B. Significance of the Pectinate Line of the Anal Canal
The upper part of the anal canal above the pectinate line is lined by mucosa (endoderm) 
similar to the mucosa lining the rectum and is distinguished by longitudinally oriented 
folds called anal columns which contain terminal branches of the superior rectal vessels. 
Anal valves are formed at the inferior ends of the anal columns.

An imaginary line connecting the anal valves denotes the pectinate line which marks the 
approximate position of the anal membrane in the embryo.
The pectinate line marks a number of important transitions in terms of blood supply, 
innervation, mucosal lining, and lymphatic drainage of the anal canal (Figure 10.8).
1. Mucosal lining—Above the pectinate line the mucosal lining of the anal canal is 

derived from endoderm. Below the pectinate line the mucosal lining of the anal canal 
is derived from ectoderm.

2. Innervation —The part of the anal canal above the pectinate line receives visceral 
(autonomic) motor and sensory innervation via the pelvic and lumbar spinal nerves. 
This portion of the anal canal is not sensitive to pain, temperature, touch. The part 
of the anal canal below the pectinate line receives somatic motor and sensory 
innervation via the inferior rectal nerves. This portion of the anal canal is sensitive to 
pain, temperature, touch.

3. Blood Supply —the part of the anal canal above the pectinate line receives arterial 
supply from the superior rectal arteries and venous drainage is to the portal system 
via the superior rectal veins. The part of the anal canal below the pectinate line 
receives arterial supply from the middle and inferior rectal arteries and venous 
drainage is to the caval system via the middle and inferior rectal veins.

4. Lymphatic Drainage—Above the pectinate line, lymph drains to the internal iliac 
nodes. Below the pectinate line, lymph drains to the superficial inguinal nodes.

Figure 10.8   Significance of the Pectinate Line of the Anal Canal.
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C. Urogenital Triangle of the Perineum
The urogenital triangle is anterior in the perineum. In the male, the urethra passes through 
the urogenital triangle. In females, the urethra and lower vagina canal pass through 
the urogenital triangle. This space also contains the external genitalia and associated 
structures. Facial planes divide the urogenital triangle into two perineal spaces or 
compartments (superficial and deep perineal pouches, Figure 10.9).

Superficial Perineal Space

The superficial perineal pouch is located between two fascial layers—Colles’ fascia 
and the inferior fascia of the urogenital diaphragm (perineal membrane). It houses the 
following structures related to the external genitalia:

1. Root structures of the genitalia (crura of the clitoris/penis, bulb of the vestibule/penis).
2. Penis (corpora cavernosa, corpus spongiosum) or clitoris (corpora cavernosa).
3. Skeletal muscles (bulbospongiosus and ischiocavernosis) that help to maintain 

erection in both male and female. In the male, the bulbospongiosus muscle also helps 
to empty the urethra during micturition and ejaculation.

4. Greater vestibular (Bartholin) gland in the female.

Deep Perineal Space

The deep perineal pouch is formed by the urogenital diaphragm. It is limited by the 
superior and inferior layers of the fascia of the urogenital diaphragm. It contains the 
following structures:
1. External sphincter urethrae muscle (voluntary muscle of micturition).
2. Deep transverse perineus muscle.
3. Bulbourethral (Cowper) gland in the male.
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Figure 10.9   Frontal Views of Superficial and Deep Pouches of Perineum.
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Extravasation of Urine
A common site of rupture of the penile urethra and escape (or extravasation) of urine is 
in the bulb of the penis. This injury usually results from a forceful blow to the perineum 
(i.e. a straddle injury) or less commonly from the incorrect passage of a transurethral 
catheter. Rupture of the corpus spongiosum bulb of penis and spongy urethra results in 
urine or blood leaking from it into the superficial perineal space. 
The attachments of the perineal fascia will determine the flow of urine or    
blood a (Figure 10.10).

Urine or blood may pass into: 
1. The loose connective tissue of the scrotum. 
2. The subcutaneous tissue of the penis. 
3. Deep to the membranous layer of subcutaneous connective tissue of the anterior 

abdominal wall.
Urine cannot pass into the thighs because the Colles’ fascia blends tightly with the fascia 
lata of the thigh. It cannot pass posteriorly into the anal triangle (or the anterior recess) 
because the Colles’ fascia is tightly bound to the posterior edge of the UG diaphragm 
and forms a barrier to communication between the UG and anal triangles. It cannot pass 
into the deep perineal space because of the barrier formed by the perineal membrane 
(inferior fascia of the UG diaphragm).

Figure 10.10   Extravasation of Urine.
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Male/Female Sexual Response
Male sexual response involves both somatic and visceral innervation and is divided 
into three stages (erection, emission, and ejaculation). Female sexual response involves 
clitoral erection which is identical to penile erection.
1. Penile Erection is a vascular event generated by parasympathetic innervation via the 

pelvic splanchnic nerves from spinal cord levels S2-S4. Parasympathetic innervation 
results in the dilation of the helicine helicine arteries supplying the penile erectile 
tissues of the corpora cavernosa, corpus spongiosum, and the bulb of the penis.

2. Emission is a sympathetic response mediated by lumbar splanchnic nerves from 
spinal cord levels L1-L2. Sympathetic innervation results in the contraction of smooth 
muscle of the male genital tract which propels the seminal fluid into the urethra.

3. Ejaculation is a combination of somatic and sympathetic responses mediated by the 
pudendal nerve (S2-4) and the lumbar splanchnic nerves of spinal cord levels L1-L2, 
respectively. Sympathetic innervation continues to result in contraction of the smooth 
muscles of the male genital tract to move the seminal fluid through the urethra to its 
external urethral orifice. At the same time, the somatic innervation via the pudendal 
nerve results in the rhythmic contractions of the bulbospongiosus muscle which 
assists in this process.
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Genital System Development
Genital system development begins in the fourth week following the formation of the 
right and left urogenital ridges. The urogenital ridges are arranged vertically on either 
side of the developing vertebral column on the dorsal wall of the embryo (Figure 10.11). 
They are comprised of intermediate mesoderm and are the site of development for the 
urinary and genital systems.

Timeline
Week 3   Intermediate mesoderm forms during gastrulation.

Week 4   Intermediate mesoderm forms right and left urogenital ridges on the  
    posterior abdominal wall.
    The indifferent gonad appears on the medial aspect of the   
     urogenital ridge (TV 10).

Week 5   Primary sex cords form from surface invaginations of mesothelium  
     of the indifferent gonad.

Weeks 4-6   Primordial germ cells migrate from the yolk sac through the     
    connecting stalk and populate the primary sex cords.

Weeks 7-8   The indifferent gonad begins to differentiate into either a testis   
     or an ovary.

Weeks 9-12    External genitalia begin to differentiate into distinct male    
     or female structures.

Indifferent Gonads
The gonad is sexually indifferent between the 4th to the 7th week of development, 
meaning that you cannot distinguish a testis from an ovary based on physical 
appearance even though the genotypic sex (XY or XX) was determined at conception.
The indifferent gonad forms on the medial aspect of the urogenital ridge at the level of 
TV10 during the 4th week of development. There are three important components of the 
developing indifferent gonad. These are the primordial germ cells, primary sex cords, 
and two duct systems (Figure 10.11 A),

Urogenital ridge
(intermediate mesoderm)

Mesonephric duct

GI tract

Indifferent gonad (T 10)

A

Figure 10.11A   Urogenital Ridge and Indifferent Gonad.
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1. Primordial Germ Cells—The primordial germ cells (epiblast) are originally seen on 
the posterior wall of the yolk sac around the 4th week of development (Figure 10.11 B, 
C, and D). During weeks 4-6, they migrate along the connecting stalk and the dorsal 
mesentery to the developing gonad, while undergoing extensive mitotic divisions. 

The primordial germ cells have important inductive influences on the gonads, and if 
they fail to reach the developing gonad it will not differentiate. The presence of the 
primordial germ cells will also stimulate the gonadal epithelium to form Sertoli cells in 
the male or follicular cells in the female.

2. Primary Sex Cords—During week 5, surface epithelium invaginates into the core of 
the indifferent gonad, forming finger-like projections called the primary sex cords   
(Figure 10.11D). The cords are eventually populated by the migrating primordial germ 
cells during the 5th and 6th weeks of development. 

• By puberty in a male, the primary sex cords will hollow out, and then lengthen and 
coil to form seminiferous tubules under the influence of testosterone. 

• In a female, the primary sex cords (in the absence of testosterone) will regress, 
breaking up into small segments that form the first generation of follicles 
(primordial follicles). The primordial follicles house the primary oocytes in the first 
arrested phase (see chapter 1).

3. Genital Ducts—Two genital ducts develop in parallel within the indifferent gonad. 
These are the mesonephric (Wolffian) and paramesonephric (Mullerian) duct 
systems (Figure 10.11 C and D). 

• The mesonephric (Wolffian) ducts play an important role in the development of 
the male genital tract under the influence of testosterone. The mesonephric ducts 
give rise to the epididymis, ductus deferens, seminal vesicle, and ejaculatory duct 
in the male.

• The paramesonephric (Mullerian) ducts play an important role in the 
development of the female genital tract under the influence of estrogen. The 
paramesonephric ducts give rise to the uterine tube, uterus, cervix, and upper 
vaginal canal in the female.
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Figure 10.11   Urogenital Ridge and Indifferent Gonad.
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Development of Testis and Ovary
By the 7th week of development, the indifferent gonad begins to differentiate into either a 
testis or an ovary (Figure 10.12). The presence of a Y chromosome directs the development 
of the indifferent gonad into a testis. In the absence of a Y chromosome, the indifferent 
gonad will differentiate into an ovary.

Figure 10.12   Indifferent Gonad.
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A. Testis
In embryos with a Y chromosome, the indifferent gonad develops into a testis. Making 
a testis is much more complicated than making an ovary. More steps are required and 
there are more key players involved in this process. The transformation of the indifferent 
gonad into a testis is driven by a critical series of four events (Figure 10.13). These events 
must occur at the proper time and in the proper sequence or gonadal development will 
be abnormal. Because this sequence is more complex in males, we see more newborn 
defects of reproductive system development in males. 
1. Influence of the Y chromosome. A substance called testis-determining factor 

(TDF) is produced under the influence of the SRY gene on the Y chromosome. The 
presence of TDF triggers the transformation of the indifferent gonad into a testis. More 
specifically, TDF stimulates the development of and drives the function of the two 
major cell lines that make up the testis (Leydig cells and Sertoli cells). 

2. Leydig cells. The Leydig cells produce and secrete testosterone. Testosterone drives 
the development of seminferous tubules from the primary sex cords at puberty, and 
the retention and further development of the mesonephric ducts to form the male 
genital tract.

3. Sertoli cells. The Sertoli cells produce and secrete Mullerian-inhibiting factor (MIF). 
MIF drives the regression of the paramesonephric (Mullerian) ducts, preventing the 
development of the female genital tract in the male.

4. Dihydrotestosterone (DHT). Some of the testosterone produced by the Leydig cells 
is converted to DHT by the 5a-reductase 2 enzyme. DHT drives the development of 
male external genitalia.

Figure 10.13   Testis and Male Genital Tract Development.

Sertoli Cells (MIF) XY: SRY Gene (TDF) Development of seminiferous
tubules of testes

Mesonephric duct stimulation
(vas deferens, epididymis,
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Production of DHT: Development
of male external genitalia

(penis, scrotum) 5a-reductace
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B. Ovary
Differentiation of the female gonad and genital tract is much simpler. No factors are 
involved. Development of the ovary is essentially the default sequence that occurs in the 
absence of the Y chromosome (Figure 10.14).

1. Absence of the Y chromosome. Absence of Y chromosome and TDF/testosterone/MIF 
leads to default development of the ovary and female genital system.

2. Absence of testosterone. Absence of testosterone will lead to the degeneration of 
the mesonephric ducts (suppressing the development of the male genital tract). The 
same lack of testosterone will drive the formation of the primary follicles from the 
primary sex cords.

3. Absence of Mullerian-inhibiting factor. Absence of MIF will allow the differentiation of 
the paramesonephric ducts to form the female genital tract.

4. Paramesonephric duct development. The cranial ends of the right and left 
paramesonephric ducts form the right and left uterine tubes. The caudal ends of the 
right and left paramesonephric ducts fuse in the midline to form the uterus, cervix, 
and upper one-third of the vaginal canal.

Clinical Correlation

1. A bicornate uterus (Fig. 10.15) results when the caudal ends of the two 
paramesonephic ducts fail to fuse completely. This results in a uterus with two horns 
that enter a common vaginal canal. This defect usually leads to problems conceiving 
and/or maintaining pregnancy.

2. A few small remnants of the mesonephric duct are found in the broad ligament. The 
only time these remnants become clinically significant is if they become inflamed or 
infected. Another small remnant is found near the superior end of the vaginal canal. 
This remnant is called Gartner’s duct. These can also become clinically significant if 
they become infected or inflamed resulting in the formation of a fluid filled   
Gartner’s cyst.

Estrogens
(including
maternal

and
placental sources)

Paramesonephric
ducts stimulated

(uterine tube, uterus,
upper portion of vagina)

External genitalia
stimulated

(labia, clitoris, lower
portion of vagina)

Ovary

Figure 10.14   Female Genital Development.
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Development of the External Genitalia
Like the gonads, the external genitalia also undergo an indifferent stage, but it lasts 
longer (until the 12th week). Before that time, genetic sex cannot be determined via 
ultrasound.

