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he study of human anatomy is so much moere than the naming of parts and
the understanding of their furction; it is the celebration of our wondrous
physicality in the world. The biological complexity of the body can be
weighed against its aesthetic beauty, so that the life that drives us is seen fo ripple
and pulse above and below the boundary of skin. Art is the perfect tool for revealing
such knowledge. Throughout history, artists have used their trained eyes to ook
deep into our lives and into our very existence. They have given much to the history

of medicine and they have also removed the taboo from seeing too much,

AT

The body has always been a core subject far the artist, be it to honour God, or [0

guestion and doubt the very nature of humanity itseff. Artists and anatomists have for
centuries shared their views and have contributed equally to our knowledge. | have
had the pleasure of teaching anatomy through drawing to a wide spectrum of artists
— beginners and professionals, young and old, In échoois, colleges, universities, and
evening classes. The excitement and sense of achievement evident in leaming
ahout the body is always a palpable delight; 1o gain the ability with a pencil or pen
to catch the perfection of form and reveal its magnificent machinery is highly

rewarding. Anatomy is a very potent subject, and the subject is us.
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THE ART OF ANATOMY A BRIEF HISTORY

The very early history of anatomy is embedded in tantalizing myth, where

fts facts are fragmented and obscured. The ancient Egyptians knew much,
and pictured even more, yet few records surdive of the anatomical
knowledge they must have accumulated in the process of mummifying mcre
ihan seventy mifion of their dead. Investigative dissection appears 1o have
begun in China as early as 1,000 BC. The ancient Greeks also made
tentative explorations into the interior detalls of human form. However, many,
including Arstotle, coniined themsehves to the dissection of animals, and
confusions betwaen animal and human anatomy led to numerous
astonishing thecties, some ¢f which survived totally unguestioned until as
late as the sixtesnth century. More importantly, the ancient Greeks preduced
speculative views of the body and its mystericus waorkings that are rich in

ontological potency.

The history of factual anatomy begins with the Plolemaic school of medicine

founded in Egypt circa 300 BC. There, human dissecton was praciised

INTRODUCTION

intensively. So much so that censorial figures of later history, including Saint
Augustine, laid accusations of horific practices {(namely human vivisection)

upon the neads of these pionesars.

Claudius Galen (AD 128-201) 1s the most dominant figure in eary European
anatomy. He was a medical officer to gladiators in the Roman Empire, and
later physician to the empearor Marcus Aurelius. Galen was a prolific writer,

boasling the employment of 12 scribes to record his voluminous human

“anatomical research, much of which was based upon the dissection of pigs

and apes. This enshrined dogma was set into a ntualized performance that
crippled the development of anatomical knowledge until the Renaissance. In
the Middle Ages, translations and derivations of Galen's works were read
from a puipit, while Delow, a barber cut opan a body, and a demoenstrator
pointed with a stick to the salient parts These events were always of great
interast to the general public. Dwing the late Middle Ages, the dissection of

noted criminals often tock place at camival, shanng their audiences with



LEFT

The ave sees itself reflected in this carved
and conshructed button of glass. anller bone,
and metal. This little circle is a delicately
sculpted arist's vision of sight, a perfectly
crafted view through history. The model was
a prized ebject in the collection of Peler the
Great {1672—1725), Emperor of Russia from
1721, The model is rnow part of the

Peter the Great Museum of Anthrapology
and Lthnography in St. Petersburg.

RIGHT

This wooden theaire builf in 1594 at the
University of Padua represented a new and
unigue architectural phenomenon that was
faler copied and evoived info numerous
forms, inciuding the great opera houses of
the eighteenth century. These tafl, circular
interiors racked with narrow stalls were
fashionable places 10 see and be seen.
Hurnan dissections were rare and very special
events to which hundreds of people flocked

— scholars, members of the court, the church,
Model of the eye L » . .
oivif authorities, glifferati, students, and

passers-by. Theatre and ceremony run
throughaut the known history of anatormy.
From its clouded ritual beginmings in fguot, fo
the street side carmival scaffolcs of the Middle
Ages. This steep-sided model established at
Padiua was also the protetype for the art
school fife room, wihich was to become the
hub of many institutions.

Anafomical Theatre in Padua,
Italian School, 17th century

exacutions and strect-staged morality plays. In Bolegna they erected

femporary scaffolds and tickets may have been sold for the event.

The first anatomical theatre, bullt &t Padua by the anatomist Hiercnymus
Fabricius ab Aquapendenie in 1584 (see above), changed much, by placing
dissection firmly inside a new academic framework. Here, the philosophical
pursuit of anatomy became atiached t© the growing respectability of
medicine. By the end of the sixteenth century, anatomy had become a
fashionable scholasiic enterprise, and cantres at Padua, Bologna, and
Lelden attractec many of the brightest minds in Europe. The enclosure of
anatomy both educationally and architecturally gave it 2 new status and
established a protected place where fresh ideas might grow. However, the

theatrical drama attached 10 the subiect remained for some time.

In 1597, a very similar theatre to the one in Padua was built at the University

of Leiden inside a disused church. In one engraving dated 1810 {not shown),

the tiered seating in the theatre is coccupied by both the living and the dead.
Skeletons of animals, birds, and humans stride about, some holding banners
to remind visftors of ther mortality,. The Latin inscriptions on this print,
transiated as: "Know thy seif”, “We are dust and shadow”, and "Being borm
we dig”, direct our aftention (¢ an outstretched and eviscerated corpse
beneath a sheet at the cenire of the scene. The image reads Ike a bizare

pclitical rally, or the micdle act of a surrealist play.

It 1s in fact a record of two different times and functions within the theatre’s
annual cycle. The dissection of human bodies was a seasonal activity. ey
winters kept a cadaver fresh and gave the anatomisis time to work. The body
was placed on a revohing table at the centre of the theatre, and the
audience was packed into the stalls. In the heat of summer, dissection was
impossiole, the table was removed t© make a standing space and the stalls
were filed with cunocsities. The church became a Kunstkammer

{a cabinet of wonders), the genesis of The Museum.

THE ART OF ANATOMY
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RIGHT

Medieval anatomical manuseripts contain
often fancifuf diagrams of bones, museles,
veins, arteries, or nerves. This graphic tradition
was based upon the repeated copying and
embellishment of previous images, not
observations of real bodies. Leonardo da Vit
read the ancient texts of Galen, consulted
leading anatomists, and performed fis own
dissections and research. This drawing of 2
female body stands ai the gaieway belween
map-like medieval stylization and the solid,
fife-fike anatomies of Renaissance art. The
upper torso is drawn as a sokid form, Space
either side of the fiver and sfomach suggest
their containment by ribs. Surrounding the
uteruis, major vessels are carried straight
through the pelvis as if the bone is absent. At
this point the form of the body dissolves infp a
diagrammatic outling, subservient to the study
aof visceral parts. This drawing repeals the
ancient error af amalgamating fuman and
animal anatomy, and prasents a marveflous

and fictional bicomale uterus.

Leonardo da Vinci, Dissecfion of the
Principal Organs and Vascular and
Urio-genital Systems of a Woman, c. 1510

Leonardo da Vinci's place 1n the history of art and anatomy is unigue.
The detailed cbservations and speculations that fill his notebooks are
both inspiraiional and  startlingly original. Hig studies were driven by

intense curiosity.

Working privately, ouiside any instiution, he dissected sublects to ook at
and map the body anew. His knowledge of mechanics, architecture, and
engineernng guided his understanding inside the body, Leonardo saw
structures that demoenstrated how the body should work, and although not
wholly accurate, he invented a new atlitude and mind-frame that carried ihe
subject forwards 1o greater heights. These are the drawings of a thinking
hand; they are views into the mystery of humaniiy that are guided equally by
imagination and objective dissection. The level of detail in his work asks for
greater insight, the level of imagination demands that we see the physical

structure of the human body in relation to other things in the world.

INTRODUCTION

RIGHT

L eonardo da Vinci established methods of
studying and representing dissection that are
now S0 witespread it seems as if they have
always existed. He recommended that the
body be treated from the inside out, and built
up in ordered lavers. This study of the
shouider shows his method of reducing
muscies and tendons to fine threads, the
better lo show their iayered aftachment to
bone. Leonarde dissected with a form of
scalpel, and drew with pen and ink, using
these toofs fo first define and fher reinvent
the interior of the body. Both tools are fine
metal biades, which mirror each other — one
aatis while the other takes away. The scalpel
gently opens, dismanties, and defines struciures
deeply concealed within the bady. /f strokes
away fine fibres and draws out each fincar
contour. Like a scalpef operating in reverse,
the pen cuts throtgh the iliusory space of the
paper, laying down infk to reveal a simitar form
Io the dissection. The pen is used to edit, and
rebiiild the dissected body, often retracing
marks and divisions made earfier by the scalpel.

Leonardo da Vinci,
Anatomical Studies, 1510

His interpretive drawings remamn unparaiieled in their invention of a lving
dizsected body (see glossary). They are not perfect guides 1o the intenor of

man, but a visual testament to the power of creative thinking.

His drawn conjectures locating the human soul at the centre of the skull, and
his visicn of the turbulent, fluid power of blood in the heart will motivaie and
influsnce artstic invention forever. Leonardo wrote extensive notebooks and
planned a siudy of man. His knowledge was considerably in advance of
contemporary science, This is Decause descriptive anatomy did not even
begin until Galenic anatomy was overthrown by the work of Andreas Vesallus
in his magnificent treatise Ne Humani Corporis Fabnca, published in Bassel,
Switzeriand, in 1543, 24 years afler Leonardo’s death. However, Leonardo
contributed nothing to the development of science, and was overtaken by
Vesalius because he did not complete or publish his work, After his death his

notebocks passed through generations of privaie hands, remainng largely
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unknown for 300 years They were not published in facsinle edition until the

late nineteenth century. In spite of this, they are still universally regarded as
the finest anatcmical drawings ever made, and when they finally came 1o
view they had a great mpact on the representaiicn of the bedy in nineteenth-

and twentieth-cenfury medicine.

In the twenty-first century, the subject of human anaiomy continues (o
fascinate and inspire artists. is very recent Lipsurge of populanty has many
contributing factors, but perhaps one of the strongest is the subject’'s own
demand that the ariist use their magination ¢ visualy transiate hidden
secrets that exist within us all. And how much more exciting is this than the
often fired lifa-room nude drawing class? The wonderful imagas that bejewel
this infroduction exalt the power of human imagination. They elucidate the
physical mystery of the body with a visual emudition that s original,
extraordinary, and relentless in s ambliion ¢ evolve. The todies here that

have been peecled or cleaved, fragmented and exposed, do not prasent

INTRODUCTION

LEFT
Jacques Fabien Gawtier d'Agoly (1711-1785)
was a French artist, engraver, publisher, and a -

RIGHT

This exquisite image of ar anatomized
woman Is a shylized presentafion of
intereastal muscles closing the walls of

the thorax {p. 773, muttifidus (p. 84), and ihe
erector spinae group supporting the spine

pioneer of ihree- and four-colour printing. His
family specialized in the production of
anatormical mezzotints for more than 25 years.
Throughout his career, d'Agoty strove fo {n. 81}. Serratus anferior and latissimus dorsi
develop methods of printmaking that would {op. 84, 85) are seen from their underside,
evoke the richness and depth of oif painting. In lifted and held away by their attachment o
tiis original work it is possible to see how he the vertebral border of the right scapula (p.98).

saturated and distressed each sheet of paper i
J. F. Gautier d'Agoty,

with fayers of rich pigment to acfiigve 1
Anatemical Study, 1746

brooding and suggestive depths and fextures.
These are reminiscent of the underpainting
beneatf 2 work made in oil. In many of
'Agoty’s prints, figures appear isolated as if
viewed quietly at night. They are drenched by
the biack air that surrounds them, and their
bodies extend and open, fo hold space as if it
is as denise and tangible as their own flesh.
This anatornized head and neck is one a
series of plaies detailing the layered muscies

of expression and mastication,

J. F Gautier d'Agoty,
Anatemical Study, 1746

themsalves to us amid the trauma of violence, nor N the triumph of death.
They occupy a carefully devised Iife that 1s at once immortal and eager to

demonstrate the glory of its disrepair.

An excellent example of this is seen in the mezzotint nght, by the eighteenth-
century French artist Jacgues Fabien Gautier d’Agoiy. It represents a young
woman seated with her back decoratively unfolded towards us like great
Fgyotian silk fins, She turns her haad with lowered eyes as if to acknowledgs
our admiration, and the artist has brought us to stand so close that we are
made present, and implicated. As If af her reguest, we have just unbuttoned
her body, relieving her of this heavy gown of flesh. Rich in its qualities of
intimacy, sensuality, and engagement with space, this image elegantly
shows how muscles of the sping, shoulders, and lower back might, like an
expensive and complicated gament, peel away from the nbs in a single
movernent. Calm and dismay are seamlsssly married without 2 hint of

paradox to lure and trap our gaze, as we are given time and permission o
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closely examine the interior of her winged torso, Notched levers of the spine

gleam brightly, where we could imagine buttons were placed before.

Subtle differences between images belonging to the westem histones
of anatomy, pathology, and surgery seem to reflect the historical position of
anatomy as the more notie and ancient art. Disease and disorder were for
a long time seen as punishment from Ged, 1o be healed through prayer and
Intercession, rather than the examination, collection, and comparnscn of
affected parts. Anatomy describes the interior of a perfectly formed body,
pathology investigaies what can go wrong, and it is the role of medicine and

surgery t© heal it. These roles divide traditicns of representation within

INTRODUCTION

LEFT

Medieval anatornical manuscripts often
present a shylized series of six squaiting,
frog-fike human figuires: bone-man, muscle-
man, vein-man, artery-man, nerve-marn and
pregnani-wornan. For many centuries the
female body was considered an inferior form,
almost always reserved for the display of
visceral organs, pregnancy, childbirth, and
sexual difference, while the male body
dispiays the fult scope of afl other systems.
Obstefrics was significantly advanced during
the eighteenth century, and manly arfworks
were produced. Among the finest and most
sensitive are the drawings of Jam van
Riemsdyck, who illustrated The Gravid Uterus
by William Hunler, Anatornical wax coffections
such as La Specola (pp. 21--23) devoted great
aitention 1o the sfudy of ohstelrics, and
parficuiar representational schemes were
daveloped. Often the lower fimbs and upper
torso are removed, presenting only the central
portion of the body. If is alse more usual for
cloth, books, or other devices to be placed so

as to veil the woman's modesiy.

J. F Gautier ¢’Agoty,
Anatomical Study, 1746

medical art and display. Pathological specimens are normally disconnected
rom the whole body. They are preserved or illustrated plainly, as part of a
catalogue of abnommality, disease, afrophy, and malfunction. Surgical
displays are concemed with heaiing the body and must convey technicaliies
as methods of procedure. Where a patient’s boedy is represented, it is nearly
always passive or a viclim, overaid with directive hands and tools.
Anatomical artworks present the opposite — they use life to lllustrate the
wonder of its own mechanism. They intrigue, beguile, end asionish us, and
sometimes shock us with ther frankness. In the modem world, human
dissection is camied out under the guidance and protection of strict laws and

regulations of conduct. Governments and medical professions have together




RIGHT

Some of d*Agoly's anatomical work has stood
accused of prurfence. His consiriction of
certain imagined views tfirough dissections of
wornen who have just given birth shide into
levels of fantasy and expaosure that are
repugnant. However his extreme works are
offset by others of startling eriginality, less
feracious in their treatment of the body and
more enigmatic. This composition shows fwo
heads balanced in a dark, receding space like
the ripe fruit of a Dutch st life. A brooding
ambiguity, reminiscent of early dg Chirico
landscapes, gives this woric a coniemporary
recognition. The dissection of ihe throat is
unustial io say the feast, The standing head on
the left seems fo be propped up hy two bright
ribbons of muscle and a softened larynx and
trachea. The prone head lies bloated in a
squal perspective, and a separated larynx
floats in the upper right comer like the mask
of a strange amimal. These elements of weird
invenifon make the plates unforgettable, if a
fitile distanced from more normal and
courteous reality.

J. F. Gautier d’Agoty,
Anatomical Study, 1746

carefully constructed an air of trust and morality, greafly distanced from the
earlier penods of terrer and malpraciice through which anatomy grew. The
modern cadaver is obtained and cared for within a tight legal framewaork. This
makes it possible for members of the public to feel both comfortable about
and committed to begueathing their own bodies. Through a systam of

donation, more subjects are avalable now than at any other time in history.

in the past, many of anatomy's finest anworks, including some of those
reproduced here (op. 20, 22), were commissionad to raise and distance
the "noble study” from the distasieful proximity of the corpse, whose

presence at the centre of anatomy has been more closaly attached to fear

and a powerful hatred of state punishment, than the universally beneficial

pursuit of knowledge.

Thomas Vicary, surgeon to Henry VIl of England, perauaded the king to
unite the London Guiids of Barbers and Surgeons in 15640. He was elected
therr first master, and n the same year they were granted four hanged
criminals (per year) for dissection. Execution, followed by the public opening
of the body, was at this tims the most feared sentence - a penalty usually
reserved for murder or treason, and viewed as a fate worse than death.
Durng the last years of Henry's reign, execuiion scaffoids worked

ferociously, dispaiching an average of 560 people sach year. But the fact

THE ART GF ANATOMY
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Ihreat to the general pubic.

As the science of anatomy expandead, so did its demand for subjects The
dawn of the exghteentn century saw a desperate shortage of specimens in
centres such as London and Fdinburgh, where private anatomy tuition was

beginning to thitve as a lucraiive business. Few bodies could

reteved from the gallows or authorites. Corpses became a pr

commodity, and the shallow graves of paupers offered a rich vein. The
earliest grave robbers were surgeons and their pupils, but fear of public
outrage and lass of reputatic cn led the medical establishment to employ
resurectionists; body shatchers were paid handsomely with no gquastions
asked for each corpse that they delivered 1o the back deor of the medical

school or eminent surgeon's house,

Methc omical preparation were signifiicantly ceveloped during the
nineteenth and twentieth centuries. These are now highly refined, and the
public h =N encouraged to donats its own ies to medicine. Donation
is now sufficiently popular for all departments 1o be highly selective in thelr
choice of sutable subjects A visual index of the body created from two
cadavers (male and female) is even avallable on the Intemet. The Visible
Human Project, USA, enables the viewer {0 use ther mouse as a scalpel.

However, the taboo of seeing the interior of the body is stil aﬁ'ected-by its
history. Something of the primal fear of ihe dead, and the d e of the
historical misuse of corpses has woven together, and can stit sometimes
outweigh the wonder of enmlightenment. Professor Gunther von Hagens'
astonishing and vet contoversial exhititon, Kdrpenwelien, currently fours
major infemational venues, bringing an intensely detailed anatomy education

o the general public, and attracting record numbers of visitors, This show

embodies and unites notions of display and donation in a way that brings
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LEFT
In 1775 eight smugglers hanged at Tvbum,
Engiand were delivered to the anatomist
William Hunier, He saw one was so fingly built
that he arranged for his removal to the Royal
Academy of Art Schools, There, the warm
corpse was sef into the pose of The Dying
Gaul, fayed, and cast ito plaster. Smugalerius
remains in a fofty corridor, subject to artists’
study, and the curfosity of visifors.

W. Pink and W. Hunter, Smugglerius
{plaster cast after sculpture by
Agostino Carlini c. 1775/8)

RIGHT

An important and very influertial early stuay in
perspective and anatomy, The pose of Andrea
Mantegna's Dead Christ afmost cerfainty
inspired both the cehtral figure of the
frontispisce of Andreas Vesaiivs’ De Humani
Corporis Fabrica, 7543, and later Rembranadt
van Bijn’s Anatomy Lesson of Br. Jan Deijman,
painted in 1656.

Andrea Mantegna, The Dead Christ, ¢. 1490

both processes full circle. Together with small teaching specimens (pp. 42,
43), von Hggens exhibts whole dissected, plastinated (see glossary) human
bodies, S/([%:[ in familiar poses as sportsmen and women, and figures from
classical and modem art. At the exhibition exit is a rack of printed papers,
legal forms for donation. Visitors may and often do agree o beceme part of
a future display by beaueathing their body to von Hagens' Anatomy Insiitute,
Willingly, they will jon the growing caravanserai of sculptured cadavers that

demonstrate ther art of anatomy.

The eightsenth century saw the greatest proiferation of anatomical art. The
expansion and refinrement of printng technology fuelled a widespraad
distnbuticn of new knowledge. The most profoundly influential printed atlas
10 follow the works of Vesallus was Tabulae Scelketi et Muscuiorum Corporis
Humani, published at the University of Leiden in 1747, The atas was the
unified work of artist Jan Wandelsar and eminent scholar and anatomist

Bernard Siegiried Albinus, whose fnendship and collaboration lasted more

than 30 years, Each of the 28 engravings composing this volume (p. 20)

displays a level of precision, elegance, and care that is raraly matched, and
never sumpassed in the histery of anatomical illustration. Dissatisfied with
the prevalent tendency among anatomists berore him to begin with the skin,
and then present successively deep layers, Albinus {as Leonardo befors)
began with the skeieton and built the body from its architecture of bone.
His diary tefis of how he soaked the ligaments of a prepared skeleton in
vinegar fo preserve them, how the body was suspended within a frame of
deticately adjusted ropes that filled the room, and how this froze in winter ice,
until the life model employed for comparisons, would not and indeed could

not, stand without a fire.

Albinus and Wandelaar devised scenery to complete each plate, with exctic
animals, botanical specimens, classical ruing and the occasional cherub
fiying amid bilowing sitk. Designs of great beauty and elegance, they wers

itting to the ideals, interests, and social pursuits of the refined eighteenth-

THE ART OF ANATONY
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INTRODUCTION

LEFT

This is the proud gesture of a hoilow man in
fiis garden, where he struts and poses ihe
hubris of his anatomy and defiant life. The
walking cadaver dispiays ftself witlh
elegance, in a believable space where fight
and shade lend its body a safif stance, This is
one of 28 heautitul images, highly significant
in the power and grace of their visual
imagination. These striking and unforgettable
skefetens who grow lavers of flesh, as they
pass through shadow-fifted arcadian

boughs, were made for utilitarian purposes.
Their poetic eeriness, which has since
influenced generations of arlists, seems
curicusly fo have been a side-effect in their

original production.

Bernard Siegfried Albinus, A Skeleton, 1747

RIGHT

Someiimes the balance between the fact and
drama of an image becomes biased. The
Cattani foot Is a prime sxample. The visual
power of this engraving is so convincing that
any anatomical inaccuracies may be
overlogked. A great part of its strength comes
from its monumentalify. This single foot fills
the page with an architectural presence
raminiscent of the massive fragmenis of
ancient Greek scuipture that were shipped to
Rome, so that arfists might study their
perfection and draw iheir grandeur. This foot
has the weight and authority of store, while
dispiaying the finer details of transitory
dissection, The engraving plays with
contradiction {0 keep our attention focused —
the inclusior of the well-used and frayed
string that tifts the foof for our inspection
inserts an ad hoc detali that tethers the whole
image to a moment. Osteografia & miografia
della teste, manie piedi was published as a
f_{Jﬁo of 20 piates by the press of Anionio
Cattani and Antonio Nerozzi in 1780. The
Diates had been previously released as single
prints by subiscripiion,

Anfonio Cattani, Muscles and Tendons of
the Dorsum of the Footf, 1780



ceniury Dutch gentlemen. The English edition was sensitively reproduced

complete by the engraver Charles Gngnion in 1749, Influeniial throughout
much of Eurcpe, Albinus and Wandelaar's work was o have its greatest
conseguence In Horence, where it ingpired the character detal, and

madelling of the world's most outstanding collection of anatomical waxes.

The gently bemused flayed man that looks out wistiully from the next page
(0. 22) is a cousin, If not a brother, of Albinus's walking écorchés (see
glossary). He stands ai the heart of Museo Zoologico della Specola at the
Univeraity of Flarence, together with mere than 800 life-size models sculpied
from dissection between 1771 and 1814, These masterworks in wax were
devised and created by Felice Fontana in long-term coliaboration with

Clemente Susint and with the assistance of Paulo Mascagni.

La Specola was funded by Grand Duke Peter Leonold of Lomane, upon the
persuasion that it would secure an end o the social, politcal, moral, and
refigious problems of legalized dissection in Florence. The collection was

created as an investment in an ideal future of anatcmical teaching. To

achieve this, arfists would attempi to develop a colder, more detached view
of the dissected compse. However, the obsessive, highly imaginative eye that
shapes La Specola is far from cbjective. Boxed rows of severed, dismantled
heads and upper thoraxes tum and posture within their cabinets. They each
observe their viewer as they politely till their heads to expose the sinucus
undercarriage of their throat Separated limbs rest for observation, but retain

an uncanny freshinass which is both shocking and marvelious.

At the centre of each room are glass cabinets that contain full-length
anatcmized wax figures, who disport themselves in an appearance of life,
seemingly animated and N control of their environment as they display
clifferent aspects of their dissection. The walls of one small room are filled
with wax bones surmounding a wax skeleton sitting up In its glass vitrine,
demonstraiing an intricate web of fibrous ligaments. Modelled with a little
more than just the cartilages of s nose and ears, but no other flesh, there is
some pathetic humour in its smile, as if it has just pushed itself up onto its
elbows, honour bound to greet yet ancther visitor, its smooth bowed limbs

drcop to betray the demand of toc many hot summers and very old age. In
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in the production of La Specoia — a collection
of more than 800 fife-size models scuipted
between 1771 and 1814 — muscles and
tendons were copied into clay, and the clay
cast into wax. White smyma or Venetian wax
was thinned with insect oif, sperm oif or pork
fat. Colours were produced from Chinese or
insect cochineal, grotmnd with white powdered
lacquer and furpentine. Warm mixtures of the
colour and of the base wax were potred or
hand-painted into water-soaked and soap-
fined moulds. Each part was bullf up in fine
layers, from its most transiucent surface i &
deeply colourad infertor. Yeins, artaries, nerves,
and lymph vessels were made from cloth
threads or wire drawn out of liguid wax. Gold
leaf was used to give a siver sheen fo fendons.

Wax model (detail), 1771-1814

RIGHT

Faolo Mascagni (1755-1815) was a provesser
of anatomy and a renowned specialist in
lvmphatics. His most significant contribulion fo
anatornical art is in the form of the fargesi-
ever prinfed atlas, Anatomia Universale,
published posthumously, 1833. The sheer
scale of its ambftion bankrupled his family i its
production, and was never a commercial
success. This massive book cannot be easily
moved by one persen alone. fts pages apen irlo
breathtaking spreads of lavishly coloured
engravings measuiing more than 180 x 60 cm
{6 x 2 11). This plate was drawn and engraved
Dy the artist Antonio Serantoni. it is a cofoured
engraving prepared for a smatler and earlier
pubfication Anatomia per uso degli studios: di
scultura et pittura, opera postuma di Paolo
Mascaqni, Florence, 1816, An afias for artists.

Paolo Mascagni, Amatomical Study



ancther room three parallel cabinets contain life-size reclining women —
young, beautiiul, and entirely naked, wearing lace brndal veils, and wigs of
long blonde hair. Each raises one thigh 1o shightly cross the other, and their
ams reach down by their side to clasp their silk bed or else lift their braided
har Each of their bothas has Deen opened to release a fliowering of bnght
viscera, and they it their heads to smile faintly at their viewer. The detaled
realism and erotic allure of a similar set of these figures was so convincing
that they became broken and crushed under the drunken embraces of
maurading Napoleonic soldiers La Specols was so greatly admired that
complste copies of the exhibits were commissioned and sent abrcad.

Napoleon ordered a callection for Paris, and in 1786 a 1,200 piece replica

was transporied 10 Vienna across the Alps, on the backs of several hundred
mules. Other wax collections were greally influenced by La Specola,
especigly the nineteenth-century Spitzner collection, which travelled and
was seen in Belgium and France. it had a heightenad dramatc element,
where anatomical specimens were mixed with proto-ethnography and
elements of side-show abnormalities, The Spitzner collectiocn drectly
influenced members of the surealst movement and excited the
contemporary imaginaiion that was coming 1o terms with Freudian
interpretations of the world. In 1871, the surrealist panter Paul Dalvaux st
falked about this disturbing, strange and beautiful exhibition that once

influenced his vision.
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Because artists chronicle and lluminate all agpects of the human conditicn,

it is natural that many give images ¢f the body a macabre or sinister aspect.
The violence of confict, illness, and abnomality have been potent in the

artistic imagination throughout history.

Contemporary art often uses the shock of the exposed body to make its

point. However, there are a number of artists working today whose

fascination with the human intenor is cenired in awe and the enigma of life

INTRODUCTION

LEFT

This image is strongly reminiscent of garly
published X-ray photographs taken of Egyptian
mumimies, where jewellery. Shabii figures and
other fafismanic emblems are enclosed within
the murmmies’ bindings. The enigma of this
work Seems very iike Oppenheim’s other great
and widely reprodiced image of a fur-covered
breakfast cup and savcer. The resonance of
surreafist humour is clearly defined and
pointed in these works. Some conlemporary
artists are now using lechrigues such as MRI
{magnelic resonance imaging), thermal
Inaging, and computer reconsiruction to make
portraits of their internal structure, and indeed
to physically map their thoughts and dreams.
The use of medical fechnologies o expose
new versions of curselves is an aftractive and
unpredictabie tool in the hands of artists.

Meret Oppenheim, X-ray of a Skefetfon, 1964

itsell, These artists use aspects of the figure expressively, o confront issues
of mortality, identity, gender, and race. Meret Oppenhsim's X-ray of a
Skeleton, 1964, is a witty and elegant self-portratt in the Eurcpean vanifas
tradition where the presence of life and death share the same moment, the
same stage, wathout anxiety or morbidity. Her beautiiul X-ray cameo shows
ihe artist herseli in full costume dress with eamings, a naecklace and nings.
These intimate fterns have the same opacity as her bones, eiched inte a very

rich dense black. The everyday fleshier features of her face and hands are



RIGHT

it is interasting to compare Access fo the
three acid-corrosion-cast metlical specimens
shown on pages 42 and 43, produced
separately by Thompseit and von Hagens.
There is a sfrong superficial resemblance in
their fracery. They each draw organs of the
bedy by defineating their absence. But
between thern, we can seg the essential
difference hetween iMlustration and art The
acid-corrosion casts are superl modeis of
another object, or substance, grown ouf of its
derise. This gives them authorfty and a
sympathetic power in their process that is
aimost poetic. The corrasion casts present the
crafted art of an object. Cathrell's brealh made
salid is poetic in both its concept and in its
fasik to conjure our experience of the world, fo
question rather than illusirate substance and
mortality. This is Art, that is afso an object. The
problem of significance is ane that has been
hotly debated belween arlists and crafispeople
for many years.

Annig Cattrell, Access, 1998

poised in a mors delicate ethereal shadow that flutters with Ife, and the
whole image seems sei in a vivacious moment of conversation — an icon

mcre of a cocktail party than a medical screening.

The shadow cast by Annie Cattrel’'s Access echoes a similar ambiguity of
solid and reflection, object and ghost. Only herg, the shadows seem more
substantial than the lungs and heart of glass that cast them. Access is about

one of the invisible or unconscious raads into our body, a delicate and

erudite sculptural presence of the hidden. Annie Catirell has used her

own breath 1o blow a glass trachea, fine bronchia, and the chamiers and
leading blood vessels of a heart. Carafully channeling her concentration
and skill, she has heated, bent, and fused britile laboraicry glass into
a transparent iracery of breathing. Here the arlist's process makes an
analogy between drawing and surgery, constructing a paradioxical artwork
that uses rigidity and light to describe and evoke two of the mcst essential

and automatic rhythms of life.
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What this haif-size man shares with us, and
his wax predecessers, is the kinship of
similarity. Hlesh and wax have a long
associative fikenoss (this fas been recognized
Dy artists as diverse as Auguste Rodin and
Joseph Beuys). They share a pliant brightness
and a warm impermanence. Wax is a potent
metaphor aven before it is used, and in the
fiand’s of an artist with Crook's sensibility

and percention, it becomes painfidlly human.
Eleanar Crook is based in London, where she
teaches and researches her work among the
cellections of the Royai College of Surgeons
of England,

Eleanor Crook, Martin was Dismissive of
Poputar Psychology, 1996

The figure that uncertainly looks out from this page 15 called Martin. His
identity is the sulbject of this sculpture by Eleanor Crook But this 1s more than
just a portrat | 1s a summoning cf a very different kind of person from those
we see elsewnere in this ibook. His balance and stance 1s far from the athietic
proiotypes who demonstrate their uncluttered anatomy on cther pages.
Crook has used her anatomical knowledge, © caftch a posiure between
defeat and indifference, tiredness and surprise. She has modelied directly
into wax an off-guard moment in her sitter's day, in her sitter’s lifs. The man
in this work entitled Marfin Was Dismissive Of Popular Psychology 1s very
naked, he is like a model resiing between classical nudity, talking, drinking
tea, and wearing his well-used humanity ke a familiar jumper. The most
alarmning element of his striking presence is that he is only half-human size —
a miniature anatomy fashioned to a large-scale anxiety. By this device, Crook
disiances the viewer and increases our implication as voyeur with the
precision of her touch., She has sculpted a whole froupe of darkly

humourous figures that congpire 1IN their mimicry of our folbles and fears.

Among the most recent is Snuffy who was shown &t the Old Operating
Theatre of St. Thomas's Hospital 1IN London, This wax sculpture s of a
partially dissected reclining man, reluctantly demonstrating the history of his
kind. He is shown uncomicrtably astride a real but child-sized operating table
made of tamished aluminium, its surface dimmed by the suggestion of

frequent use, and the shadow of its subject's whitened pallor.



The dense issue of bodily fat 1s not a major concem within the study of

human anatomy, although in art sometimes 1t s prmary and essential,
especialy when made as expressive and confromtational as in ihe work
shown con this page, by Jenny Saville and Glen Luchford. |t is cne of a large
senes of images that are boih recoanizable and bizare, as the structural
elements of the body are obliterated by point-blank kneadings of flesh. The
artist's own body Is pressed against a transparent surface, so that its impact
is flattened into suffocating blocks of pressure. Her pliant skin and fatty tissue
are mauled and wrestled like ciay before the camera lens, Bone and muscle
have been dissolved into a landscape where the woman's surface weight is
everything. Saville has painted other such pancramas of flesh that
encempass and swamp any horzon other than that of the mortality of meat.
These pre-occupations of ihe twenty-first ceniury can block our view of the

uniformity of the body’s structure and the infinite variation of its individuality.

LEFT

The artist twists the body, furming it inside out
Io comprehend its emotional reflection.
Contemporary artists have becomeg invelved in
the growing drama of the molecwiar and the
viral, exposing the wulnerability of our fragife
kind. These confrontations of mortalily are
moments in the history and ihe future of the
bedy. Anztomy is a constant study, a tangible
vision of Ihe wondrous mechanisim of fuman
fife, from the elegant while shadow of our
bone archilecture to the pliant, sensual colour

of ot skins.

