Photography in
Clinical Medicine

Paola Pasquali
Editor

2 Springer



Photography in Clinical Medicine



Paola Pasquali
Editor

Photography in Clinical
Medicine

@ Springer



Editor

Paola Pasquali

Department of Dermatology
Pius Hospital de Valls
Tarragona

Spain

ISBN 978-3-030-24543-6 ISBN 978-3-030-24544-3  (eBook)
https://doi.org/10.1007/978-3-030-24544-3

© Springer Nature Switzerland AG 2020

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or
part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way,
and transmission or information storage and retrieval, electronic adaptation, computer software,
or by similar or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are
exempt from the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in
this book are believed to be true and accurate at the date of publication. Neither the publisher nor
the authors or the editors give a warranty, expressed or implied, with respect to the material
contained herein or for any errors or omissions that may have been made. The publisher remains
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-030-24544-3

To my father



Foreword 1

Since the beginning of photography in the 1830s, this newly invented tech-
nique has been instantly used in all areas of medicine and science for docu-
mentation purposes.

And if we look at the development, today we cannot live without photo-
graphic pictures. From the once analogous daguerreotype to today’s digital
age, the medium has undergone various interesting intermediate stages.

It will not take much longer that the last human is able to take a picture of
his world environment at any time and send it immediately to the other end of
the world.

The dermatologist Paola Pasquali recognized early the importance of pho-
tography for medicine and especially for dermatology.

Early on in this medical discipline, illustrations and photographs were
used for student instruction and documentation.

In her publication Photography in Clinical Medicine, she not only
describes the technical, historical process from a very personal point of view
but also deals with the general language of photography.

How true is a photograph? Can photography also lie? Is a photo always a
document? What else could we never see without photography?

What influence does photography have on social contexts?

Photography lets us share the lives of others and lets us see what we would
normally never see.

Psychiatry, war and death, and also the forensic side of the police with its
“mugshots” are the subject of consideration by Paola Pasquali.

The interesting field of Alphonse Bertillon’s anthropometric system for
the first person identification allows her to think about the portrait in
science.

She quotes Roland Barthes and describes her view on various photo books.
Women in medical photography as well as a look at the undefined limits
between science and art ultimately let them end up into the many interna-
tional archives whose resources are immensely important to scientists. She
also asks if we have the right to publish pictures that show people only as
freaks.
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Foreword 1

The many selected and sometimes rare pictures show a very personal view
on the field of medical photography. Their focus does not claim to be com-
plete or systematic.

You can feel that Paola Pasquali has fun and interest in dealing with this
large and seemingly confusing medium of medical photography.

2019 Wilfred H. G. Neuse, DGPH
Photograph and Multimedia-Artist



Foreword 2

Since its invention, photography has played a critical role in the practice of
medicine, especially for visual specialties such as dermatology. It serves as a
means of precise documentation of disease or procedures as well as a method
of communication and a vital educational tool. The detailed information con-
tained within Photography in Clinical Medicine successfully counters the
lament that health care professionals no longer possess the necessary skills
required for high-quality medical photography. In addition to providing a
firm foundation in basic principles of photography and attendant key equip-
ment, there is a series of specific chapters that contain both theoretical and
practical insights into a wide range of topics from 3D imaging to digital der-
moscopy. Another useful aspect of this book is its attention to multiple medi-
cal specialties, including ophthalmology and gastroenterology, as well as
dentistry and veterinary medicine. There are also relevant discussions of
more modern issues such as HIPAA compliance and interfacing with digital
platforms including social media. In summary, acquiring the knowledge con-
tained within this book will lead to a quantum leap in photographic skills and
expertise.

November 2020 Jean L. Bolognia
Yale School of Medicine
New Haven, CT, USA



Preface

Hence the soul never thinks without a mental image.
“On the Soul”, Aristotle (384 a. C.-322 a. C)

The line between the reality that is photographed because it seems beautiful
to us and the reality that seems beautiful because it has been photographed is
very narrow...

“The adventure of a photographer”, Italo Calvino (1955)

I photograph what I do not wish to paint and paint what I cannot photograph.
“Man Ray (1977)”

Photography has been used in the medical field almost from its beginning.
Doctors saw it clearly from the start: image is power. Shooting that first medi-
cal photograph was like the firing of a starting pistol that marked the begin-
ning of the modern era of medical knowledge. Photography was the spaceship
with which medicine and doctors would transcend in time. Medicine sud-
denly shifted from the subjective field of fine arts into objective photography-
based evidence. Objectivity, that word that leaves a sweet flavor in a scientific
mind; transcendence, another dear word. Both concepts materialized first by
the invention of printing and later by photography, and both democratized
knowledge, making it available to almost everyone regardless of distance.

But the image was more potent and far reaching because it overcomes
common communication barriers: humanity shares a common language for
reading images.

It all started as a game: curiosity had physicians photograph the bizarre,
the all-that-is-not-me; then came the systematic imaging of every aspect
related to health and disease. Calvino wrote in The adventure of a photogra-
pher: “The minute you start saying something, ‘Ah, how beautiful! We must
photograph it!’ you are already close to the view of the person who thinks
that everything that is not photographed is lost, as if it had never existed.”
The beginning was at first just a Memory Game, where users tried to find the
matching pairs. But the mind always plays funny tricks and those hundreds of
images that pass in front of our eyes took us a step forward and patterns of
recognition were soon part of our diagnostic schemes.

Hitchcock’s psychological thriller Vertigo is what comes into mind when
we hear that 14.58 million photos are uploaded per hour only on Facebook.

Xi
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Preface

Humanity is becoming reduced to an image. But in medicine, numbers
become irrelevant: it is quality that counts. Medical photographs need to be
excellent if they are taken for teaching, getting second opinions, monitoring
treatments, building libraries of images to feed algorithms, etc. and all brings
us back to the our main goal: help patients.

Quality of image requires understanding basic concepts of photography
and secondly, applying them to standardize images. Comparability is a must.
Each specialty has developed its own guidelines; some more formalized than
others. The ABCs for proper medical photography have been created or need
to be improved.

Once the standards are met, the potential for using photography to improve
medical care becomes infinite. Comparison, extrapolation, projections, moni-
toring, post-processing, diagnosing, pattern recognition, big data, and artifi-
cial intelligence, facial recognition: an avalanche of concepts come to mind,
each opening a new door and then another one—a matrioska of possibilities
just a click away from us.

No wonder many doctors become professional photographers. They spend
their days looking at life and death through a lens, registering diseases and
cures as photograms. Once trapped in this spiral of light, it is difficult to be
free again.

But photographs are not restricted to family photo albums anymore: they
are shared in the cloud. That medical information we have so zealously main-
tained out of the public eye is becoming accessible, voluntarily or not, to
many: laypeople, government, hackers. Cybersecurity becomes an issue.

Photography is turning almost 200 years old. And the first patient’s photo-
graphs are being exposed in museum. How many years will it take to see our
own patients be part of an exhibition? And how are we going to preserve all
this iconographic material? What is the best way to store this enormous
amount of information generated by the seconds? How should we teach
future generations the concepts behind what seems to be a simple act of tak-
ing a picture? How do we cope with media obsolescence? Do we really need
a sharp image to make a diagnosis? Will the future of medicine be so over-
taken by image that we will treat photos? Is it correct to take and use these
images just under the justification that “it is for your own good?”

The quest to answer some of these questions had me contact professionals
from many fields: medicine, photography, philosophy, sociology, scientists,
specialists in cybersecurity. Just because medical photography is more than
registering for a health record, it ceased being a domestic issue: it is part of an
interconnected and complex word, a new way of existing. Medical
Photography is no longer a medical issue.

This book is just the beginning. I know and in fact hope many new facets
that have not been dealt with of this largely neglected and still powerful imag-
ing technique will enrich future editions. These two centuries of photography
and its frenetic and continuous growth are an indication that we have not even
close to the end: this is just the beginning of an amazing journey in the world
of imaging.

Tarragona, Spain Paola Pasquali
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1.1 Introduction Masks from Africa showing the impact of dis-

Iconographic representation of disease has been
present from the beginning of humankind. The
first medical representations were probably not
meant to be part of any educational material or to
shape a body of categorized observations. These
medical paintings, sculptures, and engravings
probably reflected a simple observation of the
body during disease processes. As such, they
have helped us know which diseases were present
in the past. Portraying healers practicing their
professions was not part of the first representa-
tions of medicine. Iconographing healers came
later probably to dignify the profession and to
project an aura of professionalism in manner that
physicians do nowadays.

P. Pasquali (D<)
Department of Dermatology, Pius Hospital de Valls,
Valls, Tarragona, Spain

© Springer Nature Switzerland AG 2020

eases like leprosy or yaws (Fig. 1.1), ancient
Egyptian doctors taking care of teeth conditions,
brick colored Greek vases with black paintings of
sick people, tumi knives used in rituals, sacri-
fices, blood transfusions, amputations, cranial
trepanations like those of Inca medicine with
90% survival are but some of the numerous
examples of medical conditions representations
in past iconography.

But the lack of reproducibility made each of
these objects unique. Illustrations or sculptures
were mere interpretations of reality and each
copy included omissions and changes. Science
needed medical imagery and written information
that could be reproduced in large numbers to
guarantee spreading of knowledge. This repro-
ducibility needed to be low-cost and capable of
generating identical copies. Spreading knowl-
edge required numbers, quality, and similarity of
details for each reproduction.

P. Pasquali (ed.), Photography in Clinical Medicine, https://doi.org/10.1007/978-3-030-24544-3_1
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Fig. 1.1 Mask Representing a Diseased Face, Guinea
Coast, Nigeria, early to mid-20th century, wood and pig-
ment. (Figure under Public Domain, from the The Yale
University Art Gallery, donated by Charles B. Benenson,
B.A. 1933, Collection Nr. 2006.51.295, CCBY)

Much of the preservation of medical infor-
mation from Antiquity was the work done
inside monasteries of the Middle Ages.
Knowledge was hand written into manuscripts
transcribed by monks. They were at those times
among the few capable to read and write:
scribes were an elite. But transcriptions are
always interpretations. Small modifications
were inevitably added, especially when copy-
ing paintings. Changes could also be included
for social, political, or religious reasons. The
copyists of the European Middle Ages and the
Renaissance were the distant and more profes-
sional descendants of those scribes of the
nascent Christianity that Christ called “snakes,

offspring of vipers” (Mt 23: 1-33) for their fre-
quent adulteration of the Scriptures.

For Cazort M [1], two major developments
happened at around 1500 that affected scientific
illustration into what became in present time:

1. A drastic change in scientific methodology.
Up until then, nobody refuted those principles
of authority inherited from old masters, so-
called the Writings of the Fathers. The sole
pretention could be considered heresy.
Aristotle, Plato, or Galeno’s ideas on science
and medicine were repeated one generation
after another until the Renaissance. From this
point forward, man tried to understand and
dominate nature, to question it. The old prin-
ciples started to be examined, and these were
mostly rejected. Natural phenomena were ana-
lyzed and theories were born from observa-
tions. Humanism is the philosophical and
ethical stance that emphasizes the value and
agency of human beings, individually and col-
lectively, and generally prefers critical think-
ing and evidence (rationalism and empiricism)
over acceptance of dogma or superstition.
Vesalius [2], considered the father of human
anatomy, wrote and published his findings that
were the result of direct observation and not
hand-downs from Galeno’s work which had
mostly been done on other animal species and
assumed as identical to humans. Before the
Renascence, nature was explained using myths
but from this point on, men stopped being
afraid of nature. Medieval conceptualism gave
way to empiricism despite the reactions of the
traditionalists. Du Bois, teacher of Vesalius,
accuses him of “madness” for his attempt to
discredit Galenic teachings. Vesalius authored
De humani corporis fabrica (On the Fabric of
the Human Body, 1543), a milestone that
marked a huge change toward the development
and knowledge of modern medicine (Fig. 1.2).

This shift in scientific methodology signi-
fied the birth of modern science.

2. Illustration was recognized as integral to
knowledge dissemination. Art and science
confluence in their interest for anatomy.
Vesalius had the illustrations made by Jan
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Fig. 1.2 Andrea Vesalius, Flemish anatomist (left) and
one of the anatomical illustrations (right) from his works
De humani corporis fabrica (1543) (Figure under Public

Steven van Calcar [3], a German born Italian
painter that trained with Tiziano. The printing
was done from engravings on wood (xylogra-
phy). Vesalius innovation was not just on sci-
ence but also on editorial concepts and its
aesthetics [4]. Leonardo studied anatomy as a
scientist [5] (Fig. 1.3) and combined the study
of structure with the study of function. Both
Vesalius and Leonardo worked on human
dissection.

The mathematics behind perspective as we
know it today was also born in Italian Renaissance.
The new conventions were applied both to anat-
omy and architecture [6]. Leonardo’s Vitruvian
man (L’Uomo di Vitruvio) with its ideal body
proportions (Golden ratio) is one of the best
example of this merging of concepts. The use to
represent progression development of living
organisms became another theme present in illus-
trations, both in anatomical plaques as in botani-
cal ones [1].

o ANDREAS VESALII BEVXELLENNIS

Domain, from Portrait of Andreas Vesalius (1514—1564)
A. Vesalius, De humani corporis fabrica libri septem.
Wellcome Collection. CC BY)

1.2  The Printing Revolution
By around 1450, less than 8% of the population
in Europe knew how to read. Gutenberg’s print-
ing system democratized reading and dissemi-
nated knowledge like never before [7]. Printing
had an impact on the spreading of knowledge,
and medicine was not exception to this
revolution.

The search for verisimilitude has always being
a concern to both artist and scientists. Printing
guaranteed spreading of information but not nec-
essarily its credibility. Versatility related to the
origin of the source of information and if the
source was an antique text or a word-of-mouth, it
could result in an erroneous interpretations as
was the case of Albrecht Diirer’s rhinoceros rep-
resentation which was copied for centuries as a
“a real rhinoceros” [1, 8] (Fig. 1.4).

One fundamental practical problem was how
the scientist could make sure that the ‘“artist”
depicted what was seen or discovered by scien-
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Fig. 1.3 Leonardo da Vinci (1452-1519) (left) and the
manuscript on eye and vision (right) (Figure under Public
Domain, from Leonardo da Vinci. Line engraving by
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Fig. 1.4 Albrecht Diirer’s rhinoceros (1515) (Figure
under Public Domain, from The Rhinoceros, Woodcut,
Gift of Junius Spencer Morgan, 1919, The Metropolitan
Museum of Art, CCBY)

tists in an “objective” manner. Some skilled sci-
entists did the illustrations themselves, but, in
most cases, they needed to relay on an artist, giv-
ing place to a new re-interpretation. This artist’s
mediation was not always negative as it could be
used to emphasize certain aspects and eliminate
confusing or unnecessary features [9].

i o sals avir b

hdssenmrs ¢
A AYoRTIe o
o §

o B Limenser wnilies % gomsipniadsd

i S
FER AT

g,
T i
Eifine ey

Hlew cakins,

e r* "‘Lr'p- ¥ oa

b e w
i

R. Morghen after Leonardo, and Leonardo da Vinci. On
the eye and vision. Wellcome Collection. CCBY)

Methodology gave rise to scientific collec-
tions which became the first museums. One issue
was the selection of what was a representative of
normality. Very soon, there were illustrations of
the deviant and illustrations for the normal, a
trend that came down to the era of photography.

Another convention that was later incorpo-
rated into photography was depicting facial
expressions as a mean to “read the mind” and
understanding human soul (Fig. 1.5). These
expressions of emotion were often related to
animals as found in Giovanni Battista della
Porta (1535-1615) [10] a pioneer in the use of
camera oscura and author of “De Humana
Physiognomonia”. He based his non-scientific
idea that physical features could be tied to phys-
iological and moral traits and explored the hid-
den “sympathies” between animals and humans
(Fig. 1.6).

In spite of recognizing the importance of
images in describing nature, the first medical
illustrations and later photographs have always
used text to emphasize, explain, and point out rel-
evant information. The discussion of the complex
relationships between image and text goes
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A

Fig. 1.5 Henri Testelin (1616—-1695), the expressions (1696) (Figure under Public Domain, from The expressions,
Etching, Rogers Fund, 1968, The Metropolitan Museum of Art, CCBY)

beyond the scope of this chapter; texts in medical
images have always been there to help the viewer
look selectively and reduce other interpretations
which are possible even when the “objective”
means of imaging like photography came into
use.

Just as perspective improved imagery of medi-
cal illustrations, tri-dimensionality added real-
ism. One example is found in a book titled Toshin
Seiyo (The essentials of smallpox) written by
Japanese doctor Kanda Gensen (c. 1670-1746).
The uniqueness of this book lies in the use of tex-
turized pages which give a realistic aspect to a
disease that frequently left disfiguring scars
(Fig. 1.7) [11]. Wax moulage (molds) is another
example of this search for tri-dimensionality as
applied for scientific bi-dimensional knowledge.

During the eighteenth century, medical illus-
tration moved away from beautified images into
“warts and all” depictions (Fig. 1.8). The beauti-

fication of images played a role in what Kemp M.
calls “the rhetoric of imagery” [8]. These new
representations worked as visual pointers to the
claim of depicting “real life” and were part of
establishing an image of civility to the anato-
mist’s profession and “its claim to reveal the
observed truth.” This style was gradually replaced
by a more “objective” “non-style” anatomical
plate whose perfect expression is found in the
nineteenth-century Gray’s anatomy.

In 1831, Jean-Baptiste Marc Bourgery began
to work on what ended up as an eight-volume
masterpieced Traité complet de ’anatomie de
I’homme comprenant la médecine operatoire
[12]. The illustrations were done by artist Henri
Jacob together with a team of painters. Jacob had
been a student of the renowned French painter
Jacques-Louis David. The engravings were
directly painted on stone (lithography), with ink
and greasy pencils (Fig. 1.9).



P. Pasquali

LIBER" SECUNDVS
. DeCapite. . Cap.. 1.,

"""'f"

"__ 0'S cum e AriSlotel st id doJ
N; S e e

Hetabels maximam bubonis Viackii ¢ e b, S
N s, quen WA WA T O B
eviiuarue fudiefifimi aferuaser , nﬂ,im“.

\ Olemen, d-)ddmatmmml’ frognomonicis , caput , tudine exu-
Ppmu, obtufi, @u&a&thmagbmwdm w!&?:mmﬂh
Enormeca Wpcﬁnmdbm wergit, fenfi, o) wirtute carere do-
xit: & Paslopofl. Immenfam autem ful: idum, a-wﬁmmmudmlc Ariflote-
. Les libro de fommo. ¢ovigrliaait. Q\nump uupucxmmﬁw-nbﬁﬁmm
 quoamplius oft recepraculum,co plus item capias meﬁ:ﬂ - Inmanis,five premilionibus vaporum
- muliisudinis Vis adcaput furrigitur , quoniam gr. i am, 5
| Yero copiofe . af:,;w remect confequens oft, [ed lentius, quia infitus caler wim tantum
Al euaporationis ?arqué'dc mﬁm'r o in fuis P OEROMmOnICis in 2 [on-
: afcm,mh:mﬁ »unu.dqﬂm Capitis ma [ z{‘;m yﬂmrlh!ﬁ;ﬁ;

Guam virtutis excfﬂm indicat . Ego ad afi w'ﬁ'ﬂ' quorum “P"‘J’ ande, o) h

E s “m.jw,wm: Aues
P Jm{:fmm!ﬂ: enormia {rmpn&wmapdhlmgw
g xqawm Onidis Mﬂh&c
- - e bu—

Fig. 1.6 Maximum Caput, from Giambattista della Porta (1586) (Figure under Public Domain, from De humana physi-

ognomonia, libri IIII, page 29, National Library of Medicine, CCBY)
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Fig. 1.7 Hand-drawn and textured page from a rare
Japanese treatise on smallpox—The Essentials of
Smallpox, ca. 1720, written by the Japanese doctor Kanda

Gensen (1670-1746). (Figure under Public Domain, from
Toshin seiyo, Wellcome Collection. CC BY)

Fig. 1.8 On the left, a beautiful anatomical illustration
from Bernhard Siegfried Albinus (1697-1770). The set-
ting reminds a painting with the body posing over a pic-
turesque background. It represents a ‘“beautified”
anatomical representation. The right image is from

Anatomia Uteri Humani Gravidi (1774) by William
Hunter. It is a direct portrait, “wart and all” (Figure under
Public Domain, from Anatomia uteri humani gravidi tabu-
lis illustrata, Hunter William, The National Library of
Medicine. CC BY)
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Fig. 1.9 On the left, the litography portrait of the anato-
mist Jean-Baptiste Marc Bourgery (1797-1849) by Maurir
(Figure under Public Domain, Wikipedia Commons,
http://resource.nlm.nih.gov/101408861 CCBY) and on the
right, an anatomical plate on the perforation of the frontal

1.3  Scientists Borrowing Artist’s

Conventions

There are many examples of this continuous
“borrowing from” between artists and scientist
which still continuous today. In 1835, Dr. Peter
Parker, a reverend and surgeon from Yale
University, established the first American hospi-
tal in Guangzhou (China). He asked artist Lam
Qua (1801-1860) to paint a series of portraits
illustrating patients with large tumors [13]
(Fig. 1.10). These paintings were first done on
rice paper, but later on they were done on oil can-
vas. The style followed conventions taken from
European paintings. Later, Lam Qua became the
first Chinese portrait artist to expose in the
Western world (Fig. 1.11). Etienne Pariset (1770—
1847)—a French physician and psychiatrist asso-

sinuses, a lithography by Bourgery himself (Figure under
Public Domain, from Anatomy Icnonography, 1841, Tomo
II, Plate 16, Bourgery and Jacob, Wellcome Collection.
CCBY.)

ciated with the Salpétriere Hospital—did research
on infectious disease in Syria, Egypt (he was a
good friend of archaeologist Jean-Frangois
Champollion, who deciphered hieroglyphs) [14],
and Spain. In his book titled Observations sur la
fievre jaune faites a Cadix (1819) includes a
series of illustrations that show the deteriorating
changes on a patient with yellow fever. This
sequence of images follows a convention later
used in photography for monitoring or “before
and after” photographs (Fig. 1.12).

Posing of early medical photography was
another convention inherited from the early
forms of medical illustration [15]. Figure 1.13
shows the awkwardness of posing as in the
attempt to balance two demands: a heroic and
dignified pose appropriate for a war veteran and
that of a medical image to show a lesion.


http://resource.nlm.nih.gov/101408861
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Fig. 1.10 (Lam Qua /1801-1860) paintings from the Portrait 32, man with amputated arm (Reproduced with
Peter Parker collection. Left: portrait number 7, showinga ~ permission from the Harvey Cushing/John Hay Whitney
woman with a tumor on the bridge of her nose. Right: ~Medical Library, Yale University)

Fig.1.11 Lam Qua
working in his studio
(c.1868) photographed
by John Thomson
(Figure under Public
Domain, from the
Wellcome Library,
London, Iconographic
Collection, Photo
number L0055677,
http://catalogue.
wellcomelibrary.org/
record=b1177718,
CCBY)

>
#
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Fig. 1.12 Illustration from the book Observations sur la fiévre jaune, faites 4 Cadix, 1819 by Etienne Pariset. (Figure
under Public Domain, from the Wellcome Collection https://wellcomecollection.org/works/neg7rqg6. CCBY)
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Fig. 1.13 Posing the Subject of Early Medical
Photography by Chris Amirault. Reprinted from
Discourse: Journal for Theoretical Studies in Media and
Culture, Vol. 16, No. 2. Copyright © 2 Wayne State
University Press, with the permission of Wayne State
University Press

1.4 Drawing and Advertising

The University of California, San Francisco
(UCSF), maintains a collection of 400 health-
themed woodblock prints from nineteenth-
century Japan. The collection includes drug
advertisements, treatments for contagious dis-
eases, and human anatomy. Their period of pro-
duction extends from around from the late Eado
period (1603-1868) to the early Meiji period
(1868-1912) which corresponds to Japan’s
beginning to open to Western world. They pro-
vide evidence for the effect of Western medical
science on local beliefs and practices (Fig. 1.14).
Medical illustrations were used to teach but also
had the advantage of making books more attrac-
tive and competitive [8].

