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INTRODUCTION


Dispel from your mind the thought that an understanding of the human body in every aspect of its structure can be given in words; the more thoroughly you describe – the more thoroughly you will confuse – it is necessary to draw as well as describe. I advise you not to trouble with words unless you are speaking to blind men. 
 Leonardo da Vinci, 1452–1519


This practical handbook is aimed at all those wishing to enter the fascinating world of medical art. It introduces those techniques and principles that a student or individual can develop to embark on a path of study when training towards becoming a professional medical artist.


A variety of illustration techniques will be covered, concentrating on those frequently used in medical and scientific illustration. Beginning with direct observational projects, guidance is given on where and how to begin and how to improve your observation and drawing skills, from studying the skeleton and internal bodily structures to the external bony landmarks and skin.


Professional medical artists will encounter every conceivable human anatomical scenario: this is not necessarily a profession for the faint-hearted! Two step-by-step examples include working from fresh mammal specimens, in this instance a lamb’s kidney and heart obtained from a local butcher. An introduction to working with specimens will help you to become familiar with observing, holding and drawing real organs, structures and tissues.


We will begin by examining those art essentials and the importance of direct observational drawing, studying light and shadow, and tonal and colour work. Medical artists need to become masters in many different media and techniques, including pencils, inks and watercolours, but first and foremost, they must be excellent at observing and interpreting what they see in their drawings. Nothing can replace time spent through hands-on practical observational experience when it comes drawing, so begin by simply taking your time to look, study and draw. Artists are always looking, often without realising how this is being interpreted, as they tend to have a naturally keen eye combined with an inquiring mind.


A frequent question medical artists encounter is: ‘Why draw it? Why not a photograph?’ Illustrations often translate very complex and technical information into visually relatable and understandable formats whether for patient information or to accompany a complex anatomical text. Medical artists are called upon to create a wide variety of illustrations, each designed for a particular audience in mind. For example, illustrations created for a patient leaflet on a skin condition will have a very different design and content to those created to accompany a complex medical procedure for surgeons. The medical artist must switch with fluidity and ease through the wide variety of work received as commissions and this becomes a distinct skill. Medical art really has become an ‘art in itself’.
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Kidney cross-section showing a large staghorn calculi stone. Pen and wash watercolour.





This book will encourage you to practise a range of techniques for creating a variety of artworks in different media, build a portfolio when applying or embarking on a specilaist course in medical art. Medical artists come from a diverse range of backgrounds and include fine artists, illustrators, designers, clinicians, surgeons, midwives, vets and archaeologists, to name a few. Each brings their own personal and unique skills, alongside years of studying and application.


Delving into medical and anatomical subjects opens a never-ending wonderful world of research, discovery, knowledge and enquiry and, of course honing the art of medical illustration techniques. A list of medical art courses can be found in Appendix I. With the constant advances in medical practice and knowledge, often at incredible speed, the specific skills and expertise of a trained and professional medical artist will always be required.
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Kidney stones. Pen and wash.








THE ART OF DISCOVERY


Medical art relies on the combination of observation, learning and discussion, drawing together the views of all observers, including the artist, the medical clinician, the patient or the client. All collaborate to visualise and create informative, educational and anatomically accurate medical artworks.


The human figure has been recorded for centuries. Many well-know examples of early historical cave and wall drawings which include human figures, seen in many diverse locations from coastal to underground limestone caves and often found alongside animal depictions.


One of the oldest known records of the human figure in a medical context was found in an ancient Egyptian papyrus, where specific human physical features and symptoms of diseases have been documented. Civilisations will undoubtedly have passed their knowledge down through the generations, but little or no written evidence has survived. From early beliefs concerning our souls through mythology and religions, gradually, more specific questions arose relating to our own human anatomy, leading the early Greek anatomists to dissect and study human bodies to find out how the body worked. Many Greek words are still used today, often in conjunction with Latin, creating the combination of prefixes and suffixes for our modern medical and anatomical terminology (see Glossary). Becoming familiar with medical terminology will help immeasurably in studying medical art and anatomy.


