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Preface

In this fourth edition of Anatomy, Histology, and Cell Biology: PreTest® Self-
Assessment and Review, a significant number of changes and improvements
have been made. This PreTest® reviews the anatomical disciplines encom-
passing early embryology, cell biology, histology of the tissues and organs,
as well as regional human anatomy of the head and neck, thorax, abdomen,
pelvis, extremities, and spine. Major neurcanatomical tracts are outlined in
the High-Yield Facts section, but most pathway questions have been elim-
inated in favor of more high-yield topics in embryology, histology, and
human anatomy. Extensive neuroanatomical tract and pathway-related
questions can be found in the new seventh edition of Neuroscience: PreTest®
Self-Assessment & Review.

This new edition of Anatomy, Histology, and Cell Biology: PreTest® repre-
sents a comprehensive effort to integrate the anatomical disciplines with clin-
ical scenarios and cases. The development of numerous clinical vigrettes,
integrating basic science disciplines with clinical medicine, will benefit stu-
dents enrolled in medical schools with integrated curricula, as well as stu-
dents in discipline-based programs of study. The sections on cell biology and
microscopic anatomy have been updated to include important new knowl-
edge in cell and tissue biology and to focus on cell biological principles rele-
vant to clinical medicine. New and improved light micrographs have been
added. Also new for this fourth edition is the addition of more radiographs
and MRIs. Those radiological methods have become an important part of
medical practice. It is imperative that students be able to recognize structures
and relationships as part of their radiological anatomy knowledge base. This
fourth edition is designed to help students prepare for USMLE Step 1, Sub-
ject Exams in Human Anatomy and Histology, and even USMLE Step 2 in
which the NBME plans to integrate more basic science questions.

An updated High-Yield facts section is provided to facilitate rapid
review of specific areas of anatomy that are critical to mastering the difficult
concepts of each subdiscipline: embryology, cell biology, histology of tis-
sues and organs, regional human (gross) anatomy, pathology, and a brief
review of neuroanatomical tracts. Most tables and figures have been moved
from individual question feedback to the High-Yield facts section so that all
review information is available in one concise location instead of dispersed
throughout the book.

xiii




Introduction

Anatomy, Histology and Cell Biology: PreTest® Self-Assessment and Review
allows medical students to comprehensively and conveniently assess and
review their knowledge of anatomy, histology, embryology, and cell biology.
The 500 questions provided here in have been written with the goal to par-
allel the topics, format, and degree of difficulty of the questions found in the
United States Medical Licensing Examination (USMLE) Step 1. Although
the main emphasis of this PreTest is preparation for Step 1, the book will be
very beneficial for medical students during their preclinical courses
whether they are enrolled in a medical school with a problem-based, tradi-
tional, or integrated curriculum. This PreTest® focuses on an interdiscipli-
nary approach incorporating numerous clinical scenarios so it will also be
extremely valuable for students preparing for USMLE Step 2 who need to
review their anatomical knowledge. Practicing physicians who want to
hone their basic science skills and supplement their knowledge base before
USMLE Step 3 or recertification will also find this book to be an outstand-
ing resource for their review of the anatomical disciplines.

This book is a comprehensive review of early embryology, cell biology,
histology (tissue and organ biology), and human (gross) anatomy with some
neurcanatomical topics reviewed in the High-Yield facts section. In keeping
with the latest curricular changes in medical schools, as much as possible,
questions integrate macroscopic and microscopic anatomy with cell biology,
embryology, and neuroscience as well as physiology, biochemistry, and
pathology. This PreTest® begins with early embryology, including gametoge-
nesis, fertilization, implantation, the formation of the bilaminar and trilam-
inar embryo, and overviews of the embryonic and fetal periods. This first
section is followed by a review of basic cell biology, with separate chapters
on membranes, cytoplasm, intracellular trafficking, and the nucleus. There
are questions included to review the basics of mitosis and meiosis as well as
regulation of cell cycle events. Tissue biology is the third section of the
book, and it encompasses the tissues of the body: epithelium, connective
tissue, specialized connective tissues (cartilage and bone), muscle, and
nerve. Organ biology includes separate chapters on respiratory, integumen-
tary (skin), digestive (tract and associated glands), endocrine, urinary, and
male and female reproductive systems, as well as the eye and the ear. The
topics in tissue and organ histology and cell biology include light and elec-
tron micrographs of appropriate structures that students should be able to

xy




xvi Introduction

identify. The last section of the book contains questions reviewing the basic
concepts of regional anatomy of the head and neck, thorax, abdomen,
pelvis, and extremities. For each section, appropriate x-rays, including
MRIs, are included to assist the student in reviewing pertinent radiological
aspects of the anatomy. Where possible, information is integrated with
development and histology of the organ system.

Each question in the book is followed by five or more answer options to
choose from. In each case, select the one best response to the question. Each
answer is accompanied by a specific page reference to a text that provides
background to the answer, and a short discussion of issues raised by the
question and answer. A bibliography listing all the sources can be found fol-
lowing the last chapter.
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High-Yield Facts

Embryology

Embryological development is divided into three periods:

The first stage consists of gamete formation and maturation, ending in
fertilization.