During the 4th week of development, the indifferent genitalia form from a condensation 
of mesoderm off the urogenital ridge. The components of the indifferent genitalia 
include: the genital tubercle, urogenital (urethral) folds, and labioscrotal swellings. 
The adult derivatives of these embryonic structures are outlined in Table 10.1 and shown 
in Figure 10.16.

Figure 10.15   Female Genital Tract Development.
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Table 10.1 : Development of External Genitalia

Adult Female

Gonads

Paramesonephric
duct (female)

Mesonephric
duct (male)

Genital tubercle

Urogenital (urethral) folds

Labioscrotal swellings

Ovary

Uterine tubes, uterus, cervix, superior
1/3 of vagina

Gartner duct

Glans clitoris, corpora cavernosa
clitoris, vestibular bulbs

Labia minora

Labia majora

Testes and seminiferous tubules
(Leydig cells, Sertoli cells)

N/A

Epididymis, ductus deferens,
seminal vesicle, ejaculatory duct

Glans penis, corpora cavernosa 
penis, corpus spongiosum

Ventral aspect of penis

Scrotum

Embryonic Precursor Adult Male

7 weeks
Genital tubercle

Urogenital sinus

Urogenital fold

Labioscrotal
swelling

Anus

Male Female

12 weeks
Glans penis

Urethral groove
(closing)

Scrotum

Anus

Late fetus
Glans penis

Urethral raphe

Scrotum

Scrotal raphe

Anus

12 weeks

Scrotal
raphe

Urethral
orifice

Vaginal
orifice

Anus

Labia minora

Labia majora

Glans clitoris

Late fetus

Anus

Mons pubis

Urethral orifice

Vaginal orifice

Glans clitoris
Labia majora

Labia minora

Body of penis

 Figure 10.16   Development of the External Genitalia.
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Abnormalities of Male External Genitalia
A. Hypospadias
1. The most common newborn defect of genital development is hypospadias   

(Figure 10.17A). 

2. Characterized by the presence of abnormal openings on the ventral aspect of the 
scrotum, shaft of the penis, or glans penis. 

3. These defects occur when the urogenital folds fail to fully fuse in the ventral midline. 

4. Often associated with a ventrally curved penis (chordee)

5. This is usually caused by low levels of DHT caused by insufficient testosterone 
production, or by a deficiency in 5-a-reductase activity.

B. Epispadias
1. A more rare and clinically significant defect is epispadias (Figure 10.17 B). 

2. Characterized by the presence of abnormal openings on the dorsal aspect    
of the penis. 

3. May involve exstrophy of the bladder (open bladder) where the lumen of the bladder 
is exposed.

4. Results from a defect in body wall fusion during the 4th week of development.

5. Often associated with elevated maternal alpha fetoprotein levels during gestation.

Figure 10.17   Developmental Abnormalities of Male External Genitalia.

DISORDERS OF SEXUAL DIFFERENTIATION
A. 46, XX Congenital Adrenal Hyperplasia

1. Individual with a 46,XX genotype.
2. Results from congenital adrenal cortical hyperplasia during development resulting in 

excess androgen production.

Abnormal
urethral
orifices

Mucosa of urinary bladder

Ureteric opening

Urethra

B. EpispadiasA. Hypospadias
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3. Masculinization (or virilization) of female external genitalia due to presence of excess 
androgenic hormones from the adrenal gland (mild clitoral enlargement, partial or 
complete labioscrotal fusion).

4. Internal genitalia are female.

5. Ovary is present.

6. Uterus and uterine tubes intact (there is no MIF to suppress paramesonephric duct 
development).

7. Absent testes (there is no SRY gene/TDF to drive development).

8. No mesonephric ducts (no testosterone to support development).

B. 46, XY 5a Reductase Deficiency

1. Individual with a 46, XY genotype.

2. Results from 5a reductase deficiency.

3. External genitalia are only partially virilized in the absence of adequate DHT, 
resulting in stunted development of male genitalia with female-like characteristics 
(underdevelopment of the penis, scrotum, and prostate gland).

4. Male genital tract is normal.

5. Mesonephric ducts are intact (plenty of testosterone around).

6. Normal production of MIF from Sertoli cells causes regression of paramesonephric 
ducts (no female genital tract structures).

C. 46, XY Complete Androgen Insensitivity (Testicular Feminization) Syndrome

1. Individuals has a 46,XY genotype.

2. Results from lack of functional androgen receptors.

3. Lack of virilization of external genitalia (due to inability of androgen receptor to bind to 
testosterone or DHT). Testosterone, DHT, and MIF levels are normal.

4. Results in female-appearing external genitalia.

5. Mesonephric ducts are rudimentary or lacking due to insensitivity to testosterone 
signaling.

6. Normal production of MIF from Sertoli cells causes paramesonephric duct regression, 
so no uterine tubes, uterus, or upper 1/3 vagina are present.

7. Develops testes due to presence of SRY gene and TDF (usually abnormally located in 
labia majora or inguinal canal, fail to descend, must be surgically removed to prevent 
malignancy).

8. These individuals are often assigned as female at birth in the absence of genetic 
screening, and their psychosocial orientation is often female due to being assigned 
female at birth.

9. Usually diagnosed when they fail to menstruate at puberty.
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Describe the structure and organization of the brachial plexus.

Define the anterior and posterior fibers of the plexus and how they relate to 
the innervations to the ventral and dorsal compartments of the upper limb.

Understand the spinal cord segmentation of the major nerves of the plexus 
and how this relates to the innervation pattern of the upper limb, especially 
in the hand.

Identify the muscles, innervations, actions, and blood supply to the 
compartments of the upper limb.

Understand the sensory innervations of skin of the forearm and hand. 

Describe in detail the major nerve lesions of the upper limb and their 
clinical presentations.

Identify the clinical applications of the radiology of the upper limb.

Objectives

Angela R. Cantrell, PhD © 
Author

Jack L. Wilson, PhD  
Author
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Introduction
The upper limb has been uniquely adapted for mobility and freedom of movement for 
positioning of the hand in 3-D space. The articulations, muscle groups, innervations, and 
blood supply of the upper limb are developed to provide the fine motor and sensory 
functions of the hand necessary for grasping, manipulation, and touch.

The upper limb is attached to the axial skeleton via the pectoral girdle which is formed 
by the scapula and clavicle. The attachment of the clavicle to the sternum is the only 
bony connection between the upper limb and the trunk. The clavicle holds the limb away 
from the trunk allowing freedom of movement.

The upper limb bud begins its development in the fourth week with the proliferation of 
mesoderm from the somites into the limb bud. During development the upper limb bud 
rotates laterally 90 degrees so that the thumb is placed laterally.

Brachial Plexus
A nerve plexus contains nerve fibers from several segmental origins of the spinal 
cord that intermingle together and then form terminal branches which carry various 
combinations of segmental fibers for motor and sensory supply of the limb. Most muscles 
are innervated by nerve fibers originating from more than one segment. 

The brachial plexus is the extensive nerve network providing the sensory and motor 
innervation to the upper limb. The plexus originates at the base of the posterior triangle 
of the neck and is formed by the ventral rami of the C5-T1 spinal nerves. The plexus 
extends through the axilla and continues its distribution into the upper limb. The plexus is 
organized into five proximal-to-distal stages: roots, trunks, divisions, cord, and terminal 
branches.

Compartments of upper limb

1. Anterior compartments include aim, forearm, and hand (3 palmar compartments: 
thenar, central, and hypothenar)

2. Posterior compartments include arm and forearm. There are no posterior 
compartments on the dorsum of the hand.

3. Anterior division fibers supply anterior compartment muscles, and posterior division 
fibers supply posterior compartment muscles. 

UPPER LIMB
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The primary nerve branches of the brachial plexus and their segmentation are:

• Musculocutaneous: C5, C6, (C7)*

• Median: (C5), C6, C7, C8, T1 

• Ulnar: C8, T1 

• Radial: C5, C6, C7, C8, (T1) 

• Axillary: C5, C6 

• Long thoracic: C5, C6, C7

• Suprascapular: C5, C6 

• Thoracodorsal: (C6), C7, C8 
 * Parenthesis indicates the nerve carries very few of these fibers

Roots (5)
Ventral rami

Trunks
(3)

Divisions
(6)

Cords
(3)

Terminal
branches (5)

Anterior (3)Lateral, MedialMed., Ulnar, Musc.

Radial, Axillary Posterior Posterior (3)

Suprascapular
nerve: C5-6

Superior

Middle

Inferior

La
te

ra
l

Posterio
r

Medial

Thoracodorsal nerve (C6,7,8)
(middle subscapular)

Long thoracic
nerve: C5-7

Ulnar: C8-T1
(anterior forearm and hand)

Median: C5-T1
(anterior forearm and hand)

Radial: C5-T1
(posterior arm and forearm)

Axillary: C5-6
(shoulder)

Musculocutaneous: C5-6
(anterior arm)

Terminal Branches

C5-6
Shoulder

C6-7
Distal Arm &
Upper Forearm

C7-8
Distal Forearm

C8-T1
Hand

C5

C6

C7

C8

T1

C5-C6

C7

C8-T1

C 5

C 6

C 7

C 8

T  1

Distribution
gradient

C5 - 6 nerves
• Suprascapular
• Musculocutaneous
• Axillary

C8 - T1 nerve
• Ulnar

Neck (Posterior triangle)

Figure 11.1   Brachial Plexus
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• Flex elbow (biceps reflex)
• Supination (biceps brachii)

• Extend elbow (triceps reflex)

Table 11.1: Motor Innervation and Actions of Muscles of the Arm

Compartment/Muscles
Anterior Compartment

Posterior Compartment

Musculocutaneous nerve (C5-C6)

Radial nerve (C5-T1)

Primary ActionNerve

• Biceps brachii
• Brachialis

• Triceps brachii

Table 11.2: Motor Innervation and Actions of Muscles of the Forearm

Compartment/Muscles
Anterior Compartment

Posterior Compartment

Median nerve (C5-T1)

Primary ActionNerve

• All muscles innervated by
 median nerve except  1 ½
 muscles innervated by ulnar
 nerve (flexor carpi ulnaris
 and ulnar half of the flexor
 digitorum profundus)

• 1 ½ muscles not innervated 
 by median nerve (flexor 
 carpi ulnaris and ulnar half 
 of the flexor digitorum 
 profundus)

• Muscles of posterior
 compartment of forearm

• Flex wrist (strongest)
• Flex all 5 digits
• Pronation

Ulnar nerve (C8-T1)
• Flex wrist (weak)
• Flex digits 4 and 5

Radial nerve (C5-T1)
• Extend metacarpophalangeal joint
• Extend wrist
• Supination (supinator muscle)

Compartments of upper limb with muscles, actions, and motor innervations are 
shown in the Tables 11.1-11.4.

• Opposition of thumb

Table 11.3: Motor Innervation and Actions of Muscles of the Hand

Compartment/Muscles
Thenar Compartment Recurrent motor branch 

(C8-T1) of the median nerve

Primary ActionNerve

• Opponens pollicis

• Flex metacarpophalangeal joint (MP) of digits 2-3
• Extend interphalangeal joint (IP) of digits 2-3

Central Compartment
Median nerve (C8-T1)• Lumbricals (digits 2 and 3)

Ulnar nerve (C8-T1)

• Lumbricals (digits 4 and 5)

• Interossei muscles
   (palmar and dorsal)

• Adductor pollicis

• Dorsal: Abduct digits 2-5 (DAB)
• Palmar: Adduct digits 2-5 (PAD)
• Assist lumbricals in MP flexion and IP extension of
  digits 2-3

• Thumb adduction

• Flex MP and extend IP of digits 4-5

Ulnar nerve (C8-T1)
Hypothenar Compartment

• Three muscles
• Variable movements of digit 5

• Horizontal abduction of humerus (15°-110°)

• Lateral rotation of humerus (with infraspinatus)

Table 11.4: Motor Innervation and Actions of Muscles of the Shoulder and Back

Muscles

• Axillary nerve (C5-C6)

• Suprascapular nerve (C5-C6)

• Upper and lower subscapular nerves

• Long thoracic nerve
  (C5-C7 ventral rami)

Primary ActionNerve

• Deltoid

• Tere minor

• Serratus anterior

• Initiates abduction of humerus (0°-15°)

• Lateral rotation of the humerus (with teres minor)

• Medial rotation of the humerus

• Supraspinatus

• Subscapularis

• Upper and lower subscapular nerves

• Lower subscapular nerve

• Thoracodorsal (middle subscapular)
  nerve (C(6), 7, 8)

• Medial rotation of the humerus

• Extension, adduction, and medial rotation of 
   humerus

• Extension, adduction, and medial rotation of
  humerus

• Subscapularis

• Latissimus dorsi

• Teres major

• Infraspinatus

• Maintains position of scapula against rib cage
• Upward rotation of scapula (vertical abduction 
  above 110°)
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• Opposition of thumb

Table 11.3: Motor Innervation and Actions of Muscles of the Hand

Compartment/Muscles
Thenar Compartment Recurrent motor branch 

(C8-T1) of the median nerve

Primary ActionNerve

• Opponens pollicis

• Flex metacarpophalangeal joint (MP) of digits 2-3
• Extend interphalangeal joint (IP) of digits 2-3

Central Compartment
Median nerve (C8-T1)• Lumbricals (digits 2 and 3)

Ulnar nerve (C8-T1)

• Lumbricals (digits 4 and 5)

• Interossei muscles
   (palmar and dorsal)

• Adductor pollicis

• Dorsal: Abduct digits 2-5 (DAB)
• Palmar: Adduct digits 2-5 (PAD)
• Assist lumbricals in MP flexion and IP extension of
  digits 2-3

• Thumb adduction

• Flex MP and extend IP of digits 4-5

Ulnar nerve (C8-T1)
Hypothenar Compartment

• Three muscles
• Variable movements of digit 5

• Horizontal abduction of humerus (15°-110°)

• Lateral rotation of humerus (with infraspinatus)

Table 11.4: Motor Innervation and Actions of Muscles of the Shoulder and Back

Muscles

• Axillary nerve (C5-C6)

• Suprascapular nerve (C5-C6)

• Upper and lower subscapular nerves

• Long thoracic nerve
  (C5-C7 ventral rami)

Primary ActionNerve

• Deltoid

• Tere minor

• Serratus anterior

• Initiates abduction of humerus (0°-15°)

• Lateral rotation of the humerus (with teres minor)

• Medial rotation of the humerus

• Supraspinatus

• Subscapularis

• Upper and lower subscapular nerves

• Lower subscapular nerve

• Thoracodorsal (middle subscapular)
  nerve (C(6), 7, 8)

• Medial rotation of the humerus

• Extension, adduction, and medial rotation of 
   humerus

• Extension, adduction, and medial rotation of
  humerus

• Subscapularis

• Latissimus dorsi

• Teres major

• Infraspinatus

• Maintains position of scapula against rib cage
• Upward rotation of scapula (vertical abduction 
  above 110°)

The basic movements of the thumb are illustrated in Figure 11.2. Notice that three nerves 
are acting on the thumb.

