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Chapter 2: A Bird's-eye View of the Human Body
Figure 2.1 The generation of an extra pair of limbs on

Figure 2.2 (a) A phylogenetic view of the molecular
system, MYH16, responsible for the reduction in
humans alone among_primates,_of the muscles of
mastication, (b)_the difference between a normal
human and a chimpanzee, (c) the fact that the

muscle that is absent in humans, and (d)_the fact that
a few humans do still have that superficial muscle
layer.

Figure 2.3 (a) The changes that can be induced in a
model of a right angle (orthogonal)_network of bony
spicules (mimicking_bone trabeculae) when they are
subjected to forces at an angle different to

orientation until they become aligned with the new
set of orthogonal forces. (b)_ The changes that can be
induced in an orthogonal network when acted upon
by loads greater in the vertical than the horizontal
direction. The vertical trabeculae become thick, the
horizontal ones become thin. (c)_ The changes that
can be induced in an orthogonal network when a
microfracture is simulated. (d) The patterns of
trabeculae showing thicker vertical than thinner
horizontal trabeculae in a section of a real vertebra in
a person afflicted with severe osteoporosis compared
The worst case of osteoporosis (in a long_term
quadriplegic) that I have ever seen.

Figure 2.4 Mathematical strain analysis of a monkey
skull, showing, during_a bite, how the skull is



deformed. The deformation is multiplied many times
to allow the reader to see it.

Figure 2.5 Analysis of brain sizes separates some
different species of mammals. Primates (red and
yellow dots diagonally upwards to the left) are

organized at the base of the diagram).
Figure 2.6 A model (a)_of all the species generated

over time. The single species (black circle) at the
base of the diagram is the starting species. The black
circles at the top of the diagram are the current
living species. Open circles throughout the tree are
the many species that were never found as fossils.
Black circles within the tree are the few species
found as fossils. The true relationships of all species
are shown by the tree of lines joining them. This tree
of relationships can be compared by the tree of

back from the present day. This is further exemplified
by a different model (c)_derived from the data from
only the fossil species (i.e. the usual paleontological
technique) to find the common ancestor of all the
living forms. That common ancestral species lies,_in

the present day. This can be compared with the real
common ancestral species (d)_containing a bottle
neck. The common ancestral species as defined by
the fossils alone lies only at about the level of the
bottle neck. The real common ancestral species is

many generation further back and results from a

lines in red, green and orange). In other words,,




looking _at fossil data is rather likely to give incorrect

or more.

Figure 2.7 En face diagrammatic view of an early
embryo (a)_and its diagrammatic longitudinal section
(b)_showing the three germ layers, above ectoderm,
below, endoderm and centrally, mesoderm.

later embryo showing_progression from Figure 2:7 (a
and b)_of, above, ectoderm and neural grooves, below,

mesoderm,_intermediate mesoderm and paraxial
mesoderm,_this last lying_alongside the axially placed
notochord. Note: this Figure Figure 2.9 are
‘exploded’ so that the various structures are
separated for a clearer are understanding.

Figure 2.9 Progressions in the diagrammatic cross-
section of Figure 2.8 showing changes in positions of

resulting, eventually,_in a completely closed body with
gut placed internally (e).

with small protrusion for limbs, through a later stage
(b)_with heart and limbs more evident, to an even
later stage (c)_that is starting to resemble a baby.

Figure 2.11 Diagram of segmentation in the paraxial

Figure 2.12 Further details of segmentation in
paraxial mesoderm in head and trunk.

Figure 2.13 Further details of lateral plate
mesoderm;_also comparison with Amphioxus that has
a branchial basket throughout the head and most of
the trunk.




Figure 2.14 Diagrams of structures of an (a)_adult
tunicate and (b) a larval tunicate. The adult is,
essentially,_the larval ‘head’ minus its ‘tail’.

Figure 2.15 Diagrams of structures in a lamprey (a

segmentation of the gut tube, and (c)_and (d) cross-
sections showing_nerves at each of these levels.

Figure 2.16 Diagrams of somatic structures in a
shark.