Jenny Saville and Glen Luchford,
Closed Comtact #3, 1995-96

The beginning of the twenty-first century is a very interesting time to look at
the development of art and anatomy, Many artisis are returning o a figurative
narrative, be it In painting, sculpture, video, or periormance. Many
contemporary arfists question the physicality of our being, or else expose the

vulnerable fransience of our frame

We are now entering a different vista of the body, where micrc-anatomy and
gene-manipulated medicine are at the forefront, Gross anatomy (see
glossary) may have again becomea a philosophic venture. What artists will
pring 1o this sucject will always be as diverse as the images made In iis
history. The artist interprets egually a vision and a view, working with skill, new
technologies, and an aver-changing imagination, to make it possible for us
o see and sometimes draw ourselves, with a bold but knowiedgeable hand,

in wonder and sumrise siiuaied cn both sides of our mortality.
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n adult' human body weighing about 68 kilograms (150Ibs) containg
approximately 100,000 bilion cells. Each cell is highly specialized and,
grouped together with similar cells, creates living tissue. There are four
principal types of tissue in the human body: epithelial (relating to glands and fine
membranes as in the lining of the nose, blood vessels, and the digestive tract),
connective {binding and protecting all intemal parts), nervous, and muscular.
Throughout the body, tissues combine to create more complex units named organs,

and each organ performs its own particular role with marvellous ingenuity.

Organs are discrete structures, distinguishable by their shape, size, and function,
but they cannot work alone, A single organ must combine with others to create a
system, the most complex organizational unit of the body. For example, the brain,
spinal cord, and peripheral nerves {composed of nerve and connective tissues) are
component organs, and together they function as the nervous system. Eleven
systems combine to make up the whole body: they are the integumentary (skin, hair,
nails, and mammary glands), skeletal (bone, cartilage, .and ligaments), skeleto-
muscular (muscles and tendons of the skeleton), nervous (brain, spinal cord, and
peripheral nerves), endocring (glands and hormones), cardio-vascular (blood
supply), lymphatic (fluid drainage and immunity), respiratory, digestive, urinary, and

reproductive systems. Together, these maintain the balanced, integrated, and

conscious whole that we think of as ourselves and that we examing hera as artists.
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SYSTEMS SKELETON

The skeletal systern, compaosed of bones, cartilage, and ligaments, creates
a rigid framework of support and protection. It holds the bady in shape,
provides anchor for most muscles, produces movement through the
articulation of joinis, protects organs such as our brain, spinal cord, heart,
lungs, and liver, and plays a vital role in blood-cell produciion. An adult

human skeleton possasses more than 200 bones.

Welght for weight, bone 1S one of the strongest known materials It develops
at about 37°C and yet only a few modem matenals produced at extremely
high temperatures surpass Its strengih. it can withstand compression forces
twice as well as granite, and stretching jorces four imes as well as concrate.
This is due 1o its unigue composition of 66 per cent earth matter (needle-lke
mineral salts, chiefly calcium and phosphate) and 33 per cent anmal material
(protein and pelysaccharides), which convens tc gelatine or glue when
beiled If the animal material is remaoved by buming, residual earth matter will
retain its shape, bui tum to dust on being touched. Conversely, If earth
matter is dissolved out using dilute acid, residual animal material wiil also
retain its shape but 1 becomes surpnsingly flexible: a long bone such as the

femur could be tied into a knot before retuming slowly to its natural shape.

Living bone is pinkish white, moist, and provided with blood vaessels and
nernves passing to its core via small holes named foramina. The whole
skeleton (except the articuiar surfaces of joints) is clothed In a vascular
fibrous membrane called periosteum and, being far from fixed, adapts and

STRUCTUREEE [HE BODY

RIGHT

Before baginning a study of human anatomy i
is important fo view the terms in which the
anatormized body is described. This begins
with the ‘analormical position” demonstraled
here. The body stands upright, arms to the
side, head, feet, and paims facing forwards.
This is the position that gives meaning fo all

directional terms and measurements used to
discuss the body. The term axial skeleton
refers o all of the bones compnising the Skull,
spine, thorax, and peivis. Appenduiar skeleton
refers lo afl of the bones of the imbs. Further
key anatomical terms are explained on

page 244 and used throughout the text.

changes considerably throughout our life cycle. Ostecclasts dismantle bone
fissue, as osteoblasts rebuild it elsewhere, following the demand of long-

term repeated muscle action and the strain of local pressure or weight

Bones are not solid, but composed of an outer shell (or cortex) and an inner
network of trabecutae {frem ihe Latin, frabs, beam). Also named spongiosa,
these small beams give cross-gections of bone a honeycomb appearance.
In tong bones trabeculae are denser at the arlicular extremities, more open
in the shaft. All bones are curved and undulating o Increase the surface area
for muscle attechment; long Dones are alzo cvlindrical for strength. Surfaces

are rough or smooth, ridged or pitted, with cavities and protrusions.

Cartilage 1= conneclive tissue mace largely of collagen. Three types arg
found in extension of bone: fiorous carflage forms the symphysis pubis
p. 89) and intervertebral disks (p. 64); elastic cartiage gives shape to the
outer flesh of the sars; hyaline carillage (the most common) covers the
arficular suriaces of bones, forms the nngs of the trachea, bronchi of the
lungs, and gives shape o the lower nbcage and nose. ‘Hyaling” derives from

the Greek for glass: within thé tody t has a franslucent, opalescent sheen

Joints are bound by ligaments, which stabilize, sirengthen, and define their
maovement. Fire, densely layered, {ranslucent collagen fibres, varying in
thickness, length, and opacity, they appear as the lines of a drawing,

perfectly describing the depth, surface, and complex curvature of each joint.
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Skaletal muscles cover most of the skeleton
and vary greatly in size, shape, and strengih.
As a e, muscles of the torso form broad,
expansive sheels, and muscles of the fimbs
are fonger, more cyfindrical, and may have
divided tendons reaching several bones. Short
thick muscles are designed for strength, long
stender muscles for precision. Their names
may reflect their shape (deftoid], action
{adducior), size (magnts), orieniation {rectus),
position (arderior), number of parts (biceps),
underlying bones (ternporalis), or attachment

between several bones (iliotibial fract). Skeletal
muscles may funclion as flexors, extensors,
adductors, abductors, pronafors, supinators,
rolators, elevators, depyessors, compressors,
difators, and fixators {p. 244). Alf skelgtal
muscles have points of origin and insertion,
rooled to the periosteum of hone (p. 32) as
piants might cling to a rock face. Large
muscies exert greal forces on bone 5o their
tendons must be very strongly attached. The
stronger the atfachment, the more bitterr the
surface of the bone wilf hecome.

BE MR UscULAR

Muscle is a biological contractor that produces movement and heat,
operating the joints, pumps, and valves of the body. There are three types:
striated, smeoth, and cardiac. Striated muscle (@ppearing stiped under a
microscope) is also called voluntary muscle since It is under our conscious
contral. Over 640 voluntary muscles make up 40 to 50 per cent of body
weignt. This is the red flesh of the body, Organized into groups and arranged
in two or more layers, voluntary or skeletal muscles give the human form iis

characternisiic shape beneath layers of fat and skin. Smooth muscle (without

siniations} is confined 1o the walls of hollow organs, such as the intestines,

and blood vessels. It funclions bayond our conscious control and is termed
involuntary. Cardiac muscle is particular to the heart. It is both stiated and

nvoluntary, with a cell structure that ensures synchronized contraction.

Tendons tie skeletal muscles to bone. Inside the body, they appear silver and
highly polished, with minute parallel grooves betwsen the collagen fibres
They are inextensible, allowing muscles to pull hard against them. Numerous
tendons {especially In the forearm) are longer than the muscles they sarve.
Long tendons convey the action of a2 muscle over a distance, may divide 1o
insert into numearcus bones, taper the form of the body, aid in lightening
waight, and allow large quantities of muscle fissue fo act on comparatively
small surface areas of bone. An aponeurosis is a white fibrous sheet of
connective tissue extending across the surface of a muscle or betwaen

muscles, providing additional attzchment like an expansive tendon.

STRUCTURE OF THE BODY
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LEFT AND RIGHT

These itfustrations show the average screen Increased melanin secretion cavsed
distribution of surface boody fat in a young by exposure to the sun produces tanned skin
womnan. Skin distends durfng pregnancy or fess sensitive fo sunlight. Mefanin also colours
with the substantial addition of body fat. fhair and eves. Eccrine sweat glands (covering
Strefch marks accur due to rediuced all but naif beds, glans penis, ear canal, and
cohesion between collagen fibres and the fins) efiminafe wasie and controf body
fogsening of superficial fascia. Skin afse temperature by producing a watery fiuid rich
foses tonicity with age: as elastin cells i ammonia, salts, and uric acil. Apocrine
(forming elastic fibres) are not replaced, sweat glands {focated in the armpit, breast
skin wrinkles and foosens. Colour 1§ areola, and around the anus) begin fo Tunction
determined Dy differing concenirations of al puberty, producing a thicker sweat

melanin, acting as an ultraviolet radiation associated with sirong scent.

RYEEEMR ARy

The integumentary systemn includes cuwr skin and its appendages - har
{p. 80), nails (p. 156}, and spacialized glands for the production of sweat,
cil, and breast milk. Skin is a tough, self-replenishing membrane, defining
the boundary between our nfemal and extemal ermvironments. The
average thickness of human skin is 1-3mm (0.04-0.12in}. it is thickest on
the upper back, soles of the feet, and palms of ithe hands (up to
5mm/0.2in), thinnest on the evelids. A highly sophisticated sense organ
and the location of our fecling of touch, 1t also orotects us from abrasions,
fluid loss, the peneiration of harmiful substances or micro-orgarisms, and
reguiaies our kody temperature through the production of sweat and the

cooling effect of surface veins,

Skin is the largest organ of the body and it 1s amanged In two distinct
layers. The upper layer, called the epidermis, 15 a sheet of self-replacing
dead and dying cells, and these are chiefly composed of a sulphur-rich,
water- and bDaciena-repellent protein called keratin. Beneath ligs the
dermis. This is a thicker, vasculanzed (with blcod vessels) layer of loose
connactive tissue, consisting of a mesh of collagen and elastic fibres.
These account for skin's strength and tonicity. Below the dermis lies the
hypodermis, a fine layer of white connective fatty tissue that is also named
the superficial fascia. This in turm mesats with the uppemost layers of deep
fascia. Deep fascia is a vast, thin fibrous membrang, devoid of fat, which

envelops ail muscles and muscie groups, tlood vessels, nerves, joints,






RIGHT

This schematic drawing shows the tension or
cleavage fings of fiurnan skin — that is the
directions irr which skin will crease. These
lines were discovered and mapped in 1862 by
the Viennese anatomist Karl Aitter von
Edenburg Langer. He proved that skin is
always under fension, and tat its deep elastic
fibres are arranged in banded patfems fo
accommaodate bedy movement. An incision
along these lines will hea! well because the
skin's tension pulls the cut together, whereas
a cut across them will pucker and scar.

organs, and glands. Throughout the body t creates silk-like pockets, through
which muscles and tendons glide smoothly These prevent friction and
restict the expansion of muscles as they contract, thus pressing against
veing to help push blood back to the hearl. Thickened shests of fascia
named intemmuscular sepia separate muscle groups, giving partial origin o
some muscles, while often tying from surface structures down 1o bone.
Where muscles flex and bulge either side of septa, dmples or indentations

appear in the skin. These are often prominent in muscular imbs.

Fat is the body's energy resource or onboard food supply. The fat stored
within the hypodermis is called superficial or panniculus adiposus, and is
made of soft adipose tissue {or specialized {at cells). This layer softens the
confeurs of the angular skeleto-muscular frame, and provides insulation
against cold. The largest concentration of fat is in the butiocks: it fills the
angles of the gluteal muscles {p. 35) to create a cushion for the ishcial bones
of the pelvis (p. 33). Other surface fat is stored in specific pads, which are
usually more pronounced in the female (pp. 36-7). The most notable areas
cceur arcund the navel, above the hips, over the inner and citter thigh,
above the front of the knee, beneath the nipples (forming breasts in the
fernale), on the back cf the arms, in the cheeks, and below the chin. Fat also
fils the cavites of the armpit (or axilla), behind the knee, between the
tendens of the wrist and ankle, and between every separable structure of the

body, down to the bones. It is lack of body fat (not increased muscularity)

that gives clearer definiion to muscles seen through the skin
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RIGHT

Anlerfor and posterior views of the large
organs in the thoracic and abdominal caviffes:
the diaphragm Is represented by a dotled Kne.
These are the organs of the respiratory,
digestive, and urinary systems, responsible for
processing, reguiation, and maintenance
within the body. Note hov very fightly packed
the ergans are, separated from each other by
fat, specialized membranes, and connective
tissug. The lungs rise above the collar bong
and the intestine is pressed info the bowd of
the peivis and against the spine.

BEEERVS GRiRlARY ™

The lungs almost entirely sumound and protect the heart, and their outer
surface describes the intericr space of the upper ribcage. They weigh very
little and are composad of over 700 million tiny air sacs called alveoli Inhaled
ar is warmed and humidified in the nose and trachea {or windpipe), and
crawn into the lungs by the contraction of the diaphragm. A powerful muscle
fixed 1o the inner walls of the ribs, it stratches over the liver and stomach,
divicing the thorax and abdomen. Once in the lungs, oxygen passas nte the

blood stream in exchange for carbon dicxide,

The cesophagus, stomach, large and small intestines, and rectum combing
o create almost 8m (261) of digesilve tract cr alimentary canal. The stomach
receives food from the oesophagus, breaks it down with gastric juices
(mostly hydrochlonic acid to kil bacteria), and passes it to the small intesting,
where it 15 further digested by secretions from the pancreas and gall bladder
Bile produced by the liver, cur largest gland, and stored in the gall bladder
acis as a detergent, breaking fats down intc an emulsion. (The liver also
processes, stores and converls nutdents, generates waste or urea, and
changes poisons into less hamful products for excration.) Nutnents are
absorbed into the blocd stream, In the large ntestine water 18 absarbed and
the rernaining content is condensed into fasces The kidneys filter the blood,
removing waste and excess water They also produce hommones to control
blood pressure, and stimulaie the growth of red blood cells. Unne excreted

from the kidneys passes through the ureters and 15 stored in the bladder.
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RIGHT

These ifiree drawings show (from left fo right)
the arrangement of veins, arteries, and nerves
within the body. Veins and arteries form the
principal efements of a ciosed circuit of hoflow
vessels for the passage of blood. Blood
voiume varies among individuals, althougf an
average adult should carry about 5 litres

(8 pints). Pushed around the body by the
heart, biood is supplied to all parts except the

hair, nails, cartilage, and corneas.

Large vessels fie degp beside bones or
beneath flexor surfaces (p. 244), protecied by
our impulse to fofd forward under attack.
Many largie binod vessels {and nerves) take
their names from Dongs they pass. Surface
veins are often visible through skin, especially
in the face, feet, and hands. The brain, spinal
cord, and peripheral nerves shape the body's
system of communication, using electical

impuises fo encode and ransmit irformation.

et

The nervous system is composad of the bran, spnal cord, and about
150,000 km (93,000 miles) of penpheral nerves. lts function is i©
communicate. Fvery second of our lives, It brings together, makes sense of,
and reacts to milions of fragments of informaticn. Nerves large enough to be
seen appear as white threads nunning through the body. These contain many
hundreds of paraltel fibres formed of cells called neurons. Neurons carry
electrical impulses, the number and timing of which encede information
travelling from cne part of the body to another. A large nerve fibre could camy

as many as 300 impuises nearly 120m (38411) in one second.

The brain is the centre of the nervous system. Ifs uppermost mass (or
cersbrumy is recognized by iis division Into two squal hemispheres: the right
hamisphere controls the left side of the bedy and the left controls the right.
It is composed largely of white matter, surrounded by a 4mm {0.16in)
undulating cortex of grey matter. White matier cames information 1o and from
grey matter. Grey matier is our seat of consciousness and thought. The
cerebrum houses our memory, emotions, capacity to leam, feel, and make
voluntary movement. Below and behind the cerebrum is the three-lobed
cerebellum, which co-ordinates skeletal muscles and mantans tone,
balance, posiure, and smooth movement Below the cersbrum and in front
of the cerebellum is the stalk-like brain stem, regulating our heart beat and

breathing, while the spinal cord mediates other simple reflexes.
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LEFT

The forearm and hand is an acid corrosion
cast of principal blood vessels, made by
Professor Dr Glinther von Hagens,
anatornist, inventor, and founder of the
Institut fiir Plastination, Heidelberg,
Germany. It belongs to an ever-gxpanding
collection of remarkable specimens
prepared by von Hagens and his feam of
assistants. These tour European venues as
the public extibition Korperwelten (see
directory, p. 250 ). Acid corrosion casts
were developed for cfinical research and

teaching. They are prepared by injecting
specialized coloured plashes or resin inlo fhe
hoffow Giood vessels of a donated specimen.
These are left to harden before surrounding
fissugs are dissolved. The practice of casting
fine channels was established by Leonardo da
Yinci, who cast the ventricles of the brain.
During the 17th century, Paduan anatomists
dissected complete systems of arteries, veins,
and nerves To buffd complex maps varnished
onto panels of wood (see the Evelyn Tables at

the Hunterfan in London).

The spinal cord is the body's targest nerve. It is a twoe-way conduction
channel. Ascending iracis {lines of nerve fibre) take mpulses up o the
brain, Descending fracts bring impulses down from it. Beyond the spinal
cord are peripheral nerves: a vast tracery joining every detail of the body.
Afferent {incoming) senscry pathways camy fouch, pain, temperature,
vision, hearing, taste, smell, and so on. Efferent (outgoing) paths carmry
mctor signals for action and response, and divide into somatic
communications, with skeletal muscles under our conscious centrol, and
auioncmic communications, with smooth and cardiac muscle or glands
and epithelial tissue functioning beyond cur conscious control. Autonomic
communications subdivide N0 a sympathetic division, which prepares the
body for attack (the Tight or flight response), and the parasympathetic

division, which calms the body and stimulates digestion

The nervous sysiem also works it concert with the system of endocrine
glands scattered throughout the body These produce chemicals called
hormones Poured into the blocdsiream as needed, they act like prme-
ime broadcasts. Nerves send targeted information at up to 480kph
{300mph), while homones transmit to the whole body but are registered
only by tissues sensitive 1o them. They act within minutes, days, or years,

to control development, reproduction, blood-sugar levels, and adrenaline.

The heart is the powerhouse of the cardio-vascular system. Blood collects

oxygen from the lungs as well as nulients from the digestive tract,



RIGHT

Two more acid-corrosion casts: of the heart
{above) by vor Hagens (see opposite), and
of the fungs, heart, liver, gall bladder,
stamach, and infesting of an aaduit (below)
by Dr D.H. Tompsett (1909-91), prosector
{0 The Royal Coflege of Surgeons of
England, London. Collections of Tompselt's
work can be seen there and in the Cole
Museum at the University of Reading,
England. Casts of the arterial systems of
stiif-bom infants were a feature of his
research. He also made zoological pieces,

for exampie a pale gofd resin cast of the
lungs of a horse. (These may he seen by
appoiniment in the London Hunterian, see
D. 250) William Harvey inlroduced the
praciice of arterial injection when he
discovered the circulation of fhie blood
{declared in 1628). The technigue was
advanced by Frederik Ruych (16358-1731),
who taught anatomy in Amsterdam and
produced a 1300-piece cabinet of
analornical tableaus, fater purchased by
Peler the Graat of Russia.

delivering these throughcut the body in retumn for waste products that are
then deposited in excretory organs. The embryonic heart begins to beat
regularly in its fourth week of life. Before death it should beat an average
of 2.5 bilion times, A powerful muscular pump, It is composed of four
chambers: two alria above two ventricles. The right atnum receives
oxygen-depleted blood from the vains of the body, channels it t© the right
ventricle rom where 1t is pumped fo the lungs. There carbon dioxide is
expeled in exchange for oxygen. Re-oxygenated blood relums to the
heart through the left atrium, and then the left ventricle, from where it is
pumped back around the body via the aorta. (Blood circulates through the
ungs in 4-8 seconds; through the body in 25-30.) The acria is a huge
artery. About 2.5 cm (%in) In diameter, it 1s 3,000 times the width of the
smdllest blocd vessel. Like the branches of a tree, arteries divide and
divide again, untll they become small artericles, and finally microscopic
capillaries. Capillaries then unite Into vessels of Increasing size untll thay
become visible 1o the eye as venules, Venuies unie to form vains. Veins

in tum become larger and larger as they carry blood back o the heart.

The cardio-vascular system 1S supported by a vital drainage network,
Excess fluid (or lymph), protens, and fats seeping from the capllaries are
collected, fitered, and retumed to the blocd stream by the iymphatic
systemn. A multitude of tnbutary vessels and nodes also moenitor the haalth
of the body, remove harmful particles and micro-organisms, and form a

vital intemal line of defence.
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he head is the vital sign and engine of our being. We see, hear, taste, and
smell within it. We breathe, eat, and converse through it. We recognize
each other and think with it. This complex ball of bone and soft tissue is
our main gateway to the world and the seat of all cur understanding. The structure
of the face begins deep within the bones of the skull, which are overlaid by the
cartilages of the nose and ears, the globe of each eye, and a large amount of fat
beneath the skin, This is stretched, compressed, and often wrinkled into an

astonishing range of expression by a thin and very delicate layer of muscles.

Arising from the skull, facial muscles attach into each other and partly into deep
layers of the skin. Quite hidden beneath fat, they strictly control but cannc:t- directly
form our expression as notions of beauty, ugliness, character, health, and feeling are
read into supple shifts, hues, and textures of the fat and skin lying above. Minute
maoverments of the face tilt the pronunciation of speech and mutate the emphasis of
silent communication. Corwersely, our first language trains, stengthens, and
discreetly shapes our instinctive and habitual facial movements, An expert anatomist
might claim to tell which language a person speaks from the tone and development
of certain facial muscles. And it is largely the training of the first language that
prevents us from mastering the correct pronunciation of a second language. Such

mechanical nuances, continually shifing and changing the facial cast, make the

human head an obsessive and constant subject for the artist.
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LEFT AND RIGHT

Left: observe the significant relationships
between the bones of the skull. The haltway
point from the top of skull to the lower edge of
ihe lower jaw is just below the centre of ihe
eyes. From front to back, it is just behind the
temporomandibidar foint (p. 51), and in front
of the spinal column. The top of the cranium
descends downwards and forwards, with the
highest point directly above ihe mastofd
process. The foramen magnum is fevel witf
the base of the nose. The mandibie overiaps
the hyoid bore situgted at the top of the neck

when the head fs fowered. The thyroid
carfilage {or Adam'’s apple) suspends by a
membrane from ffie hyoid beng. The thyroid
and cricoid cartilages are larger, more
pronounced, and lower in the male. In the
female, an enfarged thyroid gland gives a
softened shape to the front of the neck.
Right: imporiant details of the skull, inciuding
prominent sutures, the shape of ihe palate at
the roof of the mouth, and the foramen
magnum, through which the spinal cord

conrects with the brain.

G BB s ... o

on top of the vertebral column, is the uppemost mass of the axial skeleton
{p. 32). it detemmines the shape of the whale heac and it is composed of 22
bores. These can be classified in two groups: bones of the cranium,
surmaunding the brain, and bones of the face, supperting the eyes, nose,
and mouth. With only one exception (the lower jaw), all the bones of the skull
iit together closely by means of irregular edges which lcok like long rows of
tiny, interlocking teeth. Called sutures {from the Latin, sutura, to seam), these
create immovable junctions, holding the bones fimly in place, while also
alowing for the growth of the head. Tiny islets of separaie bone, called
wormian bones, are occasionally found within a suture. Suiures may

gradually ossify and disappear in the course of a long Iife.

The cranium (also named the cranial vault or calvaria) encloses and protects
the brain and crgans of heanng. Formed from smoathly curved, expanded,
and interlocking plates of bone, it imparts the characteristically domed shape
of the head. Viewed from ahove, it is almost egg shaped, namower towards
the forehead, and wider behind. In lateral view it 1s also egg-like if a curved
lime is drawn from the top of the nose (betwsen the eyes), past the earhole,

0 beneath the occipital bone.

The occipital bone or occinut (from the Latin, ob, against, and caput, head),
situated at the posterior and infericr part of the head, rests direcily on top of

the spine. It is a gently cupped bone pierced by a large hole named the
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foramen magnum {p. 48), through which the brain connects with the
spinal cord. The exterior surface of the occiput is particularty marked and

pitted by the insertion of powerful neck muscles.

Two smootn parietal bones (p. 48, from the Latin, pares, wall) form the
roof and upper sides of the head and aput the fronial or forehead bone,
which contains the frontal air sinuses {or spaces) above and between the
eyes. Together with those of the sphenoid and ethmoid (below) and the
maxiliae (pp. 48 and 51), these sinuses are termed paranasal because
they have channels opening into the nose. They give rescnance 10 the

volce, uniess they are blocked, as in a heavy cold.

Two temporal bones form the lower sides of the cranium, part of the
cranial ficor, and encase the middle and inner ear. Each terminates to the
rear, behind the ear hole, in the mastod process {pp. 48 and 48), an
important bony landmark for the ariist. The sethmoid s a complicated
megular bone hidden deep within the head behind the nose. The
sphenocid (p. 48) is also largaly hidden, except for a small part (the ala or
wing), which reaches the surface on both sides of the cranium between
the temporal and frontal bones just above the zygomaiic arch (p. 48) to

complste the temples.

The bones of the face, together with the lower jaw, are grouped in front of

and generally below the cranium, giving shape (0 the eyes, nose, cheeks,

BONES AND MUSCTLES




LEFT

The skull piciured here is female. A male
skutf is usually larger, more angufar, and
mare heavily buift than that of a female,
and surface areas given to poweriyl muscie
attachment are rougher or more pitted. The
lower jaw tends to be squarer in the male
and more pointed in the femalg, and the
female foretiead is usually more upright
and smeoih. Men tend fo have more
pronounced frontal sinuses, which thicken
the brow or ridge of bone above and
between the ayes.

and mouth, Seven bones contribute 10 the eye sockets (aiso called orbiis),
and these appear as degp pyamidal cavities, the square apertures ¢f
which are gently rounded. Two small nasal bones {see also p. 48) form the
bricige of the nose, and together these project forward and upward to
meet the nasal cartilage which gives shape 1o the nostrils. A single median
hone named the vomer {or plough) dividss the right and left nasal
aperiures, and deep nside the ncse are three finely cured paper-thin
bones named turdinates (from the Latin, furbo, spinning top) or conchae,
because they resemble a conch shiell. These are designed to spin air as
it Is inhaled, s¢ flinging dust particles against the mucous iining of the

nose, whare they are trapped and prevented from entering the lungs.

The zygomaitic {or malar) bones give the face its broadest measurament.
Narrow‘posten'oﬂy, they sweep over the temporal fossa (the hotlows below
the temples) fike flying butresses and widen 1o fom the cheek bones
ceneath the eyes (. 48). The maxilae shape the upper lip and the walls
cf the nose, and then run deep infe the Mead to contribute © the fioor of
the eye sockets. Togather they also form part of the hard palate at the roof
of the mouth (0 49) and hold the upper row of testh, closing over and in
front of the lower teeth. The lower jaw, also named the submaxilia cr
mandible (from the Latin, mandere, to chew), is the fargest and strongest
beone of the face. The body of the mandible is v-shaped if seen from
above or below. || supports the lower teeth and articulates with the

temporal bones just in front of the ears at the temporomandibular joints.

THE HEAD
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LEFT AND RIGHT

Behind the protection of orbicutaris oculi
{right), the giobe of the eye rests in & soft
cushion of fat. Six muscles direct s
movement, and a seventh muscle (fevalor
palpebrae superioris) raises the upper
ayelid {eff). If the eye’s cushion Is limifed,
or reduced with age, the whole giobe may
appear sunken of deep set beneath the
brow. Conversely, certain conditions can
cause the eye fo buige from its socket.
Tears are generated behingd and within the
upper gyelid, which is thicker and fonger

than the lower lid. The upper eyelashes
(arranged in Iwo or three rows) are long and
curt upwards, whereas the lower lashes are
miich shorter and curl downwards so that
they dp nof calch the upper iashes when the
eve biinks. The white of the eye is cafled the
sclera, and the coloured muscle of the iis
controls tfie aperture of the pupi, which
appears as a black hole at the cenlre of the
ifis. In profile it is possible to see ihe cornea
as a transparent dome projecting forwards
of the whole aye.

G RBCLES oo

fop of the head a musculo-finrous sheet covers the skull from the accipital
bone (p. 48) 1o the evebrows. This is the epicranius. It is made cf three
distinct parts: two portions of muscle, occipitalis (posterior) and frontalis
{anterion), cornnected by an aponeurosis named galea aponeurotica {p.
55). The frontalis portion raises the syebrows and draws the scalp

forwards; occipitalis draws the scalp backwards.

The broad elliptical fiores of crbicularis ocull suround the eye socket (or
orbit) and create the sphincier muscle of the evelid. This acts inveluntariiy
to blink cor close the eye in sleep. VWhen consciously coniracted,
orbicularis oculi draws skin inward upon the eye in tiny creases, as when
narrowing the eyes in bright light. Beneath artrcularis oculi, a muscle lies
deep along the medial portion of the eyebrow This is the comugator, which
draws the eyebrows together and downwards, forming vertical creases at
the centre of the forehead, as in a frown. Procerus also draws the brow

downwards, producing horizontal folds across the bridge of the nose.

Nasalis, flexed at different points, allows us to close or flare the nostrils
shghtly. Levator labii supericris also assists in flaring the nostrils while
ralsing and everting the upper lip. The infraorbital and zygomatic parts of
this muscle parily form the nasclabial furrow — the crease from the side of
the nose fo the comer of the mouth. When flexed, levator lakii supenoris

opens the lips in an expression of contempt or disdain. In contrast,
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LEFT

Thase two photographs show the relative
measurements of the head. The base of the
ear lobe Js about levef with the base of the
skull, and the lengith of the nese from the
brow to ifs tip is about one third of the total
fength of the face fmeasuring from the halrling
fo the point of the chin). It is important to Rote
the angle at which the nasal beones (p. 48)
meet the nasal cartiiage, the wioth and
thickness of the nostrils (made of cartiiage
and fal), and the degreeg To which the nostrils
curve down or up to reveal the nasal cavifies.

RIGHT AND OVERLEAF

The superficial muscles of the face and neck
{right} and their action {overfeal): the fibres of
each muscie defermine the direciion in which
it pulis. More muscies contribirte to shaping
and moving the mouth than any other part of
the face. When the face is relaxed, the comers
of the mouth are almost bengath the centre of
each eye (p. 57, above right). The flesh of the
whole mouth is held in shape by the cheek
bories, jaws, and tegth. Think of an slderly
person with a reduced lower jaw and no leeth

— Ihe mouth is drawn severefy fnv(afds.

zygomaticus (maor and minor, p. 53) draws the comers of the mouth
upwards to smile or laugh, whereas risorius (p. 53) pulls the comers of the
rmouth across the face in a level grin. Depressors labii inferiors and anguli
oris (p. 53) can be falt just below ihe lateral portion of the lower lip. Their
fibres contain a ot of soft fat to shape this part of the Tace and they draw the
lower lip down and outwards in a grimace of disgusi. Mentalis above the

point of the chin {p. 53) protrudes the lower lip in an expression of doubt.

Buccinator {p. 53, from the Latin, buccina, tumpet) is a strong quadrilateral
muscle connecting the maxilla to the mandible. Algo called the trumpeter's
muscle (it holds the cheeks firm when air is blown strengly through the lips),
it forms the wall of the mouth and presses ihe cheeks against the festh.
Orbicularis oris (p. 53), unlike the simple ring muscle of the eye, is made of
fiores running In different directions. Some are proper to the lips, but most
derve from muscles surrounding the mouth. Orbiculans oris can purse the

ips, press them flat against the teeth, or push them outwards o blow a kizz.

Masseter (. 53) is a thick and powerful muscle giving shape to the back of
he jaw, It pulls the mandible haxd against the maxilia, enabling us o bite and
grip with our teeth. Temporalis is a large thin fan-shaped muscle covering the
side of the cranium. The fibres converge to form a tendon that descends
behind the zygomatic arch and inserts onto the coronaid process of the jaw
(L. 48). It closes the mouth, pulling the jaw upwards and back against the

upper teeth. A thick fibrous sheet, the temporal fascia, covers temporalis.
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THE HEAD NECK MUSCLES

Large strong muscles clothe the back and sides of the neck, and surmound

the curve of seven cenvical vertebrae (C1-7, p. 48). Amanged in layers, these

flex, extend, and rotaie the head, and raise the shoulders towards the ears,

The throat, at the front of the neck, is shaped by very thin muscles overlying
a long upright column of cartilages, ligaments, and taut membranes. This is
the superficial architecture of our speech, swallowing, and breathing. The
small hyold Bone marks the root of the tongue, and is suspended by
ligarments from the styloid process beneath each temporal bone {p. 48). The
larynx (or volce box), palpable at the top of the neck, is the entire hard-throat
structure, from the root of the tongue to the trachea (or windpipe) below. [t is
composed of nine cartilages (two arytaenoid, two comiculate, two
cuneiform, the epiglottis, cricoid, and thyroid), joined by numercus ligamenis,
membranes, and deficate muscles, and fined by a mucous membrane,
continuous with that of the trachea below. The thyroid cartilage is the largest

of the throat. Suspended from the hyoid {p. 48}, it is curved and pointed

BONES AND MUSCLES

towards the front. Signfficantly larger in men than women, the thyroid
cartilage is often called the Adam’s apple. The cricoid carilage situated
pelow is also more prominent it men, where it presents a smaller bump
below the centre of the throat. In women, a larger thyroid gland conceals the
cricoid, giving a more rounded shape to the neck. An enlarged thyroid gland
{cr gaitre), a condition more commaon in women than men, has in cerain

perods been considered mere beaunful and desirable than the nommal form.

A woman's neck is also nomally tonger than that of a man, due o the angle
at which the upper ribs meet the stemum (p. 77). The top of a man’s stemum
is usually level with his second thoracic vertebra (p. 65). A woman's stemurm
is lower, and lavel with her third thoracic vertebra. In men and wormen, the
front of the neck is lower than at the back, and it shortens when the whole
chest is drawn up toward the chin. The female occipital bone (p. 48) is more
obligue than the male, giving greater height o the back of the neck. Stronger

neck muscles in men, particularly behind and either side, give greater width.
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TOP AND ABOVE

Use the drawings above o understand the
Dhotagraphs of neck muscies. The most
prominent are frapezius (photographs, left),
sternocleidomastold (photographs, above) and
platysma. Platysma Is the largest citaneous
muscle of the body, it soffens the front of the
neck, and is our only investing muscle of the
trunk (or panniculus camosus). Found among.

INTERMEDIATE MUSCLES

antevior belly

other mammals, pannicuius carnosus enables
a horse to shake fies from its skin. Humar
Platysma can flick the skin of the neck or pul!
the cormiers of the mouth into a grimace,
creating foids from the faw to the collar bore
(photograph, near lefy). Each side of the neck
is shaped by a tapered column of muscle,
sternocileidomastoid, arising from the stermum

GiCe

(g

T

digastric
posterior be/ﬁt

stervocleidomastoid

and clavicle af the pit of the neck to the
mastoid process behind the ear. If both
contract, they draw the head forwards onio
the chest. If only one contracts, the head is
tumed to the opposite side. If the head is
fixed, boih help raise the tharax for forced
breathing (p. 78). Beneath the jaw, mylohyoid
Iifts the foor of the mouth and the hyoid bone

SUPERFICIAL MUSCLES

S Prachea

o

S

vhen swallowing. Digastic opens the mouth,
putling the jaw downwards. Omohyoid pulls
fhoid downwards, assisted by stemohyoid.
Smaller throat cartilages in women are
concealed and softened by the thyroid giand
and surface fat (photograph, above right),
while male thyroid and cricold cartifages are
prominent (photograph, above leff).

