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Preface

Comparative Oral+ENT Biology is designed for a semester-long course
taken by undergraduate students who are preparing for careers in dentistry,
medicine, veterinary, audiology, speech pathology or evolutionary biology.
It explores the mouth, ears, nose and throat of humans and animals
discussing their evolution, development, function, and some common
clinical issues. The text provides a broad background through an integrative
and organismal perspective. It crosses the boundaries of disciplines,
anatomical regions and professions to present structures and mechanisms
within an evolutionary context. This textbook is richly illustrated with
images made available at Wikimedia Commons. It contains materials from
and links to several sources of Open Education Resources.

Preface to Comparative Oral+ENT Biology

Topics of study in comparative oral+ENT biology.



Welcome to Comparative Oral+ENT Biology. We created this textbook to
support the multidisciplinary study of the mouth and associated structures.
It integrates aspects of evolution, development, ecology, microbiology,
structure and function. The main goal is to help college students interested
in the subject to build a comprehensive background as a base for their
graduate studies.

Building an integrative perspective

This book offers an introduction to the mouth and associated cavities in the
head: nose, throat and ears. An integrative view of the subject is developed
in a multidisciplinary exploration of the content. Connections between
structures, mechanisms and evolution are examined without restraint by the
traditional separation between dentistry, otorhynolaryngology, veterinary,
evolutionary biology or other related disciplines.

Comparative Oral+ENT Biology is written at a level suitable for college
students with the basic background on animal structure, function and
diversity that is usually built during the freshman year in the biology major.
The book is intended to familiarize the reader with the major aspects of
origin, structure, function and clinical relevance of each subject, favoring
simplicity over completeness. It explores examples that illustrate the
advantages of integrating across fields of knowledge to develop a holistic
perspective of the subject. The reader will accrue a multidisciplinary
knowledge base that will give context to specific concepts learned in
graduate school. This knowledge base will facilitate collaboration with
professionals specialized in other fields that are also dedicated to the mouth
and associated cavities.

Latest technology for enhanced navigation

Most of the images are linked to the Media Explorer at Wikimedia
Commons. This allows the reader to navigate a high-resolution version of
each figure with a single click. The text of the online version is permeated
with hyperlinks to Wikipedia, allowing the reader to easily expand on
concepts of interest.


http://cnx.org/content/col23864/latest
http://cnx.org/content/col23864/latest

An open education resource

This book is made possible through the work of a large number of text
authors, graphical artists and open education professionals. The text and
figures range from being created by the editor, being inspired by other
sources or being directly incorporated from open resources. Most images
are made available by Wikimedia Commons, while text has been added or
modified from various OpenStax College books, including Anatomy and
Physiology, Biology, Microbiology and College Physics. Additional text
has been added or modified from Wikipedia.

License

To broaden access and encourage community curation, Comparative
Oral+ENT Biology is “open source” under a Creative Commons Attribution
(CC BY) license. Members of the scientific community are invited to
submit examples, emerging research, and other feedback to enhance and
strengthen the material, keeping it current and relevant for today’s students.

Cost

This textbook is available for free online.
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Connected Cephalic Cavities

The mouth, ears, nose and throat are have cavities that are physically
interconnected in the head. These structures contain organs that may have
very distinct function and yet interact during development, through
proximity or action.

The Cavities of the Head

The vertebrate body has several cavities, mostly in the trunk and head.
These are well delimited spaces containing fluids or organs. The largest
body cavities are found in the trunk. The head contains the cranial cavity
housing the brain and the neck contains the vertebral cavity which lodges
the spinal cord.

Thoracic cavity -
Dorsal — Suparior
Body mediastinum
cavity Flaviral cavily

Faricardial
cavily wilhin
the medastinum
Diaphragm

= Vertebral

|— Ventral bad
s entral body

cavity
({oath thomacic and
abdominopelvic

Abdominal cavity canilies)

Peluiz cawity

Larberal wienw Anderiar view

Major cavities of the human body. More details.

Several smaller cavities are also present in the head, however, and these
make the subject of this book. The mouth contains the oral cavity.
Immediately superior to it, one finds the nasal cavity. Both oral and nasal


https://upload.wikimedia.org/wikipedia/commons/4/40/Dorsal_Ventral_Body_Cavities.jpg

cavities connect to the pharynx (throat), which connects to the larynx (voice
box) and to the ears. This physical connection between organs reflects
evolutionary, developmental or functional interactions between them. It also
links them from a clinical perspective, as the connection facilitates the
spread of a same malignancy from one region to another.

Soft palate

Nasopharynx
Hard palate

Uvula

Oropharynx

Epiglottis
Laryngopharynx

Larynx

Trachea

A \ - Oral cavity
- Pharynx

Larynx

Major cavities of the facial region of the
head and neck. More details.

The mouth is the first portion of the alimentary canal that receives food and
saliva. It contains of two spaces, the vestibule (between the teeth and the
lips or cheek) and the oral cavity. The mouth, normally moist, is lined with
a mucous membrane. The lips mark the transition from mucous membrane
to skin, which covers most of the body. After food is processed in the
mouth, it is passed into the pharynx, which is a muscular tube that is shared
with the respiratory system. Food in the pharynx triggers the swallowing
reflex, which is an elaborate behavior involving more than a dozen muscles.
Swallowing pushes the food into the esophagus which then transports it
down to the stomach.

In addition to its primary role as the beginning of the digestive system, in
humans the mouth also plays a significant role in communication. While
primary aspects of the voice are produced by focal folds in the larynx.


https://en.wikipedia.org/wiki/Alimentary_canal
https://en.wikipedia.org/wiki/Saliva
https://en.wikipedia.org/wiki/Mucous_membrane
https://upload.wikimedia.org/wikipedia/commons/0/02/2411_Pharynx.jpg

Muscles in the tongue and lips are also needed to produce the range of
sounds included in human language. The voice is also modified through
resonance within the nasal cavity and sinuses that are connected to it. The
roof of the nasal cavity houses the olfactory epithelium, containing sensory
receptors responsible for the sense of smell.

The mouth is also connected to the ears by the auditory (Eustachian) tubes.
The ears are essential to hearing and balance. The connection with the
mouth allows for the air pressure behind the eardrum the be equalized with
that of the external environment but this connection also facilitates the
access of germs to the ears, causing middle ear infections.

This book focuses on the mouth and associated cavities of the head,
including the ears, nose and throat (ENT) in addition to some smaller
spaces. It discusses the anatomy and physiology of these structures in
humans but also in animals. The extension to animals is justified because
the evolutionary history and diversity of the mouth and ENT can help the
students understand the design principles of these structures. Similarly, the
book presents some major clinical issues and treatments in animals and
humans.

Figure credits

Figure 1 by Connexions -
https://cnx.org/contents/FPtK1zmh@8.25:fEI3C80t@10/Preface, CC BY
4.0, https://commons.wikimedia.org/w/index.php?curid=29624322

Figure 2 by OpenStax College - Anatomy & Physiology, Connexions Web
site. http://cnx.org/content/col11496/1.6/, Jun 19, 2013., CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=30148430



Origins of the Mouth

The mouth is the entrance of the digestive system. It allows the food to be
ingested faster than it could be digested. Most animals have mouths, except
sponges and a few species within other groups. The mouth is the first or
second structure to be formed during development, through gastrulation.

What is a Mouth?

A mouth is an entrance into a concave, hollow space. In animals, it is the
opening through which food enters the body to be processed and digested.
The act of bringing a substance into the body through the mouth for
digestion is called ingestion.

Human mouth
open. More details.

Timing of Digestion and Ingestion

Digestion usually begins after a food item in ingested. In some cases,
however, the animal secretes digestive juices onto an external food item and
then ingests the food partially digested. As an example, most spiders bite
their prey injecting poison to kill it. They have a narrow gut that can only
cope with liquid food and spiders have two sets of filters to keep solids out.


https://upload.wikimedia.org/wikipedia/commons/8/80/Amigdalas.jpg

[7] They use one of two different systems of external digestion. Some pump
digestive enzymes from the midgut into the prey and then suck the liquefied
tissues of the prey into the gut, eventually leaving behind the empty husk of
the prey. Others grind the prey to pulp using the chelicerae and the bases of
the pedipalps, while flooding it with enzymes; in these species, the
chelicerae and the bases of the pedipalps form a preoral cavity that holds
the food they are processing.

Spider
Cheiracanthium

punctorium,
displaying fangs.
More details.

Killing the prey without immediately ingesting it prevents potential injury
from defensive behaviors. External digestion facilitates ingestion by
liquefying the tissues of the prey. Ingestion before digestion, on the other
hand, prevents loss of food to competitors and loss of water, digestive juices
and small food pieces that could get spread in the environment.

Mouthless Animals


https://en.wikipedia.org/wiki/Spider#cite_note-RuppertFoxBarnes2004Spiders-7
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Pedipalp
https://en.wikipedia.org/wiki/Cheiracanthium_punctorium
https://upload.wikimedia.org/wikipedia/commons/3/38/Cheiracanthium_punctorium_frei_1_17_Forst_Jungfernhdeide_Jg_46_070920.jpg

Certain insects lack mouths as adults. Moths in the family Saturniidae, for
example, have very short adult lives (< a week). During this time they
search for a mate, reproduce and die, but they do not feed. These animals
have a normal buccal apparatus as larvae, but during metamorphosis they
do not develop a mouth for their adult life.

Mouthless moth Actias luna
(Saturniidae). More details.

As a more extreme example, marine platyhelmints (flatworms) of the genus
Paracatenula lack a mouth, pharynx and gut. They live in a symbiosis with
intracellular bacteria. Their symbiont-housing cells (bacteriocytes)
collectively form the trophosome tissue, which functionally replaces the
digestive tract.


https://upload.wikimedia.org/wikipedia/commons/4/42/Actias_luna_moth.jpg

Mouthless marine
flatworm
Paracatenula
crawling in sediment.
The white trophosome
contains
endosymbiont
bacteria while the
anterior transparent
part of the worm is
free of bacteria. More
details.

Phylogenetic Origin

Mouths and digestive systems are found in all animal phyla except sponges.
The central opening present in most sponges should not be confused with a
mouth because it serves as a common exit way for water that enters the
sponge throughout its body. Sponges are filtering animals and their cells
incorporate nutrients suspended in the water that passes though the animal.


https://upload.wikimedia.org/wikipedia/commons/9/91/Paracatenula_sediment_OJ_2015.tif

There is no selective ingestion of food by the animal, and no digestive
system or digestive juices.

Yellow tube sponge,
Aplysina fistularis.
More details.

Cnidarians (corals, jelly-fish) and ctenophores have mouths and many are
predators, using tentacles to capture and ingest their prey. Ctenophorans of
the class Nuda lack tentacles. They have large mouths and stiffened cilia
that are used as teeth to grip parts of the prey and transport it into the
stomach.

Ctenophores of the
family Beroidae
(class Nuda) are


https://en.wikipedia.org/w/index.php?title=Aplysina_fistularis&action=edit&redlink=1
https://upload.wikimedia.org/wikipedia/commons/b/b6/Reef3859_-_Flickr_-_NOAA_Photo_Library.jpg

carnivorous and
ingest other
ctenophores almost as
large as themselves.
More details.

Sponges have traditionally been considered the oldest phylum of
multicellular animals and ctenophores (comb jellies) have been considered
more closely related to cnidarians (corals and jelly-fish). Evidence has been
accumulating, however, that ctenophores are the oldest metazoans, followed
by sponges and cnidarians. This would include the mouth as a feature of the
first major group of metazoans (multicellular animals).

Developmental Origin

The mouth is the first or the second structure in the entire body to have its
position determined during development. As the zygote enters cell division,
the growing mass of cells eventually forms a sphere with a single layer of
cells and a fluid-filled core. At this point the embryo is called a blastula.


https://upload.wikimedia.org/wikipedia/commons/4/40/Zooplankton2_300.jpg
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After gastrulation, the blastopore
gives origin to the mouth in
protostome embryos, whereas it
originates the anus in deuterostomes

embryos. More details.

[link]

Gastrulation occurs when a blastula folds inward, creating and inner tube
that later becomes the digestive tube. It also gives origin to the mouth and
the anus. The point in which the tissues start folding in is called the
blastopore. In protostomes (annelids, mollusks and arthropods), the mouth
(stoma) develops from the blastopore. Protostome derives from the Greek
word protostoma meaning "first mouth"(npwtog + otopa). In deuterostomes
(echinoderms and chordates) the order is reversed: the blastopore forms the
anus and the mouth forms where the infolding touches the other side of the
embryo. Deuterostome means "second mouth" (6g0tepog + oTON).