Movements of The Thumb

Flexion
(Median Nerve)

Extension
(Radial Nerve)

Adduction
(Ulnar Nerve)

Abduction
(Radial Nerve)

Opposition
(Median Nerve)

Figure 11.2   Movements of The Thumb
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Cutaneous Innervation of the Hand and Forearm

Median
Nerve

Radial
Nerve

Musculocutaneous
Nerve (C5-6)

Ulnar
Nerve

C8-T1

Ulnar
Nerve

Median
Nerve

Palmar Dorsal

The cutaneous innervation of the hand is shown in Fig. 11.3.

Figure 11.3   Cutaneous Innervation of The Hand
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Brachial Plexus Nerve Lesions
Proximal or distal injuries to the brachial plexus can result in significant motor and 
sensory deficits of upper limb functions. Assessment of nerve function during the clinical 
exam is critical in determining the type and location of nerve damage.

There are several general principles to note when evaluating patient with nerve lesions:

1. With a progressive nerve compression, sensory deficits will usually precede motor 
signs. So it is important to note any early sensory complaints from the patient.

2. When muscle groups are affected on one side of the limb, the antagonist muscles 
on the opposite side of the limb are under tone, and at rest will pull the limb into an 
abnormal position.

3. Some motor nerve lesions of muscles are observed at rest (passive sign), and other 
motor nerve lesions are observed upon movement (active sign).

4. When testing for motor or sensory nerve loss, test the most distal function in the limb 
first.

Musculocutaneous Nerve: C5-C6
Common lesion site:

1. Compression and entrapment of the nerve as it passes thorough the    
coracobrachialis muscle at the axilla. Least damaged.

2. Trauma to the axilla

Clinical signs: 

1. Significant weakness of flexion of elbow

2. Reduced or absent biceps reflex

3. Weakness in supination (loss of biceps results in forearm pronated at rest)

4. Sensory loss from skin of lateral forearm from elbow to base of thumb (lateral 
cutaneous nerve of the forearm) 

Axillary Nerve: C5-C6
Common lesion site:

1. Fracture of the surgical neck of the humerus

2. Inferior dislocation of the shoulder

Clinical signs:

1. Loss of horizontal abduction (15-110 degrees) of the arm at the shoulder joint (loss of 
deltoid muscle) and weakness in lateral rotation (loss of teres minor)

2. Sensory loss from skin over the shoulder 
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Suprascapular Nerve: C5-C6
Common lesion site: 

1. Trauma to the nerve at the superior aspect of the scapula at the scapular notch

Clinical signs:

1. Inability to initiate the first 15 degrees of shoulder abduction (loss of the 
supraspinatus muscle). This deficit can be compensated by other muscles.

2. Weakness in lateral rotation of the shoulder (loss of infraspinatus muscle)

3. No sensory loss 

Long Thoracic Nerve: C5-C7 ventral rami roots
Common lesion site:

1. Trauma to the lateral chest wall as the nerve courses on the superficial surface of 
the serratus anterior muscle

2. During mastectomy the nerve may be accidentally cut at the lateral aspect of the 
mammary gland.

Clinical signs: Loss of serratus anterior muscle.

1. Inability to hold the scapula tightly against the dorsal chest wall. Passive clinical sign 
is a winged scapula.

2. Weakness in upward scapular rotation resulting in difficulty in abducting the arm 
vertically above the horizon and raising the hand above the head.

3. No sensory loss 

Thoracodorsal Nerve C7-C8
Common lesion site:

1. Surgical procedures or trauma to the lateral chest wall

Clinical signs:

1. Weakened adduction, extension, and medial rotation of the shoulder

2. No sensory loss
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Lesions of The Radial, Median, and Ulnar Nerves
The radial, median, and ulnar nerves or their branches will course the entire length of 
the upper limb from the axilla to the hand. Because of their extensive motor and sensory 
supply to the limb, they can be injured at multiple points along the limb, resulting in 
variable motor or sensory lesions.

Radial nerve C5-T1
A. Proximal In Axilla:

1. Usually follows a long-term compression injury after using crutches

2. Saturday night palsy.

3. Proximal lesions in the axilla will affect all of the motor or sensory functions in the 
upper limb provided by the radial nerve.

Clinical Signs:

1. Significant weakness of extension of the elbow, wrist, and metacarpophalangeal 
(MP) joints.

2. Loss of triceps reflex (C6, C7)

3. The primary distal sign is wrist drop due to the inability to extend 
the hand at the wrist (Fig. 11.4). Results in reduction of a strong grip.

4. Weakness but not total loss of supination of the forearm. The 
biceps brachii muscle (innervated by the musculocutaneous 
nerve) is intact and provides strong supination. Because the 
pronator muscles in the anterior forearm compartment are 
undertone (innervated by the median nerve), the forearm is 
pronated at rest. 

5. Sensory loss on the dorsum of the arm, forearm, and radial side of dorsal hand.
B. Between axilla and wrist: Triceps muscle is sparred.

1. Radial groove fracture at the midshaft of the humerus (common lesion site)

2. Trauma at the lateral epicondyle of the elbow

3. Dislocation of the head of radius (nursemaid’s elbow)

4. Compression by the supinator muscle in the proximal forearm.

Clinical signs:

1. Loss of extension at wrist and MP joints with weakened supination.

2. Elbow extension is spared with lesions of the radial nerve distal to the axilla. The three 
branches to the triceps muscle arise in the axilla proximal to the radial groove.

3. Wrist drop is the distal sign .

4. Sensory loss on the dorsum of the thumb and radial side of the hand

Klumpke
Palsy

Claw
Hand

Hand of
Benediction

Ape
Hand

Figure 11.4  Wrist Drop
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C. Laceration on dorsum of wrist.

Clinical signs: Sensory loss on the dorsum of the radial side of the hand. There are no 
intrinsic muscles on the dorsum of the hand.

Median Nerve C5-T1
A. Proximal at or above the elbow.

NOTE: Proximal median nerve lesions between axilla and elbow result in complete loss of 
all median nerve sensory and motor functions in the forearm and hand.

1. Supracondylar fracture of distal humerus

2. Median nerve compression in the cubital fossa between the two heads of the 
pronator teres muscle (pronator teres syndrome)

Clinical Signs:

1. Significantly weakened wrist flexion, but not totally lost because the ulnar nerve 
innervates the flexor carpi ulnaris and the medial two tendons of the flexor digitorum 
profundus and are under tone.

2. Ulnar deviation of the wrist upon flexion resulting from the intact 
pull of the flexor carpi ulnaris (ulnar innervated) to the medial side 
of the hand.

3. Loss of pronation. The median nerve innervates both pronator 
muscles in the anterior forearm compartment. At rest, the forearm 
is supinated.

4. Ape (simian) hand: Passive sign at rest (Fig. 11.5). Injury to the 
recurrent motor branch of the median nerve in the palm 
results in loss of the thenar compartment muscles (C8–T1) with 
weakness of opposition. This results in the thumb being adducted 
and extended, and pulled into the plane of the palm by the intact 
adductor pollicis (ulna innervated). There are no cutaneous 
deficits.v

5. Hand of benediction: Active sign upon movement (Fig. 11.6). Upon 
attempting to flex all five digits, digits 1–3 do not flex (median nerve 
innervated) but digits 4–5 can be flexed using the ulnar innervated 
medial half of the flexor digitorum profundus (ulnar innervated). This 
results in the Benedict or papal hand.

6. Over time there is significant decreased mass of the thenar 
muscles (atrophy) with a flattening of the thenar compartment.

7. Cutaneous loss over the lateral palmar surface of the hand and the lateral 3½ digits.

Note: Proximal lesions of the median nerve described above will have a combination of  
           the ape hand at rest and the benedict hand upon making a fist.

B. Distal at wrist. Distal lesions at the wrist are the most common site of median nerve    
damage.

Klumpke
Palsy

Claw
Hand

Hand of
Benediction

Ape
Hand

Klumpke
Palsy

Claw
Hand

Hand of
Benediction

Ape
Hand

Figure 11.5   Ape Hand

Figure 11.6  Hand 
of Benediction



Gross And Developmental Anatomy Essentials

11

11

11

1. Carpal tunnel syndrome

2. Laceration on ventral wrist

Clinical signs: 

1. Sparring of all of the forearm motor functions listed above with normal and active 
pronation, wrist flexion, and digital flexion.

2. Ape Hand. With an injury to the median nerve at the wrist, the primary presenting sign 
is the ape hand as described above resulting from damage to the recurrent branch 
of the median nerve to the thenar compartment

3. Atrophy and flattening of thenar eminence

4. In carpal tunnel syndrome cutaneous loss is limited to the palmar side of the lateral 
3 ½ digits. Note that the skin on the lateral palm is spared because the palmar 
cutaneous branch of the median nerve supplying the skin of the central palm arises 
in the distal forearm and enters the palm by passing superficial to the carpal tunnel.

Note: that with a distal lesion of the median nerve at the wrist there is no hand of    
             benediction.

Ulnar Nerve C8-T1
Common lesion site:

1. Proximal. The ulnar nerve can be injured in the axilla, arm, or often with trauma to the 
medial epicondyle on the medial aspect of the elbow.

2. Distal. The ulnar nerve can be damaged at the wrist by laceration on the ventral 
wrist, compression of the ulnar nerve crossing the wrist (outside carpal tunnel in 
Guyon canal), or with fracture of hook of the hamate at the base of the hand.

Clinical signs:

Note that both proximal or distal lesions of the ulnar nerve will result in common signs as 
described below because most of the motor and sensory innervations supplied by the 
ulnar nerve (C8-T1) provide intrinsic functions of the hand.

1. Loss of the innervation to the medial two lumbricals, dorsal and palmar interossei, 
adductor pollicis, and hypothenar compartment muscles

2. Inability to abduct and adduct digits 2–5 This is one of the easiest 
clinical test for ulnar nerve damage (due to the loss of the dorsal 
and palmar interossei muscles, respectively).

3. Claw hand: Passive sign at rest (Fig. 11.7). This is a classic ulnar 
lesion sign due to weakness of IP extension of digits 2-5 (loss of 
the interossei muscles and the medial two lumbrical muscles). 
Clawing (flexion) of these digits at rest results from the pull of the 
intact long flexors of the flexor forearm. Note that clawing is less 
pronounced in digits 2 and 3 because these two lumbrical muscles 
are innervated by the median nerve and are functional.

4. Hyperextension of the MP joints of digits 2–5. Klumpke
Palsy

Claw
Hand

Hand of
Benediction

Ape
Hand

Figure 11.7
Claw Hand
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5. Thumb is strongly abducted due to the loss of the adductor pollicis. Other 
movements of the thumb are intact.

6. Weakness and atrophy of the hypothenar compartment muscles over time.

7. Cutaneous loss from the dorsal and palmar surfaces of the medial 1½ digits of the 
hand. Sensory loss is more extensive with proximal lesions at or above elbow.

Note: That with a proximal ulnar nerve lesion at or above the elbow, there is weakness    
           of the flexor carpi ulnaris and the medial part of the flexor digitorum profundus in  
           the forearm in addition to the above deficits. These two muscles are innervated by  
           the ulnar nerve in the proximal forearm.

With an proximal injury at the elbow, the loss of these two forearm muscles result in:

1. Limited weakness of forearm flexion with radial deviation due to the pull of the intact 
median innervated forearm muscles.

2. Note: Radial deviation of the hand with limited wrist flexion is one of the classic 
clinical signs of an ulnar lesion at or above the elbow that can be used to discriminate 
between proximal and a distal wrist lesion.

3. Clawing is greater with a wrist lesion of the ulnar nerve because the medial two 
heads of the flexor digitorum profundus are intact and remain functional.
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Proximal Lesions of the Brachial Plexus

Some of the more common and extensive brachial plexus lesion sites occur proximally 
at the root of the neck within the posterior triangle. The trunks of the brachial plexus are 
coursing through the scalene triangle where they can be injured. 