THE HEAD

.pﬂzélsma

thyroid cartilage
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LEFT AND RIGHT

These photographs show varialions in the waves (vibrations of gas mofecules) at a
growth characteristics of head and facial frequency range of between 20 and 20,000
hair, as well as the form of the ear in side heriz (waves per second). The upper limit
view and how far it extends from the head. reduices with age and may be less than 8,000
The fieshy part of the ear (or auricle) can it the elderly. Lars defect the direction of

vary greatly in size, shape, and in its angle Sound hecause one ear receives vibrations
from the head. in later iife, the auricle fractionally before the other and at a different
thickens and can appear enfarged. The volumg. The brain uses these slight

fhuman ear is designed io receive sound differences to calcuiate the direction of sound.

INRIRBPAR

are actually the auricles: the fleshy parts surrounding the ear hole. Shaped
1o direct sound waves into the tympanic cavity, they are made of elastic
cartilage, covered in fine nerves, blood vessels, fat, fascia (p. 36}, and

skin. The inner and middle ear are responsible for hearing and balance.

Hair covers the entire body except for the palms of the hands, fhe soles
of the feet, the nipples, lips, and some areas of the genitalia. Hair growih
cccurs in small tubes deep in the skin called follicies. The emergent shaft
is made of an inner core (or medulla) and an outer cortex of dead cells
impregnated with the protein keralin. Straight hair has a round or eylindrical
shaft; curly hair has a flatter shaft. Varying amounis of melanin {black or
brown pigment) deposited in the dead cells give hair its colour, Sebacecus

glands produce an ol called seburmn to keep hair supple and skin soft.

Dark hair is much stronger and thicker than fair hair, is less susceptible to
bregking, and can ke grown to a greater length, Head hair lengthens
through altemate periods of growth and rest and extends an average of
12.5 am (5in} per year Body hair grows much more slowdy. A single head
halr lives for two 1o six years, dies, falls out, and is replaced by a new
strand. The duration of this cycle determines the naiural lengih to which
an individuals hair will grow. Centrary 10 poputar belief, hair and nails do
not grow after death. Apparent post mortem growth 1s merely an effect of

the dehydration and recession of skin.










f the torso or trunk of the body is opened from the front, and the soft organs are
removed, the thorax and abdomen present two empty, smooth-walled chambers.
The inner walls of the thorax look like the inside of a huge, dark red silk and peari-
lined egg. The inside of the abdomen is similarly smooth, cupped and closed at fts
lower end by the bowl of the pelvis. The spine at the base of these two chambers
appears as a massive tapered and arching rod dividing the interior length of the
torso into two very deeply cupped halves. Its curved succession of venitral bodies

project so high as to reach aimost the centre of the torso.

In life, the aorta (the greatest artery emerging from the heart), lungs, liver, Kidneys,
and intestine fit perfectly against the inner surface of the spine, whose segmentaed
length is tightly bridged and smoothed by a long shest of powerful ligaments
Shielded behind this load-bearing core, and encased within a delicate canal of
vertebral arches, is the gpinal cord: a pale, oval, and tapered cylinder of nerve fibres.
Almost separated in two along its length by deep furrows in front and behind, the
spinal cord is bathed in circulating fiuid, wrapped in membranes and cushioned by
fat. This is the brain's main cable of communication with the body. Paired roots
emerge from either side, between the vertebrae, and these divide to form a tracery
of penpheral nerves. Beyond the spinal canal, deep within many complex sheets

of muscle, lie an arangement of more than 70 spinal processes. These are fine

levers of bone, pulled by muscles, to fiex, extend, and rotate the whole torso,




THE SPINE BONES

The spine (also caled the spinal column, vertebral column, or backbone) is
the longitudinal and cantral axis of the body, situated deep to the median {or
centre line) of the body at the posterior of the torso. It possesses incredible
strength and is made of 33 interlocking collars of bone named vertebrae.

They are aranged in five distinct groups,

Cervical vertebrae datermine the height of the neck, and are the smaliest
and most delicate segments of the spine. Thoracic (or dorsal) vertebrae
comespond to each palr of rbg In the torso, closing the thoracic cavity
hehind, and forming part of the ribcage. Lumbar vertebrae shape the curve
of the lower back and carry the weight of the whole torso above. They are
the largest moveable vertebrae of the gpine. The sacrum at the base of the
spine is a thick fangular dish of bone made of five fused vertebrae, firmly
fixed between the lliac bones (or wings) of the pelvis. The sacrum contribuies
to both the spine and the pelvis. Beneath, at its tip, are the fused bones
named the cocoyx. These vary in shape and number {four is the maximumy
from person to person, and do nct serve any struciural purpose. The Coccyx

is often described as a vestigial tall.

The whole spine articulates with the head, rbcage, and pehis. Moveable
veriebras — that s, the superior 24 — are separated by disks of cartilage
{called intervertebral disks), and articulate with each other, The spine is
stabiized by a series of powerful ligaments and manoceuvred by deep

muscles of the torso.
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RIGHT

This ilustration focates the spine inside the
fiving body. Observe the unduialing lateral
curves presented by fransverse processes
{p. 66) running the length of the spine. From
ihe extended widtf of the axis at the fop of
the spine, subjacent cenvical transverse
processes either side of the neck grow
successively wider fowards the thorax. The

protruding at their lowest point. The fumbar
transverse processes are the most extended
of the whole spine, and their width draws a
convex arc either side from above to below.
Transverse processes give attachment to deep
muscles articulating the spine and are buried
by columns of muscle flanking . Spinous
processes (p. 66) are visible through the skin;

first thoracic vertebra is clearly the widlest of here the lumbar spinous processes are
apparent, The spines of C7 and T1 {p. 66)

would be paipabie at the base of the neck.

the twelve, and from here thoracic rangverse
processes successively diminish uniil barely

Viewed laterally {from the side), the spine presents four distinct and
altemating curves (p. 67, the sacral, lumicar, theracic, and cenvical curves).
These increase the camying strength of the spine and enable the body to
balance in an upright posture, with the least muscular effort. If the human
spine were straight, the weight of the ribcage and viscera suspended in front
would pull the whole body forward. When walking, or jumping, the curves of

the spine also absorb the shock of our feet strking the ground.

Viewed from behind, the vertebral column appears perfectly upright.
However, many of us who are right handed, and who give preferential use to
our right arm, present a very slight and gentle curve to the left in the region
of the third, fourth, and fifth thoracic vertebrae, counterbalanced by a curve
1G the right in the lumbar regicn, Those of us who are left handed show lateral

curves in the opposite directions.

Atypical human vertsbra is made of three parts (p. 68). An anterior cylindrical
block of bone with flattened upper and lower surfaces forms the ventral
body. This is the main part of a vertebra and it carries the weight of the torso
from ane block to the next. The ventral bodies of all typical verebrae are
tapered, becoming gradually more slender as they rise through the height of
the torso. Behind the veniral body is a delicate arch of bone {termed the
vertebral arch). This encloses a foramen or large hole. A succession of
vertebral foramina behind the spinal colurmn forms a canal in which the

medulla spinalis (or spinal cord) is lodged and protected.

L

— —



atlas

axis

7 cervical vertebrae

e 12 thovacic
{dorsall verfebrae

-

5 luembar vertebrae

dhac erest

_ il

ALY

—— posterior superr diac spine

Wﬁfy)( e
__ ischinm




[k SPINE 65



7t (D11}

712 (D12}

66 BONES AND MUSCLES

Atlas (€1)

axis (€2)
€3
o4

cs
(21

L7

L2

L4

SACK I

coceyx

LEFT

This anterior view shows the full height of the
spine with the ribcage and shoulder girdie
removed. The spine is the vertical axis of the
body, the core of the axial skeleton. Here the
ventral bodies of the vertebrae are
forwardmast, with Iransverse processes
extended behind o either side. In perspeciive

we seg the anferior curves of the cervical and

lumbar vertebrae balanced against the
posterior curves of the thoracic and sacral
Dportions of the spine. In this drawing and in
the fateral view opposite nofe the graded
increase in the size of the veniral bodies as
they descend from rn;e tiead fo the sacrum of
the pelvis, together with the specifically

direcied angie of each spinous process.

Fach vertebral arch is composed of four segments, two pedicles (or roots)
and two laminae (p. 59). Pedicles creaie each side of the arch, while laminas
close the structure behind. Surmounting the vertebral arch are seven
processes (or wregular bony protrusions, p. 69). Two fransverse processes
point cutwards 1o ether side, and a single spincus process ponts
backwards and down from the centre. Spinous processes give ther name
to the spine, and are the only part of it that can e seen beneath the skin,
Transverse and spnous processes atiach to powerful muscles and
ligaments, and act as lavers to flex, extend, and rotate the spine. They vary
greatly in shape, thickness, length, and angle, depending upon their position
along the length of the spinge Last of all, four short articular processes, two
supericr and two infenor, ium up and outwards, or down and inwards, to
mest those of adjacent vertebrae. These form very small joints which both

faciltate and restict movements of the spine.

The seven cervical vertebrae in the neck are nomally referred to as C1, €2,
C3, C4, Cb, CB, and C7. The cranium is balanced directly over the vertebral
column. Two convex lips of bone namad occipital condyles, positoned
gither side of the foramen magnum at the base of the skull {p. 49), articulate
with two comesponding concavities on top ¢f the first cervical vertebra (C1).
This is the jeint through which the brain connects with the spinal cord, and it
is situated directly behind the mouth. C1 1s named Atlas, after one of the old
gods of Gresk mythology, overthrown by Zeus and condemned to stand

forever ai the edge of world with the heavens on his shoulders. Atlas is




RIGHT

This (ateral view {from the fefl} reveals the
oynarmic curves of the sping that in fife are
braced like a double bow. These increase Ihe
sping’s strength and its capacity fo absorb the
shiock of movement. When we walk, run, or
Jump, its sprung length compresses and
expands. Tiny adiustments between each hone
and iis adjoining cartifaginous disks enable fhe
hody fo balance upright with the least
muscuiar effort, i the spine were straight, the
weight of the ribcage and viscera would pulf
the whole body forwards, causing us fo fall

seated over and around the second cervical vertebra (C2), named axis. Alas

and axis are unigue among vertebrae in structure and range of movement.

Atlas does not have a ventral body or a sginous process. Instead, it forms a
delicate open ring with two upward-facing articular dishes camying the weight
of the head, and two markedly long transverse processes projecting beyond
those of subjacent vertebras. These reach out heneath the skull towards the
mastoid processes of the temporal bones (p. 48), gving powerful leverage
to the deep cbligue muscles which tum the head from side 1o sde (p. 59).
Each transverse process 1s pierced by a small foraman conducting vertebral
blood wvessels and a complex network of nerves through the neck
Trangverse foramen are characteristic of all cervical vertebrag and help t©

differentiate them from thoraoic vertebrae.

Axis (C2), situated beneath Allas, is a more sturdily built vertebra, formed with
a stout body in front, diminished transverse processes, a broad spinal
process, and above a very prominent dens or cdontoid {tooth-like}
projection. This projection passes upwards through the anterior arch of Atlas
and is held n place by a powerful ligameni. The union of Allas and axis

cregles a strong pivotal joint for the rotation of the head above.

The remaining cenvical vertebrae are deeply buried at the centre of the neck
behind the cesophagus, with the excapton of the last - C7, whose long

spinous process rsas close 1o the skin and creates a visible landmark at the
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LEFT AND RIGHT
The movements photographed are shaped and

length. 4: third cervical veriebra: the smaliest,

= e " e

controfied by layered muscles arranged either nate fis finy venlral body and the sharp ; ot - ATLAS: ANTERIOR VIEW
side of the vertebral column, attaching to spincus process directed down (it appears i ﬁn‘ar articaiar sarh /

more than 70 transverse and spinous forked viewed from behind). 5 typical lumbar AN
processes. Reading from the fop, the drawings veriebra: displaying the curves of the ventral superior articular surface
of vertebrae are: 1 and 2: views of Atlas; note bady. Articutar processes project above and vertzhral foramen

the angles of the Tour arficular surfaces, two below, transverse processes fo either side. 6:

above and two below, and the aperiure of the thoracic vertebra: two pedicles and two superior articular

foramen, extended to receive the dens of axis.
3: axis: dens rises in front between Ihe
superior articular processes; the transverse

and spinous processes are diminished in

laminag shape the vertebral arch. 7: thoracic
veriebra: note the angles of the five
processes. 8: fumbar vertebra: displaving a
large kidney-shaped ventral body.

F}’ CLESS

saperior articular
process

AXIS: SUPERIOR VIEW

base of the neck. The cervical curve of the neck is discretely concave if

viewed from behind, and greatly accentuated if the head 1s tiltled backwards.

The twelve thoracic or dorsal vertebrag (T1 1o T12/D1 to D12) coirespond
to, and articulate with, pairs of ribs formirlmg the ribcage (p. 74). Pairs two ic
ten articulate with their cormesponding vertebra and the vertebra above for
example, R5 articulaies with T5 and T4. The remaining ribs (R1 and R11-12}
ariiculate with a single vertebra (T1, T11, or T12), The thoracic vertebrag
close and seal the back of the thoracic cavity, and the thoracic curve
determines the posierior curve and onentation of the ribcage. The curve of
the five lumbar vertebrae (L1 to L5) Is concave and comesponds to the
forward curve of the abdomen on the opposite side of the bedy. The greater

the forward angle of the pelis, the greater the curve of the lumbar veriebrae.

— =" T12: INFERIOR VIEW

IYansversc process

The twists and curves of the spine are among the most difficult elements of
the body for an artist to capture. Deeply buned within the torso, the spine's
complex curvature is only clearly ssen from behind. However, fractional spivous process

T8: LATERAL VIEW

movements between each vertebra accumulaie over its length, allowing the
four spinal curves 1o be greatly accentuated, siraightened, or rotated 1o
either side. When the spine is arched backwards, strong columns of muscle
{erector spinae) flex and rise to either sids, casting the lumbar vertebrae inte
a deep fumow, Whan the spine is curved forward into a foetal position, the ventral body
erector muscles extend and stretch flat against the ribs, and the lumbar (and

lower thoracic) spinous processes protrude n a line beneath the skin.
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E VALPINGCO

Jean-Auguste Ingres (1780-1867) was 28 and in love with the now famous bather, when he painted this

idealized cameo of her while staying in Rome.

s & young arfist, Ingres trained in the atelier of Jacoues-Louis David
A(see The Death of Marat p.108), who was 32 years his senior. David
introduced him to Classicism, and Ingres eventually tecame the leading
exponent of Necclassicism in France. His work is characterized by a mixture
of realism and abstraction, coclness and sensuality, as well as a preference
for line over colour, the creation of shallow perspectives, and intense, almost

microscopic datall, painted in smoaoth, glass-like surfaces.

in The Vajpincon Bather, there is & strong sense that the woman is caught at
a momert between movements without any actual kinetic changas baing
shown She appears to be distracted by something cutsicle the piciure,
making her unaware of our gaze. This Creates a powerful sense of intimacy.
The bather Is not showing herself 1o us, rather we have Intruded into her

private space while her attention 1s elsewhere

Ingres has deliberately created a figure of eight within the compaosition of her
limbs and back, which makes it difficult 1o stop looking at her; the eye is kept
in motion within the contours ¢f her body and this device works in contrast
to the frozen languor of her pese. The painters use of anatomy
is charactenzed by a certan abstraction of internal structure. Ingres has
suppressed the angularity of bona ang instead creates the illusion of inferior
mass through refining the surface, density, and tension of fluent skin.
She is an idealized woman in an dealized personal space which we

may forever gaze into.

BONES AND MUSCLES

ABOVE
This pose shows the abstraction of anatomy fo
be found in the batfer. Note the slenderness of
the model's neck and the fiattened piane
across the twe columns of lrapezius beneath
her hairting, also the prominent and shadowed
details of muscle and bone that give shape o
her lower back. In contrast fo the bather, the
affect of gravily on the model's left thigh
clearly differentiates the extensor muscies
above from soff adipose fissue below and fo
the side, Skin is clearly folded behind her kneg.




THEHEAD
The sifter's head is surprisingly small and the
thickening of fiesh which often occurs over
the base of the neck has been drawn up
towartls her head. Her hairfing is aiso raised
and smooth. The cap divides fier head from
her body and it appears heavy and aboyt o
fafl, Mysteriousty, it Is the only element in the
painfing that is subject lo gravity.

THETORSO ___
The gentie twist in the woman's body has

removed the suppert of weight from her legs.
Her hack is the most solid elerment of the
painting and her spine is deeply hidden
beneath a smooih plane of flgsh as it curves
towards us fike a bow. Her balance is clearly
hefd by her hips, and her shoulders are
softened by cafm repose. This is emphasized
by ihe focused glow of light wiich makes her
feft shoufder the bright hub of the painting.

THE LEGS
ingres has suspended time, movement, and

gravity. The bather is monumental and yet her

weighit barely fouches the fabric on the bed
Her right hand is weighiless resting on the
sheet, and her ieft feg gives no support o her
body. Instead it curves to the left in a rounded
arch. The flesf of her thigh is also without
weight, and if the femur were placed wilhin
the limb, it would curve impossibly downwards
with a twist to the Jeft. The caff is of almost
equal size tp the thigh as if plunges info the
folds of the sheef. ____|

THE FEET

Her right foot does not fouch the fioor at aff —
if merely caresses the faflen cloth, with tpes
curiing away from any grip or stance. There
are no creases or fines cast across fier skin o
describe the boney and tendinous frame of
the ankie and foot. insteas, gentle arches of
flesh run uninterrupted from her inslep fo the
smooth curves of her calf and shin.

1808, oil on canvas, 146 x 98cm,
Musée du Louvre, Paris.







he torso is the body considered without the head and limbs. Roman artists

| and architects made reverent copies of art that survived from Greek
antiquity, and as interest in these many fragments was reawakened in the
Renaissance, some achieved great fame, Drawing these remnants, or plaster casts
made from them, was soon established as part of an artist's formal training, and the
torso became é sculptural subject in its own right during the nineteenth century,
Auguste Rodin, for example, carved its muscular form as if it had been hidden within

the stone. That conceit led directly to the work af Henry Moore and beyond.

i LIRS

The torso extends from the base of the skull to the lliac lines {or uppermost borders)
of the pelvis. It includes the whole length of the spine, the ribcage, shoulder blades,
and collar bones, embedded within more than one hundred muscles {arranged in
pairs). Intricately divided muscles articulate the spine, broad thin sheets enfold the
abdomen, and thicker fleshier muscles give form, movement, and strength to the
shoulders. The torso encloses two sealed chambers {or cavities), one above the
other, The thoracic cavity protects the heart and lungs, The abdominal cavity holds
urinary and digestive organs. The thorax and abdomen are divided by the
diaphragm), joined by the spine, and their intemal volume is reflected in the torso's
external contours. The shoulder girdle crowns the ribs, and the curved wings of the
scapulae glide in an arc across the back. The largest extemal form of the body, the

torso invites study, both for its undulating solidity and for the secrets of its interior.




THE TORSO RIBCAGE

The ribcage is the fargest structure in the human body, suspended directly

from the vertetral column. 1t1s the skeleton of the thorax or chest, embedded
within layers of muscle, fat, and connective fissue; a semi-rigid enclosure,
protecting vital organs, previding attachment to layers of muscle, and holding
pressure dunng breathing. Men and women have the sarme number of nbs
- usually twelve pairs which form a synchronized group of levers continually
in metion, fsing and faling with every breath. However, not infrequently an
individual is found to have thirteen pairs, or a single thirteenth nb on one side
of the body. Some people have fewer than twelve parrs, and occasicnally
two rbs fmost usually the two uppermost pairs) are found fused together,

creating a single, curved plate of tone.

Anatomists number the individual ribs from the neck downwards; R1 1o R12,
They are narrow, flatiened, c-shaped arches of bone, aranged one below
ancther, with intercostal spacas between them (from the Latin, costis, nb).

Each rib forms & curve that Is greater than the curve of the rib above. This
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accounts for the gradual widening of the rlbcage from its narmow neck to a
broad base. The head of each rib articulates with its conesponding thoracic
vertecra (. 76). The length or body of each rib sweeps around the chest
wall in a forward and downward arc of about 45 degrees below horizontal,

{As we breathe in, the ribs rise to near horizontal and the ribcage expands )

Al tweive rnibs are exiendaed by lengths of blush-white hyaline cartiage
(0. 32), termed the costal cartilages {p. 78). The first seven costal cartiiages
{extending from the first seven rios) articulate directly with the stemum, giving
those ribs the name true ribs. The eighth, nirth, and tenth ribs are called the
false ribs because their costal cartilages do not directly jeoin the stermum, but
tum upward, attaching to the costal cartilages of the nbs above. The last two
ribs (R11 and R12) are significantly shorter, extended only & lithe by cartilage,
and are not joined to the breast bone. They are called the floating ribs,
akhough they do not actually float about within the body, being embedded

and held firmly within the muscles of the abdominal wall.




The sternum or breast bone closes the ribcage in front, and may be felt and

seen aicng the centre of the chest. it 1s a flattenad bone, slig-tly convex in
front and distinctly concave behind. The sternum was considered by ancient
anatomisis to resemble a Roman sword. It is compossd of three bones and

these are slill occasionally named the point, the blade, and the handle.

The pairt of the stemum (xiphioid or ensiform, from the Greek, ensis, sword,
p. 76) is made of cartilage which ossifies {tums to bone) in later Iife. This sits
above the pit of the stomach. it nermally points downwards, but may twm
forwards and protrude egainst the skin as a single or double point. The
micldle gortion of the sternum is named the body, blade, or gladiclus {from
the Latin, giadius, sword). Slightly curved in women, this is straighter n men.
The upper portion is named the manubnum or handle (p. 78). it 1s short,
wide, and thickened above to support the clavicles (or collar bones) of the
shoulder girdle. its uppermost edge is alse slighily cupped from side 1o side.

This shallow indentaiion in the bone 18 named the suprastemal notch. In

LEFT AND ABOVE

These photographs demonsirate the extent to
which the uppermost portion {ghout one third}
of the ribcage is obscured by the bupes and
layered muscles of the shoulder girdle. Far
feft: ribs descripe the posterior curve of the
forse, wiiile the sternum marks a hard,
straight, vertical furrow between the pectoralis
major muscies i front (5. 85), This line is
extended below to the navel, by a soft vertical
depression between the two halves of rectus
abdeminis (p. 82). Near left and above ieft;
these female models show & more curved
sternum. Costal cartilages of af least A7 fo
R10 are shown pressing outf against the skin
heneath the breasts, where they shape the

infrasternal angle or theracic arch (p. 77).
Above right: like the women, this male model
is ralsing the shoulders, holding the lungs full
of air, and putfing in the muscles of the
abdomen to increase the volume and
definitfon of fhe lovrer 1ihs. ft is also possibie
to trace the curvature of at least the lowest six
ribs from spine o siernum, The scapuia
(shoulder blade, p. 96) is clearly defined, and
in front of its fowest point {or inferior angle)
light caiches two digitations of the serrafus
anferipr muscle (p. 100) emerging frorn
beneath the plate of bone. These overlie ihe
ris and follow their confour but showld never
be mistaken for bone.
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RIGHT

Above right: e whole ribcage, including
thoracic and cervical vertebrae, shown from
above. The dens of axis appears between the
superior articular surfaces of Atlas {p. 67).
Through the foramen is a view down into the
spinal cavity. Observe the narrow neck or
aperture of the ribcage, shaped by the
manubrium. first pair of ribs and first theracic
verlebia, Note afso the reiative witths of the

ribcage (front to back, and side to side),
together witl the depth of the furrow efther
side of the spinous processes. In fife these
furrows are fitled by two powerful columns of
favered muscle. Below right: the ribcage is
turned to present anterior and fateral views
simufianeously, revealing the interior volume
of the ribcage, and the curves of the stermum,
costal cartilages, and thoracic arch.

common terms, this name 1s sometimes lent 1o the pit seen in the flesh at
the base of the neck, just a little akbove the manubnum. The bone also gives
nse 1o part of the stemocleidomasioid muscles erther side of the neck
(0. 59). The manubrium joins the bedy of the stemum at an angle via a
horizontal sutura. This may be very slight in some individuals, pronounced in
others. When pronounced, the joint is clearly seen through the skin of the

chest, about four fingers’ width beneath ihe suprastemal notch.

The vertical axis of the ribcage inclines backwards when the body is standing
straight. Its tapered cylndncal form is flattened from ront 1 back, and 1t
appears wide from side 1o side, long when viewed from bshind. At the front,
the inferior border rises fo an inverted v-shaps. This s termed the infrasternal
angle or the costal or thoracic arch. The arch forms an angle of
approximately 90 degrees in the male body and 60 degrees in the female,
and it can be felt clearly above the navel and beneath ihe breasts whan
breathing in, or when the spine is extended backwards. The tapered walls of
the nibcage are defined and made complete by three fine layers of muscle
tying between all of the rbs. Caled the mnemmoesi, internal, and extermal
intercostal muscles (p. 84), they raise the thorax dunng breathing, hold its
walls firn, and present a taut surface of gleaming blue and pink pearlescent

fibres, n contrast to the thick red flesh of cverlying shoulder muscles.

The heart and the lungs occupy the upper two-thirds of the space inside the

rbcage. Their lower surfaces rest on the diaphragm, which stretches like a

it rib (R1)

“ oA
- "'.‘{/ . Atlas (€1)
g \ dens of axis (C2)

spinal cavity'

suprasternal notch
of wanwbyinim

SUPERIOR VIEW

ead of i

sianihyiam of
sternum

body or blade

of sternum

ANTERIOR AND LATERAL VIEW
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LEFT AND RIGHT

These stretohed bodies iflusirate the
subtiety and dynamic of the ribcage and
spine. The confours of the thoracic arch
and the stacked undulations of the ribs
make if possible to visualize the skefetal
frame inside the muscufar torso, and
aesfimate its ihree-dimensional perspective.
The serpentine curve of the standing
model's spine {right) demonstrales
heautifutly how the spine and fihcage can
tilt and convolve inside a vertical axis. The
artist should atways be aware of how very
complex a curve can be.

dome over the liver stomach. The di is the primary muscle of
inspiration (or breathing in}. its cen beneath t

is tendincus (p with & circular oute der ma naoin-surfaced
muscle. That r raac down over the sides of the fiver,
stomach, and kid » the Inner surface of the lower
rbs and spine, s way

from the abdor

the ragm contracts, it flattens, de
onto the liver. Th of the thorax is then elongated and enlarged, and
1 the mouth and nese to fill the lungs and equalize the
external pressure. As the romoves down, it

sing this soft organ outwards and forwards

agamnst the abdominal wall. Whan the diapfr. relaxes, air | pelled

from the lungs by the elastic recoll of muscies between the ribs, and the
muscles of the at ~omprass and return

displaced vis

Wheri our breathing is shallow. The 3 ely rise, and the
abdomen mo beneath cur . When alarmed or
out of breath N exarcise, our breathing b d more
forced. In such circu the muscles of the omen may be held
tense uncons + and the shoulders are N up and down by

muscles of the neck, shoulders, and back.

-Hf'i
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LEFT RIGHT

The superficial muscles covering the forse. The muscles of the back are arranged in

1 ayered sheets enioiding the abdomen join up to five layers. Finely divided close to the

the ribcage to the pelvis. Most prominent are bones, they become broader and thicker as
rectus abdominis and external obiigie, they near the skin. Deap muscies, in particilar
through which the ribs can be sgen when the ihe ereclor spinae group, form great columns
body is strefehed backwards or to either side. either side of the spine. These raise the weight

The bones of the shoulder girdle encircfing the  of the body from a stooped position and give longissimus capitis

upper ribs suspend the arms, and are deepiy shape to the lower ceniral area of the back,
clad in thick muscles of the upper torso. Overlying posterior serratus misscles brace the
These artictiate, and give strength to, ihe sping and assist in breathing. They do not,
shoulders and armr. Most rictable are defoid, however, directly shape surface form,

frapezius, and latissimus dorsi.
.s/m)m/;ls thovacis
/onjissz}om.s thovacis

iiocostalis thoracts

THE TORSO MUSCLES

More than a hundred muscles clothe or give form o the torso. Thess are
“pared (identical on each side of the body), layered cne over another, and
aranged in groups. Intricately divided muscles support and articulate the
spine, broad thin shests enfold the abdomen, joining the ribcage o
the pelvis, while thicker fleshier muscles give shape and strength o the
shoulders. This chapter concentrates on the muscles that convey both
the charactsr, arangement, and complexity of deep layers and the shape
and form of surface layers, as well as certain bones and ligaments that help

the artist 1o map and delineaie the torso’s struciure,

The erector sninae group (ncluding longissimus, spinalis, and fiocostalis)

form two powerful rods of muscle lving deep in the fumows either side of the
external intercostals

sping. These muscular columns are thick and very prominent in the fumbar

region, giving character fo the centre of the back Above, they become \%’,’gaf“ffﬂmfw
HFEYLOF

thinrar, flatter, and greatly divided, attaching ic the ribs and spine in their o\
1 IR 7uan’rafu5
! \i'\ ./umbarum

passage fo the head. Frector spinae muscles lift the torso when dsing from
a stooped position, extend e spine backwards or o efthar side, and help
to support the weight of the head. Four posterior sematus muscles brace the
erecior spinae. The superior pair elevate the upper ribs, halping us o
preathe in (inspiratory muscles); the inferior pair are expiratory, depressing
the fower ribs as we breathe out. Semispinalis caprtis, two degp muscles of
the neck, lie beneath trapezius (p. 59), where they help fo draw the head

backweards or rotate it to either side. Quadratus lumborum holds fim the ERECTOR SPINAE GROUP
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twelfth ¢, pulls the lumbar region of the spine fo its own side, and helps o

straighten or raise the pelvis. Muliifidus {p. 84) extends and rotates the spine,

Abdominal muscles flex the torso forward into a cured position, straightening
the arch of the lumbar vertebras. They compress the viscera o force

expiration (breathing out), or else strain in childbirth and defecation.

Three layers of muscle, aranged one over another, create strong walls either
side of the abdomen. These are transverse abdominis, covered by intemal
and then external oklique (p. 84). BExternal oblique is clearly defined beneath
the skin as it gives form 1o the outer sides of the torso. It arises Gy seight
segments {like short fingers) from the lowest eight nbs and passes
downwards and across the body 10 nsert into the vedical borders of the

recius abdominis muscle (o, 84).

Rectus abdominis, covering the centre of the abdomen, is long, flat, and
hatved longitudinally by an aponeurcsis called the Inea alba (p. 85).
Onginating from the pulic bones at the front of the palvis, rising the full height
of the abdomen, and inserting into the cartilages of RS, RG, and R7, rectus
abdominis is the most easly recognized muscle of the abdomen. Thwee
fransverse tendinous intersections divide it into eght parts (p. 85). Two
extend below the navel, six are aranged above. Of thase above, 3 block of
four le below the thoracic arch and are often clearly apparent. The highest

portions are mare concealed because they cross the cartilage of the ribs.
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RIGHT

To better understand the musculature of the
torso, cormpare these photographs with the
drawings in this section. Choose one
supsrficial muscle, identify its borders, note
the arrangement of any prominent fendons or
aponewroses, or characteristic divisions. Then
consider the direction of the muscle’s fibres.
Imagine them fiexing {becoming shorfer) and
consider the action this will produce. Which
bones are finked by the muscle?

Can you see them? How will they be moved?
Now, turming fo the pholographs, try o find
the same muscie in one or more of tham,
Trace ils horder, Is it flexed or extended?

What shape does it make benealh the stin,
and is it sofiened or disguised by 1af? You will
soon begin to notice subtie variations
presented by the same muscle in different
pecpie, and also that muscles are not identical
on hoth sides of the same body.

The entire height and widih of rectus abdominis is enclosed bensath the
convergng apcneurosas of intemal and extemal obligues. These form the
rectus sheath (p. 35). The lowest borders of the oblique aponeurcsis extend
from the anterior superior liac spines at the top of the pelvis (p. 89) to the
pubic bones below. They form two straight ridges named ihe inguinal
ligaments {p. 84), visible beneath the skin, delineaiing the borders of the

torso and thfghs.

The upper walls of the rbcage (Closed and sealed by intercostal muscles)
are crowned by the shoulder girdle, an angular elipse of four tones,
suspending the arms, and clad in the thick powerful muscles of the upper
torse. These muscles shape the chest, upper back, and neck, articulate the
shoulder joints, and move the arms. They are illustrated here (pp. 80, 84,
and 85), and discussed in detail In the next chapter, which s devoled to the
shoulder and arm. But first, it 18 important fo look more closely at surface

features of the t©rso — In parficular at the navel, breasts, and genials.

The navel or umbilicus (known populary as the belly button) marks the point
at which we were once physically connected to our maother Hi lies within the
linea alba, opposite the fourth lumbar vertebra, and mid-height between the
xiphod process of the siemum (p. 78) and the symphysis pubis {p. 89).
Surface fat will sofien and greatly deepean the navel; conversely a lack of fat
gives the scar much sharper definition. The navel is placed about three

heads’ height from the top of the skull, when standing upright,







BELOW AND RIGHT
Like the drawings or page 81, those here

illustrate the origins, insertions, and orientation vccipital bane
of sefected muscles of the torso, including
deep and superficial layers, their relationship
{o the axial skeleton, and the location of the

shouider girdle.
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DEEP AND SUPERFICIAL MUSCLES:
POSTERIOR VIEW

DEEP AND SUPERFICIAL MUSCLES:
LATERAL VIEW
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RIGHT AND OVERLEAF

Right: these two drawings buifd upon those
feft, showing origins, insertions, and the
origntation of superficial muscles covering the
front and side of the torso. important details {0
observe here are the twisied fibves of
pactoralis major and Jalissimus dorsi as they
pass from the torso to the arm, inserting onto
the humerus {p. 103). Their insertions have
been enfarged here to show how the muscle
fibres turm under each other to shape e
anterior and posterior curves of the axilla for
arm pif]. The eight segments of rectus

SUPERFICIAL MUSCLES: ANTERIOR VIEW

abdorninis are shown without the reclus
sheath, a thickened aponeurosis (0.32)
covering the entire surface of the muscle
{0.35). Overieaf: the surface deiaiis of the
forso; observe the greater dapth of the female
navel, sofiened by surface faf, in corlrast fo
the more sharply defined scar found among
lean man. When cold or aroused, hoth male

and fernale nipples become erect. This pectoralis monor

Ipcctam/is smajor
reaction is produced by the involuriary
contraction of tiny muscle ffbres arrangsd

within the dermis {p. 36) of the areo/a.

Mare may have been said about the proportion and shape of the female
breast than any other part of the body. The fact that the same organ exists
in a dormant state in men is largely cverlooked. The perfect curvature in both
sexes is a matter of preference and of fashion. Physical structure is

unaffected by either.

Breasts contain mammary glands that are large and funciional in women,
small and functionless in men. Female breasts develop at puberty. They lie
over R2 to R6. With age they slowly lower and become flattened above,
consequently developing a more degpened fold beneath. The male nipple
lles over RS, a litlle above the level of the xiphoid process. A ling drawn from
the furthest point of the shoulder to the navel will usually pass across the

nipple, when standing upright.

Female mammary glands enlarge while producing milk and are surrounded
by fat, which gives shape to the breasts. Thay rest on deep fascia (p. 36)
covering the pectoral muscles and are suspended by ligamants within the
skin ¢f the chest. They are never the same on both sides of the body One
is usually larger and higher than the oiher and they each pont slightly to the
side. The nipple (or papilla) 1s surrounded by & circle of pigmented skin called
the areola, which may be raised or flat, large or small. Both the nipple and
areola grow evan darker during a woman's first pregnancy, and remain darker
ihroughout her life. Our eyes instinctively seck cut breasts from the moment

we enter the world. This does not make them any easier 10 draw.

obligus aponcuresis

thoracolwmibar
Jascia

inguisial ligament










THE TORSO GCENITALS

Surface genitals vary consideratly in shape and size. Their nature, whether

always apparent (as in the male nude) or usually concealed (as in the seated
or standing fermale nude) is the most covious difference between the sexes
in hurnans. Anatomical interest in this sulject has been prime since antiguity.
Indead, the diagram of the male urinc-genital system by Aristolle {now lost)

wes the first recorded anatomical drawing.