Figure credits


https://en.wikipedia.org/wiki/gastrulation
https://en.wikipedia.org/wiki/Protostome
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Working with the Mouth+ENT

The structures of the mouth+ENT are the focus of many professions,
dealing with biology and health in animals and humans. They are also part
of the job in many other professions because these structures are present in
some many aspects of our daily lives.

Professions of the Mouth and ENT

The mouth and ENT are not the subject of a single profession. Many
professionals with various backgrounds and interests deal with aspects of
oral biology. It is important for them not to work in isolation but to learn
about all the main aspects of oral biology. Several challenges in oral
biology present multidisciplinary problems that take discussion and
collaboration among professionals in multiple fields to produce appropriate
solutions. Some of the main professions that deal with the mouth are:

Paleontologist and archeologist, biologist

Paleontologists study life that existed prior to, and sometimes including, the
start of the Holocene Epoch (roughly 11,700 years before present). They
mostly rely on fossils to determine an organism's evolution and interactions
with other organisms and their environments (their palececology).
Vertebrates have evolved powerful biting which requires highly compact
structures for teeth, jaws and other parts of the skull associated with
mastication. These structures not only fossilize well but they reveal several
aspects of the feeding ecology of the animal. Oral biology therefore makes
a disproportionately large part of the material studied in paleontology.

Archeology is the study of human activity through the recovery and
analysis of material remains, including human fossils, food remains, the
ruins of buildings, and human artifacts—items such as tools, pottery, and
jewelry. As described above, remains of jaws and teeth provide rich
material for recovery of the human past, including information on age, diet
and health condition of the subject.



https://en.wikipedia.org/wiki/Holocene
https://en.wikipedia.org/wiki/Before_present
https://en.wikipedia.org/wiki/Evolution
https://en.wikipedia.org/wiki/Paleoecology
https://en.wikipedia.org/wiki/Human

Fossil remains of Lucy, Australopithecus afarensis, from
Etiopia, dated 3.2 million years old. More details.

A biologist is a scientist who studies life, specifically organisms and their
relationship to their environment. Several branches of biology focus on the
mouth. Questions about the evolution of the mouth are answered through
comparative analysis, phylogenetic analysis and experimentation. As an
example, a series of studies have shown how Darwin's finches (subfamily
Geospizinae) have colonized the Galapagos Islands and diversified into
various species with different beak morphologies. These endemic species
occupy different dietary niches, specializing on different seed sizes and
textures that have driven the divergent evolution of their beak
morphologies. Other branches of biology conduct most of the non-clinical
medical research associated with the mouth. This includes the study of
genetic and developmental issues, infections, occupational issues,
autoimmune diseases and cancer.


https://en.wikipedia.org/wiki/Gal%C3%A1pagos_Islands
https://en.wikipedia.org/wiki/Lucy_(Australopithecus)
https://upload.wikimedia.org/wikipedia/commons/e/e0/Reconstruction_of_the_fossil_skeleton_of_%22Lucy%22_the_Australopithecus_afarensis.jpg
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Adaptive radiation of the finch
Geospiza magnirostris into three other
species of finches found on the
Galapagos Islands. More details.

Health professionals

Clinical practice and research on heath issues affecting the mouth and ENT
is also conducted by various professionals. Dentists deal not only with
teeth, but also with gum disease, and issues of the temporomandibular joint.
Otorhynolaringologists focus on conditions of the ear, nose, and throat
(ENT) and related structures of the head and neck. Both professionals can
specialize in maxillofacial surgery.


https://upload.wikimedia.org/wikipedia/commons/2/2c/Finchadaptiveradiation.png

Dentist treating child.
More details.

Audiologists help treat and prevent hearing loss and balance disorders, and
rehabilitate individuals with tinnitus, auditory processing disorders,
cochlear implant users and/or hearing aid users. They employ various
testing strategies to determine whether someone can hear within the normal
range, and if not, which portions of hearing (high, middle, or low
frequencies) are affected, to what degree, and where the lesion causing the

Audiologist examining
the hearing sensitivity of
a patient. More details.


https://en.wikipedia.org/wiki/Frequencies
https://en.wikipedia.org/wiki/Outer_ear
https://en.wikipedia.org/wiki/Middle_ear
https://en.wikipedia.org/wiki/Inner_ear
https://en.wikipedia.org/wiki/Auditory_nerve
https://en.wikipedia.org/wiki/Central_nervous_system
https://upload.wikimedia.org/wikipedia/commons/d/d3/Dentistpatient.jpg
https://upload.wikimedia.org/wikipedia/commons/f/fa/HearingExam.jpg

Speech pathologists specialize in the evaluation and treatment of
communication disorders, cognition, voice disorders, and swallowing
disorders. Speech services begin with initial screening for communication
and swallowing disorders and continue with assessment and diagnosis,
consultation for the provision of advice regarding management, intervention
and treatment, and provision counseling and other follow up services for
these disorders.

A veterinary will offer most of the services described above but for non-
human patients. Veterinary dentistry is a veterinary specialty that offers
services in the fields of endodontics, oral and maxillofacial radiology, oral
periodontics, and prosthodontics. Similar to human dentists, they treat
conditions such as jaw fractures, malocclusions, oral cancer, periodontal
disease, and stomatitis and other conditions unique to veterinary medicine
(e.g. feline odontoclastic resorptive lesions). Some animals have specialist
dental workers, such as equine dental technicians who conduct routine work
on horses.

Veterinary dentist
treating a horse. More
details.
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Other professions

Many other professions exist that provide direct support to the services
described above. And many other professions not directly related to the
ones listed above can also have jobs dedicated to the mouth+ENT. These
could include, for example, graphical design, marketing or biochemistry.
Oral+ENT biology is a subject that permeates our physiology, behavior,
culture, and economy, and therefore is naturally present in a great variety of
occupations.

Figure credits

Figure 1 by 120 - own picture worked with photoshop, CC BY 2.5,
https://commons.wikimedia.org/w/index.php?curid=1818607

Figure 2 by Jackie malvin - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=40655181

Figure 3 by Jenlarrine - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=30590650

Figure 4 by Flavia Costa -
http://www.agenciaminas.mg.gov.br/admin/fotos/25112008061145imagem
%2001%20009.jpg, CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=5610368

Figure 5 by Stefan Isaacs from Seattle, USA - Horse dentistry, 2003, CC
BY 2.0, https://commons.wikimedia.org/w/index.php?curid=2940435



The Origin of the Body Tissues

After fertilization, the zygote starts to divide forming at first a ball of cells
called morula. Cell division continues and a hollow inner space is formed,
characterizing the stage of blastula. The embryo then folds inwards,
creating internal and external layers of cells. This allows for differentiation
of ectoderm, mesoderm and endoderm. A second folding of the ectoderm
differentiates the tissues that originate the nervous system. Organogenesis
follows, producing the basic structure of most body organs early in
development.

When fertilization occurs, a zygote is formed. This cell undergoes mitosis
repeatedly, increasing the number of cells in a process called cleavage. This
growing mass of cells is called a morula.
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Initial stages of development. More details.

Blastulation

Through cleavage, the cells divide without an increase in mass. One large

single-celled zygote divides into multiple smaller cells. After the cleavage
has produced over 100 cells, an empty space called blastocoel forms in the
center. At this point, the entire structure is called a blastula (in mammals it
is called blastocyst). Each cell within the blastula is called a blastomere.

In mammals, this stage is called blastocyst because it has two types of cells.
The inner cell mass forms the embryo, whereas the outer layer (called
trophoblast) will participate in the formation of the placenta.
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Trophoblast Inner cell mass
The mammalian blastocyst
with two cell groups: the
inner cell mass and the
trophoblast. More details.
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Gastrulation occurs when
a blastula, made up of one
layer, folds inward and
enlarges to create a
gastrula, with 3 layers of
cells. More details.
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The next stage in embryonic development is the formation of the body plan.
The cells in the blastula rearrange themselves spatially to form three layers
of cells. This process is called gastrulation. During gastrulation, the blastula
folds upon itself through an invagination process. This forms a blastopore
that originates the mouth or the anus. By the end of gastrulation, the embryo
has three layers of cells: endoderm, mesoderm and ectoderm. Each of these
layers is called a germ layer and each germ layer differentiates into different
organ systems.

Protostomes

Gastrulation Anus

Archenteron

Eight-cell stage

spiral cleavage
\ Mesoderm

Blastopore >Mouth’

Deuterostomes
Mouth
/

Mesoderm _

radial cleavage ) .
Digestive tube

Blastopore = Anus

After gastrulation, the blastopore
gives origin to the mouth in
protostome embryos, whereas it
originates the anus in deuterostomes

embryos. More details.

In mammals, the process is a bit more complex because the blastocyst is
implanted into the wall of the uterus from which it receives nourishment
through the developing placenta (Fig. 4). Cells within the blastocyst start to
organize into layers. Some grow to form the extra-embryonic membranes
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needed to support and protect the growing embryo: the amnion, the yolk
sac, the allantois, and the chorion.

At the beginning of the second week, the cells of the inner cell mass form
into a two-layered disc of embryonic cells, and a space—the amniotic
cavity—opens up between it and the trophoblast. Cells from the upper layer
of the disc (the epiblast) extend around the amniotic cavity, creating a
membranous sac that forms into the amnion by the end of the second week.
The amnion fills with amniotic fluid and eventually grows to surround the
embryo. Early in development, amniotic fluid consists almost entirely of a
filtrate of maternal plasma, but as the kidneys of the fetus begin to function
at approximately the eighth week, they add urine to the volume of amniotic
fluid. Floating within the amniotic fluid, the embryo—and later, the fetus—
is protected from trauma and rapid temperature changes. It can move freely
within the fluid and can prepare for swallowing and breathing out of the
uterus.

Endometrium

Blastocyst cavity
(develops into the
yolk sac)

H last
Embryonic { ypob as
disc Epiblast

Amnion
Amniotic cavity

Trophoblast Cytotr.ophoblast
Synctiotrophoblast

Formation of the embryonic disc leaves
spaces on either side that develop into
the amniotic cavity and the yolk sac.
More details.
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On the ventral side of the embryonic disc, opposite the amnion, cells in the
lower layer of the embryonic disk (the hypoblast) extend into the blastocyst
cavity and form a yolk sac. The yolk sac supplies some nutrients absorbed
from the trophoblast and also provides primitive blood circulation to the
developing embryo for the second and third week of development. When
the placenta takes over nourishing the embryo at approximately week 4, the
yolk sac has been greatly reduced in size and its main function is to serve as
the source of blood cells and germ cells (cells that will give rise to
gametes). During week 3, a finger-like outpocketing of the yolk sac
develops into the allantois, a primitive excretory duct of the embryo that
will become part of the urinary bladder. Together, the stalks of the yolk sac
and allantois establish the outer structure of the umbilical cord.

The last of the extra-embryonic membranes is the chorion, which is the one
membrane that surrounds all others. The development of the chorion relates
to the growth and development of the placenta.

As the third week of development begins, the two-layered disc of cells
becomes a three-layered disc through the process of gastrulation, during
which the cells transition from totipotency to multipotency. The embryo,
which takes the shape of an oval-shaped disc, forms an indentation called
the primitive streak along the dorsal surface of the epiblast. A node at the
caudal or “tail” end of the primitive streak emits growth factors that direct
cells to multiply and migrate. Cells migrate toward and through the
primitive streak and then move laterally to create two new layers of cells.
The first layer is the endoderm, a sheet of cells that displaces the hypoblast
and lies adjacent to the yolk sac. The second layer of cells fills in as the
middle layer, or mesoderm. The cells of the epiblast that remain (not having
migrated through the primitive streak) become the ectoderm.



Reestablished
uterine mucosa

i Epiblast
Endometrium

Hypoblast

Amniotic
cavity

Trophoblast

Reestablished —

Level of cross section
uterine mucosa !

Primitive
streak

Endometrium .'

Endoderm

Mesoderm

Amniotic cavity Cells differentiate at the primitive streak

and migrate to form a middle mesodermal
layer, as well as displace most of the
hypoblast cells to form an endodermal layer.
The ectoderm forms from the epiblast.

Trophoblast

Formation of the three primary germ layers
occurs during the first 2 weeks of
development in humans. The embryo at
this stage is only a few millimeters in
length. More details.

Each of these germ layers will develop into specific structures in the
embryo. Whereas the ectoderm and endoderm form tightly connected
epithelial sheets, the mesodermal cells are less organized and exist as a
loosely connected cell community. The ectoderm gives rise to cell lineages
that differentiate to become the central and peripheral nervous systems,
sensory organs, epidermis, hair, and nails. Mesodermal cells ultimately
become the skeleton, muscles, connective tissue, heart, blood vessels, and
kidneys. The endoderm goes on to form the epithelial lining of the
gastrointestinal tract, liver, and pancreas, as well as the lungs.
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Following gastrulation,
embryonic cells of the ectoderm,
mesoderm, and endoderm begin
to migrate and differentiate into

the cell lineages that will give
rise to mature organs and organ
systems in the infant. More
details.