A. Upper Brachial Plexus Lesion (Erb-Duchenne Palsy-Waiter’s Tip 
Syndrome) (Fig. 11.8)
Damage to the upper trunk of the brachial plexus results in injury to 
the C5 and C6 fibers of the superior trunk. C5–C6 nerve fiber damage 
will primarily result in the loss of the three C5-6 nerves of the plexus 
innervating shoulder and arm muscles: 

1. Musculocutaneous

2. Suprascapular

3. Axillary nerve

Common lesion

Trauma resulting from falls on the shoulder where the head and 
shoulder are forcefully separated and can stretch or tear the upper 
trunk of the brachial plexus in the posterior triangle region of the neck. 
Other causes also include a Pancoast tumor on the apex of the lung    
and childbirth.

Clinical sign: 

1. Damage to the axillary and suprascapular nerves results in the loss of abduction 
(deltoid and supraspinatus muscles) and lateral rotation (teres minor and 
infraspinatus muscles), respectively. At rest, these deficits result in the upper limb 
being strongly adducted and medially rotated at the shoulder. The unopposed 
pectoralis major and latissimus dorsi muscles pull the limb into adduction with 
medial rotation.

2. Damage to the musculocutaneous nerve to the anterior arm muscles results in 
severe weakening of elbow flexion. At rest, there is strong extension of the elbow with 
pronation of the forearm ( loss of elbow flexors and a weakness of supination).

3. The limb hangs by the side and is tightly adducted at the shoulder by the unopposed 
adductors of the shoulder. There is an extended elbow and pronated forearm (loss of 
musculocutaneous nerve). The sign is the waiter’s tip position

4. The wrist is flexed due to the loss of C6 fibers of the radial nerve that are necessary for 
wrist extension.

5. Rotator cuff muscles are affected with a C5-6 lesion.

6. Cutaneous loss is on the lateral border of the forearm (lesion of musculocutaneous 
nerve). 

Erb-Duchenne SyndromeFigure 11.8   
Erb-Duchenne  

Syndrome
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B. Lower Brachial Plexus Lesion (Klumpke Palsy) (Fig. 11.9)
The lower trunk of the brachial plexus contains C8-T1 fibers that primarily affect hand 
motor and sensory functions provided by the ulnar and median nerves. This lesion is less 
common than Waiter’s tip but has more limited recovery.

Common lesion:

Klumpke palsy occurs when grabbing an object during a fall. The upper limb is suddenly 
pulled upward and away from the body. This strong upward pull of the upper limb results 
in injury to the inferior trunk of the brachial plexus (C8-T1) in the posterior triangle of the 
neck. This can also occur during delivery, with thoracic outlet syndrome, or a cervical rib.

Clinical signs:

1. C8 and T1 lesions will result in weakness of the intrinsic muscles of 
the hand that are innervated by the ulnar nerve (interossei and 
medial two lumbricals) and the muscles innervated by C8 and T1 
fibers of the median nerve (thenar compartment ).

2. Patient presents with a combined ulnar claw hand and some 
degree of ape hand. All four digits (2–5) are clawed due to loss of 
ulnar and median nerves.

3. Cutaneous loss on the medial border of the forearm and the 
medial side of hand. Sensory loss is more extensive than seen in 
Erb palsy.

4. Can lead to Horner syndrome with compression of the 
sympathetic chain in the neck. 

Klumpke
Palsy

Claw
Hand

Hand of
Benediction

Ape
Hand

Figure 11.9   
Klumpke Palsy
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Upper Limb Blood Supply
The upper limb blood supply begins with the continuation of the subclavian artery as it 
descends to cross the lateral border of the first rib where it becomes the axillary artery. 

1. The axillary artery courses distally through the axilla to become the brachial artery 
when it passes the lower border of the teres major muscle.

2. The brachial artery descends the arm and bifurcates in the cubital fossa to form the 
radial and ulnar arteries

3. The radial and ulnar arteries descend on the lateral and medial aspects of the 
forearm, respectively.

4. Distally within the hand, the radial and ulnar arteries form the superficial and deep 
arterial palmar arches that provide the blood supply to the hand.

Right subclavian A

Rib 1
Axillary A

Teres major muscle

2. Lateral Thoracic A

3. Subscapular ABrachial A

Deep Brachial A
(profunda brachii)

Radial A

Ulnar A

Deep Palmar Arch
(formed mostly by Radial A) Superficial Palmar Arch

(formed mostly by Ulnar A)

Suprascapular A

1. Posterior Humeral
Circumflex A

The distribution of these arteries and their major branches are illustrated in Figure 11.10.

Figure 11.10   Blood Supply of Upper Limb
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Clinical important branches of this arterial system of the upper limb.
A. Axillary Artery: There are six branches in the axilla but only the following three are 
clinically important.

1. Lateral thoracic artery: Courses on lateral chest wall where it supplies the lateral 
chest and the lateral mammary gland. The artery courses with the long thoracic 
nerve that innervates the serratus anterior muscle on the lateral chest wall where 
they are commonly injured by trauma, lacerations, or mastectomy ( produces  
winged scapula).

2. Posterior humeral circumflex artery: Courses around the surgical neck of the 
humerus with the axillary nerve where they are both commonly injured with fractures 
of the surgical neck of the humerus.

3. Subscapular artery: Forms scapular collateral arterial circulation with the 
suprascapular branch of the subclavian artery around the dorsal scapula. 

B. Brachial Artery: Supplies the anterior arm compartment and continues into the   
cubital fossa.

4. Profunda brachii (deep brachial) artery: A major branch of the brachial artery that 
courses posterior to the midshaft of the humerus in the radial groove with the radial 
nerve where they are commonly damaged with a midshaft break of the humerus.

C. Radial and Ulnar Arteries: 

5/6.  Radial and ulnar arteries supply the anterior and posterior compartments of   
   forearm muscles. In the hand, they form the arterial arches

7.    Deep palmar arch: Formed primarily by radial artery (courses more proximally in    
the hand).

8. Superficial palmar arch: Formed primarily by ulnar artery (courses more distally in 
the hand).
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Carpal Tunnel
The carpal tunnel (Fig. 11.11) is the passageway formed by ligaments and carpal bones 
located at the base of the palmar side of the hand.

1. The roof or anterior boundary of the tunnel is formed by the flexor retinaculum that 
connects the lateral and medial carpal bones.

2. The floor or posterior boundary is formed primarily by the lunate carpal bone of the 
proximal row of carpal bones.

3. Passing through the carpal tunnel are the:

a. Median nerve. The nerve courses immediately deep to the lateral side of the flexor 
retinaculum. Compression of the median nerve results in numbness and pain in 
the distribution of the median nerve distal to the carpal tunnel (see description 
below) and loss of the thenar compartment muscles (Ape hand).

b. Nine flexor tendons of the flexor compartment of the forearm pass through the 
carpal tunnel into the central compartment of the hand: four tendons of the flexor 
digitorum superficialis, four tendons of the flexor digitorum profundus, and a 
single flexor pollicis longus tendon. 

Flexor Retinaculum (roof)

Median nerve
(Lesion is ape hand)

Scaphoid

Lunate (floor)

Palmar branch of median

Carpal Tunnel

Ulnar nerve and artery
(Guyon canal)

Triquetrum

Palmar branch of median

Median nerve

Carpal tunnel

Flexor retinaculum

Figure 11.11   Carpal Tunnel
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Clinical Application
Carpal Tunnel Syndrome

Any pathology (inflammation, thickening of the flexor retinaculum, excessive exercise 
of the digits) that significantly reduces the space within the carpal tunnel results in 
compression of the structures in the carpal tunnel. The median nerve is the most 
common structure injured. The nine long digital flexors can also be compressed. 
Some of the clinical presenting signs are:

1. Weakness in opposition of the thumb and the development of ape hand.

2. Atrophy and flattening of the thenar muscles.

3. Cutaneous loss and tingling on the lateral 3½ digits (earliest symptoms).

4. Sensation on the lateral side of the central palm is not affected because the palmar 
cutaneous branch of the median nerve supplying the lateral side of the palm 
skin does not course through the carpal tunnel but runs superficial to the flexor 
retinaculum and thus is not damaged in a carpal tunnel syndrome.

5. Dull pain at night.

6. Very important to note that there are no other nerve or any vascular injuries with 
carpal tunnel syndrome.
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Shoulder Joint: Rotator Cuff Muscles
The shoulder joint represents the most flexible and highly mobile of the joints of the 
upper limb. Its wide range of motion is important in placement of the hand in almost 
any position. To obtain this free range of movement, strength and stability are usually 
sacrificed. When an articulation lacks stability, two support mechanisms are provided: (1) 
extracapsular ligaments are formed around the joint space and (2) surrounding muscles 
envelop the articulation for support.

The stability of the shoulder joint is greatly enhanced by the presence of the rotator cuff 
muscle group (Fig. 11.12) that tightly covers the shoulder joint and helps hold the head of 
the humerus into the glenoid cavity of the scapula.

1. The rotator cuff is formed by four muscles: supraspinatus, infraspinatus, teres minor, 
and subscapularis (SITS muscles). These four muscles are collectively innervated by 
the C5-6 nerve branches of the brachial plexus: suprascapular (to supraspinatus 
and infraspinatus), axillary (to the teres minor), and the subscapular nerves (to the 
subscapularis).

2. These four rotator cuff muscles primarily support the anterior, superior, and posterior 
aspects of the joint, leaving the inferior part of the joint relatively weak.

3. The supraspinatus muscle is the most commonly damaged muscle of the rotator 
cuff resulting in painful abduction of the arm.

Clavicle
Acromion

Labrum

Scapula

Axillary Nerve

Radial Nerve

Busra

Deltoid Muscle

Rotator Cuff

Surgical neck of humerus

Biceps Muscle

Posterior Anterior

Supraspinatus

Infraspinatus

Teres minor Subscapularis

Glenoid Cavity

Rotator cuff (C5-6) (SITS muscles)

• Supraspinatus
• Infraspinatus
• Teres minor-Axillary n.
• Subscapularis-Subscapular m.

Suprascapular n. 

Figure 11.12   Rotator Cuff
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(radial nerve and
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(axillary nerve & posterior

humeral circumflex artery)
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Clinical Application
1. Shoulder Dislocation
Dislocation (subluxation) of the shoulder joint usually occurs with trauma to top of the 
shoulder or a fall with an outstretched hand. Dislocation initially occurs inferiorly because 
of the lack of support by the rotator cuff muscles. Then other muscles will pull the 
dislocation anteriorly and superiorly.

The most common nerve injury with shoulder dislocation is to the axillary nerve located 
at the surgical neck just inferior to the articulation. The second most common nerve injury 
is to the radial nerve as it enters the radial groove..

Radiology of the Upper Limb (Figure 11.13)
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radial groove

(radial nerve and
deep brachial artery)

Surgical neck break 
(axillary nerve & posterior

humeral circumflex artery)
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Ribs

2. Shoulder Separation
Shoulder separation follows an injury to the acromioclavicular joint. The shoulder drops 
inferiorly with the arm held close to the body

A. Shoulder

B. Elbow

Figure 11.13 A   Radiology of Shoulder And Elbow
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1. The scaphoid is the most commonly fractured carpal bone of the wrist (75%). Falling 
with an outstretched hand and landing on the radial side of the hand usually results 
in a break of the scaphoid bone at its midpoint. This break will separate the proximal 
end of the scaphoid from its distal end where the blood supply enters the bone. This 
causes loss of blood supply to the proximal part of the bone resulting in avascular 
necrosis of the proximal part of the scaphoid bone.

2. The lunate is the most commonly dislocated carpal bone. With a fall, the lunate bone 
can dislocate anteriorly into the carpal tunnel where it can compress the median 
nerve resulting in an ape hand and sensory deficits on the lateral 3½ digits.

3. With a fall on the medial side of the hand, the hook of hamate may be fractured, 
damaging the ulnar nerve and producing ulnar nerve lesions in the hand (claw hand).

Major break points of the humerus and the structures damaged:

A

R

M

Humerus

Hand

Figure 11.13 B   Radiology of Humerus And Hand
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Understand the general organization of the lumbosacral plexus.

Name and identify the major nerves of the plexus.

Identify the muscles, innervations, actions, and blood supply to 
the compartments of the lower limb.

Describe the sensory innervations to the skin of the leg and foot.

 Define the major nerve lesions of the lower limb and their clinical 
presentations.

Understand the structure of the knee joint and define the functions 
and lesions of the ligaments of the knee joint.

Objectives

Angela R. Cantrell, PhD © 
Author

Jack L. Wilson, PhD  
Author
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Lumbar Plexus: To anterior and
       medial thigh

Femoral Nerve
Obturator Nerve 

Sacral Plexus:

Superior Gluteal Nerve (L4 – S1)

Inferior Gluteal Nerve (L5-S2)

Sciatic Nerve (L4-S3) : To posterior thigh and all
                                     lower limb below knee

To gluteal region

1. Common Fibular Nerve* (L4-S2) : To antetior
                                and lateral leg

2. Tibial Nerve (L4-S3) : To posterior thigh,
        leg, plantar foot

Divides into superficial & deep
fibular nerves as crosses neck of fibula

*

Pudendal Nerve (S2, 3, 4)

Lumbar
plexus

Sacral
plexus

L1

L2

L3

L4

L5

S1 

S2 

S3 

S4 

L2, 3, 4

Fibularis = Peroneus

LOWER LIMB 
Introduction
In contrast to the upper limb, the skeletal structure, articulations, and muscles of the 
lower limb have been specialized for support of the body weight, strength, stability, and 
locomotion. The lower limb is attached to the axial skeleton via the pelvic girdle formed 
by the sacrum, right and left hip bones, and the pubic symphysis. The pelvic girdle 
has much more strength and stability than the shoulder girdle and provides a strong 
connection between the lower limb and the trunk. 