Figure 2.17 Diagrams of somatic structures in a
crocodile.

Figure 2.18 Diagrams of somatic structures in a baby.

Figure 2.19 Diagrams of visceral structures in a
shark.

Figure 2.20 Diagrams of visceral structures in a
crocodile.

Figure 2.21 Diagrams of visceral structures in a
kangaroo.

Figure 2.22 Diagrams of visceral structures in a baby.

Figure 2.23 Some metaphors for evolution. (a)_ladder

two-dimensional bush of life with all present day
forms at the same level,_ and (d) three-dimensional
tree of life that can be derived from the two-
dimensional bush of life.

Figure 2.24 Ten levels of a genealogy from

circle = females) with the present day at the top of
the diagram. The ancestral mother (circled
individual)_is seven generations back (a) when we




calculate from the present day. However,_if we start
then two ancestral ‘mothers’ (circled) are defined.
Both of these are in the initial generation of the
diagram, and this means that the single true
ancestral mother is even further back in time. Note
the differences in the two ancestral mothers
depending_on which generation one works back from.

Figure 2.25 These diagrams show the relationships
between three species A, B and C, under different
conditions of ‘structural difference’ (horizontal axis),

indicates a degree of structural difference giving_the
same relationship as the degree of time change. The

differences between the degrees of structural
difference and the time change can give two other
sets of relationships.

Figure 2.26 Frame (a)_shows various possibilities for
individuals (called ‘mothers’)_in this example in a
situation where an ancestral species has divided into

within the original species before the split A. The
ancestral mother of individuals in both A and B is
highly unlikely to be at the split into A and B and may
well be very much earlier in the initial ancestral
species. Frame (b) shows the various possibilities for
molecules (say genes)_in a similar situation. Ancestral

gene relationships can vary greatly from molecule to

molecule. The trees of molecules may well vary

tree of individuals. Again, different gene trees give




relationships that vary enormously in time,_including
going_very far back.

Figure 2.27 This is an example of real molecular data
that follow the differences outlined in Figure 2.24. In
terms of molecular relationships in liver, kidney,
blood and bone molecular factors, chimpanzees and
humans form a closely related pair - it is rhesus
monkeys that are far different. But in terms of brain
molecules, it is chimpanzees and rhesus monkeys
that are similar, and humans that are very different.

Figure 2.28 This is an example of real anatomical
data on brain interrelationships that shows the same
answer as the brain molecules (in Figure 2.27(b)). In
the three dimensions of the diagram (three
multivariate statistical axes), human brains (the small
circle at upper right) are some 20 standard deviation

units different from all non-human primates (the

within the non-human primates. Thus, the human
brain is enormously and uniquely different from
chimpanzees as well as all other non-human primates
despite the DNA similarity of chimpanzees to
humans.

Figure 2.29 Three ways of viewing_what makes up
cranial length in humans.

Chapter 4: Building the Human Trunk

Figure 4.1 Cross-sections of early trunk showing: (a)
the midline structures from dorsal to ventral: neural




These diagrams are ‘exploded’ so that the various
components can be more easily seen.

Figure 4.2 Cross-sections of later trunk showing
further development of the somatic mesoderm: dorsal

mesoderm showing_dorsally and ventrally near
midline myotomal blocks as single columns, and

‘exploded’ so that the various components can be
more easily seen.

Figure 4.3 Longitudinal view of the muscles that are

in the trunk.

Figure 4.4 Cross-section showing the muscles as
represented in the abdomen: the various dorsal
epaxial muscles on the dorsal aspect of the vertebra,
quadratus lumborum dorsally, rectus abdominis
ventrally,_ and the three abdominal oblique muscles
laterally. This diagram is ‘exploded’ so that the
various components can be more easily seen.

Figure 4.5 Cross-section showing the muscles of
Figure 4.44 as represented in the thorax. There are a
few small muscle fibers on the dorsum of the thorax
that are the equivalent of the very large quadratus
lumborum in the abdomen. There may also
sometimes be very small fibers on the ventral aspect

of the thorax on the sternum that are the equivalent



of the very large rectus abdominis in the abdomen.
The lateral oblique muscles are subdivided by the
ribs. They are in three layers between the ribs (but
the layers are not shown in the diagram).