Neurulation

In vertebrates, one of the primary steps during development is the formation
of the neural system. The ectoderm forms epithelial cells and tissues, and
neuronal tissues. During the formation of the neural system, special
signaling molecules called growth factors signal some cells at the edge of
the ectoderm to become epidermis cells. The remaining cells in the center
form the neural plate. If the signaling by growth factors were disrupted,
then the entire ectoderm would differentiate into neural tissue.

In a process called neurulation, the neural plate undergoes a series of cell
movements where it rolls up and forms a tube called the neural tube, as
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illustrated in Figure. In further development, the neural tube will give rise
to the brain and the spinal cord. The process begins when the notochord
(formed by mesoderm) induces the formation of the central nervous system
(CNS) by signaling the ectoderm germ layer above it to form the thick and
flat neural plate. The neural plate folds in upon itself to form the neural
tube, which will later differentiate into the spinal cord and the brain,
eventually forming the central nervous system.

Different portions of the neural tube form by two different processes, called
primary and secondary neurulation, in different species.

e In primary neurulation, the neural plate creases inward until the
edges come in contact and fuse. Primary neurulation occurs in
response to soluble growth factors secreted by the notochord.
Ectodermal cells are induced to form neuroectoderm from a variety of
signals.

¢ In secondary neurulation, the tube forms by hollowing out of the
interior of a solid precursor. In secondary neurulation, the neural
ectoderm and some cells from the endoderm form the medullary cord.
The medullary cord condenses, separates and then forms cavities.
These cavities then merge to form a single tube. Secondary neurulation
occurs in the posterior section of most animals but it is better
expressed in birds. Tubes from both primary and secondary
neurulation eventually connect.
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Transverse sections that show
the progression of the neural
plate to the neural groove from
bottom to top. More details.

The embryo, which begins as a flat sheet of cells, begins to acquire a
cylindrical shape through the process of embryonic folding. It folds laterally
and again at either end, forming a C-shape with distinct head and tail ends.
The embryo envelops a portion of the yolk sac, which protrudes with the
umbilical cord from what will become the abdomen. The folding essentially
creates a tube, called the primitive gut, that is lined by the endoderm. The
amniotic sac, which was sitting on top of the flat embryo, envelops the

embryo as it folds.


https://upload.wikimedia.org/wikipedia/commons/0/0f/2912_Neurulation-02.jpg

Sagittal
section

§

Yolk sac

a-

Transverse section

Transverse
section

" Yolk sac
Transverse section

Transverse
section

I Ectoderm
M Mesoderm
Endoderm
[ Amnion
I Hypoblast
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More details.

Within the first 8 weeks of gestation, a developing embryo establishes the
rudimentary structures of all of its organs and tissues from the ectoderm,
mesoderm, and endoderm. This process is called organogenesis.

The mesoderm that lies on either side of the vertebrate neural tube develops
into the various connective tissues of the animal body. A spatial pattern of
gene expression reorganizes the mesoderm into groups of cells called
somites with spaces between them. The somites, illustrated in the figure
below will further develop into the ribs, lungs, and segmental (spine)
muscle.
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Five-week old human

embryo with somites along
the length of the body.
More details.
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Formation of the Face

The activation of controller genes coordinates the secretion of chemical
signals that direct the differentiation of cells. A series of pharyngeal arches
forms on each side of the pharynx and provides the precursors to most
cranial and facial structures. The hard palate is formed through the early
development of its medial anterior portion, followed by growth of the
secondary portion from lateral to medial. Incomplete growth or fusion of
the secondary portion results in cleft palate.

Vertebrate Axis Formation

Even as the germ layers form, the ball of cells still retains its spherical
shape. However, animal bodies have lateral-medial (left-right), dorsal-
ventral (back-belly), and anterior-posterior (head-feet) axes, illustrated in
the figure below.

Animal bodies have three
axes for symmetry. More
details.

How are these established? Spemann and Mangold took dorsal cells from
one embryo and transplanted them into the belly region of another embryo.
They found that the transplanted embryo now had two notochords: one at
the dorsal site from the original cells and another at the transplanted site.
This suggested that the dorsal cells were genetically programmed to form
the notochord and define the axis. Since then, researchers have identified


https://cnx.org/contents/GFy_h8cu@10.95:aK50RjK0@3/Organogenesis-and-Vertebrate-F#fig-ch43_06_03
https://upload.wikimedia.org/wikipedia/commons/9/9b/Figure_43_06_03.jpg

many genes that are responsible for axis formation. Mutations in these
genes leads to the loss of symmetry required for organism development.

Animal bodies have externally visible symmetry. However, the internal
organs are not symmetric. For example, the heart is on the left side and the
liver on the right. The formation of the central left-right axis is an important
process during development. This internal asymmetry is established very
early during development and involves many genes. Research is still
ongoing to fully understand the developmental implications of these genes.

Pharyngeal arches

Unique to the development of vertebrates, a series of pharyngeal arches
forms on each side of the pharynx. These arches contain all three embryonic
tissues and they are precursors for numerous structures in the developing
animal. Each arch contains an artery, a cartilage, a cranial nerve and muscle
tissue.

Schematic
representatio
n of a frontal

section across
the
pharyngeal
arches of a
human


https://en.wikipedia.org/wiki/Vertebrate

embryo,
showing the
main
components
of each arch.
More details.

The first, most anterior pharyngeal arch gives rise to the lower jaw. The
second arch becomes part of the hyoid and most muscles of the facial
expression. In fishes, the posterior pharyngeal arches develop into the
branchial arches or gill arches that support the gills for respiratory gas
exchanges with the medium.

Ventral
view of a
fish (pike)

with the
operculum

s held open
to show the
gill arches
bearing
gills. More
details.
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In tetrapods, the anterior arches also develop into components of the ear,
larynx, tonsils, and thymus, whereas the posterior arches form the larynx,
its muscles and part of the hyoid. The genetic and developmental basis of
pharyngeal arch development is well characterized. It has been shown that
Hox genes and other developmental genes such as DLX are important for
patterning the anterior/posterior and dorsal/ventral axes of the branchial
arches. Some fish species have a second set of jaws in their throat, known
as pharyngeal jaws, which develop using the same genetic pathways
involved in oral jaw formation.

In the human embryo, the arches are first seen during the fourth week of
development. They appear as a series of outpouchings of mesoderm on both
sides of the developing pharynx. The arches are numbered from 1 to 6, with
1 being the arch closest to the head of the embryo, and arch 5 existing only
transiently. The vasculature of the pharyngeal arches is also known as the
aortic arches.

The development of the pharyngeal arches provides a useful landmark with
which to establish the precise stage of embryonic development. Their
formation and development corresponds to Carnegie stages 10 to 16 in
mammals, and Hamburger-Hamilton stages 14 to 28 in the chicken.
Although there are six pharyngeal arches, in humans the fifth arch exists
only transiently during embryogenesis.

Formation of the palate

The palate is the roof of the mouth and it is exclusive to mammals. It
separates the oral cavity from the nasal cavity. A similar structure is found
in crocodilians, but, in most other tetrapods, the oral and nasal cavities are
not truly separate. The palate is divided into two parts, the anterior bony
hard palate, and the posterior fleshy soft palate (or velum).
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Around the 5th week of human development, the intermaxillary segment
arises as a result of fusion of the two medial nasal processes and the
frontonasal process within the embryo. The intermaxillary segment give
rise to the primary palate. The primary palate will form the premaxillary
portion of the maxilla (anterior one-third of the final palate). This small
portion is anterior to the incisive foramen and will contain the maxillary

incisors.

Primitive
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(primary) palate
of a human
embryo of thirty-
seven to thirty-
eight days. More
details.

The development of the secondary palate commences in the sixth week of
human embryological development. It is characterized by the formation of
two palatal shelves on the maxillary prominences, the elevation of these
shelves to a horizontal position, and then a process of palatal fusion
between the horizontal shelves. The shelves will also fuse anteriorly upon
the primary palate, with the incisive foramen being the landmark between
the primary palate and secondary palate. This forms what is known as the
roof of the mouth, or the hard palate.
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Formation of the
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palatal shelves are yet to
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processes. More details.
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The formation and development of the secondary palate occurs through
signaling molecules SHH, BMP-2, FGF-8 among others. Failure of the
secondary palate to develop correctly may result in a cleft palate disorder.
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Cleft palate
Cleft lip and cleft palate, also known as orofacial cleft, is a group of
conditions that includes cleft lip, cleft palate, and both together. A cleft lip

contains an opening in the upper lip that may extend into the nose. The
opening may be on one side, both sides, or in the middle.
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Types of cleft lip. More details ( left, middle, right).

A cleft palate is when the roof of the mouth contains an opening into the
nose. The two plates of the skull that form the hard palate (roof of the
mouth) are not completely joined. The soft palate is in these cases cleft as
well. In most cases, cleft lip is also present. Cleft palate occurs in about one
in 700 live births worldwide.
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Cleft palate can occur as complete (soft and hard palate, possibly including
a gap in the jaw) or incomplete (a 'hole' in the roof of the mouth, usually as
a cleft soft palate). When cleft palate occurs, the uvula is usually split. It
occurs due to the failure of fusion of the lateral palatine processes, the nasal
septum, and/or the median palatine processes.

These disorders can result in feeding problems, speech problems, hearing
problems, and frequent ear infections. Less than half the time the condition
is associated with other disorders.

Incomplete cleft palate Unilateral complete lip
and palate and palate

Bilateral complete lip

Types of cleft palate. More details (left,
middle, right).

The development of the face involves the fusion of elements that grow from
each side and meet in the middle. If these tissues fail to meet, a gap appears
where the tissues should have joined (fused). This may happen in any single
joining site, or simultaneously in several or all of them. The resulting birth
defect reflects the locations and severity of individual fusion failures (e.g.,
from a small lip or palate fissure up to a completely malformed face). More
details.

The upper lip is formed earlier than the palate. Formation of the palate is
the last step in joining five embryonic facial lobes, and involves the most
posterior of them. This process is vulnerable to multiple toxic substances,
environmental pollutants, and nutritional imbalance, in addition to being
influenced by genetic predisposition.
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A cleft lip or palate can be successfully treated with surgery. This is often
done in the first few months of life for cleft lip and before eighteen months
for cleft palate. Speech therapy and dental care may also be needed. The
surgeon approximates the sides of the lips that should have fused and tries
to line up the cut with the natural lines in the upper lip to conceal any scar.
Stitches are positioned far up the nose to make them less visible.
Incomplete cleft provides more tissue for the reconstruction work and tends
to result in a more supple and natural-looking upper lip.

A cleft palate can be temporarily covered with a palatal obturator (a
prosthetic device made to fit the roof of the mouth covering the gap). It can
be corrected by surgery, usually performed between 6 and 12 months.
Approximately 20-25% require a single palatal surgery to achieve normal,
non-hypernasal speech. Combinations of surgical methods and repeated
surgeries are often necessary, however, as the child grows. If the cleft
extends into the maxillary alveolar ridge, the gap is usually corrected by
filling the gap with bone tissue. The bone tissue can be acquired from the
patients own chin, rib or hip.

Cleft palate in animals

Cleft lips and palates are occasionally seen in cattle and dogs, and rarely in
involves the lip, rhinarium, and premaxilla. Clefts of the hard and soft
palate are sometimes seen with a cleft lip. Difficulty with nursing is the
most common problem associated with clefts, but aspiration pneumonia,
regurgitation, and malnutrition are often seen with cleft palate.
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Cleft lip in a
Boxer. More
details.
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Tissue Types

The three types of embryonic tissue originate the four types of mature
tissue. These in turn make up all the organs of the body. One embryonic
tissue can form more than one type of mature tissue, whereas a same type of
mature tissue can be formed from more than one embryonic tissue.

Embryonic vs. Mature Tissues

The three embryonic tissues form the distinct germ layers from which all
the tissues and organs of the human body eventually form. Each germ layer
is identified by its relative position: ectoderm (ecto- = “outer”), mesoderm
(meso- = “middle”), and endoderm (endo- = “inner”). Figure 1 shows the
types of tissues and organs associated with the each of the three germ
layers. Note that epithelial tissue originates in all three layers, whereas
nervous tissue derives primarily from the ectoderm and muscle tissue from

mesoderm.

Four primary body tissues

The tissues of multicellular, complex animals are four primary types:
epithelial, connective, muscle, and nervous. Recall that tissues are groups of
similar cells group of similar cells carrying out related functions. These
tissues combine to form organs—Ilike the skin or kidney—that have
specific, specialized functions within the body. Organs are organized into
organ systems to perform functions; examples include the circulatory
system, which consists of the heart and blood vessels, and the digestive
system, consisting of several organs, including the stomach, intestines,

liver, and pancreas. Organ systems come together to create an entire
organism.