The development of the lower limb bud begins in the fourth week with the proliferation of 
mesoderm into the limb buds. The development of the lower limb lags behind that of the 
upper limb by a few days. During development the lower limbs rotate around its long axis 
in a 90-degree medial rotation.

Lumbosacral Plexus
The motor and sensory innervation of the lower limb is provided by the branches of the 
lumbosacral plexus (Fig. 2.1). This network of nerves is formed by the ventral rami of spinal 
nerves L2-S4 and is located on the posterior abdominal wall and pelvic floor. The plexus 
is well protected by the pelvic girdle and is less commonly injured by trauma than the 
brachial plexus. 

Figure 12.1   Lumbosacral Plexus
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The compartmentalization and organization of the muscles of the lower limb 
with their innervations and primary actions are shown in the tables 12.1-3.

The compartmentalization and organization of the muscles of the lower limb 
with their innervations and primary actions are shown in the tables 12.1-3.

Note: Tibial nerve supplies posterior thigh, leg, and plantar foot.

Table 12.1: Motor Innervation and Actions of Muscles of the Thigh
Compartment / Muscles Nerve Primary Action

Anterior Compartment
• Quadriceps femoris
• Sartorius

Posterior (Hamstrings)
• Semimembranosus
• Semitendinosus
• Biceps femoris (long head)
• Extensor part of adductor magnus

Medial
• Gracilis
• Adductor longus
• Adductor brevis
• Adductor portion of adductor magnus

• Extend knee (L4: patellar reflex)

• Flex knee

• Adduct thigh
• Medially rotates thigh

• Femoral nerve (L2-L4)

• Tibial nerve (L4-S3)

• Obturator nerve (L2-L4)

Table 12.2: Motor Innervation and Actions of Muscles of the Leg
Compartment / Muscles Nerve Primary Action

Anterior Compartment
• Tibialis anterior
• Extensor hallucis
• Extensor digitorum

Posterior Compartment
• Gastrocnemius
• Soleus
• Flexor digitorum longus
• Flexor hallucis longus
• Tibialis posterior

Lateral Compartment
• Fibularis longus
• Fibularis brevis

• Plantar flex foot: S1-2 (achilles reflex)
• Flex digits
• Invert foot

• Dorsiflex foot (L4-L5)
• Extend digits
• Invert foot

• Evert foot

• Deep fibular nerve (L4-S2)

• Tibial nerve (L4-S3)

• Superficial fibular nerve (L4-S1)

Table 12.3: Motor Innervation and Actions of Muscles of the Gluteal Region
Compartment / Muscles Nerve Primary Action

Gluteal Compartment
• Gluteus medius
• Gluteus minimus

• Extend hip
• Laterally rotates thigh

• Stabalize pelvis
• Abduct hip
• Medially rotates thigh

• Superior gluteal nerve (L4-S1)

• Inferior gluteal nerve (L5-S2)• Gluteus maximus

Table 12.1: Motor Innervation and Actions of Muscles of the Thigh
Compartment / Muscles Nerve Primary Action

Anterior Compartment
• Quadriceps femoris
• Sartorius

Posterior (Hamstrings)
• Semimembranosus
• Semitendinosus
• Biceps femoris (long head)
• Extensor part of adductor magnus

Medial
• Gracilis
• Adductor longus
• Adductor brevis
• Adductor portion of adductor magnus

• Extend knee (L4: patellar reflex)

• Flex knee

• Adduct thigh
• Medially rotates thigh

• Femoral nerve (L2-L4)

• Tibial nerve (L4-S3)

• Obturator nerve (L2-L4)

Table 12.2: Motor Innervation and Actions of Muscles of the Leg
Compartment / Muscles Nerve Primary Action

Anterior Compartment
• Tibialis anterior
• Extensor hallucis
• Extensor digitorum

Posterior Compartment
• Gastrocnemius
• Soleus
• Flexor digitorum longus
• Flexor hallucis longus
• Tibialis posterior

Lateral Compartment
• Fibularis longus
• Fibularis brevis

• Plantar flex foot: S1-2 (achilles reflex)
• Flex digits
• Invert foot

• Dorsiflex foot (L4-L5)
• Extend digits
• Invert foot

• Evert foot

• Deep fibular nerve (L4-S2)

• Tibial nerve (L4-S3)

• Superficial fibular nerve (L4-S1)

Table 12.3: Motor Innervation and Actions of Muscles of the Gluteal Region
Compartment / Muscles Nerve Primary Action

Gluteal Compartment
• Gluteus medius
• Gluteus minimus

• Extend hip
• Laterally rotates thigh

• Stabalize pelvis
• Abduct hip
• Medially rotates thigh

• Superior gluteal nerve (L4-S1)

• Inferior gluteal nerve (L5-S2)• Gluteus maximus
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CUTANEOUS INNERVATION OF THE LOWER LEG AND FOOT

 Tibial N.

Superficial
fibular N.

Saphenous N.
(Branch of
femoral N.)

Sural N.
(Posterior leg
and lateral foot)

Tibial .N
Sural N.

Medial
plantar N.

Lateral
plantar N.

Deep 
fibular N.

Lumbosacral Nerve Lesions Of The Lower Limb 

Femoral Nerve L2-L4
Common lesion site: 

1. Lateral psoas major muscle abscess 

2. Significant trauma to the pelvic girdle

Clinical signs: 

1. Weakness in knee extension (Loss of quadriceps muscle)

2. Slight weakness in hip flexion

3. Sensory loss on skin of anterior thigh and on the medial side of leg and ankle 
(saphenous nerve)

Dorsal view Planter view

The cutaneous innervation of the foot is shown in Figure 12.2.

Figure 12.2   Sensory Innervation of Foot
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Obturator Nerve L2-L4 

Common lesion site: 

1. Surgery and tumors affecting lateral pelvic wall

2. Childbirth

3. Medial psoas major muscle abscess

Clinical signs: 

1. Weakness in hip adduction ( Loss of adductor compartment muscles)

2. Weakness in medial rotation of the hip

3. Limited sensory loss on medial side of the thigh 

Inferior Gluteal Nerve L5, S1-2 

Common lesion site: 

1. Trauma or compression in gluteal region

Clinical signs: 

1. Severe weakness of extension and lateral rotation of thigh (gluteus maximus)

2. Difficulty in standing from a sitting position or walking up stairs or an incline

3. No sensory loss 

Superior Gluteal Nerve L4-5, S1 

Common lesion site: 

1. Trauma or compression in gluteal region

Clinical signs: 

1. Loss of pelvic stability during walking

2. Positive Trendelenburg sign is characterized by the pelvis falling and drooping to the 
side where the foot is raised off the floor (unsupported or swing side) during walking. 

3. The patient will shift the weight of the trunk to the nerve lesion side (supported or 
stance side) to help maintain balance and center of gravity. The patient presents with 
a waddling gait (Duchenne limp)

4. Weakened hip abduction. The weakness results from paralysis of the gluteus medius 
and minimus muscle on the side opposite the raised foot.

5. No sensory loss
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Sciatic Nerve (L4-S3)
The sciatic nerve divides into the tibial and common fibular nerves in the posterior 
compartment of the thigh. A complete sciatic nerve lesion injury involving both the tibial 
and common fibular nerves in the gluteal region would result in absence of all lower limb 
motor and sensory functions except those supplied by the femoral and obturator nerves.

Common lesion site: 

1. Posterior dislocation of the head of the femur

2. Herniated lumbar discs

3. Improperly placed intramuscular injection

4. Piriformis entrapment syndrome

5. Car accidents

6. Hip implants

Clinical signs: 

1. Herniation of the lower lumbar disc produces radiating pain into the leg and foot 
(sciatica)

2. Sensory loss on posterior aspect of the thigh, leg, and sole of the foot

3. Femoral head dislocation typically occurs with head-on auto collisions when the knee 
hits the dashboard and results in a shortened, adducted, and medially rotated limb

Tibial Nerve L4-S3 
Common lesion sites: The tibial nerve can be injured in any of the areas of the lower limb 
that it supplies:

1. Posterior thigh region

2. Posterior leg region

3. Posterior to medial malleolus: The tibial nerve divides into the lateral and medial 
plantar nerves at this location

4. Plantar foot region

Clinical signs: 

1. Weakness in knee flexion with posterior thigh lesion

2. Weakness in plantar flexion (S1-S2) with posterior thigh or leg lesions (gait problems)

3. Weakness of inversion with loss of tibialis anterior and posterior muscles

4. Less of Achilles reflex (S1 - S2)

5. Weakness in flexion of the toes
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Common Fibular Nerve L4-5; S1-2
Common lesion site: Note: The common fibular nerve is the most frequently injured nerve 
in the lower limb as it courses at the fibular neck at the lateral knee. It can be damaged 
in each of the following lesions.

1. Piriformis entrapment in gluteal region, compresses the common fibular nerve and 
results in motor and sensory loss in the lateral and anterior compartments of the leg

2. Posterior thigh

3. Head or neck of the fibula at the lateral knee is the most common injury site; The 
common fibular nerve divides into the superficial and deep fibular nerves just below 
the neck of the fibula.

4. Posterior thigh

5. Leg cast that is to small superiorly at the knee 

Clinical Signs: 

1. Loss of all muscle function in the anterior and lateral compartments of the leg 
resulting in absence of dorsiflexion (L4-L5) of the foot (foot drop) and eversion of   
the foot.

2. Weakened inversion

3. Sensory loss on the entire dorsum of the foot and lateral leg 

Deep Fibular Nerve L4-5; S1-2
Common lesion site: 

1. Anterior compartment of the leg

Clinical Signs: 

1. Absence of dorsiflexion (L4–L5) resulting in foot drop and a high step gait. There is 
passive plantar flexion of foot at rest.

2. Inversion is weakened but not absent

3. Weakness of extension of the toes

4. Cutaneous loss from skin between the first and second toe 

Superficial Fibular Nerve L4-5; S1
Common lesion site: 

1. Lateral compartment of the leg

Clinical signs: 

1. Complete absence of eversion of the foot

2. Cutaneous loss from the dorsum of the foot except for the first web space supplied 
by the deep fibular nerve  
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LOWER LIMB BLOOD SUPPLY
The primary blood supply entering the lower limb begins with the femoral artery which 
is the continuation of the external iliac artery as it passes deep to the midpoint of the 
inguinal ligament. An overview of the blood supply is outlined below. 

1. The femoral artery descends through the femoral triangle and the anterior 
compartment of the thigh (Fig. 12.3). The femoral artery is superficial in the femoral 
triangle and is vulnerable to damage. The femoral artery gives rise to the deep 
femoral (profunda femoris) artery superiorly in the femoral triangle just below the 
inguinal ligament. 

2. The deep femoral artery gives rise to the lateral and medial circumflex femoral 
arteries (Fig. 12.4) and several perforating arteries that pass to the posterior 
compartment of the thigh.

3. Distally in the anterior compartment of the thigh, the femoral artery passes through 
the adductor hiatus of the adductor magnus muscle to become the popliteal artery 
in the popliteal fossa at the posterior knee. Genicular branches of the popliteal artery 
supply the knee joint.

4. Inferior to the popliteal fossa, the popliteal artery divides into the anterior and 
posterior tibial arteries. The anterior and posterior tibial arteries descend through the 
anterior and posterior compartments of the leg, respectively. Distally, they enter the 
foot to provide its blood supply (Fig. 12.5).

5. The anterior tibial artery courses through the anterior compartment of the leg with 
the deep fibular nerve and supplies muscles of the compartment. At the ankle, the 
anterior tibial artery becomes the dorsalis pedis artery that courses on the dorsum 
of the foot. A dorsal pulse can be taken by compressing the artery against the tarsal 
bones.

6. The posterior tibial artery descends through the posterior compartment of the leg 
with the tibial nerve. Both the nerve and vessels enter the plantar surface of the foot 
by passing posterior to the medial malleolus. Posterior to the medial malleolus, the 
nerve and artery divide to form the medial and lateral plantar vessels and nerves 
that supply the plantar compartments on the sole of the foot.

7. The obturator artery supplies the medial compartment of the thigh and is a branch 
of the internal iliac artery within the pelvic cavity 

8. Cruciate anastomosis is formed by the inferior gluteal, first perforating, and medial 
and lateral circumflex femoral arteries. 
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Abdominal aorta

Internal iliac artery

Obturator artery 
(to medial thigh muscles)

Common iliac artery

External iliac artery

Inguinal ligament

Lateral circumflex
femoral artery

Popliteal artery

Adductor hiatus

Femoral artery

Medial circumflex
femoral artery

(main blood supply
to head of femur)

Femoral artery 
(to anterior thigh muscles)

Perforating arteries 
(to hamstring muscles)

Deep femoral artery 
(profunda femoris)

A. Blood Supply to the Thigh

Summary of blood supply to the compartments of the thigh 

1.      Femoral artery -Anterior compartment muscles

2.     Obturator artery - Medial compartment muscles

3.     Perforating arteries (deep femoral) - Posterior compartment muscles

Figure 12.3   Blood Supply of Thigh
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B. Blood Supply to the Head of the Femur 

The deep femoral artery divides into the lateral and medial circumflex femoral arteries:

1. The medial circumflex femoral artery is clinically important because in the adult it 
provides most of the major blood supply to the head and neck of the femur (Fig. 12.4). 
The medial circumflex femoral artery penetrates the capsule of the hip joint and runs 
an intracapsular course. It gives rise to retinacula branches that penetrate and 
supply the head and neck of the femur. Vascular insufficiency of this blood supply 
results in avascular necrosis of the head of the femur. The artery is damaged with 
intracapsular fractures. 

