
"Learning is the only thing the mind never exhausts, 
never fears and never regrets", Leonardo da Vinci [Figure 1]

Throughout our career as clinicians and investigators, we 
have found that art and science have much in common, par-

ticularly art and medicine. We have questioned how art and sci-
ence are interconnected, how one influences the other. Through 
the history of art and its creations we learned about the holistic 
development of medicine and how the interaction between pa-
tient and physician is realized. Furthermore, science has con-
tributed enormously to the development of advanced techniques 
in art. During our professional training and experience we have 
learned that medicine is the art of healing. 

Diagnosis, prevention, and treatment require continuous pa-
tient–physician interactions. The art of communication is essential 
for building interpersonal confidence. Despite their differing fields 
of research, art and medicine share common configurations in de-
signing and executing tasks, which require intellectual thought, 
imagination, and the ability to actualize the concept professionally.

Investigation, knowledge, and experience were Leonardo’s 
leading principles [1,2], integrating his vast knowledge in his 
masterpieces. He had prodigious faculty of vision with an un-
usual capacity to apprehend the essential and to transfer to the 
canvas exactly whatever he saw [3,4]. Most of his 

are part of the Windsor Royal Collection 
(Windsor Codex) in the United Kingdom [5].



Leonardo was the illegitimate son of Messer Piero Frosino di 
Antonio da Vinci and a young peasant woman named Caterina 
di Meo Lippi. He was born in the Tuscan hills, in the village 
of Vinci. His earlier studies on art date to his apprenticeship in 
Verrocchio's bottega. Verrocchio was a renowned painter and 
sculptor. With him, Leonardo was exposed to theoretical ideas 
and technical skills in art. Leonardo was an autodidact inspired 
by ancient philosophers and scientists who were newly avail-
able at that time by the Venetian press. 

Leonardo left no publications, but rather an extensive, dis-
ordered, and fragmentary collection of notebooks, which are 
difficult to decipher because the of particular style, written in 
the Tuscan dialect [6,7]. His notebooks consist of over 6000 
pages of which 190 deal with anatomy. Through his lifetime 
Leonardo recorded his personal passions and intimacies in the 
notebooks. They were mirror-script, written from right to left, 
with arbitrarily fused and divided words, abbreviations, and 
symbols. The main reason for this strange practice was fear of 
disclosing his personal activities and thoughts to the adversarial 
conceptions at that time and perhaps to prevent plagiarizing his 
inventions and drawings. 

Science in Leonardo’s preceding century was based on 
antiquity texts from scholastics and humanists. Leonardo pi-
oneered a systematic investigation approach in his multiple 
investigations. He had unlimited motivation for knowledge 
based on the model of Aristotle's metaphysical, anthropolog-
ical and aesthetic attitude to man [8,9]. Leonardo was an em-
piricist and followed the Aristotelian idea of going from the 
general to the particular, from analysis, deduction of possible 
causes to a final demonstration of effects by experimentation. 
He established an anatomical and aesthetic dialog with man, 
his external body’s proportions and functional capabilities, 
and his internal mind, thoughts, and fantasies. He considered 
the measurable and the unmeasurable biospheres of the ex-
istence [10]. Leonardo also followed the Platonic tradition, 
which envisioned a systematic, rational treatment of the forms 
and their interrelations. Plato sustained the idea that paintings 
should be closely related to reality, the symbol of perfection, 
and should reflect the shape and colors as they appear. Howev-
er, Leonardo encouraged imagination, fantasy, invention, and 
creativity [11]. In his masterpiece, Mona Lisa, he showed by 
meticulous painting a yellow irregular spot at the inner end of 
the left upper eyelid (Xanthelasma) and a soft tumor at the dor-
sum of the right hand (Lipoma) [12] [Figure 2]. The Sfumato
effect of blurred edges and ambiguous forms of the Mona Lisa 
is apparent in a vibrant abstract way. 

Leonardo's knowledge of colors was elaborated in the 
. It derives from Libran A, dating from 1508–

1510, a lost notebook which Pedretti reconstructed on the basis 
of marginal notes in  [13]. The influence of the 
atmosphere on light and color were caringly tested by Leonardo. 