Germ Layer Gives rise to:

Ectoderm Epidermis, glands on skin, some cranial bones, pituitary and adrenal medulla, the nervous
system, the mouth between cheek and gums, the anus

Skin cells Neurons Pigment cell

Mesoderm Connective tissues proper, bone, cartilage, blood, endothelium of blood vessels, muscle,
synovial membranes, serous membranes lining body cavities, kidneys, lining of gonads

A —
Cardiac Skeletal Tubule cell Red blood Smooth
muscle muscle of kidney cells muscle
Endoderm Lining of airways and digestive system except the mouth and distal part of digestive system

(rectum and anal canal); glands (digestive glands, endocrine glands, adrenal cortex)

Lung cell Thyroid cell Pancreatic cell

Embryonic origin of tissues and major organs.
More details.
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Epithelial Tissue

Epithelial tissue forms epithelia (sheets of cells) and glands. The cells are
found next to each other and form connections with each other. They are
classified by cell shape and number of layers of cells. This type of tissue
forms our skin, glands and sheets of tissue that wrap and line hollow organs
and ducts.

Epithelial tissues cover the outside of organs and structures in the body and
line the lumens of organs in a single layer or multiple layers of cells. The
types of epithelia are classified by the shapes of cells present and the
number of layers of cells. An epithelium composed of a single layer of cells
is called a simple epithelium. It it has multiple layers it is called a stratified
epithelium.

Different Types of Epithelial Tissues
Cell shape Description Location

flat, irregular round simple: lung alveol,

squamous capillaries stratified:
shape ; :
skin, mouth, vagina
: h ntral
cuboidal cube shaped, centra glands, renal tubules
nucleus
tall, narrow, nucleus simple: digestive tract
columnar toward base tall, narrow, pseudostratified:
nucleus along cell respiratory tract
- round, simpl :
transitional ound, simple but urinary bladder

appear stratified



Squamous Epithelia

Squamous epithelial cells are generally round, flat, and have a small,
centrally located nucleus. The cell outline is slightly irregular, and cells fit
together to form a covering or lining. When the cells are arranged in a
single layer (simple epithelia), they facilitate diffusion in tissues, such as
the areas of gas exchange in the lungs and the exchange of nutrients and
waste at blood capillaries.

Squamous epithelia cells (a) have a slightly irregular shape,
and a small, centrally located nucleus. These cells can be
stratified into layers, as in (b) this human cervix specimen.
(credit b: modification of work by Ed Uthman; scale-bar
data from Matt Russell). More details.

An epithelium is formed by a layer of squamous cells with their membranes
joined together. The image in the figure above illustrates squamous
epithelial cells arranged in stratified layers, where protection is needed on
the body from outside abrasion and damage. This is called a stratified
squamous epithelium and occurs in the skin and in tissues lining the mouth
and vagina.

Cuboidal Epithelia
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Cuboidal epithelial cells are cube-shaped with a single, central nucleus.
They are most commonly found in a single layer representing a simple
epithelia in glandular tissues throughout the body where they prepare and
secrete glandular material. They are also found in the walls of tubules and
in the ducts of the kidney and liver.

Simple cuboidal
epithelial cells line
tubules in the
mammalian
kidney, where they
are involved in
filtering the blood.
More details.

Columnar Epithelia

Columnar epithelial cells are taller than they are wide: they resemble a
stack of columns in an epithelial layer, and are most commonly found in a
single-layer arrangement. The nuclei of columnar epithelial cells in the
digestive tract appear to be lined up at the base of the cells. These cells
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absorb material from the lumen of the digestive tract and prepare it for entry
into the body through the circulatory and lymphatic systems.

Goblet cells

@ Columnar S
e epithelial cells - -

Simple columnar
epithelial cells
absorb material from
the digestive tract.
Goblet cells secret
mucous into the
digestive tract
lumen. More details.

Columnar epithelial cells lining the respiratory tract appear to be stratified.
However, each cell is attached to the base membrane of the tissue and,
therefore, they are simple tissues. The nuclei are arranged at different levels
in the layer of cells, making it appear as though there is more than one
layer, as seen in Figure. This is called pseudostratified, columnar epithelia.
This cellular covering has cilia at the apical, or free, surface of the cells.
The cilia enhance the movement of mucous and trapped particles out of the
respiratory tract, helping to protect the system from invasive
microorganisms and harmful material that has been breathed into the body.
Goblet cells are interspersed in some tissues (such as the lining of the
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trachea). The goblet cells contain mucous that traps irritants, which in the
case of the trachea keep these irritants from getting into the lungs.

Goblet cells

WA,

é ()]
0 talld " 0
e 0"
- | — -—
ity = =
Pseudostratified

columnar epithelia
line the respiratory
tract. They exist in
one layer, but the
arrangement of
nuclei at different
levels makes it
appear that there is
more than one layer.
Goblet cells
interspersed
between the
columnar epithelial
cells secrete
mucous into the
respiratory tract.
More details.
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Transitional Epithelia

Transitional or uroepithelial cells appear only in the urinary system,
primarily in the bladder and ureter. These cells are arranged in a stratified
layer, but they have the capability of appearing to pile up on top of each
other in a relaxed, empty bladder. As the urinary bladder fills, the epithelial
layer unfolds and expands to hold the volume of urine introduced into it. As
the bladder fills, it expands and the lining becomes thinner. In other words,
the tissue transitions from thick to thin.

— —
_— -—
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Transitional epithelia
of the urinary bladder
undergo changes in
thickness depending
on how full the
bladder is. More
details.
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Connective Tissue

In connective tissue, the cells are usually far away from each other,
separated by a molecular matrix that they secrete. The matrix is reinforced
by protein fibers. The composition of the matrix and fibers is very diverse
and this allows connective tissue to form materials as distinct as bone,
cartilage, blood and tendons.

Connective tissues are made up of a matrix consisting of living cells and a
non-living substance, called the ground substance. The ground substance is
made of an organic substance (usually a protein) and an inorganic substance
(usually a mineral or water). The principal cell of connective tissues is the
fibroblast. This cell makes the fibers found in nearly all of the connective
tissues. Fibroblasts are motile, able to carry out mitosis, and can synthesize
whichever connective tissue is needed. Macrophages, lymphocytes, and,
occasionally, leukocytes can be found in some of the tissues. Some tissues
have specialized cells that are not found in the others. The matrix in
connective tissues gives the tissue its density. When a connective tissue has
a high concentration of cells or fibers, it has proportionally a less dense
matrix.

The organic portion or protein fibers found in connective tissues are either
collagen, elastic, or reticular fibers. Collagen fibers provide strength to the
tissue, preventing it from being torn or separated from the surrounding
tissues. Elastic fibers are made of the protein elastin; this fiber can stretch to
one and one half of its length and return to its original size and shape.
Elastic fibers provide flexibility to the tissues. Reticular fibers are the third
type of protein fiber found in connective tissues. This fiber consists of thin
strands of collagen that form a network of fibers to support the tissue and
other organs to which it is connected.

Connective Tissues



Connective Tissues

Tissue

loose/areolar

dense,
fibrous
connective
tissue

cartilage

bone

adipose

blood

Cells

fibroblasts,
macrophages,
some
lymphocytes,
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neutrophils

fibroblasts,
macrophages,

chondrocytes,
chondroblasts

osteoblasts,
osteocytes,
osteoclasts

adipocytes

red blood
cells, white
blood cells

Loose/Areolar Connective Tissue

Fibers

few: collagen,
elastic,
reticular
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collagen

hyaline: few
collagen
fibrocartilage:
large amount
of collagen

some:
collagen,
elastic

few

none

Location

around blood
vessels;
anchors
epithelia

irregular:
skin regular:
tendons,
ligaments

shark
skeleton,
fetal bones,
human ears,
intervertebral
discs

vertebrate
skeletons

adipose (fat)

blood



Loose connective tissue, also called areolar connective tissue, has a
sampling of all of the components of a connective tissue. Loose connective
tissue has some fibroblasts; macrophages are present as well. Collagen
fibers are relatively wide and stain a light pink, while elastic fibers are thin
and stain dark blue to black. The space between the formed elements of the
tissue is filled with the matrix. The material in the connective tissue gives it
a loose consistency similar to a cotton ball that has been pulled apart. Loose
connective tissue is found around every blood vessel and helps to keep the
vessel in place. The tissue is also found around and between most body
organs. In summary, areolar tissue is tough, yet flexible, and comprises
membranes.

Elastin fiber Fibrablasts Collagen fiber

Loose connective tissue
is composed of loosely
woven collagen and
elastic fibers. The fibers
and other components of
the connective tissue
matrix are secreted by
fibroblasts. More details.

Fibrous Connective Tissue
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Fibrous connective tissues contain large amounts of collagen fibers and few
cells or matrix material. The fibers can be arranged irregularly or regularly
with the strands lined up in parallel. Irregularly arranged fibrous connective
tissues are found in areas of the body where stress occurs from all
directions, such as the dermis of the skin. Regular fibrous connective tissue,
is found in tendons (which connect muscles to bones) and ligaments (which
connect bones to bones).

Fibroblast nuclei Fibroblasts Collagen fibers

Fibrous connective
tissue from the tendon
has strands of
collagen fibers lined
up in parallel. More
details.

Cartilage

Cartilage is a connective tissue with a large amount of the matrix and
variable amounts of fibers. The cells, called chondrocytes, make the matrix
and fibers of the tissue. Chondrocytes are found in spaces within the tissue
called lacunae.
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A cartilage with few collagen and elastic fibers is hyaline cartilage. The
lacunae are randomly scattered throughout the tissue and the matrix takes
on a milky or scrubbed appearance with routine histological stains. Sharks
have cartilaginous skeletons, as does nearly the entire human skeleton
during a specific pre-birth developmental stage. A remnant of this cartilage
persists in the outer portion of the human nose. Hyaline cartilage is also
found at the ends of long bones, reducing friction and cushioning the
articulations of these bones.

Hyaline cartilage
consists of a matrix
with cells called
chondrocytes
embedded in it.
The chondrocytes
exist in cavities in
the matrix called
lacunae. More
details.

Elastic cartilage has a large amount of elastic fibers, giving it tremendous
flexibility. The ears of most vertebrate animals contain this cartilage as do
portions of the larynx, or voice box. Fibrocartilage contains a large amount
of collagen fibers, giving the tissue tremendous strength. Fibrocartilage
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comprises the intervertebral discs in vertebrate animals. Hyaline cartilage
found in movable joints such as the knee and shoulder becomes damaged as
a result of age or trauma. Damaged hyaline cartilage is replaced by
fibrocartilage and results in the joints becoming “stiff.”

Bone

Bone, or osseous tissue, is a connective tissue that has a large amount of
two different types of matrix material. The organic matrix is similar to the
matrix material found in other connective tissues, including some amount of
collagen and elastic fibers. This gives strength and flexibility to the tissue.
The inorganic matrix consists of mineral salts—mostly calcium salts—that
give the tissue hardness. Without adequate organic material in the matrix,
the tissue breaks; without adequate inorganic material in the matrix, the
tissue bends.

There are three types of cells in bone: osteoblasts, osteocytes, and
osteoclasts. Osteoblasts are active in making bone for growth and
remodeling. Osteoblasts deposit bone material into the matrix and, after the
matrix surrounds them, they continue to live, but in a reduced metabolic
state as osteocytes. Osteocytes are found in lacunae of the bone. Osteoclasts
are active in breaking down bone for bone remodeling, and they provide
access to calcium stored in tissues. Osteoclasts are usually found on the
surface of the tissue.

Bone can be divided into two types: compact and spongy. Compact bone is
found in the shaft (or diaphysis) of a long bone and the surface of the flat
bones, while spongy bone is found in the end (or epiphysis) of a long bone.
Compact bone is organized into subunits called osteons. A blood vessel and
a nerve are found in the center of the structure within the Haversian canal,
with radiating circles of lacunae around it known as lamellae. The wavy
lines seen between the lacunae are microchannels called canaliculi; they
connect the lacunae to aid diffusion between the cells. Spongy bone is made
of tiny plates called trabeculae these plates serve as struts to give the
spongy bone strength. Over time, these plates can break causing the bone to
become less resilient. Bone tissue forms the internal skeleton of vertebrate



animals, providing structure to the animal and points of attachment for
tendons.