Figure 4.6 Longitudinal view of the ventral

be seen on the ventral surface of the sternum that are
not part of the myotomal rectus thoracis, but that are
part of the muscle found in the superficial fascia.
Another such variant can also be found in the axilla.
These are not myotomal derivatives, but rarely found
remnants of what is a large muscle sheet, the

other animals. Some of these are constantly found.:
the dartos muscle in the scrotum and a few muscle
fibers in the labia majora (the equivalent in the
female of the scrotum in the male).

Figure 4.8 The more extensive dermal muscles of the
superficial fascia in the trunk of some other species:

Figure 4.11 The equivalent cross-sectional diagram
for a reptile showing _the various myotomal muscular




components. This diagram is ‘exploded’ so that the
various components can be more easily seen.

Figure 4.12 The equivalent components in a cross-
sectional diagram of the abdomen in mammals. This
diagram is ‘exploded’ so that the various components
can be more easily seen.

Figure 4.13 The equivalent components in a cross-
sectional diagram of the thorax in a human; the three
layers so evident in the abdomen are still present in
the thorax but are divided by each rib; further, each
component is very narrow so that it cannot easily be
shown in the diagram.

Chapter 5: Building Human Limbs

deficit in phocomelia.
Figure 5.3 Arteries of the arm.
Figure 5.4 Arteries of the leg.

Figure 5.6 En face view of ventral aspect of the early
fetus showing initial position of upper limb bud and




two ventral muscles blocks in the arm (pectorals) and

text.

Figure 5.7 (a-c)_En face view of upper limb bud and
positions of same ventral muscle blocks as in Figure
5.6 at subsequently increasing ages;_see text.

Figure 5.8 (a-d)_En face views of lower limb at
increasing_ages showing_effects of limb rotation upon
ventral and dorsal muscle blocks respectively;_see
text.

Figure 5.9 Rotations as seen from transverse sections
(b)_transverse section at shoulder and down the arm
with structures exploded and with arrows showing
rotations of nerves around the arm axis, and (c)
transverse section in forearm with structures
exploded and with arrows showing_reverse rotations
of nerves around the forearm axis.

Figure 5.10 Examples of the dorsoepitrochlearis
muscle in a gibbon (a) and the unusual variant in a
human (b).

Figure 5.11 The cranial ventral muscles of the hip

cranial adductor muscles of the shoulder (known as
the coracobrachialis group)_(c)_in non-humans and
humans (d).

Figure 5.12 The caudal ventral muscles of the hip
(known as the hip hamstring group of muscles in non-



Figure 5.13 The trunk to limb ventral muscles in the

also shows the latissimus dorsi muscle group - see
later.),

Figure 5.15 The trunk muscle sheets to the upper

humans,_all in their correct size relationships within
each species.

Figure 5.18 The ratio of bone diameter to wall
thickness in the limbs of a series of creatures.

Chapter 6: Understanding the Human Head

Figure 6.1 Diagrammatic representation of
segmentations in the different elements of trunk and
head. In the trunk, SS and SM indicate somatic
sensory and somatic motor components of each
somite, and VS and VM indicate visceral afferent
nerves of the viscera. In the head, S and M indicate
somatic sensory and motor components of alternate
somitomeres, and SVS and SVM special visceral
sensory and motor components of branchial arches.




Figure 6.2 Diagrammatic representation of
segmentation differences in somatic structures of
head and trunk in the change from early to later
human embryos, and in comparison with adult
Amphioxus. The symbols are the same as in Figure
6.1.

Figure 6.3 Diagrammatic representation of
segmentation differences in visceral structures of
head and trunk in the change from early to later
human embryos, and in comparison with adult
Amphioxus. The symbols are the same as in Figure
6.1.

Figure 6.4 (a) Structures in a diagrammatic cross-
section of developing_human trunk showing major
early head dev_elopment with the addition of
neurectodermal and branchial placodes.