The name penis derives from the Latin perdere, meaning to hang down, and
testicls is from the Latin testis, meaning to bear witness (in this case to the
masculinity of the owner). Both testicles {(small ovoid glands — 4-&5cm/
17%-2in in length) are held within a loocse muscular skin called the scrotum,
from the Laiin word meaning, literally, a sack. They are suspended oy
spermatic cords and scrotal fissue, and separated from each ciher by a fine
membrane. When relaxed, their weight extends the scrotum gownwards.
One testicie usually rests a little higher and further forward than the other Two

pairs of long muscles {both named cremaster) descend inside the scrotum

BONES AND MUSCLES

to it the testiclkes up against the torso for proteciion and warmih. A

specialized fine shest of muscle and fascia (p. 38) called darfos surrounds
both testicles beneath the skin of the scrotum and acts 1o tighten the

scrotum when cold or sexually aroused.

The penis is a complex structure, suspended irom the front and sides of the
pubic arch of the pelvis. It 1s formed of three tong smocth masses of soft
sponge-like tissue containing mary blood vessels. These are bound
together beneath the skin, and appear cylindrical when relaxed. Two masses
are positioned side by side and the third, containing the urethra, is at the
centre beneath, accounting for the slightly triangutar form of the erect penis.
The distal end nanows shightly and then expands into a rounded head
named the glans. its crcular projecting lip s the corona {or crown). The glans
is longer in front, and parts to form an inverted v-shape behind. A faint seam
of darkenad skin rung from this point along the midine to the base of the

scrotum. A foreskin {or prepuce) protects the glans. This may be short and
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TOP AND ABOVE

The drawings above show inferior flefl) and
superior (right) views of the fermale pelis. A
key point to note is the symphysis pubis, a
fibro-cartilaginous joint connecting the pubic
bones at the front of the pubic arch. This joint
ffes behind the penis in men and beneath the
mons veneris in women. ways present, it is
only functional in women during chifabirif,

when it apens to increase the size of the birth
canal. The word for pelvis derives from the

{ atin for bow!, dengling the closed curvalure
and depth of the siructure. L ocated at the
base of the spine, it is formed hy the hip
bones (ium), sacrum, and coceyx (0. 126-7).
The pelvis supports the trunk above, and
suspends the genitalia within, in front, and

below. The photographs of the male pelvis
clearly indicate iis characteristic narrowness
and height. fs siructure is marked beneath
the skin by the inguina! ligaments (p. 85)
descending from the anterior superior iliac
spines (at the sides of the body} to ife pubic
arch behind the genitals. Contrast that with
the photograph of the wider, shallower form of

the female pelvis {far feff). Here the bow! s
shaped fo cradie the weight of the child
during pregnancy, and the width of the lower

“aperture is important in giving birth. On the

surface of the body, the famale pelvis is
framed by the depth and soft curvature of
the fat which overiigs the muscles of the
abdomen, buttocks, and thighs.

THE TORSO



LEFT AND RIGHT

These photographs confrast the nature of
male and female external genitalia. Left
and near right, below: an uncircumcised
penis; note the naturally differing fengths of
the foreskin. Far right, below: the head or
glans of the penis exposed after
circumcision. Female external genilaia are
far more concealed, both by pubic hair and
their placement between the thighs. The
labia majora (two ang folds of skin, each

from the curve of the mons veneris above,
These iouch ihe thighs to either side, and are
united in front and behing. Between the labia
majora are hwe labia minora (far right, abovey,
these intricate foids of skin encircle the vagina
and urethra. Two small exlensions In front also
form a prepuce (or hood) to cover the glans
cliforis. The ciitoris s an erectife organ, Zem
(1n) or less in lengitn. It is extended to either
side like an arch by long attachments fo the

rounded by subcutanecus fat) extend down inferior publc rami.

slightly expose the tip, or much lenger, namowing to a soft tube of skin. In

circumcision, it is the foreskin that is surgically remaoved.

Female extemnal genitalia are largely concealed beneath pubic hair The
gently domed tnangular pad of fat covering the pubic arch is named the
mons veneris (mound of Venus) after the Roman goddess of love. The
sides of the mons meet the thighs, and may be convex or concave,
depending upon the build of the woman. Below is the cleft of the labia
majora. The labia minora may somestimes be visible between. Together,

these conceal the clitoris, urethra, and vagina.

While most adults have witnessed an erection, they are considered
immodest in a life class, as indeed they are in classical representations of
the male. In later, more prudish imes, it was considered proper (o cover
the whole genital area The plaster cast of Michalangelo's David, when
nstalled in the Victora and Albert Museurm, London, ¢ 1857, was
furmished with a detachable plaster fig leaf 1o shield the proportions of what
many believe to be the finest artis's rendition of the subject. Siylisiic
methods of hiding female genitalia are very different. Posture is often used
50 the thigh may become a scresning device. Hands, long tresses, and
fragrnents of very light or cften translucent clothing have also helpad to vell
the classical pudenda. This cornvention is beautifully recalled by Sandro
Botticell's Birth of Venus (¢ 1484}, where Venus's protective stance

increases her erotic attraction.
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Francis Bacon (1909-1992) always wanted to squeeze the dangerous humanity of his subject into the
visceral slither of his paint. This Seated Figure is one of many paintings that savagely haunt art galleries

and history with their rancour and originality.

n this disturbing panel both the sickly coloured room and its occupant have  There is another being that is in the doorway, window, or mirror that seems
become distorted and twisted by the tension of their psychological junction. not to be hurman at all. It flutters inside out part pig, part muie, part moth and
The anatomy of the human figure has been reinvenied through dark conflict all repelient. Like a reflection, its anatomy is mutated, and its envy of the sitter
and brooding viclence. Maimed and constrained, the body wiithes and pathetic and mistaken. The distorticns of flesh in Bacon's wrenched figures
smears its imbs and facial expressions in a claustrophobic perspective that are constant. These works suggest a violence that radiates from a dark inner

tortures them further with its bright blankness. anatomy to bum in the bnght frame of their painied environment.

In his studio, Francis Bacon frequently used anatomical reference books

LEFT

o summon the physicality that is so potently locked into his canvases.
This pholograph of a model clearly

He mixed these with some early Eadweard Muybridge photographs of demonstrates Bacon's knowledge and

movement and a mélange of more personal and explicit images of distortion of anatemy. No matter how miich
camage, sex, and surgery, to nspire the naked butchery and LA, O L g
same level of deformify as is expressed in the
Sl oThis SHbiacs. painting. Bacon’s sitter is twisted about the

axis of his own spine, as if the vertebrae are
The seated figure depicted in the painting seems o be uniocked, and this Is emphasized by the

L - . L rectifinear elemenits of the room.
enjoving his forment. His body writhes into the chalr that

equally shares his pain, discomfort, or pleasure.

The figure's whole torso is twisted, and the lower part of
the chest is enlarged, straining its skin 1o suggest an

invisible straightlacket grown into its anatomy. The face is
smeared backwards into the fore part of the skull in an expression
of pleasure, leering slurred speech Into its own ght shoulder, which,

grossly bloated, floats like a featureless second head.
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THE HEAD

Bacon has dissolved the figure's skulf behind
the face, and flesh which should be atftached
to bone fs distorting itself through the pleasure
of attempled speech. The neck is thickened,
suggesting the support of powerful muscies
beneath the dense liquid mass of the

head. Sternocleidomasioid is clearly defined
beneath the ear. The smife

of the whole head is heightened by upward
curves in the jaw, lips, nasclabial furrow, and

irt the thicket of black hair that surrounds

the left cheek and eve,

TORSO
The forso fiolds ftself sieady against the
moving showlder and head. The lower ribs press

through the skin and are distended as if hoiding
a deep breath. There is a strong suggestion of
restraint; ties hang from the chair and the
right arm is wrapped flaf across the chest.

THE LEGS —
The iegs are knofted and agiated. They
shuffie together and rub themselves into their
own shadow. Heavy and boneless. they hold
the weight of the body onto the chair. The
effipse surrounding the knees ties their
movement, and fike the head, the left foot is
Sucked into the dark inferior of the wafl,

Seated Figure by Francis Bacon 1974, oil and
pastel on canvas, 198 x 148cm, Gilbert de
Botton Collection, Switzerland







he shoulders and arms are the seat of our strength when employed to
carry a burden. 'Make broad thy shoulders to receive my weight, And bear
me to the margin,' King Arthur bids Sir Bedivere, in Alfred, Lord Tennyson's
poem Morte d'Arthur, and in Greek mythology Atlas is condemned to camy the
weight of the heavens on his shoulders, as punishment for his part in the revolt of
the Titans. As mediators between head and hands, the shoulders are a focus of
non-verbal expression. Raised and drawn inward, they communicate indifference,

disdain, or lack of knowledge. Sharply dropped, they express frustration or fatigue.

= SHOULDE

AND ARN

The significance of the shoulder is recognized in several idiomatic expressions 10o.

Hence we speak of rubbing shoulders with someone, fuming a cold shoulder, or
shouldering someone aside. Among westem women, shoulders have for centuries
been a focus of fashion and sensuality. Society portraiture of the eighteenth century,
influenced by the softenad torso of the classical nude, exaggerated the form in
excessively sloping shoulders — roundness then symbolized a woman's status and
class. A hundred years later, in 1878, Degas was commenting with moumful regret,

‘One no longer sees society women with sloping shoulders'. Today catwalk models

jut one shoulder consciously to emphasize the length and dynamic of their bodies.




RIGHT

This ilfustration shows how the bones of the of the humerus arficulates with the glenoid
shoulder girdle and arm are arranged within cavity (n. 98) of the scapula. Clavicles
the flesh of the torso. Two clavicles {collar determine the breadih of the shoulders.
bones) and hwo scapuiae {shoulder biades) Situated just beneatft the skin, with muscles
crown the thorax and disguise the neck of the attaching to their borders above and below,
ribcage. The single fong bone of the arm, they can be seen and Felt throughout thefr
named the humerus, suspends from fhe owler lengith. The spine, acromion, and base and
comer of the scapuia. Framed by the inferior angle of each scapuia can be palpated

acromium and coracold processes, the head and often seen through muscle and skin.

THE SHOULDER AND ARM BONES

The shoulder blade, named the scapula, is thin, curved, triangular, and often
described as a wing. It rests between layers of muscle, with its base (or
vertebral border) facing the spine. It is slighily cupped against the posterior
thoracic wall, while extending from the second to seventh rib. The scapula’s
mavernent is semi-circular and gliding. Two broad surfaces (one facing the
ribcage and one facing the skin} — with three borders, three angles, and two
distinctive projections (the coracoid and acromion processes) — give root o

sheets of muscle contralling the shoulder and arm.

The ala, wing, or body of the scapula is strong and thickened around the
adge, while towards the cenfre it is thin, and ¢ften as franslucent as paper.
At the lateral angle (or outer comer) there is a shallow dish or concavity the
size of a thumb print. This surface (called the glenoid, p. 98; articulates with
the long bone of the arm, named the humerus, Above, a thickened ridge (the
acromion; projects to the side, giving a roof to the shoulder joint as it curves
round to face the front of the body. The acromion is the bony point of the
shoulder that can always be felt beneath the skin. Below, the coracoid
process pushes through from the back to the front of the body. Narmed bty
the Greeks after the beak of a ravan, the hooked coracoid suspends slender

muscles of the amm and chest.

The upper third, or apex, of the scapula (iermed the supenor angle) is buned

deep beneath flesh. In life it is never sesn. The spine or SpINOUS Process
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arising from the wing, preceding the acromion, is usually visible through the
skin. For the artist this is the key detail of the scapula. If a person is thin, the
spine will draw a raised ridge across the shoulder. If surrounding muscles are
highly developed, they will bulge, nse, and cast the bone into a pit or
indentation. In certain martial arts the position of the shoulder blades, mors

than the expression of the eyes, betrays wihich movement is being prepared.

The clavicle or ccllar bone is shaped like the ftalc lowear-case lefter £ It 1S
long, curved, and nearly horizontal as it passes from its sadaie-shaped
gliding joint with the manubrium (at the top of the stemum or breast bone)
across the first nb to meet the inner surface of the acromion. 1 is the clavicle
that links the scapula with the axial skeleton. They jcin to the manubrium on
either side of ihe suprastemal notch — a shallow ndentation on the

uppermost surface of the manubrium.

The clavicle lies just beneath the skin. It determines the breadth of the
shoulder, and can be felt throughout its length. The shaft is slender, rounded,
and made of compact bone. The ends are broad and cancellated {slightly
hollow within). The lateral end 15 flattened, and often sits proud of the
shoulder, creating a small bump. The curves of the clavicles vary greatly from
person 1o person. They will thicken and increase with a long life of physical
labour. The beone is also shaped by the dominance ¢f one limb. A greater

curve develops on the right side of a nght-handed person.
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LEFT AND RIGHT
Ahove letft; three views of the right clavicle and of the scapula (the side facing the skin)

Scapuia. Far ieft: iateral view, with the without the clavicle, note the rising angle of

humerus removed; nole the size and shape of the spine, the refative length of each border,
the glenoid cavily. Centre left: superior view; the projection of the acromion, and the

nete the union of the acromion and clavicle, position of the glenoid cavity beneath. Near

the profuberance of the coracoid beneath, and left: arterior view of the ventral surface of the
the depth of the supraspinous fossa. Near ieft: scapula {the side facing the ribs); note fhe
medial view (from the vertebral column); nole cupped dish of the wing, the hook of the

the shight curve of the scapula and the coracoid, and the fengih of the vertebral

outward and upward projection of the spine. Gorder. Right: fateral and medial views of the

Below ieft: two views of the right scapuia. Far right humertis. Note the refative sizes and
left: pasterior view, showing the dorsal surface shapes of articular ends and protuberances,

In anatomical terms, the 'am’ 15 the poriicn of the upper imk that is above
the elbow. Called the humerus, the bone of the arm is a typical long bone,
composed of a shaft and twe arficular ends. The head above fits snugly
against the glenowd cavity of the scapula. lfs arlicular surface is coated in
giass-like twyaline carlilage (o, 32), and bound into a capsule of fluid and
ligaments, to form the shoulder joint. The capitulum and trochlea below are
rounded aricular surfaces which cary the bones of the forearmn (the radius
and ulng), discussed in the following chapter. These jcints are similarly

coated with hyaling cartlage.

The shaft of the humerus is alimost cylindrical beneath the head, becoming
tiangular, and then disiincily flattened and curved forwards below. The
greater and lesser tubercles of the head are small lumps projecting forwards
and to the lateral side. The greater tubercle is the most lateral point on the
whole skeleton. The groowve between the tubercles (called the bicipital
greove) cames the long tendon (or long head) of the biceps brachil muscle
(p 103), which passes down across the head of the humerus from its origin
above the glenoid cavity of the scapula. The entire humerus is deeply buried
in flesh, and its inner surface shields major blood vessels and nerves. The
distal end can be feft aither side of the elbow. At this point, Tacing the body,
is a protuperance of bone called the medial epicondyle (the so-called funny
bong). This sits next to the ulna nerve, which passes close to the skin and
is therefore barely protected. Whan the narve [not ihe bone) is knocked, 1t

causes sharp pain t1© drive a line of numbness down ini¢ the little finger

lateral ‘

A

quandé/ﬂs

body or shaft — | i
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THE SHOULDER AND ARM MUSCLES

The muscles of ihe shouider and arm may be congidered in three grougs:

those which cover the upper torse to act on the shoulder girdle, those which
crose the shoulder joint 1o move the arm, and those which cross the
shoulder and/or elbow joints to manipulate the forearm. Groups of muscles
at the front of the arm act as flexcrs, folding the imb at the shoulder and
elbow; extensors, sited behind, work against them, straightening these
icints; adductors draw the limb close 1o the torso; and albductors camy it out
o the side. Decp muscles clothing the scapula rotate the limb backwards

and forwards in its shoulder socket.

Trapezius (pp. 34 and 38) shapes the upper back and neck above the
shoulder blades. It raises and lowers the shoulders, draws the head {o either
side, and is sometimes called cucullaris becauss It resemicles a menk's cowl
o hood. A tendinous border, descending in a line from the base of the skull
to the twelfth thoracic vertebra (T12), marks the centre and origin of the
muscle. This line widens into an ¢iten diamond-shaped aponeurosis at the

'
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base of the neck, where spincus processes (p. 64) are often visible through
the skin. Trapazius inserts onto the lateral third of the clavicle (in front), the
acromion process (to the side), and the spine of the scapula (behind). Note
how the lowest fibres arising from T12 {the twellth thoracic vertebra) and

above tie together onto the medial angle (or comer) of the scapula (p. 84).

Pectoralis minor {p, 85), on the front of the chest, is by contrast a small, deep
muscle. It helps to hold the scapula still against the ribcage or raise the ribs
dunng forced breathing. | also pulls the shoulder down and forwards.
Pecteralis minor originates from the Tifth to third nbs, iInserts onto the coracoid

process, and warks in partnarship with serratus anterior (p. 84).

Semratus antenor {also named great serraiug) locks like a hand as it reaches
down from beneath the scapula to hold onto the sides of the ribs. A strong
abducior and rotaicr, it pulls the shoulder farwards, and would give force 1o

a punch. It also prevents the shouider blade from ‘winging' to the side.



FAR LEFT

Trapezis and delftoid (p. 104) are clearty
defined as they hold the modef’s arms above
her head. The spine of each scapiia lilts
downwards, pointing to the centre of her back.
Lines of fight define the upper borders of
fatissimus dorsi (p. 102) as its two haives
sweep ouf from the spine, across the lowest
fips of the shoulder Diades, and up to the
arms, where they shape the back of each
armpit, The madel’s delicate build conceals
the ciamond-shaped aponeurosis called the
thoracolumbar fascia, covering the base of her
back {p. 35). Bui tfis means that we can see
the strong upright columns of erector spinae
(b. 81), which flank the complex curvalure of
her spine.

LEFT

in this view of the shoulder girdle, you can
frace the curve of both clavicles as they rise
from the sternum beside fie Suprasiernal
nolch. They pass over the pecioral muscies
{pp. 102 and 104) and curl info the cenlre of
the deltoids, on top of ihe shoulders. Here
they join the acromion. fFrom each acromion
the spine of the scapula makes a furrow
between frapezius above and deffoid below:
You carr also see clearly how the head of the
humerus gives delioid a pronounced curve in
front while the spine of the scapula flatiens
the muscle behind. More fai is stored on the
back of the shoulder and arm than in front.
Note the depressions above and below each

clavicle, median to delfoid and trapezius.

BELOW LEFT

Layered muscies clothing the shouider joint
hold the arm fo the torso. They provide an
extensive range of movement, and great
strength in manoeuvring the fimb. Deftoid, for
example, is ipical of the short, broad, thick
muscies designed for strength. Compare the
shape and size of the shoulder muscies fo the
fong, siender; tendinous muscles of the
forearm, which give speed and dexterity to the
fingers {o. 11415}, Note here the direction of
the musele fibras giving bulk to pectoralis
major and deltold and how they spiral arcund
cach other to reaci their insertion on the anm.

BELOW RIGHT

The large irreguiar cupped depression on the
back of each shoulder maiks the wings of the
scaputae. The dorsal surfaces of the bones
{covered thinly by infraspinatus and leres
mingy, g 102) are surrounded by the solid
flesh of trapezius, defioid, and teres maior

{p. 102). The upper portion of trapezius
covering the neck is relaxed, aliowing the
head to falf forwards. The middle and lower
portions are tensed (and so are the thomboids
bengath, p. 102) to draw the shoulder blades
upwards and together. Triceps brachii {p. 104)
is defined on the hack of each arm, as are the
medial epicondyles of the humerus inside the
ethow joints. Surface veins complicate details
towards ihe inside of each arm.




It arises from the upper eight or nine rbs and inserts onto the anierior (ventral)
surface and vertebral border of the scapula, where it appears beneath the

armpit. Some of its digitations are often mistaken for ribs.

Rhomboids major and minor (0. 84} — largely concealed beneath trapezius —
draw the scapula towards the midline. Infraspinatus and teres minor (pp. 84
and 105) cover the posterior surface of the scapula, inserting on the greater
tubercle of the humerus {p. 59) 1o rotate the arm backwards. Subscapulars
fp. 103), hidden beneath the scapula against the thoracic wall, rotates the
am forwards. Teres major (op. 84, 103, and 105) anses from the lower
axiliary border of the scapula. Together with latissimus dorsl, it shapes the
pack of the armpit, inserding beneath the head of the humerus © extend,
adduct, and medially rotate the am. Supraspinatus (pp. 84 and 105) helos

to abduct the humerus.

Latissimus dorsi {pp. 84 and 103) covers the lower back, arising from tha
llac crest, the thoracoumbar fascia, and the spines of the sacral, lumbar,

and lower thoracic vertebrae (. 65). Its long fibres converge, pass under the
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armm, and insert via a short tendon in front of and below the head of the

humerus. Latissimus dorsi powerfully draws the arm backwards.

Pecteralis major (pp. 80, 85, and 103} extends the amm and draws it across
the front of the torso. it arises in four parts, from the medial two-thirds of the
clavicle, the lateral border of the stemum, the costal cartilages of the first o
sixth bs (p. 74), and the apcneurosis of extermal obligue (p. 80). These parts
converge, cross the front of the shouider, and insert via one tendon benesth

the head of the humenus, toward the lateral side of the bone,

The nsertions of pectoralis major and latissimus dors! twm and cunve to
create the front and back of the axila (or ammpit), a pyramidal cavity rising high
ageinst the the rbcage, closed on three sides by muscle and bore. The
apex is 1o the medial side of the coracoid process (o 98). Here large nerves
and blood vessels leave the torso 1o enter the arm, shielded by the humerus
as they pass down betwesn biceps and triceps brachil (o 104). Vessels
within the ampit (including important ymph nodes) are protected by Tatty

connective fissue filing the cavity behind the inverted cup of the skin,
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The photographs show th most superficial the muscle. Near left: biceps brachii (p. 104) the arm above the elbow. Above right: deltoid’s deep dissection of the shoulder and arm seen
muscies of the shoulder exd arm. Far left: the is defined, emerging from beneath pectoralis fateral aftachment to the acromion (p. 98) from i front. Note particularly e two heads
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Separates the anterior ant lateral portions of tendon of triceps (p. 104} fatten the back of if the arm is raised. The drawing represents a major, which has been fiffed away.

caracoid process
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The shoulder-cap muscle, deftoid {p. 34, 35, and 105), is thick, triangular,

and also composed of three parts. These surmound the joint, converge inte
cne tendon, and insaert onto the outside of the humerus, about halfway
down. The anteror third arises from the lateral third of the clawvicle. This pulls
the imbk forward when the arm s raised level with the shoulder. The laieral
third, arising irom the acromion process, raises and holds the anm horizontal,
and he posterior third, arising from the spine of the scapula, draws the imb

backwards, when honizontal

The am has two muscle compariments separated by an intermuscular
septum (o, 38): an anterior compartment containing three flexor muscles
{biceps brachii, coracobrachialis, and brachialis), and a posterior

compariment containing triceps brachil, & single extensor muscle.

Biceps brachi (p. 103) shapes the front of the amm. Biceps means two
heads: along head anses from the supraglenoid tuberosity (p. 88, above the

shoulder joint on the scapula), while a short head anses from the coracoid
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process. These convarge 1o form one tapenng belly of muscle, flowing into
a single tendon to cross the elbow n front. This nserts onto the radkal
tuperosity (p 111) to flex the elbow joint and supinate the forearm (tuming
the palm downwards). The bicipital aponeurosis (p. 103) 1s a pearly shest of
fine fibres separated from the tendon, attaching superticially into deep fascia
(p. 38) at the inside elbow. Coracobrachialis (p, 103}, a small, slender and
deep muscle of the am, flexes and adducts the shoulder while largely
hidden beneath the short head of biceps. Brachialis (p. 105} anses from the
anterior distal half of the humerus, covers the front of the elbow joint, and
inserts onto the uina to fiex the farearm. Partly visible along the lateral side of
the arm, 118 seen extendng below deloid. Tnceps brachi — it has three
heads - shapes the back cf the am, and extends the imb. Lateral and
medial heads arise from the postenor surface of the humerus, and a long
head arses from the infraglencid tuberosity {p 88) of the scapula. All three
corwerge info a single aponeurosis which covers the lower half of the
muscle, This crogses the elbow jcint hehind and Inserts onto the clecrancn

{or elbow bone) at the back of the uina.
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TOP AND ABOVE

These phofographs display the superficial
muscles of the shoulder and arm, in particuiar
trapezius, defioid, pectoralis major, and
fatissimus dorsi, as they clothe and articuiate
the shoulder joint. You can alse locale biceps

brachil, in front of the arm, and Iriceps brachii
behind. The drawing shows a deep dissection
of rolator muscles over the shoulder blade, in
particular supraspinatus, infraspinatus, teres
minor and major. The lateral and long heads of

head af the humerus

Aeltoid

bicaps brachit
brachialis

triceps lateval head

tricens /onj head

Irfceps brachii are clearly defined beneath the

skin on the back of the arm, together with the
fong aponewrosis which gives a fiaftened

piane to the arm as ff crosses the back of the
etbow joint to insert onto the ulna. The medial

P resis of triceps

head of triceps s desper, hidden from view,
and only partly seen above ihe eibow on ihe
inside {medial surface) of the am (p. 103).
The whole of Iriceps enfolds and is covered by
fatty tissue, particularly close to the shoulder.
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Jacques-Louis David (1748-1825) flourished under the patronage of Napoleon Bonaparte, who made him
official court painter. In his youth, David had been an ardent supporter of the Revolution and a personal

friend of Jean-Paul Marat, who was assassinated by Charlotte Corday in 1793.

strange and unsettling painting, The Death of Marat struggles between
Athe historic rnoment it depicts and the anguish of its feelings. The artist
also cannct decide on the mortality of the victim. In an attempt t© show that
the event has just happened, David has created a curcusly modelled and
artificial anatomy of death, a non-state between rigor mortis and collapse,
where the revolutionary saems sapped not of lile but vitalty in & coy sexual
swoon. As if withess to the actual kiling, we are present at the very moment
of his death. The weight of Maral's body has not yet fallen. He holds up the
ietter which we can read clearty, and his right hand balances the nib of his

pen on the floor. David has painted Marat in a condition of living death, which

RIGHT
The model demonstrates the possible position
of Marat's complete body in the bath. His
pose shows David's exaggeration of fhe
shouider muscles in relation to those of ihe
chest, and with different lighting makes clear
the sfructures of the neck. Note how under
the heat of the studio fights superficial veins
have riser and describe their passage

across the arms and hands.

Is familiar o us through many paintings of cruciied Chiist. Bven the stab
wound echoes the fitth stigmata in Chiist's side; the final wound of the spear

Here David is making the point of parallel martyrdom.

Further strangeness is added o Marat's bleak dwelling by & flocd of golden
light and the itreatment of the wall, where a flury of gold and marble-like
flecks suggest a grand tomb lcoming above, a spectre of Marat's future
hercic status. In contrast, and © show us the man's hurmility and humble
beginnings, David paints Maratl's wooden writng box &8s a simple headstone
which he signs with a personal dedication A Marat, David (To Marat, David),
This is a panting that 1s very well aware of its place in the world, almost a
newscast from a disiant ime. The artist places us like witnesses in front of

an incident that changed the coursé of waorld history.



THE HEAD
Marai has unusually broad facial features.
Light across his head accentuates the hrow
and frontal air sinwses. His eves are deep sef,
wille and far apart, with large expressive
eyelids. The iight gives the impression of a
classically straight (Roman} nose, afthough we
can see by the depih of the nasal bones
beneath the brow that in profile his nose
would have beert hcoked, —

Marat suffered from & skin disease but i is
underplayed here. His marble skirt fooks cold
fo the touch, and beneath the warm light, blue
veins give a pale sheen to the skin. Clearly

defined muscies fold the forearm in lension. If
truly refaxed, the radius would roit forwards or
backwards of the uina and either the back or
front of the hand wauld fall against the table,

RIGHT ARM AND HAND
Marat has ihe shoulders and arms of a

classical youth. The deltoid is full and

rounded, as Is often found in Greek statuary. it
also seems too developed (see fef}). Deltold’s
inserion between biceps and friceps is
marked, as are the braciialis, brachioradialis
and other muscles of the forearm.

1793, oil on canvas, 165 x 128cm, Musées
Royaux des Beaux-Arts de Belgique







he dissection and portrayal of the forearm and hand hold a unigue and
special place in the history of anatomy. Like the brain, they have a
significance far beyond the understanding of mechanical function and
form. In Christian Europe, the forearm and hand have been seen as God's most
profound creation, his tool on earth, The most famous example of this belief is
Rembrandt's ‘Dr Nicolaes Tulp Demonstrating the Anatomy of the Amm' (1632). The
eminent surgeon stands surounded by infrigued colleagues as he demonstrates

the workings of what Aristotle had called ‘the instrument of instruments’.

) FAN

Hands are the supreme instruments of touch. Their sensitivity and delicacy of

control make them our primary antennae in our interaction with the world. Their
strength and articulation have confributed enormously to our physical environment
and to the entire history of artefacts. As organs of highly sophisticated engineering,
hands continue to be a subject of profound interest fo artists. The contemporary
Australian performance artist Stelare, who builds robotic extensions of his own
anatomy, wears a third forearm and hand: a perspex-and-steel device that

questions rather than copies the original. In its avoidance of simple mirnicry it

reflects, like Dr Tulp, on the meaning and design of this remarkable imb,
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LEFT

Clockwise from the top: iateral (or thumbside),
dorsal hack), and paimar (paimside) views of
the left and right wrisi and hand hones. Each
hand is composed of 27 bones. Light wrist
{or carpal) bones form a curved and flexible
tunngl, bridged by a strong ligament. This
protects the passage of flexor fendons. Five
metacarpal bones shape the paim and base of
the thumb. Fourteen tapered phalanges give
shape and precision to the fingers and thumb.

RIGHT

The long bones of the forearm. The wina is
thickened above, where it shapes the point of
the elhow behind, and hinges against the
trochiea of the humerus in front. It lapers
downwards to form a small rounded head
ciose fp the wrist {on the little finger sida). This
can be felt and seen beneath ihe skin. The
radivs is narrow and rounded above, where it
is bured in flesh, and wide and flattened
below, where it is more exposed, giing width

fo the wrist. The radius rofis freely back and
forth across the wina to rotate the whole hand.

RIRS2BRARM AND

The long bornes of the forearm are named the ulna and radius. They lie
parallel o each other and are joined at the elbow and wrist. The uina is
piaced on the medial or little finger side of the foream, and the radius is
lateral, on the thumb side. They are connecied by a fine interosseous

memizrane which gives an additional area of aitachment o muscles.

The ulna is longer, set slightly higher, and behind. Its proximal end is thick
and flattened, forming the familiar bony point of the elbow. This point 15
named the clecrancn, and it fits into the olecranon fossa of the humesrus,
when the lmb is held out straight (0. 112). The antenor surface of the bone
forms a tight cup around the trochlea (p. 99). The olecrancn and trochlez
meet together at a hinged synovial joint. Their movement is restricted o
flexon and extension {backwards and forwards) through one plane. The
shaft of the ulna is prismatic (or three sided) throughout most of its length, 1t
gradually tapers, becoming both more slender and cylindrical towards the
wrist. The rounded distal end of the ulna (named the head) is excluded from

the wrist joint by an articular cartilaginous disk.

The head {(or proximal end) of the radius is small, rounded, and flat, it
articulates with the capitulum of the humerus above (p. 97) and ihe radial
notch of the ulna to its medial side. It is embraced by a band-lke annular

ligament. The shaft of the radius rotates freely across the ulna in its cwn

olecramon g

&

radial fuberosity

shaft pf ula
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LEFT

Using this ilustration, examile the relationship
between the iateral and medial epicondyies of
the humerus, the olecranon of the uina, and
head of the radius. Then relsx one arm and,
gripping your fingers arounc the elhow, try to
focate each one. (Avoid pressing vour tina
nerve, p. 99). The olecranon and both
apicondyles lie just beneath the skin. Next
iocate the stvioid process of the radits

(p. 111) and head of the uira, efther side of
the wrist. Pisiform and tfapezi&m Should also
be paipable at the hase of be paim.

RIGHT

The first line of knuckles of it fist is
shaped by the heads of the mefacarpals,
bridged longfiudinally by extensor tendons.
The proximal (bass) ends of ihe first row
of phalanges are butted up under the
heads of the metacarpals. The distal ends
{haads) of the first phalanges form e
second set of knuckdes, halfway down the
fingers. Again the base enas of the next
row of phalanges bult below, and their
heads form the fast set of knuckies, with
the last set of phalanges butled bensath.

longitudinal axis. This movement cames the hand from pronation (tuming
the palm down) o supination (tuming the palm upward), Below the head
of the radius, the shaft namows 10 a slim neck, at the base of which (in
front) is the radial wukerosity. This suppoerts the insertion of biceps brachii
{p. 1038), which flexes and supinates the foreamm. The shaft of the radius
Is grooved and ridged for the attachment of muscies passing via fendons
into the hand. The bone grows wider and flatter towards s distal end,
where it articulaies with the head of the ulna and ihe navicular and lunate

bones of the wrist. The radius alone cames the skeleton of the hand.

Eight campal bones shape the wrist. These are small, mregular, and tightly
bound by ligaments. Aranged in two curved rows, they are named
navicular, lunate, triquetral, pisiform, trapezoid, trapezium, capiiate, and
hamate (p. 110). Capal benes form a short and flable tunnel. This is
bridged and mantained by a strong ligament. The tunnel encloses and
protects tendons, blood vessels, and nerves passing beneath. Five
metacarpal bones give form and curve o the palm (p. 110). Thass
articulate at their base with one or more bone of the wrist, At their heads,
they support a finger or thumb. The four metacarpals of the palm are tied
fogether by ligaments at their distal heads (p. 121). The first matacarpal (of
the thumb) is independent and rotated through 90 degrees 10 oppose and
press against the pam. There are fourteen phalangses (or finger bonesy):
three in each finger end two in the thumb. Each phalanx {formed of a base,

shaft, and haad) tapars to give shape and precision 1o the fingers,
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LEFT AND RIGHT

Fostarior (lefl) and fateral (near rigt) views of
the right forearm and hand. Long extensor
muscies shape the back of the arm, arising
from the lateral epicondyle of the hurerus,
radiiss, and interosseous mermbrane, and
inserting onlo the back of the wrist, and the
knuckles of fingers and thumb. Extensors turm
the paim upward, and strefch back the wrist,
fingers, and thumb, Anterior {centre right) and
mediial (far right} views of the same fimb. The
front of the forearm is shaped by flexor

miscies arising from the medial epicondyle of

the humerus (p. 112), ulna, radius, and 2
connecting interosseous membrane (0. 117).
They insert into the front of the wrist paim,
and fingers. Flexors turn the palm down, curl
the wrist, fingers, and thumb, and allow us to
grip. Usually larger and stronger than the
extensors, they are less defined under the
skin. Both groups are held at the wrist by
fibrous bands (or retinacula). Short muscles
hetween the bones of the palm give mass {o
the hand, flex, extend, and adduct and abduct
fingers and thumb.