Compact bone Spongy bone

Lymphatic vessel
Nerve

Blood vessels
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(a) Compact bone is a dense matrix on the
outer surface of bone. Spongy bone, inside
the compact bone, is porous with web-like
trabeculae. (b) Compact bone is organized
into rings called osteons. Blood vessels,
nerves, and lymphatic vessels are found in the
central Haversian canal. Rings of lamellae



surround the Haversian canal. Between the
lamellae are cavities called lacunae.
Canaliculi are microchannels connecting the
lacunae together. (c) Osteoblasts surround the
exterior of the bone. Osteoclasts bore tunnels
into the bone and osteocytes are found in the
lacunae. More details.

Adipose Tissue

Adipose tissue, or fat tissue, is considered a connective tissue even though
it does not have fibroblasts or a real matrix and only has a few fibers.
Adipose tissue is made up of cells called adipocytes that collect and store
fat in the form of triglycerides, for energy metabolism. Adipose tissues
additionally serve as insulation to help maintain body temperatures,
allowing animals to be endothermic, and they function as cushioning
against damage to body organs. Under a microscope, adipose tissue cells
appear empty due to the extraction of fat during the processing of the
material for viewing. The thin lines in the image are the cell membranes,
and the nuclei are the small, black dots at the edges of the cells.
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Adipose is a connective tissue is made
up of cells called adipocytes. These
cells have small nuclei and a large fat
reservoir. More details.

Blood

Blood is considered a connective tissue because it has a matrix, as shown in
Figure. The living cell types are red blood cells (RBC), also called
erythrocytes, and white blood cells (WBC), also called leukocytes. The
fluid portion of whole blood, its matrix, is commonly called plasma.

' - Neutrophil ' .
Macrophage ::.. -
\ o } Monacyte
Lymphocyte

Erythrocyte o
(red blood cell) .
. Basophil

Blood is a connective tissue that has a fluid matrix,
called plasma, and no fibers. Erythrocytes (red
blood cells), the predominant cell type, are involved
in the transport of oxygen and carbon dioxide. Also
present are various leukocytes (white blood cells)
involved in immune response. More details.
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The cell found in greatest abundance in blood is the erythrocyte.
Erythrocytes are counted in millions in a blood sample: the average number
of red blood cells in primates is 4.7 to 5.5 million cells per microliter.
Erythrocytes are consistently the same size in a species, but vary in size
between species. For example, the average diameter of a primate red blood
cell is 7.5 pl, a dog is close at 7.0 pl, but a cat’s RBC diameter is 5.9 pl.
Sheep erythrocytes are even smaller at 4.6 pl. Mammalian erythrocytes lose
their nuclei and mitochondria when they are released from the bone marrow
where they are made. Fish, amphibian, and avian red blood cells maintain
their nuclei and mitochondria throughout the cell’s life. The principal job of
an erythrocyte is to carry and deliver oxygen to the tissues.

Leukocytes are the predominant white blood cells found in the peripheral
blood. Leukocytes are counted in the thousands in the blood with
measurements expressed as ranges: primate counts range from 4,800 to
10,800 cells per pl, dogs from 5,600 to 19,200 cells per pl, cats from 8,000
to 25,000 cells per pl, cattle from 4,000 to 12,000 cells per pl, and pigs
from 11,000 to 22,000 cells per pl.

Lymphocytes function primarily in the immune response to foreign antigens
or material. Different types of lymphocytes make antibodies tailored to the
foreign antigens and control the production of those antibodies. Neutrophils
are phagocytic cells and they participate in one of the early lines of defense
against microbial invaders, aiding in the removal of bacteria that has
entered the body. Another leukocyte that is found in the peripheral blood is
the monocyte. Monocytes give rise to phagocytic macrophages that clean
up dead and damaged cells in the body, whether they are foreign or from the
host animal. Two additional leukocytes in the blood are eosinophils and
basophils—both help to facilitate the inflammatory response.

The slightly granular material among the cells is a cytoplasmic fragment of
a cell in the bone marrow. This is called a platelet or thrombocyte. Platelets
participate in the stages leading up to coagulation of the blood to stop
bleeding through damaged blood vessels. Blood has a number of functions,
but primarily it transports material through the body to bring nutrients to
cells and remove waste material from them.
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Muscle Tissue

Muscle tissue can shorten and this ability provides the body with
movement. Smooth, skeletal and cardiac muscle differ significantly in
morphology and physiology. They are used for different tasks in the body.

There are three types of muscle in animal bodies: smooth, skeletal, and
cardiac. They differ by the presence or absence of striations or bands, the
number and location of nuclei, whether they are voluntarily or involuntarily
controlled, and their location within the body.

Types of Muscles
Type of - : :
Striations Nuclei Control Location
Muscle
single, in : visceral
smooth no involuntary
center organs
man keletal
skeletal yes any, at voluntary skeleta
periphery muscles
: ingle, in :
cardiac yes SINg'e, involuntary heart
center

Smooth Muscle

Smooth muscle does not have striations in its cells. It has a single, centrally
located nucleus. Constriction of smooth muscle occurs under involuntary,
autonomic nervous control and in response to local conditions in the tissues.
Smooth muscle tissue is also called non-striated as it lacks the banded
appearance of skeletal and cardiac muscle. The walls of blood vessels, the



tubes of the digestive system, and the tubes of the reproductive systems are
composed of mostly smooth muscle.

Smooth muscle cells Skeletal muscle cells Cardiac muscle cells
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Smooth muscle cells do not have striations, while skeletal muscle
cells do. Cardiac muscle cells have striations, but, unlike the
multinucleate skeletal cells, they have only one nucleus. Cardiac
muscle tissue also has intercalated discs, specialized regions
running along the plasma membrane that join adjacent cardiac
muscle cells and assist in passing an electrical impulse from cell to
cell. More details.

Smooth muscle (so-named because the cells do not have striations) is
present in the walls of hollow organs like the urinary bladder, uterus,
stomach, intestines, and in the walls of passageways, such as the arteries
and veins of the circulatory system, and the tracts of the respiratory, urinary,
and reproductive systems. Smooth muscle is also present in the eyes, where
it functions to change the size of the iris and alter the shape of the lens; and
in the skin where it causes hair to stand erect in response to cold
temperature or fear.
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Smooth muscle tissue. More details.

Smooth muscle fibers are spindle-shaped (wide in the middle and tapered at
both ends, somewhat like a football) and have a single nucleus; they range
from about 30 to 200 ym (thousands of times shorter than skeletal muscle
fibers), and they produce their own connective tissue, endomysium.
Although they do not have striations and sarcomeres, smooth muscle fibers
do have actin and myosin contractile proteins, and thick and thin filaments.
These thin filaments are anchored by dense bodies. A dense body is
analogous to the Z-discs of skeletal and cardiac muscle fibers and is
fastened to the sarcolemma. When the thin filaments slide past the thick
filaments, they pull on the dense bodies, structures tethered to the
sarcolemma, which then pull on the intermediate filaments networks
throughout the sarcoplasm. This arrangement causes the entire muscle fiber
to contract in a manner whereby the ends are pulled toward the center,
causing the midsection to bulge in a corkscrew motion.
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Contracted muscle cell

Relaxed muscle cell

Intermediate filaments Dense bodies

Contraction mechanism in smooth muscle. More details.

Because most smooth muscles must function for long periods without rest,
their power output is relatively low, but contractions can continue without
using large amounts of energy. Some smooth muscle can also maintain
contractions even as Ca++ is removed and myosin kinase is
inactivated/dephosphorylated. This can happen as a subset of cross-bridges
between myosin heads and actin, called latch-bridges, keep the thick and
thin filaments linked together for a prolonged period, and without the need
for ATP. This allows for the maintaining of muscle “tone” in smooth muscle
that lines arterioles and other visceral organs with very little energy
expenditure.

Smooth muscle is not under voluntary control; thus, it is called involuntary
muscle. The triggers for smooth muscle contraction include hormones,
neural stimulation by the ANS, and local factors. In certain locations, such
as the walls of visceral organs, stretching the muscle can trigger its
contraction (the stress-relaxation response).

Axons of neurons in the ANS do not form the highly organized NMJs with
smooth muscle, as seen between motor neurons and skeletal muscle fibers.
Instead, there is a series of neurotransmitter-filled bulges called varicosities
as an axon courses through smooth muscle, loosely forming motor units
(Figure). A varicosity releases neurotransmitters into the synaptic cleft.
Also, visceral muscle in the walls of the hollow organs (except the heart)
contains pacesetter cells. A pacesetter cell can spontaneously trigger action
potentials and contractions in the muscle.
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Neural stimulation of smooth muscles through
varicosities. More details.

Smooth muscle is organized in two ways: as single-unit smooth muscle,
which is much more common; and as multiunit smooth muscle. The two
types have different locations in the body and have different characteristics.
Single-unit muscle has its muscle fibers joined by gap junctions so that the
muscle contracts as a single unit. This type of smooth muscle is found in the
walls of all visceral organs except the heart (which has cardiac muscle in its
walls), and so it is commonly called visceral muscle. Because the muscle
fibers are not constrained by the organization and stretchability limits of
sarcomeres, visceral smooth muscle has a stress-relaxation response. This
means that as the muscle of a hollow organ is stretched when it fills, the
mechanical stress of the stretching will trigger contraction, but this is
immediately followed by relaxation so that the organ does not empty its
contents prematurely. This is important for hollow organs, such as the
stomach or urinary bladder, which continuously expand as they fill. The
smooth muscle around these organs also can maintain a muscle tone when
the organ empties and shrinks, a feature that prevents “flabbiness” in the
empty organ. In general, visceral smooth muscle produces slow, steady
contractions that allow substances, such as food in the digestive tract, to
move through the body.
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Multiunit smooth muscle cells rarely possess gap junctions, and thus are not
electrically coupled. As a result, contraction does not spread from one cell
to the next, but is instead confined to the cell that was originally stimulated.
Stimuli for multiunit smooth muscles come from autonomic nerves or
hormones but not from stretching. This type of tissue is found around large
blood vessels, in the respiratory airways, and in the eyes.

Skeletal Muscle

Skeletal muscle has striations across its cells caused by the arrangement of
the contractile proteins actin and myosin. These muscle cells are relatively
long and have multiple nuclei along the edge of the cell. Skeletal muscle is
under voluntary, somatic nervous system control and is found in the
muscles that move bones.

The best-known feature of skeletal muscle is its ability to contract and
cause movement. Skeletal muscles act not only to produce movement but
also to stop movement, such as resisting gravity to maintain posture. Small,
constant adjustments of the skeletal muscles are needed to hold a body
upright or balanced in any position. Muscles also prevent excess movement
of the bones and joints, maintaining skeletal stability and preventing
skeletal structure damage or deformation. Joints can become misaligned or
dislocated entirely by pulling on the associated bones; muscles work to
keep joints stable. Skeletal muscles are located throughout the body at the
openings of internal tracts to control the movement of various substances.
These muscles allow functions, such as swallowing, urination, and
defecation, to be under voluntary control. Skeletal muscles also protect
internal organs (particularly abdominal and pelvic organs) by acting as an
external barrier or shield to external trauma and by supporting the weight of
the organs.

Skeletal muscles contribute to the maintenance of homeostasis in the body
by generating heat. Muscle contraction requires energy, and when ATP is
broken down, heat is produced. This heat is very noticeable during exercise,
when sustained muscle movement causes body temperature to rise, and in
cases of extreme cold, when shivering produces random skeletal muscle
contractions to generate heat.



Each skeletal muscle is an organ that consists of various integrated tissues.
These tissues include the skeletal muscle fibers, blood vessels, nerve fibers,
and connective tissue. Each skeletal muscle has three layers of connective
tissue (called “mysia”) that enclose it and provide structure to the muscle as
a whole, and also compartmentalize the muscle fibers within the muscle.
Each muscle is wrapped in a sheath of dense, irregular connective tissue
called the epimysium, which allows a muscle to contract and move
powerfully while maintaining its structural integrity. The epimysium also
separates muscle from other tissues and organs in the area, allowing the
muscle to move independently.

Skeletal muscle Epimysium Muscle fascicles

Perimysium
Endomysium
Muscle fibers

Muscle fascicle

Sarcolemma

The three layers of
connective tissue in the
framework of skeletal
muscles. More details.

Inside each skeletal muscle, muscle fibers are organized into individual
bundles, each called a fascicle, by a middle layer of connective tissue called
the perimysium. This fascicular organization is common in muscles of the
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limbs; it allows the nervous system to trigger a specific movement of a
muscle by activating a subset of muscle fibers within a bundle, or fascicle
of the muscle. Inside each fascicle, each muscle fiber is encased in a thin
connective tissue layer of collagen and reticular fibers called the
endomysium. The endomysium contains the extracellular fluid and nutrients
to support the muscle fiber. These nutrients are supplied via blood to the
muscle tissue.