Figure 6.5 Elaboration of Figure 6.2 showing_more
complete numbers of segments in head and more
detail of transition to trunk.

Figure 6.6 View from the dorsum of diagrammatic
coronal section along _the length of the branchial
region in developing_ human showing main
components.

Figure 6.7 Diagrammatic cross-section of the
development of midline structures from the neural
and gut (branchial)_tubes.

Figure 6.8 Same diagrammatic view as Figure 6.6
coronal section along_the length of the branchial
region in developing human showing detailed adult
derivatives.

Figure 6.9 Diagrammatic view of a cross-section of
the human showing_the embryonic components that



give rise to eventual skeletal elements of the skull.

Figure 6.10 Diagrammatic longitudinal section of the
head of a creature (such as a fish)_in which the
folding_found in humans does not occur.

Figure 6.11 Same diagrammatic section in a human
showing the similarities and differences with Figure
6.10.

Figure 6.12 A plan of the theoretical pattern of
arteries on one side of the head of a generalized early
vertebrate (not human). The heart, bottom right,
passes a major vessel (one on each side)_cranially. As
these vessels pass each branchial arch they give off
branches passing dorsally through the arch. These
vessels then coalesce into a pair of vessels (again,,
one on each side) that pass caudally back into the
trunk. The arrows show the direction of the blood
flow. The cranial-most branches give vessels that pass

cranial to supply the head.

Figure 6.13 A plan of the actual pattern of arteries on
the left side of the animal. The artery coming from
the heart is the ascending _aorta. Only three of the
branchial arch arteries exist. The largest one,,

is thus the arch of the aorta. The caudal continuation
of it back into the trunk is the descending aorta. The
vessel near the dorsal aspect of the arch passing
dorsalward is the artery to the left upper limb. The
small sixth arch artery forms the pulmonary trunk
that goes to supply the left lung. The cranial
prolongation of the third arch artery gives branches
(ventral and dorsal)_passing_forwards to supply the
head, the carotid arteries. Again the arrows show the
directions of blood flow.




Figure 6.14 A plan of the actual pattern of arteries on
the right side of the animal. The artery coming from

the heart is the same single ascending aorta as in
Figure 6.13. Again only three of the branchial arch
arteries exist. However, that vessel representing
branchial arch 4 (shown rather narrow)_is the dorsal
ward artery passing_to the right upper limb. There is
no descending_aorta on this side. The small sixth arch

prolongation of the third arch artery gives branches
(ventral and dorsal)_passing_forwards to supply the
head, the carotid arteries. Again the arrows show the
directions of blood flow.

a developing human (without incorporating the head
and body folds that occur). The barrier provided by
the muscles and bones enclosed by deep fascia can
be seen to be breached in the face, at the umbilicus
and in the perineum where superficial and visceral
fascia come together. (b)_ The same diagrammatic
cross-section in an adult human. The relationship
between superficial and deep fascial sheets is very
large in the face, considerably less in the perineum,
and almost vanishingly small at the umbilicus.

Figure 6.16 A further diagrammatic longitudinal

patterns of gene expression and neural tube
segmentation in relation to extra-neural structures

Figure 6.17 A yet further diagrammatic longitudinal
(unfolded)_view of head structures including_the
rostral-most components. Patterns of gene




crest migrations are shown in relation to extra-neural

Chapter 7: Building the Human Brain

Figure 7.1 (a)_ Very early and (b) later differentiation
of cells within cross-sections of the spinal cord.

Figure 7.2 Major components of the very early brain.

Figure 7.3 Changes in position of major brain
components as various brain folds occur during
development.

Figure 7.4 Internal segments (neuromeres)_of the
main components of the brain (in which the folding
has been undone for clarity)_compared with the
spinal cord.

Figure 7.5 Internal segments numbered as

their dorsal and ventral alternation. These can be
compared with spinal cord segments which contain
within each single segment, reEting to each
individual somite in the trunk.