HARSIORARY AND

The two bones of the foream are almest constantly in mation throughout our
Ives, tuming back and forth in parpstual service to the hand. Their movement
of the wrist and fingers is controlled by more than 30 slender muscles,

arranged In layers from the elbow to the palm.

The muscles and accompanying tendons of the forearm and hand fall into
three groups. Long extensor muscles shape the posterior of the forearm,
and pass into the dorsum {or back) of the hand. These supinate the palm
and extend the wrist, fingers, and thumb, Flexor muscles cover the anterior
of the foreamn, and pass inio the paim. These pronate the palm, and flex the
wrist, fingers, and thumb. Muscles contaned within the palm give mass to
the hand, while flexing, extending, adducting, and abducting the fingers and
thumiz. See the caption above and p. 244 for an explanaticn of the acticn of
these muscles, The long tendons (p. 34) of the forearm divide and insert into
numerous bones, giving strength and daxterity 1o the carpals, metacarpals,

and phalanges of the hand.

Muscles and tendcns of the forearm are mostly named according to their
oniging and insertions onic bone, relative lengths, and action. Names are
therefore often very long. This may seem comglicated, but it is actually very
helpiul in understanding the movement of the limb. For example, flexor carpi
ulnaris {far right) flexes the wrist {or carpus) on the side of the ulna. Edensor

carpi radialis longus {near right) is the longer of two muscles exiending the
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PREVIOUS PAGE, LEFT AND RIGHT

The struciure and delail of the hands. Note
the prominence of the knuckdes and bones
of the wrist, extensor lendons, regions of
faity tissue, blood vessels, and the fexibility
of fndividual finger joints. Pressing one of
Yyour own hands reveafs that the back is
cormparalively bony and tendinous, in
contrast o tfie palm, which is thickened by
groups of muscles and layers of fal. Dorsal
veins rise fo the back of the fingers

between We knuckfes. They gradually unite
into longer and larger vessels as they wind
across the hand lowards the arm. Veins press
against the stan if the forearm and hand are
hot. They rse further if the hot hand is held
downwards and kept still. Prassure huilds
within the veins as the blood is forced fo rise
against gravity in its return to the heart. Smalf
bumps indicate vaives which prevent blood
from flowing backwards.

wrist on the side of the radius. Flexor digiti minimi brevis {p. 115, centre) is
a short flexor of the little finger. Extensor pollicis longus (p. 115, leff) is the
iong extenscr of the thumb, while abducior pollicis longus (p. 115, left) is
the long abductor of the thumid. Palmaris longus {p. 115, centre and right)

is a very long slender muscle tving to the pam (p. 121).

Of all the muscles of the forearm, palmaris is particularty weak and
insignificant. However, it is of special interest because it is cifen missing,
or only present in one forearm. Its absence is sometimes atlributed to the
refining process of our continuous evolution. Anatomical variations appear
fhroughout he body. Various structures, including muscles and bones,
may be either absent or mulliplied cn one side of the body, perhaps
unusually extended, divided, pierced, or united 1¢ an adjiacent part. When
present, paimaris longus can be found in the wiist as a small thread-like

tendon, medial to the much thicker cord of flexor carpi radialis (p. 115).

As muscles contract, ihey shorten, rise, pult against their tendons, and
draw lines of tension between the bones into which they are rooted.
Flexed muscles will try to pass in straight lines between their points of
origin and insertion, and they are only prévenied from doing so by
intervening bones, joints, adjiacent muscles, and thickened bands of
fascia (p. 38) tying ther straining fibres info Dlace. More than twenty
tendons pass through the wrist. A few of these ars visible when taut, and

thay can seem to press against the skin. They are, however, tied or bound






LEFT AND RIGHT

Lefi: fiexor muscles and tendons of the
forearm, straining fo hold the weight of the
body. The most important moverment of the
hand is the opposition of the four fingers io
the thurnb, enabling us fo grip powerfully
and fo fold gently. Right: deep and
Ssuperficial structures of the hand. Long
muscles of the foraarm send tendons
through the wrist to articulate the fingers.
Short muscles, arising from the bones of
the palm, are arranged i three groups. in

/muscles are set deep between the
metacarpals to adduct, abduct, extend, and
flex the fingers and thumb, whife adduetor

poficis adducts the thumb, and the lumbricals

flex and extend the fingers. Three thenar (or
thumb) muscles {abductor pollicis brevis,
fiexor pollicis brevis, and opponens polficis)
shape the base of the thumb on the paim
side. Three hypothenar (litfle finger) muscies
{abductor digiti minim, flexor digiti minimj,
and oppenens digili minimi) create 2 smaller

the palm, two layers of inferosseous mass at the base of the little finger.

against the bones by thickened fibrous bands named retinacula. Flexor
and extensor retinacula (p. 174) enable tendons of the hand to change

direction at the wrist, without taking shoricuts across to the forearm.

Tendons inseriing within the fingers are similarly bound, o the knuckles. It
is important 1o note that thers are No muscles in the fingers — cnly tendons
erther side of the bones, tied by fibrous bands into lubricated synovial
sheaths. The small fleshy beflies of each finger are composed of fatty
tissue, camying blood vessels and nanvas, and cushioning flexer tendons
against the grip of the hand. Broadly speaking, the dorsum is bony and
iendinous, beneath a covering of loose skin. The palm is more muscular
and fatty. The muscles of the palm are enclosed beneath a shest of
thickened fascia. Named the palmar aponeurosis, this protects and
strengihens the palm. It also ties the skin above to muscles and tones
telow, holding it fimn, and preventing it from slipping when we grasp a
surface. The palmar aponeurosis is composed of three parts: a very dense
fan-shaped centre, flanked by much finer medial and lateral extensions
covering the base of the smallest finger and thumb and becoming
continuous with the dorsal fascia of the hand. Al its apex, the aponeurosis
blends with the tendon of palmaris longus, leading in from the wrist. Al its
base, deep fibres blend with the digital sheaths of flexor tendons and with
the fransverse metacamal ligament. Superficial fibres tie to the skin of the
fingers and palm, while from its deep surface intermuscular septa pass

between muscles of the hand to reach the meatacarpal bones beneaih.
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José de Ribera (1591-1652) was a genius of anatomical expression. The figures in his paintings — the
Christs, saints, and angels — lean, reach, and distend their very human bodies with passionate articulation.
The Martyrdom of Saint Philip was painted when Ribera was 48 and at the height of his powers.

ey This 15 the moment before Jesus's disciple, Saint Philip, suffers a similar

faie to his master — crucifixion. The saint's body is being stretched
between lile and death, and 15 undergoing a transfiguration. Part of his
human fom still fouches the ground, it gravity swinging out towards the
viewar His legs are being pulled back to increase the painful significance of
the hanging posture. His solid working-man's physigue is being hoisted like
a sail into the awaiting heavens, and in his agony he is already reaching to
embrace God. The exaggeration of this gesture locks our aftention 1o the
centre of the canvas, as Ribera carves the moment of transfiguration
In straining muscle. Those gathered around the saint to perpetrate the act
lean forwards or pull themseives down into the abyss 1o balance the

composiiion of his ascent

Victims of crucifixion eventually dis of asphyxiation because they must
continually raise the whole weight of their bedy on nalled wrists (or

RIGHT hands) and feet in order to breathe and as they weaken, they

This model is much younger and suffocate. Here, Saint Philip's ribcage is alreacy distended and

more athigtic than the saint in straining to breathe, while the others around him chatter,

Ribera's painting. He has a different f )
physical buil, tess bodi fat and Hghter gossip, or weep. More than any other artist beicre or

skin. The strain and difficilty in holding the after him, Ribera used oil paint to create

pose is clearly seen in s upper torso the actual texture ¢f aged human skin, as

muscias. Note how pectoralis major and . ) . .

L . well as its hue and tone. Fine creases and hairs appear to be present in the
latisimmus dorsi suspend his weight as ifin a
sling. The made! has jus! exhaled and so his surface of the paint. This is a unique and essential quality of Ribera’s work,

7ibs are barely evident beneath his skin. which is difficult to ses in this reproduction.
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THE ARMS

Saint Phitip's arms are massive, elongated, and
canry the weight of his whele body, They raise
the clavicles in a tight and shadowed cup
around the neck, and flank the
stemocleidomastoid muscles which strain to
hotd forward the weight of the head. The feft
biceps emerging clearly from beneath deftoid
is exaggerated, distorfed, and casts a dark
shadow over triceps at the back of the arm. The
flattened hollow in between divides the fiexor
and extensor compariments with Soft faty
tissue erolding biood vessels and nerves. The
medial epicondyie of the humerus is prominert,

as are the fiexor tendons of the wiist,

THE UPPER TORSO
The torso is huge and elongated. imagine the

length of the sping curving behind the weight
of his body. The upper forso is suspended on
either sive between peciloralis major and
lafissimus dorsi. However, these powerfu!
muscles do not appear fully flexed. Note
how the ciavicular fibres of pectoralis are

at rest and compare this fo the body in the
photograph opposite.

THE LEGS
The muscles of the legs are beautifully

modellad and very sublly defined. On the right

thigh, note the tiphtening of the Hiotibial tract
beneath the mass of quadriceps. Beneatf the
knge, the berders of gastrocremius and
soleus, peroneus longus, and tibialis anterior
arg clearly defined, and on the left inner thigh
sartoriys catches the light as If passes
beneath vastus mediafis.

1639, oil on canvas, 234 x 234cm,
Museo del Prado, Madrid







he thigh bone (or femnur) is the largest and heaviest long bone of the body,
and its hollow core is filled with marrow. The Latin word fernur derves, like
foetug, feminine, and fecund, from the root fe-, which means to produce
offspring. The shapely mass of the female thigh has long been an erotic symbol of
fertility, but in world mythology there are instances of thigh births from male gods and
mortals, and this may spring from the ancient notion that marow is the body's core
of strength. The unborm Dionysus, son of Zeus and Semele, for example, was sewn

into his father's thigh after the death of his mother and brought to full tem.

)

The knee at the base of the femur has held even greater significance as an organ
of fecundity and procreation. Many world languages reflect this belief. The Irish word
for knee (glun) and the Latin (genu) share the same root as the word generation. The
Assyrian and Babylonian word {birku) signified either knee or the penis, and in Anglo-
Saxon cneo maegas means knee-relation (kinsman). And so it goes on, from the
Masai to the lcelandic. The last word on this lost association is best left with Pliny,
t |s these that supplicants touch, ... these that like altars they worship, perhaps

because in them is the life (wtalitas). For in front of each knee ... there is .., a certain

bulging cavity on the piercing of which, as of the throat, the spirit flows away.’




lesser troghanter

uperior
deas spine

jm’afer trocharter
i

¥

posten

FEMUR: MEDIAL VIEW

wmedial conalyle

lesser trochanter

Mﬂ?’){

3
2

MALE PELVIS: LATERAL VIEW

diac sping

anterior superior

v & 7
5 %
) =
3 )
o g By
§5 5
R
o

FEMALE PELVIS: LATERAL VIEW

diac spine

anterior sup ereor

LES

o~
Ui

126 BONES AND MUS



FAR LEFT NEAR LEFT AND RIGHT
Two lateral views of a feft hip bone joined with From left fo right: drawings of the right

the sacrum and cocoyx to form the pelvis: femur, lateral and medial views. Note the
male (top} and female (below). it is clear how angle between the head and greater

fail and narrow the male bhones appear in trochanter, the forward curve of the shaft,
comparison with those of the female. When and the curled mass of the medial and
standing, the anterior superior iffac spines tateral condyles at the distal end. In the
should occupy the same vertical piang as the photograph flesh disguises much of the
pubic crest below. These, fogether with the pelvis, but the dimples either side of the
posterior superior ifiac spines, all rise close to hase of the spine are significant. These are
the skin. They are the five points by which an the posterior superior iliac spines attaching
artist can locate the pess. via degp fascia (. 36) fo the skin.

glélﬁEléllP AND THIGH

Mary of the names that the early anatomists gave to parts of the body
reflect a resemblance to scme natural or man-made cbiect, The cocoyxis
named after a cuckoo's beak, the tibia after a flute or pipe, and the fibula
after the tongue of a clasp. But this system of nomenclature proved
useless winen they reached the hip bone. Inspiraticn had clearty run out
when they gave it the Latin name os innominatum (bone of no name)

because it was deemed to look like nothing on earth.

The two 0s innominatum (or innominate, Nip, or haunch bones) are the
largest flatened bones of the skeleton. They meet in front to shape the
pubic arch, and benind they join the sacrum fc complete the bowi of he
pelvis (p. 89), The expanded shallow basin above is the greater (also major
or false) pehds. The short, closed, curved, and narrow canal below is the
lesser {minor or trug) pehis, Togsther they transmit the weight of the body
to the lower limbs. Each innominate tone is composed of three parts: the
lium, ischium, and pubis {or pubic bone). Separate in a child, they fuse in
the adult, uniting at the deep cup of the hip joint, named the acetabulum
{from the Latin for vinegar bowd). This faces downwards, forwards, and is

surrounded by a pronounced im, 1o receive the head ¢i the femur.

The flium {or uppermost wing of curved tone) s, like the scapula (p. 96),
thickened at its borders, thin and even translucent at its centre. Its

prominent crest, called the iliac crest, overhangs the hip joint and attaches




to muscles of the flank. ks most forward point, named the antenor supernor
liac spine, can be felt beneath the skin, and is an important landmark for the
artist. It helps locate the pelvis, and delineate the border of the torso and
thigh. The posterior superior iliac sping Is thicker, mcre gnarled, and
surrounded, but not covered, by muscle. Superficial fascla of the skin {p. 36)
attaches 1o 1t, and this creates the familiar dimple appearing on each side of
the back, just above the buttocks, At the base of the pelvis, and seen more
clearly from behind, are the ischia. Together with the pubic bones above
(p. 126), these appear 10 create two large, thickened, rough, and uneven
loops of bone. We rest on the ischia wnen seated, and it is these that seem
to ache when too much time has been spent sitling on a hard bench.
Positioned in the fat ¢f the buitocks, they give attachment t© the hamstring

{flexor) muscles of the thigh,

Sexual difference is more pronounced in the pelvis than in any othar part of
the skeleton. The photographs on pages 88 and 89 offer clear comparison
between the taller and narrower form of the malte pehis and the wider and
shallower form of the female. The male peivis is also generally heavier, with

more deeply etched surface detail.

The femur 15 the long bone of the thigh. It has a forward-curved cylindrical
body or shaft and two arficular ends, The upper end has a large ball-ike
smooth head, a long and prenounced neck, and two trochanters (or bony

cutcrops). The head of the femur fits into the acsetabulum 1o create the ball

128 BONES AND MUSCLES

RIGHT

This overlay shows the approximate position lump. The greater frochanter of the relaxed
of the palvis and femurs within the body. ieg may be cast into an indentation farwards
When drawing the figure, the pelvis can seem of the butlock. This can also be felt on your
a daunting structure fo piace, It heips to find own body. Jt is imperative lo remember ffie
the anterfor and posterior superior iac spines, obligue angle of the femur as if passes
in front of and behind the body. (These four

poinits can be felt beneath your own skin.)

through the thigh. In drawing, it might help at
first to place & fine from the greater trochanter
Locata the arch of the pubic bones foo. Leave to the medial condyle. The femur is nearer the
aside but do nof forget the ischial bones: they front of the thigh, with a greater depth of flesh
behind. The condyles of the femur and tibia,

togettier with the patella (knee-cap bone)

lie very deep within the body. Rernember that
if & modled stands on one feg, with the other

limb refaxad, the pelvis wilf filt. The greater creale the skeleton of the knee joint. Orly

trochanter of the weight-bearing feg wilf push tendons pass across this joint {in front and to

out against the skin of the fip as a fiard either sidl). These may be clad in a little Tat.

and socket joint of the hip, This is enclosed within a stong fibrous capsule
and supported by thick and powerful ligaments (p. 32), against which we rast
when standing. The most signiicant of these is the iliofemoral ligament,
which restricts the backwards extension of the hip. It is one of the strongest
ligaments in the body, arsing from the lip of the acetabulum, together with
the anterior inferior ilac spine (a small protuberance of bons just beneath he
antericr supenor iliac snine). The broad fibres of the iliofemoral ligament insert
in front of the femur in a straight line cetween the greater and lesser
trochanters. The back of the fiorous joint capsule is covered by the weaker
ischictemoral ligament, and benegath a pubofemoral ligament connects from

the pubic bone o a litle above the lesser trochanter.

The shaft of the femur is smooth along fis anterior surface, presenting a
gently convex arch from end to end and no distinct markings. In contrast, to
the posterncr of the bone there is a gnarled and pitted ridge named the inea
aspera, which gives attachment to mest of the muscles of the thwgh. This
ridge is prominent throughout much of the length of the femur. Above and
below, it divides into two, fading as each line passes outwards 1o the sides
of the bone. The distal end of the femur expands into two huge, rounded
condvles (named medial and lateral according to their positions). These
stand on, and articulate, with the top of the shin bone (or thia) to form the
knes jcint (p. 145). Both femurs pass obliguely through the thighs, 1o bring
the knees info the body's line of gravity. The degree of inclination would be

greatest in the limbs of a short worman, and least in a tall man.
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LEFT

Anfterior views of the hip and thigh. Far leff:
powerful extensor muscies extend the knee
and liff the leg at the hip. Cenire: adducior
muscies along the inner thigh draw the femur
towards or over the oppasite limb. Near left:
the flexor and adductor groups; superficially
they are separated by sartorius. The iliopsoas
(centre feft) comprises three muscles, arising
from the lower six vertebrae and inside
surface of the iifum {or iliac fossa). They insert
largely onto the lesser Irochanter of the femur
(. 129 1o flex the thigh against the pelvis.

RIGHT

Surface definifion of hip and thigh muscles
is usually greater in men because their
muscles fend to be larger and stronger.
Women's thighs are shaped and softened
by more body fat (p. 38). Surface fat offen
delermines skin texiure on buttocks and
thighs, particuiarly among women. These
photographs show the muscles of the thigh
in foreshortened perspective. Above: note
the division of the acduciors from the
quadriceps. Below: quadriceps above
stirface faf shapes the outside of the thigh.

WE&L% AND THIGH

The bonss of the hip and thigh are surrounded by approximately 27
cowerful muscles. Aranged In ¢istinct groups or compartments, they ae
tound both individually and together by sleeves of fascia. The muscles of
the thigh raise our whole body weight from a seated to standing position.
They also maintain our stance, and enable us to walk, jump, or run. {For
an explanation of their movement, see the cagtion above and also the

glossary of muscle actions (p. 244).

CQuadriceps femoris is the great extensor muscle of the knee. It also flexes
ihe hip jont, and gives shape o the anterior lengih of the thigh. 1t is
composed of four distinct parts: vastus lateralis and vastus medialis,
arising from each side of the linea aspera; vastus intermeadius, ansing from
the anterior and lateral surfaces of the fermur; and rectus femoris, arising
from the anterior inferior iliac spine. These four parts unite I front Into one
tendon that encloses the patella, crosses the knee, and Inserts onto the
tibia at the top of the shin. (Note In the drawing far left how vastus

interrnedius is hidden from view.)

Adducior muscles spread like a fan down the inner thigh. Named
pectineus, adductor brevis, adducior longus, and adductor magnus, they
arise from different portions of the pubic and 1schial bones. They insert in
a line, from the lesser trochanier, down the length of the linea aspera, ©

the medial epicondyle above the knee (p. 134).
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LEFT AND RIGHT

Far left: a deep dissectionaf the hip and thigh
seen from behind. Adducie magnus and
vastus fateralis insert intoind define the linea
aspera. Note its division aiove the knee.
Cenire fefl: Overlving addictor magnus, three
muscles shape the back ¢ the thigh (biceps
fernonis, semi-lendinosus nd semi-
membranosus). Their tenans of insertion can
bhe faft and seen passing ¢ther side of the
back of the knee. Near lef: the muscles of the
back of the thigh and buthck. Gluteus
maximus inserts deeply ont the upper part of

the linea aspera between dductor magnus

and vasius lateralis, Superficially, fibres blend
with the ifiotibial tract and surface fascia of
the thigh. Below, the two heads of gasto-
criemius {p. 155) emerge belween the
tendons of hiceps and semi-tendinosus. The
trianguiar space beiween is the poplieal
fossa (p. 150). Above right: the flexion of
quadriceps; its three superficial portions
(vasius fateralis, rectus fernoris, and vastus
medialis) are clearly defined. Below right:
comparing the right thigh to the drawing near
feft, note the divisions of biceps femoris,

vastus laferalis, and gluleus maximus.

Sartorius (p. 130, fom the Latin, sarfor, tailor, the longest muscle of the
body, is like a slender ribbon passing from the anterior sugericr iliac spine to
the medial surface d the tibia. It divides the quadiiceps from the adductors,
bends the knee, adiucts, and rotates the thigh (. 134). Gracilis {p. 130},
similarly long and thn, arses from the pubic bone, spans the length of the
inner thigh, and nsets onto the upper medial surface of the tlia It abducts

ihe thigh, flexes thenee, and medially rotates the leg.

At the back cf the thiyh, semi-membranosus and semi-tendinosus arise from
the ischial tuberosityto insert on the tbia, They extend ihe hip, and flex and
medially rotate the Inee. The long head of biceps femens, nsing from the
ischium, joins a shct head {p. 150} from the lower linea aspera, and both

inseri on the head ¢ the fibula, to flex the knee and extend the hip.

Six short retator mustles (including quadratus femoris and obturator intemus)
cross from the pehls to the greater trochanter to rotate the hip laterally.
Gluteus minmus ard medius alduct and slightly rotate the hip. Giuteus
maximus (the large carse-fibred muscle of the butiock) extends and laterally
rotates the hip, whie tightering the iliotiial tract (. 134). This is & long
thickening of fascia p. 36) braced in front by a small tensor muscle arising
from the iliac crest, Te iliotibial ract acts as a tendon tving gluteus maximus
and tensor fascia litae (p. 134) to the lateral condyie of the tidia. This
arrangement flattens the outside of the thigh, and prevents the knee from

collapsing when we stand.
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LEFT AND RIGHT

Medial and lateral views of the hig and thigh
muscles. Far left: nole the length and
curvaiure of sarforivs, and the origing and
insertions of the adductor muscies. Left: the
posterior half of the iliofibiaf tract is removed
fo expese the il expanse of vasius lateralis.
Near right, above: the flexion of gracilis along
the inner thigh. Far right and below: the
inserting tendon of biceps femons catches the
fight behind the knes, while the soft flesh of
biceps and semi-fendinosus give form to the
back of the thigh. Overleaf: buttocks are
shaped by surface fat overlying gitteus
maximus. When seated, the ischial bones pass
between the giuteal muscles, pressing o the
fat of the buttocks.












VAR LERC L ASS

Edward Hopper (1882-1967) worked outside the fashionable schools of abstraction and pop art that so
typified American art in the 20th century. Hopper’s moving and often stark visions of American mid-West
provincial life are icons of gritty and modest realism. Hotel Room tells a story in American colours

similar to John Steinbeck’s novels.

omewherg in a sad American hotel bedroom a wormarn locks at a letter

which holds her for a moment between armmival and departure. At first
glance, she appears to siill be reading and her posture describes and caries
the weight of her thought. But she has read the lefter and is held by its
meaning. The paper has been tumed around and 1s now pondered in her
outstretched hands. The heavy, resigned stilness of her limbs and
shadowed head invite melancholic speculation aboui her emctions. The
guet power of this painting comes from #s apparent simplicity and

directness. It is a masterly work of unclerstatement.

Tha room itgelf 15 almost an abstract compaosition; itis clear, perfectly ordered
and undisiurbed — strangely empty of familiar detail, with nothing out of place
The luggage, fumiture, curtaing, and shadows make balanced blocks of
neutralized coiour and tene. Light from the window is diffuse as it passing
through a fine gauze; it appears solidified and the woman's forlom human

bareriess is striking_against it. She is transient and alone, caught almost

naked at a tuming point in her iife. RIGHT
The pose in this photograph shows how far
Hopper exaggerated the curvature of his

The tension and glow of this painting is famiar. Hopper was greafl
g P 9 e ¢ L model’s spine to reinforce the fieaviness of

influenced by Edgar Degas, extending the psychology and the interchande  fer expression. The photographed model fias

of place and personality into the moderm world. The people of Hopper's  sifghtly tensed ihe muscles of her thighs.
Note fiow this has raised the flesh, and

flaftened the outside of the limbs, Also note

interiors and landscapes became abstract ke their sumoundings, losing
detalls 1o the power of light and colour; they are exiles and infroverts, how her limbs faper towards the tendinous

alienated but central to the unfulfiled American dream. and bony parts of her foints,
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"HE SHOULDERS

Hopper has exagoeraied theaxpressive weight
of the woman's body. In te upper forso her
shoulders are broad, ounded, and held
forwards, suspended by theirapezius muscle
sweeping down from theback of her head.
Her arins are thickened andiaper only slightly
from the shoulder i the elbw. They are rigid,
heavy, and their verticalily drects the viewer's
ave enicthe woman's Iap.

THE TORSO

The weight of her upper hoy is balanced and
held by the curve o her spine. THiS is
especially exaggeratedat the base of the
thorax, at which point her hrse foids into two
parts, pilled across the wait by the lightness
‘ of her garment,

THE LEGS
The pifiow concealing herip and the bright

light across her high creatr the fliusion of an

axtended torso, infensifying our intrusion inic
her privacy by questioning the extent of her
uridress. The woman's leg and feet pull the
weight of her thighs down iro the matiress of
the bed. The flesh of eaci thigh is flattened
and wide, indicating that tie muscies are all
toiafly refaxed, emphasizingher stillness. The
bony details of her knes and aniles are
erased, smoolhing the finds and increasing
thei apparent weight.

1931, oil on ¢anvas, 1521 168cm, Museo
Thyssen-Boriemisza, Madrid







he foot is much more than an organ of locomction, It is the focus of our
balance. Its contact with the earth is recognized as of prime importance:
among many ancient cultures, to lose contact with the earth was to suffer
weakness, even sickness. For some, too, the foot becomes an instrument of
soecial potency or skill. In the practice of martial arts such as karate or tag kwon do,
for example, the calcaneal bone of the heel becomes an axe, and the edge of the
foot from small toe to heel a sword, while ballet dancers train for years to redefing

the balance of muscular strength in their legs and feat to stand en pointe.

E LEG AN
00T

Many sculptors have worked with cunning precision to engure that a subject’s feet

gand naturally and resolutely on its plinth, recognizing that to ground a figure is to
ald credibility and significance. But, like the hand, the foot in art has also been
modified and idealized in its depiction. Only 10 per cent of humans have a longer
szcond toe. Yet in the West, countless paintings and sculptures hawve since at least
the Renaissance pertrayed feet with greatly elongated second toes, presumably
because it is considered more elegant. In the East the smaller the foot the greater
the beauty. This found its most painful representation in Chinese foot binding, where

the shape and dynamic of the growing foot were slowly crushed into conformity.
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LEFT AND RIGHT

Far leff to near left: anterior, posterior, medial,
and fateral views of the feg and foot bones,
and the articuiar surfaces of a right knee joint.
A corresponding view of the patella for
kneecap bong) appears above each tibia for
shin bone). Right: note the pronounced patelia
at the uppermost poinf of each knee. This is
offen difficuit to locate as it moves through
different positions. Straighten and completely
relax one of vour legs, then take hold of the

bengath the skin. Two bony protrusions felt
efther side of the patella when the knee is
flexed are fhe femoral condyles. Below and
baside each knee the head of the fibwa is
clearly visible in this photograph. lis shaft is
buried beneatl muscle until it emerges at
the lateral malieoius of ihe ankie. Both
medial malleoli arg alse clearly shown. The
bones of the fegt are obiscured here by

tendons, fat, fascia {o. 36), and skin, but

kneecap. Once you have localed the bone, flex many can be localed within your own feet

for bend) vour knee and follow its movement if they are relaxed and palpated.

ggﬁgsEG AND FOOT

The leg is the region of the lowear lImb below the knee. Its long bones are
named tha tibia and fibula. They transfer our body weight from the knee 1o
the ankle, and give attachment to the muscles which manoeuvre the leg
and foot. The foot supports our weight wihen we stand. It acts as a lever

o push the body forwards, and absorbs impact as we walk, run, or jurnp,

The tibia is the heavier of the two bones. It supports the weight of the
body, and its sharp anterior surface is the familar shin tone. Composed
of a shaft and two articular ends, the top {or proximal end) of the bong is
thick and expanded into two shallow-cupped platiorms, the medial and
lateral condyles. The shait of the tibia is prismatic (o three sided) jor much
of its length. it gently narows towards its cenirg, thickening below to

expand across its base to form the medial malleclus {or inner ankle bone).

The upper surface of each tibial condyle is glazed with hyaiine cartilage
{p. 32), and shghtly cupped to receive the base of the femur {p. 128). The
condyles are Clearly separated behind, whereas in front they unite as ons
convex mass. logether they appear tapered like a iangular comice. Their
outer surface s gnarled and pitted by the attachment of many ligaments
(0. 32) and tendons {p. 34) passing from above and below. The tibial
tuberosity is a prominent and vertical ridge of bone that receives the
insertion of the paiellar (or kneecap) igament in front. This is clearly seen

below the knee when the leg is flexed and a useful landmark for the arbist,
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LEFT RIGHT
These anterior and posterior views of the right This photograph demonstrales the angle

leg {raised onto the ball of the foof) and ifs between the leg (below the knee) and
hone siruciture give an opportunity fo observe thigh. Draw a straight line along the femur
the relationship between the condyles of ihe through the knee to reveal how far the leg
fermur and iibia as they meet at the knee. It is is offset to the lateral side. Consider also
pussible to locale the shape of the patella (in the action of rectus femoris, clearly visible
the front view) and the head of the fibiifta to above the knee. If is part of the quadriceps
the sicle. Foliow the fibula down fo the feof, femaoris muscle, attaching fo the patefiar

and note iis angle and aftachment to the fibia. fendon {p. 130), which inserts onto the
Bath bones cover the talus (p. 147) te form tibia. Vastus medialis {p. 130), another part
the ankle. Behind the right foot, at the base of of quadriceps, prevents the patefta from
the first metatarsal, are two sesamoids. being disfocated to the lateral side.

The fibula (p. 142) is a very delicate and slender bone, sham edged, and
splint-like. It lies lateral and parallel to the tibia, situated slightly below and
hehind. It is composed of a shaft and two articular ends; bath firmly fixed
to the tibia. At the anike joint, the fibula extends below the tibia, tuming

outwards and down 1o produce the lateral malleclus (or cuter ankle bone).

Throughout their length, the two bones of the leg are united by an
interosseous membrane (as found betwesn the radius and una). This fine
transiucent sheet of connective tissue divides the anterior and posterior

compartmeants of the leg and providas an area of attachment for muscles.

The paiella (p. 142) is situated above and in front of the tibia. It 1s the
largest sesamoid of the skeleton. Sesamoids (named after sesame seeds)
are very small, rounded incepandsant bones. An inconstant number occur
inside certain tendons of the hands and fest. The patella of the kneea is
enclosed within the tendon of quadriceps femoris (p. 131). Its pumpose is
to ease the passage of the tendon over the comer of the knee. The front
of the patella is separated from the skin of the knee by a small bursa. This
is a protective sac containing synovial fluid. Bursae occur throughout the
body. within joints, between muscles and tendons, and beneath certain

points on the skin. They help to reduce fiction between moving parts,

The knee is the largest, most complicaied and vineratle joint of the bodly.

Inuries to knees are common in sport because of the sudden and




excessive stresses that are put upon their component paris. The condyvies
of the femur are hinged 1o those of the tibig, so that the leg can bend and
straighten, backwards and forwards, through one plane. The joint can also

very slightly rotate to either side. It 1Is made siable by several elemenis.

Two plates of fibrous cartlage, named the lateral meniscus and medial
meniscus, fit directly over the upper surface of the titha, The menisci are like
shallow dishaes that face upwards to cup and cushion the end of the fermur,
The bones are then bound and held firmly togsther by an arrangement of
strong ligaments (p. 32) situated within and arcund a capsule, Thé joint
capsule is a sleeve-like extension of the periosteumn (p. 32), arising from each
bone to cover and enclose the whole joint. It is lined by a synovial membrane
that excretes and fills the knee's cavities with a fine lubncative and nourishing
iluid. The components of the knee are alse cushioned by as many as thirteen
bursae (four anterior, four lateral, and five medial). Two very strong cruciaie
igaments originate from the intercondylar surface of the tibia (p. 142). These

twist past each cther as they rise 10 insert between the femoral condyles.
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The crnuciate ligaments maintain the forwards—backwards stability of the

knee, praveniing the femur from slipping forwards off the tibia, when the leg
is flexed, and backwards off the tibia, when the leg is extended. Addiional
protection is given by the tendons of the thigh and leg muscles as they pass

either side of the joint.

The ankie joint is formed by the medial and latsral malleoli (the palpable ankle
bones described above}, together with the base of the tibia (p. 144). These
three poinis fit perfecty over the upper articular surface ¢f the talus {ses
below) of the feot. The ankle is strengthened and supporied by a fibrous
capsule full of synovial fluid, nmerous short and powerilt ligaments, and the
passage of surmounding tendens. The bones of the foot are amanged in two
arches, supported by ligaments, fendons, fascia (p. 38}, and layars of
muscle. One arch gpans from the heel to the tees, the other across the
bridge of the foot (p. 142} at the base of the metatarsal bones. These arches
distnbute the body's weight and provide shock absorption. They are held

fngid as they leave the ground, and are fiexible when the foot lands. When



4 pﬁa/anjfs
{toe bones)

TOP AND ABOVE

The photographs show slender, almost
paraltel, longitudingl cords rising beneath the
skin above the foes of each model’s feet,

There are aiso taut ings along the laleral side

base of 2nd metatarsal bone

of the male model’s feg {centre rigt). Often
mistaken for bones, these are, in fact, alf
tendons {pp. 150 and 151). The fong bones of
the feet (or metatarsals and phalanges, p 149)

medial cuneiform

navicular falus

are disquised by extensor tendons, They are,
therefore, hardly visible, except perhaps at the
Joints, The drawing shows how the angfe
between the tarsal (p. 7148) and metatarsal

caleangns

{heel bone)

bones marks & change of plane along the
biridge of the foot. The base of the second
metatarsal is its highest point, as seen in two
of the photographs {far left and centre right).

THE LEG AND FOO™ 147




cuboid talus

tuberosity of

5th metatarsal navicilar

cuneiform bove

ist wetatarsal

Fea ﬁ/m/ﬂn &5

(fae 501;9&5 ) ,

£ >~ PLANTAR VIEW

148 BONCS AND MUSCLES

A

74 phalas 3’»
AN

2nd metatarsal

naviculay

calcanens

fheel bove)



LEFT

These drawings of the bones ¢ the fool, seen
from below (far lefl) and aboveinear left),
describe the refalionships, projortions, and
angles between the calcaneusaf the heel, the
talus, navicular, cubold, and thee cuneiforms
of the farsus, the five mefatarsils, and the
fourieen phalanges of ihe toes Note that the
first metatarsal, leading to the jreat toe, is
shorter and thicker thar the laeral four, and
also that the phafanges of the yeat fog are
larger ihan those of any other ce.

RIGHT

The bones of the feet are deeply covered
benegath by ligaments, fendons, muscies,
fascia, thickened aponeuroses (p. 34), fat
and strong skin. Above: light cast across
the outside of the uppermost foot catches
a slight bump in the skin halfway from the
heel to the fittle toe. This is the {uberosity
of the fifth metafarsal. it can be feft, and
sometimes seen, on the outside of the foot.
Below: note how tendons disguise the

metatarsal bones.

compared 1o the bones of the hand, those of the foot appear very similar,

But they are modified tn exchange dexterity tor siability and strength.