The following chapters will deal with the fas-
cinating history of medical illustration in two
medical specialties: dermatology and veterinary.
They are not the soles with a rich heritage: oph-
thalmology, gynecology, and many others could
fill entire books. All together are a part of the
ancestors of photography and their need to leav-
ing a visual testimony of disease.

Fig. 1.14 Left: Hashika yojoben (advice on caring for
measles patients) medical woodblock print by Utagawa
Yoshitora, late Edo and early Meiji 19th-century period,
Japan (Figure under Public Domain, UCSF Japanese

Woodblock Print Collection, CCBY) Right. Woodblock
technique, Ukiyo-e workshop by David Monniaux,
Tsukuba, Japan (Figure under Public Domain, Wikimedia
Commons, CCBY)
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2.1 Introduction the concept and representing it with quality was

Dermatology is a visual discipline. You cannot
learn dermatology without the help of images. No
matter how good and detailed is a clinical descrip-
tion done, it is essential to see it represented
graphically in order to understand it well [1].
Obviously, illustrating a medical book before
having the photographic technique was not easy.
It was necessary to find an artist capable of mak-
ing a clinical illustration with artistic quality for
which it was necessary that he/she understood
what was needed to be transmitted. Understanding
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Académic de la Reial Academia de Medicina de
Catalunya, Barcelona, Spain
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fundamental for making the correct diagnosis. It
was not always easy to find profane artists in
medicine who reflected the symptomatology
well. At first, the most used techniques to repro-
duce diseases were drawings. Shortly after, the
practice of watercolor was extended since it was
faster to make and showed different tones that
gave a much more vivid and real representation
of colors. Some collections of great artistic merit
are still preserved today. Oil painting was much
less frequent as it was more expensive and slower

to apply.

15

P. Pasquali (ed.), Photography in Clinical Medicine, https://doi.org/10.1007/978-3-030-24544-3_2

2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24544-3_2&domain=pdf
https://doi.org/10.1007/978-3-030-24544-3_2#DOI

16

X. Sierra

2.2  The Clinic Represented
in the Painting (Seventeenth

to Eighteenth Century)

It is generally considered that the birth of derma-
tology as a medical specialty took place at the
beginning of nineteenth century; however, curi-
osity about the disease started much earlier. In
the Royal Courts of the seventeenth century, for
example, it was customary to give shelter to peo-
ple with disfiguring medical conditions. They
were displayed in front of the court: their disease
became a part of a show, a rarity worthy of being
exhibited. Achondroplastic or pituitary dwarfs,
cretins, males with hypertrichosis lanuginosa,
bearded women, or other pathological states were
part of buffoons or servants and exhibited as
whims of nature. Many of them were painted to
perpetuate the observation of such anomalies.
Suffice it to recall the jesters of Veldzquez or Van
der Hamen, some paintings of Sdnchez Cotan,
Italian female from the first Baroque period

Fig. 2.1 Portrait of Tognina Gonsalvus (b. 1580) painted
by Lavinia Fontana (1552-1614). In this painting, Antonia
(Antoinette or Tognina)’s hypertrichosis was exposed
rather than masked. Collection of Chateaux de Blois.
(Figure under Public Domain, Wikimedia Commons,
CCBY)

Lavinia Fontana (Fig. 2.1), or paintings of the
castle of Ambras. The taste for the odd, for the
monstrous, and for the shocking was a character-
istic of the Baroque era, and these collections of
human pathology gave prestige to those who pos-
sessed them [2].

Not all the pathological cases were to be
found with the courts, and still artists managed
to perpetuate their existence. This is the case of
Magdalena Ventura, a woman from the Italian
Abruzzo who presented a striking hirsutism,
probably secondary to a tumor or adrenal hyper-
plasia. Jusepe de Ribera (José de Ribera, Josep
de Ribera, also called Lo Spagnoletto; around
1591-1652) was a Spanish-Italian Tenebrist
painter who recorded her case in a painting
called “The Bearded Woman” under the com-
mission of his regular patron, Fernando Afan de
Ribera y Téllez-Girén, Duque of Alcald and
Viceroy of Naples. The latter had heard of the
existence of this woman and brought her to court
to be painted. She was represented breastfeeding
her youngest child, as a visible demonstration of
her motherhood and not an intersexual state. The
detailed clinical history that was attached to one
side of the chart demonstrated the scientific
interest in perpetuating the case (Fig. 2.2).

The lllustrations
in the Dermatology Treatises
(1798-1850)

2.3

Leaving aside the aforementioned representa-
tions of the disease in the painting and that were
specific cases, the representation of the disease
posed very different problems. The idea was to
include images in books destined to transmit
medical knowledge, and therefore reach a large
distribution, which entailed many technical and
economic difficulties. Until the eighteenth cen-
tury, only some engravings and xylographs tried
to alleviate the iconographic shortage of this
period. This would explain why we do not find
any image in the works of Turner (1667-1714)
[3], Plenck (1735-1807) [4], or Chiarugi (1759-
1820) [5]. The edition of Sauvages’s work (1706—
1767) [6] included four colored engravings.
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Fig. 2.2 Portrait of Magdalena (Maddalena) Ventura
with Her Husband and Son, painted by Ribera in 1631.
Prado Museum in Madrid. (Figure under Public Domain,
Wikimedia Commons, CCBY)

The first profusely illustrated work coincides
with the first great dermatological classification.
Robert Willan (1757-1812) classified the dis-
eases of the skin according to the type of elemen-
tary lesions. He is considered a pioneer in
morphology. Willan was also the first to recog-
nize the importance of illustrations in the descrip-
tion of skin disorders. From 1786, he began to
collect drawings accompanied by descriptions of
certain skin conditions. Later, he perfected the
graphic representations, many of which were
engraved on copper plates.

A great idea was taking shape: to gather illus-
trations and comments for his textbook, which
would make its classification much more com-
prehensible and didactic. He created the first atlas
of skin diseases containing color picture. The
work was published between 1796 and 1808, in
four parts [7]. For the first time in history, a text-
book had 30 colored illustrations by hand. The
plates had been made by various artists, and

Fig. 2.3 Ichtiosis Faciei (Willan and Bateman). (Figure
under Public Domain, from the Wellcome Collection
https://wellcomecollection.org/works/mxsykwmy/items?
canvas=1&langCode=eng&sierrald=b30450007. CCBY)

Willan himself had supervised and retouched
them. The drawing was primitive, and could not
transmit all the richness of the clinical image, but
it had its utility.

In his book On Cutaneous Diseases, the illus-
trations present only four of the original eight
orders of the system since Willan died before
being able to complete his work. But his disciple
Thomas Bateman (1778-1821) completed the wil-
lanist doctrine from the dermatological point of
view [8]. He had the property of his master’s
engravings, and was able to complete the iconog-
raphy, adding some new drawings that he made
himself, with the help of the engraver Stewart. The
atlas [9] was published between 1814 and 1817.
Steward’s artistic talent was evident: the new illus-
trations were considerably better than the ones
found on the earlier version (Figs. 2.3 and 2.4).

The Portuguese doctor and botanist Bernardino
Anténio Gomes (1769-1823)—with willanista
orientation—published a treatise that included


https://wellcomecollection.org/works/mxsykwmy/items?canvas=1&langCode=eng&sierraId=b30450007
https://wellcomecollection.org/works/mxsykwmy/items?canvas=1&langCode=eng&sierraId=b30450007
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Fig. 2.4 Eczema rubrum (Willan and Bateman). (Figure
under Public Domain, from the Wellcome Collection
https://wellcomecollection.org/works/mxsykwmy/items?
canvas=1&langCode=eng&sierrald=b30450007. CCBY)

two sheets of extraordinary quality made with an
engraving technique called chalcography that
uses copper plates for printing and illustrations.
The drawings were done by J. Paltiere of Rio de
Janeiro and the engraving by Van den Berghe in
Paris [10] (Fig. 2.5).

Around the same period, at the Saint-Louis
Hospital in Paris, Jean-Louis Alibert (1768-
1837) was attempting to generate his own classi-
fication of skin diseases, based on botanist’
Linnaean method. In 1806, before the appearance
of the last volume of Willan’s work, Alibert pub-
lished his Description des maladies de la peau
that included 53 hand-colored engravings [11].
Alibert was probably unaware of Willan’s work,
reason for which he considered himself to be the
first to use illustrations as a didactic complement.
The plates on Alibert’s book had a large size
(36 x 56 cm) and extraordinary quality, exceed-
ing in clarity and detail those of Willan and
Bateman’s (Figs. 2.6 and 2.7). In the work second
edition, made in Brussels, the illustrations were
perfected, increasing in number and colors [12].

Fig. 2.5 Bernardino Gomes, Preto Bubas (1820). Preto
com Boubas, from the book Ensaio dermosographico ou
succinta esystematica descripcdo das doengas cutaneas
(1820) by Bernardino Gomes. (22 x 13 cm)

Fig. 2.6 Syphilide pustuleuse en grappe, from the book
Description des maladies de la peau by Jean-Louis Alibert
(1806) (Figure under Public Domain, Wikimedia
Commons, CCBY)
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Fig. 2.7 Mycosis fongoide, from the book Description
des maladies de la peau by Jean-Louis Alibert (Figure
under Public Domain, Wikimedia Commons, CCBY)

Fig. 2.8 Jean Louis
Alibert’s Arbre de
dermatoses (1833)
(Figure under Public
Domain, Wikimedia
Commons, CCBY)

In the work published in 1835, the author includes
his famous Arbre des dermatoses (Tree of derma-
tosis), symbol of his classification system [13]
and seed of what we know today as infographic
(Fig. 2.8).

On a more serene and objective tone are the
illustrations found in the work of Pierre Louis
Alphée Cazenave (1795-1877), disciple of
Laurent-Théodore Biett, in which the colors are
less bright and their realism closer to reality [14]
(Fig. 2.9). One of his illustrations is very curious
and shows various skin diseases on the same
human body. This image, which had been used in
the few representations of medieval skin diseases,
is unusual for the nineteenth century (Fig. 2.10).

Pierre Francois Rayer (1793-1867) chose to
group all affections of the same group on the same
plate [15]. Probably, in addition to the nosological
interest that it may represent to gather the same
category of injuries, the intention was to reduce
editorial costs. They were published in the form of
atlas, as a separate complement to the text. The
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Fig.2.9 Impetigo (Cazenave, 1856) (Figure under Public
Domain, from the Wellcome Collection, https://wellcom-
ecollection.org/works?query=fd99ccbv&search=images.
CCBY)

Fig.2.10 Cazenave-
Schedel, Alphée
Cazenave & H.-E.
Schedel, Ordres des
maladies de la peau
(1833) 29.5 x 22 cm.
From the book Abrégé
pratique des maladies de
la peau, d’apres les
auteurs les plus estimés,
et surtout d’apres des
documents puisés dans
les lecons cliniques de
M. le docteur Biett
(Figure under Public
Domain, from the
Wellcome Collection
https://
wellcomecollection.org/
works/rkduduxt/items?
canvas=1&langCode=fre
&sierrald=b29295233.
CCBY)

result was a set of 22 illustrated plates stuffed with
tightly mottled illustrations, which included more
than 400 figures in total. Only the patient’s affected
part was represented, in a very limited manner,
making the image depersonalized, reifying the
subject (Fig. 2.11) It objectified the subjects by
treating them as a collection of different objects.
The preliminary drawings were done by Young
and Prétre, while Forrester and Langlois were
responsible for the engraving in color using the
technique of points engraving (chalcography). A
later version published in Brussels was with hand
colored lithographs [16].

In England, Sir William J Erasmus Wilson
(1809-1884) [17] published an atlas with 92 color
illustrations based on dermatological and venereo-
logical conditions. The highlight of this work was
the style of the lithographs, made by William Bagg,
an artist of clear pre-Raphaelite tendency. The
sharpness of the lines, the vivacity of the colors,
and the tender morbidity that permeates the charac-
ters (characteristics of the English pre-Raphaelite
painting) define the unequivocal style of these
excellent dermatological plates (Fig. 2.12).
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Fig. 2.11 Measles rash, from the book Traité théorique ~Domain, from the Wellcome Collection https://wellcom-

et pratique des maladies de la peau, avec un atlas by  ecollection.org/works/u3bukzzk. CCBY)
Rayer, Pierre Francois Olive, 1835 (Figure under Public
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Fig. 2.12 Acne Rosacea, from the book William J
Erasmus Wilson, 1857 (Figure under Public Domain,
from the Wellcome Collection https://wellcomecollection.
org/works/qa4dbdwmc. CCBY)

24  Dermatological Iconography

of the Vienna School

In the mid-nineteenth century, Ferdinand von
Hebra (1816—1880) created in Vienna an excep-
tional school that revolutionized dermatology.
To illustrate his book [18], but also to create an
archive of images where he could preserve all
the various clinical cases observed by him, he
hired doctors who were also good artists. It was
a great sacrifice, since we must bear in mind that
Hebra’s position as a professor of skin diseases
was honorary. He believed in the value of pre-
serving high-quality images of a large variety of
skin conditions observed by them (Figs. 2.13
and 2.14).

One of the most outstanding medical artists of
the Vienna school was Anton Elfinger (1821-
1864) and Carl Heitzmann (1836-1896) [19].
Elfinger had studied painting with Viennese
painter Matthias Ranftl, known for his portraits
and historical paintings, and with the famous

i

1
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Fig. 2.13 Icthyosis hystrix (Hebra), diseased skin on the
neck, back, arms and hands of a young woman suffering
from icthyosis hystrix. Chromolithograph by E. Burgess
(7), 1850718807 (Figure under Public Domain, from the
Wellcome Collection https://wellcomecollection.org/
works/hyb6cy62j. CCBY)

Fig. 2.14 Herpes zoster Faciei et Capillitii from the
Atlas der Hautkrankheiten of Hebra, Ferdinand, Ritter
von, 1816-1880
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painter Leopold Kupelwieser at the Academy of
Fine Arts in Vienna. But Elfinger’s father, who
was a pharmacist, wanted him to study medicine.
After graduating, he entered the department of
Hebra and began to work incessantly, with very
precarious economic conditions, making hun-
dreds of watercolors and drawings and, later, wax
molds. The Slovenian Carl Heitzmann had first
studied medicine in Budapest and later in Vienna,
where he graduated in 1859. It is not known that
he had a special artistic training, like Elfinger’s.
In spite of this, he had an innate talent and made
very meritorious watercolors, although in a
smaller number and of less quality than Elfinger
[20]. His younger brother Julius, a doctor him-
self, also contributed making works for Hebra’s
collection (Fig. 2.15).

The illustrations of Hebra’s Atlas were really
opulent. Some, almost life-size, were reproduced
in four-colored lithographic plates. Each of the
images was protected by a transparent cover with
a pen-made lithograph, which highlighted the

Fig. 2.15 Lupus erythematosus. Watercolor by Anton
Elfinger (1843) (From Fatovic-Ferencic S., Plewig G,
Holubar k. Skin in Watercolors. Viena. Blackwell Pub.
2003. p. 95)

outline of the lesions and included numbers to
identify the text comments.

The high artistic level of the Viennese school
and its intimate link between medicine and art is
manifested in a precise and detailed style that we
could fit within the tendency of post-Romantic
realism. Although the illustration focused on the
diagnostic traits that allow classifying the disease
(nosology is the maximum objective in Hebra’s
work), it was not obviated reflecting the patient’s
nonmedical features: his/her way of dressing,
social class, origin, and religion (some patients
appear with kippah, a seamless cap worn by
Jewish men). This was due to the belief that cer-
tain details on the patient’s environment could be
valuable in making the correct diagnosis; on the
other hand, there was a total lack of modesty in
specifying certain patient’s data. Nowadays,
respect for patient’s privacy acquires an extraor-
dinary importance, and every image must guar-
antee the patient’s anonymity, but in Vienna in
the second half of the nineteenth century, doctors
were more concerned with demonstrating the
veracity of their assertions. Who could assure
that an anonymous patient was not excessively
idealized, or even invented? To avoid doubt, the
patient data was frequently revealed with a profu-
sion of details unthinkable today, with the inten-
tion that anyone could verify the accuracy of the
diagnosis or the effectiveness of the treatment. It
was not unusual to quote an individual’s name or
even his address, when commenting on his medi-
cal history. This justified the return to the person-

alized portrait in the dermatological
iconography.
2.5 The Dermatological

Iconography in Spain

In Spain, it can be said that dermatology was
born with José Eugenio de Olavide (1836-1901),
a doctor from Madrid who, after training in Paris
[21], took charge of skin diseases in San Juan de
Dios Hospital in Madrid. The need for preserving
in his memory the clinical details of the cases he
had seen led him to make plaques of cutaneous
diseases, helped by one of his collaborators
Hernando de Benito y Castelo.
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HERPETIDE ESCAMOSA. (PITIRIASIS ROSADA,)

Fig. 2.16 Herpétide escamosa (Pitiriasis rosada) from
the Atlas de la clinica iconogrdfica de enfermedades de la
piel o dermatosis by Doctor Don José Eugenio de Olavide
Landezabal (1836-1901). Today it would probably be
diagnosed as a psoriasis of the scalp. (Private collection
Dr. Xavier Sierra)

Soon after, he had the idea to publish these
experiences and teachings in the form of a book,
arranging the material from his personal observa-
tions in order to help a better understanding of
dermatological diseases. The treatise was entitled
Dermatologia general y Atlas de la clinica
iconogrdfica de enfermedades de la piel o derma-
tosis and appeared in the form of fascicles
between 1871 and 1880 [22]. This meritorious
work was finally bound into two volumes and
includes a textbook and a rich iconographic
Atlas. Acevedo’s illustrations, drawings, and lith-
ographies of cutaneous lesions showed a myriad
of details and precision (Figs. 2.16 and 2.17).

The work of Olavide became the most
emblematic work of Spanish dermatology and
became a mandatory point of reference for future
dermatologists [23]. Its scientific value is con-
siderable and one can see in a clear interest in
searching for the etiology [24]; however, one of

W '-
51_ fulide papulosa qenezalizada

Fig. 2.17 Sifilide papulosa generalizada. Watercolor
from Museo Olavide. Madrid (Permission from Museo
Olavide, Madrid). (Photography by Sierra X with permis-
sion Museo Olavide)

the difficulties he had was in regard to diffusion:
the iconographic richness and large size of its
pages (in-folio) (Figs. 2.18 and 2.19) made this
work considerably expensive, which made that
many of its possible readers, such as doctors or
medical students, could not acquire it. It could
only be found in libraries and official institu-
tions. In fact, if it had not been for the official
support of the Minister of Public Works of that
time, Dr. Ruiz Zorrilla, it could not have been
published at all.

Another outstanding work of the second third
of S. XIX is that of the military doctor Diaz de
Benito, on venereal diseases. Its careful edition
included 90 lithographs, which were accompa-
nied by their corresponding medical histories.
The illustrations depicted in full detail cutaneous
lesions caused by primary and secondary syphilis
as well as the destruction of syphilitic gums and
fetuses affected by the disease.

Shortly after the appearance of Olavide’s
work, Professor Joan Giné i Partagds (1836—
1903), from the Surgical Clinic of Barcelona,
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Fig. 2.18 Large format double page from the book Arlas
de la clinica iconogrdfica de enfermedades de la piel o der-
matosis by Doctor Don José Eugenio de Olavide Landezabal
(1836-1901). (Private collection Dr. Xavier Sierra)

decided to publish his Tratado clinico-
iconogrdfico de Dermatologia Quiriirgica, a sim-
pler work affordable to most students and doctors
in practice. The books (five volumes) were made
of transcriptions of his classes. Under the generic
title of Lecciones de Clinica Quirirgica, they
comprised dermatology, venereology, oncology,
phlebology, and traumatology [25].

The first volume was dedicated precisely to
dermatology. In his prologue, Giné admits to
have been influenced by Olavide’s work, which
he referred to as a “colossum.” After the pro-
logue, they started corresponding and expressing
mutual recognition. Giné’s book is accompanied
by iconographic plates grouped at the end of the
book. There were about 17 engravings litho-
graphed by the printer named Vda. Labielle after
Ignasi Carb6 and Enric Castells’s drawings [26]
(Fig. 2.20). The first three sheets, not colored,
were dedicated to structural and microscopic
aspects; the rest were in color and on clinical
aspects. Finally, the book is enriched with three
photographs, which according to the copies can
be colored by hand or not, in order to highlight
the cutaneous lesions. The photographs were

 AErndin. o "

marlrs, i, el bt b o b b b

Lt ozl e e e 7 v e i o, b e e, 8 Bk 7
g 3 e Crliploamp i o sy el e e

. Py
T A
et -

- -
i e s, e, o 1 b, e s 3t o snbi. b 8
o T e, s 11 b e P e bt o] o ot gt B

Fig. 2.19 Generalized herpeticum psoriasis (diffuse squamous herpetide). Many of Olavide’s illustrations are very

detailed (Private collection Dr. Xavier Sierra)
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Fig.2.20 The images in Giné y Partagds book were sim-
pler than the ones found in Olavides’s book, but the book
was more affordable. (Private collection Dr. Xavier Sierra)

albumin copies of 7 x 10.5 cm and glued by hand,
directly on the book page, like a sticker album
and is the first testimony of photographs in a trea-
tise on dermatology in Spain [27].

Due to the difficulties in having access to
scientific photography, some texts were still
published without any photographs, among
which we can highlight the work of venereal
diseases of Giné himself [28], published 3 years
later, or that of the Andalusian Ramén de la
Sota and Lastra. However, with Giné’s derma-
tology book, the photographic period in medi-
cal texts was inaugurated (Fig. 2.21).
Photography was progressively implanted in
clinical dermatology as well as in the labora-
tory. At the turn of the century, photography
ended up undoing the other ways of represent-
ing skin diseases.
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Fig.2.21 Giné y Partagds was the first author to incorpo-
rate photographs in a dermatology book in Spain (From
the book Tratado Clinico Iconogrdfico de Dermatologia
Quirirgica by Juan Giné y Partagas) (Private collection
Dr. Xavier Sierra)

2.6 The”Moulages” or Wax

Molds

From the late eighteenth century to the first third
of the twentieth century—in addition to litho-
graphs, drawings, and watercolors—moulages or
wax molds were an important way of represent-
ing skin diseases [29]. The wax figures allowed
reproducing the various pathological alterations
of the skin in three dimensions, in color, and with
amazing verisimilitude. They became a fairly
common resource in the large teaching centers of
the time, which used to house molds museums.
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The art of the wax mold has its aforegoings
back in the Middle Ages, in the votive offerings
that were presented in sanctuaries as thanksgiv-
ing. They were used as scientific didactic mate-
rial for the first time in the 17™ century after the
development of anatomy. Gaetano Giulio Zumbo
(1656-1701), an Italian wax artist later called
“the anatomist,” and Guillelmo Desnoues (1650—
1735), a French surgeon and first surgeon of the
Genovese Republic, were pioneers of anatomical
ceroplasty. In the 18" century, this technique was
perfected, especially in Italy (Bologna, Florence)
and later in Vienna and Paris [30].