Figure 7.6 A return to the folded brain showing the
dorsal and ventral expansions that occur in each
brain region.

Figure 7.7 Initial zones on a cross-section of the very
early brain.

Figure 7.8 Later components developing_from the
zones of Figure 7.7. (Compare with spinal cord




Figure 7.9 Brain size body size ratios in various
vertebrates identified by cartoons of the different

Figure 7.10 Brain size body size ratios in various
mammals identified by cartoons of the different brain

dolphin, blue whale).

Figure 7.11 Brain body size ratios in reptiles and
mammals, with the ancient mammals (separate

almost totally related to body size, from
strepsirrhines (right hand polygon),_ through new

World primates. The two circles are chimpanzees and
humans and these are 8 standard deviation units
apart - almost as much as covers all apes and Old
World monkeys.

Figure 7.13 Brain size distributions (estimated)_on an
approximate time axis in modern humans and those
fossils believed most closely related to humans:
histograms and normal curves of endocranial volumes
for australopithecines left, habilines next, erectus
next,_ and humans (neanderthals plus modern
humans)_right.

Figure 7.14 Addition of distribution representing
continuous change over time gives an overall




distribution like that in (a). Addition of distribution
representing discontinuous change over time gives an
overall distribution like that in (b). What is the overall
distribution for the real data? See Figure 7.15.

Figure 7.15 Addition of the separate distributions for
each fossil species provides an overall distribution for
the fossils with a peak for each fossil form. This
resembles Figure 7.14(a)_implying that the fossils do
not have a simple linear relationship. Each fossil is
separate, within the limits of the rather small sizes of

Figure 7.16 A diagram of the parts of the brain.

Figure 7.17 A diagram of the connections between
the parts of the brain that produce the 8 standard
deviation units of difference between chimpanzees
and humans shown in Figure 7.12. These parts all
relate to ‘medulla/higher center’ relationships, are

brain parts.

Figure 7.18 The relationships among_non-human
primates in several additional canonical variates (two

bivariate plots are required to demonstrate these four

are contained in a very tight space (the large circles).
The positions of humans are given by the small
distant circles. In total, humans are a 22 standard
deviation unit outlier. The position of the chimpanzee
close to the large one. In other words there are
additional canonical axes that do not separate any of

the species save humans.

Figure 7.19 A diagram of the parts of the brain that
produce the 22 standard deviation units of separation




in Figure 7.18 and that do not differentiate any non-
human primates. These relations are ‘within-brain

involve relationships between more than two brain
parts.

Figure 7.20 The epigenetic landscape (after
Waddington).

Figure 7.21 Small differences at the top of the hill (in
the genome)_together with intermediate differences
in the developmental landscape can be expected to
produce larger differences in the adult at the bottom.

Figure 7.22 The epigenetic landscape where there

differences in genomes and somewhat bigger
differences in epigenetic factors could result in
considerable differences in populations of adults.

Figure 7.23 Effect of changes in the developmental

this may produce unification or separation of parts of
the population.

Figure 7.24 Effect of change in the developmental

the organism. If carried out at earlier and earlier
developmental times such change could produce
greater and greater divisions within the population.
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For Eleanor
I was a studious student: I married the Medical Librarian

She has been in my work and my life for nearly 60 years
Willingly helping me cross three continents



Foreword

To readers who think of human anatomy as a petrified
science, in which all the facts are established and all the
big questions have been answered, Charles Oxnard's new
book will come as a surprise. The Scientific Bases of
Human Anatomy is unlike any other book on the subject. In
reading it, you will come to perceive your own body and the
bodies of others in a dramatic new light, as the culmination
of a story: the narrative of the journey that our bodies have
taken to become human.