Seven tarsa bones, naned the talus, caicaneus, cuboid, navicular, and
three cuneiforms, shap: the ankle and heel. The talus is the uppermost
farsal bone. its smooth curved mass articulates with the tibia and fibula
above, and transmits weight from the leg to the heel. The heel bone,
named the calcaneus (o 0s calcis), is the largest bone of the foot. its long,
thickened body passe backwards beneath talus, angled down and
towards the outside of the foot. The calcaneus strikes the ground when
we walk, providing a stong lever for raising the foot off the ground. The
navicular, cuboid, and three cunelforms are tied by ligaments into one solic
mass, shaping the bridge of the foot in front of the ankle. Further forwards
are five slender, tapering metatarsal bones. These articulate with the toss.
The bones cf the toes phalangss digitorum padis) are fourteen in number,
comasponding in aranczment to the fingers: three phalanges in each toe,

except the great tos, wiich (like the thumi) has onty two

When standing still, curbody weight rests between the calcaneus and the
heads of the metatarsds. As we step forward, calcaneus touchas the
ground Tfirst. Weight passes smoothly down the outside of the joot, and,
at the heads of the meatarsals, rolls across o the base of the great toe,
which then propels the sody forwards. This patiem of movement is usually

etched cntc the soles o our shoes. [Tis alse clearly apparent in a footprint.
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LEFT AND RIGHT

From feft fo right: lateral, anierior, and two membrane. Gastrocnemius (centre right), the
posterior views of the muscles of the right miost superficial muscle of the calf, anises
leg. The posterior views show Ihe from the medial and lateral femoral condyles
intermediate (far right) and superficial {p. 144), and emerges between the
{cenire right) layers of calf muscle. descending tendons of the thigh — biceps
Arranged from tfie knee to the toes, the

muscles of i leg oocur in two

femoris (show lefl) and semi-membranasus
{p. 153). The tiamond-shaped hoffow a the
back of the knee crealed by the borders of
these muscles is named the popliteal fossa
{p. 35). it is filted with soft fat (or adipose
tissue, p. 38}, which makes a distinct and

compartments, one anterior and one
posterior, bound into layers and groips by
Sleeves of deap fascia (p. 38). The
compariments are separated by the tibia,

fibula, and a connecting imerosseous rounted bulge beneath the skin.

.I\I-/ME&Eg AND FOOT

The bones of the leg and foot are clothed by more than 30 muscles.
These are bound into layers, groups, and compariments to give mass,
form, and refined moverment o the toes, sole, ankle, calf, and shin. They
assist in maintainng our balance, and give strength, grace, and paise to

our movement through space.

Muscles of the leg are armanged in two compartments, one situated in
front, to the cutside of the shin, and the other behind, giving shape to the
calf. These are largely separated by the tibia, fibula, and a conneciing
interosseous membrane. Tegether they are responsible for the dorsiflexion
([drawing back), plantarflexion {pointing down or curling under), inversion
(fuming inwards), and eversion {turning outwards) of the whole foot. Layers
of short muscles amanged within the foot itself {largely beneath} serve to
flex, extend, abduct, and adduct ihe toas. For a description of muscle
action, see page 244, The bones and tendons of the foct are more
distinct on its upper surface, where they are near to, and covered by, very
thin skin. Beneath the foot, within 1ts sole, bones are covered by thicker

muscles, fatty connective tissue, and greatly thickened, harder skin.

Tibialis antericr is the strongest dorsiflaxor of the foot. Its gently tapered
mass shapes the front of the leg to the outside of the shin. The muscle
arises from the lateral condyle, the upper lateral shaft of the tibig, and the

interosseous membrane. As it descends, it namows infc a long tendon that
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LEFT

A comparison of these phoiographs and the
drawings o5 page 151 reveals how muscie
and terdon shape the leg and foot beneath
skin, fat. and blood vessels. Note here (bottom
Jeft) how soit fat fills the popliteal fossa, and a
fine of light above each lateral malleglus (outer
ankle bone) distinguishes peroneus jongus fo
the side from gastrocnemius and sofeus
behind {p. 151). Beneaih the surface veins

RIGHT

This medial view shows the inserlion of
many thigh muscles above and beside the
knee, indicating how they frame the joint
and form conltinuous lines with the bone of
the shin. Tendons passing across fe ankle
are protected by synovial sheaths (p. 150)
and bound by refinaciia — the thickened
bands of deep fascia that fiold them o the
Joint, as in the fendons of e wrist.

carrving blood fo the heart, note (top lefl} the
heads of gasirocnemius, and the thickened
aponeurasis leading to the Achilles heel,

passes over and under the instep of the foot, inserting onte the first
cuneiform and first metatarsal bones, When pulled tight, the muscle pulls

back {dorsiflexes) and also inveris the foot (or tums it inwards).

Extensor hallucis longus arises beneath tibialis, frem the mid shaft of the
fibulz and the interosseus membrane. Its long tendon emerges along the
front of the ankle, passes down the bridge of ihe foot, and inserts into the
hase of the distal phalanx of the great toe {p. 151). Its function is to extend

the great tce.

The flesh of extensor digitorum longus {p. 150) presses against the lateral
border of tiblalis, helping to shape the front of the leg. It arises from the
lateral condyvle of the tibia and the antenor surface of the interosseous
rmembrane. lis long tendon passes down the shin and dvdes into four
parts. These insert Into the second and third (middle and distal) phalanges
oi the lateral four toes {pp. 150 and 158), Bdensor digitorum longus draws
the four toes back against the foot. Al of the tendons of extensor digitorum
longus, extensor hallucis longus, and tibialis antenor are very prominent
beneath the skin of the foat. Their movement is especially clear If the foot

I3 strongly pulled towards the shin, and then movad from side o side.

Peroneus longus arises from the upper part of the fibula, while peroneus
brevis and peroneus tertius arise from below and beneath (0. 150). The

percneal muscles shape the cutside of the leg. The tendons of longus and

viastus medialis
! A gracils
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LEFT
Above: the tendon of peroneus longus (. 153)

RIGHT

Above; observe the extent to which the
is clearly visible in the lower feg, passing plantar aponewrosis Is continuous with the
behind the lateral maffeolus. In the upper foot deep fascia of the foof, Below: retinacula
and using the drawings to the right, locate (caption, p. 153) bind figxor and extensor
atiductor hatlucis (bottom right), shaping the tendons fo the tarsal and mefaiarsal bones.
instep from the calcaneus to the base of the The Achilles tendon is shown inserting onto
great tove, Extensor hallucis longus (botiom the posterior superior surface of ihe
right) is shown pulling the great toe back caicaneus. The tendon’s distance from the
against the foot. Below: the plantar ankle foint gives greater leverage to
aponeurosis (p. 157}, covering fiexor digitorum
brevis (p. 156}, can be seen beneaih the

upper foot, at its cenire.

plartarfiex the foot {or point it downwards).
The space in front of the Achilles fendon is
filed with fat,

brevis pass behind the lateral malleclus, that of tertius passes in front of the
malleolus {p. 150). Brevis and tertius insert into the base and shaft of the fifth
metatarsal (op. 150 and 151). Longus mirrors the insertion of tibialis anterior,
curling under and passing acrogs the sole of the foot, through a groove in
the cuboid bone, to insert into the medial cuneiform and first metatarsal.
Together, the percneals draw back, point down, curl under, and coint the

whole foot out. Acting with tibialis, they create a stimup to raise the foot,

The calf of the leg is composed of six muscles, aranged into three distinct
layers. The deepest muscle, tibialis postericr, arises from behind the tibia,
fibula, and interosseous membrane. lis fendon passes behind the medial
malleclus of the ankle (p. 142}, beneath the instep, and intc almost every
bone of the sole. Tibialis postenor pulls the whole oot so that it pomis
downwards. Flexors digitorum longus and hallucis longus cover tibialis
posterior. Arising from the bones of the tibia and fibula respectively, their
fendons also pass behind the medial malleclus and across the instep.
Digitorum divides into four parts, one travelling 1 each of the four lateral toes
(p. 156). Hallucis remains as a single tendon, reaching the last phalanx of the

great toe (p. 156). Together, these muscles plantarilex all of he toes.

The three superficial muscles of the calf are named soleus, plantans, and
gastrocnemius {p. 1581). These muscies point the ankle joint strongly
downwards. Soleus arises from the tibia and fibula, plantaris irom the lateral

epicondyle of the femur, and gastrocnemius via two heads from the medial

s, PLANTAR VIEW
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LEFT AND ABOVE

Twenty short muscies layered within the foot
fiex, extend, abduct, and adduct the toes.
Most of these are situated beneath the arches
of the foot within the sole. Four of the most
important miscles coniributing to the shape of
the sides, sole, and bridge of the foot are
fexor digitorum brevis, abductor digit! minimi,
atductor haliucis (p. 155) and extensor
digitorum brevis. Toe and finger nails are
appendages of the skin composed of heavily
keratinized epiermal cells {p. 36). The body of

abductor digit

minimi

6{1{6{2}16“.5

PLANTAR VIEW

each nafl is curved and fined with tiny
fongitudinal grooves extending from the root
bheneath the cuticle. Above the rool is a
crescent of pafer fiesh named the lunula. The
whole nail is afiached to a layer of epithefial
fissue called the nail bed, which is full of
blood vessels that lend a pinkish colour {0 the
transiucent body of the nail. Nails grow
approximately 0.5mm (0.02in) in a week.
Fingernails grow faster than toe nails, and

both grow faster in summer than winter,



RIGHT

Rising afong the back of each thigh, biceps semi-tendinosus. They converge o shape
fermoris and serni-tendinosus are clearly ihe back of the calf and then fin this
defined as they insert each side of the knee position, above) gastrocnemius insers onte
onte the head of the fibuia and upper medial the calcaneus via the Achifles tendon. Note
surface of the tibia. The two heads of how the diamond-shaped hoffow of the
gastrocnemius, arising from the medial and pofinteal fossa at the back of the knee is so
fateral condvies of the ferur, pass between filed with fat that it presenis a softly

the tendons of biceps femoris and raised, elogated shape.

and lateral condyles of the fermur (p. 144). Note that plantans, ke palmaris

(o, 118), is slender, weak, and ofien missing from one or both legs.

All three muscles share one commen tendon of insertion — the calcaneal
tendon, better known as the Achilles heel. This is a short, thick, tapered
cord, seen clearty at the back of the foot as it inserts onto the upper and
posterior surface of the calcaneus (pp. 151 and 1588). Achilles was first
among the Greek warriors at the seige of Troy, the central character of
Homer's epic poem The flad His mother Thetis (a sea goddess) had
foreseen his destiny, and tried to protect her infant son by plunging him
into the river Styx (the principal river of the underworld, separating the
realms of the living and the dead). The waters rendered Achiles
nvulnerable except at the heel by which he was held. Achilies was later

slain by Paris {guided by Apollo), who shot him in the hesl.

The intinsic muscles of the foot are twenty in numiser and, like those of
the hand, they are predominantly amanged beneath the foot, on its plantar
surface (or solg). Layered and grouped according to their action on the
toes, collectively they spread them, draw them fogether, pull them
backwards, or curl them under. The sole is covered by a plantar
aponewrosis (p. 155) continuous with the deep fascia {p. 38) of the foot,
This, lke the palmar aponeurcsis of the hand {p. 121), protects desper
layers, gives attachment ic muscles, and above all ties the skin of the foot

iirmly in place so that it does not slip as we stand up.
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Hans Holbein the Younger (1498-1543) court painter to Henry VIl, made this astonishing image of Christ
when he was 23 years old. The flush of life that so fills his later portraits is truly extinguished here.

clbein was always a master of subtle anatomical detail; the cast of his
Hsubjectls expression, their complexicn and ther posture, all give his
portraits a vivid intensity of life. This early painting of Chnst entombed is like
a negative of his later work, and yat ifts confrast is achieved with the same

intensity and skill.

This is the uncompromising image of a corpse and not an idealized vision of
deain {compare David's Marat). We see the cadaverous shell of ine Messiah

without & trace of glory, his last gasp is still frozen on his face.

The body is stiffened, emaciated and close to decomposition. Flesh is pulled
down under the pressure of gravity, with paperthin skin clinging to every
sinew. His eyes are cpen, siill raised to God, and vet tlind 1o the rock face
now in frort of them. Christ is imprisoned, locked bensath a seemingly
immaoveable tomb stone, abandoned 10 claustrophobic darkness. This tomb
is opened towards us. We are brought by cur cunosity 1o peer through its
absent wall. Chrigt's hair, fingers and toes fall into ouwr space, and as we
gare into the painting, we are buned alive with him. Our redemption or

escape seems Literly hopeless.

Through the stark horror of this wision, Holben leads us 10 speculate on
the wonder of what is about to happen. The resurrection of Christ is made
even more miracuicus, and its immanence is told by the light shining

from behind us.

158 BONES AND MUSCLES

THE RIBCAGE

Beneath the shallow pectoral muscle and
indeniation of the ripple, the bones of the i
cage clearly impress the skin of the chest. The
cartilage of the thoracic arch marks the
highest point of the body, from which the skin

1521, print from oil-on-wood paintirig, 31 x
200cm, Gffentliche Kunstsammlung, Basle

of the abdomen drapes across to the navel.




BELOW

This is the posture of a five man posing as a
corpse; it is in clear contrast 1o the acule
observations of death present in Holbein's
painting, which may confirm that the artist
worked from a cadaver. The skin of the living

mode! is full and smooth, his thorax inflated

with brealh. Surface fat softens the contours
of his frame, veins and lendons press against
the skin of his forearm and hand. His knae
Jjoint is turmed outwards whereas Christ’s
knee Is straight, fixed in the position it would
have held in crucifixion.

THE PELVIS AND THIGH

The fliac crest of the pelvis draws a small high
arg above the loin cloth. This meets Ialissimus
dorsi and external obligue above, and below it
encloses the gluteal muscles of the hip.

The fiesh of the thigh is flattened to the side
arid drawn gownwards by gravity.

THE LEGS

The skin of the legs is creased along its ienglth
as If dehydrated. The eve is drawn along the
FRurrowed skin of the thigh, past the Kknee to
behind the calf. Two creases lead to the ankle,
one in ling with the great toe, and the other
meeting the lateral mafieolus of the fibula.

THE FEET

The feet of this figure give the impression that
they have been painted from a cadaver
{corpse). Skin is shrunk tight against the
bones and tendons. The fest are dark and the
foes are pulled back as if the muscles of the
calf and shin have dried and receded.




THE BODY.










his section examines the human body's relationship with space. As the
balance and position of a pose is carefully observed, we buid and
accurmulate - knowledge of stance and the tension of presence. In the
particular situation of the lite-drawing class, the értist has the advantage of setting a
pose and then drawing and leaming directly from the model's statuesque stilness.
In the following pages we will examine the role of the artist's model, the complexity
of positions the body can maintain, and how these shift and distort the body's

glignment, centre of gravity, and perspective in spaca.

RONI=e

Artists began to draw from the posed nude during the Renaissance. At this time,

many artists pursued notions of ideal human proportion. Some, like Brunelleschi,
measured antigue statuary in order to discover the principles underlying the classical
ideal, and devised canons to hold the human body in perfect philosophic symmetry,
mapping its physical shape in unison with the world of ideas. Today, with advances
in scientific research and knowledge of the workings of the brain and its nervous
systern, artists can understand how the human body recognizes its own position in
space; how it perceives, manipulates, and steers itself in a three-dimensional world
that is controlled by gravity. When we stand and balance on one foot, for example,
myriad calculations are made by the brain and performed by the body. Any

seemingly simple act that moves us through space, or holds us positioned within it,

i5 a miraculous communication and response by nerves, muscles, and bones.




LEFT, RIGHT AND OVERLEAF

in this phetograph (and these on pages
165-167) models have been posed and it
fo dispiay the entire aflas of the human
Dbody. This is the tensife siricture of iving
bone and cartilage, and its key landmarks
o7 the surface of the body; the mass,
tension, refative proportions and actions of
muscle groups; the details of tendons,
aponeuroses and infermuscuiar sepla, as
they flaften, push up inte, or pull down the
surface of the skin. The phofographs aiso
reveal the tension and folds of the skin, the
growth patterns of hair, and the
prominence of surface veins. The standing

poses show the entire hefght of the body
pushed upwards and balanced above the
fands or baifs of the feet. These photographs
can be used o make your own drawn
overlays. First locate the skeleton, Using
prominent bony fandmarks such as the spine,
sternum, clavicles, spines of the scapuifae,
iiac crests, and heads of the femurs, together
with knee, ankle, eibow and wrist joints. Then
differentiate fhe most prominent muscle
groups, fendons and aponeuroses, estimating
the thickness of fat and skin. Mark the origin
and inserfion of each muscle not just its

cenfral mass.

KIOS%E%ETHE BODY

When the body is completely at rest, even very deeply asleep, its muscular
fissue remans in a statle of constant, though amost imperceptivle,
tension. This is known as tonic coniraction, or muscle tone. Tong is a
basic and steady degree of muscie activity perfectly balancad so that no
actual movement is apparent. When tong s lost at death, all muscles
lengthen very slightly. When awake and standing or sitting still, minimal
muscle contractions just above the level of tone hold our posture and
stance against the downwards pull of gravity. This tension is maintained so

long as we are conscious. If we fell asleep or faint, the body will collapse.

In the exertion of force, voluntary muscles shorten by 30 to 40 per cent of
their length. They also thicken, become hard, and press out against the
skin, changing shape and positicn as they puli against their tendons. To
achieve movement, muscles work together in large teams. First they press
together the surfaces of a joint. Next they move the bones Into position.
Then while some muscles hold the bones firmly in place, others act across
the joint. Muscles are stimulated and conirolled by motor neurons
distributed throughout their length. These determine the speed, strength,
and duration of each action. Over-stimuigtion or strain exhausts & muscle
entirely, $o that it needs resl and re-nutrition to restore its power, Skeletal
muscles are guided, and govemed by our will, whith is informed by

immediate senscry information and our previous experience.



Balance is a complicated and delicate sense, maintaned by the
collaboration of our senscry and motor systems, As we siand upright,
pressurs receptors on the scles of our feet tell the brain if we are vertical
or leaning to the side. These sensors are aciivated by our shifting weight
and the movement of muscles within the feet. At the same tme, Twe are
insidie, our eyes assess the perpendicular and horizontal elements of the
room, measwing our relaiionshio to the floor, wais, and ceiling. You will
tend to leen to one side, If you stand for a few moments with your eyes
clased. The proprioceptive sense is the braim's knowlecge of where the
pody Is located, when the eyes are closed, and this enables us fo

manoeuvre our imbs with accuracy when they are out of sight.

Scmatic sense receptors located n every muscle and joint perpetually
measure ocur moverment. As the brain calculates the detal of the boay's
actvty, s able to locate each of its parts in space. Degp within the inner
ear, minute instruments measurs movernent of the head in relgtion 1o the
Earth's gravitaticnal field, including acceleration and deceleration of the
body. Fluid-filed chambers and semicircular canals are arranged together
in different planes within the ear. These contain iny hairs growing out of
sensory ceils. As the head moves, the hairs are pulled back and forth
within the fluid. rEach hair's sensory cell encodes ths movement, and
sends it as a message to the brain. As the brain assesses information from
ihe eyes, ears, muscles, joints, and skin, it instructs groups of muscies to

relax or contract, shifting our weight to retain the body’s stance.
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LEFT

This photograph (fop left) displays the body
bafanced on the base of the pelvis with the
weight of the vgper torso and limbs
counterievered above and {o either side.
Befow left, the torso is tightly pressed
against the knees, revealing tension in the
osftoid muscles as they pulf the showlders
forwards. The anterior and lateral portions
of each deftoid are clearly defined,
surrounding the acrornion processes which
appear as flattened indentations above
each shoulder. The ling along the outside of
the model’s right forearm marks the
division of flexor and extensor muscles.

BCN)%EﬁE%HE MODEL

To remove a model from the three-dimensional world and place him or her
accurately in the two-dimensional space of your paper requires
concentration, clarty, and risk. The model will not seem to stand or lie

convincingly on the paper at first, but with practice and as your drawing

ability improves, you will leam o invent an imagined space inside the paper =

for the figure to Inhabit.

In a lfe class, where the poses may be set for you, take plenty of time to
look, think, and ses each pose and the space around it before beginning
to draw. Ii, jor example, a 20-minute pose has been set, spend at least

two or three minutes just locking, before you mark the paper.

Watch the model settla, see how he or she suppoits the body in the pose,
and draw a vertical line in your mind's eye through the model's centre of
balance o sse how the weight is counterlevered to either side. Perhaps,
if both you and the model are standing, discreetly mirror the pose, and feel
through your own body how the model has distributed his or her weight;

which limbs are tense, which are relaxed, and how the spine is twisted.

Now observe the sources of light in the room, and consider how they will
effect your view of the model and the compaosition. Which will you choose

0 emphasize and which will you omit? Decide what you want to draw.



RIGHT
The mode! batanced on a clear plinif
shows the fension of this pose in the
powerfyl muscles of his shoulders.
Trapezivs rises high above the spine of
each scapula as the two blades of bore are
puilled in towards each other beside the
sping. Note the entire form of his left
deitoid, and e direction of its fibres, as it
sweeps around the shoulder, inserting onto
the oulside of the arm, beltween triceps and
biceps brachii. Note atso the externai
oblique muscies gently rounded above te
iliac crest of the pefvis.

POSES 169
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LEFT

The poses Io the feft are refaxed in their
stance, as each model adjusts her stance
with the ifit of fier pelvis and spine. As yot
study the photographs, envisage the gentle
twists and curves of each woman's spine
and locate her centre of gravity.

RIGHT

When this photograph was being taken,
the mode! stowly fifted his entire weight
lowards his hands. The studio lighting
defines every superficial muscie of his left

arm and shoulder, including biceps and

triceps brachii, brachialis, trapezius, delfoid,
teres minor and major, and latissimus dorsi
sweeping up from the lower back to insert
onlo Ihie arm. Tension in the shoufders
reveals the exact position of the scapuia,
which fs drawn around fo the lateral side of

_ the ribcage with its vertebral border facing

down toward the cenire of the butlocks.
Erector spinae muscles pressnt two rigid
cotumng in the smafl of the back, ene either
sice of the spine. The adductor and flexor
muscles of the thighs are also defined as
they raise the fegs and feet behing.




Ask vourself what is most exiting abcut the pose: is it the whole figure, a

single detall, or parhaps the rmaodel's relationship within the room? Will this be
one study among a whole page of studies, or Just an isolated one? If a single

study, where wilt you place it on the page?

Observs the stance of the model: is he or she tozen mid-moverment, aisrt,
focused, caught as If about 1o dart forward, or relaxed, languid and sleeping?
Choose a medium that will be sympathetic t© the models expression, and
then emulate his or her demeanour with your body, as you draw In other
words, express the emotion of the pose through the movement of your own
arm and hand while drawing Tense, shap, vigorous movements of line wil
rarely convey the sense that someone 1s sleeping, and it is hard 1o render

the strength or grace of movement with doclle, uncertain smudgings.

Light 18 fundamenital to the expression and depth of every drawing. If setting

your own subject, never begin to draw without first arranging the ight, If using

172 THEC BODY AND BALANGE

sunlight consider its direct or indirect contact with the mocel. Gauze or
mirrors can be used o soften or redirect the intensity of the Iighting. f using
glectric lamps, closerve how they highlight or cast deep shacow across the
form, changing apparent depihs of flesh, the prominence of tone, and
affecting the entire mood of the pose. Use Ight to make struciures clear, to

emphasize the essence of a composition, and subdue its peripheral detall.

if, however, you find yourself in a ife class where there are many scurces of
light that cast complicated and unheipful dappled shadows, do nct draw all
these confusing patches of light Many beginners do this, as iIf duty bound
to account for everything they see, and as a result the figures in thelr

drawings 1ook as If they have besn spatiered with tiny bruises.

The eyve must learn to see mass before datail, and the tension of bone and
muscle bhefore the texture of the skin. An experienced artist will begin O draw

a torso by rapidly placing a sanse of the whole form, its mass, solidity,



expressive tension andangle n space. Beginners will draw a slow careful
outing, then shade tke nipples, and shadows beneath the breasts.
Expenienced artists will 2ither lightly mark out the mass and position of the
entire figure or hold itin their mind's eye bafore developing s form.
Beginners will often meely choose an arbiirary point to start, such as the top
of the model's head ard then orogress from here down either side of the
body as if fracing a me. Proportion is guickly lost, and the feet are often

cropped off the page.

The length of time giverfor a set pose must always be carefully considered
before ybu begin to drav. If the pose 1s long, the model 1s fikely to grow tired,
slowly sattle downwars, or sfightly move position. Rather than resist this
Inevitable change, -and Jlame the model for faults in the drawng, anticipate
the moverment and Bep your lines open enough o accommodate
the change. In the nished drawing this accommodation might be

imperceptitle, or key icits exprassion.

LEFT, ABOVE AND OVERLEAF
in the model's pose (leff), five digitations of

serralus aniterior describe & perfect arc across
the side of the chest. The rbcage is clearly
defined, as are the reclus abdominis and
external obligue muscles. In the pose above,
the model’s ribcage is suspended bensath the
shoulder girdle and the full fength of the spine
can be traced from the occiput to the sacrum.
Using these photographs, and the ones on
pages 174-177, make a drawing of each
modsl, not as they are presented and as you
sea them from the side, but as if viewing them
from above. The information provided by each
pose should be enough fo enable you to

reinvent each figure in your imagination,

Cease to focus on the cutline and insiead look
at each model’s volume, proportion, tension,
and curvature or Reight in space. Once an
impression of the whole body is in place, you
can begin to fione the form, Characteristic
detaiis should be drawn last of aff, and only if
they enhance the image. Select the most
essential efements of each pose. Do not
describe every telail just because it is there to
he described. This exercise may seem strange
and difficuft at first, but it is an invaluable afd
{o Jeamning how 1o transpose a form from one
view o another in one’s mind’s eve. If also
forces the eye lo see benealh the skin fo

locate and rationalize inferfor structure.
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LEFF AND RIGHT

The photograph of & male model suspending
his weight from a rope is of parficular
anatornical interest as it shows the extent of
{rapezius shaping the upper back and
shoulders. The aponeuresis at the centre of
this muscie covering the spine is normally
fbroad across C7, and T1. In this case it is
unusually expansive, appearing as a long,
irrequdar flattened indentation surrounding the
protrusions of five vertebrae. Compare this fn
the trapezius of the Seated mate model,
hottom right. Here a smail aponeurosis reveals
one vertebra at the base of the neck.

YWhen drawing a long pose, never feel obliged to uss the time set to make
only one image of the whole body. Studies of parts such as the feet, the
read, eyes, knees, or ears, are as valuable as studies of the whole form.
During a long pose of one hour or maore a whole page could be filad with
repeated studies, made either from one position, ar from different views
eround the room. I you choose to make only one drawing, during one
oose, do not keep adding lines 1o the same drawing, long after you feel
that It i1z finished, just because the model is still In place. A hali-hour pose

does not force you o draw for half an hour,

Ecually, If you are very pleasad with a particular line, do not ge over it again
and again to confirm it. This will oniy take the life out of it, and destroy what

YOU were so pDlieased with,

If drawing the whole figure on one page, never shorten body parts to fit
them onto the paper, because you are running out of space. The
distoriions will attract more atiention than the rest of the drawing, and you
wil never be pleased with it, Bther alow the body part to stratch beyond
ihe paper, In its nomal proportions, and thersfore e cut off the page, or
add more paper to the edge. Added lengths of papsr might seem
awkward If not used, bui ance the lines of your drawing have passed over
ihe join, it will recede and be barely seen. Adding or trmming paper often
mproves the shape of the page. and so never feel obliged to work within

s given propartions of commercial paper size,







LEFT AND RIGHT
in the picture (fop left), note the refative
lengths and proportions of ihe thigh, Jeg.
upper limb and torso. Below jeff, rniote how
tatissimus dorsi draws a fong curved line from
the iliac crest to the armpit interrupled af its
centre by the small rounded mass of serratus
anferior. The extraordinary feature of the
phofagraph on the right is the degree of
extension seer in the left elbow joint. Note the
ungxpected alignment and angles between the
shoulder, eftiow, and wiist, and how figxor and
extensor muscles at the front and back of the

fimb brace each joint.

POSES
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LYMPIA FDOUARD MA

2CLASS

Edouard Manet (1832-1883) was a gentleman and the son of a respected magistrate, but he scandalized

Parisian society in the mid-19th century with his uncompromised attitude to sexual manners. Olympia is
a painting of a prostitute, illustrious, and unflinching in her repose.

his is a famous portrait of female sexuality. It caused a scandal when i
Twas shown at the Salon des Refusés in Pans in 1865. Its frank and
erotic sensuality affrorted the hypocrisy of the powerful bourgeoisie and it
was only through the intervention of Manet's friends, the post Charles

Beaudelaire, and the wnter Emile Zola, that the exhibition was not closed.

The nude in the painting Is very far removed from the chilled life-class madel

of an art school. Clympia is both magnrificent and vulgar in her opulent

BELOW

The model is posed on a hard surface. Her
bady is not relaxed into soft cushions, and this
accounts for the forward arch of her spine,
supporting the weight of her torso. Lighting

coming from above separates her neck from

T=E ECDY AND BALANCE

dormain. She is a courtesan waiting for her lover — rich, prepared and, for the
moment, in control, She tries to meets cur gaze with confidence, but we are
also allowed to see a flicker of vulnerability. Even as she covers her modesty
with her hand, it 18 more graphically suggested elsewhere in the room. The
bouquet of flowers, the cushions, the tasselled folds of the flesh-coloured
silk, even the compasition of light along the edge of the screen behind her
focus our atiention on the true subject of the painiing — the provocative

declaration of the hidden and the avallable.

her chest, emphasizing the collar bones
(clavicles) and bath sternacieidmastoid
muscles. Note the overall form of the neck,
ifs titt fo the side, and how it Is set deeply
befiind the clavicles.




THE SHOULDER GIRDLE, AND NECK
Manat has acceniuated the curves of his

model's clavicles, profecting her shoulders
upwards and forwards. Her pronotnced
sternum and upper ribs also push upwards to
meet her neck. There s no hollow at the Dase
of her neck, the trachea is foo far to her right
and the Ieft side of her ngck merges with her
torso. Her neck gives away her discomfort, and
also suggests that at this point in the sifting
Olympia was seated and facing forwards.

THE ABDOMEN

The soft flesh s accentuated by the upper
part of the finea alba passing from the base of
fier sternum fo her navel. This Is 2 white fine
of conneciive tissue between tie two halves of
the rectus abdominis muscle. The muscular
wall of the abdomen Is rounded and shaped
from behind by the intestine, and cavered in
front by soft faf and skin. Surface fat
acceniuales the navel, and ihe abdomen is

cupped from below by her very narrow hips.

THE ANKLE AND FOOT

Oiympia's smaft feft foot is pointed downwards
flexing gastrocnemius and sofe.!{s at the back
of her caif. As ihese muscies draw the fheel
upwards, a shadowed indenfation appears
beneath her ankle bone. Along the instep of
the fool, muscles and tendons are concealed
hensath soft surface fat. Fat also fills between
the libia and calcaneal tendon and surrounds
calcangous, shaping the back and

underside of the heel.

1863, oil on canvas, 130 x 180cm, Musée
d’Orsay, Paris
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he photographs in this chapter are testament to the astonishing beauty of
the human body in motion, We, like other animals, change our relationship
with time and space when we move through it at speed. The grace and
agility of the body propelied through the air have been of continual interest to artists,
who since the nineteenth century have made works based on its dynamic or its
fleating blur, In Marcel Duchamp's Mude Descending a Slaircase (18911-12)
fragmentary images of a woman are painted like frames of a fim, interrupted as they

flow into each other. Her action, not her presence, s the subject of the painting.

OVEME

Umberto Boccioni's Futurist sculpture Unigue Forms of Continuity in Space (1913)

invents a machine-like human anatlomy- that is rippled and sucked by movement, a
charging bronze figure caught forever in a powerful wind. Ninety years later, one of
the new and controversial plastinated anatomical figures by Glnther von Hagens is
based upon this sculpture. The pioneering nineteenth-century photographer
Fadweard Muybridge did much to redefine our ideas about human and animal
movemeant. His classic work influenced generations of artists, dancers, and sports
men and women who had never before seen humans and horses analyzed in
motion. His sequenced photographs dissected action and exposed how the body
works within it. The extracrdinary series of human shapes that walk, run, jump, and
cartwheel through these pages confirm not only the hypnotizing potency of

athleticism, but also our constant interest and wonder at our own bodies.
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DEGAS

Edgar Degas (1834-1917) was one of the key Impressionists who were innovative in painting the human
body composed of light. This almost ethereal vision of domestic life is one of a large series of drawings by
Degas of women bathing.

his drawing is made in coloured pastel — a warm, chaky medium
Tperfeci for creating the shimmering movernent of every surface in this
rcom and the soft luminous glow of a baihing bedy. Degas’ knowledge of
anatomy was highly distinguished. His sharp powers of observation fused
with his imagination fo give him the abilty tc draw, paint, and sculpt

alamingly simple subjects that are radiant with atmosghere and existencs.

In this painting, we have entered the interior a French domestic dwelling and
are looking down onto the body of a woman who is stcoping to replenish her
sponge. The modesty of many of Degas' nudes is exemplified by the
WOoman's pese, and she seems sither unaware of our gaze, or content t1©
accept it. (Compare this to the statuesgue and chilled coguettishness of

Ingres’s bather on pages 70-71)

Degas was not reputed for his emotionat life or temperament but for
the methodical application of his artistic skills and supert

LEFT
Observe the extraordinary definition of the

draughtsmanship. While looking at this picture the viewer is held

in wonder, not at the personality behind the woman's beauty, but
; posierior superior iiac spines of the peiis as
at its tangible warmth and closeness. The smocth expanse of ) - - ’
they pull iwe indentations into the model’s
the woman's skin, and the curved forms of her back and hips, skin. ane either side of the base of her spine.
are constructed of soldified light that mefts info the moist air Also see the clear profrusion of the Spinous
processes of fier lowest six verighrae (T12 —
£5). The fold of her forso over her thighs

compresses the flesh of ker hips, increasing

above ner. The scented temperature of har proximity is
ovempoweringly infimate — as if we could reach

forward and touch her. their apparent wigth.

THE BODY AND BALANCE



THE HIPS

The breadth of the woman's hips and thighs
counfertiaiance the weight of her forso and
arms, and hold her stance above her feel and
right hand. If her hips were fo shift to one
side, she would fail. They are the highest point
from which light shimmers down ihe lengih of
her torso. A flaftened trianguiar plane hetween
the buttocks marks the sacrum, and pesterior
superior Mizc spines.

THE TORSO

The mode!'s ribcage is particularly wide. lf
expands the shape of her torso either side of
the sping, especially on her right, where the
ibs describe an arc rising from her waist o
meet the axial border of her shouider biade.
The indentation in the cutiine of her skin a
litite over halfway from her waist fo her armpit
marks the inferior angle (lowest poini} of the
scapiifa. The spinous process and acromion of
her right scapula are described by a sharp
change in light on her shotiider which is
directed towards her arm. Both shoulder

biades may be easter fo locate If the drawing

18 vigwed upside down.

THE HAND

The right hang is pressed down against ihe
sponge so that the skin of the wrist folds
tightly across the back of her hand. The
spraad of the woman's fingers helps to hold
her batance, and the whole hand leads our
eye down info the bath, where it begins fo

encircle her feet.