The first molds of skin diseases were made by
Franz Heinrich Martens (1778-1805), a profes-
sor at the University of Jena, who received the
support from German writer Johann Wolfgang
von Goethe (1749-1832) [31] who, during a trip
to Florence, was able to visit an important anat-
omy museum.

Shortly after, another wax sculptor named
Joseph Towne (1806—1879) [32, 33] made a large
number of anatomical figures in London. Under
Thomas Addison’s (1793-1860) influence, he
modeled many pieces of dermatological pathol-
ogy. Most wax sculptors were not doctors, but
specialized craftsmen, although they had to work
closely with dermatologists to learn the most rel-
evant aspects of skin lesions. Some of them did
have the double medical-artistic training, such as
Anton Elfinger, an Austrian physician and illus-
trator, whom we have already mentioned as being
a great dermatologist and watercolorist of the
Viennese school and who also made moulages,
and Angelo Bellini, doctor and wax sculptor of
the dermatology department in Milano [34].

But undoubtedly, the most famous of all der-
matological wax modelers was Jules Baretta
(1833-1923). Some dermatologists, such as
Charles Laillier (1822-1893), had tried to perfect
the reproduction of skin diseases by commission-
ing some cardboard-stone sculptures for better
seeing the relief of lesions. The result was not
bad, but the sculptures, with the passage of time,
blackened and lost their color. Trying to improve
the technique, Laillier found Baretta, who had an
establishment of colored wax molds with a deco-

Fig. 2.22 Moulage of Secondary Syphilis from the
Museum of Saint-Louis Hospital of Paris (© F.Marin,
P.Simon /Musée des moulages, Hopital Saint-Louis,
AP-HP)

rative purpose (fruits and flowers). Laillier, inter-
ested in the perfection of the molds of Baretta,
proposed to him to make the molds in the hospi-
tal. Baretta left his store and settled in Saint-
Louis in 1863 and took over the technique of
making moldings that would make him famous
among dermatologists around the world
(Fig. 2.22). He made his first moulage in 1867
[35], and since then he was the only artisan who
worked at Saint-Louis. In addition to the Saint-
Louis Hospital’s moulages, Baretta made pieces
that contributed to enrich the wax collections of
Lyon, London, Boston, and Philadelphia. At his
death, Baretta was succeeded by other artisans
who continued his work: Font (1914), Niclet
(1920-1925), Couvreur (1925-1928), and Littré
(1928-1965). When he died, in 1923, he had
made more than 3500 pieces.

In 1866, French dermatologist Marie-
Guillaume-Alphonse Devergie (1798-1879) had
the idea of creating a collection of pathological
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conditions at the Saint-Louis Hospital, where
moulages, watercolors, and drawings [36] were
put together. The French neurologist Désiré-
Magloire Bourneville (1840-1909)—known for
describing the “Bourneville syndrome,” today’s
tuberous sclerosis—worked at Saint-Louis and
became a member of the French Parliament from
where he contributed to the full consolidation of
the museum. It was officially inaugurated in
1889, during the celebration of the first
International Congress of Dermatology, which
coincided with the Universal Exhibition on the
occasion of the centenary of the French
Revolution [37]. A large number of dermatolo-
gists from some 30 countries could then admire
the extraordinary exhibition of molds, which
were arranged according to the alphabetical order
of diagnoses in 162 showcases, in the style of
natural history museums, along a room of more
than 400 m? (Fig. 2.23). With this alphabetical
disposition, the Saint-Louis dermatologists

sought two purposes: on the one hand, to facili-
tate access to the museum for students, even the
most inexperienced in dermatology, and on the

other hand, to show their rejection of the current
classifications, which had generated conflict in
more than one occasion.

The Saint-Louis exhibition impressed the con-
gress attendees. Among them, Moritz Kaposi
(1837-1902), head of the Vienna school, con-
ceived the idea of creating similar museum in
their hometowns. Other similar museums exist in
various countries, especially in Germany [38—
40], Austria, Switzerland [41], Italy, the United
States [42], Japan [43], and Greece, which are
generally related with teaching and are found in
connection to centers that originated great der-
matological schools. Currently, more than 60 uni-
versities retain some tens of thousands of
dermatological moulages [44]. Even some facul-
ties like Ziirich [45], Dresden [46], or Riga are
still today, in the middle of the photography era,
producing new molds for teaching purposes as
well as restoring dermatological wax molds like
those of the city of Rosario (Argentina).

In Spain, José Eugenio de Olavide (1836—
1901), shortly after arriving at the San Juan de
Dios Hospital in Madrid, felt the need to transmit

Fig. 2.23 View of the Musée des moulages of the Hopital Saint-Louis of Paris (©Musée des moulages, Hopital Saint-

Louis, AP-HP)
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his teachings to a group of collaborators. For this,
Olavide founded a museum of wax molds, in the
image of Saint Louis’s. He had the support of a
magnificent sculptor, Enrique Zofio. One of
Olavide’s collaborators, Dr. Fernando Castelo,
believed that Zofio made more realistic moldings
than Baretta himself! [47] (Fig. 2.24). In 1882,
the museum was solemnly inaugurated [48]. It
came to have more than 1000 pieces, which made
it appear among the most important in the world,
after the Paris (4800 moulages), Vienna (3000),
and Zurich (2000) collections. Some of the fig-
ures in the museum represent real-life, full-body
patients with great realism.

Enrique Zofio, José Barta, and Rafael Lopez
Alvarez stand out among the artists who made
the molds. The figures were arranged in glass
cases similar to large glass cupboards (Fig. 2.25).
An etiological classification had been attempted,
but most diseases of the time were of unknown
cause, so they ended up being grouped by mor-
phology or clinical similarities. Each piece was

Fig. 2.24 Moulage of Cutaneous horn, from the Olavide
Museum, Madrid. (Photography by Sierra, X. with per-
mission Museo Olavide)

Fig. 2.25 Natural size whole body wax mold of a girl
with tinea faveum. Figura de cera de tamafo natural rep-
resentando una nifia con tifia favica generalizada. Olavide
Museum, Madrid (Photography by Sierra, X. with permis-
sion Museo Olavide)

usually accompanied by a clinical history or a
short legend. In a footnote or on the reverse side
indicated the medical consultation to which the
patient belonged and from which the mold had
been extracted.

After the disappearance of the San Juan de Dios
Hospital (1965), the pieces of the wax museum
were stored in wooden boxes and remained for a
long time in a warehouse, almost forgotten. Thanks
to the work of Dr. Luis Conde and his collabora-
tors, Amaya Maruri and David Aranda, the collec-
tion was recovered, restored, and studied properly
[49], and the museum has been reopened in the
University City of Madrid [50].

2.7 Netter’s Legacy

It would be unfair not to mention one of the most
important illustrators of the twentieth century:
Frank H. Netter (1906-1991). A surgeon and
medical illustrator, he trained as an artist and then
as a doctor. Soon after finishing medical school at
the time of the Great Depression, Netter decided
to keep accepting freelance art commissions.
After a fortunate misunderstanding where he got
paid for a series of illustrations double than he
had expected, he retired from medicine and spent
the rest of his life as an artist.
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His almost 4000 illustrations—included not
only dermatology but a renown Atlas of Human
Anatomy, an anatomy coloring book, and the leg-
endary series of Green Books with pictures of
most organ systems—have been fundamental in
educating thousands of doctors still today.
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3.1 Introduction human perspective, with a poor outcome. In a

During the fifteenth and early sixteenth century,
scholars and physicians manifest little interest in
animals and their health. Information on animal
diseases and their treatment is scarce. Receipts
may be found in books describing techniques of
venery with dogs or falcons such as the The Book
of Hunting by George Turberville (1576). When
an animal was sick or needed to be castrated, phy-
sicians and surgeons specialized in human medi-
cine were consulted despite the fact that they
lacked knowledge about animal anatomy and
medicine. As a result, animals were treated from a
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quest for knowledge about functional morphol-
ogy, European humanists and artists rediscovered
animal and man 2000 years after the scientific
studies of the Greek philosopher Aristotle (384—
322 BC). They do not merely watch at living
beings, but appreciate and notice their natural
forms according to the classical traditions of
Greek art [1, 2]. Artists start to perform dissec-
tions of animal and human bodies in an attempt to
understand their dynamics: how they can remain
still, maintain a posture, or move. Leonardo da
Vinci (1452-1519) was interested more specifi-
cally in the study of equilibrium and anatomy
based on the muscular and skeletal systems of liv-
ing beings. His anatomical investigations and
understanding of complex systems aimed both art
and science and led to important discoveries [3,
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4]. Animal drawings emphasize his concern for
details. His methodical approach is characterized
by the use of linear markings to illustrate propor-
tions of man or, for instance, horses. Meticulously
recorded findings are accompanied by complex
drawings, which printing methods of that time
were unable to reproduce accurately in scientific
treatises. This became possible 150 years later
only. The results obtained by da Vinci have served
the interests and curiosity of scientists and schol-
ars over the next centuries. Raphael (1483—-1520)
and Michelangelo (1475-1564) also performed
dissections of the human body in order to under-
stand anatomy and statics. Their approach is artis-
tic rather than scientific and centered on the
human being. Their studies aim to represent accu-
rately positions of corpses in their paintings.
Raphael used lines to define the body: a series of
horizontal lines and one vertical line. His anatom-
ical drawings did, however, remain unnoticed by
scholars and physicians interested in medical
anatomy, on the contrary to those of Leonardo da
Vinci.

3.2 Macroscopic Observations

During the sixteenth century, animal illustrations
are limited to studies by artists and to woodblock
prints illustrating folk medicine traditions. The
printing technology is simple and outlines the
shape of an animal. Details are limited to the
strict necessity. As the demand for books
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increased, the technology of woodcut printing
improved. The degree of details became more
sophisticated, adding refinement and allowing
subtle pattern textures and tones. Colors were
added by hand. Treatises such as Dei discorsi
nelli sei libri di Pedacio Dioscoride Anazarbeo
della Materia Medicinale by the Italian physician
Pietro A. Mattioli (1501-1578) summarize the
knowledge of plant and animal remedies [5]. It is
based on the work of the physician, pharmacolo-
gist, and botanist Pedanius Dioscorides (40—
90 AD) and knowledge gained by Mattioli while
exploring the remote Alpine Trentino region, new
imported knowledge from the East and from
America, as well as archaic beliefs of traditional
folk medicine like the use of a hare limb to treat
breast infections (mastitis) or the external use of
a black hen against typhus [6]. The treatise is
illustrated with numerous plant and animal prints
(Fig. 3.1). Animal species can easily be recog-
nized, but details characterizing a specific type
within a species are absent. This simplicity can
be explained by the desire of the author to stick to
descriptions as in the original text of Dioscorides
and by the limits of printing technology during
the sixteenth century. More than 30 editions of
Mattioli’s work have been published. Successive
editions of the book were enriched with Mattioli’s
comments and new descriptions. This book has,
moreover, been translated into Italian, French,
German, and Czech.

The Swiss physician Conrad Gesner (1516—
1565) compiled the exhaustive Historia anima-
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Fig.3.1 Animal taxonomy is absent during the sixteenth century. Sharing a name part the sea hare mollusk is classified
with the terrestrial hare mammalian (Courtesy: Private collection VP)
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Fig. 3.2 Woodcuts with limited details are found in the
work of Conrad Gesner (Courtesy: Private collection VP)

lium quadrupedum [7, 8]. Animal woodcuts
illustrated “existing” animals (Fig. 3.2). They
were classified alphabetically. The treatise con-
tains descriptions obtained from reliable sources,
“borrowed” illustrations from artists such as
Albrecht Diirer (1471-1528) or Lucas Schan
(1526-1558), as well as legendary or mystical
animals like the unicorn. Diseased animals are
also present. A famous one is the horned rabbit,
based on folktales and studies by naturalists who
observed horned hares and gave it the Latin name
Lepus cornutus. This was a misconception. There
are no known accounts of hares and rabbits
afflicted with hornlike protrusions around their
head in Europe prior to the sixteenth century [9].
The first observations and records of horned
hares in Europe happen at the same time as the
increase in trade with the North American conti-
nent. It is speculated that travelers could have
been passive carriers of the Shope papilloma
virus causing papilloma tumors, from North
America, where it struck cottontails, to Europe.
The methodological and quantitative approach of
Gesner bears similarities with that of the Italian
physician Ulisse Aldrovandi (1522-1605) [10-
12]. They both recorded information on animals
available at their time, but lacked of critical
thinking skills. As a consequence, legendary or

mystical animals have been included in their
encyclopedic work. Zoology was born! It sepa-
rated into animal science and veterinary medi-
cine only centuries later.

In 1657, the Polish physician and naturalist
Joannes Jonstonus (John Johnston, 1603-1675)
published Historiae Naturalis de Quadrupedibus
(A description of the nature of four-footed beasts)
in Latin. His zoological encyclopedia is based on
works of his predecessors, including Conrad
Gesner. Many illustrations are from the Swiss-
born engraver Matthdus Merian, fully acquainted
with the new technique of the copperplate engrav-
ing. Detailed illustrations of animals became pos-
sible. Mythological animals were included in the
book: a variety of unicorns, horned hares
(Fig. 3.3), a mermaid, a griffin, a dragon, a phoe-
nix, or a harpy with the head of a woman and the
body of a bird. A copy of the 1663 edition was
given to the military commander ruling Japan
(Shogun). It was used by Japanese scholars as a
source of knowledge about western animals for
the next 100 years [13].

The zoological encyclopedia of John Johnston
is considered as the last of this kind published in
Europe. The anthropocentric approach and col-
lection of zoological images was less valued.
Instead, anatomy and schematic illustrations of
animal anatomy became increasingly the center
of interest of scholars and anatomists. This was
the consequence of an unstable political and reli-
gious situation all over Europe, caused by numer-
ous conflicts and wars. Exodus of rural
populations and their livestock lead to famine.
Epizootic diseases decimated livestock and herds
[14]. Cavalry units had a shortage of saddle and
draft horses. At last, scholars found it “worthy of
consideration” to study animals and understand
their anatomy, illnesses, and suffering. Detailed
woodcuts and, later, copperplate engravings
about animals and their anatomy were published.
These studies were limited to the methodical and
thorough examination of living beings without
the use of enlarging tools. A perilous exercise
when done carelessly; wrong deductions that
lead to wrong conclusions and a compromise in
diagnosis and treatment.
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Fig. 3.3 Detailed copper engraving of the mythical horned rabbit Lepus cornutus, as found in the zoological encyclo-
pedia by Joannes Jonstonus (1657) (Courtesy: Private collection VP)

3.3 Comparative Study of Body

Structures

So far, artists and anatomists used the Greek con-
cept based on animal studies by Aristotle. From
then on, the visual formulas established by the
Flemish physician and anatomist Andries
Wytinck van Wesel (1514-1564) were favored.
The latter is better known as Andreas Vesalius,
author of De humani corporis fabrica (On the
Fabric of the Human Body) published between
1539 and 1542 in Basle (Switzerland). He revolu-
tionized the practice of medicine and the study of
biology and anatomy to this day [15].

The approach by Vesalius to human anatomy
is reflected in the illustrations of a bird and man
skeleton in a monograph on the natural history of
birds L’histoire de la natvre des oyseavx, avec
levrs descriptions, & nalfs portraicts (Fig. 3.4)
published in 1555 by the French naturalist and
diplomat Pierre Belon (1517-1564). At the end
of the sixteenth century, the Italian equestrian
Carlo Ruini (1530-1598) was fascinated by natu-
ral sciences, taught to him by private tutors [4,
16]. In 1598, he published Anatomia del cavallo,
infermita, et suoi rimedii (Anatomy of the horse,
sickness and natural remedies) in Bologna (Italy).

Woodcuts of horse anatomy were depicted like
those of man, in order to compare similarities and
differences. Although Ruini was not associated
with any academic institution, his textbook on
horse anatomy was republished numerous times
over the next centuries, plagiarized at times, and
used in the first veterinary schools during the
eighteenth century.

The association of animal and man anatomy
settles the basis for “comparative anatomy,” a
science that developed only 200 years later. It is
used by anatomists in the beginning of the sev-
enteenth century to study specific human and
animal organs. The Italian surgeon Giulio
Casserio (ca. 1552-1616) and English physician
William Harvey (1578-1657) compared, respec-
tively, the laryngeal and auditory apparatus and
the anatomy of the cardiovascular system of
man and animals [17, 18]. At the turn of the cen-
tury, the Italian anatomist Girolamo Fabrici
(1533-1619) compiled his findings in embryol-
ogy in De formato foetu (The Formed Fetus)
[19-21]. Part of his discoveries about semen of
man and animals was never been published and
are considered lost. His comparative studies
with birds and animals influenced embryology
scholars up to today.
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Fig. 3.4 The Age of Enlightenment is also reflected as scientific honesty. Engravings by Buffon can be compared with
photographs taken in the twenty-first century (Courtesy: Private collection VP, Esther van Praag, Michel Gruaz)

34  From Macroscopy
to Microscopy During

the Seventeenth Century

A meticulous analysis of tissue samples, body
fluids, or dust was difficult during the sixteenth
century. Enlarging glasses existed, but their mag-
nifying power was limited. The invention of the
compound microscope represented, therefore, a
major advance for the medical and animal
sciences.

The seventeenth century represents the Golden
Age of science and technology in the Republic of
the Seven United Provinces of the Netherlands.
In 1595 already, the young Zacharias Janssen
(1580-1638) started to experiment with the
alignment of optical lenses in the top and at the
bottom of a hollow cylinder in the workshop of
his father, the Dutch spectacle-maker Hans
Jansen. To his surprise, the rudimentary instru-
ment was able to magnify objects, ranging from a
three times magnification to nine times when

fully extended. This instrument was a curiosity
rather than used for science. Almost 70 years
later, another Dutch scientist and trader, Antonie
van Leeuwenhoek (1632-1723), develops a pol-
ishing technique that permitted to obtain lenses
of superior quality. The “modern” microscope
was born that was able to magnify up to 270
times [22-26]. A novelty since most instruments
available in his time had an enlarging power of
“only” 50 times. Antonie van Leeuwenhoek was
able to build a microscope for each new studied
specimen, an estimated of 500 instruments. He is,
thus, a pioneer in the use of a microscope to study
life in water and blood, blood components, sperm
cells, bacteria, yeast, and creatures living in dust
[27-29]. He documented his findings, launched
the concept of a microbial universe, and shared
them with the newly created Royal Society of
London and the Paris Royal Academy. Artists
were commissioned to illustrate his findings.
Printing limitations had a negative impact on the
quality of the published illustrations of van
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Leeuwenhoek, as compared to the refinement
seen in the original crayon drawings. Around that
time, the Dutch physician and biologist Jan
Swammerdam (1637-1680) became the first spe-
cialist in microscopy research. He discovered red
blood cells too and extends his studies to micro-
scopic studies of insects.

The English scientist Robert Hooke (1635-
1703) built his own microscope and confirmed
the discoveries of Antonie van Leeuwenhoek. He
published them, as well as his own amazing dis-
coveries on small insects and plant cells in the
richly illustrated Micrographia (1665). His
numerous discoveries were a great tribute to
microscopy [22, 30].

The use of compound microscopes has had a
major impact on the identification and character-
ization of small organisms and microorganisms
and their suspected implication in diseases.
Microscopes and magnified images contributed
to the advancement of microbiology. Yet, the
expertise and know-how gained during the seven-
teenth century barely evolved over the next
200 years. It was in 1850 when the engineer Carl
Zeiss was approached by the botanist Matthias
J. Schleiden with the request to build a simple
microscope with lenses of improved quality to be
used so that the theory of cells can be confirmed
[31, 32].

3.5 The“Age of Enlightenment”
During the Eighteenth

Century

The eighteenth century is referred to as the Age
of Enlightenment and represents a turning point
in human knowledge [33, 34]. Academic knowl-
edge reaches out of the university walls. Thoughts
and concepts gained over the last 150 years are
promoted. Philosophers discoursed about the
premises of a democratic society versus power
embodied by one monarch. Economists debated
about new commercial ideas that laid the basis
for modern capitalism. Democratization of scien-
tific knowledge was widely encouraged.
Scientific academies and societies were created
in order to promote research, publish results in

journals, and share the gained knowledge to a
vast public. Publications in these scientific jour-
nals were now protected by a copyright law cre-
ated in London in 1710. The phenomenon was
not restricted to France and England; it spread all
over Europe and Russia. New prestigious acade-
mies were founded in Berlin, Bologna, St.
Petersburg, Uppsala, and Stockholm, and in the
Republic of the Seven United Provinces of the
Netherlands, based on the English or French
model. Scientific societies were created in Turin,
Bologna, in several cities in Germany, in Vienna,
and in Barcelona. Most societies were later pro-
moted to academies. Freedom and diffusion of
notions of Enlightenment reigned in this aca-
demia. Patronage and support by royal and noble
persons did not influence this freedom.

Enlightenment was also reflected on scientific
engravings. Techniques of graphical illustration
were fully mastered. Inspirational realist inter-
pretation of past centuries was replaced by repre-
sentational illustration [35]. Scientific honesty
dominated. Consequently, scientists and anato-
mists studied the dissected animal in front of
them and pictured their observations in the best
possible realistic way that can be compared with
photographs taken nowadays (Fig. 3.4).

The work of naturalist Georges-Louis Leclerc,
Comte de Buffon (1707-1788), was representa-
tive of the Age of Enlightenment [36-38]. Despite
the Church-imposed censure, he believed in the
new theories of Isaac Newton (1642—-1727) about
the creation of Earth and abandoned the belief
that the Earth was a few thousand years old and
populated by a few thousand animal species only
[39]. In its place, he suggested the existence of
variability within a species and the inheritance of
traits acquired over life to offspring. While he
favored the notion of fixity of species, his work
resulted in a rudimentary theory of evolution
[40-42]. Mostly, Buffon is known for his richly
illustrated encyclopedia project, adding knowl-
edge of his time from other experts. In the course
of 50 years, Buffon published 36 volumes of
L’Histoire naturelle, générale et particuliere,
avec la description du Cabinet du Roi (Natural
history, general and particular, with a description
of the King’s cabinet). Pictures were finely
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engraved and strikingly humorous at times
(Figs. 3.4, 3.5, and 3.6).