In other books of human anatomy, the bold outlines of this
story are washed away in an inundation of facts.
Anatomical pedagogy has traditionally relied on mnemonics
and rote memorization to support learning and recall of
this flood of detail. Oxnard's approach uncovers the
deficiencies of this tradition and overcomes them. His book
shows us a way around reliance on memorization and
mnemonics by concentrating on how human bodies come
into existence. The analytical system that he uses relies on
identifying recurring patterns and tracing these back to the
processes that formed them. In Oxnard's words,

The method that I have developed, over the years is, in
contrast to ‘the naming of the parts’, an holistic
integrative approach to human structure. It involves
understanding that the structural details of the human
body are the end results of a series of biological
processes. These produce anatomical pattern due to:

» change from differentiation and growth over
developmental time;

» diversification through comparisons of different forms
living at the same time;



» adaptation to mechanical and other factors during
functional time;

» interaction between body and brain, brain and body,
through mind time, and

« innovation in structure resulting from evolution during
deep time.

Oxnard escorts his readers on a guided exploration of what
he identifies as “the principles of body construction from
their beginnings” - a tour of the human body factory, in the
company of a most engaging guide who reveals and
explains how bodies are made and how they work. This
exploration is grounded in current ideas drawn from a wide
arc of biological sciences, ranging from genomics and
neuroscience to the latest findings in comparative anatomy.
In the hands of a less skilled and knowledgeable writer, the
confluence of all these “developmental, comparative,
adaptive, integrative (and) evolutionary” ideas would have
left the reader lost in a wilderness of unrelated notions. But
Oxnard's mastery of biology and passion for anatomy hold
the reader's journey on a steady course, relieved by a few
delightful side excursions and enlivened by his unique and
accessible narrative style. Profound, strong, sure,
sometimes poetic and even beautiful, Oxnard's distinctive
voice will remain with his readers long after they have
finished this book.

Oxnard is careful to point out that The Scientific Bases of
Human Anatomy is not a textbook of anatomy. As he
emphasizes in Chapter 1, there is nothing here to
memorize, and it is not his intention to prepare the reader
for a test based on the “naming of the parts.” Reading
Oxnard will not obviate the need for professionals to
acquire this sort of detailed anatomical knowledge, but it
will both lighten and illuminate that task. His book conveys



lasting images of how bodies come into being and function,
which will help students organize those details in ways that
make fundamental sense. For teachers of anatomy, the new
insights and ways of thinking laid out in the following
pages may serve to rekindle the spark of inquiry that drew
them to the topic in the first place. For uninitiated readers
with no professional interest in anatomy, the book will raise
the curtain on a theater of the mind in which they will come
to care about the making of bodies. In this book, Oxnard
seeks to lay down new modes of understanding and
thinking about the formation of the human body, as both
process and product, for students, teachers, researchers,
and others. All of his readers will henceforward see the
human body in a novel and deeply enlightening way. We are
honored and delighted to include his book in the Advances
in Human Biology series, and to welcome its readers to the
New Anatomy.

Kaye Brown and Matt Cartmill



Preface

How it started: I was trained as an old fashioned medical
anatomist, a physician who chose to specialize in anatomy;
today a species possibly extinct, probably obsolete. Thus,
though I just escaped being a student in a medical anatomy
course of one thousand hours in two years, I nevertheless
took a medical anatomy course of six hundred hours in five
terms. I dissected the entire human body and brain and I
taught in this mode for six years. I was later involved in
teaching a medical anatomy course in two quarters (still
with dissection of the entire body), and then a course in
one quarter (with dissection of the entire body!). Finally, I
was involved in teaching a course that was not entitled
anatomy at all, but that contained just enough anatomy to
understand physiological systems such as the
cardiovascular system, and simple clinical problems. It
contained no regional anatomy (though perhaps one third
of medical conditions involve complex anatomical regions
like the back of the abdomen) and no human dissection
(though a small aliquot of students were permitted to take
an elective dissection course in which they dissected a
single region of the body of their own choosing). These
gradual reductions of anatomical teaching meant that my
own teaching became better and better - the smaller the
amount of teaching, the higher the quality of teaching!

The researches that I carried out concomitantly with this
medical student teaching led me to undertake
undergraduate and graduate courses in the scientific bases
of human anatomy. For, if one wants to attract graduate
and post doctoral students, it is wise, in the American
system, to provide graduate level courses in one's own
direct discipline. But how does one transmute that kind of