Considerable advances in the study of human anatomy have been made since the first century. These were often undertaken hidden from public view for fear the church would not approve. Only when the anatomist and physician Andreas Vesalius created his influential anatomical text, frequently and now simply referred to as the Fabrica, did the study of human anatomy become more acceptable. Importantly, within this now famous text were over 200 detailed anatomical woodcut prints created by many skilled artists of the time.


Anatomists and surgeons continued their study and research, for example, investigating how the blood was pumped around the body by the heart and circulatory system. Consequently, texts began to be regularly accompanied by many detailed anatomical drawings to explain their findings.


A well known and more recent example included 300 original detailed woodcuts created by the anatomist,


surgeon and artist Henry Vandyke Carter, who illustrated the text for Gray’s Anatomy, which was written by the anatomist and surgeon Henry Gray. The illustrations can now only be found in earlier editions. Alongside these illustrations, this has undoubtedly become the most famous anatomy text worldwide.


Today, significant discoveries and developments within the fields of medicine and surgery are still being made. Expanding modern technologies including 3D printing, virtual reality (VR) and artificial intelligence (AI) among others are improving patient outcomes. Medical artists are in continual demand for their skills in bringing these new innovative ideas and concepts to life.




CHAPTER 1


ANATOMICAL TERMINOLOGY


A medical artist needs to become familiar with anatomical form and structures and how they are identified and classified, and this includes the skeletal structures, anatomical systems and internal organs that lie beneath the skin. Key to this is a working knowledge of anatomical terminology – the names given to each muscle, organ, structure and the relationships of structures to each other.


Anatomical and clinical terminology is often derived from a combination of Greek and Latin prefixes and suffixes. There are many freely available resources to familiarise yourself with these. A prefix is attached to the front of a word, the stem is the root or the word itself, while the suffix is added to the end.


A medical artist will be required to converse competently with clinicians and medical editors. Familiarity with the relevant anatomical and medical terminology will also help you to study related texts and discuss the artwork with whoever has commissioned it through its various stages, from initial verbal communications, to written instructions, reading and research, effective planning and completion.


The following terminology and explanations are aimed at artists and include essential terminology and abbreviations you will likely encounter through your medical art training and studies.
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Bones, tendons and ligaments of the finger.


Graphite and coloured pencils with watercolour.








ANATOMICAL POSITION


Medical artists need to be aware that anatomical nomenclature is reviewed and occasionally updated for scientific or related clinical requirements. Nomenclature also may vary between countries and languages, so at any one time, more than one version of a particular anatomical term may be used. Consequently, it has been agreed internationally to introduce a standardised approach to names and references for anatomical terms. These terms relate to the ‘anatomical position’ for the human body (see page 12), which has since become the international standard for both human and veterinary anatomy. However, artists should be aware when referring to historical texts, terms and names may have changed over time. If you are preparing labelled anatomical artworks, your supervisor, author and the medical publishing editor can advise and edit any annotation that requires updating.


All anatomical directions, terminology and nomenclature now derive from this now standard 'anatomical position'; where the body is taken as being viewed from the front, standing in the upright position, with both feet on the ground facing forward and the arms down to the sides, with the palms of the hand open, flat and facing forward. Anatomical structures are referenced from this position.





THE THREE BODY PLANES




Anatomical planes are hypothetical planes used to transect the body, they are used to help describe the location of structures or the direction of movements


Sagittal (medial plane) A central line vertically or longitudinally through the body from front to back, dividing the body into left and right areas or any section parallel to this


Coronal (frontal plane) A central line through the body viewed from the side, dividing the body into anterior (front) and posterior (back) areas or any section parallel to this


Transverse, axial, or horizontal plane Any horizontal section where the level needs to be defined
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Common terms used to describe relative positions within the body include the following:




Superior Towards the head (also sometimes termed ‘cranial’)


Inferior Towards the feet (also ‘plantar’)


Anterior (A) Towards the front (also ‘frontal’ or ‘ventral’)


Posterior (P) Towards the back (also ‘dorsal’)


Anterior to posterior (AP) Direction front to back


Posterior to anterior (PA) Direction back to front


Medial (M) Towards the middle or midline (also ‘internal’)


Lateral (L) Away from the middle or midline (also ‘external’)


Distal (D) Away from the body


Proximal Towards or nearer the trunk of the body or point of origin of a part, usually used to describe limbs


Central Close to the centre of the body or the organ


Peripheral (or superficial) Towards the surface of the body or organ


Superficial Nearer the surface of the body or the organ


Deep Away from the surface of the body or the organ


Rostral Towards the front of the brain, nose or mouth


Cranial Closer to the head


Caudal (or deep) Close to the centre of the body or organ
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Planes and directional terms for an adult skull viewed from above.