2. The lateral circumflex femoral artery courses external to the capsule and supplies 
muscles at the lateral thigh. Extracapsular fractures do not typically interrupt 
proximal blood supply to the femur.  

Lateral circumflex
femoral artery

Position of capsule
of hip joint

Greater trochanter

Medial circumflex
femoral artery

Retinacular branches
to femoral head

Profunda
Femoral artery

Ligament of the
head of femur

Obturator artery

Figure 12.4   Blood Supply to Femoral Head
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C. Blood Supply to the Anterior and Posterior Compartments of the Leg

Posterior tibial artery
(with tibial nerve-pulse
site posterior to medial

malleolus)

Medial plantar artery

Posterior tibial artery
(posterior compartment

with tibial nerve)

Lateral plantar artery
(main blood supply
to sole of foot)

Popliteal artery 
(to knee joint)

Adductor hiatus
Femoral artery Femoral artery

Popliteal artery

Anterior tibial artery
(anterior compartment
with deep fibular nerve)

Dorsalis pedis artery 
(pulse site)

Posterior Anterior

Clinical Application
Compartment Syndromes

The fascial layers surrounding the anterior and posterior compartments of the leg are 
strong and non-yielding. Any pathology (tibial fractures, overexertion, or trauma) can 
lead to inflammation and hemorrhage within the two compartments, resulting in 
pressures increasing in the compartments that results in nerve and vascalar compression 
with tissue damage accompanied by acute pain. Vascular compressions will lead to 
compartmental ischemia and necrosis. Surgical intervention is often needed. Major 
symptoms include pain, swelling, paraesthesia, muscle weakness, and reduced pulse.

1. Anterior compartment syndrome is more common and results in weakness of 
dorsiflexion and extension of the toes with pain upon passive plantar flexion.

2. Posterior compartment syndrome results in weakness of plantar flexion and motor 
and sensory loss on the sole of the foot. There is acute pain with passive dorsiflexion. 

Figure 12.5   Blood Supply to Leg and Foot
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Structures Supporting the Knee Joint 
A. Muscles

The joint is stabilized by the quadriceps muscles that cross the joint anteriorly and 
attaches via the patella to the tibial tuberosity and by the hamstring muscles that cross 
the joint posteriorly.

B. Major Ligaments of Knee Joint

The major ligaments of the knee provide knee stability. The ligaments assist in 
maintaining proper alignment of the tibia underneath the femur and preventing the 
tibia from moving laterally and medially or from moving anteriorly or posteriorly below 
the femur. There are two collateral extracapsular collateral ligaments on either side of 
the knee and two intracapsular cruciate ligaments within the joint capsule.

KNEE JOINT
Movement of the knee joint is provided by the synovial articulation that is provided by 
the movement between the two condyles of the femur and the tibia plateau and the 
articulation between the patella and femur (Fig. 12.6). The joint is enclosed by a thin, weak 
capsule that attaches to the borders of the femoral and tibial condyles.

1. The knee joint is critical for weight-bearing, walking, and locomotion, with flexion and 
extension being its primary movements along with limited rotation.

2. The knee joint is relatively weak but is well supported by surrounding muscles and 
several set of ligaments.

Medial
Meniscus

Anterior
cruciate
ligament

Medial
collateral
ligament

Posterior
cruciate
ligament

Lateral collateral

Lateral collateral
ligament

Medial
Lateral

Common fibular
nerve

Lateral meniscus

Lateral meniscus

ligament

FemurFemur

TibiaTibia

Fibula
Fibula

Patella

Femoral
condyles

Anterior Posterior

Figure 12.6   Knee Joint
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Femur

Tibia

Medial collateral
ligament

Lateral

Medial
meniscus

meniscus

Lateral collateral
ligament

Lateral meniscus

Fibula

Quadriceps tendon

Patella

Patellar ligament

Tibia

Femur

1. Collateral Ligaments
The collateral ligaments or bands (Fig. 12.7) are located on the lateral and medial aspects 
of the knee and prevent the tibia from moving laterally or medially under the femur.

1. The medial (tibial) collateral ligament (MCL) is a band that extends from the medial 
femoral epicondyle to the medial tibial condyle. It is the weaker of the two collateral 
ligaments and is the most commonly injured ligament of the knee.

a. Stabilizes the knee by resisting lateral (abduction) displacement of the tibia under 
the femur during movement.

b. Is firmly attached to the medial meniscus resulting in the ligament and the medial 
meniscus being commonly damaged with Injury. 

c. Is taut upon extension of the knee and is more likely damaged with trauma to the  
extended knee.

2. The lateral (fibular) collateral ligament (LCL) is a very strong cord-like ligament 
that extends between the lateral femoral condyle and the head of the fibula. It is the 
stronger of the two and is not often injured.

a. Stabilizes the knee by resisting medial (adduction) displacement of the tibia 
under the femur during movement.

b. Is fully separated from the lateral meniscus and the capsule of the joint.

c. Is taut upon extension of the knee and is more likely damaged with trauma to the 
extended knee.

3. The patellar ligament attaches to the tibial tuberosity and provides anterior support 
to the knee.

Lateral view Medial view
Figure 12.7   Collateral Ligaments of knee
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2. Cruciate Ligaments 
The cruciate ligaments (Fig. 12.8) are located within the joint capsule but not within the 
synovial membrane. They connect the femur and tibia and cross each other within the 
joint space. The cruciate ligaments derive their names by their anterior and posterior 
attachments to the tibia. They prevent anterior and posterior displacement of the tibia 
underneath the femur.

1. The anterior cruciate ligament (ACL) extends between the anterior aspect of the 
tibia and coerces superiorly and posteriorly to attach to the medial aspect of the 
lateral condyle of the femur.

a. Prevents anterior movement of the tibia underneath the femur.

b. Becomes taut when the knee is extended and is more likely damaged with the 
knee extended. Injury to the ACL often includes damage to the tibial collateral 
ligament and medial meniscus.

c. Limits hyperextension

d. Is the weaker of the two cruciate ligaments and is more commonly injured

2. The posterior cruciate ligament (PCL) extends between the posterior aspect of the 
tibia and superiomy to the lateral aspect of the medial condyle of the femur.

a. Prevents posterior movement of the tibia under the femur.

b. Becomes taut with the knee flexed and is more likely injured with the knee flexed.

c. Limits hyperflexion

d. Is stronger than the ACL

Tibia

Anterior
cruciate

ligament

Fibula

Tibia

Fibula

Posterior
cruciate
ligament

Medial
meniscus

Femur

Patella

Lateral
meniscus

Femur

Patella

Resists
anterior
movement

Resists
posterior
movement

Lateral view Medial view

Figure 12.8   Cruciate ligaments to knee
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Clinical Application

A. Drawer Sign
The drawer test is used to determine the integrity of the ACL and PCL.

1. Anterior drawer sign: A rupture of the ACL is indicated when the patient’s tibia can 
freely be pulled anteriorly on the femur.

2. Posterior drawer sign: A rupture of the PCL is indicated when the patient’s tibia can be 
moved posteriorly on tibia.

B. Menisci
1. The medial meniscus is C-shaped and being firmly attached to the medial collateral 

ligament so it is less mobile and more frequently injured (with the medial collateral 
ligament).

2. The lateral meniscus is circular and is more mobile and damaged less frequently. It is 
not attached to the lateral collateral ligament.

C. Unhappy Triad
The unhappy triad is a classic sport-related injury to the knee. It usually occurs when the 
foot is firmly planted to the ground and there is a lateral hit to the knee., results in the knee 
being blown out medially. It is characterized by rupture of the tibial collateral ligament, 
ACL, and the lateral meniscus (some sources still report medial meniscus). 

D. Ankle Sprain
An inversion injury at the ankle resulting in an ankle sprain damages the ligaments on the 
lateral side of the ankle: the anterior talofibular ligament is most often injured.



Lower Limb 12

16

Radiology Of The Knee

A. Sagital Knee

B. Coronal Knee

Figure 12.9   MRI Images of Knee Joint



t: table reference 

f: figure reference 

A
Abdomen, cross section: 9-5f

Abdominal aorta: 9-5

ACL (anterior cruciate ligament): 12-14
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Allantois: 8-18, 8-24

Amniotic fluid: 3-4

Ampulla of vater: 8-19, 8-35

Anal canal: 8-36

Anal triangle: 10-15

Anastomoses, portacaval: 8-46f

Androgen insensitivity syndrome

(Testicular feminization): 10-27

Ankle sprains: 12-15

Annular pancreas: 8-22f

Anorectal canal: 8-50

Anterior compartment syndrome: 12-11

Anterior cruciate ligament: 12-14

Anterior drawer sign: 12-15 

Anterior interventricular artery: 6-61, 6-62

Anterior interventricular sulcus: 6-55, 6-61 

Anterior longitudinal ligament:  

Anterior talofibular ligament: 12-15

Anterior tibial artery: 12-8 

Aorta, branches of the: 8-52

Aorta, coarctation of the: 6-52, 6-53f 

Aortic arch: 7-3, 7-4, 

Aorticopulmonary septum: 6-46, 

Ape hand: 11-9 f , 11-10, 11-13, 11-17,

Arteries, coronary: 7-12

Arteries, gonadal: 8-42

Arteries, right and left hepatic: 8-39

Arteries, Superior and Inferior Mesenteric: 8-40f

Arteries, superior pancreaticoduodenal: 8-39 

Arteriosus, ductus: 6-31, 6-51f

Arteriosus, persistent truncus: 6-50f

Artery, celiac: 8-40

Artery, cystic: 8-39

Artery, gastroduodenal: 8-39

Artery, left colic: 8-41

Artery, left gastric: 8-38

Artery, popliteal: 12-8

Artery, right gastroepiploic: 8-39

Artery, splenic: 8-38, 8-39 

Artery, superior rectal: 8-41

ASDs (atrial septal defects): 6-41 

Aspiration, foreign obect: 6-11

Atrial Septation: 6-37, 6-41 f

Atrioventricular (His) bundle: 6-64

Atrioventricular (AV) node: 6-64 

Atrium, adult right:

Atrium, right and left ventricle: 6-27

Avascular necrosis, head of the femur: 12-10

AV(atrioventricular) bundle: 6-61, 6-64

AV(atrioventricular) nodal artery:6-61

Axial CT section: 

Axillary artery: 11-14, 11-15
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Axillary lymph nodes: 6-2, 6-4

Axillary nerve: 11-6, 11-15,

Azygos venous system: 6-6, 6-65

B
Bicuspid (mitral) valve: 6-27, 6-59

Bicornuate uterus: 10-24

Bilaminar disk: 3-2 

Bilaminar disk, splitting of: 

Bile drainage: 

Bile duct system: 8-20 

Blastocyst: 2-5 

Blastocyst cavity: 2-5

Blastomeres: 2-5 

Blood supply to head of femur: 12-9

Blood supply to leg and foot: 12-11f

Blood supply to lower limb (Thigh): 8-37

Body foldings: 8-17

Brachial artery: 11-14, 11-15 

Brachial plexus: 11-2 f

Brachial plexus and It’s branches, lesions of the: 
11-11 

Brachiocephalic veins, right and left: 6-22, 7-4

Breath sounds: 6-11

Bronchial (lung) buds: 

Bronchomediastinal nodes: 6-13 

Bronchomediastinal trunk: 6-13 

Bronchopulmonary nodes: 6-13 

Bulbourethral glands (cowper gland): 2-3 

C
Camper fascia: 

Capacitation: 2-4

Carcinoma, stomach: 8-31

Cardiac tamponade: 6-26

Cardiac vein: 6-63f

Cardiovascular development defects, 
summary of: 6-54t

Carotid artery, arteriogram of internal:

Carotid artery, common: 6-22, 7-4, 7-7

Carpal tunnel and ventral side of wrist:

Carpal tunnel syndrome: 11-10, 11-17

CDR (Costodiaphragmatic recess): 6-17

Celiac artery (or trunk): 8-40

Celiac (foregut): 8-18, 8-37

Central compartment: 6-7, 11-16

Chest, anterior: 7-6f

Chest, lateral: 7-6f

Chest wall, skeleton of the:

Chordae tendineae: 6-58, 6-59

Chordoma: 4-4

Circulation, postnatal: 6-33, 6-34 f

Circulation, prenatal: 6-31, 6-32 f

Claw hand: 11-10 f

Cleavage: 2-5

Cleft lip: 5-11

Cleft palate: 5-13

Cloaca: 8-48, 8-50

Colic artery, right and left: 8-33

Colles fascia: 8-40, 8-41

Colonic aganglionosis (Hirschsprung disease): 
8-26

Common bile duct: 8-29, 8-33, 8-34



Common fibular nerve: 12-6, 12-7

Common hepatic artery: 8-39

Common hepatic duct: 8-33

Common iliac arteries: 8-37

Common illiac vein: 8-43

Complete mole: 3-4

Conduction system: 6-64

Congenital diaphragmatic hernia: 6-9, 6-68,

Congenital indirect inguinal hernia: 8-11

Conjoint tendon: 8-4, 8-7

Cooper ligaments: 6-2

Coronary arteries: 6-61

Coronary sinus: 6-30, 6-55, 6-63

Coronary sulcus: 6-55 

Corpus luteum: 2-3

Costal groove: 6-6

Costal pleura: 6-15

Costodiaphragmatic recess (CDR): 6-17

Costomediastinal recess: 6-17

Craniocaudal body folds: 8-17, 8-18f

Cremaster muscle: 8-6

Cremasteric reflex: 8-6

Cross-Sectional Imaging, orientation of:

Cruciate ligament, anterior (ACL): 12-14

Cruciate ligament, posterior (PCL): 12-14

Cyanotic congenital heart defects:

Cystic artery: 8-39

Cystic duct: 8-33

Cytotrophoblasts: 2-5

D
Deep fibular nerve: 12-7, 12-8

Deep perineal pouch: 10-16, 10-17

Deep ring: 8-5, 8-12

Denticulate ligaments:

Dermatome: 4-5

Dermatome, big toe L4:

Dermatome, inguinal, L1: 

Dermatome, knee, L4: 

Dermatome, nipple, T4:

Dermatomes and myotomes:

Dermatome, small finger, C8:

Dermatome, small toe, S1:

Dermatome, thumb, C6:

Dermatome, top of shoulder, C4:

Dermatome, umbilicus, T10: 8-15

DHT (dihydrotestosterone): 10-22

Diaphragm: 6-66, 

Diaphragm, development of: 6-67 f

Diaphragmatic pleurae:

Diaphragms, pelvic and urogenital: 10-11

Diaphragm, urogenital: 10-4, 10-8, 10-12

DiGeorge syndrome: 5-6

Dihydrotestosterone (DTH): 10-22

Distal tracheoesophageal fistula (most 
common): 6-9f

Dizygotic (fraternal) twins: 3-5

Dorsal embryonic mesenteries: 8-19

Dorsal gastric ulcers: 8-39

Double ureter: 8-53

Double uterus:

Drawer sign, anterior and posterior: 12-15

Ductus arteriosus: 6-31, 6-51f



Ductus venosus: 6-31, 8-32

Duodenal ulcers: 8-34

Duodenum: 8-34, 8-35, 8-41, 9-13

E
Ectoderm: 4-2, 4-3, 5-6

Ectopic pregnancies: 3-3

Eisenmenger complex: 6-45

Ejaculation: 10-19

Embryoblast: 2-5

Emission: 10-19

Endocardial cushion: 6-36, 6-37, 6-38

Endoderm: 4-2, 4-3, 8-20, 8-50,

Endoderm layer: 4-3

Epiblast cells: 4-3

Epiploic foramen (of Winslow): 8-28, 8-29, 8-30

Epispadias: 10-26

Erb-Duchenne syndrome: 11-12 f

Esophageal atresia: 6-9

Esophageal hernia: 6-68

External abdominal oblique muscle: 8-4

External anal sphincter: 10-7

External genitalia, development of: 10-24

External genitalia, developmental anomalies of 
male: 10-26f

External spermatic fascia: 8-4

Extravasation of urine in the male: 10-18

F
Face, development of: 5-10f, 5-10t

Face, structures contributing to formation of 
the:

Falciform ligament: 8-19, 8-32

Fallot, tetralogy of: 6-46, 6-47f

Female genital development: 10-24

Female genital tract development: 10-24f

Femoral artery: 8-14, 12-8, 12-9

Femoral canal: 8-14

Femoral hernia: 8-14f

Femoral nerve: 8-14, 12-4

Femoral sheath: 8-14

Fertilization: 2-4

Fertilization, results of: 2-4

Fibrous pericardium: 6-25, 7-3

Filum terminale:

First arch syndrome: 5-5

5 (alpha)-reductase deficiency: 10-27

Flexor digitorum profundus tendons: 11-9

Flexor digitorum superficial is tendons:

Flexor pollicis longus tendons: 11-16

Flexor retinaculum: 11-16

Foot, sensory Innervation of: 12-4f

Foramen cecum: 5-7

Foramen ovale: 6-31, 6-37, 6-39

Foramen primum: 6-37

Foramen secundum: 6-37

Foramina of luschka:

Foregut: 8-15, 8-16

Foregut development: 8-19, 8-20f

Fossa ovalis: 6-33, 6-40, 6-58

G
Gametogenesis: 1-2

Gametogenesis, female: Oogenesis: 1-6

Gametogenesis, male: spermatogenesis: 1-5



Gartner duct cyst: 10-23

Gastric artery, left and insignificant right: 8-38

Gastroduodenal artery: 8-39

Gastroschisis: 8-25f

Gastrosplenic ligament: 8-20

Gastrulation: 4-2f, 4-3

Genital development, female: 10-25

Genital development, male: 10-26

Genitalia, development of external: 10-24

Genital (labioscrotal) swellings: 10-24

Genital system development: 10-19

Genital tubercle: 10-24

Germ layer derivatives: 4-6f

Gonad, Indifferent: 10-19

Gonadal arteries: 8-37, 8-42

Gonads, urogenital ridge and indifferent: 10-21

Graafian follicle: 2-3

Great cardiac vein: 6-63

Greater and lesser omenta: 8-27, 8-29f

Greater omenta, omentum: 8-27, 8-29f

Greater peritoneal sac: 8-28

Greater vestibular (Bartholin) glands: 10-16

Gubernaculum testis: 8-10

Gut tube, development of the: 8-17

H
Hand and forearm, sensory innervation of the: 
11-5f

Hand, claw: 11-10f

Hand of benediction: 11-9f

Hand, wrist and: 11-8f

Haploid gametes: 1-4

Hard palate: 5-12

Hard palate, development of: 5-12f

HCG (human chorionic gonadotropin 
hormone): 3-4

Head of femur: 12-9

Heart, anterior (Sternocostal) surface of the: 
6-55, 7-6

Heart development, early: 6-28

Heart sounds: 6-60f

Heart, surface anatomy of the:

Heart surfaces and sulci: 6-55

Heart tube and early herat development: 6-28

Heart tube, embryonic: 6-29

Heart tube, fate of five dilatations of the 
primitive:

Heart tube formation: 6-28, 6-29

Heart tube, septation of: 6-35

Hepatic artery, proper: 8-29, 8-39

Hepatic duct, common: 8-33

Hepatic portal vein: 8-29, 8-32, 8-45, 9-5, 9-11, 
9-13

Hepatic portal venous system: 8-43, 8-45f

Hepatic veins: 8-32, 8-45, 9-11

Hepatoduodenal ligament: 8-19, 8-29, 8-33, 
8-45

Hepatogastric ligament: 8-20, 8-29

Hernia, direct inguinal: 8-13f

Hernia, femoral: 8-14f

Hernia, indirect inguinal: 8-12f

Hindgut: 8-15, 8-16, 8-18

Hindgut and urinary bladder, development of: 
8-50, 8-51f

Hip bone: 10-2, 12-2

His bundle: 6-64

Hook of hamate: 11-20

Human chorionic gonadotropin hormone 
(HCG): 3-3



Humeral circumflex artery, posterior: 11-15

Hydatidiform mole: 3-4

Hydrocele: 8-11f

Hyperextension: 11-11, 12-14

Hyperflexion: 12-14

Hypertonia:

Hypoblast cells: 3-3

Hypospadias: 10-26

I
Ileocolic artery: 8-40

Ileum: 9-8, 9-13

Ilioinguinal nerve: 8-6, 8-8

Ilium: 8-2

Imperforate anus: 8-51

Implantation: 3-2

Implantation, early: 2-5

Indifferent gonad: 1-5, 1-7

Inferior epigastric vessels: 8-7

Inferior mesenteric artery (IMA): 8-41, 8-53, 9-5

Inferior vena cava: 6-27, 8-30, 8-43f, 8-44, 

Infraspinatus muscle: 11-7

Inguinal canal: 8-5f

Inguinal hernia: 8-5, 8-12

Inner cell mass: 2-5

Inner cell mass, splitting of: 3-6t

Intercostal nerve: 6-6, 6-15, 6-66

Intercostal spaces: 6-6f

Intermediate mesoderm: 4-5, 8-47

Internal abdominal oblique muscle: 8-4

Internal anal sphincter: 8-36

Internal carotid arteries: 5-4

Internal carotid artery: 5-4

Internal illiac artery: 10-16

Internal jugular vein: 6-65

Internal pudendal branch:

Internal supermatic fascia:

Internal thoracic artery: 6-2

Intestines, large: 8-36

Intraperitoneal and retroperitoneal viscera: 
8-28, 8-43

Ischioanal fossa: 10-15

Ischium: 8-2

J
Jejunum: 9-8, 9-13

Jejunum and Ileum: 8-35, 9-8

K
Kidney, metanephric: 8-49f

Kidneys and ureter: 8-52

Kinesin:

Knee MRI, coronal: 12-16f

Knee MRI, sagittal: 12-16f

Knee joint: 12-12f

Kyphosis:

L
Large intestines: 8-36

Late cyanosis: 6-45

Lateral body folds: 8-17

Lateral circumflex femoral artery: 12-10

Lateral (fibular) collateral ligament (LCL): 12-13

Lateral nasal prominences: 5-11



Lateral plate mesoderm: 4-5

Lateral thoracic artery: 6-2, 11-15

Latissimus dorsi: 11-4t

Left atrium: 6-27, 6-59, 7-10, 7-12

Left brachiocephalic vein: 6-22, 7-4, 7-7

Left colic artery: 8-41

Left gastric artery: 8-38

Left hepatic artery: 8-39

Left phrenic nerve: 6-23

Left posterior papillary muscle: 6-58, 6-59

Left recurrent laryngeal nerve: 6-23, 7-7

Left renal vein: 8-8t, 8-41, 8-44, 9-13

Left-to-right shunting: 6-41, 6-44, 6-51

Left vagus nerve: 6-23, 7-7

Left ventricle: 6-27, 6-55, 6-57, 6-59, 7-6, 7-12

Lesser omenta: 8-27, 8-29

Lesser peritoneal sac: 8-19, 8-28, 8-29

Levator ani: 10-4

Leydig cells: 10-22

Ligament, anterior talofibular: 12-15

Ligament, gastrosplenic: 8-20

Ligaments, collateral: 12-13f

Ligaments, cruciate: 12-14f

Ligament, splenorenal: 8-34, 8-35, 8-19

Ligamentum arteriosum: 6-21, 6-22, 6-23, 6-33

Ligamentum venosum: 8-32, 8-33

Liver: 8-19, 8-31f, 9-3, 9-8, 9-11

Long thoracic nerve: C5, C6, C7 (ventral Rami): 
11-7

Louis angle (sternal angle): 6-4, 6-5

Lumbar (aortic) nodes: 8-8t, 8-9

Lumbosacral plexus: 12-2f

Lunate carpal bone: 11-16

Lungs, birth defects of the:3-5

Lungs, lymphatics of: 6-13

Lymphatic and thoracic duct, drainage of right: 
6-13, 6-14f

M
Main pancreatic duct of wirsung: 8-33, 8-35

Male and female reproductive systems, review 
of development of the: 10-2

Male external genitalia, development 
anomalies of: 10-26f

Male genital development: 10-26

Male sexual response: 10-18

Mammary gland, lymphatics of: 6-3f

Mandibular prominences: 5-11

Mandibular prominences two: 5-10, 5-11

Marginal artery (of Drummond): 8-41

Maxillary prominences: 5-11

Meckel’s (Ileal) diverticulum: 8-24

Media circumflex femoral artery: 12-8, 12-10

Medial meniscus: 12-13, 12-15

Medial nasal prominences: 5-11

Median nerve: 11-9, 11-13, 11-16, 11-20

Mediastinal compartments: 6-20

Mediastinal pleura: 6-17

Mediastinum, posterior: 6-20, 6-24, 6-65

Mediastinum, superior: 6-20, 6-21f, 7-3, 7-4

Meiosis: 1-3, 1-4

Meiosis l: 1-4

Meiosis II: 1-4

Mesoderm, differentiation of: 4-4

Mesoderm, intermediate: 4-5, 8-47

Mesoderm, lateral plate: 4-5



Mesonephric ducts: 8-50

Mesonephros: 8-48

Metanephric mass: 8-49

Metanephros: 8-49

Micturition, voluntary muscle of: 10-17

Midaxillary line: 6-17

Midclavicular line: 6-10, 6-17, 6-57

Middle cardiac vein: 6-62

Middle colic artery: 8-40

Middle lobe: 6-11

Middle mediastinal compartment:

Middle spermatic fascia: 8-4

Midgut: 8-15, 8-16, 8-18, 8-23

MIF (mullerian-inhibiting factor): 10-22, 10-23

Mitral (bicuspid) valve: 6-27, 6-59

Monozygotic (identical) twins: 3-5, 3-6t

Morula: 2-5

Mullerian ducts: 10-20

Mullerian-inhibiting factor (MIF): 10-22, 10-23

Muscles and motor innervation of the arm: 11-3t

Muscles and motor innervation of the forearm: 
11-3t

Muscles and motor innervation of the gluteal 
region: 12-3t

Muscles and motor innervation of the hand: 
11-4t

Muscles and motor innervation of the leg: 12-3t

Muscles and motor innervation of the shoulder: 
11-4t

Muscles and motor innervation of the thigh: 
12-3t

Muscular diaphragms of the pelvis and 
perineum: 10-4

Musculocutaneous nerve: 11-5, 11-12

N
Nerve: C5-C6, axillary: 11-5

Nerve: C5-C6, musculocutaneous: 11-6

Nerve: C5-C6, suprascapular: 11-7

Nerve: C5-C6, C7 (ventral Rami), long thoracic: 
11-7

Nerve: C5-T1, radial: 11-7

Nerve: C6, C7, C8, thoracodorsal (middle 
subscapular): 11-4t

Nerve: C8-T1, ulnar: 11-10

Nerve: L2, L3, L4, femoral: 12-4

Nerve: L2, L3, L4, obturator: 12-5

Nerve: L4, L5, S1, superficial fibular: 12-7

Nerve: L4, L5, S1, superior gluteal: 12-5

Nerve: L4, L5, S1, S2, common fibular: 12-7

Nerve: L4, L5, S1, S2, deep fibular: 12-7

Nerve: L4-S3, tibial: 12-5

Nerve: L5, S1, S2, inferior gluteal: 12-5

Nerve: L4-S3, sciatic: 12-6

Neural crest: 5-3, 5-4

Neurulation: 6-28

Non-cyanotic defects: 6-41

O
Oblique pericardial sinus: 6-25

Obturator artery: 12-8, 12-9

Obturator nerve: L2, L3, L4: 12-5

Oligohydramnios: 3-5, 8-49

Omental bursa: 8-19, 8-28, 8-29, 8-30, 8-39

Omphalocele: 8-25f

Oogenesis: 1-3, 1-7, 1-8f

Oogonia: 1-7

Organogenesis: 4-2



Ostium primum: 6-38

Ostium secundum: 6-39

Ovum: 1-8

P
Palate, of hard: 5-12f

Pancreas: 8-19, 8-40, 8-45, 9-13

Pancreas, annular: 8-22f

Pancreas, body of: 8-30

Pancreas, development of the: 8-21

Papillary muscle: 6-58, 6-59

Paramesonephric ducts: 8-50

Parasternal nodes: 6-2, 6-4

Parietal peritoneum: 10-2, 10-5

Parietal pleura/cavity: 6-15, 6-17

Parietal serous pericardium: 6-25

Partial mole: 3-4

Patellar ligament: 12-13

Patent allantois: 12-13

Patent ductus arteriosus (PDA): 6-47, 6-51f, 6-52

Patent vitelline duct: 8-18, 8-24

PCL (posterior cruciate ligament): 12-14

Pectinate line: 10-15

Pectinate muscles: 6-58, 6-59

Pelvic and urogenital diaphragms: 10-11

Pelvic bone: 8-2

Pelvic CT (1), female: 9-17

Pelvic CT (2), female: 9-17

Pelvic CT (1), male: 9-17

Pelvic CT (2), male: 9-17

Pelvis, female: 10-5, 10-10, 10-12f

Pelvis, male: 10-5, 10-6, 10-9f, 10-10

Pericardial cavity: 6-25

Pericardiocentesis: 6-26

Pericardium: 6-15, 6-25, 6-26f

Perineal body: 10-11

Perineum: 10-13

Periosteal dura:

Peritoneal cavity: 8-19, 8-28

Peritoneum: 8-7, 8-19, 8-27f

Persistent truncus arteriosus: 6-50

Pharyngeal apparatus: 5-2, 5-3

Pharyngeal apparatus: frontal view: 5-2f

Pharyngeal apparatus: lateral view: 5-2f

Pharyngeal arches: 5-2, 5-3

Pharyngeal grooves: 5-6

Pharyngeal grooves, frontal Section of pharynx:

Pharyngeal pouches: 5-5

Pharyngeal pouches, adults structures derived 
from the fetal: 5-5t

Pharynx, frontal section of:

Phrenic nerves: 6-23, 

Pleural cavities and lungs of:

Pleural membranes: 6-7

Pleural recesses: 6-17

Pleural spaces: 6-17f, 6-18f

Pleurisy (Pleuritis): 6-16

Plexus, brachial: 11-2f

Plexus, lumbosacral: 12-2f

Pneumothorax: 6-19f

Pneumothorax, spontaneous: 6-19

Pneumothorax, tension: 6-19

Polyhydramnios: 3-5, 6-9, 8-22, 8-24

Popliteal artery: 12-8

Portacaval anastomoses: 8-46f



Portal hypertension: 8-46

Portal hypertension, clinical signs of: 11-11

Posterior compartment syndrome: 12-11

Posterior drawer sign: 12-15

Posterior humeral circumflex artery: 11-15

Posterior interventricular artery: 6-61

Posterior interventricular sulcus: 6-55

Posterior mediastinum: 6-20, 6-24, 6-65, 6-66f

Posterior tibial artery: 12-8

Postnatal circulation: 6-31, 6-33, 6-34f

Potter sequence: 6-9

Potter sequence (pulmonary hypoplasia, limb 
defects and facial deformities): 8-49

Prenatal circulation: 6-31, 6-32f

Primary oocytes: 1-7

Primary sex cords: 10-19, 10-20

Primary villi: 3-3

Primary yolk sac: 3-3

Primitive streak: 4-3, 4-4

Primordial follicles: 1-7

Primordial germ cells: 1-3, 10-19, 10-20

Primordial germ cells and formation of sex 
cords, migration of: 10-21

Primum ASD (atrial septal defect): 6-42f

Processes vaginalis: 8-10

Profunda fermoris (deep femoral) artery: 12-8, 
12-9

Progesterone, production of: 2-3

Pronephros: 8-48

Prosencephalon:

Pseudo intersexuality (intersexuality; 
ambiguous genetalia), female: 

Pseudo intersexuality (intersexuality; 
ambiguous genetalia), male: 

Psoas major muscle: 8-53

Pubis: 8-2, 10-2, 10-11, 10-13

Puborectalis: 10-4, 10-7

Puborectalis muscle: 8-37, 10-7

Pudendal nerve: 10-4, 10-7, 10-14, 10-15

Pudendal nerve and vessels, course of: 10-14f, 
10-14

Pudendal nerve block: 10-14

Pudendal nerve (S2, S3, and S4): 12-2

Pulmonary hypoplasia: 6-9, 8-49

Pulmonary trunk: 6-27, 6-30, 6-46, 6-57, 7-6, 7-10

Pyloric stenosis: 8-24

R
Radial and ulnar arteries: 11-14, 11-15

Radial nerve: 11-8, 11-15, 11-19

Rectal continence: 10-4, 10-7, 10-14

Rectum: 8-46, 9-8

Renal agenesis: 6-9, 8-49

Renal arteries: 8-37, 8-42, 8-53, 9-13

Renal calculi: 8-53

Renal development: 8-48

Renal pelvis: 8-49, 8-53

Renal vein, left: 8-53, 9-13, 8-41, 8-44

Renal veins: 8-53

Respiratory diverticulum: 6-8

Retroperitoneal viscera: 8-28, 8-43

Right anterior papillary muscle:

Right-to-left shunting: 6-50

Right ventricle: 6-27, 6-58, 7-10, 7-12

Rotator cuff muscles: 11-18

Round ligament of uterus: 10-12, 10-24



S
S2 vertebral level:

Sacrococcygeal teratoma (SCT): 4-4

Sacrum:

SA (sinoatrial) nodal artery: 6-61

Scaphoid: 11-20

Scarpa fascia: 10-18

Sciatic nerve: 12-6

SCT (sacrococcygeal teratoma): 4-4

Secondary oocyte: 1-2, 1-8, 2-3

Secundum ASD (atrial septal defect): 6-41

Semilunar valves: 6-27, 6-46, 6-60

Seminiferous tubules: 1-5

Septal defects, atrial: 6-41f

Septal defects, ventricle: 6-44

Septation, atrial: 6-37, 6-38

Septation of the truncus arteriosus: 6-46

Septation of ventricles: 6-43

Septomarginal (moderator band): 6-59

Septum primum: 6-38, 7-37

Serratus anterior muscle: 11-7

Shoulder and elbow: 11-19f

Shoulder and rotator Cuff: 11-18

Shoulder dislocation: 11-19

Shunting, left- to-right: 6-44, 6-51

Shunting, right- to-left: 6-50

Shunt, portacaval:

Sigmoid colon: 9-8

Sigmoid sinus: 

Sinoatrial (SA) node: 6-64

Somites: 4-5

Spermatic cord: 8-8t

Spermatic fasciae: 8-4

Spermatids: 1-6

Spermatocytes: 1-5

Spermatogenesis: 1-3, 1-6f

Spermatogenesis, male gametogenesis: 1-5

Spermatogonia: 1-5

Spermatogonia, type A: 1-5

Spermatogonia, type B: 1-5

Spermatozoa: 1-2, 1-4

Sphincter muscle, internal urethra: 10-6

Sphincter urethrae muscle: 10-4, 10-16

Splanchnic or visceral mesoderm: 4-5

Spleen: 8-19, 8-22, 8-35, 9-11

Splenic artery: 8-38, 8-39

Splenic flexure: 8-41

Splenorenal ligament: 8-19, 8-34, 8-35

SRY gene: 10-22, 10-23, 10-27

Sternal angle (Louis angle): 6-4

Sternum: 6-4

Stomach (Detail): 8-31f

Sternum: 6-4

Subclavian artery: 11-14

Subscapular artery: 11-15

Subscapularis muscle: 11-18

Superficial fibular nerve: 12-7

Superficial inguinal nodes: 8-8t, 8-9

Superficial perineal pouch: 10-17

Superficial ring: 8-5

Superior gluteal nerve: 12-5

Superior mediastinum: 6-20, 6-21f, 7-3, 7-4

Superior mesenteric artery (SMA): 8-23, 8-37, 
8-40, 8-41

Superior pancreaticoduodenal branches: 8-39



Superior rectal artery: 8-41

Suprascapular nerve C5- C6: 11-7

Syncytiotrophoblast cells: 2-5

T
TDF (testis-determining factor): 10-22

Tennis elbow:

Teratomas: 4-4

There’s minor: 11-18

Testicular artery: 8-8t

Testicular cancer: 8-9

Testicular, feminization syndrome, androgen 
insensitivity syndrome: 10-27

Testosterone: 10-22, 10-23

Tetralogy of fallot: 6-47f

Thoracentesis:

Thoracic aorta: 6-22, 6-65

Thoracic cavity: 6-7f

Thoracic duct: 6-13, 6-14, 6-23, 6-65

Thoracic wall: 6-2

Thoracodorsal (middle subscapular) nerve C6, 
C7, C8: 11-2, 11-7

Thorax CT: 7-7

Thumb with primary innervations, movements 
of the: 11-5f

Thymus: 6-22

Thyrocervical trunk:

Thyroglossal duct: 5-7

Thyroglossal duct cysts: 5-7

Thyroid diverticulum: 5-6

Thyroid gland: 5-2, 5-7

Thyroid gland development: 5-6f, 5-7

Tibial artery, anterior and posterior: 12-8, 12-11

Tibial nerve L4-S3: 12-6

Tongue development: 5-8f

Trabeculae carneae: 6-58

Trachea: 6-22

Trachea and lungs, development of:

Tracheobronchial nodes: 6-13

Tracheoesophageal fistula: 6-8, 6-9f

Transposition of great vessels: 6-48f, 6-49f

Transpyloric plane: 8-16

Transversalis fascia: 8-4, 8-5, 8-7

Transverse colon: 9-8, 9-13

 Transverse pericardial sinus: 6-25

Transverse thoracic plane: 6-4, 6-5, 7-3

Transversus abdominis muscle: 8-4

Tricuspid valve: 6-27, 6-59

Trophoblast: 2-5

Truncus arteriosus: 6-29, 6-30

Truncus arteriosus septation: 6-46f

Tunica vaginalis: 8-10

Twinning: 3-5, 3-6f

Twinning, major types of: 3-6t

U
Ulnar artery: 11-14, 11-15

Ulnar nerve: 11-8, 11-10

Umbilical artery: 6-34

Umbilical ring: 8-23, 8-25

Umbilical vein: 6-31, 8-32

Uncinate process of pancreas: 8-21, 8-39

Undescended testis:

Unhappy triad injury: 12-15

Upper limb and brachial plexus, lesions of the: 
11-11, 11-12



Upper limb, blood supply of: 11-14f

Urachus: 8-18, 8-24

Ureteric bud: 8-49

Urethral folds: 10-24

Urinary bladder: 8-50

Urinary incontinence: 10-4

Urine, extravasation of: 10-18f

Urogenital folds: 10-24

Urogenital ridge: 4-5, 8-10, 8-49, 10-19, 10-21

Urogenital ridge and indifferent gonads: 10-21f

Urogenital sinus: 8-50

Urogenital triangle: 10-15, 10-16

Urorectal septum: 8-50

Uterine prolapse: 10-4, 10-12

V
Vagus nerve, right and left: 6-23

Varicocele: 8-9f

Vas deferens: 10-7

Vena Cava, Inferior: 6-27, 8-8t, 8-30, 8-43f, 8-44

Venous system, heptic portal: 8-45f

Ventral embryonic mesenteries: 8-19

Ventricle, right and left: 6-27, 6-30

Ventricle septal defects: 6-44f, 6-45f

Ventricle septation: 6-43f

Visceral pleura: 6-15, 6-17

Visceral serous pericardium: 6-25

Visceral surface of the Liver: 8-32f

Vitelline fistula: 8-24

W
Whiplash: 

Wolffian duct system: 10-20 

Wrist and hand: 11-8, 11-10

Wrist drop: 11-8f

 Z
Zygote: 2-4, 2-4
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understanding the essential topics in clinical anatomy
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