Journals and books exposed the extent of sci-
entific breakthroughs and discoveries made dur-
ing the eighteenth century. New directions were
envisioned. One of them was the separation of

animal science into biological sciences of ani-
mals and veterinary health sciences. The Church,
which taught that animal illness was a Divine
visitation, was opposed to the understanding of
animal epizootics and to veterinary sciences in
general [14, 43, 44]. To no avail! Claude

Fig. 3.5 Anatomical illustration of rabbit anatomy as found in the 13th volume of L’Histoire naturelle, générale et
particuliere, avec la description du Cabinet du Roi (1758), by the Comte de Buffon (Courtesy: Private collection VP)
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Fig.3.6 Different known animals within a species, from L’Histoire naturelle, générale et particuliere, avec la descrip-
tion du Cabinet du Roi (1758), by the Comte de Buffon (Courtesy: Private collection VP)
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Fig. 3.7 Etchings of the hooded rabbit with palmate feet
by Andrew Bell (1726-1809), Scottish engraver and
cofounder of the Encyclopeedia Britannica, and by John

Bourgelat (1712-1779) was a strong-minded
French equerry and director of the Lyon academy
for horsemanship determined to promote horse
medicine. After much perseverance, he founded
the Royal Veterinary School in Lyon in 1763 with
an order by King Louis XV’s Royal Council of
State [45]. Schools were also created in Alfort in
1766 and in other European cities: Turin (1769),
Gottingen, (I771), Copenhagen (I1773), and
London (1773) [14]. The profession of veterinar-
ian was a turning point in animal husbandry and
in the understanding and diagnosis of diseases
and injuries in animals and their treatment.
Indeed, till the end of the sixteenth century, health
care of livestock was mainly in the hand of self-
declared “specialists” lacking any medical edu-
cation and ethical principles, e.g., horsemen,
blacksmiths, shepherds, animal breeder, or
unlearned medicine men. Their approach to dis-
ease was basically the crueler and more hurtful,
aimed at the disease, without consideration of the
well-being or quality of life of the animal.

The first veterinarians had a link to human med-
icine: physicians, surgeons, or apothecaries.
Veterinary textbooks were expensive, and their
content was limited to accurate anatomical illustra-
tions. Etiology of diseases, pathology, and physiol-
ogy were poorly described, imprecise, erroneous,
or simply missing. At the London Veterinary
College, the surgeon-farrier and anatomist John
Hunter (1728-1793) played a major role to pro-
mote the importance of veterinary sciences:

Pass (1813), published by George Jones of London
(Courtesy: Private collection VP)

‘Whatever may have been done to increase the
public stock of knowledge in other departments,
the veterinary science hath been hitherto little culti-
vated in this country’ [46]. He dissected animals,
experienced, researched, published papers in the
Philosophical Transactions of the Royal Society,
and trained many students. His work was compiled
into the Observation on certain Parts of the Animal
Oeconomy and published in 1792. John Hunter
contributed more to veterinary medicine than any
animal scientist in the previous 125 years [46].

In spite of the century of scientific honesty,
mythical animal species were still present in sci-
ence books, so was the hooded rabbit, based on a
drawing and an account from George Edwards
for the British Museum (Fig. 3.7). Thomas
Pennant described this peculiar rabbit in A
General History of Quadrupeds (1793): “with a
double skin over the back, into which it can with-
draw its head: another under the throat, in which
it can place its fore feet: has small holes in the
loose skin on the back, to admit light to the eyes:
color of the body cinereous: head and ears
brown.” Its feet are, moreover, palmate!

The Industrial Revolution
and Medical Photography

3.6

The discovery of chemical substances such as sil-
ver salts altered by the presence of light is quite
old. Itis first described in 1566 by Georg Fabricius
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and by the English and German scientists Carl
W. Scheele, C. Wedgwood, and Johann H. Schulze
during the eighteenth century. While the latter
succeeded to reproduce an image on paper
impregnated with silver salts, he was unable to
stop the process. After a few days, the paper was
all black. The French engineer Joseph “Nicéphore”
Niépce (1765-1833) was the first to use the UV
sensitivity of silver salts successfully in photogra-
phy, using lavender oil and petroleum to reveal
and fix the image (Richet, 1997). Contrast was
improved with iodine. He called his technique
“heliography.” In 1829, he was approached by
Louis Daguerre (1787-1851), who aimed to com-
mercialize his invention and improve it. Ten years
later, Louis Daguerre presents his improved pho-
tographic method: a daguerreotype. It uses the
principle of the camera obscura (“dark chamber”)
developed by J.B. Porta during the sixteenth cen-
tury, fitted with an achromatic lens [47].

The physician Alfred Donné (1801-1878) was
quick to realize the merits of photography. He
adopted the services of this powerful new ally for
his microscopy research: he captured micro-
scopic images of body fluids in 1840 [48]. He
used photographs to spice up his lectures but also
understood the role of photographs as a compari-
son tool for microscopic analysis by other
clinicians. Thus, A. Donné was a pioneer in the
use of photographs for medical and scientific
illustrations [48]. His student and, later, physicist
Léon Foucault helped develop the first electric
microscope with an electric arc as a light source
and the “microdaguerreotype” able to enlarge
between 20 and 400 times [49]. Donné published
an “Atlas” with many photographs. He accompa-
nied them by carefully drawn images, using the
photographs as template.

Attempts to publish early medical photographs
in anatomy textbooks had, however, limited suc-
cess in the early years of photography. Indeed,
photographs are difficult to interpret due to:

e Spectral sensitivity of early photo materials to
blue, violet, and ultraviolet light

e Lack of textural and tonal variations

e Depth of field and distortion due to lens design
and lens to subject distance

As a result, photographs had to be retouched
or redrawn to make the structures obvious.
Processing of photographs into printing was done
by hand and was time-consuming. Costs of pho-
tographs in books became unaffordable for most
authors and publishers.

As photomechanical processes improved and
simplified, costs decreased. In 1850, the French
photographer Louis D. Blanquart-Evrard devel-
oped the technique of albumen silver print and
the calotype negative/positive paper process to
produce good quality photographs.

Medical photography started to impose itself
in publications and books. Over the next decades,
physicians started to use photography as a tool to
illustrate diseases and visual signs of insanity
(mental illness) [50, 51]. It has imposed itself
among physicians and in the fields of radiology,
pathology, ophthalmology, and motion. For the
latter a multi-camera system is used [52, 53].

3.7 Digital Photographs
as a Product

of Postmodernism

The classical forms of illustrations, such as
engravings or paintings, were replaced by photo-
graphs in medical and veterinary publications
[54, 55]. At the turn of the century, most major
centers of medical education started to use pho-
tography as a method of documentation, com-
parison, and study. High-quality medical
photographs must depict accurately the body to
enable a proper diagnosis and treatment. These
specific demands require a full understanding of
the principles of photography (exposure, focal
length, aperture, shutter speed, depth of field,
etc.) as well as control of the camera settings and
the environment [55-59]. Photographers working
in human medicine came together at Yale
University (USA) in 1931 to set standards for
medical photography. The Biological
Photographic Association and the Journal of
Biological Photography were created. It was
accompanied by an increased importance of
authorship of the photographs and creativity or
distinctiveness of the camera work.
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Veterinary photography developed after World
War II (1939-1945) only. On the contrary to
medical photography, the profession of veteri-
nary photographer was considered “half-skilled,”
and there are no established standards for taking
pictures or sharing knowledge through training
and apprenticeship. Veterinarians with veterinary
clinical careers move into specialist photography
in response to a growing demand to document
diseases, surgical procedures, or necropsy find-
ings. Individuals develop means of handling their
own photographic requirements. Equipment is
minimal and self-made. It consists of a camera
with a lens, a flashlight and black and white or
color films, and a darkroom to develop and fix
analogous photographs with specific chemical
emulsions. Analogous photography has the dis-
advantage that manipulation of images is time-
consuming and difficult without leaving visible
traces (personal communication).

Digitalization represents a significant advance-
ment in veterinary photography (Fig. 3.8) [60].
Film is no more required. The picture elements are
a series of pixels, in which each pixel has at least
256 color gradations of red, green, and blue.
Histogram, contrast, and focus can be corrected
with photo-editing software. Digital photographs
can be stored in a computer, viewed and worked
on in special programs, and easily reproduced.
They also allow an easy and quick distribution
among colleagues and specialists for a proper

identification of the animal type species as well as
a help tool for the analysis and diagnosis of its
health problem [61] (personal communication);
however, the drawback of this technology is an
easy falsification of the digital image without leav-
ing traces and hacking of veterinary data stored in
computers or computer networks [62, 63].

Today, there is a new trend to add drawings
based on analogous or digital photographs in
veterinary publications, as in the early days of
medical photography [64]. Scientific drawings
based on a picture help to effectively bring
attention complex details of a disease, an injury,
etc., skin wounds, and a particularity of fur
growth or overgrown front teeth, by removing
all the “noise.” It also creates a personal style
for a book (Fig. 3.9).

Nowadays, the veterinarian profession
includes generalists as well as specialists like
radiologists, surgeons, anesthetists, ophthalmolo-
gists, dentists, or veterinarians specialized in spe-
cific animals like general pets, exotic animals,
horses, etc. Veterinary photography has followed
this trend. Many photographers work in central
photographic services within a veterinary faculty
or in private biomedical communication compa-
nies. Some photographers enjoy variety of sub-
jects and situations and photography all topics.
Others specialize in a field of medicine: derma-
tology, ophthalmology, dentistry, surgery, macro-
photography, or an animal species.

Fig. 3.8 Veterinary photography has become specialized over the years (Courtesy: Arie van Praag)
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Fig. 3.9 Scientific drawings based on a picture are cur-
rently becoming popular again in order to effectively
bring attention to complex details of an anomaly, here a
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4.1 Introduction tograph, taken in 1825 by Joseph Nicéphore

“Time, space, are thus annihilated, and we identify
the resemblance with the reality”
Walt Whitman [1]

It all happened 200 years ago; 194, to be exact.
This is the time that separates the first know pho-
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Niépce and the 2019 picture of the black hole,
taken by 29-year-old Katie Bouman (Fig. 4.1).

We have come a long way since Niepce’s
times. Many photographic processes (Table 4.1)
[2] have been developed before we arrived at our
present digital era. Almost two centuries of ver-
tiginous advances that make photography still
today a unique manner to register the world that
surrounds us.
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Fig. 4.1 The first known picture taken by Joseph
Nicéphore Niépce, 1825 (Left) and the 2019 picture of the
black hole, taken by 29-year-old Katie Bouman and her

Table 4.1 History of photographic processes

Date Photographic process

1839— Daguerreotypes

1860

1839—  Salted paper prints

1860

1851-  Glass plate negatives (general)

1925

1851- Collodion wet plate glass negatives

1885

1878—  Gelatin dry plate glass negatives

1925

1889—  Nitrate negatives (introduced by Kodak)

1951

1850— Albumen prints

1880

1885—  Gelatin and collodion printed-out

1905  photographic prints

1880  Black-and-white gelatin developed-out
photographic prints

1934  Acetate negatives introduced for sheet film

1935  Chromogenic color film and transparencies
(introduced by Kodak; Kodachrome was the
first process)

1948  Instant black-and-white process (introduced
by Polaroid; sepia first, then black-and-white
in 1950)

1960  Polyester film introduced

1963  Instant color print process (introduced by
Polaroid; Polacolor was the first process; SX
70 was introduced in 1972 and Polacolor 2 in
1975)

1975  First digital photography

1985  Electrostatic, inkjet, and dye sublimation

prints become increasingly used for printing
photographic images

team (on the right). (Figures under Public Domain,
Wikipedia Commons CCBY)

Photography has been a disruptive innovation
right from the beginning. For authors AP Molella
and J Beidi [3], photography reframed how we
look at the world and ourselves. Although it was
invented in Europe, it achieved such a degree of
sophistication in America to be referred to as “the
American process.” Photography stood as the new
way to see the world; furthermore, it was believed
by many to be the new and objective way to repre-
sent reality, away from the subjectivity of art. It cre-
ated images and copied reality in a manner not
found before it. But not only scientists were
amazed: artists, technology, and science were
joined in amazement to reproduce the world around
them, taking concepts one from another. Some art-
ist became inventors; some scientists borrowed
conventions from the fine arts and applied them to
the new medium. From the etymological point of
view, the word “image” should be linked to the root
imitari [4]. In fact, some used photographs as a
control for their painted subjects.

As a substitute of art, it was seen as a labor
sparer. The automatism of the process was inter-
preted as a warranty of impartiality. It was used
by scientist to make the invisible visible and also
to reproduce nature with extraordinary detail.
Machine-regulated image making was a powerful
symbol to the goal of abiding objectivity [5]: if it
was photographed, it had to be real. By coming
from a machine, it had three main characteristics:
(1) it could be made to reproduce thousands of
copies; (2) it was unbeatable; and (3) it offered
images uncontaminated by interpretation [5].
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Fig. 4.2 “Spirit
photography” by
William H Mumler
(1860) showing Mary
Todd Lincoln with the
“ghost” of her husband,
Abraham Lincoln.
(William H. Mumler,
Mary Todd Lincoln,
1872. Courtesy of Allen
County Public Library,
Fort Wayne, Allen
County, Indiana)

i

170 West Springfield St.
BOSTON, MASS.

Photographs created images in a new way. But
it was not any image: it was an accurate represen-
tation; that is, it stand to be “the truth”; however,
when exploring on the history of disease repre-
sentation, including medical photography, one
can find that regardless of the reproduction media
used, each representation had “imbedded cultural
and moral understandings of the meaning of ill-
ness” [6]. In fact, photography is just another
way of representing; it is the vision for a moment
captured through the lens [7].

In the field of medicine, this “objectivity”
favored a somatic understanding of disease,
reducing its complexity to a localized affection
visible to the lens of the camera [8], a criticism
still made today toward teledermatology.

Even when the first’s photographs were seen
as the reflection of reality, they were also seen as
supernatural. In fact, the first camera well called
“the magic box.” This aura of verisimilitude was
exploited by charlatans like William H. Mumler
who in the early 1860s used the double exposure
and set a business as “spirit photography.” His
most famous photography showed Mary Todd
Lincoln with the “ghost” of her husband,
Abraham Lincoln (Fig. 4.2) [9]. Done the law,
done the snare!

This new technology was a democratizer
bridging science and art with the lay person: the
firsts daguerreotypes represented as a truly dem-
ocratic form of imaginary [3].

Photography appeared in a period of great
changes to society. Science saw the opportunity to
go beyond the visible. Physicians either took the
pictures themselves or brought their patients to
the local portrait photographer [10]. The first
medical photographic prints made between 1840
and 1890 could be classified into the following
four types: (1) The “grotesque”; (2) classical pre-
sentations of medical conditions; (3), war surgical
cases; and (4) the mentally ill [10]. In the latter,
and just as the Renaissance sought to categorize
emotions, doctors used the camera to take photo-
graphs that could put emotions and character into
evidence. Its use expanded as a means of record-
ing and a source of “creating evidence” in fields
like psychiatry, physiology of movement, and the
political and police apparatus among others.
Generating an image of a human being following
“scientific conventions” was and is still being
used in a spectrum that spans from medical edu-
cation, support the theory of eugenics [11] and for
surveillance, law enforcement, and control [12].
The power of imaging was soon evidenced.
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Johann Heinrich Schulze
(1687-1744)

William Henry Fox
Talbo (1800-1877)

Jacques Mandé
Daguerre (1787-1851)

John William Draper
(1811-1882)

First pictures taken
using only daylight on
chalk and silver nitrate
surfaces

Paper photography
form paper negative

Daguerrotype (1839-1860)
Salted Paper Prints (1839-1860)

Fig. 4.3 Timetable: From left to right. (a) Image of Johann
Heinrich Schulze. (Johann Heinrich Schulze. Mezzotint by
J. J. Haid after G. Spizel, Wellcome Library Collection, fig-
ures under Public Domain CCBY 4.0); (b) Picture of
William Henry Fox Talbot (1800-1877). (William Henry
Fox Talbot, by John Moffat of Edinburgh, May 1864, fig-
ure under Public Domain, Wikipedia Commons CCBY).

4.2 Time Table

The illiterate of the future will not be the man who
cannot read the alphabet, but the one who cannot
take a photograph.

Walter Benjamin, 1931 [13]

Medical photography started almost in parallel
to general photography: physicians and scientists
were among those who first took photographs.
The ever-constant stream of new technologies and
applications left an imprint on the medical world.

Took some of the
earliest portraits
known and of the
moon.

Picture projected from
a camera obscura

on a silver surface
sensitized with iodine
and developed under
exposure of mercury.
Birth of daguerrotype

(¢) Picture of Jacques Mandé Daguerre 1787-1851.
(Figure under Public Domain, Gallica Digital Library,
CCBY). (d) One of the first portraits (1839), taken by
John William Draper (1811-1882) of his sister Dorothy
Draper. (Dorothy Catherine Draper, earliest surviving
photograph of a woman, figure under Public Domain,
Wikipedia Commons CCBY)

The timeline (Figs. 4.3a, b [14], 4.3c [15],
Figs. 4.3;4.4a,b,c,d; 4.6a,b, c,d; 4.7a, b, c; 4.8a,
b,c,d;4.9a, b, c, d; 4.10; 4.11a, b, c; 4.12a, b, c;
and 4.13a, b, c, and d) shows the major develop-
ment, photographic processes and figures of this
exciting period of invention and change [16]. Some
highlights were the cyanotype Impressions (1843)
by Anna Atkins (Fig. 4.5) or the newly introduced
portable camera by Eastman Kodak (1888).

As for skin, its exposed condition made it the
leading organ to be systematically photographed.
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1848

John Frederick William
Herschel (1792-1871)

Anna Atkins (b.
Children) (1799-1871)

Alfred Donné
(1801-1878)

Simon Peter Hullihen
(1810-1857)

Considered the first
woman photographer
(some claim it was
Constance Fox, born
Mundy, wife of William
Henry Fox Talbot)
Anna Atkins was the
first person to publish a
book with photographic
images (Photographs
of British Algae:
Cyanotype
Impressions, 1843)

Astronomer and
physicist, credited with
coining the terms
‘negative’, ‘positive’,
and ‘photograph’ He
was the inventor of
cyanotype which he
used to make blueprint

Daguerrotype (1839-1860)
Salted Paper Prints (1839-1860)

Fig.4.4 (a)Photograph of John Frederick William Herschel,
taken in 1867 by Julia Margaret Cameron. She is considered
one of the “giants” of Victorian photography (the other
“giants”: Lewis Carroll, Lady Clementina Hawarden and
Oscar Rejlander). Herschel introduced her to photography in
1839 and shared the results of his early experiments with her.
(Figure under Public Domain, Wikipedia Commons CCBY);
(b) Picture of Anna Atkins, a botanist considered by some

Fig. 4.5 Cyanotype image from the book British Algae: Cyanotype
Impressions, 1843 by Anna Atkins. (Figure under Public Domain, The

New York Public Library, Spencer Collection)

Leon Foucault
(1819-1868)

Earliest known
daguerreotype in the
dermatological literature
(Medical examiner).

Medical publication
with illustrations from
daguerrotypes, Cours
de Microscopie
Complementaire des
Etudes Medicales
came to be known as
“the Foucault
pendulum”

the first woman photographer. (Portrait of Anna Atkins,
albumen print, 1861, figure under Public Domain,
Wikipedia Commons CCBY); (¢) Image of blood globules
from Cours de Microscopie Complementaire des Etudes
Medicales by Donné and Foucault. (Figure under Public
Domain, Wikipedia Commons CCBY). (d) Dr. Simon
Hullihen (Courtesy of the Wheeling Hospital Collection at
the Diocese of Wheeling-Charleston archives)
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1858

Hugh Welch Diamond
(1809-1886)

Auguste Nelaton
(1807-1873)

Oscar G. Mason
(1830-1921)

Alexander John
Balmanno Squire
(1836—1908)

He used photographs
to define signs of
“‘insanity”. One of the
first to propagate and
integrate photographic
techniques in medical
practice. He has been
considered a “father
figure” in medical

One of the first to

use a professional
photographer

for documenting his
interesting cases.

He was the

surgeon of Napoleon Ill,
who diagnosed the
bullet in the leg of the
Italian hero Garibaldi

He took many of the
photographs for Fox.
Has became one of
the first American

to specialize in
medical photography.
Directed the
photographic

Created the first
dermatological atlas,
Photographs (Colored
from Life) of the
Diseases of the Skin".
Hand colored original
photographs

photography. (extracted by

Dr. Zanetti)

Daguerrotype (1839-1860)
Salted Paper Prints (1839-1860)

department of
Bellevue Hospital in
New York City

Glass plate negatives (1851-1925)

Collodion wet plate glass negatives (1851-1885)

Albumen prints (1850-1880)

Fig. 4.6 (a) Photograph of a patient in a psychiatric ward,
by High Welch Diamond (1809-1886) (Figure under Public
Domain CCO 1.0 license, The Metropolitan Museum,
Gilman Collection, Purchase Ann Tenenbaum and Thomas
H. Lee Gift, 2005); (b) Auguste Nelaton photograph at the
bedside with Giuseppe Garibaldi (Figure under Public
Domain, Wikipedia Commons CCBY) (c¢) Photograph

Dermatological photographs were among the first
medical images to be reproduced in series for
atlases which were used to spread medical knowl-
edge. In this sense, photography can be considered
an instrumental part of the emergence of dermatol-
ogy as a discipline. Over 150 photographs were
made public in dermatological photographic
atlases published between 1865 and 1900 [10].
The first pictures were black and white and later

taken by Oscar Mason for Fox s Atlas (Figure under Public
Domain, Wikipedia Commons CCBY); (d) Photograph
from the book “Photographs (Colored from Life) of the
Diseases of the Skin” by Alexander Balmanno Squire, John
Churchill and Sons, 1865. His book A Manual of the
Diseases of the skin has been digitalized from the library of
Oxford University, figure under Public Domain)

hand-colored to imitate the naturally occurring
condition. Many artistic conventions were bor-
rowed to generate medical portraits. Patients posed
as if they were going to be painted for a family
portrayal [17]. Gradually, it began a process of
standardization, and new pictorial conventions
were included to separate medical from popular
photographs, a subtle transition from artistic illus-
tration to this new scientific way of imaging.
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@ 1869

Louis Philippe Hardy
(1811-1893)
Pierre Michel Arthur de
de Montméja (1841-?)