In skeletal muscles that work with tendons to pull on bones, the collagen in
the three tissue layers (the mysia) intertwines with the collagen of a tendon.
At the other end of the tendon, it fuses with the periosteum coating the
bone. The tension created by contraction of the muscle fibers is then
transferred though the mysia, to the tendon, and then to the periosteum to
pull on the bone for movement of the skeleton. In other places, the mysia
may fuse with a broad, tendon-like sheet called an aponeurosis, or to fascia,
the connective tissue between skin and bones. The broad sheet of
connective tissue in the lower back that the latissimus dorsi muscles (the
“lats”) fuse into is an example of an aponeurosis.

Every skeletal muscle is also richly supplied by blood vessels for
nourishment, oxygen delivery, and waste removal. In addition, every
muscle fiber in a skeletal muscle is supplied by the axon branch of a
somatic motor neuron, which signals the fiber to contract. Unlike cardiac
and smooth muscle, the only way to functionally contract a skeletal muscle
is through signaling from the nervous system.

Cardiac Muscle

Cardiac muscle is found only in the heart. Like skeletal muscle, it has cross
striations in its cells, but cardiac muscle has a single, centrally located
nucleus. Cardiac muscle is not under voluntary control but can be
influenced by the autonomic nervous system to speed up or slow down. An
added feature to cardiac muscle cells is a line than extends along the end of
the cell as it abuts the next cardiac cell in the row. This line is called an
intercalated disc: it assists in passing electrical impulse efficiently from one
cell to the next and maintains the strong connection between neighboring
cardiac cells.
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Nervous Tissue

Neurons can transmit signals at great speeds and long distances. The stimulus
is electrical along the length of the cell and chemical between cells. Neurons
are surrounded, nourished and protected by glial cells, which are much smaller
but present in larger number than neurons. There are several types of glial
cells, varying in function an position in the nervous system.

Nervous tissues are made of cells specialized to receive and transmit electrical
impulses from specific areas of the body and to send them to specific locations
in the body. The main cell of the nervous system is the neuron. The large
structure with a central nucleus is the cell body of the neuron. Projections
from the cell body are either dendrites specialized in receiving input or a
single axon specialized in transmitting impulses. Some glial cells are also
shown. Astrocytes regulate the chemical environment of the nerve cell, and
oligodendrocytes insulate the axon so the electrical nerve impulse is
transferred more efficiently. Other glial cells that are not shown support the
nutritional and waste requirements of the neuron. Some of the glial cells are
phagocytic and remove debris or damaged cells from the tissue. A nerve

consists of neurons and glial cells.
Cell body (soma)

X Axon Oligodendrocyte
¢

@

Dendrites

A neuron and two glial cells.
More details.

Central and Peripheral Nervous Systems

The CNS includes the brain and spinal cord. The PNS is not as contained as
the CNS because it is defined as everything that is not the CNS. Some
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peripheral structures are incorporated into the other organs of the body. In
describing the anatomy of the PNS, it is necessary to describe the common
structures, the nerves and the ganglia, as they are found in various parts of the
body. Many of the neural structures that are incorporated into other organs are
features of the digestive system; these structures are known as the enteric
nervous system and are a special subset of the PNS.

Ganglia

A ganglion is a group of neuron cell bodies in the periphery. Ganglia can be
categorized, for the most part, as either sensory ganglia or autonomic ganglia,
referring to their primary functions. The most common type of sensory
ganglion is a dorsal (posterior) root ganglion. These ganglia are the cell bodies
of neurons with axons that are sensory endings in the periphery, such as in the
skin, and that extend into the CNS through the dorsal nerve root. The ganglion
is an enlargement of the nerve root. Under microscopic inspection, it can be
seen to include the cell bodies of the neurons, as well as bundles of fibers that
are the posterior nerve root. The cells of the dorsal root ganglion are unipolar
cells, classifying them by shape. Also, the small round nuclei of satellite cells
can be seen surrounding—as if they were orbiting—the neuron cell bodies.

Unipolar sensory neurons in a dorsal root
ganglion of a dog. Light microscopy, magnified
40x. (Image provided by the Regents of



University of Michigan Medical School © 2012).
More details.

Nerves

Bundles of axons in the PNS are referred to as nerves. These structures in the
periphery are different than the central counterpart, called a tract. Nerves are
composed of more than just nervous tissue. They have connective tissues
invested in their structure, as well as blood vessels supplying the tissues with
nourishment. The outer surface of a nerve is a surrounding layer of fibrous
connective tissue called the epineurium. Within the nerve, axons are further
bundled into fascicles, which are each surrounded by their own layer of
fibrous connective tissue called perineurium. Finally, individual axons are
surrounded by loose connective tissue called the endoneurium. These three
layers are similar to the connective tissue sheaths for muscles. Nerves are
associated with the region of the CNS to which they are connected, either as
cranial nerves connected to the brain or spinal nerves connected to the spinal
cord.
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The structure of a nerve. Light
microscopy, magnified 40x.
(Micrograph provided by the

Regents of University of Michigan

Medical School © 2012). More

details.

Sensory Receptors

Stimuli in the environment activate specialized receptor cells in the peripheral
nervous system. Different types of stimuli are sensed by different types of
receptor cells. Receptor cells can be classified into types on the basis of three
different criteria: cell type, position, and function. Receptors can be classified
structurally on the basis of cell type and their position in relation to stimuli
they sense. They can also be classified functionally on the basis of the
transduction of stimuli, or how the mechanical stimulus, light, or chemical

changed the cell membrane potential.


https://upload.wikimedia.org/wikipedia/commons/a/ac/1319_Nerve_StructureN.jpg

Structural Receptor Types

The cells that interpret information about the environment can be either (1) a
neuron that has a free nerve ending, with dendrites embedded in tissue that
would receive a sensation; (2) a neuron that has an encapsulated ending in
which the sensory nerve endings are encapsulated in connective tissue that
enhances their sensitivity; or (3) a specialized receptor cell, which has distinct
structural components that interpret a specific type of stimulus. The pain and
temperature receptors in the dermis of the skin are examples of neurons that
have free nerve endings. Also located in the dermis of the skin are lamellated
corpuscles, neurons with encapsulated nerve endings that respond to pressure
and touch. The cells in the retina that respond to light stimuli are an example
of a specialized receptor, a photoreceptor.

Free nerve endings
(dendrites)

Encapsulated
nerve ending

Rod i / Bipolar cell

(c) Specialized receptor cell

Receptor cell types can be classified on the
basis of their structure. Sensory neurons can
have either (a) free nerve endings or (b)
encapsulated endings. Photoreceptors in the
eyes, such as rod cells, are examples of (c)
specialized receptor cells. These cells release
neurotransmitters onto a bipolar cell, which
then synapses with the optic nerve neurons.
More details.
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Another way that receptors can be classified is based on their location relative
to the stimuli. An exteroceptor is a receptor that is located near a stimulus in
the external environment, such as the somatosensory receptors that are located
in the skin. An interoceptor is one that interprets stimuli from internal organs
and tissues, such as the receptors that sense the increase in blood pressure in
the aorta or carotid sinus. Finally, a proprioceptor is a receptor located near a
moving part of the body, such as a muscle, that interprets the positions of the
tissues as they move.

Functional Receptor Types

A third classification of receptors is by how the receptor transduces stimuli
into membrane potential changes. Stimuli are of three general types. Some
stimuli are ions and macromolecules that affect transmembrane receptor
proteins when these chemicals diffuse across the cell membrane. Some stimuli
are physical variations in the environment that affect receptor cell membrane
potentials. Other stimuli include the electromagnetic radiation from visible
light. For humans, the only electromagnetic energy that is perceived by our
eyes is visible light. Some other organisms have receptors that humans lack,
such as the heat sensors of snakes, the ultraviolet light sensors of bees, or
magnetic receptors in migratory birds.

Receptor cells can be further categorized on the basis of the type of stimuli
they transduce. Chemical stimuli can be interpreted by a chemoreceptor that
interprets chemical stimuli, such as an object’s taste or smell. Osmoreceptors
respond to solute concentrations of body fluids. Additionally, pain is primarily
a chemical sense that interprets the presence of chemicals from tissue damage,
or similar intense stimuli, through a nociceptor. Physical stimuli, such as
pressure and vibration, as well as the sensation of sound and body position
(balance), are interpreted through a mechanoreceptor. Another physical
stimulus that has its own type of receptor is temperature, which is sensed
through a thermoreceptor that is either sensitive to temperatures above (heat)
or below (cold) normal body temperature.

Somatosensation (Touch)



Somatosensation is considered a general sense, as opposed to the special
senses discussed in this section. Somatosensation is the group of sensory
modalities that are associated with touch, proprioception, and interoception.
These modalities include pressure, vibration, light touch, tickle, itch,
temperature, pain, proprioception, and kinesthesia. This means that its
receptors are not associated with a specialized organ, but are instead spread
throughout the body in a variety of organs. Many of the somatosensory
receptors are located in the skin, but receptors are also found in muscles,
tendons, joint capsules, ligaments, and in the walls of visceral organs.

Two types of somatosensory signals that are transduced by free nerve endings
are pain and temperature. These two modalities use thermoreceptors and
nociceptors to transduce temperature and pain stimuli, respectively.
Temperature receptors are stimulated when local temperatures differ from
body temperature. Some thermoreceptors are sensitive to just cold and others
to just heat. Nociception is the sensation of potentially damaging stimuli.
Mechanical, chemical, or thermal stimuli beyond a set threshold will elicit
painful sensations. Stressed or damaged tissues release chemicals that activate
receptor proteins in the nociceptors. For example, the sensation of heat
associated with spicy foods involves capsaicin, the active molecule in hot
peppers. Capsaicin molecules bind to a transmembrane ion channel in
nociceptors that is sensitive to temperatures above 37°C. The dynamics of
capsaicin binding with this transmembrane ion channel is unusual in that the
molecule remains bound for a long time. Because of this, it will decrease the
ability of other stimuli to elicit pain sensations through the activated
nociceptor. For this reason, capsaicin can be used as a topical analgesic, such
as in products such as Icy Hot™,
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Tactile receptors of the skin. More details.

If you drag your finger across a textured surface, the skin of your finger will
vibrate. Such low frequency vibrations are sensed by mechanoreceptors called
Merkel cells, also known as type I cutaneous mechanoreceptors. Merkel cells
are located in the stratum basale of the epidermis. Deep pressure and vibration
is transduced by lamellated (Pacinian) corpuscles, which are receptors with
encapsulated endings found deep in the dermis, or subcutaneous tissue. Light
touch is transduced by the encapsulated endings known as tactile (Meissner)
corpuscles. Follicles are also wrapped in a plexus of nerve endings known as
the hair follicle plexus. These nerve endings detect the movement of hair at
the surface of the skin, such as when an insect may be walking along the skin.
Stretching of the skin is transduced by stretch receptors known as bulbous
corpuscles. Bulbous corpuscles are also known as Ruffini corpuscles, or type
IT cutaneous mechanoreceptors.

Other somatosensory receptors are found in the joints and muscles. Stretch
receptors monitor the stretching of tendons, muscles, and the components of
joints. For example, have you ever stretched your muscles before or after
exercise and noticed that you can only stretch so far before your muscles
spasm back to a less stretched state? This spasm is a reflex that is initiated by
stretch receptors to avoid muscle tearing. Such stretch receptors can also
prevent over-contraction of a muscle. In skeletal muscle tissue, these stretch
receptors are called muscle spindles. Golgi tendon organs similarly transduce
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the stretch levels of tendons. Bulbous corpuscles are also present in joint
capsules, where they measure stretch in the components of the skeletal system

within the joint.

Mechanoreceptors of Somatosensation

Name

Free nerve
endings

Mechanoreceptors

Bulbous
corpuscle

Tactile corpuscle

Historical
(eponymous)
name

Merkel’s
discs

Ruffini’s
corpuscle

Meissner’s
corpuscle

Location(s)

Dermis,
cornea,
tongue, joint
capsules,
visceral
organs

Epidermal—
dermal
junction,
mucosal
membranes

Dermis, joint
capsules

Papillary
dermis,
especially in
the fingertips
and lips

Stimuli

Pain,
temperature,
mechanical
deformation

Low
frequency
vibration
(5-15 Hz)

Stretch

Light touch,
vibrations
below 50
Hz
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Chordates

Chordates are animals that have a notocord. This includes cephalochordates
(lancelets), urochordates (sea-squirts) and all vertebrates. The body of a
lancelet resembles that of a fish and it has a notocord but lacks a skeleton.
Sea-squirts are mostly marine filter-feeders with a sessile adult form that
lives attached to the bottom, but a free-swimming larva that presents a
notocord.

A major distinctive feature of chordates in relation to other animals is the

ability of producing three closely-related hard tissues: cartilage, bone and

teeth. Most of the fossil record available for the group derives from these

hard tissues which improved the defense, locomotion and feeding abilities
of these animals.