BODY POSITIONS OTHER THAN THE ANATOMICAL POSITION




Supine Lying horizontal, face up


Prone Lying horizontal, face down


Right lateral recumbent Lying horizontal with the left side of the body on the floor


Left lateral recumbent Lying horizontal with the right side of the body on the floor
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Cross-section through the thorax showing the spine and portions of the ribcage, with planes and anatomical terms indicated.








Movement


The human body is naturally mobile, and there is a whole separate terminology relating to the movement of the bones at the joints. Motions can also be classified according to their planes of movement, such as gliding, angular and linear. Not all muscles or joints have the same extent of movement, however, and some have nomenclature pertaining to a particular body part only, such as eversion and inversion movements of the foot. Movements can also go beyond what we would expect as the normal range, and these terms begin with the prefix ‘hyper’, for example, hyperflexion.


For an artist, direct observation by drawing from life (not from photos or digital interpretations), in conjunction with anatomical study is essential; as we see with our eyes, we can begin to interpret our understanding of all that is happening on and below the skin through our artworks.
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Lateral view of the human skull. Sanguine-coloured pencil.







Abduction Direction of movement away from the median line of the body


Adduction Direction of movement towards the median line of the body


Flexion Bending movement by reducing an angle; for example, bending the legs when moving from a standing to a sitting position


Extension Stretching or extending movement; for example, straightening the legs when changing from a sitting to a standing position


Circumduction Movement of the limb, hand or fingers in a circular motion, using the combination of flexion, adduction, extension and abductions motions


Rotation Pivoting or rotational movement


Eversion Movement of the foot away from the central median plane (see Chapter 2)


Inversion Movement of the foot towards the central median plane (see Chapter 2)





There are many more anatomical terms relating to specific limbs, organs, movement or positions, as well as to medical specialty. For example in MRI (magnetic resonance imaging) and CT (computerised tomography), reference to the left and right sides are as if you are looking at a photograph, for example the left side is seen on the right in the image.


For medical artists, when receiving instructions for an artwork, it is necessary to be familiar with any medical terms and their meanings for the related discipline. If in doubt, always ask for clarification.


Body Systems


The human body can be divided into named systems, each with its own specialism and function.




Integumentary system The skin is the largest system of the body (see Chapter 12)


Skeletal system The structural support inside the body, consisting of the bones and joints that enable movement (see Chapter 2)


Muscular system The muscles and tendons, which affect movement and stability at joints (see Chapter 11)


Cardiovascular system The circulation of blood around the body, transporting oxygen, nutrients and remaining dioxide


Nervous system The nerves that transmit signals between the brain and the body, and from the body back to the brain


Respiratory system Circulates oxygen from the lungs around the body and clears carbon dioxide.


Lymphatic system A drainage network supporting your immunity


Endocrine system The glands and organs that produce hormones


Digestive system The organs related to the process by which we break down food into nutrients for the body and expel waste


Urinary system Filters the blood and removes any waste products via urine


Reproductive system For the creation of the next generation





Other areas related to terminology and bodily systems are covered in the chapters on bony landmarks for the artist (Chapter 3), the important role skin plays in observation and clinical interpretation (Chapter 12), and the artistic depiction of internal systems and organs (Chapter 13).