Leonardo thought that painting facial expressions was imper-
ative since they reflect the human soul. Furthermore, a face that 
does not express feelings lacks life and personal essence [3]. 

Leonardo believed that man is a resemblance of the earth 
in the universe. Man's skeleton supports the body, resembling 
the rocks that support the earth. The muscular system protects 
the body as armored plating. He recognized that water is a vi-
tal humor for earth and man and is an essential component for 
life. He thought that the ramification and subdivision of arteries 
and veins resembled the earth’s multiple rivers and underground 
springs. Leonardo assumed that the heart rhythm, the systole 
and diastole, resembled the periodic high and low tides of the 
sea. He had been obsessed with the water unceasing movement–
its swirling and turbulence–and extensively represented this as-
pect in his master drawings on storm, flood, and deluge [14]. 
Natural catastrophes inherent to nature's power could invoke 
the story of the flood in Genesis and the earth's displacement in 
earthquakes. They could also express Leonardo's own emotion-
al fears of chaos and destruction in his final days. 

The introduction of systemic human cadaveric dissection in the 
14th century was a remarkable moment in the history of medical 
sciences, expanding rapidly to northern Italian cities [15]. In the 



Medieval age social and religious taboos prevailed and rights 
for human dissection were completely illegal [15]. Leonardo’s 
preliminary anatomical studies were inspired by textbooks pre-
pared by Claudius Galen (129–219 CE) and Avicenna (Ali ibn 
Sina) (980–1037 CE). He admired Galen's writings, applying 
some of his dissection techniques on apes [16]. Leonardo fol-
lowed Mondino de Luzzi (1270–1326), a surgeon known as the 
Restorer of Anatomy. He practiced public dissections of human 
cadavers in Bologna, publishing the first modern anatomical 
text  [17]. 

Leonardo worked with Marco Antonio Della Torre, who 
was an expert anatomist and founder of the Anatomical School 
at Padua University [18]. They intended to jointly write an an-
atomical treatise, which was never published because of the 
premature death of the physician. Since Leonardo was not a 
physician, it was illegal for him to dissect bodies on his own. 
Andrea Vesalius, professor of anatomy at Padua University, 
publicized a book based on his dissections in 1543. The book, 

 was blamed for plagiarizing 
Leonardo’s folios, although the arguments were rejected [19].

Comparative anatomy among animals and humans were ex-
tensively studied by Leonardo. His anatomical studies included 
dissections on cows, birds, monkeys, and frogs. They compared 
their anatomical structure with that of humans [20]. Leonardo 
was the first to make an accurate naturalistic illustration of the 
organs in the human body. The drawing of the female torso be-
longs to the category of hypothetical studies combining animal 
dissection with traditional human anatomy. It shows the female 
internal organs in a largely symbolic form, signifying a great 
advance in accuracy over its predecessors and progress in the 
drawing technique by using wash to enhance the relief [Figure 
3]. In his drawing, the uterus is bound to the hips by two pairs 
of ligaments, one pair of which is a misinterpretation of the fal-
lopian tubes.

In approximately 1506 Leonardo met an old man at the San-
ta Maria Nuova Hospital. While sitting on the patient's bed the 
centenarian old man commented, "I am over 100 years old and 
feel nothing wrong with my body other than weakness." Later, 
the patient passed away, without anything seeming amiss. Ac-
cording to Leonardo’s notes and letters, the meeting with this 
centenarian man left a profound impression on him. In Leonar-
do’s subsequent drawings the ancient image of the patient was 
repeated: an old man with immersed mouth, prominent chin, 
cracked lips, and jumbled hair ( , 
1505–1510, Windsor Castle, Royal Library, RL12502). Leonar-
do wrote: "I made an autopsy in order to ascertain the cause of 
so peaceful death." He reported obstruction of blood supply by 
coronary arteries and additional vessels; “they were bent, dry, 
shrunken, and withered". There was degeneration of the blood 
vessels compatible with arteriosclerosis. Leonardo was the first 
to describe the pathology of atheromatosis [21]. He inferred that 
human blood vessels undergo aging deterioration, as “the Arno 

River continuous bouncing of water against the banks results in 
its tortuosity and narrowing.” 