The diagnostic feature of a chordate is having a notochord, which is a
flexible rod made out of a material similar to cartilage. If a species has a
notochord, it is a chordate. The notochord lies along the anteroposterior
("head to tail") axis. It is usually found closer to the dorsal than to the
ventral surface of the animal, and it is composed of cells derived from the
mesoderm. Many functions have been attributed to the notochord. These
include serving as a site of muscle attachment, a vertebral precursor, and a
midline tissue that provides signals to the surrounding tissues during
development.

Notochords are thought to be advantageous (both in an evolutionary and
developmental context) because they provide(d) rigid structure for muscle
attachment, but were still flexible. In some chordates, it persists throughout
life as the main axial support of the body, while in most tetrapods it
becomes the nucleus pulposus of the intervertebral disc. The notochord
plays a key role in signalling and coordinating development. Embryos of
vertebrates still form transient notochord structures today during the
gastrulation phase of development. The notochord is found ventral to the
neural tube.
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Notochord of the spotted African lungfish
(Protopterus dolloi). More details.

The phylum Chordata is formed by three major groups: Cephalochordata
(lancelets), Tunicata (sea squirts) and Craniata (vertebrates).

Lancelets

Lancelets make the oldest of the three. They comprise about 32 species of
fish-like marine chordates in the order Amphioxiformes, with a global
distribution in shallow temperate (as far north as Scotland) and tropicalseas,
usually found half-buried in sand. They are the modern representatives of
the subphylum Cephalochordata. In Asia, they are harvested commercially
as food for humans and domesticated animals. Although lancelets split from
vertebrates more than 520 million years ago, their genomes hold clues
about evolution, particularly how vertebrates have employed old genes for
new functions.
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Lancelet (Branchiostoma

lanceolatum). More details.

Lancelets are typically 5 cm (2.0 in) long, or 7 cm (2.8 in) at the longest.
They have a translucent, somewhat fish-like body, but without any paired
fins or other limbs. A relatively poorly developed tail fin is present, so they
are not especially good swimmers. While they do possess some cartilage-
like material stiffening the gill slits, mouth, and tail, they have no true
skeleton.


https://en.wikipedia.org/wiki/Cartilage
https://en.wikipedia.org/wiki/Gill_slit
https://en.wikipedia.org/wiki/Branchiostoma_lanceolatum
https://upload.wikimedia.org/wikipedia/commons/4/47/Branchiostoma_lanceolatum.jpg

Anterior anatomy of
the lancelet. A: buccal
cirri, B: wheel organ,
C: velum, D: rostrum,
E: notochord extending
beyond nerve cord, F:
nerve cord, G:
Hatschek's pit, H: fin
rays, I: gill bar, J:
buccal cavity
(vestibule). More
details.

Lancelets also have oral cirri, thin tentacle-like strands that hang in front of
the mouth and act as sensory devices and as a filter for the water passing
into the body. Water passes from the mouth into the large pharynx, which is
lined by numerous gill-slits. The ventral surface of the pharynx contains a
groove, called the endostyle, which, connected to a structure known as
Hatschek's pit, produces a film of mucus. Ciliary action pushes the mucus
in a film over the surface of the gill slits, trapping suspended food particles
as it does so. The mucus is collected in a second, dorsal, groove, and passed
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back to the rest of the digestive tract. Having passed through the gill slits,
the water enters an atrium surrounding the pharynx, then exits the body via
the atriopore.

Internal morphology of the lancelet. 1. brain-like blister
2. notochord 3. dorsal nerve cell 4. post-anal tail 5. anus
6. food canal 7. blood system 8. abdominal porus 9.
overpharynx lacuna 10. gill's slit 11. pharynx 12. mouth
lacuna 13. mimosa 14. mouth gap 15. gonads
(ovary/testicle) 16. light sensor 17. nerves 18. abdominal
ply 19. hepatic caecum. More details.

Both adults and larvae exhibit a "cough" reflex to clear the mouth or throat
of debris or items too large to swallow. In larvae the action is mediated by
the pharyngial muscles while in the adult animal it is accomplished by atrial
contraction.

The remainder of the digestive system consists of a simple tube running
from the pharynx to the anus. The hepatic caecum, a single blind-ending
caecum, branches off from the underside of the gut, with a lining able to
phagocytize the food particles, a feature not found in vertebrates. Although
it performs many functions of a liver, it is not considered a true liver but a
homolog of the vertebrate liver.

Lancelets have no respiratory system, breathing solely through their skin,
which consists of a simple epithelium. Despite the name, little if any
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respiration occurs in the gill slits, which are solely devoted to feeding. The
circulatory system does resemble that of primitive fish in its general layout,
but is much simpler, and does not include a heart. There are no blood cells,
and no haemoglobin.

Sea squirts

Tunicates live as solitary individuals, but others replicate by budding and
become colonies. They are marine filter feeders with a water-filled, sac-like
body structure and two tubular openings, known as siphons, through which
they draw in and expel water. During their respiration and feeding, they
take in water through the incurrent (or inhalant) siphon and expel the
filtered water through the excurrent (or exhalant) siphon. Most adult
tunicates are sessile, and are permanently attached to rocks or other hard
surfaces on the ocean floor. Others, such as salps, doliolids and pyrosomes,
swim in the pelagic zone of the sea as adults. Various species are commonly
known as sea squirts, sea pork, sea livers, or sea tulips.

A colony of the sea
squirt Didemnum molle.
More details.

The earliest species of tunicate appeared in the fossil record in the early
Cambrian period. Despite their simple appearance and very different adult
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form, their close relationship to the vertebrates is evidenced by the fact that
during their mobile larval stage, they possess a notochord or stiffening rod
and resemble a tadpole. Their name derives from their unique outer
covering or "tunic", which is formed from proteins and carbohydrates, and
acts as an exoskeleton. In some species, it is thin, translucent, and
gelatinous, while in others it is thick, tough, and stiff.
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Branchial siphon
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Adhesive
papillae ‘

Nerve cord
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Anatomy of a larval tunicate. More details.
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Vertebrates

While a notocord is a common feature of chordates, a cartilaginous or bony
skull is a more recent feature and it is only found in vertebrates. Bony jaws
make another feature that evolved later in groups of fishes that became
highly diverse.

While lancelets and sea squirts had a notochord, they lacked a skull and
vertebral column. These features are only found in the subphylum
Vertebrata (also called Craniata) containing about 64,000 species.
Vertebrates include the jawless fish and the jawed vertebrates, which
include the cartilaginous fish (sharks and rays) and the bony fish. All
tetrapods (amphibians, reptiles, birds and mammals) originated from bony
fish.
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Evolution and species richness of the vertebrate
classes. More details.

The oldest vertebrates are the jawless fish (Agnatha). Their cranium is
normally represented by a trough-like basket of cartilaginous elements only
partially enclosing the brain, and associated with the capsules for the inner
ears and the single nostril. The oldest fossil agnathans appeared in the
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Cambrian, and two groups still survive today: the lampreys and the hagfish,
comprising about 120 species in total.

Lamprey

Adults superficially resemble eels in that they have scaleless, elongated
bodies. They have a cartilaginousskeleton (including skull) and can range
from 13 to 100 cm (5 to 40 inches) in length. Instead of true vertebrae, they
have a series of cartilaginous structures called arcualia arranged above the
notochord. Lacking paired fins, adult lampreys have large eyes, one nostril
on the top of the head, and seven gill pores on each side of the head.

‘ £ Lamprey Larva
s {unknown species)

Morphology of a larval lamprey.
More details.

The adult lamprey may be characterized by a jawless, toothed, funnel-like
sucking mouth. The teeth are actually keratinous structures. They lack
dentin an enameloid (a broader term that comprehends enamel and several
variants), and they are not homologous to vertebrate teeth. The pharynx is
subdivided: the ventral part forms a respiratory tube that is isolated from the
mouth by a valve called the velum. This is an adaptation to how the adults
feed. It prevents the prey's body fluids from escaping through the gills or
interfering with gas exchange, which takes place by pumping water in and
out of the gill pouches instead of taking it in through the mouth. Near the
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gills are the eyes, which are poorly developed and buried under skin in the
larvae. Parasitic lampreys feed on prey as adults by attaching their mouths
to the target animal's body, then using their teeth to cut through surface
tissues until they reach blood and body fluid.

[link]

Lampetra fluviatilis from the German

North sea. More details.

[link]

Hagfish

These are eel-shaped, slime-producing marine fish (occasionally called
slime eels) about 0.5 m (19.7 in) in length. They are the only known living
animals that have a skull but no vertebral column. Along with lampreys,
hagfish are jawless; they are the sister group to vertebrates, and living
hagfish remain similar to hagfish from around 300 million years ago. The
skin of hagfish has copious slime glands, the slime constituting their
defense mechanism. The slime can sometimes clog up enemy fishes' gills,
causing them to die.
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Pacific hagfish
resting on the
ocean bottom, at
280 m depth off the
Oregon coast.
More details.

Other jawless fishes (Ostracoderms) were prominent in the oceans of the
early Paleozoic. Cyclostomes (lamprey and hagfish) apparently split from
the other agnathans before the evolution of dentine and bone, which are
present in many fossil Ostracoderms. They were frequently armored with
heavy bony plates. These Ostracoderms reached the high point of their
evolution in the Late Silurian. Most of them, such as thelodonts,
osteostracans, and galeaspids, were more closely related to the
gnathostomes than to the cyclostomes (lamprey and hagfish). Agnathans
declined in the Devonian and never recovered.

Jawed vertebrates

The infra-phylum Gnathostomata is comprised of vertebrates with jaws. It
is believed that the jaws evolved from anterior gill support arches that had
acquired a new role. Instead of being used for biting, their main role was to
pump water over the gills by opening and closing the mouth more
effectively — the buccal pump mechanism. The mouth could then grow
bigger and wider, making it possible to capture larger prey. This close and
open mechanism would, with time, become stronger and tougher, being
transformed into biting jaws.
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Jawed fishes had two large initial radiations (Placodermi and Acanthodii)
but both became extinct during the Paleozoic. Placoderms were the oldest
and they had the head and thoracis highly armored. Some of them reached
very large sizes, like Dunkleosteus terrelli measuring up to 6 m (20 ft) long
and 1 ton in weight. It was an apex predator.

The
placodermDunkleosteus
, an early jawed
vertebrate. More details.

The Acanthodii shared features with both bony fish and cartilaginous fish.
In form they resembled sharks, but their epidermis was covered with tiny
rhomboid platelets like the scales of holosteans (gars, bowfins). They
represent several independent phylogenetic branches of fishes leading to the
still-extantChondrichthyes.

The remaining main radiations of fishes are the cartilaginous fishes
(Chondrichthyes) and the bony fishes (Osteichthyes).

Cartilaginous fishes

This group includes sharks, rays and a few other fishes. They are
distinguished from all other jawed fishes by having a cartilaginous skeleton.
This is believed to be a secondary loss because the common ancestor of
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jawed fishes is thought to have been a placoderm fish with bony skeleton. A
notochord, is present in young cartilaginous fishes, but it is gradually
replaced by cartilage.

[link]

Great white shark,
Carcharodon
carcharias. More
details.

[Link]

Cartilaginous fishes, such as sharks and rays have simple skull structures.
The cranium is a single structure forming a case around the brain, enclosing
the lower surface and the sides, but always at least partially open at the top
as a large fontanelle. The most anterior part of the cranium includes a
forward plate of cartilage, the rostrum, and capsules to enclose the olfactory
organs. Behind these are the orbits, and then an additional pair of capsules
enclosing the structure of the inner ear. Finally, the skull tapers towards the
rear, where the foramen magnum lies immediately above a single condyle,
articulating with the first vertebra. There are, in addition, at various points
throughout the cranium, smaller foramina for the cranial nerves. The jaws
consist of separate hoops of cartilage, almost always distinct from the
cranium proper.
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Bony fishes

Bony fishes (Osteichthyes) are characterized by a relatively stable pattern
of cranial bones with medial insertion of a mandibular muscle in the lower
jaw. The head and pectoral girdles are covered with large dermal bones. The
eyeball is supported by a sclerotic ring of four small bones, but this
characteristic has been lost or modified in many modern species. The
labyrinth in the inner ear contains large otoliths. The braincase, or
neurocranium, is frequently divided into anterior and posterior sections
divided by a fissure. They also have an gperculum, which helps them
breathe without having to swim. Mucus glands coat the body and most
species have smooth and overlapping scales.

The Osteichthyes are divided into two groups: ray-finned fish
(Actinopterygii) and lobe-finned fish (Sarcopterygii). The former group
accounts for 99% of the nearly 30,000 known species of fish. Although
currently small, the later group gave origin to all tetrapods.