1886, pastel, 70 x 70cm, Hill Stead
Museum, Farmington, Connecticut













rists have engaged in the exciting and complex study of human anatomy
for many reasons over many centuries, Anatomy can strengthen and
evolve the way an artist works, or it can be explored as a subject in its
own right, A detailed understanding of the human body will instruct and enliven a
figurative artist's rendering of movernent, articulation, gesture, and pose. By looking
through the sealed mass of the human form, and delineating its component parts,
we invent the transparent body and this gives insight not just into the miraculous

machinery of life, but into the mysterious workings of the imagination itself.

SANSPARE
SODE

\When artists draw relationships between the body's interior and exterior, they do two

things. They picture infricacies of structure thal lie beneath the skin, using their
knowledge to recognize and position component parts. And they develop a visual
language that allows them io speculate and explain their observations and
understanding. They use their imagination to map and express the invisible. This is
the freedom that Leonardo found in anatomy. His drawings are domains Of
imaginative speculation — a forum of ideas where art and science meet. The body
remains essentially the same. Our knowledge, expressive language, and portrayal

of it continually shifts and evolves to invent new routes of vision,




BELOW, OPPOSITE, AND OVERLEAF

Belowy: one of four drawings, made with pencif
on paper, measwring 239 x 86em (94 x 34in).
The densify of the drawn line is focused along

the cenire of the body, leading from e

sacrum and the base of the spine lo the hair.
Opposite: the figures and fragrments of this
interior are perched on a balcony within a

fictional circufar museurn or library. A sense of

vertige frames this whinpool composition.
Overleal: we, lhe viewers, share this crowded
museum case with the quick and the dead.
They embrace and clufch at life and each

other In a space that is compressed by
reflection and accelerated by perspective.
Books, cloth, bell jars, and racked specimens
fight for space and our attention.

TRANSPARENT BODIES AUTHOR'S DRAWINGS

"Hx in the memory Dy constant exercise the muscles ... with the bones
undemeath. Then one may be sure that through much study the attitudes of
any positicn can be drawn by help of the imagination without one’s having
the lving forms in view. Again having seen human bodies dissected one
knows how the bones lie, and the muscles and sinews, and all the order and

conditions of anatomy.” Giorgio Vasar (1511-1574)

Each of the drawings reproduced here was made without the use of a life
model. They are works of the imagination, invented out of countless hours of
study and observation in anatomical museums and dissecting rooms, where
I make drawings and wniten notes in sketchbooks that, in the studio, work

as a reference and an aide-mémaoire,

In al my drawings the distinction between objective and subjective is

questioned and the boundary between lite and death 1s made permeable.

The rooms and their occupants are invented at the same time.

198 DRAWING CLASSES

To hegin each drawing, | join fogether lengths of paper and siretch them
against my studio walls. | use a ladder to reach different parts of the work; a
large mimor placed across the room reflects and guides the composition,

enabling me to check proportions, scale, and the development of multiple

perspectives. These drawings measure up to 4 square metres (13 sa. fi).

The long transparent woman reproduced at the top of this pags is one of a
series. Bach displays her dissection with pride, showing us views through
the intericr and exterior of her powerful body, These wornen stretch and flex
inside the tradiicn of living dissection (p. 20} but refuse the subservient
depiction of the female body that is found throughout much of the history of
medicine. The woman above dominates her space and invites our view
inside the vitality of her existence. Anatomical details are selectad to entice
the aye fhrough a series of rhythmic movements within her bocly.
Musculature 1s barely described. Vivacity 1s expressed by her posture and by

the infricacy and linear energy of her bones, hair, viscera, and nerves.
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skeleton is often the first anatomical subject that an artist draws. Be it
human, animal, or bird, these sleek frameworks of bone are familiar to
most of us. In terms of the human skeleton, there is a common sense of
knowing what a skeleton locks like mainly through the images of art, popular culture,
partially remembered school textbooks, and the cinema. However, to look at a real
human bone very closely, and to try to draw its linear structure, is a very different
matter. The novice guickly leams that nothing is as it might at first have seemed:

every bone curves, tapers, or thickens along its length.

SAWING TH
oKELETON

Some bones are dense with ridged and pitted surfaces, while others are transiucent,

paper-thin, and reveal their rabeculous detaill in the sunlight passing through them,
The relationship of one bone to another can be exguisitely subtie in its form and
placement. The skeleton is without waste or embellishment. It has a purity of design
that is sharpenad by its purpese. It is a briliantly evolved machine that will become
a constant pleasure to draw. Try to look beyond its common representation and
examing its elegance, detached from metaphor, Once truly seen, we realise how far

the structure is from its constant comic depiction as a spocky or ghoulish sight. Itis

already a refined tensile diagram of ourselves that lives so comifortably within us.
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LEFT AND RIGHT

There is ng good substite for drawing
directly from a human shefon. Finding one
to draw from wit pay divends. However, a
real articulated skeleton: good condition,
such as the female show here, is a rare find.
Most skefetons are fragrnied, distorted, and
discofoured with age. Fxllent plastic
skeletons are now availde, although they are
expensive fo buy. These ay be found and
studied in most schoofs, it colleges, evening
rfasses, and museums. lake sure that you

proportions. When beginning to draw,
remember that the skeieton is symmetrical
along its verical axis. Afthough if seems
obvieus, this fact is often obscured by bhe
way that articulaied bones hang. Some
parts may be missing and this may result
in the skeleton having a lopsided
appearance. Before you Degin drawing,
make sure the limbs are altached to the
correct sides of the body and that they are
facing in the right direction. Mluminaling the

wark from proper casts, 1 not scaled Sketeton with a famp will enhance its visible

models which tend to ha strange depth and dynarmic.

T AN

Drawing tne skeletn is a challenge to the artist's powers of cbservation

and skill, and the tggest problem you will encou in your drawing s
proporion. The ey can become so fixed upon, and excitea by, the
complexity of one sea that it loses sight and sense of the whole.

Begin by taping a 9get of paper to a vertical board or wall (A1 s a gocd
size o start), and daw with a stick of charcoal because it Is easy (0 erase.
Mark out the widihand length of the whole skeleton. Be bold out gentle
with your marks, nc hesitant, and do not start frem one small cetall and
try o grow the drawig from it. Many siudents start from the skull and work
down, or from the semum and work outwards, but this does not work,
Rapidly map the winle shape, volume and propartion of the skeleton. Do
not ke distracted byemall details, especially individua! ieeth, vertebrae, or
ribs. There 15 nothir More infuriating than finishing a good drawing of a

small part, only to fird that 1t is alamingly disproportionate 1o the rest of the

image. Hold a visior of the whole in your mind, while focusing upon each

part. This will give yiu control, and the Tlextbility to evolve the drawing.
After making prelimiry drawings and geling used to seeging and thinking
about this difficult ad dynamic tracery of bone, try a different approach.
Make a life-size draving Find a roll of paper wide

accommodate the subject or fix togsther several







LEFT AND RIGHT

These four views of the skeleton present apertiire of the first pair of ribs; the forward
several important features. Top far left: three projection of the vertebral bodies, Boftorm
portions of the sternum (manubrium, blade, ieft: note the curvaiure of the leff clavicie,
and xiphoid pracess) are clearly defined, the rounded form of the ribcage seen from
fogether with the connection of sach clavicle the left side, and the translucency of the
Defween the manubritim and acromion scapuia. Too right: observe the patfern of

processes. Top feft: note the arrangement and Sutures surrounding the occiput; the

angles of the transverse and spinous mastoid processes; the size and position of
processes of the vertehrae, the seating of the ihe foramen magnum, the arrangement of
shoulder girdie over the upper ribs; ihe angie the cervical vertebrae. Below right. The

of each rib, and the posterior surface delails fighting of the ribcage fas been aranged
of gach scapula, Boittom far left: the interior to show the interior and exterior contours
volume of the thorax displaying the narrow of the structure simulfaneously.

workatle suiface. The paper may be atfached to a wall or laid on the floor.
Boih positions are worthy ¢f expermentaiion. Drawing from the floor will
give you interior views of the nbcage and set many challenges of
foreshortening. Use broad sweeping Ines o establish the figure's posttion
on the paper. Move backwards and Torwards between your drawing and
the skeleton to make compansons and measurements Walk around the
skeleton. As your drawing develops, it will becorne obvious that you are
using your own body and its posture in a new way, as a physical
intermediary, a measuring device between your drawing and the skeleton.
By changing scale, in this way, we 1oosen our preconcepticns about the
constraints of picturemaking that often damage a drawing, preventing it

fram becoming a visual jouney of discovery,

Ancihar useful study of the skeleton Involves a life model set in a long pose
and an articulated skelefon placed in a similar position. Take an A1 shest
of paper and a thick pisce of wilow charcoal. Genily, evenly, and
theraughly cover the paper with the charcoal to create a mid-grey ground.
Do not make a bold rubbing of the surface beneath your paper, or grind in
the charcoal so hard that it will not it away with an eraser. The finished
page should be a smoocth, even mid-grey. To draw on this you will need
willow charcoal — or compressad charcoal — to make dark lines, and a
clean white eraser 10 make light lines. Erasers are good drawing icols it
kept clean and timmed or cut into pleces with a scalpel. Purchase white

erasers that are not 1oo greasy.







LEFT RIGHT

The view: top right, Shows the arrangemernt, Note the posterior curve of the cranium;
proportions and surface details of the tibia, ihe leve! of the base of the cranium in
fibiia and pateliae of the knee and leg. refation fo the faw, the masloid processes
together with the farsals, imelalarsals, and Dbehind the ear, and the lambdoidal and
phalanges of the fest. Botiom right: note the sagittal sutures. Note the inclination of the
relative proportions, arrangement and surface spinouis processes of the vertebrae,
defails of the carpals, metacarpals, and especially the prominence of C7 visible at
phalanges of the hand. The view, top feft, the base of the neck. The olecrarion of the
shows the density of borie within the scapula wina can be seen fitting into the olecranon
and the spherical head of the humerus. The fossa of the hurerus, Light cafching the

view, botom ieff, shows the grealer and fesser head of each radius emphasizes how ihie
pelvis, the symphysis pubis and sacrim. hanes have dropped down eut of place.

Observe the pose, as directed on pages 168-179. Then envisage the
maodel’'s skeleton inside his or her flesh. Now imagine the bones of the
medet as a source of light within therr flesh. Bones close to skin will appear
bright, bones deep within the boay will be dimmer. Practise visuaiizing this
ior about a minute, following Individual bones from one joint to another.
Imagine if the skeleton were lumincus, how its luminosity would dull as it

passes desper into the body.

Now draw the skeleton within the model as if it is made of Ighl. Use
charceal 10 describe depths of flesh as darkness, and an eraser 10 draw
gradations of light emitted from bones, Do not make a finshed drawing of
the model and then fit a skeleton inside the outline. Your drawing should
look & litte like an X-ray photograph. For the drawing to work, it is
imperative that the only fight in your drawing is that of bone. Do not

cescribe Iight on the skin of the modeal.

Keep a sketchbook or file of smaller drawings. This wil give you
the freedom o adjust ideas and invent during those times when you
neither have a medsal or a skelston. If these resources are not avalable
at all, the last exercise could be made by observing bones within your own
body, with help from the fiustrations in this bock, Photocopy some of your
best smaller drawngs and work over them  Test vour knowledge and
memory by adding muscles and tendons to studies of bones. In this way

you will begin to build your own atlas cf the body.
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Michelangelo Buonarroti (1475-1564) was one of the great masters of the Renaissance: painter, sculptor,
architect, and poet. Like his rival Leonardo, he had an active and prodigious knowledge of human anatomy.

ichelangelo used a carver's fouch to define and see through mass
I\/I and form — o conceptualize muscle and bone. Studies for The Libyan
Siby! demonsirate the complexity cf his visual thinking. On a singie page we
see conjecture and diagram fight for space. Michelangelo destroved many
cf his own drawings, but ihose that sunvive are largely responsible for the

recognition of drawing &s an independent medium,

Michelangelc's passion for anatomy was fundamental. He emphasized the
physical power of the body. He informed his work with studies of dissections
prepared by the anatomist Realdo Columbo, and produced many drawings
of écorchés (see glossary). This siudy is of a living man, slightly modified to
appear female. Female characters were offen medelled by a young male
apprentice. The nude male was at this ime desemed less offensive 1o the

Church. Moreover, the female body was considered an infencr form.

A sibyl is a classical prophetess, a priesfess of Apolie, God of medicing,

LEFT
This phetograph of the posed model confirms

music, archery, light, and prophecy. The nine most important sibyls (of Libya,

Persia, Delphi, Cimmeria, Entrea, Samos, Cumae, Hellespent and Tiber) are
- ) thal Michelangelo drew from a young male
ihe supposed authors of the Sibyline Cracles, laie Judasc-Hellenic or ) ) o

model. The spine of Michelangelo’s figure is

Judeaeo-Christian texts dating from crca 200 BC. Some wamed of turned further lowards us. However note the

catastrophe, and were said o foratell the fate of the Roman Empire. Eritrea simiarity in the drawing of the following

: : [ m— ] W . siructures: the scapuia, deftoid, biceps and
uttered prophesies of the Trojan War. Tibertina is charged with striking Christ. A P
friceps brachii, trapezius, latissimus dorsi,

In the Sistine Chapel, Michelangelo painted sibyls among biblical prophets o fower ribs, serratus anterior, external oblique

represent belief, hope, and the coniirmation of Christ's retum and lensor fascia latae.

210 DRAWING CLASSES



THEHEAD _

This magnificently modelled head jooks down
over her shoutder. The broad, high curve of the
farehead is emphasized by fight from above.
The nose and shadowed brow give depth fo
the eye. The lips and chin, diminished by
perspective. are directed forwards to aid the
bt of the head.

THE LEFT SHOULOER ____

The scapula is rolated forwards by serratus
antarior, pulied down and rotated superiorly by
{rapezius. The spine of the scapufa,
emphasized by ligit, is at 45 degrees, rising
to meet the clavicle. Nole the light striking the
acromion process and shadow defining the
vertebrat border of the bone.

THETORSO__ |

The torso is made short and wide by the
perspective of her leaning back fo leok down.
Deep longitudinal dorsal muscles flank the
spine. Note the diamond-shaped aponaurosis
amid trapezius at the base of the neck. Three
fhs visible on the figure’s leff are aimost level
with three parts of serratus anterior skelched
in front of the scapula. The siby! appears 1o be
without breasts, although a rounded feminine
abdomen is placed in front of her hip, with a
single line. The soft red chalk gives a deep
warmih to her flesh, contrasting fo
Michelangelo s many ink studies, where the
pen is used to carve into the paver.

¢.1510, red chalk on paper, 29 x 21cm,
Metropolitan Museum of Art, New York

J.







o draw the head is to begin the delineation of personality. A detailed
understanding of the head's interior structure will greatly enliven an artist's
ability to captﬁre shifts and hues of expression. However, this class is not
aboLt portraiture. It will purposefully avoid fine details of the face, concentrating
instead on the mass and form of the whole head and neck, Students often focus
on the eyes, lips, and nose, then find a floating shape to pin them to. In life, the face
grows outwards from the skull. The balance of the neck, cranium, and face presents

a fused conjunction of expression, character, mass, and form,

SAWING THE

Professor Richard Neave of Manchester University, England, reconstructs the faces
of ancient and modern human skulls, Through measurement and his knowledge of
how tissue is attached to bone, its precise depth and compaosition, he can estimate
and extrapolate the contours of a face that once lived, so thal we can see its
personality and type. This drawing class will follow a similar process, only in reverse.
As we rotate and tiit the living head — our own or that of a life model — we will use
our informed imaginations to pinpoint its interior structure and detail, beginning with
the bones and cartilages of the skull that can be felt so clearly beneath the muscles

and fatty tissue, skin, and hair of our own face.



LEFT RIGHT

The heads in these photographs (feft and In this detail of my drawing {reproduced in its
overleaf) and throughout this book can be entirefy on pp. 200-201), several near fife-
copied, pasted into a skeichboeok, and used size women are seaied and fumed away from
for studying the head in perspective. Use a us, the form of their heads described by hair,

white or pale-coloured pencil te position andt their faces hidden. ¥ is possible fo trace
the bones of the skull within each head, the suggested identity of gach womar

and see how they are enfarged or because her head, neck, and shoulders are
diminished as they tif and turn in drawn as one. The weight of the resting head

perspective. Visualize each bohe as a source in the fpreground is carried and expressed by
of light (see p. 209) io establish and describe the slaping curves of her neck and shoulders.
depths of overlying flesh. Try to position the

key muscles of each expression.

DRAWING (HE HEAD

If vou have access 10 a plastic skelston you will find the skull is removable.
Take the skull from the main frame and examine 1t in your hands. Feel
its overall shape and texiure and, with reference to pages 48-49,

investigate individual bones.

The cranium will be cut In half around its circumierence {see p. 50). Open
it, and study its intenor space. Close the cranium and turn to the bones oi
the face. Look at their depth and detail as they shape each Teature.
Articulate the jaw, cbserving its strengih, the hinged joint in front of each
ear, and fis closure beneath the upper teath. Feel the size and texture of
each mastod process and the occiput, Then replace the skull, umit to a

side view, and illummnaie it with a lamp.

Position an A1 sheet of paper on an uprignt support. IF vou are right-
harded, work with the skeleton 1o your left, or vice versa. Never work so
that you are locking across your own drawing arm. This restricts the body's
movement, Using & broad medium such as a crayon, draw the skult five
times its actual size - filling the whole page. Leave aside deatall, and use
long sweeping marks o delneate the mass, shaps, and talance of the
cranium and face. Imagine you are explaining the skull to somecne who
has never seen it. Go back 1o the skeleton and refresh your memory, jot
naies into a book, look at the skull from behind, infront, above, and below,

and take these aspecis Into account as you cuild your side view,

("L










LEFT AND RIGHT

These heads (ieff) made in pen and ink were mouthis are found with single lines

drawn from my imagination without reference describing light on the upper fids or lips.

to modeis or photographs. Each person was Last of all, fines are added to describe light
vistiatized within the paper, moving {not static) striking the contours and lexture of the
with a clear expression. I begin fo draw a whole face, hair, and neck. The head and
head with light rapid marks placing (but not neck are considered as one. Structure and
fixing} the mass, farm, and angle of the expression are daveloped simultaneously
cranium — tfie most important part of its The photagraphs (right) display fiow the
stricture, Forwards of the cranium, rapid fines fength of the hand Is simiiar (¢ the height
mark essential planes of the face — the of the face, and how strong neck muscles
breadih, depih, angle, and cunvature of ihe can form & ridge across the back of the
forehead, nose, cheeks, and chin. Eyes and cranium, level with the ears.

Later, draw the skull viewed from in front. Do not introduce detall until you
have mastered mass, structure, proporion, and stance. These are the
keys o drawing a living head convincingly. Beware of falling into caricature.
One way to aveid this is to draw the skull upside down. To do this, you
must leave the aciual skull the right way up, and transpose it (tum it overn)
in your imagination. This is challenging, but with patience it works well, and

can be practised whenaver you feel your drawing has become stale.

After making nct less than ten drawings of the skull, begin to add the soft
tissue of the head and neck. Look at, and palpate, your own flesh
refiected in a mirror, Locate each bone, and move your face through a
range cf exprassions. Using pages 53 and 55 as a guide, consider each

muscle and see how it is masked by fally tissue.

As vour skin creases, observe if ines run in the sams or opposite direciion
1o muscle fibres beneath. Feel the carlilages of vour throat, and the thick
muscles behind and either side of your nack. Trace each of these from
their ongin to nsertion. Then find & maodel with short hair, luminate thelr
head, and ask them to siretch their face and neck. See how many angles
and poses you can invent, and sketch each one from at icast three views.
Use different media and abstract the structure of the head ang its facial
expraession into simple elements. Fill an entire sketchibook with fifty or more
drawings. Practising such studies will increase the fluency of your drawing

and give you confidence In creating fictional heads from your imagination.







he ribcage can be a daunting subject for the artist at first. It takes good

chservation, practice, and a lot of patience to master its convoluted form.

However, like swimming, once achieved, the knowledge of its process
stays in the memory, giving salid ground to build upon. | have witnessed the struggle
and rage of students trying to understand its shape, | have also seen their joy and
accomplishment when the ribcage finally gives up its secrets on their paper. When
this complex framework is finally conquered, it gives the artist great insight and

confidence in drawing the rest of the body:.

RAWNG TH
RBCAGE

Every bone of the ribcage titts and inflects through three dimensions. There is not a

straight line to be found in its tapered construction. Continually in motion, it gently
expands and contracts throughout every moment of our lives. Its small neck lies
hidden beneath the shoulder girdle, leading many artists to draw a tall box with
comers rising into each shoulder. Beautiful but inaccurate square ribcages are found
among the pre-scientific ilustrations of medieval manuscripts and broadsheets. The
lower ribs are covered by thin sheets of muscle, allowing their curvature to be seen
through the skin. This helps the artist to locate, imagine, and draw this beautiful

structure as it smoothly rises and falls within the body.




LEFT

The models here are breathing decply,
holding their breath, and strefching to bring
the contours of thair ribcage info
prominence from the core of fheir torso. By
rotating your view of a medel, it is possibfe
to gain a stronger three-dimensional
imoression of their form. This is crucial
when stutying the thorax. Key points fo
help locate the breathing cage inside a
fiving mode! are the manubrium, Stertim,

xiphoid process, tharacic arch, and visibie

RIGHT

By kesping your drawing fiuid and loase, you
caft caich the visual sensation of form and
attitude in space. My drawings here affempt to
delingate the dynamics of posture and tension
passing through active bodies. Darker lines
add ermphasis fo argas of concentration. Each
ribcage is shown in motion; the figure in the
foreground bows hier spine over hips,
stabilized by her kneeling position. The figure
in the background rotates at her waist,
Compare their motion fo the pholographs (left)

vertebrae at the base of the neck. of the models holding still.

DRAWING THE RIBCAGE

Many artists embark upon drawing the ribcage by descriting In great detail
the first pair of nbs. Then they add the second par beneath, then the third,
and so on, growing the stemum as they progress. Scme, with great

enthusiasm, continue adding ribs and lengths of stermum until they think

it all looks long enough. Proportion, scale, and volume never enter the

scene. This is not a helpful way to start.

To begin, positicn an articulated skeleton in good light, raise its ams and
tape them above the head, out of the way Look for and take into account
any distortions. Plastic ribcages are often compressed 1f sfored without
care. Conversely, real nbcages may appear expanded as cartilages and
ligaments nc longer hold the bones in tension If possible, reposition any
displaced rins. Take a notebook and move around the ribcage, making no
fewer than twelve non-detailed impressions. Focus on the whole form, its

volume and angle in space, not each individual rib.

Draw from in front, to the side, behind, below, and above. As yvou make
more Impressions vour contidence will grow. Working rapidly will help yvou |
to avold becoming trapped in detail. It may also help 1o magine the ribs !
covered by a fine opague-white stocking which would bridge, smooth,
and eradicate intercostal spaces as intercostal muscies do in life. Or even
wrap the aciual riccage with lengths of fine fabric, such as muslin, This will

draw attention 1o smooth contours and conceal distracting detail.

B










LEFT RIGHT

The fwo figures in this detail of my drawing The streiched muscuiature of these models
share a fikeness with the photographed is different from the drawing (lefl) in its
modeis opposite. One fwists, showing the tone and exuberant expression of life. Use
veriical curves and inflections of his ribcage the content and defail of these pholagraphs
and spine as he stands looking out of his to congiruct your own drawings. Look

glass box of reflections. The other figure is through the rippling flesh fo see ihe bones

pronie and acutely foreshoriened, amid piles of of te ribcage and shoulder girdle. Draw
books, jars, and papers. By placing two figures each man’s inferior frame, its tensite
cinse together, the vitality and curiosity of one curvature, angles, and lines. Use the
amplifies the tired passivily of the oiher. foreshertening of each body fo challenge
your understanding of the ribcage, Show
how it is held in each of these poses.

Imagine you are sculpting the ribcage on your papsr, cufting a simplified
form with only a few sirokes of the pencil. You might go on 1o envisage
and draw the shape of the spacs inside that in lile would be filed by the
heart, lungs, and liver {o. 39). However, as you become familiar with the its
general form, beware of cancature. Quick schematic reductions of the ribs

into a series cf loops will tnp you up tater,

Once you have gained a sense of the structure, find a lean fiend to model
for vou, and ask them to take in decp breaths, sireich, and move their
ams. Study the model's torso carefully and ssarch for skeletal structure
beneath thair skin (foliowing the key landmarks menticned above). On a
large sheet of paper, make a life-size drawing of his or her torso, mapping
the nbcage within it. Distinguish flesh from bone using a range of marks,

and resist the temptation 1o draw discennected details,

Use flowing, continuous lines that remain loose and light to encompass
and capture the volume and stance of the entire form. Give them plenty of
rest breaks. These poses can be surprisingly strenuous, and you do nct
want 1o put them off — working with the same model over a period of time
can be very rewarding. Make repeated life-size studies from ditferent views
using different media, until you feet confident that you understand the
shape and dynamic of the nibcage Stay with its mass and lsave aside its
detall, It wil be worth the wail. A strong and intutive zenss of three-

dimengional struciure will guide and inform the rendering of detail later.







he word "hip" in English is used as a commaon tem 1o denocte two very
different points en the body. Hands placed on the hips rest low on the
waist, usually over each iliac crest. The tailors' measurement of the hips,
however, is around the widest point of the buttocks, level with the greater frochanter
of each femur. These two levels bound the region of the body that contains the
pelvis, and that in men and women is considered to be the seat of strength and

generative power, The pelvis holds our centre of balance when we are standing, and
gives a base to our weight when we are seated.

RAMNG T
PELVIS

The complex curvature of the pelvis, its discrete and changeable angle, and

concealiment deep within flesh of the belly, butiocks, and thighs, must qualify it as
the most complicated bone structure to locate and draw. The pelvis closes, cups,
and supnorts the torso, distributes weight to each leg, and suspends genitalia in
front, below, and within. ts angle changes dramatically as we move from one stance
to another. It rolls forwards as the back is arched, and backwards the more the
spine is straightened. It can be fited and twisted from side fo side, projected
forwardls, or folded under flesh. The angle of the pelvis tells much about the poise

of the body, and the poise tells much about its character.




LEFT AND RIGHT

As vou locale the pelvis, for example in
each of the photographs shown here, focus
upon batance and the support of weight,
Try to visuafize structure in the round. Use
knowledge of the back and side of ihe
pelvis to inform a view from in front. AS you
draw the body, do not see its putfine as an
abrupt edge at which to stop. Follow
through with each line as If leading the eve
{0 a hidden view. The direction, weight, and
qualily of every fine is key to a drawing's

expression. A single line shoutd encompass
marny qualities, and perform several tasks, i
might describe surface tension, textire,
femperature, speed, Jight, darkness, emotion,
ant guide the eyve through the composition.
Drawings can also be composed in layers.
The Figures fo the right were made in
compressed charcoal, 2 medium that doss
not completely arase, leaving shadows and
traces of earlier thoughts beneath the
compieted drawing.

DRAWING THE PELVIS

In this class, we will use stretched paper. This is a useful technigue to
leam. Stretched paper can be worked with any medium, Gut it is especially

effective tor ink or watercolour as the paper will remain as taut as a drum.

Put a clean drawing board on a table, and crop a sheet of cariridge paper
to fit, leaving a 3om (1in) border. Cut four lengths of gum stip — brown-
caper tape gummed on one side. Take a sponge. Load it with water —
enough o be wet, but not dripping. Quickly, gently, wet but do not flood
the paper. It will now expand. Moisten each length of the gum sirip, and
tape the paper to the koard, gently pushing out from the centre any large
waves that appear in the surface. The paper should now lock a little
buckled all over. Leave it to dry fiat. As it dries, it will shrink, pull aganst the

tape, and become smocth and taut.

Use a dip pen and some metal drawing nibs. Avoid mapping pens
{smaller, needle sharp, impoessible to work with). Invest In scme calligraphy
inks — black and a range of colours that can be mixed or diluted to buiid a
range of intensity rom dark to very light. Graded dilutions of ink can give
depth and focus o your drawing. Calligraphy ink will not congeal or Block
your pen iike Indian ink, which s temperamental, often deterring beginners.
Pen {or brush) and ink is a magnificent medium Before you tegin to
experiment, ook at the drawings of Rembrandt, Hokusal, and Henry

Mogore to discover its vast but subtle range of expression.
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LEFT AND RIGHT

A wornan's pelvis is normally wider than her considered the ideal height of a man fo be
ripeage, and comparabie in width o her seven and a haif fimes that of his head and
shoulders fleft), and accenfuated by a greater extraordinarily obsessive anafyses of
covering of fat fieft and top right). The mals idaalized htinan proportion were madg by
pelvis is the narrowest region of the forso, Albrecht Diler. However, thearies can be
ofien defined by the altachment of hazardous if followed at the expense of
surrounding muscles (below right). Numerous observation — they may not apply to the
ancient and moderm theories relating o model in view, Measurement, which is an
proportion can be used as a guide in drawing invaltzable tool can begin t0 steal

the human body and many artisis have held confidence and stunt the spirit of intuition
strong views on the subject. [ eonardo if it is over used.

As vyour paper dries, sirongly fluminate the pehis of an articulated
skeleton. Confrast light and shadow to emphasize depth and curvature.
Feel the shape of the pelvis in your nands. Use pages 126-134 to locate
structural details and envisage significant overlying muscles. Locate your
own anterior and posterior superior fliac spines (p. 126), twist your pelvis,

and follow its range of movement {see caption on page 128).

f possible, pose a lean male modet next to the skeleton and cbserve how
his musculature defines his pelvis. Brector spinae (p. 69) anse in two
columns from ithe sacrum behind. Ctligue muscles (p. 84) inserting onio
each lliac crest make a gentle horizontal bulge of fiesh 1o either sice, while
their aponeuroses forming the inguinal ligaments draw sharper lines in

front. Think of the stylization of these Iines in Greek sculpture.

Once your paper is dry, begin to draw from the skelston and modeal
simultanecusiy, and aim to create a full sheet of small exploratory studies
{see p. 218). Keep your lines light and free, and make impressicns of ine
whole form. Try to catch the feeling of the pelvis both as a skeletal
structure in open space and hidden deep within the living body. Focus on
the pelvis's gravily, and rotate it through every imaginable view. Make
simple diagrams to break down its siructure into essential parts, As you
analyze the pelvis, be rigorous but daring and do not be afraid of making
mistakes. This is safe visual surgery, and thers is no comect way for the

drawings to be Use this class as an exercise in understanding.







aced with the prospect of drawing hands, some artists are overcome with

trepidation. It is not that they are more difficult to draw than other parts of the

bady, but they have an attached stigma that quells confidence. Many artists
hide the hands in their picturas, leave them out altogether, or experience a sudden
conversion to expressive abstraction as they reach the wrist. Second only to the
face, hands are the most agile and intimately expressive parts of our frame, and this
may be why they are considered so hard to draw; their complex structure and

aemotional significance are entwined and viewed as one.

SAWING THE
- HANDS

The first step in leaming to draw a hand is to separate its structure from its

significance and view it dispassionately — in a simple and objective way. Discovering
its interior structure and movement will help you to draw its elusive agility. Look very
closely at your both of your own hands. See and feel their bones, tendons, and
muscles, the thickened aponeurosis of each palm, dorsal veins, and the coverings
of fat and skin. Your wrists will reveal tension in the tendons passing through them.
Observe how the distal ends of the radius and ulna create a thickening just at the
point where so many artists pinch their lines together in an attempt to show where

: they feel the forearm should finish and the hand begins.




LEFT AND RIGHT

The grace and power, subflety, and
strengith of the hand has long been of
interest fo artists and photographers and it
continues fo challenge their powers of
observation and invention. The touch,
gesture, and grip of the hand is often a3
significant as facial expression. Sometimes,
ife hand expresses more than the face,
and with greater sincerity. On the right are
studies of my own left hand that I made in
compressed charcoal on paper. | observed
the hand directly and reffected in a mirror.

Shown here reduced in size, each image of
the hand was in fact drawn fife-size, The
repeated study of one body part may be
equivalent to practising scales on a musical
instrument in preparation for more
imaginative and ambitious compositions, In
drawing, like many other physical
manifestations of endeavour, it is necessary
{o warm up, and flex the pathways between
skilt and attainment, imagination and realify.
An artist rarely achieves pleasing resulfs
from a cold start.

DRAWING THE HANDS

The key to this drawing class is propertion, finding a balance between the
fingers and paim, and establishing the size of the whole hand in relation to
other elements of the body. The hand in many cultures is itself a tool ar urit
of measurement. Yet, despite this, many artists draw the hands and feet

of their figures disproportionately small in relation to the rest of the body.

Take a sheet of AT paper and attach it securely to a smooth table. Ensure
the paper 1s flat, so you are not chasing npples with every line. Choose a
delicate medium that you will enjoy drawing with. Pencil can be beautiful,
but it is not obligatory, Sormatimes, Its precision amplifies mistakes and this
can be daunting. If trying a new medium, expanment freely on a rough

sheet of paper to see what range of marks and textures can be achleved.

The subject of this class is your own hand, so begin by placing the hand
you wili draw in a supoorted and comfortable position; one you can easily
hold still for some tme. Hold your palm open and facing fowards you, with
your fingers straight but relaxed. Take time {o look at it carefully. Then make
a life-size drawing of your palm and at least two inches of your wrist. [t is
important not 1o separate the hand from the forearm, but considar them as
one. As with each previous class, avoid detail. Start by describing the
shape, depth, weight, and surface contours of the palm (not just its
outhne). Imagine your pen or pencil is in contact with the skin and that you

are carving the surface. Create close contour lines ke those which define

|
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LEFT AND RIGHT

Hands form only a smalf part of this drawing the Virgin's hands, seeing their accuracy as
(lefh), but they dominate the drama of these vital to a painting’s meaning. This might
entangied figures as they hover in an infimate seen very distant as you struggle with
embrace between fife and death. Gently drawing the hand. But once you have
knotted af the focal point of the composition, mastered the rudiments, you will be able to
hands are the fulcrum of the drawing, making experiment with a wide and satistving

a potentially alarming subject strangefy vocabuiary of gestures. Look at the hands
affectionate. The power of the hands io in these photagraphs, for example. Copy
influence a work of art emetionally shoufd not their gesture and give them a metaphorical
he underestimated. According fo Vasari, meaning. Try various different gestures,
Leonarda engaged in heated debates with his draw thom, and make a book of them —
contemporaries about the correct gesture of a book of hands.

mountains on a map. This may lock alien at first, but once you have
grasped the form you can develop cther ways of phrasing vour lines so

that the hand looks more natural.,

As you progress ¢ the fingars, beware of relying on their outline. Many
students draw lines travelling Lp and down betweaen each finger, as when
we drew around cur hands at school before we coloured them in. Beyond
its rudimentary lesscon, this is an unhelpful approach. A senes of close lines
produces an opticai effect that can distort a drawing by appearing to
darken and reduce space. It can also be difficult to tell which shape is
meant 1o be solid and which is space. Concentrate on the length and
width of each finger in relaticn t© the palm. Map the curvature between
each joint and the complexity of surface contours, No two fingers are the
same. It may help at first to draw each segment of the fingers as a tapered
cylinder, atthough beware of how siylization can interfere with intuition and
observation. Draw your hand repeatedly In the same position. You will

soon see mprovement, as your understanding grows.