Additional Terminology


Afferent or innovates Refers to a structure’s approach towards the organ it supplies, for example, a nerve or blood vessel leading to an organ


Efferent Refers to a structure going away from its related organ, for example the venous drainage of an organ


Origin (of muscle) The point of attachment of a muscle to bone; the origin of a muscle does not move during contraction


Insertion (of muscle) The point where the muscle and tendon attach, whether this is to bone or other tissues, and moves when the muscle is contracted; the insertion is usually distal to the origin


Kinesiology The study of the movement of the human body, deriving from the ancient Greek words kinesis, meaning ‘movement’, and logia, meaning the ‘study of’




CHAPTER 2


THE SKELETON


The human body is made up of a myriad of cells, each having its own specialised function and form. When cells come together, they form many different types of tissue within the body, for example, bone, cartilage or muscle tissues. Bone is called osseous tissue, strengthened by the accumulation of calcium and other minerals laid down within the tissues as we grow.


Our bony skeleton is the key structural foundation within our bodies, to which muscles and tendons attach for movement and forms protection for many organs such as the heart and the lungs.


Medical artists need to become knowledgeable in many subjects, including skeletal structure, identifiable bony landmarks and body proportions, alongside how each bone may function and relate to their attachments, encompassing their neighbouring structures and organs.


In this book we will examine the skeleton and musculature relevant to the artist, covering many structural anatomical elements and their visual artistic representation; however, this is not a detailed text on anatomy. A few suggested anatomical texts are listed in the appendix for reference. Anatomical terminology is covered in Chapter 1.


In this section and the following chapter, covering body proportions and bony landmarks for the artist, the artworks have been drawn using coloured pencils, which historically have been used for many scientific and medical illustrations. The softness of the colour suits the nature of the human form, creating detailed yet expressive anatomical works.
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Anterior view of the human skull. Sanguine-coloured pencil.








THE BONY SKELETON


The bony skeleton begins to develop long before we are born, however the growth process continues over many years into adulthood by a process called ossification, whereby cartilage gradually converts into bone. This developmental process creates our individual bodies, giving us our shape and overall proportions. Here and throughout this book, we will concentrate on the adult human skeleton, with a few age variations for comparison.


The principal function of the skeleton is to create a strong support frame for the body. Bones provide protection for our internal organs and are the structures to which our muscles and tendons attach. Bone marrow is also important for creating stem cells (a process called haemopoiesis), a developmental stage for the blood.


We will look at observing and drawing bones in Chapter 9. Combining observation and the study of real skeletal specimens is essential for medical artists.


The adult human skeleton is made up of 206 bones. This number may vary slightly between individuals and does not include additional bones such as the sesamoids. We are born with around 300 bones, initially separated by areas of cartilage that gradually decrease as the bone develops. These 300 bones eventually fuse to form 206 bones that form the human skeleton, making up about 15 per cent of an average person’s body weight. A person’s bones stop growing when they are between sixteen and twenty.


The skeleton can be divided into two main sections:




Axial skeleton The skull (cranium, facial bones and mandible), the spine (vertebrae, sacrum and coccyx) and the ribcage (ribs and sternum).


Appendicular skeleton The arms and legs, plus the points that connect them to the axial skeleton – the shoulders and pelvic girdle. (Page 29).





The axial skeleton provides key structural support for both movement and position. Humans are bipedal; they move on just two legs, which has evolved over millions of years. The skeleton also provides strong protection for all our main organs – the brain within the skull (cranium), the spinal cord within the vertebrae, and the heart and lungs within the ribcage.


The axial skeleton is made up of 80 bones:




Skull The head has 22 bones (fourteen facial bones and eight cranial bones), of which only the mandible, or lower jawbone, is mobile.


Ear Each ear has three ossicles (totalling six). The stapes bone is the smallest bone in the body.


Neck The neck has a single, centrally placed U-shaped bone called the hyoid bone, situated below the tongue and under the mandible.


Spine The spine has 24 vertebrae, with 26 bones in total. Humans fall into the classification of vertebrates – which have a backbone or spine comprising individual vertebrae. The spine has seven cervical vertebrae, twelve thoracic vertebrae and five lumbar vertebrae, concluding with the sacrum and the coccyx (or tailbone), which is made up of four fused bones, a residual feature illustrating humans have evolved and no longer need tails. Each of the vertebrae is separated by a disc made of cartilage. The 23 intervertebral discs provide an essential cushioning effect during movement and flexion of the spine, as well as protecting the spinal cord.