Chondrostei (sturgeons, paddlefishes, reedfishes, bichirs) ~S-jmp

Holostei (bowfins, gars) 275 mya si—r——
Neopterygii 360 mya
Teleostei 310 mya *

Osteichthyes —Coelacanths, Lungfish *

Actinopterygii 400 mya

Armphibians

Mammals &
Amniota
Sauropsids (reptiles, birds) C#

Phylogeny of bony fishes and tetrapods. More details.

Sarcopterygii

Tetrapods
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Ray-finned fishes

There has been considerable modification from the primitive skull pattern
in ray-finned fishes. The roof of the skull is generally well formed, and
although the exact relationship of its bones to those of tetrapods is unclear,
they are usually given similar names for convenience. Other elements of the
skull, however, may be reduced; there is little cheek region behind the
enlarged orbits, and little, if any bone in between them. The upper jaw is
often formed largely from the premaxilla, with the maxilla itself located
further back, and an additional bone, the symplectic, linking the jaw to the
rest of the cranium.

Skeleton of the
lingcod (Ophiodon
elongatus), a ray-
finned fish. More
details.

Lobe-finned fishes

Early lobe-finned fishes were bony fish with fleshy, lobed, paired fins,
which are joined to the body by a single bone. All sarcopterygians possess
teeth covered with true enamel. They present a well developed internal
skeleton and the ability of breathing air. Most species of lobe-finned fishes
are extinct. The largest known lobe-finned fish was Rhizodus hibberti from
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the Carboniferous period of Scotland which may have exceeded 7 meters in
length. Among the two groups of extant (living) species, the coelacanths
and the lungfishes, the largest species is the West Indian Ocean coelacanth,
reaching 2 m (6.5 ft) in length and weighing up 110 kg (240 Ib). The largest
lungfish is the African lungfish which can reach 2 m (6.6 ft) in length and
weigh up to 50 kg (110 Ib). These fishes share many morphological
characteristics with the common ancestors of tetrapods due to common
ancestry.

Queensland lungfish. More details.
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Tetrapods

As vertebrates colonized the ground, they evolved stronger and simpler
skulls. These have basically two parts: the neurocranium protecting the
brain, and the splanchnocranium forming the face. The neurocranium is
further divided into dermatocranium and endocranium based on the
developmental history of its bones. Several of the skull bones fuse during
development, resulting in fewer bones in adults.

The skulls of the earliest tetrapods closely resembled those of their
ancestors amongst the lobe-finned fishes. The skull roof is formed of a
series of plate-like bones, including the maxilla, frontals, parietals, and
lacrimals, among others. It is overlaying the endocranium, corresponding to
the cartilaginous skull in sharks and rays. The various separate bones that
compose the temporal bone of humans are also part of the skull roof series.
A further plate composed of four pairs of bones forms the roof of the
mouth; these include the vomer and palatine bones. The base of the cranium
is formed from a ring of bones surrounding the foramen magnum and a
median bone lying further forward; these are homologous with the occipital
bone and parts of the sphenoid in mammals. Finally, the lower jaw is
composed of multiple bones, only the most anterior of which (the dentary)
is homologous with the mammalian mandible. In living tetrapods, a great
many of the original bones have either disappeared or fused into one
another in various arrangements.

The structure of the tetrapod skull

The skull can be divided into neurocranium (braincase, calvaria) which is
formed by the bones surrounding the brain, and the splanchnocranium
(fascial skeleton) which is formed by the bones of the face.
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The neurocranium is further divided into dermatocranium (skull roof),
which is the squamous shell formed through intramembranous ossification,
and the endocranium (chondrocranium), which is formed from a cartilage
template, by endochondral ossification. The dermatocranium is a set of
bones covering the brain, eyes and nostrils in bony fishes and all land-living
vertebrates.
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The full complement of
bones of the tetrapod skull
roof, as seen in the
labyrinthodontXenotosuchus
. More details.

The early armoured fish did not have a skull in the common understanding
of the word, but had an endocranium that was partially open above, topped
by dermal bones forming armour. The dermal bones gradually evolved into
a fixed unit overlaying the endocranium like a heavy "lid", protecting the
animal's head and brain from above. Cartilaginous fish whose skeleton is
formed from cartilage lack a continuous dermal armour and thus have no
proper skull roof. A more or less full shield of fused dermal bones was
common in early bony fishes of the Devonian, and particularly well
developed in shallow water species.

The endocranium has a boxlike shape, open at the top. The posterior margin
exhibit the foramen magnum, an opening for the spinal cord. The floor of
the endocranium has several paired openings for the cranial nerves, and the
anterior margin holds a spongy construction, allowing for the external nasal
nerves to pass through. All bones of the structure derive from the cranial
neural crest during fetal development and form by endochondral
ossification.

In humans and other mammals, the endocranium forms during fetal
development as a cartilaginous neurocranium, that ossifies from several
centers. Several of these bones merge, and in the adult primates (including
humans), the endocranium is composed of only five bony elements (from
front to back):

e The Ethmoid bone, lying behind the nose.

e The Sphenoid bone, underlying the forward portion of the brain

¢ Paired petrous part of the temporal bones, containing the inner ear
structures

e The Occipital bone, surrounding the foramen magnum
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Notice that several of these bones also have a squamous region that is
formed by dermal bone. Therefore only a portion of them is really part of
the endocranium.

The ossified
endocranium of a
human skull.
Endocranial
elements colored in
pink. More details.
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Overview of the Human Skull

The human skull is formed by 22 bones. Eight of them form the cranium,
which surrounds and protects the brain. The face is formed by 14 bones:
three pairs in the nasal region, three pairs in the oral region and two
unpaired bones which are the mandible and the vomer. The skull also has
accessory bones which include the hyoid and three pairs of auditory
ossicles.

The Human Skull

The cranium (skull) is the skeletal structure of the head that supports the
face and protects the brain. It is subdivided into the facial bones and the
brain case, or cranial vault. The facial bones underlie the facial structures,
form the nasal cavity, enclose the eyeballs, and support the teeth of the
upper and lower jaws. The rounded brain case surrounds and protects the
brain and houses the middle and inner ear structures.

In the adult, the skull consists of 22 individual bones, 21 of which are
immobile and united into a single unit. The 22nd bone is the mandible
(lower jaw), which is the only movable bone of the skull.

Brain case

I— Facial bones




The skull consists of the rounded brain
case that houses the brain and the facial
bones that form the upper and lower
jaws, nose, orbits, and other facial
structures. More details.

Anterior View of Skull

The anterior skull consists of the facial bones and provides the bony support
for the eyes and structures of the face. This view of the skull is dominated
by the openings of the orbits and the nasal cavity. Also seen are the upper
and lower jaws, with their respective teeth.

The orbit is the bony socket that houses the eyeball and muscles that move
the eyeball or open the upper eyelid. The upper margin of the anterior orbit
is the supraorbital margin. Located near the midpoint of the supraorbital
margin is a small opening called the supraorbital foramen. This provides for
passage of a sensory nerve to the skin of the forehead. Below the orbit is the
infraorbital foramen, which is the point of emergence for a sensory nerve
that supplies the anterior face below the orbit.
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Anterior view

An anterior view of the skull shows the bones that
form the forehead, orbits (eye sockets), nasal
cavity, nasal septum, and upper and lower jaws.
More details.

Inside the nasal area of the skull, the nasal cavity is divided into halves by
the nasal septum. The upper portion of the nasal septum is formed by the
perpendicular plate of the ethmoid bone and the lower portion is the vomer
bone. Each side of the nasal cavity is triangular in shape, with a broad
inferior space that narrows superiorly. When looking into the nasal cavity
from the front of the skull, two bony plates are seen projecting from each
lateral wall. The larger of these is the inferior nasal concha, an independent
bone of the skull. Located just above the inferior concha is the middle nasal
concha, which is part of the ethmoid bone. A third bony plate, also part of
the ethmoid bone, is the superior nasal concha. It is much smaller and out of
sight, above the middle concha. The superior nasal concha is located just
lateral to the perpendicular plate, in the upper nasal cavity.


https://upload.wikimedia.org/wikipedia/commons/d/d7/704_Skull-01.jpg

Lateral View of Skull

A view of the lateral skull is dominated by the large, rounded brain case
above and the upper and lower jaws with their teeth below. Separating these
areas is the bridge of bone called the zygomatic arch. The zygomatic arch is
the bony arch on the side of skull that spans from the area of the cheek to
just above the ear canal. It is formed by the junction of two bony processes:
a short anterior component, the temporal process of the zygomatic bone (the
cheekbone) and a longer posterior portion, the zygomatic process of the
temporal bone, extending forward from the temporal bone. Thus the
temporal process (anteriorly) and the zygomatic process (posteriorly) join
together, like the two ends of a drawbridge, to form the zygomatic arch.
One of the major muscles that pulls the mandible upward during biting and
chewing arises from the zygomatic arch.

On the lateral side of the brain case, above the level of the zygomatic arch,
is a shallow space called the temporal fossa. Below the level of the
zygomatic arch and deep to the vertical portion of the mandible is another
space called the infratemporal fossa. Both the temporal fossa and
infratemporal fossa contain muscles that act on the mandible during
chewing.
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The lateral skull shows the large rounded
brain case, zygomatic arch, and the upper
and lower jaws. The zygomatic arch is
formed jointly by the zygomatic process
of the temporal bone and the temporal
process of the zygomatic bone. The
shallow space above the zygomatic arch is
the temporal fossa. The space inferior to
the zygomatic arch and deep to the
posterior mandible is the infratemporal
fossa. More details.
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Cranial Bones

The cranium is formed by eight bones: two pairs and four single bones. The
paired bones are the parietal and temporal bones. The single bones are the
occipital, frontal sphenoid and ethmoid bones. All of these bones form part
of the braincase which surrounds and protects the brain.

Bones of the Brain Case

The brain case contains and protects the brain. The interior space that is
almost completely occupied by the brain is called the cranial cavity. This
cavity is bounded superiorly by the rounded top of the skull, which is called
the calvaria (skullcap), and the lateral and posterior sides of the skull. The
bones that form the top and sides of the brain case are usually referred to as
the “flat” bones of the skull.

The floor of the brain case is referred to as the base of the skull. This is a
complex area that varies in depth and has numerous openings for the
passage of cranial nerves, blood vessels, and the spinal cord. Inside the
skull, the base is subdivided into three large spaces, called the anterior
cranial fossa, middle cranial fossa, and posterior cranial fossa (fossa =
“trench or ditch”). From anterior to posterior, the fossae increase in depth.
The shape and depth of each fossa corresponds to the shape and size of the
brain region that each houses. The boundaries and openings of the cranial
fossae (singular = fossa) will be described in a later section.
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The bones of the brain case
surround and protect the
brain, which occupies the
cranial cavity. The base of the
brain case, which forms the
floor of cranial cavity, is
subdivided into the shallow
anterior cranial fossa, the
middle cranial fossa, and the
deep posterior cranial fossa.
More details.

The brain case consists of eight bones. These include the paired parietal and
temporal bones, plus the unpaired frontal, occipital, sphenoid, and ethmoid
bones.
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Parietal Bone

The parietal bone forms most of the upper lateral side of the skull. These
are paired bones, with the right and left parietal bones joining together at
the top of the skull. Each parietal bone is also bounded anteriorly by the
frontal bone, inferiorly by the temporal bone, and posteriorly by the
occipital bone.

Temporal Bone

The temporal bone forms the lower lateral side of the skull. Common
wisdom has it that the temporal bone (temporal = “time”) is so named
because this area of the head (the temple) is where hair typically first turns
gray, indicating the passage of time.

The temporal bone is subdivided into several regions. The flattened, upper
portion is the squamous portion of the temporal bone. Below this area and
projecting anteriorly is the zygomatic process of the temporal bone, which
forms the posterior portion of the zygomatic arch. Posteriorly is the mastoid
portion of the temporal bone. Projecting inferiorly from this region is a
large prominence, the mastoid process, which serves as a muscle attachment
site. The mastoid process can easily be felt on the side of the head just
behind your earlobe. On the interior of the skull, the petrous portion of each
temporal bone forms the prominent, diagonally oriented petrous ridge in the
floor of the cranial cavity. Located inside each petrous ridge are small
cavities that house the structures of the middle and inner ears.
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A lateral view of the isolated temporal
bone shows the squamous, mastoid, and
zygomatic portions of the temporal
bone. More details.

Important landmarks of the temporal bone, include the following:

o External acoustic meatus (ear canal)—This is the large opening on the
lateral side of the skull that is associated with the ear.

e Internal acoustic meatus—This opening is located inside the cranial
cavity, on the medial side of the petrous ridge. It connects to the
middle and inner ear cavities of the temporal bone.

e Mandibular fossa—This is the deep, oval-shaped depression located on
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