The embryonic period begins with fertilization and extends through the
first 8 weeks of development. It includes implantation, germ layer for-
mation, and organogenesis. This is the critical period for susceptibility to
teratogens. v

The fetal period extends from the third month through birth.

THE PRENATAL PERIOD

The development of gametes begins with the duplication of chromosomal
DNA followed by two cycles of nuclear and cell division (meiosis).
Genetic variability is assured by crossing over of DNA, random
assortment of chromosomes, and recombination during the first mejotic
division. Frrors can result in duplication or deletion of all or part of a
specific chromosome, often with serious developmental consequences.

Spermatogenesis
The process of spermatogenesis is continuous after puberty and each cycle
lasts about 2 months.

Spermatogonia in the walls of the seminiferous tubules of the testes
undergo mitotic divisions to replenish their population and form a
group of spermatogonia that will differentiate to form spermatocytes.

Primary spermatocytes are spermatogenic cells that have duplicated their
DNA (4N) and enter meiosis.

Secondary spermatocytes result from the first meiotic division (2N).

Spermatids are formed by the second meiotic division (1N).

Spermiogenesis

During this phase, spermatids mature into sperm by losing extraneous cyto-
plasm and developing a head region consisting of an acrosome (specialized
secretory granule) surrounding the nuclear material and grow a tail.
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Oogenesis
Oogenesis begins in the fetal period in females and is a discontinuous
process involving mitosis, meiosis, and maturation.

Oogonia undergo mitotic division and duplicate their DNA to form
primary oocytes, but stop in the prophase of the first meiotic division
until puberty.

The second meiotic division is not concluded until fertilization occurs.

Maturational events include retention of protein synthetic machinery
in the surviving oocyte, formation of cortical granules that participate in
events at fertilization, and development of a protective glycoprotein coat,
the zona pellucida.

Fertilization
Fertilization occurs when sperm and oocyte cell membranes fuse. Fol-
lowing coitus, exposure of sperm to the environment of the female
reproductive tract causes capacitation, removal of surface glycopro-
teins and cholesterol from the sperm membrane, enabling fertilization
to occur. '

Binding of the first sperm initiates the zona reaction. Release of
cortical granules from the oocyte causes biochemical changes in the zona
pellucida and oocyte membrane that prevent polyspermy.

EMBRYONIC DEVELOPMENT

The embryo forms one germ layer during each of the first 3 weeks. During
the first week the cleavage divisions form a morula. The blastocyst forms
by compaction and precursors of the inner cell mass (embryoblast) and
trophoblast are segregated. The blastocyst must “hatch” or exit the invest-
ment of the zona pellucida. Implantation is initiated during the first week
of development. A

During the second week, the blastocyst differentiates into two germ lay-
ers, the epiblast and the hypoblast. This establishes the dorsal
(epiblast)-ventral (hypoblast) body axis of the bilaminar embryonic disc.
Week 2 is the “week of 2s:”

* Two major cell groups exist: embryoblast and trophoblast.

* The embryoblast (inner cell mass) forms the hypoblast layer adja-
cent to the blastocyst cavity and the epiblast adjacent to the amni-
otic cavity.
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* The trophoblast differentiates into two layers: cytotrophoblast (an inner
mononuclear cell layer) and syncytiotrophoblast (an outer multinuclear
cell layer).

» Two cavities are established: the amniotic cavity and the primitive yolk sac.

» Uteroplacental circulation develops. Two structures are involved: sinu-
soid (capillary) = maternal blood vessel in endometrium and lacuna =
embryonic bloed vessel in syncytiotrophoblast.

During the third week, the process of gastrulation occurs, by which
epiblast cells migrate toward the primitive streak and ingress to form the
endoderm and mesoderm germ layers below the remaining epiblast cells
(ectoderm). Somite formation begins at day 20.

The fourth week of development is characterized by organogenesis as
the primordia of most organ systems are established. The body tube is
formed by embryonic folding. Lateral body folding at the end of the third
week causes the germ layers to form three concentric tubes with the inner-
most layer being the endoderm, the mesoderm in the middle, and the
ectoderm on the surface. Neurulation also occurs during the fourth week,
leading to the formation of a neural tube with overlying surface ectoderm.

GERM LAYER DERIVATIVES

Mesoderm Derivatives
The mesoderm is divided into four regions (from medial to lateral): axial,
paraxial, intermediate, and lateral plate.

Chordamesoderm is located in the midline and forms the notochord.

Paraxial mesoderm forms somites. Somites are divided into sclerotomes
(bone and cartilage precursors), myotomes (muscle precursors), and
dermatomes (precursor of dermis).

Intermediate mesoderm gives rise to components of the genitourinary
system.

Lateral plate mesoderm forms bones and connective tissue of the limbs
and limb girdles (somatic layer, also known as somatopleure) and the
smooth muscle lining viscera and the serosae of body cavities
(splanchnic layer, also known as splanchnopleure).

Intermediate mesoderm is not found in the head region, and the lateral
plate mesoderm is not divided into layers there (Table 1).