Ribcage There are twelve pairs of ribs, making 24 in total. The upper seven ribs are called ‘true’ ribs, as they attach directly to the sternum, while the remaining ones are called ‘false’ or ‘floating’ ribs, as they don’t attach directly to the sternum. The area created between each rib is known as the intercostal space.
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An infant’s skull viewed from above. The skull is wider at the back and narrower towards the forehead, giving a slight egg-shaped appearance. The shaded areas indicate cartilage, which will gradually fuse together during childhood.
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An adult skull viewed from above. When the separate bones fuse together, occasionally an ‘island’ of bone may be formed between the fused sutures. This is called a ‘womain’ bone.
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Head of the left adult femur (thigh bone), revealing the strong network of calcified bone.








THE AXIAL SKELETON


The Skull


The skull is mainly comprised of bones fixed together with sutures, apart from the mandible (the lower jawbone).


The bones that protect the brain are the parietal, temporal, occipital, sphenoid, ethmoid and frontal bones. Other bones comprise the face and include the maxilla (the upper jaw), zygomatic and the nasal bones forming the piriform aperture.


The hyoid bone is rarely if at all, seen on articulated skeletons, as this does not articulate directly with any other bone. It lies below the mandible and anterior to the larynx. If you raise your chin, and place your fingers gently against your throat area and swallow, you may be able to feel it move. The ‘Adam’s apple’ is a separate structure made of cartilage lying below the hyoid bone, called the thyroid cartilage, which is part of the larynx.


Teeth


Humans have teeth in both the upper jaw (maxilla) and lower jaw (mandible), with each person having two sets of teeth throughout their lifetime, the twenty deciduous (baby) teeth appear (erupt) from birth onwards. These include incisors, canines and molars. Over time, these are gradually replaced with a set of 32 permanent teeth which then include premolars, incisors, canines and molars. Teeth are made of calcium, with adult teeth unable to repair or regenerate themselves. If you lose an adult tooth, you will either have a gap or a replacement fitted by a dentist. Each tooth has its own specific identifying features; details for an excellent guide to their distinguishing features are given in Appendix III.
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Lateral view of the skull with a real skull for comparison.








The Spine


The vertebral column or spine of the body is made up of 24 separate vertebrae, with a further eight or nine fused vertebrae making up the sacrum and coccyx. The vertebrae gradually increase in size from the cervical vertebrae down to the lumbar vertebrae of the lower back.


The spine can be divided into four distinct curvatures, which for an artist are useful to note. The cervical vertebrae are posteriorly concave (anteriorly convex) and give the greatest range of movement, primarily at C1 and C2. The thoracic vertebrae move the least as they are fixed by the ribs and posteriorly are convex (anteriorly concave). The lumbar vertebrae are the largest and posteriorly are concave (anteriorly convex, with a good range of movement). Finally, the sacrum has a posterior convex curve (anteriorly concave).


The positions of the vertebrae within the body are also useful to note. While the cervical vertebrae sit quite centrally in the neck, the thoracic vertebrae are placed more posteriorly to accommodate the internal organs in the chest; then the lumbar vertebrae are positioned almost centrally again, providing structural support for the body above. The spinal column is surrounded by a strong network of ligaments and muscles, allowing for controlled movement and support.


There are seven cervical vertebrae of the neck, labelled C1 to C7. The first two cervical vertebrae, C1 (the atlas) and C2 (the axis), are called 'atypical', because they are unique in their shape and function. They allow significant rotation of the atlas, up to 70 degrees around the dens of the axis. This allows you to turn your head from side to side.


Vertebral Discs


Each vertebra is separated from the next by a disc made of cartilage, designed to support the body's weight and give a certain amount of movement. Overall, the spine has 23 flexible intervertebral discs that provide an essential cushioning effect, protecting the spine and the spinal cord during movement. The lumbar region has the largest discs, which compensate for weight bearing and pressure. The transverse processes of the spine prevent the spine from moving too far sideways. Artists need to be aware of the changes in the discs in relation to spinal movements and compression.
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