Howard Franklin
Damon
(1833-1884)

Christian Albrecht
Theodor Billroth
(1829-1894)

Montmeja, Pierre
Michel Arthur de;
Rengade, P. Jules;
Bourneville, Désiré

Boston dermatologist
and syphilologist that
authored the book
Photographs of Skin
Diseases Taken from
Life

Clinique photographique
de I'hépital Saint-Louis

AFFECTI4%E PURTREEAES

Glass plate negatives (1851-1925)
Collodion wet plate glass negatives (1851—-1885)
Albumen prints (1850—1880)

Fig. 4.7 (a) Photograph from the book Clinique pho-
tographique de [’hopital Saint-Louis by Louis Philippe
Hardy and Pierre Michel Arthur de Montméja (Clinique
photographique de [’hépital Saint-Louis | par M. A.
Hardy et A. de Montméja, Chamerot et Lauwereyns, Paris
1868, figure under Public Domain) (b) Picture of Christian

First systematic Magloire.

use of stereoscopic
photography in

Published the earliest

medicine, medical photographic
Stereoskopische journal, Revue
Photographen photographique des
chirurgischer Kranker hépitaux de Paris.
Bulletin Médical.
REVUE
PHOTOGRAPHIQUE
BULLETIN MEDICAL

BEIMMIVALE & L BE BONTHELR

Albrecht Theodor Billroth (Figure under Public Domain,
Wikipedia Commons CCBY). (¢) Picture from the cover
of Revue photographique des hopitaux de Paris. Bulletin
Médical by Montmeja, Pierre Michel Arthur de; Rengade,
P. Jules; Bourneville, Désiré Magloire. (Digital image
courtesy of the Getty’s Open Content Program)
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1876 1880
1880,
Maury F Desiré Magloire- Henry Granger Piffard George Henry Fox
(1840-1870) Bourneville (1842-1910) (1846-1937)
Louis A Duhring 1840-1909
(1843-1913) Paul_Marie-Leon
Regnard1850-1927) Second American Photographic
Photographic Review text book of IDﬂystratlons of Skin
of Medicine and Editors of lconographie dermatology, An F‘lseeka)sesk -
Surgery Photographique de la El_ementary Treat/s_e on irst book wit
1870-1872 Salpétriere Diseases of the skin for heliogravure
the Use of Students and

Protocrarnic Review

MEDICINE AND SURGERY. G It

Glass plate negatives (1851-1925)
Collodion wet plate glass negatives (1851-1885)

Albumen prints (1850-1880)

Fig. 4.8 (a) First page of Photographic Review of
Medicine and Surgery by Maury F F and Duhring L A
(1870-1871). (From Photographic review of medicine
and surgery), a bi-monthly illustration of interesting
cases, accompanied by notes. Philadelphia: J.B. Lippincott
& Co., figure under Public Domain); (b) Cover from
Iconographie Photographique de la Salpétriére edited by
Desiré Magloire-Bourneville  and Paul_Marie-Leon
Regnard (Digitalized from the library of Oxford
University, figure under Public Domain). (¢) First page of

Practitioners Founder
of Journal of Cutaneous
and Venereal Diseases
(Today's JAMA's
Dermatology) Pioneer
the use of flash
photography in
medicine

ELEMESTARY TREATISE

DISEASES OF THE SKIN,

An Elementary Treatise on Diseases of the skin for the Use
of Students and Practitioners by Henry Granger Piffard.
(An elementary treatise on diseases of the skin, 1842—
1910, London, Macmillan and Co., 1876, figure under
Public Domain); (d) Image from the book Photographic
Atlas of the Diseases of the skin by the American derma-
tologist and civil war veteran George Henry Fox. (Emory
University Digital Library Publications Program, figure
under Public Domain)
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1888

1882

1885

1914

1888

Friederich Daniel von
Recklinhausen
(1833-1910)

Edmund Lesser
(1852-1918)

Photographs by H.
Winter (France) for the
original description of
the disease with his
name

Author of Lehrbuch der
Haut-und
Geschlechtskrankheiten
fir Studierende und
Arzte which included
photographs taken with

different techniques

Glass plate negatives (1851-1925)

Collodion wet plate glass negatives (1851-1885)

Charcot, Jean-Martin George Eastman
(Founder) 1854-1932
Gillesde la Tourette,
Georges
(1857—1904) Introduced a portable
Richer,Paul camera with 100
(1849-1933) snapshots

(1825-1893).
Londe,Albert(Head of
Photography
Department)
(1858-1917)

Nouvelle Iconographie
de la Salpetriere

Gelatin and collodion printed-out photographic prints

Black-and-white gelatin developed-out photographic prints (1880)

Fig. 4.9 (a) Michel Bur was the second case used by
Friedrich Daniel von Recklinghausen to describe neurofi-
bromatoses in 1882. The photograph was taken by H.
Winter. (Figure under Public Domain, Wikipedia Commons
CCBY); (b) Image of child with impetigo in Edmund
Lesser’s Lehrbuch der Haut- und Geschlechtskrankheiten
fiir Studierende und Arzte. (Wellcome Library Collection,

Fig. 4.10 First advertisement for the newly introduced portable
camera from George Eastman: New Kodak Cameras. “You press the
button, we do the rest.” (Ellis Collection of Kodakiana 1886-1923,
David M. Rubenstein Rare Book & Manuscript Library, Duke

University, figure under Public Domain)

figure under Public Domain CCBY 4.0). (¢) Hysterical
sleep attack (normal state). Nouvelle iconographie de la
Salpétriére. Credit: Wellcome Collection. Attribution 4.0
International (CC BY 4.0); (d) George Eastman (1854—
1932), fouder of Eastman Kodak Company, inventor of
the photographic film (Figure under Public Domain,
Wikipedia Commons CCBY)
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Dirk van Haren Noman Albert Londe Neisser Albert Max Joseph
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Paul Meissner
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Casuistique et A French pioneer in Albert Ludwig
Diagnostique medical photography . Sigesmund Neisser — .
Photographique de Published the book He published First Atlas of
Maladies de la Peau Photographie Medicale. Stereoskopischer Dermatohistopathology,
(10volumes) It included conventions Medizinischer Atlas, a Atlas der
of a plain »neutral » collection of Histopathologie der
backdrop, typical stereoscopic medical Haut in
positioning and images of a wide range mikrophotographischer
anonymization of of medical conditions. Darstellung

patients.

Glass plate negatives (general) (1851-1925)

(1885-1905)

Fig.4.11 (a) Dutch dermatologist Dirk van Haren Noman
that published Casuistique et Diagnostique Photographique
de Maladies de la Peau (10 volumes) in 1889. (Figure
under Public Domain, Wikipedia Commons CCBY). (b)
The French pioneer in medical photography, Albert Londe.
(Figure under Public Domain). (c¢) Albert Ludwig
Sigesmund Neisser. He published Stereoskopischer

Medizinischer Atlas, a collection of stereoscopic medical
images of a wide range of medical conditions. It included
a collection of stereoscopic medical images of a wide
range of medical conditions. Neisser is better known for
discovering the pathogen that causes gonorrhea. (Figure
under Public Domain, Wikipedia Commons CCBY)
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(1875—-1929)

Karl Wilhelm Wolf-
Czapek
(1877-1913)

Die Photographie von
Krankheitserscheinung
(Photography of
Disease
manifestation).

Writer, editor and
photographer.
Angewandte
Photographie in
Wissenschaft und
Technik
(Practical
Photographie in
Science and
Technology)

Adolf Jaiser
(1880-1925)

First true color
photographs of skin
diseases in
Farbenphotographie
in der Medizin (Color
Photography in
Medicine)
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Gustav Riehl
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Glass plate negatives (1851-1925)

Fig. 4.12 (a) Archibald Reiss, better known for founding
the first academic forensic science programme and the

Institute of Forensic Science (Rodolphe Archibald Reiss, by
Bertillon, 1925) (Figure under Public Domain, Wikipedia
Commons) CCBY). (b) Cover of Farbenphotographie in
der Medizin by Adolf Jaiser (Figure under Public Domain).

(¢) Austrian dermatologist Gustav Riehl who published in
1925, together with von Zumbusch Lep Titter, the first color
atlas in Europe (Gustav Riehl, 1855-1943, Nr. 92 basrelief
in bronze, Arkadenhof of the University of Vienna, Photo
credits: Hubertl, figure under Public Domain)
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Chromogenic color film and transparencies (1935)

Chromogenic color film and transparencies (1935)

Acetate negatives introduced for sheet film (1934)

" ®
Motivated by the space
race Steven Sasson, an
engineer working for
Kodak, invented the first
digital camera in 1975
and the first practical
mega pixel charge-
couple device (CCD)
image sensor in1986.
Sasson’s world's first
digital camera weighed
around 8 pounds (3.6kg)
and had a resolution of
only 0.01MP; it recorded
images on a

solid CCD chip

Fig. 4.13 (a) First color film by Kodak (1935) and Agfa
(1936) (Courtesy of Kodak, Copyright © 2020 Eastman
Kodak Company. All Rights Reserved, and Thomas
Neumann’s Trip to Berlin, 1937, Riksarkivet, National
Archives of Norway, figures under public domain). (b)
Painting of Prof. Lajos Nékdm. His most important work
is his 3 volume dermatovenereological atlas (1938) which

Willard Boyley George
Smith invented the CCD
(Charge-Coupled
Device),a device which
transforms light in to
electrical signals.The
CCD is the electronic
eye of digital cameras,
a tool that revolutionized
photography by allowing
light to be captured
electronically rather than
on a film.

First know digital images
know.They were sent to
Earth by Mariner IV
spaceship. They showed
the surface of Mars

Instant color print process (1963)

Polyester film (1960)

First Digital Photography (1964)

contains 4566 Figures. (Painted by Karoly Karlovszky,
courtesy of owner and grand child of Prof. Lajos, Dr.
Nékam Kiristéf). (¢) First known image of the surface of
Mars (NASA, 1976, figure under Public Domain). (d)
Steven Sasson and the the first know commercial digital
camera (Courtesy of Kodak, Copyright © 2020 Eastman
Kodak Company. All Rights Reserved)
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4.3  Photographing

the Grotesque

Tis true my form is something odd,/But blaming me
is blaming God;/Could 1 create myself anew/l
would not fail in pleasing you./If I could reach
from pole to pole/Or grasp the ocean with a span,/l
would be measured by the soul;/The mind’s the
standard of the man.

—Poem used by Joseph Merrick to end his letters,

adapted from “False Greatness” by Isaac Watts

Grotesque is a word used to define the “repul-
sive, ugly or distorted.” It originated from the
Italian word grotteschi, which referred to the
decorations found in the grottoe (Grotta, Italian
for cave) like the ones from the Golden House of
Nero and that represent a mix of human and plant
forms [18]. Such hybrids gave rise to a name later
used to define the freaks.

Humans seem to be drawn to the abject as a
mean to reaffirm their own well-being. We seem
compelled to stare at the aftermath. The initial
“trauma” of staring at the deformed or their
images is followed by the reassurance that “it is

- 1'. N

Fig. 4.14 Photograph of Joseph Merrick. (Unknown
source, no photographer credited in the British Medical
Journal article of 1890, figure under Public domain)

not me.” It gives the opportunity to confront our
own fears, while we recognize that image as a
subject leaving us in at safe. The large number
of images taken of humans with deformities
seems to point more to satisfy the appetite for
the deviant than a representation of a natural
occurring event for academic or documentary
purposes.

The history of professional photographs of dis-
eases cannot be disconnected from the representa-
tion of monstrous and spectacular cases. These
cases were present not only in Atlases but also on
personal albums and street exhibitions. Joseph
Merrick [19] (Fig. 4.14), the “Elephant man,” was
just one such case of shared imaging between the
medical world and the circus. Contemporary artist
and photographer Maria-Maria Acha-Kutscher
(Lima, 1968) serie Les Spectaculaires exposes
“freak-women” in all their beauty, re-dignifying
them against the violent use of their medical con-
dition for the amusement of others [20] (Fig. 4.15).

Fig. 4.15 Photographic collage by Maria-Maria Acha-
Kutscher (Lima, 1968): “Alice E.Doherty” ‘Alice La
Maravilla’. (From her series Les Spectaculaires, 2011)
(With permission of Marfa Acha Rodriguez. Artist name:
Marifa-Maria Acha-Kutscher . All rights reserved)
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44  Photography

in the Psychiatric Ward

Photography makes aware for the first time the
optical unconscious, just as psychoanalysis dis-
closes the instinctual unconscious [13].

Walter Benjamin, 1931

The search for the “physiognomy” of the men-
tally “insane” goes back in medical history. With
the advent of photography, cameras found a fast
way into the psychiatric wards trying to “catch”
outer manifestations of inner disturbances [21,
22]. Certain mental conditions were thought to be
identifiable by the looks. Photographs were tools
to communicate information about mental health:
some psychiatric wards did it in a regular, stan-
dardized manner, while others did it erratically
and unmethodically. It was a common practice to
be photograph when entering an asylum. The jus-
tification included the possibility to identify a
patient in case of escaping. Interestingly, some
individuals refused to be photographed and some
doctors supported their decision [23]. Early pho-
tography of patients was used to present emo-
tions. Darwin’s book The Expression of the
Emotions in Man and Animals (1872) is a proof of
this approach [24]. Before him, Hugh Welch
Diamond (1809-1886) was one of the first to pho-
tograph the mentally ill patient, and mentally ill
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patients, and his enthusiasm with photography
marks the appropriation of its use in this specific
field of medicine [21, 25]. Today, these pictures
can be a resource to understand the methodology
with which Victorian doctors pretended to put a
face to mental illness, how were psychiatric wards
in that period, and who were the afflicted people.

Face and Law: Bertillon
and the First Mugshots

4.5

Faces have always been of interest to science
because of the possible hints into a person’s char-
acter, for identification and in search of signs of
expression. Some believe that expressions are a
sign of emotions. Therefore, the face could be a
mirror to the mind and soul. Photography in psy-
chiatric wards and by police apparatus was a way
of instrumentalizing the technique as part of the
surveillance apparatus.

In 1890, Alphonse Bertillon (1853-1914) —a
French police officer — applied anthropometry
to improve the French police identification sys-
tem. He proposed to complete the police record
by including a mug-shot (“Mug” is an English
slang term for face), a photographic portrait of
the arrested person, from waist up which
includes a front view and a side view (Fig. 4.16)

FToulnld, parw —
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Fig.4.16 Mugshot of Bertillon M. (Figure under Public Domain, Wikipedia Commons CCBY)
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Fig. 4.17 Galton’s method for taking frontal and profile
photo of the face as it appeared in Bertillon’s book (1890),
La photographie judiciaire: avec un appendice sur la
classification et [’identification anthropométrique Paris,
Gauthier-Villars (Open Access; book under Open
Knowledge Commons)

[26]. In 1883, his system was adopted by the
police in Paris and later became internationally
popular [27]. Before him, Francis Galton
(1822—1911), a half-cousin of Charles Darwin,
had described this technique of generating mul-
tiple portraits in a rapidly and inexpensively
way. His method was later published by
Bertillon as “the English method” [11, 27]
(Fig. 4.17).

Merging portraits taken of both sides of the
face was possible thanks to an earlier invention
from 1832 known as the stereoscope. Images
like the one taken by Albert Neisser of a patient
with syphilis are just one example of stereo-

scopic photography. [28]. This “fusion” of opti-
cal images was the embryo of depth perception,
the beginning of today’s 3D photography.

4.6 Post-Mortem: A Living

Testimony of the Dead

By 1939, life expectancy was 35 years. Living
and memorial (post-mortem) photography soon
became desirable and an affordable way to keep
the memories of the deceased person alive: it was
like keeping alive not only the memory but the
person itself. It was another embrace between
science and magic, a mechanical mean of repre-
sentation at the service of nostalgia.

As Barthes would state, it gave the opportu-
nity to maintain a representation of a reality that
once existed though “one can no longer touch”
[29]. Past medical images are also the representa-
tion of somebody that was, and it is now gone. In
the foreword of Roland Barthes’s Camera Lucida,
English writer Geoff Dyer says that probably the
fascination of Barthes for photography had to do
with death. An interest tinged with necrophilia, a
“fascination with what has died but is represented
as wanting to be alive” [29]. Cameras are, in
Barthes words, clocks for seeing. Every photo-
graph is a certificate of presence.

This concept was probably shared by people at
the beginning of the era of photography when they
took pictures of their deceased. Culturally,
Victorians were closer to death than we are today;
they honored their deceased and kept images
around them; they did not plunge into denial [30].
For those that could not afford a painted portrait, a
photograph represented the less expensive and
almost providential opportunity to keep the loved
one “at home” (Fig. 4.18). With very high mortal-
ity rates, it is no surprise that many of these photo-
graphs were of children. Bereavement photography
of neonates, stillbirths, and children is still done to
help in the grieving process (see Annex IMI
Guidelines on Bereavement Photography (neo-
nates, stillbirths and children) [31].
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Fig. 4.18 Unknown maker, American, Post-mortem por-
trait of a young girl, about 1850, Daguerreotype, hand-
colored. (Digital image courtesy of the Getty’s Open Content
Program, The J. Paul Getty Museum, Los Angeles, USA)

4,7 Medical Photography During

War Time

Depiction of military medicine was another com-
mon use of the first years of medical photography.
From 1861 to 1865, American Civil War [32] and
later World War I (1914-1918) veterans were pho-
tograph in all the crudeness of their facial disfig-
urement and amputations. These pictures
transformed patients into cases by objectifying
their bodies [33]. They are living testimonies of
the absurdity of war and the power of institutions
on the bodies of soldiers. The use of photographs
to register “medical conditions” used by the Nazis
during WWII is another example of cruelty beyond
description that left a testimony for trials and has
become part of our collective memory.

War photographs had several uses. They were
taken to prove a strange symbiosis of military
technology and medical innovation, to present
the artistic response of mutilation to prosthetic
replacements, and to bring along a patriotic
discourse.

In the Army Surgeon General’s World War 1
rehabilitation journal, Carry On: A Magazine on

the Reconstruction of Disabled Soldiers and
Sailors, soldiers were photographed dressed up,
engaged in everyday activities to conceal the reality
faced by injured soldiers and reveal the persuade of
the benefits of rehabilitation on war wounds [34].

Facial disfigurement occurring during War
World I was very common. In Britain, the medi-
cal photographs from these patients were almost
never shown outside the professional context of
clinical medicine. Birnoff’s believes it to be the
result of British aversion to disfigurement. The
worst loss was the loss of one’s face as it was
perceived as a loss of humanity [35].

4.8 Photobook and the Media
Roland Barthes, the French philosopher, believed
that a photograph implied meanings and had the
unique potential for presenting a complete and real
representation of the world. He believed a photo-
graph was a message [4] and not simply a “product
or a channel but also an object endowed with struc-
tural autonomy” [4].

Medical photographs have been tightly inter-
twined in generating scientific, social, and cultural
changes. An example can be found in the AIDS
epidemic. The changes brought by HIV included
the reshaping of conventional wisdoms in public
health, research practice, cultural attitudes, and
social behaviors [36]. The rapid development of
effective treatments could not have occurred
without activists and participation of patients.
Photography was able to put “a face” to a disease,
making affected people visible not only to the sci-
entific world but also to the general public [37].
This was the case of the renowned images taken by
photographer Therese Frare and her moving work
with David Kirby and Peta (Fig. 4.19).

Some of the first dermatological atlases stig-
matized the disease: AIDS-related photographs
included in their legend information on sexual
identity and age of the patient stating the rele-
vance of these two pieces of information. This
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addendum of information which was otherwise
not present in the image generated a classifica-
tion of the disease into “the narrative of a highly
problematic re-medicalization of homosexuality
in the course of the early years of the AIDS epi-
demic” [38]. Photographs were almost always
of white young homosexual men. They gener-
ated a connection even when the causes of the
disease were not still completely understood.
This “inherent” relation of AIDS-male homo-

Fig. 4.19 Peta in hospice, Columbus, Ohio, 1992.
Photograph by Therese Frare (Courtesy of © Therese
Frare)

sexuality was later removed from captures pre-
sented in atlases. If, as Dalton and Galison point
out, atlases “set the standards of a science in
word, image, and deed” [5], it is also true that
reconstituting histories from archives that were
produced to do instrumental jobs becomes a risk
[39].

Another interesting case of photobook which
had an important social impact was Morire di
classe (In English, To die because of your class)
authored by Franco and Franca Basaglia with
photographs by Carla Cerati and Gianni
Berengo Gardin (Fig. 4.20). The pictures of
institutionalized patients in psychiatric hospi-
tals in several cities in Italy were able to show
the pain, poverty, the suffering, and the imposi-
tion. They showed the violence on psychiatric
patients as objects forcefully isolated into an
asylum but also the violence of a society that
does not want to see mental health and secludes
individuals particularly those belonging to the
poorest social class [40]. This book is part of
the history of medical photography as it flat-
tened the way for future photographers [41] and
social denouncing of unacceptable medical
situations.

Fig.4.20 Cover from the first edition of the book “Morire
di classe”, Einaudi 1969, by Franco Basaglia and Franca
Ongaro Basaglia (left) and one the photographs by Carla

Cerati and Gianni Berengo Gardin (Reproduced with per-
mission of Carla Cerati, 2015 and Elena Ceratti 2020)
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49 Women and Photography
Throughout history, women have been made invis-
ible. The photography profession is no exception.
From the very beginning, orthodox medicine used
photography to represent itself creating a stereo-
typed medical image [42]. In this realm, there was
no place for women doctors as doctors were
always white men; women were always nurses or
psychiatric patients.

The first portrait photography took conven-
tions from art and domestic scenes. Nurses were
frequently depicted working alone, “much as
housewives did,” or holding children. In the
“family” pictures, they stood around male doc-
tors. Depending on the period, they were placed
standing behind or sitting on the sides.

If this was the imaginary for photographs of
women in medicine, their recognition as photog-
raphers was not much more flattering. Names
like Anna Atkins or Julia Margaret Cameron
rarely appear in histories of medical photogra-
phy. Another example is Lady Elizabeth Eastlake
(1809-1893), an art historian, critic, writer, and
pioneer of female journalism, who wrote in 1857
an essay under the title “Photography,” for The
London Quarterly Review (No. 101, April 1857,
pp. 442-468) where she summarizes the scien-
tific beginnings of photography [43].

Marginalized was also X-ray crystallographer
Rosalind Franklin (1920-1958) who in 1951 was
responsible for the image nicked named “Photo
517 that was shot by her PhD Student Raymond
Gosling. This photo allowed her to deduce the

basic dimensions of DNA strands to demonstrate
that phosphates were on the outside of what was
probably a helical structure. The image was
shown to Watson J without her consent. He found
in this image the missing piece of the puzzle to
formulate the hypothesis on the nature of DNA,
which later gave him and others the Nobel Prize
in Medicine [44, 45].

In 2019, 29-year-old computer science doctor
Katherine Louise Bouman contributed in the
development and application of the algorithm
called Continuous High-Resolution Image
Reconstruction using Patch priors (CHIRP)
which allowed to photograph for the first time a
black hole (Fig. 4.21), a halo of dust, and gas
found 500 million trillion km from Earth [46].
This image has revolutionized our understanding
of one of the great mysteries of the universe [47].
As a curious note, 55 years before Bouman’s
achievement, the first digital camera was taking
pictures from Mariner IV (1964), 5 years before
Neil Armstrong stepped on the Moon. Those pic-
tures were first taken by an analogical camera
and converted into digital by a technology that
does not exist anymore, the Vidicon tube (later
substituted by the CCD sensor). The spaceship
took 9 days to transmit the images. Decoding
was so slow that the NASA team decided to
hand-paint the first photo as they received the
information! [48, 49]. A story worthy of an epi-
sode in the 1966 TV series Time Tunnel:
“Travelling to the time of the first hand paint
Atlases”! Again, science and art shaking hands
(Fig. 4.22).

Fig.4.21 Left: Rosalind Franklin (Reproduced with per-
mission from Encyclopedia Britannica, Jewish Chronicle
Archive/Heritage-Images) and right: Katie Bouman

(Courtesy of National Science Foundation Multimedia
gallery, All rights reserved)
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Fig. 4.22 Left: First picture of Mars, and right: painting
made from the pieces of information as they were been
received. (First Mariner 4 close-up image of Mars,

410 The Undefined Limits
Between Science and Art

The confluence of science and art has left us with
uncertain boundaries where we can find “artistic”
scientific images and “scientific” artistic images.