Leonardo's studies of human anatomy included all ages and 
genders. He exposed the mysterious beginning of life through 
his scientific approach and artistic skills. He was aware that his 
drawings of fetuses had a spiritual quality that transcended his 
other anatomical studies. His embryonic studies of the human 
fetus are superb [Figure 4A]. He wrote a paragraph at the bot-
tom of the work: “It is more essay than dissection notes.” 

Leonardo correctly drew the uterus, the uterine artery, the 
vascular system of the vagina, and blood vessels in the umbili-
cal cord. He learned that the fetus is not breathing because it is 
surrounded by fluids and nourished by the mother through the 
vascular system located in the umbilical cord [22]. He antici-
pated the discovery of two separate circulations made later by 
William Harvey (1651) and William Hunter (1774). Leonardo 
wrote in his notebook: “breathing is not necessary because it is 
nourished by the life and food of the mother.” 

Leonardo reported 190 folios devoted to anatomy, 50 fo-
cusing on the heart, accompanied by about 2000 words of 
explanation, multiple views, cross-sectional drawings, ste-



reographic projections of the four ventricular chambers [23]. 
He depicted in detail the heart's structure and function of the 
ventricles, auricles ( 1:3; 2:17; 4:13), 
and the heart valves ( 2:4) [Figure 4B]
The figure shows the heart from the front and rear, following 
Leonardo’s precept that the body parts should be represented 
in more than one view. It is the first anatomical description 

of the coronary arteries. The pulmonary artery was removed 
to allow the three cups of the pulmonary valve to be shown. 
Leonardo precisely drew the heart’s papillary muscle, describ-
ing the dynamic contraction and relaxation, pulsing back and 
forth the veins and arteries. He described synchronized dy-
namics of auricles and ventricles a century before Harvey’s 
greatest contribution to science, the conceptualization of blood 



circulation. Furthermore, he suggested that the friction of the 
swirling blood against the muscle endocardial columns, the 
trabeculae carneae, generates essential heat for the body like 
a stove and then propels the blood through the blood vessels 
( ). 

Leonardo contributed to the fields of neuroanatomy and neu-
rophysiology [24]. He applied his innovative methods to map 
hollow cavities in the human brain by injecting molding mate-
rial as molten wax into the ox and human brain, providing the 
castoff of ventricles and ventilation holes. In anatomical studies 
he drew skull views with the internal brain configuration and 
the cranial nerves, including the optic nerve tract from the eyes 
to the brain [Figure 4C]. The studies of the skull were the ear-
ly anthropometric drawings by Leonardo, sectioning the skull 
vertically and horizontally intending to illustrate the anatomi-
cal features with exact geometrical proportions [Figure 4D]. He 
tried to understand how the eyes actually work. 

Leonardo da Vinci read about the  and used 
it as a model of the eye, finding similarities between them and 
the possible linking with the eye physiology ( ). 
He saw that the eye with the lens and the pupil must function 
in the same way. Leonardo listed and remarked that the visu-
al impressions are cardinal in the processing of the brain and 
mental functions. Leonardo hypothesized that the anterior ven-
tricle collects the visual impressions by the  (receiv-
er), elaborates and sends them to the so-called 
located in the third ventricle, above the pituitary fossa [25]. He 
thought that the posterior lateral ventricles store the memory for 
the future. The  was considered the chief of all 
senses, where all perceptions of sight, sound, and touch were 
believed to be gathered. This area was considered the seat of the 
soul that activates the entire body. 

It is about 5 centuries since Leonardo performed his first artistic 
works and dissections, a period of numerous empirical observa-
tions and illustrations dealing with the nature and man. He was 
fully attached and dedicated to the values he believed, a role 
model for both scientists and artists. It is absolutely not neces-
sary to define whether Leonardo was more of an outstanding 
artist or a brilliant scientist. He combined both fields with great 
harmony and in an exceptional way. 
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