Then draw your hand in more complex positions, cupped, clenched,
pressing, pulling, stretching, and holding different objects. The hand using
a hammer is very unlike the hand sewing. Draw your own hand by lcoking
directly at it and also use a mimor Between reality and a reflection you can
create almost any left- and right-hand view. Kesp all your drawings so

that you can see your Drogress.
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Raffaello Sanzio (1483-1520), known as Raphael, was a painter, draughtsman, and one of the most
influential High Renaissance artists whose attitude and approach to drawing the human figure determined
how the subject would be taught across Central Europe and America for the following 450 years.

LEFT

his fluid drawing made in sharp red chalk has the immediacy
In this photograph, the modef strains to hold

of a study produced only yesterday. Its line has a bright
the pose, hwisting fis shoulders and pelvis in
Intensity that seems modem in its speed and certainty. This mage anposite directions, whie curling his spine

was first laid down with a metal-point stylus, bafors being overworked tightly o his left. In Raphael’s drawing,

in 2 fine tracery of chalk. Meatal pont was considered old fashioned and distorions are apparent 2s we see how the

‘ . ) . maodei's forearms are shortened and his fank
inflexible by many of Raphael's peers, and yet his practised hand and eye ) o ) )
is compressed by his ribcage. An indentation
give a gentle vigour to this strange choreography of violence. betwean tensor Fascia faiae and sartorius

occurs in both the mode! and the figure.

As a young artist, Raphael studied fragments of famous sculptures brought
back from ancieni Greece. He drew from live models and from
contemporary works of art. This taught him much about how Iine, detall,
form, and shadow can De used 1 bend the body convincingly into poignant
compesitions. He was an obsessive and prolific draughtsman. Each of his
paintings was meticulously planned using drawings to insiruct the work of his
assistants. At his death, he left an abundance of drawings for unfinished
commissions. His apprentices worked with these, adapting compasitions to
try and complete works without their master. Dunng his brief career —
spanning only 2C years - Raphae! became recognized as a supreme master
of drawing. Aspiring artists flocked to his studio to apprentice themselves.
This was a wital time in Rome. As this drawing was being made,
Michelangelo, close by, was panting the celling of the Sistine chapel. His
influence, together with that of Raphael, helped to shape a form of academic
training that would last for more than 450 years Only in the mid-20th century

would this be viewed by modem artists as a repressive and archaic tradition.
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THE FOREARMS

In many of Raphael’s drawings, figures of the
midole distance are broughi close fo us by fhe
attention given to detaiis of their flesh and
clothing. Here Raphael afsc distorts scalg,
proportion, and perspective lo increase the
drama of the event. Both forearms are heavily
axaggerated, the right forearm appearing
grealer in si7g than the feft (upper) arm. This
shift in scale birings the hands forwards before
they lash down with the stick.

THE TORSO

in this gentie freatment of the subject of way,
Raphael avoids fhe wrought muscularity
expressed by Michelangelo and the extreme
facial expressions produced by Leonardo.
Instead, this body is elongated and disiccated
at the waist, to attain elegance and poise, as
the thorax is lified and fumed from the pelvis.

THE LEGS

The right leg bears the weight and balance of
this bodyv, and yet its muscular tensfor is
uriderpiayed. It is dissolved in fight, to allow
the darker torso above fo be carried forwards.
Deficaiely modefied, the raised left leg shows
knowledge of several muscie groups. Gluleus
maximus and tensor fascia faiae form the
bhuttock and hip, and six small challk marks
shadie ihe indentation betweer fensor fascia
latae and sartorius at the top of the thigh.
Sartorius catohes the light as it divides ffe

adactors from quadriceps.

1509-1511, red chalk over stilus,
379 x 281mm, Ashmolean Museum, Oxford







tis all too easy to underestimate the foot - to forget about its focused agility and
strength. Pliant acts of dexterity can be performed by the fest. Many people who
lose their upper limbs or who are borm without them have trained therr feat to
perform very subtle acts, including writing, drawing, and playing musical
instruments. The curbed movement of the toes that most of us experence is
essentially related to how we use our feet and not the limitations of anatomy. Training
y@ﬁr understanding, sight, and memory of details of the feet will direcily inform the

expression of your drawing and Increase your understanding of other artists' work.

SAWING [H

Before drawing, watch people's feet working together, say at the swimming baths or
on the beach. Look at the spaces and angles between the feet, the way they
are directed to express position and character, and how the body's weight is held
over them. See how the feet grip or push the surface beneath them — their
momentary gravitational position on the earth, and observe the flow of structure and
movement from the leg through the ankle and foot to the toes. Consider the
similarity of this relationship to that of the forearm, wrist, and hand, Such
observations can reveal surprisingly pertinent information about the body in

space and its personality in the world.




LEFT AND RIGHT

These are studies | made in compressed
charcoal (right). Placing each of my feet on
a table ! drewy them directly and in
reffeciion, using a mirror suspended at
various angles. Lighting was essential. |
used an anglepoise famp 16 increase
conirast, and o emphasize the inferior
stuicture and lextures of skin. When you
are drawing the foot, it is imporiant fo
explore its full range of form and

movement, Begin with your ovmn feet, if

possible, then ask friends or relatives fo sit for
you. if you can, compare the feet of a child
with fhose of a senior refative or friend, and
observe the differences in youth and age. if
you are drawing irom pholographis of feet
such those at feft, avoid focusing upon outling,
or your drawings will appear flal. If you are
drawing the feet of a model in a life class,
beware of their soles blackened with charcoal
from the floor. Some students witl draw this as
a niatural tonaf quality of the fool.

DRAWING THE FEET

It is hugely satisiying to begin a study of the human foot from works of art
that inspire you. Cedicate an entire day tc the foct, and take a sketchbook
o an art gallery. Allow yoursell to become totally immersed in iis anatomy
and expression Armed with your own anatomical drawings or your copy
of this book, look for images of feet and observe the range of their

interpretation through pantng, sculpture, drawing, or prints.

While sitting in the gallery, fill your sketchbock with carefully observed
studlies from masterworks. Consider how sach artist has understood and
defined the essentia architeciure of bone, ligaments, muscles, and
tendons that give strength, agiiity, propuision, and balance to the fool.
How are these slements softened or disguised by depths of fat, surface
veins, and differing textures, colours, and ages of skin? Use the
ilustrations here and on pages 140-157 1o help identify anatomical details

of feet within differant works.

Make at least three drawings of each foot that you select. Analvze its
proportion, perspective, and movement. The more you draw, the more

you will see, and the more you will understand what the artist has done.

if vou can become obsessively absorbed your understanding, drawing
skills, and confidence witl improve rapidly. Collect reproductions of details

of the body, and compare ong ariist’s nterpretaiion o another. If vou are
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LEFT AND RIGHT

Al left are studies of my own feet made with
pen and ink. When establishing the proportion
of a life modef on the page, remember that
parts of the body such as the feet may be
unexpactedly enlarged or diminished Dy
perspeciive (see photographs below right, and
previcus page above lefl). Taking simple
measurements fo compare the widih or length
of one body part to another, will reveal
disproportions creafed by perspective. These
might be underplayed if an artist affows their

reason to override what they see. A
reclining model presenting their feet
towards you, might appear to have feet the
same width as their chest, and lwice the
size of ifeir head. Your knowledge of the
size of feat tells you that ifis cannot be
frue, and so you might make them smaller,
in more reasonable proportion fo the torse.
Stich reasoning can destroy the perspective
of an image, and prevent a figure from
{ying convincingly in space.

seated in front of a sculpture, make a series of drawings in rotation working
from one side o the cther I you are studying a painiing, observe how the
artist has it the foot. Perhaps its life and movement are given by ihe
llumination of only those elements essential to the view. If so, what are the
essenilal elements of this view, and how o they bring the foot alive? How
has fight been used to abstract the foot? Subtie abstraction working hand-
in-hand with figuration can greatly emphasize the expression of a form.
Conversely, in some figurative work, when every minute detail of a subject

is described, litile 1s left for the imagination.

On your retum to the studio, lay out your drawings or any postcards you
have bought, or pnotocopies you have made so that you can see them all
at once. Join togather jour A1 sheets of paper, and tape them 1o the wall
or floor. If possible, take off your shoes and socks so that you can see your
own feet. Find a Groad drawing medium such as charcoal, crayon, a brush
dipped in paint, or a felt pen, and with reference to all your collected
information and your own fest, make a drawing of one single foot in side
view {medial cr lateral) that fills the expanse of the paper. Imagine the foct
as big as an entire body. Draw its fensile and arched construction as a

rmonument IN space.

Such aleap of scale will force a sense of detachment, present vou with a
new perspective, demand greater clyjectivity, and let you see one of the

most familiar parts of the body as if it were a completely new subject.




KEY TERMS

Below 1s a list of terms frequentiy
used in the book, together with
explanations of their meaning. The
words appearing in italic type refer
to other entries in the Key lenms or
Glossary on pages 246-249

COMMON TERMS

Anatomy The structure of the body
of a living thing, and the siudy of its
component parts. Derived from the
Greek for "cutting ug”

Anatomical pesition A position in
which the body stands upright with
ams 1o the side and head, feet, and
palms facing forwards; a reference
position that gives meaning 1o ali
anatomical drections

Articular Pertaining to a joint or joints

Bilateral symmetry The mirror-
image arrangement of the left and
right side of the body. Although,

fn most people, one side of the
body is higher o broader or, for
example, cne foot is slightly bigger
than the other

Body planes Thres major planes
divide the body, lving at nght angles
to each other; median, coronal, and
fransverse planes

Median plane The body plane,
also called the mid-sagittal plane,
that divides the body lengthways,
front to back, into two briaterally
symimetrical haives

Coronal plane The body plane,
also called the frontal plane, that
divides the body from side to side
into two halves {a front and a
back haif})

Transverse plane The body plane.
also called the horizontal plane, that
divides the body or any of its parts

inte upper and lower parts
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DIRECTIONAL TERMS
Anterior In front, or towards the
front, of a body. For example, the
quadriceps muscle of the thigh

is antenor to the femur

Cutaneous Peartaning 1o or
affecting the skin

Deep Extending inwards from the

surface or backwards from the front.

For exarmple, the heart i deep ©
the stemum, or deep muscles are
found closest to the bone

Distal Away cr farthest from the
torso. For example, the fingers are
distal io the wrist

Dorsal On the posterior surface or
back of the bedy, For example, the
dorsum of the hand is the back of
the hand

Inferior Below, or towards the feet.
For example, the knee is infericr to
the thigh

Lateral Towards the side, or away
from the median plane. For
example, the ribs are lateral to

the stemum and spine

Medial Towards or nearer {o the
median plana. For example, in the
anatomical position the ulna is
medial to the radius

Median Located on the midline

{median plane) of the torso or imbs.

For example, the stermum lies in the
rmedian plang,

Palmar Pertaining ¢ the palm of
the hand

Plantar Pertaining 1o the sole of
the foot

Posterior Towards the back or
behind. For example, the shoulder
blade 15 posterior to the ribcage

Proximal Near or nearast the torso
of the body. For example, the upper
am is proximal to the forearm

Subcutaneous Situated or placed
just below the surface of the skin

Superficial Nearer or nearest to the
skin. For example, superficial
muscles influence the form of the
body surface by being near the skin

Superior Above, or fowards the
head. For example, the nose is
supsror to the mouih

Ventral On the anterior surface, or
front, of a body. For example, the
navel 1s on the ventral surface of
ihe torso

BONES

Angle The comer of a bone as, for
example, the superor or infenor
angle of the shoulder blade

Appendicular skeleton All the
pones of the limbs

Axial skeleton All the bones of the
skull, spine, thorax, and pelvis

Body The main part of a bore

Condyle A rounded protrusion at
the end ¢f a bone, fitting into the
fossa of an acjoinng bone to form
a joint

Epicondyle A small protrusion of
bone close to orontop of a
conchde or larger protrusion of
bone. Epicondyles are usually sites
of muscle attachrment

Crest A prominent ridge of bene Tor
poweriul muscle attachment

Foramen A natural hole or passage
in a bone or cther structure, most
often to permit the passage of
nerves or blood vessels

Fossa A cupped depression in the
surface of a bone

Head The distinct and often
rounded end of a long tone,
separated from the shaft of the
bone by a neck, for example, as
seen in the superior end of the
femur {thigh bone)

Margin The edge of a flat bone or
flattened area of bone

Ossify To tum to bone. Ossification
is the natural process of bone
formation

Process A distinctly raised or
projecting part of a bone

Shaft The main length of a long
bone

Sinus Any of the air-filled cavities
within the skull bones

Spine A shaiply pointed crest
of bone for muscle attachment

Trochanter A bony outcrep towards
the superior end of the femur (thigh
bone) for muscle attachment

Tubercle Any small, rounded
protrusion on the surface of a bone

Tuberosity A raised imegular mass
on the surface of a bone, usually for
strong muscle or tendon attachment

MUSCLES

Abduction The movement of a
body part away from the midline
(rmedian plang) of ihe bedy through
the coronal plane, or of a digit away
from the axis of a imb Muscles
that perform this action are called
abductors. The opposite of
abduchon is adduction

Adduction The movement of 2
body part towards the midiine



(median plane) of the body through
the coronal plane, or of a digit
towards the axis of a limb. Muscles
that perform this action are called
adductors

Compressor A muscle that
compresses a structure when it
contracts

Contractibility Muscle tissug’s
capacity to contract and produce
movement

Circumduction Moverment of a
body part in a circular direction

Depression The lowenng of & body
part in an infericr, or downwards,
directicn, as, for example, when
drawing down the shoulders.
Muscles that camy out this action
are called depressors

Dilator Any muscle that widens
an orifice, for example the pupil,or
a body part, for examgls a blood
vessel

Darsiflexion Flexion of the foot &t the
ankle, as, for example, when lifing
from the floor towards the shin

Elevation Raising a body part
upwards, as, for example, when
raising the shoulders to the ears.
Muscles that carry cut this action
are caled elevators

Eversion The tuming outwards of a
body part. Any muscle that tums a
body part, for example the foct,
outwards is called an avertor

Excitability Muscle tissue’s
responsiveness to nerve impulses

Extensibility Muscle tissue's ability
to extend and rest after contraciion

Extension Straightening or
increasing the angle of the joint

between two bones, for example,
straightening the fingers, amms, or
legs. Extension is the opposite of
flexion. Muscles that straighten
joints are called extensors

Fixatar Any muscle that holds still
or stabilizes one part of the body
while another part 1s being moved

Flexion The act ¢f closing the angle
of a joint between two bones, as,
for example, when folding the
forearm against the upper arm or
when making a fist. Flexion is the
opposite of extension. Muscles that
flex are known as ilexors

Hyperextension Stretching a jont
beyond its nomal rangs of
movement. Double-jontedress is
the ability to hyperexiend a joint

Insertion The point of attachment of
a muscle fo the bone or body part
that it moves. The opposite of origin

Inversion The tuming inwards of a
body part. Any muscle that tums a
body part, for example the foot,
inwards is called an invertor

Muscle tone The partial activity of
the muscies that occurs all the
ime, even dunng slesp. When
awake, muscle activity shghtly
above muscle tone helps us to
maintain posture

Opposition The muscle action
that presises the thumb and
fingertips together

Origin The point of attachment of a
muscle that remamns stll dunng
contraction. The origins of long
muscle are called heads and thay
may e multiple, as in the biceps,
friceps, and quadriceps

Plantarflexion Pointing the foot
downwards or curing the toes under

Pronation The tuming of the amm
or hand s¢ that the palm faces
downwards, Muscles that camry
out this action are caled pronators

Protrusion The muscle action of
pushing a body part forward, as,
for example, when jutting out the
lower jaw

Retrusicn The opposite of
profrusion. Puling a body part
backwards, as, for example,
when drawing in the chin towards
the neck

Rotation Revolving a body part

on its own axs, as, for example,
when turning the head from side to
side. Muscles that perform this
action are called rotators

Supination The act of tuming an
am or hand so that the paim faces
upwards. Muscles that camy out
this action are called supinators
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Abdominal cavity The space
pounded by the ribs and diaphragm
above, and the muscles and

bones of the pelvis below. The spine
and abdominal muscles form the
back, sides, and front walls. The
abdominal cavity contains the liver,
stomach, spleen, intestines,
pancreas, and kidneys

Adipose tissue A protective laver of
connective fissue, chielly consisting
of fat, beneath the skin and around
certain intemal organs. Alsc known
as panniculus adiposus

Adrenaline A homnone {also called
epinephrine) secreted by the adrendl
glands of the kidneys in response to
stress, exercise, or by emotions such
as fear, The hormone increases heart
rate, pulse rate, blood pressure,

and raises blood glucoss levels,
prepanng the body for 2 "fight or
flight” response

Alveoli Small air sacs in the lungs
through the walls of which gases
diffusa into and out of the blood
during respiration

Annular In the shapea of, or forming
arng

Aorta The largest arfery of the body,
anising from the left veniricle of the
heart and supphing all other artenes
{except the pulmenary artery) with
oxygenated blood

Apocrine sweat gland A type of
sweat gland that discharges thick,
pungent sweat and appears after
puberty in the skin of hairy body
areas, such as the armpits and
pubic regions, and in the areolae of
the breasts

Aponeurosis A wide fibrous sheet of
conneciive tissue that acts like a
tendon, attaching muscle to a bone,
a Joint, or another muscle
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Appendix A worm-shaped structure
of no known function attached to the
first part of the farge intestine

Areola A circle of pigmented skin
surrcunding the nipple

Arteriole A small branch of an artery,
branching in tum inte finer vessels
called capillaries

Artery An elastic, muscular-walled
blood vessel that carmies blood away
from the heart to all other parts of
ihe body

Ascending colon The first part of the
calon, extending up from where the
colon is joined to the small ntestine t©
just below the liver, where the colon
sharply bends to formn the section
known as the transverse colon

Ascending tracts Nerves in the
spinal cord that cany Impulses
upwards o the brain

Atriumn Either of the two thin-walled
upper chambers of the heart

Auricle Also called the pinng, the
external flap of the ear that surounds
the ear hole

Autonomic communications The
part of the nervous systermn that
controls the unconscious actions of
organs, such as heart rate and
contraction of smooth muscle in the
intestines. The autonomic Nenvous
system has two divisions:
sympathetic, which increases actvity
in the body, and parasympathetic,
which has the opposite effect

Axilla Another name for the ammpit

Biceps A muscle that originates at
one end as two separate parts. The
term usually refers to the biceps
muscle in the upper arm, which
flexes the foreamn

Bile A greenish-brown fluid that heips
in the digestion of fats. it1s made by
the Iver and stored by the gaff
bladder, before beng released into the
duedenum {part of the small intestine)

Bladder The hollow, muscular organ
in the lower abdomen that collects
and steres urineg until it can be
expelled

Brachial Pertaining o the arm

Brain stem The lowest part of the
brain. it connects to the spinal cord
and controls basic functions including
heart rate and breathing

Bronchi Ar passages that lead from
the end of the fraches to the iungs
and divide into branches known as
segmental bronchi, which further
divide into bronchicles

Bursa A protective, flud-filed sac
found within joints, between muscles
and tendons, and beneath certain
peints on the skin. Bursae help to
reduce friction between moving tody
parts

Cadaver A corpse set aside for
anatormical study

Caecum A blind pouch located at
the beginning of the colon

Capillaries Tiny blood vesssls that
link the smallest arteries {artericles) to
the smallest veins (venulas), Blood
and tissue celis exchange nuirients,
gases, and wastes across the walls
of the capillaries

Cardiac Pertaining to, cr stuated
near, the heart

Cartilage A tough, flbrous coflagen-
rich conneciive tissue that forms an
imporiant structural component of
many parts of the skeletal system
and other siruciures. There are three

main types: efastic, fibrous, and
hyaline cartiage

Cavity A hollow space within the
body, such as a sinus in the skull, or
extermally, such as an armpit

Cell The basic structural unit or
building block of life. Each person
consists of about 100,000 billion
cells, structurally and functionally
integrated 1o periomm the tasks
necessary for life

Cerebrum The largest part of the
brain, made up of two hemispheares.
It houses centres for thought,
personality, the senses, and
voluntary movement

Cerebellum A region of the brain
below the cerebrum and behind the
brain sfem. The cerelellum is
concemed with smogcth, precise
movements and the control of
balance and posture

Cervical Pertaining ta the neck or
any neck-shaped structure, such as
the cervix of the uterus (womby}

Circumcision The surgical removal of
part or all of the foreskin

Clitoris A sensitve, erectile organ
that I1s part of the female genitalia and
situated just below the pubic bone
and partly hidden by the folds of the
labia. The clitors swells and
becomes more sensitive during
sexual stimulation

Cocceygeal Pertaning to the cocoyx,
the bone al the base of the spine
formed by the fusion of four vertebras

Collagen A tough, structural proten
present in bones, fendons, figamernts,
and other connective tissues

Colon The major part of the large
Intesting thai extends from the



caecum to the recturn. its main role is
to conserve watar in the body by
absorbing 1t from food residues

Connective tissue The malerial that
connects, halds together, and
supports the various siructures of the
body. Bone, cartifage, and adipose
tissue are all ypes of connective
tissue

Cornea The fransparent dome at the
front of the eyeball that covers the iris
and pupil

Corona Alse called the crown., the
circular projecting Yip on the glans of
the penig, surcunding the opening of
the wrethra

Comparative anatomy The study
and comparison of humean and animal
anatormy

Cortex The outer layer of certain
organs, such as the bran or kidneys

Costal cartilage Hyaline cartifage that
forms the anterior extension of a b

Cranium The part of the skull that
encases the brain

Cricoid cartilage The lowemmost of
the cartilages in the farynx (voice box).
The cricoid carliage connects the
thyroid cartfage 1o the trachea

Cytology The study of the structure
and function of individual cells

Deep fascia A thin layer of fibrous
connective tissue that envelops all
rmuscles and muscle groups, blood
WHSEES, Nerves, joints, organs, and
glands

Dermis The inner layer of the skin,
mede of conneciive ssue and
containing Blood vessels, nerve
fiores, har follicles, and sweat glands

Descending tracts Nerves in the
spinal cord that camy impulses
downwards from the oran

Developmental anatomy The study
of growth and physical development

Diaphragm A muscular sheet
separating the chest from the
abdormen. The diaphragm coniracts
during inhalation, enlarging the chest

Digital Pertaining to the fingers or toes

Dissection The action of separaling
and cutting a tissue for the purpose
of anatornical study

Dorsum The back, or the back or
upper outer surface of an organ or
body part

Ecorché French term for a flayed
body, for the purpose of showing the
armangement of the superficial
muscles

Eccrine sweat glands Any of the
small sweat glands located in skin all
ovar the body that produce a clear
watery bquid importart in temperature
regulation

Elastic cartilage A flexible type of
cartilage that contains elastic fitres.
ghves shape to the extemal ears

Epidermis The cuter layer of the skin,
thinner than the dermis. The cells of
the epidamis fiatten and become
scale-like towards the surface

Epithelial tissue A tissue of one or
maore layers of cells that covers the
body suriace (as skind and fines most
of the hollow structures and organs
within the body. The cells of epithelial
tissue vary in structure according to
ther function

Expiratory Pertaining to the
expiration, or exhalation, of air from
the lungs

Fascia A fibrous connective lissue
that covers many structures in ihe
body. There are iwo main types:
superiicial fascia {hypodermis) and
deep fascia

Femoral Pestaining to the fernur
{itigh bone) or thigh

Fibrous cartilage A type of cartilage
found, for example, in the disks
between the verfebrae of the spine
and in other symphyses

Fissure A namow split or groove that
divides an crgan such as the brain,
liver, or lung into lobes

Fixative A spray that sets or makes
stable the surface of a drawing,
usually sold in aerosal canisters. The
term is alsc applied to chemical
soluticns used for the preservation of
a cadaver before it is dissected

Foramen magnum The large
opening in the base of the skull
through which the spinal cord is
connected to the brain

Foreskin Also known as the prepuce,
a lcose fold of skin covenng the glans
of the penis when it is flaccid and

which retracts when the penis is erect

Gall bladder A small pear-shaped
sac king below the liver, in which bie
secreted by the liver is stored

Glans The conical, acom-shaped
head of the penis

Grey matter The regions of the brain
and spinal cord composed chiefly of
tha cell bodies of neurons, rather
than their projeciing fibres {(which
form white mafter)

Gross anatomy The study of body
parts that are visible to the naked eye

Hair follicle A small, deep cavity in the
shn that encloses the root of a hair

Hepatic Pertaining to the lver

Histology The study of the structure
and function of tissues

Homeostasis The ability of an
organism to maintain a relatively

constant intemal environment by the
adustment of physiclogical processes

Hormone One of various chemicals,
released into the blood from some
glands and tissues, that act on
tissues elsewhere in the body

Hyaline cartilage A glass-like tough
type of cartffage found on joint
surfaces that provides an amost
frictionless layer over the bony parts
of the joint. |t also forms the anterior
extensions of the ribs and the rings
of the trachea and bronchi

Hypodermis Also called the
superficial fascla, a fine layer of white
fatty connective fissue below the skin

Infrasternal angle The inverted V-
shape at the front of the riccage
formed by the cartilage extensions of
the lower ribs arching up o meet the
stemum. Also called the thoracic arch

Inspiratory Pertaining to the
nspiration, or inhalation, of ar into
the lungs

Integumentary system The skin
along with its hair, nails, and the
glands responsible for the production
of swealt, oils, and breast milk

Intercostal Located between the nhs

Intermuscular septum Ary of the
thickenad shests of deep fascia that
separate muscle groups

Interosseous | ocated between bones

Intervertebral disk A plate-like disk
of fibrous carfilage that lines the joints
hetween the vertebrae. The disks
have a hard outer layer and a jelly-like
core and act as shock absorbers
during movernent of the spine

Iris The coloured, ring-shaped part
of the eye ihat lies behind the
transparent comea. The Iris has a
central perforation called the pupl,
through which ight enters the eye
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Keratin A water-repellent protein
found in the outermost layer of skin,
rails, and hair

Kidneys Two reddish-brown, bean-
shaped organs at the back of the
abdorninal cavily that remove wastes
and excess water

Labia The lips of the vulva {the
fernale extemal genitalia} that protect
the openings of the vaging and
urethra. There are two pairs of labia:
the outer, fleshy, hair-bearnng labia
mejora and the inner, smaller, hairless
labia minora

Large intestine A region of the
intestines including the cascum,
colon, and recium. In the large
ntesting, water is extracted from food
resicdues, and the remaining content
is later expelled as faeces

Larynx Also known as the wvoice box,
the structure at the fop of the frachea
that contains the vocal cords

Ligament Any short band of
fough fibrous tissue that binds twoe
bones together

Linea alba A band of conneclive
tissue {gponeurosis) that vertically
haives the rectus abbdominis (the long
flat muscle covenng the centre of

the albdomen)

Linea aspera A pitted ridge along the
postenor of the femur {thigh bone) for
muscle attachment

Lunula The crescent-shaped white
area at the base of a fingemail

Lymphatic system A network of
lymph vessels and &mph nodes that
drains excess tissue fluid into the
blood circulation; it is aso involved in
fighting infection

Lymph nodes Small oval stuctures
ihat ocour in groups along lymph
vessels. They contain white blood
cells, which help to fight infaction
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Magnus Used in the names of
muscles to mean large

Major Greater in size

Matrix The non-living framework
surounding the cells of connective
fissue. Also called ground substance

Melanin The brown pigment that
gives colowring 1o the skin, hair, and
the ins of the eye

Membrane A thin sheet-of tissue that
may cover or protect a surface or
argan, line & cavity, or separate or
connect structures and organs

Meniscus A cresceni-shaped disc of
cartilage found in several joints, for
example the knee. Meniscl reduce
fnction during joint movement and
increase joint stability

Mesenteric Pertainng 1o or situated
near a mesentery, a fold of the
peritoneum (a folded membrane that
covers the digestive organs and the
inside of the abdorrinal cavity} that
fixes the small intestine 10 the rear of
the abdomen

Metabolism A collective term for all
the physical and chemical processes
cceuring in the body

Minor Lesser in size

Mons veneris In women, the fleshy
protuberance over the pubic arch that
i covered in pubic hair

Myology The study of muscles

Nasolabial furrows The creases from
the sides of the nose 1o the comers
of the mouth, seen when smiling

Navel A depression in the abdomen
marking the point at which the umbilical
cord was attachad to the fetus duing
pregnancy. Also called the umbiiicus

Neuron A nerve cell that transmiis
electrical impulses. Neurons usually

consists of a call body with fine
branches and a process (nerve fibre)

Nerve A filamentous projection of an
individual newron {nerve cell) that
canies electrical signals to and from
the brain and spinal cord and the rest
of the body

Oesophagus The muscular tube
axtending from the pharynx at the
back of the throat to the stomach.
Swallowed food passes down the
oesophagus

Os A technical name for bone
Osteoblast A bone-forming cell

Ostecclast A large cell found in
growing bone that disschves bony
tissue to form canals and cavities in
ihe bone

Osteocyte A mature bone cell

Pancreas A lobular gland behind the
stomach that secretes digestive
enzymes and homones that regulate
the levels of blood glucose

Paranasal Beside or near 10 the nose.
For example, the paranasal sinuses
are n the skull arcund the nasal area.

Pathological anatomy The siudy of
diseased body structures

Pelvic girdle The ring of benes at the
base of the torso to which the fermurs
of the legs are attached

Periostium A fibrous membrane that
covers all the bones of the skelston
except at the surfaces of joinis

Peripheral nerve Any nerve leaving
the brain or spinal cord, tinking them
with the rest of the body

Perspective The art or theory of
drawing three-dimensional chiects on
a two-dimensional surface sc as o
recreate the depth and relative
positions of the objects

Physiclogy The study of how the
body functions, including the physical
and chemical processes occumng in
cells, fissues, organs, and sysiems,
ang how thay Interact

Plastinate A specimen that has been
treated by the process of plastination
for the purpose of anatomical
teaching

Plastination A presenving process
that involves replacing the water and
lipids in biological issues with a
substance known as a reactive
polyrner, such as silicone rubber or
polyester resin, invented by Professor
Gunther von Hagens

Plexus A network of blood vessels
or nerves

Propioception The intemal
unconscious sysiem that collects
information about the body's position
relative to the outside warld by way of
sensory nerve endings in muscles,
tendons, joints, and in the crgan of
balance in the inner ear

Pulmonary Pertaining 1o or affecting
the lungs

Quadriceps The muscle at the front
of the thigh that consists of four parts
and straightens the knee

Radial Pertaining to the radius (the
shorter of the two foream bonas) or
the foream

Rectum A short muscular tube that
forms the final secticn of the large
intestine, connecting it 1o the anus

Rectus A straight muscle; for
example, the rectus abdominis in the
abdominal wall

Retinaculum A band-like structure
that holds a body part in place

Sacral Pertaining to the sacrum,
the triangular sagment of five fused
vertebrae that form part of the pehis



Sclera The white of the eye

Scrotum The pouch that hangs
pehind the penis and contains the
testicles

Sebaceous glands Glands in the
skin that secrete sebum, an oil that
keeps the skin and hair soft

Sigmoid colon An S-shaped secuon
of the colon, stuated between the
descending colon and the recium

Small intestine The first part of

the intestine, consisting of regions
called the ducdenum, jejenum, and
ltleum. In the small infestine, digestion
is completed and nutrients are
absorbed into the blood

Smooth muscle A type of muscle
that contracts involuntarily and is
found in vanous intemal organs, such
as the intestines, and blood vessels

Somatic communications The part
of the nervous system that controls

the skelstal muscles responsible for
voluntary maovement

Stratum A layer; for example, a layer
of tissue in a body struciure

Striated muscle A typs of muscle,
which appears striped under the
microscope, that is skeletal, can be
controlled voluntarily, or occurs in the
heart {cardiac muscle)

Subclavian Situated below the
clawicle (collar bone), usually refeming
to a blood vessel

Subcostal Situated below the
rnibcage

Superficial fascia See hypodermis

Suprasternal notch The shalow
indentation on the uppemost edge of
the manubrium, the upper part of the
stemurn {breast bone). Also the name
given the pit in the flesh at the base
of the neck

Sutures The immovable joints found
between the bones of the skull

Symphysis A joint in which two
bones are firmly joined by fibrous
cartiiage, for exarmple, between the
verfebrae of the spine and the pubic
bones at the front of the pehis

Synovial fluid A clear wbncating fluid
gecreted by membranes in joints,
fendons, and bursas

Synovial jeint A movable joint that is
lubricated by synoviat fluid

System A group of inierdependent
organs working together 1o perform a
complex function

Temperature A measure of the heat
in a substance or medium. Normal
human bedy emperature is about
37°C (98.6°F), although strenuous
exercise or an infection may raise the
temperature to about 40°C (104°F)

Temporal Pertainng 1o or near fo the
templas of the skul

Tendon A strang inelastic band of
coflagen fibres that joins muscle 1o
bone and transmits the pull caused
by muscle contraction

Testicle One of two male sex organs
that produce sperm and the male sex
romone testosterone. The testicles
hang externally n a sac called the
scrotum

Thoracic arch See mitasternal angle
Thoracic cavity The space within the
walls of the chest contaning the heart
and lungs

Thorax Another name for the chast
Thyroid cartilage An area of cartilags
in the larynx (voice box) that projects

at the front to form the Adam's apple

Thyroid gland An important
endocrine gland, situated n the front

of the neck, that secretes hormonas
that help to regulate the body's
energy levels

Tibial Pertaining to the tibia
(shinbione)

Tissue A group of similar ceils
specialized 1o perform the same
function

Trachea Commonty known as the
windpipe, an air tube beginning
immediately beiow the faryx (voice
box) and running down the neck to
end behind the upper part of the
stemum (breastbone), where it
divides into two bronchi

Tract A bundle of nerve fibres arising
from a common ongin

Transverse colon A section of ihe
colon, betwaen the ascending colon
and descending colon, that lcops
across the abdomen below the
stemach

Triceps The three-headed muscle of
the upper am. Contraction of the
tnceps straighiens the am

Tympanic cavity The middie ear,
which containg the small benes that
carry virations from the eardrum to
the inner ear

Uthar nerve A nerve in the am,
running down its full length into the
hand. It controts muscles that move
the fingers and thumb and conveys
sensation from the fifth and part of
the fourth fingers

tlnar Partaining to the uing, the
larger of the two bones in the foreamm

Umbilicus Another name for the nave!
Ureter Cne of two tubes down which
urine flows from the kidneys 10 the

bladder

Urethra The tube that carries une
from the bladder to outside of the

body. The urethra is much longer in
males,

Vagina The highiy elastic muscular
passage that connects the utenus o
the extemal genitals

Vein A thin-walled blood vessal
that cames deoxygenaied blood from
the body tissues to the heart

Ventricle Either of the two
muscular-walled lower chambers of
the heart

Venule A small vein that receives
deoxygenated blood from the
capillaries in tissues and retums it
to the heart via larger veins

Vertebra A component bone of the
spinal colurnin

Vertebral Pertaining 1o a veriebra (a
oone of the sping)

Vertebral arch A posterior
projection on a vertebra (a one
of the gpine) that sumounds the
vertebral foramen

Vertebral foramen A hole enclosed
by a verfebral arch and ihe body

of the verfebra (a bone of the spine)
from which it projects The
succession of vertebral foramina
behind the vertebral column

forms the canal that houses

the spinal cord

Vertebral column Commenly called
the sping, the column of 33 bones
called vertebras that extends from the
base of the skull 1o the pelvis. The
vertebral column encloses and
protects the spinal cord

White matter Ragons of the brain
and spinal cord chiefly composed
of nerve fibres (projections from
neurons). See also grey matter

Wormian bones Tiny 1slets of bone

occasionally found within a suture of
the skull
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