Standardization of medical photography pre-
tends, among other, to define such limits; however,
the use of black backdrops, the light concentrated
on the subject, and the sharp contrasts seemed bor-
rowed from chiaroscuro Caravaggio techniques of
art. Using elements from scientific standardiza-
tion, artists have produced extreme artistic images
from nature. One such example is French photog-
rapher Pascal Goet (Fig. 4.23) and his photo-
graphs of bugs for his collection “Mask & Totem,”
where he found human symbolism represented in
the colored patterns of insects. Each bug repre-
sents an imaginary mask, “a cultural bridge
between our world and the world of insects” [50].
Photographs by plastic surgeon and photographer
David Teplica [51] are another example of a con-
fluence of art and science.

enhanced to show haze, NSSDC Image Catalog and
NASA/JPL-Caltech, figures under public domain)

Fig. 4.23 Photograph of a Canthus, by Pascal Goet
(Courtesy of Pascal Goetgheluck; series Masques et
totems, insectes anthropomorphes. All rights reserved)
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In the mid-twentieth century, photographer
Lejaren Hiller Sr (1880-1969) was commis-
sioned by the surgical/medical device company
Davis and Geck to produce prints for a series
called “Surgery through the Ages.” These were
pictorialist style of art photography that recreated
medical scenes from posed photographs. Some of
these scenes were also recreated by photographer
Valentino Serra (1903-1982). These images were
used to illustrate journals and became very popu-
lar, to the point of requiring reprinting of some
journals to sell to those who wanted an extra
copy. A possible explanation for these populari-
ties was the fact that humanism was interpreted
as the mark of a good physician [52].

In a publication in 2016, Aberer E et al. [53]
used photography to document expression of
human emotions. They photographed six indi-
viduals with different skin conditions: ichthyo-
sis, psoriasis, exanthema, and skin cancer. The
patients were asked to express their current
emotions on a picture. They aimed at “objectiv-
izing” patient’s emotions by re-labeling the
photographs as “discouraged,” “mourning,” “the
scream” [53]. It could be argued that patients
are asked to pose; however, these photographs
are “capturing” their expectations which could
or could not correspond to their real feelings. A
further bias is the third-person interpretation of
such information. It is still an interesting XXI
century attempt to register mental conditions
using photography as a technical instrument. It
reopens the debate of “objectivizing subjectiv-
ity” and the continuous merge of science and
art.

Anthea Gordon in her paper on Marlene
Dumas, states that “medical photography, and in
particular dermatological imagery, is often
assumed to provide an objective, and functional,
representation of disease and that it can act as a
diagnostic aid. By contrast, artistic conceptions
of the images of the body tend to focus on inter-

pretative heterogeneity and ambiguity, aiming to
create or explore meaning rather than enact a par-
ticular function” [6].

She brings this point to introduce us into the
work of South-African artist Marlene Dumas
(based in Amsterdam) that created some of her
artwork from medical photographs. Gordon
questions the assumption of photographic objec-
tivity to “suggest that there is greater complexity
and interpretative scope in dermatological images
than might initially be assumed” [6].

Dumas’s paints from photographs bring
together the scientific attitude of a visual rep-
resentation with the artistic one. The painting
Dead Marilyn (2008) is based on an autopsy
photograph of Marilyn Monroe which serves
as a death certificate and objectivizes this
moment. This portrait is “evidence”: it is pro-
voking way to confront us (the observers)
with our mental image of Marilyn.
“Secondhand image generating a first-hand
emotion” [54]. By confronting us with a re-
represented photograph of a patient with a
skin condition, Dumas reverse our expecta-
tions and shows how a skin disease has a psy-
chological burden and how an image of a
physical illness represents a psychological
condition [6] (Fig. 4.24).

Dr. Hector Padula, a Venezuelan photogra-
pher and anesthesiologist, is the author of IPA
WAYUMI, a photobook that delves into the
life of the Yanomami people, in the Upper
Orinoco. He went to work with this group, in
the Venezuelan Amazon, 30 years ago, over a
period of 2 years. He started taking photo-
graphs of his work with the only intention of
“stopping time,” the preservation of the
instant. His photographs transcend mere medi-
cal documentation and still illustrate medical
conditions. Through his art, it delivers a pow-
erful message of awareness filled with empa-
thy (Fig. 4.25) [55].
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Fig. 4.24 Left: Dead Marilyn, by Marlene Dumas.
(Details work: Dead Marilyn, 2008, oil on canvas, 40 x 50
cm; Credits collection: Kravis Collection; Copyright work
and courtesy image: Marlene Dumas; Credits photogra-

Fig.4.25 “He wanted to hear my heart, just like I wanted
to hear his. That was the deal to take this image”.
Yanomami adolescent from the village of Doshamosha-
teri, Siapa river, Alto Orinoco on the venezuelan Amazon.
(Photography courtesy of Héctor Padula S, 1990. Ilford
film 400. Digitalized from negative. All rights reserved)

4.11 Historical Archives

Photography, archive, and memory are intimately
connected. Memory and photography both
involve the process of recording images that may
be used to recall the past [56].

phy: Peter Cox, Eindhoven). All rights reserved; Right:
Photograph of Marilyn Monroe, taken at the morgue.
(Figure under public domain)

There are numerous medical archives world-
wide, and they have been presented in different
formats: paintings, photographs, wax molds,
sculptures, audio recordings, films, text-based
archives, and manuscripts. Some are available
online, others are digitalized but not available on
the website, and some are still visible in their
original formats. They can be found in specialized
museum or libraries as well as in public and pri-
vate collections; access is sometimes allowed to
the general audiences; in others, only physicians/
historians/curators are permitted to access them.
Medical imaging archives have always been a
precious source of learning, from the first atlases
by Vesalius to the modern photographic digital
anatomy found in the “Visible Human Project”
which contains hundreds of cross-sectional pho-
tographs of the human body, taken to facilitate
anatomy visualization applications (Fig. 4.26).

Medical photographic iconography is to be
found as daguerreotypes, painted photographs,
or wood engravings done after a photograph,
just to mention a few. One such collection is
the Wellcome Collection [57] in London,
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Fig.4.26 A full color
anatomical images from
The Visible Human
Project (Courtesy of the
U.S. National Library of
Medicine)

which is one of the world’s major resources for
the study of medical history and the medical
humanities.

Photographs can be used as a historical
record of the “how it was” giving us a new
understanding of the past [42]. But looking at
these photographic collections from the past is
also prying into someone’s intimate moments.
That picture was most surely taken without the
consent of the person involved, of a person that
is now probably deceased. Even if the consent
was actively sought, it was usually not specified
the use, and it was obtained mostly for upper-
class patients. Probably, low social status back-
ground, minorities, mentally impaired, and
many women were not even asked. Protecting
the patient’s privacy followed historical, social,
and cultural conventions including issues of
which anatomical area could be exposed. In
clinical photography, power has always played
an important role [58]. In fact, it was not until
1957 that the term “informed consent” was first
used but needed 10 more years to become estab-
lished as a standard of care [59].

Did we have the right to take those pictures in
the first place? Do we have the right to expose
those pictures to the general public? These photo-
graphs give information on the physical and men-
tal state of a human being, and since many
pictures were taken of the rarity—the freaks—
they end up exposed in a circus-like fashion. This
is the reason why these collections have been

labeled by historians and curators as “sensitive”
collections [58, 60].

In the case of the Wellcome Library, they have
engaged with this problem by developing a practi-
cal policy on research access to personal data
present in their collection [61]; approximately
50% can only be viewed by application as images
taken in the late nineteenth century and the person
in the photograph certainly deceased, fall outside
the scope of the Data Protection Act (DPA). The
Wellcome Trust policy commits to assessing the
data for sensitivity from an ethical perspective:
unrecognizable images are made openly accessi-
ble (within the library), and the recognizable
images available have restricted access. They are
conscious of the possible risk of ‘“censorship.”
Others, like Michael Sappol, from the US National
Library of Medicine believes instead in free
access to all medical photographs [62].

Facilitating non-medical audiences to view
the medical past iconography as mere source of
curios objects and give free entrance into peo-
ples’ privacy does has its consequences. The suf-
fering of some becomes the entertainment of
others. The audience is a “voyeurs.” Exposing
others afflictions can be a form of visual vio-
lence. The appropriation of such images to be
used to create monsters for the entertainment of
gamers shows lack of empathy and the
exploitation of the shock value of a disfigured
face or body [62]. As Susan Sontag would say:
“Our failure is one of imagination, of empathy:
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we have failed to hold this reality in mind” [63].
In the video game BioShock (2007), part of its
disturbing artwork was based on digitalized dis-
figured World War I veterans. Biernoff S states in
her paper on Medical Archives and Digital
Culture that moral choices and consequences are
built into the game and the use of recognizable
suffering individuals for the sake of entertain-
ment can only be a perverse transgression of the
pledge not to forget [64].

For Tagg J, the camera is never neutral: photo-
graphing “abnormal” physiognomies of patients
becomes a burden of subjection. The archive of
repetitive images is an accumulation in which
“the smallest deviations may be noted, classified
and filed” [12].

And still, museum exhibitions of clinical pho-
tographs can be the opportunity to bear witness
of difficult experiences and help in the under-
standing of human suffering [58].

Can we as medical photographers of the pres-
ent guarantee that our patient’s images will not be
part of a BioShock videogame of the future?

4,12 The Coronavirus Pandemic

In 1963, a young and bright Scottish woman by
the name of June Dalziel Almeida (Fig. 4.27) pio-
neered a technique to better visualize viruses. She
used antibodies to aggregate the virus in a tech-
nique called immune electron microscopy (IEM)
[65]. By 1966, June Almeida and David Tyrell
identified a group of viruses that were causing
respiratory conditions. Together with Tony
Waterson named the newly discovered creatures,
coronavirus [66]. Prof. Hugh Pennington declared
to the Herald (March 2020) that “without her pio-
neering work things would be slower in dealing
with the current coronavirus outbreak. Her work
has speeded up our understanding of the virus”
[67]. Her immune electron microscopy (IEM)
innovations and insights contributed not only in
the coronavirus research but also in diagnosing
diseases like hepatitis B, HIV, and rubella. Her
electron micrographs and her technique were and
still are used. Time has shown how much we owe
to her work (Figs. 4.28 and 4.29).

Fig. 4.27 Dr. June Almeida, the Scottish virologist who
was a pioneer in virus imaging, identification and diagno-
sis. She was the first scientist to identify and photograph a
group of virus later named coronavirus. (Photograph
courtesy of Joyce Almeida, All Rights reserved)

Fig. 4.28 COVID 1 This scanning electron microscope
image shows SARS-CoV-2 (yellow)—also known as
2019-nCoV, the virus that causes COVID-19—isolated
from a patient in the USA, emerging from the surface of
cells (blue/pink) cultured in the lab. (Credit: NIAID RML)
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Fig.4.29 COVID 2
This transmission
electron microscope
image shows SARS-
CoV-2—also known as
2019-nCoV, the virus
that causes
COVID-19—isolated
from a patient in the
USA. Virus particles are
shown emerging from
the surface of cells
cultured in the lab. The
spikes on the outer edge
of the virus particles
give coronaviruses their
name, crown-like.
(Credit: NIAID-RML)

4.13 Conclusions

Photography has changed the way we see the
world. It generated a complete change in para-
digms, transforming information, democratiz-
ing knowledge, changing the perceptive toward
patients and their health, and empowering those
who posses the images over the subjects. This
brief history is just a few brush strokes of a
complex relationship whose impact we are still
witnessing. We hope this introduction has drawn
the path to the amazing world of medical
photography.

Acknowledgment I want to thank Wilfred Neuse for
reading and giving great inputs to this chapter.
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5.1 Introduction ute to saving lives and health care dollars as well

Photography is considered the standard of care in
many visually oriented specialties, particularly
dermatology, ophthalmology, plastic surgery,
maxillofacial surgery, and wound care. In these
settings, photography is integral to providing the
best possible patient care and thereby adheres to
the ethical principle of beneficence: taking action
for the benefit of the patient. The irreplaceable
advantages of photographs in these fields contrib-
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as potentially reducing clinical morbidity.

The use of photography has been documented
to enhance patient care in the areas of diagnosis,
treatment, and education. For example, total body
digital skin imaging is a technique in which the
entire cutaneous surface area of the body is pho-
tographed and assessed over time in conjunction
with dermoscopic evaluation. This method iden-
tifies new lesions or subtle changes in melano-
cytic lesions that could be missed by a traditional
full body skin exam without baseline images,
thereby improving early detection of melanomas,
saving lives, and reducing unnecessary excisions
[1-4]. Additionally, photography is proven to
reduce patient anxiety and the incidence of
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wrong-site surgeries [5, 6]. Serial imaging can
assist providers in monitoring response to thera-
pies long-term, such as laser therapy, and the
progress of chronic inflammatory skin disease,
like psoriasis and atopic dermatitis, thereby
enhancing a personalized approach to the
patient’s treatment [7]. Digital images can also be
readily shared between providers for consulta-
tion, ultimately improving diagnosis and speed of
clinical management [8]. In primary care and
dermatology, photography is a promising tech-
nique for modifying patients’ risk-related behav-
iors. For example, a Cochrane review showed
that photography in conjunction with clinical
counseling was especially helpful in improving
patient participation with at-home skin exams, in
discouraging the use of tanning booths, and in
adhering to sun protection behavior [9].
Unfortunately, the necessary integration of
photographs into patient and public records
brings forth a number of ethical dilemmas, espe-
cially in the era of electronic medical records
(EMRs). Failure to honor patient autonomy, pri-
vacy, and informed consent—for instance, by
publishing a photograph without the consent of a
patient—can damage the integrity of the
physician-patient relationship. Lack of universal
photography technique protocols can lead to an
inability to provide the best medical care possi-
ble, as photographic settings must be reproduc-
ible in order to be comparable at follow-up.
Unregulated photograph ownership, usage, and
storage may also infringe upon the privacy of the
patient. Additional complications occur when the
site of the picture includes “private” areas (such
as women'’s breasts) or when the patient is unable
to give their consent or express refusal, such as a
child or adult with intellectual disability.
Approaches to dilemmas involving the use of
photographs in medicine can be guided by the
implementation of universal ethical principles.
The Hippocratic Oath provides one of the oldest
ethical guidelines for moral and professional
patient care, including the principles of benefi-
cence, nonmaleficence, autonomy, justice, confi-
dentiality, dignity, and honesty (Table 5.1).

Table 5.1 Summary of medico-ethical principles

Ethical

principles

Beneficence Provide the best patient care
possible; the welfare of the patient is
primary above all else

Nonmaleficence Do the least harm possible

Autonomy The patient’s right to direct their
medical care without coercion

Justice All patients have a right to the same
access and quality of medical care

Confidentiality =~ The patient’s right to privacy

Dignity Respect of the patient

Honesty Truthfulness regarding patient care

and outcomes; informed consent

However, definitions of these principles can be
vague and their application open to the interpre-
tation of the physician, especially when a legal
solution does not exist. Professional societies,
including the American Medical Association
(AMA) and European Council of Medical Orders
(ECMO), have expounded on these principles,
updating them to reflect changes in societal atti-
tudes and values. Although both societies address
elements of medical photography, application in
clinical practice varies widely. Recognition, dis-
cussion, and education of ethics in medial pho-
tography may encourage standardized approaches
and appropriate patient care, especially when dif-
ficult ethical dilemmas arise.

Ethical Dilemma #1: Breech
of Privacy and Mass
Distribution

5.2

Risks of medical photography include breech of
privacy, identification of the patient photographed
by non-clinical persons, dissemination to unau-
thorized parties, psychological harm to the
patient, and inability to revoke a photograph once
published in a medical journal or on the internet.
Digitalized photographs are naturally at risk of
distribution through the pervasive internet, which
is increasingly more plausible as hospitals transi-
tion to electronic medical records (EMRs).
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5.2.1 The Principles: Patient
Autonomy, Confidentiality,

and Informed Consent

Breeches of privacy and mass distribution can be
mitigated through application of the principles of
patient autonomy and informed consent. Patient
autonomy is the ethical principle of ensuring the
patient makes fully informed decisions about
their healthcare without intrusive influence or
fear of retribution. Within reason, the patient
should always have a sense of control over their
medical care and information. Therefore the con-
cept of autonomy extends to the capture and stor-
age of clinical photographs [10].

The right of the patient to have their photo-
graphs remain private is legally secured under the
Privacy Rule of the Health Insurance Portability
and Accountability Act (HIPAA), which protects
the use and disclosure of identifiable patient data.
HIPAA states that patients may authorize specific
uses of identifiable information, demonstrating
that patient autonomy is intertwined with the
right to confidentiality. Consequently, the physi-
cian is ethically and legally mandated to use pho-
tographs for only the purposes that are agreed
upon by the patient during the informed consent
process, during which the potential uses of the
images acquired were specified. This fact should
be reiterated to the patient for their reassurance.
For example, a patient can choose to allow her
photograph to be uploaded to her electronic med-
ical record but not shared for publications or
medical education [11].

Patients are generally more comfortable
sharing their clinical photographs for multiple
uses (i.e., education, publication) if the photo-
graphs are de-identified [12]. Multiple guide-
lines are available that detail proper
de-identification techniques [13, 14]. Any iden-
tifying and unique tattoos, clothing, jewelry, or
recognizable natural “landmarks” should be
cropped or masked. There is a general consen-
sus that concealing only the patient’s eyes in a
facial photograph is insufficient and that as
much of the face should be concealed or blurred
as possible. One recommendation is that both
eyes and eyebrows be concealed at a minimum
if possible [14]. Following the HIPAA Privacy

Rule, the patient should be allowed to review
the final photograph for approval [11].

An ethical dilemma may arise when a patient
does not want their de-identified photograph used
for research or educational lectures. According to
HIPAA, once medical information is de-identified
using the proper techniques, it is no longer legally
considered “protected health information” [11].
This implies that the physician could, in theory,
use the photograph at his or her discretion.
However, honoring the agreement of the informed
consent process is imperative to preserve patient
trust, privacy, and autonomy, and the physician
should abide by the patient’s wishes.

5.2.2 Patient Autonomy
and Informed Consent
Applied to Medical
Photography

The process of informed consent was designed to
safeguard patient autonomy. It ensures that a
patient both understands and competently agrees
with the physician’s plan for his or her care,
empowering the patient to take part in clinical
decision-making [15]. Informed consent can be
written or verbal; however, written consent is pre-
ferred because it provides a concrete record should
it need to be reviewed. Patients generally prefer a
written document over verbal consent [12].

Although there is not a standardized consent
form for medical photography, many medical
offices have created their own versions. Free tem-
plates that include the basic elements of informed
consent for medical photography are also avail-
able online for download [16, 17]. These basic
elements include the following:

Purpose of the photograph

Description of the process

Disclosure of benefits to the patient

Disclosure of risks to the patient

Disclosure of alternative approaches, includ-

ing no photograph

6. Description of how the photograph will be
stored

7. Description of each specific use intended for

the photograph

hAEE ol
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While the physical form is intended for the
patient to read and sign, the provider has the ethi-
cal responsibility of engaging in a dialogue to
educate the patient about the process while
assessing the patient’s understanding. Physicians
who take the time to explain the photography
process with the patient will likely improve
patient comprehension and confidence in the pro-
cess [18]. The patient should understand why the
photograph will be taken, how the photograph
will be obtained (including what area of the body
the physician is intending to capture), how the
photograph will enhance the patient’s medical
care, and what risks are possible as a result of the
process [10, 16].

The physician should disclose that the
patient has the right to decline the photograph
outright or abstain from any specific use of the
photograph, emphasizing that photography is
completely voluntary and refusal will not sig-
nificantly compromise the quality of the
patient’s clinical care going forward. The
patient also has the right to revoke their deci-
sion at any time. The physician must reassure
the patient that if they refuse photography or
use of the photographs for education or publi-
cation that there will be no retribution or altera-
tion in the patient-physician relationship. If a
patient declines photography, a detailed written
description in the patient’s chart can be used as
an appropriate alternative [10, 19]. The note
should describe the appearance of the lesion(s)
or areas of interest and include measurements
relative to anatomical sites to enhance future
identification of the site(s).

Special arrangements should be made for
patients with legally compromised “competency”
for medical decision-making, including patients
who are cognitively impaired, have an intellec-
tual disability, or are minors (less than 18 years
old in most states). In these scenarios, the pro-
vider should seek a proxy for obtaining consent.
For instance, a child’s photograph would be con-
sented by a parent or legal guardian. Failure to do
so could result in legal consequences for the phy-
sician [15, 16, 20, 21].

5.3  Ethical Dilemma #2: Privacy
of the Patient—Sensitive

Area Photography

While a majority of surveyed patients are accept-
ing of medical photography [12], many will
rightfully feel uncomfortable during photograph
acquisition. This is particularly true for photo-
graphs of sensitive areas (genitals, female breasts)
or full body imaging, during which the patient
remains undressed for much of the session.

5.3.1 The Principle:

Non-maleficence

Sometimes the best medical approaches are
unavoidably uncomfortable or harmful to the
patient, and physicians have a moral responsibil-
ity to ensure that their intervention causes the
least amount of harm possible. Protecting the
patient in this manner is upholding the ethical
principle of non-maleficence, or “doing the least
harm possible.”

5.3.2 Non-maleficence Applied
to Medical Photography

To maintain patient dignity and reduce patient dis-
comfort, the photographer must conduct the pho-
tography session both professionally and
compassionately. In a 2014 survey study, patients
noted that they significantly preferred to have a
doctor take their clinical photographs, most likely
as this reduces the anxiety associated with inter-
acting with someone they do not know as well or
at all while in a vulnerable setting. Patients were
also more comfortable when the photographer was
the same gender and when a clinic-owned camera
was used for photo acquisition compared to a phy-
sician’s personal cell phone [12]. When a doctor is
not available to obtain photography, a designated
“clinic photographer” should be trained to take
medical photographs appropriately and be sensi-
tive to the needs of each patient [10, 22].
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Additionally, appropriate draping techniques
should be used so that only the minimum neces-
sary area is exposed and photographed.

For any photography session, whether the
patient is fully clothed or not, the patient should
be offered to have a chaperone present. Some
institutions maintain a policy of using a trained
chaperone for all photography sessions for the
purpose of protecting both the patient and pho-
tographer [23]. Offering a chaperone helps alle-
viate potential embarrassment, promotes a
professional environment, and increases comfort
for both the patient and the photographer.
However, sometimes patients prefer not to have
more than one other person in the room.
Additionally, a trained chaperone is not always a
feasible option for a medical office, causing the
photographer to improvise. Guidelines vary
regarding the appropriateness of an unplanned
chaperone [23]. Specifically, there is ambiguity
in whether or not relatives, friends, or administra-
tive staff can serve as chaperones. Views also
vary on whether or not chaperones must be medi-
cally trained, of the same sex as the patient, and if
there is an age cutoff under which a child is
required to have a chaperone [24]. The best
approach is to engage the patient in a private con-
versation about the use of a chaperone.

5.4  Ethical Dilemma #3: Privacy
of the Patient—Photograph

Storage Issues

One of the challenges with digital photography
storage is the cumbersome process of transferring
a photograph from the digital camera to the elec-
tronic medical record. Uploading images from
camera to computer to electronic medical record
can lead to a number of errors, including misla-
beling filenames or metadata, deleting pictures, or
failure to upload to the EMR, especially in the set-
ting of a fast-paced clinical practice. Failure to
delete images from the camera or computer can
also lead to a potential breech in patient privacy
and therefore methodical procedures should be
instated for photo transmission [25, 26].

To address these issues, EMR systems are
developing remote access platforms for mobile
devices that have the capability to immediately
download images into the progress note via the
internet. However, this limits photography acqui-
sition to the mobile device, which may compro-
mise the image quality that is attainable with a
digital camera. Additionally some EMRs have
developed the ability to afford access to the
images only with the use of a special password to
enhance patient privacy and access to the photos
only by clinicians who need to review them.

5.4.1 The Principle: Informed

Consent of Storage Systems

During the informed consent process, all options
for photograph storage should be disclosed,
including on an EMR system, on a ‘“secure”
clinic computer, or as a printed hard copy for a
“shadow” paper medical record.

5.4.2 Informed Consent of Storage
Systems Applied to Medical

Photography

Each method of storage has imperfections and
risks that should be discussed with the patient.
For example, photographs in EMRs are usually
accessible to clinical staff across practice areas
in the same network, leading to decreased pri-
vacy. Pictures stored on secure clinic computers
may be forgotten, mislabeled, or misfiled.
Additionally, they are more difficult to share
securely when a consult is needed with another
physician. Lastly, printed pictures for a
“shadow” paper chart, although more secure if
locked up, lose much of the detail and quality
of digital photographs. This may affect the abil-
ity of the physician to make an adequate assess-
ment when reassessing the patient at follow-up.
Ultimately, the patient should decide which
storage method they prefer, and this should be
documented on the informed consent and in the
clinical note.
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Ethical Dilemma #4: Lack
of Technical Standardization

5.5

Almost every aspect of the photography process
should be standardized, including the type and
brand of camera, the technical settings, the stu-
dio/room setup and lighting, and the positioning
of both the patient and the photographer.
Unfortunately medical photography standards
are widely underutilized and variable. A survey
of 153 dermatologists showed that only 23.7%
adhered to a photography protocol in their clinic
[27]. Without a consistent technical protocol, the
original purpose of the photograph becomes
obsolete.

5.5.1 The Principle: Beneficence
Beneficence is the ethical medical principle that
mandates taking the best course of action for the
benefit of the patient. Photography is the standard
of care in many specialties, and therefore physi-
cians should practice beneficent care by utilizing
photography in these settings.

5.5.2 Beneficence Applied
to Medical Photography
Standardization

Standardization of medical photography is
imperative for accurate documentation and to

guarantee high-quality, comparable, and transfer-
able images. Utilizing standardized photo acqui-
sition increases patient comfort and security that
photography is part of the medical process.
Standards improve clinical care such that the
detail and quality of the photo is sufficient for the
physician to appropriately assess the current con-
dition and subsequently monitor the disease state
or treatment over time. For instance, varying
color calibration settings, lighting, or magnifica-
tions drastically alter the appearance of the same
subject [26]. Figure 5.1 shows how an image is
affected by various light sources.

While there are no universally accepted guide-
lines for standardization, there are a number of
published recommendations [22, 28-32]. These
guidelines suggest appropriate technical settings
for image resolution (the number of pixels in a
photo), color resolution and calibration, and
reproduction (magnification) ratios. They also
recommend appropriate background and light-
ing, which can affect the integrity of a photo-
graph and should be made as reproducible as
possible. Detail to the positioning of the photog-
rapher, patient pose, and the color and reflectance
of the background material are also critical
(Table 5.2) [22, 28].

Identifying a designated space to obtain clini-
cal photographs and obtaining a skilled clinic
photographer will minimize variations in photog-
raphy. When a skilled clinic photographer is not
available, a staff member may be designated as
the clinic’s lead photographer; this person will be

Fig. 5.1 Subject photographed using different light
sources: (a) Sunlight (window); (b) mixed fluorescent
lights and sunlight (window); (¢) fluorescent lights; (d)

mixed fluorescent and incandescent lights; (e) incandes-
cent lights (Courtesy of Dr. Justin Finch)
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Table 5.2 Recommendations and technical instructions
adapted from Quigley EA, et al. [28]

Recommendations
for camera-
acquired clinical
images

Image spatial
resolution

800 x 600 pixels (American
Telemedicine Association, 2012)
2000 x 1500 (Primary Care
Commissioning, UK, 2013)

24 bits (American Telemedicine
Association, 2008)

Calculate the correct lens setting
Adopt a standard distance
between patient and camera lens
Adopt a clinic protocol for color
calibration procedure

Match display monitor resolution
to image resolution, and
Calibrate monitors for luminance,
gamma, and white point

Color resolution

Reproduction
(magnification)
ratios

Color calibration

Image output

Lighting 2 studio floodlights set up at 45°
angles to and 1-1.5 m in front of
the patient

Background White, black, blue, gray, or neutral

colors and nonreflective
Record the distance between
patient and camera

Varies based on area of interest

Camera position

Patient pose

required to learn and oversee the appropriate con-
ditions for photo acquisition and the process of
uploading and storing patient photography at the
medical office or facility [22].

Post-acquisition processing and photograph
storage require standardization as well, including
details of file format conversion, compression,
and metadata [28, 29]. Digital Imaging and
Communications in Medicine (DICOM) exists as
an international standard for images acquired
from medical devices such as CT scans, X-rays,
and MRIs, with emphasis on specifications that
allow these images to be transferable between
different networks. However, DICOM does not
specifically provide standards for camera-
acquired digital photography, which can greatly
compromise clinical benefit [33]. Furthermore,
standardization is difficult to achieve when
images are acquired on different devices (i.e.,
digital cameras (recreational or professional),
smartphones, or tablets). There are published
resources for clinicians that detail specifications

for appropriate affordable clinic cameras [34].
However, with the vast improvements in image
resolution on mobile devices, physicians are
increasingly using these devices due to their
accessibility, ease of use, and improvement in
workflow.

It is the moral responsibility of the photogra-
pher not to edit the image in such a way that
deceives the observer. This is especially impor-
tant in academic publishing and patient market-
ing. Most academic journals will provide
requirements for photograph specifications (such
as resolution) and strongly discourage any edit-
ing except that which attempts to protect the
identity of the patient. This ensures the integrity
of the author’s work and observations.
Photographs are also commonly used to market
procedures or therapies to patients. Editing an
image to enhance an outcome is dishonest and
breaks the trust that is central to the physician-
patient relationship.

5.6 Ethical Dilemma #5:
Beneficence Vs. Patient

Autonomy

The principles of patient autonomy and benefi-
cence in medical care are highly intertwined and
known to conflict. Medical approaches should be
tailored to allow for the most appropriate care
that complies with the patient’s wishes.

Beneficent Care Vs. Patient
Autonomy Applied to Medical
Photography

5.6.1

Consider a mother who refuses to have a baseline
photograph taken of a congenital melanocytic
nevus with unknown malignant potential on the
genitals of her infant. Acquiring a photographic
series for monitoring the lesion has clear medical
benefit for the patient; however, the mother’s fear
of the photograph’s accessibility and dissemina-
tion via the internet cause her to be wary of
allowing a digital photograph to be uploaded to
the EMR.
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Ultimately, the mother’s right to privacy and
autonomy over her son’s medical information
takes precedence. The physician can use alterna-
tive approaches to tracking her child’s skin lesion
that would be more acceptable to her [10].

Similarly patients may refuse photographs of
their genitals, breast area, or face because of simi-
lar concerns of privacy or cultural practices [12,
35, 36]. For instance, Islamic standards restrict a
stranger’s visualization of a woman’s body to only
her eyes and hands unless medically imperative
[36]. Even though the lack of photographs might
complicate and hamper future care and follow-up,
the patient’s right to autonomy and privacy must
prevail. Detailed descriptions of the lesions with
measurements are then recommended.

Ethical Dilemma #6: Lack
of Guidelines for Mobile
Technologies and Internet
Forums in Medicine

5.7

There is a need for a number of new social, legal,
and ethical guidelines for use of new technolo-
gies and social media in patient care [37, 38]. In
most modern-day homes, smartphones, tablets,
and other mobile devices are commonplace, and,
not surprisingly, these popular devices have infil-
trated the medical field.

5.7.1 The Principles: Beneficent

Care, Patient Privacy

Utilizing mobile devices and internet forums cre-
ates novel opportunities to provide faster and
more integrated patient care. However, acquiring
and sharing photographs in these formats inevita-
bly risks patient privacy.

5.7.2 Beneficent Care Vs. Patient
Privacy Applied to Medical
Photography on Mobile
Devices and Internet Forums

Smartphones have become increasingly common
for a variety of medical purposes [38—41]. Using

a smartphone as a clinic camera is especially
alluring as it saves time and can now take pic-
tures with more than the minimum required qual-
ity to adequately assess and review the lesion or
submit to an academic journal. Additionally, the
smartphone platform makes sharing images
between patients and doctors extremely effort-
less, bypassing the burden of uploading and
transferring images from a traditional digital
camera to a computer. A majority of surveyed
dermatologists admit to receiving and sending
email and text photographs to and from patients
and colleagues [27]. If a phone is used to obtain
the images, the patient must be reassured that
these will not be stored on the phone. Potential
loss of a cell phone or access of non-medical per-
sons to this phone that contains images of patients
will likely be a concern of patients.

While there are benefits to this mode of imag-
ing, the risk of breech in patient privacy is greatly
amplified. With smartphones and tablets being so
readily connected to email, “apps,” and social
media, there is a need for extra security measures
to protect patient photographs. Physicians should
take care to comply with HIPAA policies and uti-
lize EMR platforms that securely transfer images
from mobile devices [38].

The ethics of using social media, such as
Facebook or Instagram, or other digital forums to
share patient photographs is controversial. While
there is a benefit to potentially accessing numer-
ous clinical opinions through a digital discussion,
patients are sensitive to having their photographs
shared online even if they are de-identified [12].
Breech of privacy, even on a proclaimed “secure”
website, will always be a risk. Additionally, know-
ing the ownership and privacy permissions of the
forum is extremely important, as some will default
the account to a setting that grants the forum
access to republish photographs for any reason.
Physicians should take care to respect patient pri-
vacy and not engage in these forums unless spe-
cifically consented to by the patient [42].

5.7.2.1 Bottom Line

Photography has become an integral part of med-
ical care and as such is subject to the medico-
ethical guidelines that result in respectful and
appropriate patient care. Patient autonomy and
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informed consent ensure that the patient has
authority over his or her medical information.
Physicians must take care to comply with secu-
rity features to protect patient privacy and dig-
nity, especially with online, digital photography,
and undertake medical photography with stan-
dards that allow for beneficent, accurate medical
interpretation. Most importantly, a compassion-
ate approach to photography that respects the
patient’s privacy and wishes will enhance patient
comfort and trust in medical photography and in
their physician.
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6.1 Introduction office, where two main actors relate to one

1 think it does, a little, hurt to be photographed
Diane Arbus, letter to Marvin Israel [1]

What does it feels being photographed by a
physician? We shall focus on what being-
photographed-by-a-physician ~ could  mean,
assuming that the skin as well as the photography
constitute wide cultural fields of representations
delimiting their senses on particular contexts, in
our case, the medical one.

The context of our interest adopts its forms
and meanings in a particular place, the doctor’s
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another, the doctor and the patient mediated by
an artifact, the photographic camera with a spe-
cific purpose or function, to take photos of a cer-
tain part of the body (a skin lesion, for instance)
in order to add information worthy for diagnose
and treatment of such health problem.

This medical act is performed under the script of
the cognitive-instrumental rationality. Rationality
can be defined, following Habermas, as:

“(...) a certain way in which subjects gifted by

word and action acquire and use knowledge.

Rationality lives in the way people (...) use certain

knowledge and how symbolic expressions are used

(...) A cognitive-instrumental rationality (is) rein-

forced by pragmatic criteria of success and techni-
cal control of a situation” [2].

Such rationality dictates ways of acting ruled
by what has been called Science and Technic, in
our case, what historically and culturally corre-
sponds to contemporary medicine, which estab-
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lishment as knowledge-power practice has been
situated by some historians by the end of eigh-
teenth century [3].

Medicine defines itself as a science for curing/
healing, a particular goal embodied in the figure
of the physician, leaning on a technic, in our case,
the photographic camera and all its related tech-
nical possibilities. The action of taking a medical
photography is also regulated by related
cognitive-instrumental rationality: the medical/
legal one. It is materialized in our stage by the
official post of the American Telemedicine
Association, entitled “Photography Guide for
Teledermatology,” hanging at one of the medical
office walls of one of the author’s office (PP) and
which states:

“Center anatomy in frame. Include only clinical
information (...) Keep camera level with anatomy.
Do not angle up or down”.

In consequence, photographing should limit
to take a portion of the injured skin, the one that
provides clinical information. In such doing
delimits the body to its anatomy and its pathol-
ogy, that is, to meanings reduced by and to, the
camera frame, which in turn is regulated by the
frame of medical looking, in a cultural practice
that Foucault [3] named body “medicalization”:
the reduction of the body significance to its medi-
cal relevant functions; a body which gets ill and
receives treatment by parts, by medical special-
ties; a body that turns into object, that is, sepa-
rated from subjectivity from the whole person to
become a medical case.

“The Clinical Medicine presents itself as a key issue
in the ways that human beings understand who they
are. In this situation, medical discourse reveals itself
as a fundamental tool to understand subjectivity in
the objective level of the somatic” [4].

As we open the spectrum of the meaningful,
and focus specifically on the skin, we find that it
has literally embodied existential senses, that is,
has been a symbolic field, because:

“In the symbol (...) a sensitive, concrete, percep-
tible aspect, knits together with the meaning that
such an aspect evokes and reveals. It could be said
that the perceptible or figurative face of the symbol
intends to indicate and distinguish in direct and

clear ways. But is in its other face, suggestive and
ambiguous (...) where the meaning can be under-
stood; implying that it cannot be completely nor
directly reached, because it exceeds the figures that
it intends to embody” [5].

From an existential approach, skin introduces
and contains the whole person, here and now.
Skin makes possible the perception of the Person,
its materialization. The skin gives perceptual
clues of yourself and myself: visibility, sound,
smell, taste, touch [6].

To touch is the definitive sense to corroborate
the existence of self, of others, and of things. To
touch implies the abolition of distances to per-
ceive, to be-in-the-World: to touch supposes the
immediate, that is, the non-mediated contact with
myself and the other(s). It is also the case of the
sense of taste. In contrast, to see, listen, or smell,
a certain distance or detachment is required.

Also as container, the skin means contour, sil-
houette, permeable frontier, and a bridge between
the world and me. Thus, the skin becomes
communicator.

As pointed out, we take as reference the study
of Pasquali et al. [7] to interpret the delimitation,
contextualization, and, in a certain way, the
reduction of the senses of the skin during the
medical act. In such doing, a simile given by one
of the doctors has been very helpful. She shared:
“Patient permission to be photographed by the
physician is equivalent to allow a blood test. The
patient gives a part of her/his skin as well as a
part of her/his blood only for the sake of her/his
health.”

Blood, in the context of taking a sample for
medical testing, has a clear instrumental mean-
ing: delimits or reduces its complex cultural
senses to clinical ones (that are also complex but
in theoretical, conceptual, and experimental
terms, under the umbrella of medical knowl-
edge). As beforementioned, this is the same sym-
bolic process that takes place in the skin field.

Now, if we pay attention to language, we real-
ize how it communicates the “medicalization” of
the body: a blood “sample” is taken, a skin “zone”
is photographed; they become parts of the body
delimited by the syringe and the camera. Both
actors—the physician and the patient—agree,
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even implicitly, that the medical act will deal
with parts.

The whole blood, that is, my blood, and the
whole skin, my skin, the cover of my body, my
face, my identity, have existential meanings, as
we have said. Blood as my blood is subjectivity:
it means my life, as it beats and breathes, as well
as my death.

This makes sense in the life-world, as phe-
nomenology likes to say, but, once in a specific
context defined by a place like the hospital,
meanings restrict themselves to its rationality,
that is, its ways of doing and naming things.
Therefore, the existential sense calms down and
becomes colder under the laboratory’s white
lights and low temperatures, the medical office
and the medical tasks, and finally, under the focus
and click of the camera.

In such context, the skin becomes the skin of a
patient as long as it gets symbolically detached
from the Person and turns into an object of diag-
nose and treatment in the hands and under the
professional sight of the doctor. This detachment
is perceptible when gloves, tweezers, and cam-
eras come to deal with a damaged or ill part of the
skin, making clear that the physician keeps the
distance and relates to parts, as required by the
frame of cognitive-instrumental rationality.

However, subjectivity does not mute com-
pletely: as long as the patient should give permis-
sion to be photographed—even when it is
expected almost an automatic authorization—the
patient withholds some power, and exercises it;
even softly and quietly, she/he points out some
conditions, expresses doubts, preferences. Many
of them said: “T am not sure that I will authorize
the photograph” ... “if the physician who takes
the photo is not my doctor”; or “if it is my face to
be photographed”; or “if my genitals are to be
exposed to the camera and to the sight of
others.”

In such actions, the patients insert what we
call “wedges of subjectivity,” of what they care—
existentially—beyond the objectification of their
skin, of their bodies. Affections enter the scene to
express and protect the whole person. We can say
they are subjectivity gestures because they are

filled with sentiments, with issues that touches
the self.

The person who explicitly prefers that “my
doctor takes the photo” and is not sure to give
permission to another professional, bases such
doubt on a sentiment of trust, as the same patients
affirm. It is an affective mediator that leads to
give themselves to another person, whom they
believe is acting for the sake of their health.

Just a note to say that 96% of the patients in
the referred research “agree to be photographed
(but) by my physician.” The percentage of agree-
ment descends significantly if it is another physi-
cian (66%) or a nurse (65%) the one that would
take the photo.

Also, agreement lowers significantly to 78% if
itis “my face” to be photographed. Here, another
sentiment comes to play and introduces doubts:
my sense of identity, concreted in my face and in
consequence, in my name. “I do not want to be
recognized” the patients say.

Doubts are even higher (30% of the patients)
when genitals are the parts to be photographed.
Now embarrassment is the one that comes to
play: “the protection of my intimacy, the defense
of my private body.”

Trust, protection of identity, and intimacy
cover can be seen as three affective fields (what
affects, matters) in which subjectivity or the
whole Person comes to play in such medicalized
contexts, acting against objectification, detach-
ment and instrumentalization.

Now we focus on the third actor in the context
that concerns us, besides the doctor and the
patient, the camera, the technological artifact that
registers the (my) skin and allows its reproduc-
tion and publication, that is, that allows my skin
to be observed and evaluated by others, whom [/
also, more or less implicitly, have given my per-
mission for the sake of my health.

The act of taking a photo also reduces its
meaning as its takes place in the medical context:
it is not a photo of myself, of my face and my
body, or even the photo that takes away my soul,
as the first and scared photographed people
believed more than a century ago. A photo
becomes an objective, medical register, again,
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under the cognitive-instrumental rationality.
Only the ill part of my skin will be taken.

It is useful to remember that the “sense of
touch”; “to have tact” as symbolic fields, move
between the skin and good manners in the sense
of paying attention to the other, to its needs and
preferences, to its fears; of recognize and answer
her/him as a significant otherness. Therefore, we
would like to emphasize the importance of the
tact and the contact between doctor and patient,
tact, and contact that have a central role in con-
structing, building, and nurturing trust, the senti-
ment of giving myself to the doctor, to put my
health, even my life, in her/his hands.

Now, we borrow from Literature an opposite
disposition, embodied in Lenz, the soulless char-
acter described by Tavares as follows:

“Lenz was fascinated by that stupid neutrality of

the skeleton, that objective rawness of the radiog-

raphy that led to an invisible democracy far away

of the sensations that a normal portrait—a photog-

raphy for example—could proportionate. All that
skulls would have for sure, a singular face” [8].

6.2 The Meaning

of Photography

Photographs offer a way to create images, but
they also create a representation which involves
discourses of truth, accuracy, and realism [9].
What seems to be a positive aspect for the doctor
can be a disadvantage from the patient’s perspec-
tive. Knowing that your weakness or disability
will be accurately reproduced and preserved as
testimony can be unsettling. Even a baby poses
and smiles for a photograph. But a medical por-
trait, at least under modern standards, has defined
posing that does not correspond to aesthetic stan-
dards. That representation in illness is just the
type of image a person does not want to see of
him/herself, much less preserve. It is a remainder
of a moment of fragility, of loss of health. In the
semiotic of photography, denotation is what it is
actually seen in the picture. The connotation is
the additional meaning the viewer adds to the
image [10]. For a photograph of a tumor in the
skin, a doctor might simply see the represented

tumor. For the patient, it can represent a moment
when he feared for his life.

6.3 Shooting a Patient:
The Camera as a Predatory

Weapon

By the end of 2017, Fundacién Caixa Forum
Barcelona presented an exhibition called “H(a)
unting images: Anatomy of a shoot,” commis-
sioned to Arola Valls and Ada Sbriccoli [11]. The
exhibitions presented a critical analysis of the
relationship between the camera and a firearm
inviting the audience to make a reflection on the
predatory nature of the process of capturing the
image. Not in vain, shooting is a verb that can be
used both for firearms as for cameras.

Throughout the development of the photo-
graphic medium, the relationship between the
camera and a firearm has expanded beyond the
purely technological dimension of the device.
Just as firearms have a paralyzing effect on the
pointed subject, cameras act in a similar manner.
In the exhibition, some of the work by Etienne-
Jules Marey (1830-1904) was presented. Marey
was a French physiologist obsessed with the
study of movement. In 1882 he invented a photo-
graphic gun that could take 12 photographs a sec-
ond recording them in the same frame. He named
it chronophotography. His device: a camera simi-
lar to a rifle with barrel and trigger.

With the picture, the photographer is in pos-
session of a part of that person. To have a photo-
graph of a patient is to hold power. Doctors
become owners of some of the intimacy of the
patient. And patients know it. Susan Sontag, in
her book On Photography wrote: “Photographs
really are experience captured, and the camera is
the ideal arm of consciousness in its acquisitive
mood. To photograph is to appropriate the thing
photographed. It means putting oneself into a
certain relation to the world that feels like knowl-
edge—and, therefore, like power” [12].

Photographing is intimidating for the subject.
To take a photograph is to “participate in another
person’s mortality, vulnerability, mutability”
[12]. The predatory attempt to appropriate
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another person’s reality seems to be part of the
nature of photography. Pointing at a person with
a gun or with a camera without warning gener-
ates a common instinctive reaction: startlement.
The patient needs to be aware that he will be pho-
tographed and understand the need for the image.

6.4 Photography and Voyeurism
The number of pictures taken daily of patients is
enormous. The control over them is still insuffi-
cient. Many images get into the website and are
viewed by lay people. Old medical photographs
have even been used to recreate characters in
popular video games [13]. Doctors have photo-
graphed the deviant, bizarre, and rare since the
beginning of photography and lay people watch
at these pictures with morbidity, with the inner
satisfaction that the bizarre and sick person in the
picture is not themselves. A medical photograph
dehumanizes the subject. One such example is
found in Diane Arbus” photographs of people
with mental disabilities or physical abnormalities
have been criticized as voyeurism [14].

6.5 Conclusions

Very little has been written on how patients feel
when photographed for medical purposes. Most
is based on questionnaires that indicate that
patients usually accept to be photographed as
long as they understand what the image will be
used for. This requires a clear understanding
from the physician’s view on the need of the pho-
tography. The photographer should be able to
transmit the benefit of taking such image as they
are sometimes taken to benefit somebody else: a
collection, an institution, a physician or medical
group (advertisement photography, education/
academic or publications). These uses need to be
clearly stated as patients can be willing to have
their image shared for one use but not for another.
In general, there is a clear preference for cameras
that belong to the institution, non-identifiable
formats, and non-sensitive areas [15-17].

There exists, however, more complex psycho-
social and cultural aspects that need further stud-
ies. A photograph is an image and as such it
generates its own semiotic, a mean of communi-
cation and diverse perspectives from the photog-
rapher and photographed subject. We need to
better understand how a medical image can be
“read” both from the patient, doctor, and third
parties (medical and non-medical) and what
shooting means to subject and object.
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7.1 Introduction portraits of doctors. Photography had a distinct

Medicine has been used from the beginning to
represent itself by making its professional image
into a public one [1]. A portrait is a sign that has
served basically two purposes: the description of
an individual and the inscription of social identity
[2]. Portraits were used to memorialize and to
confer status. Its use dates way back to the pre-
photographic era.

With the advent of photography, one of the
commonest uses of the camera was to produce
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democratic potential to make portraits available
to almost everybody. And yet, photographic por-
traits were also used to obtain moral benefit form
viewing the social elite [3]. This is where physi-
cian’s portraits fitted in: photographic portraits
were taken as part of the representations of the
“great and good.” By 1854, photographer André
Adolphe Eugene Disdéri patented in Paris what
became to be known as the carte de visite, an
album paper colloid print that could be produced
at low cost and in great numbers [4]. Physicians
used them to exchange in congresses, send to col-
leagues and clients, and even sell them once a
certain reputation had been achieved [1].

A portrait is more than an image. It represents
power. It positions a professional in front of his
potential clients, patients, or colleagues. It is the
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presentation, card—the carte de visite—that rein-
forces reputation. A simple mugshot will not do
the job. A good portrait is a fundamental part of
physician personal branding.

7.2  Essential Personal Branding
Concepts for Physicians
and Why Personal

Photograph Matters

The personal brand can be defined as the fact of
considering the person as a product in itself, in
the manner of a commercial brand. The term
appeared for the first time in an article by Tom
Peter called “The brand called you” in Fast
Company magazine in August 1997 [S] where it
was stated that the way to differentiate ourselves
in an increasingly competitive world is by man-
aging our career the same way big companies
handle their brand products.

Another well-known definition of a later date
is the one given by Jeff Bezos, Amazon’s CEO,
for which the personal brand is “what other peo-
ple say about you when you’re not in the room.”
That is to say what is perceived of you, regardless
of what you say you are.

As a doctor, the goal should be than the patient
or colleague could identify you as soon as they see
you, to recognize your brand, and choose your ser-
vice and not someone else’s. Today visibility is just
as important as education and training. To build it,
you will have to focus your efforts on standing out
against competitors, being constant and having
patience. One of the strengths of recognition will
be specialization, which makes you unique.

Find the best version and definition of you,
based on history, training, services, and values. It
will also be useful to analyze the competition and
your professional references to create your own
objectives and define the message and the tone in
which you want to transmit it. Create the digital
strategy and that is where the channels, elements
and tools that you will use come into play, always
bearing in mind that the personal brand must be
flexible and adaptable, so that it grows with you.

Some of the resources to get your brand mes-
sage transmitted will be elements such as story-
telling or pitching, which can be carried out
through the text, the word or the image, and its
projection in social networks or networking,
going to events with your business card or carte
de visite.

7.2.1 Branding Photography

One of the most important elements to consoli-
date your brand will be branding photography,
which projects your image as a professional, an
image that helps to transmit the brand in the best
possible way, and a clean image that makes
potential customers wants to know more about
the services you offer. It is convenient to have a
good photographic reserve to help you build your
brand.

In addition to the style that best represents you
as a professional, you must also take into account
other factors such as which platform you use the
most to attract your customers, since you will
have to adapt to the visual characteristics of that
platform.

We will have to think about everything related
to that brand perception before the photographic
session: logo, identifying colors, content, and
value generated to be perceived as a source of
trust.

On a personal level, it is important to work
before with the insecurity that the photo shoot
can create if you are not used to the spotlight,
although a professional photographer will help
you. The idea is that when it before you sit in
front of the camera, you need to feel unique
and different, which sometimes requires effort
and hours of work, but it is necessary to be
able to transmit it these feelings to the camera.
Professional portrait photographers have their
own system to capture great images: some
spend time with the subject to get to know
more about him/her; others wait and shoot
when they feel they got the right expression or
mood.
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7.3  Photographic
and Composition Features
of a Professional Headshot

for Physicians

The digital identity is more than choosing a photo
for our profiles on social networks or an image
for the avatar or a creative photo. It really entails
choosing the tone and style that we are going to
communicate [6].

It is convenient to have notions of photogra-
phy and composition to be able to choose between
different elements depending on the characteris-
tics of your personality and professional style for
the day of the photo shoot, so that the result is
what you are looking for.

That image that you want to project is the one
that should be clear before doing the session. Do
you want to look like a doctor-executive? Or
maybe more casual and close? It will be neces-
sary for the photographer to know what you want
to transmit with your image and adapt it to the
shooting. The goal is to show the personality and
make a difference with your competitors.

Some of those basic notions are:

* Composition of the photograph. It is impor-
tant to understand and decide how to order the
image before hands. This will relate directly to
what to want to transmit. Diagonal lines create
dynamism and movement; vertical lines have
the ability to convey a variety of different
moods in a photograph ranging from power
and strength [7]; horizontal lines convey sta-
bility [8] and firmness.

e Apply the rule of thirds [9] to segments the
plane into three spaces according to the pre-
dominant elements and areas to highlight.
Broadly speaking, it consists of mentally
dividing the photographic area into three equal
parts and placing the objects of interest at the
intersections of those lines to achieve bal-
anced and attractive images.

e Use of neutral colors. As a doctor, for exam-
ple, you can use green and blue traditionally
related to relaxing and health.

e Use in the photographs tools of the specialty
or daily use in the profession.

e If you want to convey clarity and simplicity,
you should not forget that “less is more,” a
simple and clean image is essential to avoid
distractions of the protagonist elements.

e Use of a frontal point in the headshot trans-
mits closeness and trust.

e Take care of the postural language; avoid
forced or unnatural postures. The portrait
should not seem forced.

e Use a uniform and diffuse light, avoiding dark
shadows that create contrast.

e Use the natural lines, symmetry, and framing
to give consistency to the composition. This is
also very useful for capturing images of sur-
geries, colleagues, or patients.

The composition, details, and photographic
structure that you choose should be able to speak
to your audience through the image.

7.4 Errors to Avoid in Headshots
and Other Personal

Photographs in Medicine

There are some common errors that are usually
made in personal brand photographs. They can be
done before, during, and in post-production. A
check list can help avoid some of these and make
your photographic session more productive:

e Prepare for the session. Have your hair ade-
quately brush or cut: go to your barber or hair-
dresser before the session. Have your hair
(head, beard, mustache) cut, dyed, and brushed
as you want it to appear in the picture. Decide
ahead of time what you want to wear includ-
ing an impeccable and sparkling gown. Bring
your favorite make up with you. For your
cloths, solid colors work best than patterns;
solid subtle color ties are preferred. Do not
change your style for the photo. You should
look natural and comfortable. When a person
meets you after having seen your picture, it
should not feel that he is meeting somebody
else!

e Get to the session ahead of your scheduled
time. In addition to delaying the work, the
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result will seem not natural if you are not
focused and with clear ideas. It will pay off to
spend some time with the photographer and
open up to let him/her know what you want to
convey with your image. By getting to the stu-
dio on time, you will have time to prepare for
the session: relax, drink something, put on
some new and fresh make up; clean up any
sweat, brush your hair; adjust your cloth; and
make sure every aspect is in place. Prepare a
“clean” image by removing excess make-up
(use only natural look make up) and oversized
jewelry. If you arrive on a hot day, running
after doing many errons, or simply have a ten-
dency to get redness in your face, then you
might need some time before your skin color
adjusts to the new temperature in the photo-
graphic studio.

Give importance to the background. The pho-
tographer will have to consider all the ele-
ments of the space and direct the look to the
protagonist object, in this case, yourself. It is
important to remove or minimizing the back-
ground through strategies such as opening the
diaphragm to create blurring or using smooth
or light colored backgrounds. Bokeh portraits
with illuminated backgrounds are very effec-
tive for portraying medical personnel. Shallow
depth of field (not in excess because you want
the subject completely in focus while the
background out of focus) together with a cor-
rect contrast and white balance (avoid over-
saturated 1images), softness, and proper
shadow transition.

Give importance to colors. They are a very
important compositional element and can do
to win (or lose) strength to photography. Light
colors are usually preferred for closeup shots.
Pay attention to the rules of composition, such
as rule of thirds, to get the points of greatest
attraction. Unless the breaking of the rules is
deliberate to create an artistic effect, you bet-
ter not ignore it. Many professional photogra-
phers use light behind the subject or both
behind and in front. The latter stands out the
subject and the final image neat and sharp.
Use non-conventional head shots. In some
headshots, it may be useful for attention in the
center of the facial features or striking aspects

of the face. Cutting the top of the head can
center your attention on the eyes or a facial
expression and remove attention from the hair.
Check out on details. Leave only relevant
details, a stethoscope and a dermoscope and
remove anything that it is not important.
Concentrate on what you want to convey.
Focus the image. For medical branding, a
focus image of the subject (you) is fundamen-
tal. The eyes are the center of the attention.
Posture. The general recommendation is to
place your back straight but in a comfortable
position; some have their photos taken sitting
down (usually senior doctors); younger doc-
tors and surgeons tend to prefer stand up
images. For doctor’s portraits, arms are some-
times placed crossed or with their hands in the
gown’s pockets—a posture unacceptable in
other professions. Posture conventions differ
from one profession to another.

Smile. There is an almost universal agreement
on smiling for a professional photo. It will
make you look more accessible, friendlier,
closest, and warmth.

Once you get a photograph of yourself that

satisfies your expectations and meets the require-
ments of an effective branding image, stick to it.
Keep it as the image to present you. Avoid the
temptation of using several images as it might
generate confusion. You want your brand to be
identified by one image.

Professional photographs can have different

uses, and therefore there are different types [10]:

(a)

(b)

Editorial portrait: is taken in your place of
work. If you are a surgeon, it will be in sur-
geon’s gown; for ER doctors, within the
emergency room; pathologists will have in
their labs, with a microscope. The photograph
is used in advertising, webpages, and maga-
zines. There are no set rules, but these photos
tend to be % portrait or full body portrait.
Professional headshots: are mostly done in
studio, with certain lighting and background
conditions. They usually are head and shoul-
der portrait (includes upper part of the chest).
They are frontal view (mostly for CV) or
slightly lateralized.
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7.5 Conclusions
Based on what is described in these pages, we
can understand the importance of your personal
image when building the personal brand. It is
about creating a positive message that transmits,
that supports, the digital strategy that you will
have previously elaborated, being one of the
ways in which you will address your audience.
Doctors with profile photos are viewed twice
as often as doctors without one and earn 8% more
the camera-shy counterparts. Employers are 21%
more likely to view candidates with profile pho-
tos [6]. The transformation of the current econ-
omy makes us in the need to attract more
customers. We need to know how to do it. It is
about attracting users through the senses, rather
than offering a specific service or product. Within
this strategy, the personal image is very impor-
tant, because through it you will create the confi-
dence necessary to choose you and not someone
else. That personal brand image should not be
spontaneous, it has to be worked and reinforced
according to the objectives set in your digital
strategy. Enhancing your image will make you a
reference. When searching for a service, people
will look at that image before looking at anything
else. The new business card is a headshot. That
image will need to say more of you than any writ-
ten side information. A picture is worth a thou-
sand words because an image is a complex of
connotative symbols that give rise to interpreta-
tions. It is your ability and your photographer’s to
“encrypt” information in that portrait (profes-
sionalism, warmth, security, power, respect, com-

petence, and friendliness) that can be later be

unraveled by your patients, clients and
colleagues.
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8.1 Introduction

géz(rflﬁl(ﬁ?)sgy Department, Hospital de la Santa Creu i The applications of medical photography are
Sant Pau, Universitat Autdnoma de Barcelona, diverse and can include assisting diagnosis of a
Barcelona, Spain disease, monitoring of a treatment, and creating
Dermatology Department, Centro Médico Teknon - documentation for academic or research pur-
Quirénsalud, Barcelona, Spain poses, among others. Hence, capturing pictures in
R. Garcia a consistent manner with appropriate color man-
Computer Vision and Robotics Group, University of agement is crucial in clinical photography. Since
Girona, Girona, Spain many medical specialties are mostly visual in
B. D’ Alessandro - M. Thomas - S. Patwardhan practice (e.g., dermatology, plastic surgery, pedi-
Canfield Scientific Inc., Parsippany, NJ, USA atrics, ophthalmology), it seems intuitive that
J. Malvehy (D<) image acquisition should also take into account a
Dermatology Department, Hospital Clinic, Institut standardized management of color. Unfortunately,
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Universitat de Barcelona, Barcelona, Spain
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the practitioners (nurses, doctors, technical pro-
fessionals, etc.) are not trained in taking pictures
in a standardized manner, and they typically are
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not aware of the complete chain of actions that
occur from image acquisition until image display,
which can result in poor-quality images with
inconsistent color characteristics. This becomes
all the more relevant with the advent of telemedi-
cine, which needs standardized mechanisms to
acquire, store, transfer, and display images.
However, for most specialties such standards on
color management do not exist. For example, in
the case of general medicine, dermatology, pedi-
atrics, or plastic surgery, clinical pictures are gen-
erally obtained with a consumer camera or
sometimes a smartphone, which can be different
from one appointment to another. In addition,
even when the same camera is used, color varia-
tions can occur due to different camera settings
(i.e., white balance, gamma correction, etc.), the
image format (i.e., JPEG, RAW, etc.), and its use
of full versus indexed color, external illumination,
focal distance, and display, among others. This
may result in significant variability in color char-
acteristics, making comparisons challenging and
potentially misleading, especially as it relates to
diagnosis and patient management. In addition,
color is particularly challenging since its percep-
tion may differ from individual to individual.

In this chapter, we will review the aspects of
color in clinical photography that may be relevant
for the medical photographer and the user (doc-
tors, nurses, technical professionals, patients, etc.).
In order to better understand the complexity of
color management and how to handle it properly,
we will review how color is formed, interpreted,
acquired, and managed in the current digital era;
what the current state of the art is; and what the
future direction of color in clinical photography
could be. Information regarding camera and color
calibration will be discussed in a separate chapter.

Relevance of Color in Clinical
Photography, Color
Formation, and Color
Perception

8.2

Color is crucial in clinical photography since
small changes in color can affect diagnosis or can
determine whether a disease is active (e.g., bright
redness in acute eczema) or resolved (e.g., brown

hue in resolved eczema). This is especially
important in early skin cancer detection when
using a dermatoscope (a handheld microscope
which can be attached to a camera). Since der-
moscopy allows the visualization of structures
and colors not visible to the naked eye, color is a
fundamental aspect of most dermoscopic diag-
nostic algorithms [1-3]. However, it is also true
that the way humans describe color can be sub-
jective and can vary from one individual to
another. These differences in color perception
can exist not only due to anatomical variations on
the retina but also due to differences during the
color formation process.

Humans can identify thousands of colors but
generally classify colors into broad categories,
using terms such as red, green, yellow, or blue.
This differs from the way color is described from
a physical standpoint. Physically, color is the
result of the reflection of an object illuminated
with light from various wavelengths within the
visible range of the electromagnetic spectrum,
around 400-700 nm. Hence, if no light is reflected
(if no illumination is used or if all light is
absorbed), the object appears black, whereas if
all wavelengths are reflected back, the object
appears white. Thus, color depends both on the
combination of different wavelengths and on how
the eye perceives those wavelengths.

When it comes to the physiology of the human
eye, the retina has three types of cones (Fig. 8.1)
which absorb light at different wavelengths:

— L cones, which absorb long wavelengths
(560 nm) and correspond approximately to
“red” color

— M cones, which absorb medium wavelengths
(530 nm) and correspond approximately to
“green” color

— S cones, which absorb short wavelengths
(430 nm) and correspond approximately to
“blue” color

The combination of information received in
the cones is transferred through the optical nerve
to the visual cortex of the brain where it is pro-
cessed to generate the perception of color. There,
neurons may respond differently to certain parts
of the visual spectrum, which also depends on the
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Fig. 8.1 Relative responsiveness of cones. (Image avail-
able at: https://i.stack.imgur.com/fNRcL.jpg)

adaptation state of the visual system. Thus, a
given cell in the visual cortex may respond to all
wavelengths under dim light, but may only
respond to the red band of the spectrum under
brighter light [4, 5]. This may explain why the
same color displayed using the same monitor
may be perceived differently depending on the
illumination conditions of the room, a crucial
point in medicine.

Other factors that can influence the brain’s
response (and therefore, color perception) include
anatomical variations [6] and even the colors sur-
rounding the object. It has been proven that the
perception of color depends, to a great degree, on
the context in which the perceived object is pre-
sented, as well as the adaptation state of the
visual system [7]. The brain perceives known
objects with a consistent color regardless of the
amount or combination of light wavelengths
reflected by the object. This phenomenon ensures
that the perceived color of objects remains rela-
tively constant under varying illumination condi-
tions and is known as color constancy [7, 8].
This subjective constancy can often be useful in
some situations, such as when comparing two
images taken at different time points but with dif-
ferent color profiles. However, this assumption of
unchanging colors can also lead to incorrect per-
ception of the true colors if they actually change.
One example of the effect of surrounding colors
is the perception of blue color on the skin. It has
been generally believed that blue color seen in
the skin, such as in veins or blue nevi, is caused

Fig. 8.2 Examples of color constancy. In this image, the
color of the right eye is the same as the left eye (gray).
However, due to the application of a superimposed filter,
the color of the left eye appears blue. This example helps
understand why some lesions may look blue on the skin.
(Adapted from http://www.psy.ritsumei.ac.jp/~akitaoka/)

by the Tyndall effect. However, there is some evi-
dence that the appearance of blue in these skin
structures is not because of preferential scattering
of blue wavelengths, but is instead caused by a
decrease in the reflectance of red wavelengths,
which creates an appearance of blue to the human
eye when found amidst the surrounding red skin
(Fig. 8.2) [9]. Examples such as this illustrate the
complexity of the human visual system and how
important it is to obtain images with standardized
color parameters in order to minimize the impact
of distractors and potential subjective color inter-
pretations. Hence, in order to standardize the
color parameters in clinical medicine, it is neces-
sary to know the technical factors that influence
the imaging chain in clinical photography.

8.3 Thelmaging Chain

The sequence of events that occur from the
moment the image is acquired until the moment
the image is interpreted by a viewer is known as
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the imaging chain. Several elements form this
imaging chain, including a light source, an object
to be imaged, a device that captures the image, a
device that processes and stores the image, a sys-
tem that displays the image, and an individual, or
computer, that interprets the image [10].

The imaging chain starts with the illumina-
tion of the object with either natural light or
artificial light. Although it has been classically
stated that sunlight is the best light to explore
the body, natural light can change throughout
the seasons or even during the day. Therefore,
some suggest that artificial light with a known
color temperature similar to natural light (5000-
6500 K) may be ideal [11, 12]. When using
artificial light, especially regular flash lights
without diffusors, care must be taken to avoid
shadows and provide homogenous illumination

[13]. To compare images over time, it is neces-
sary to obtain consistent, even illumination on a
scene while maintaining the same illumination
conditions at subsequent time points (Fig. 8.3).

For this reason, some medical devices, such as
dermatoscopes, already use predefined illumina-
tion. For skin surface imaging, a broad-band
white light source with homogeneous illumina-
tion seems to be the best illuminant for true and
consistent color capture. Since a standard D65
illumination corresponds to midday light in
Western-Northern Europe, it would be recom-
mended for skin surface imaging [14].

Typical dermatoscopes have two modes of
illumination, non-polarized and cross-polarized,
to view or capture skin surface and subsurface
information. The non-polarized mode is used for
evaluating topographical and textural character-

Fig. 8.3 Impact of illumination on clinical photography.
Picture (a) was taken at /5.6, 1s without flash, whereas
picture (b) was taken at £/5.6, 1/60s with flash light. Note
that the color tone is more vivid in the picture using flash
light, better showing the details of this example of tinea

corporis. Even, constant illumination is key, especially to
monitor conditions that may change over time and where
color is crucial to determine whether the disease is active
or cured or to obtain quality images to be transfer through
telemedicine platforms
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istics of the lesions, while the cross-polarized
mode is used for visualizing and differentiating
the architecture and distribution of skin pigment
(mainly melanin and hemoglobin) for dermo-
scopic evaluation and classification of skin
lesions. Optically, skin is a heterogeneous turbid
medium. As governed by the Fresnel equations,
approximately 5% of incident light is reflected
from the skin surface as specular reflectance [15].
Skin color is therefore mainly determined by dif-
fuse reflection, or the scattering and absorption of
incident light inside the skin. The cross-polarized
imaging mode captures the diffuse reflectance
while blocking the surface reflectance and allows
us to visualize the interaction between tissue and
light. Absorption of light by skin pigments is
color/wavelength dependent. Light scattering and
its penetration depth within the skin is also color/
wavelength dependent. Therefore, to visualize
the distribution of skin pigment and differentiate
between melanin and hemoglobin features, the
illumination needs to be catered to the light
absorption characteristics of these pigments.
Between the red, green, and blue color/wave-
length bands, red has the most penetration and
scattering while blue has the least. Since both

melanin and hemoglobin have minimal absorp-
tion of red light, this color is of minimal use when
visualizing pigment distribution. Melanin absorp-
tion of blue color light is very high compared to
green, while hemoglobin absorption is high is the
green-yellow color band. The absorption spec-
trums of these two pigments are illustrated in
Figure 8.4. Distribution of these two pigments
can therefore be best visualized by illuminating
the skin using high intensity narrow-band blue
color, along with medium intensity broad-band
green color, and low intensity red color. Current
dermatoscopes therefore provide this illumina-
tion using Phosphor-based LEDs.

The next step in the imaging chain involves
image acquisition. This step is crucial when it
comes to color management since many factors
in this step can alter color, which includes cam-
era settings (lens, aperture, shutter speed, sensor
characteristics) and/or software settings (white
balance, image format). Some settings are hard-
ware based, such as the sensor characteristics,
which defines the response of the sensor to dif-
ferent wavelengths. Sensor characteristics may
vary from manufacturer to manufacturer, result-
ing in potential color changes when changing
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Fig. 8.4 Absorption spectra of Oxyhemoglobin (HbO2), Deoxyhemoglobin (Hb), and Melanin
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devices. Other settings such as the white bal-
ance are adjusted in software. White balance
is perhaps the most important setting since it
affects the over color temperature of the image
(whether the image appears with a blue, yellow,
red, or orange tint), and many cameras adjust
this automatically depending on the object being
imaged. White balance changes the relationship
between the red, green, and blue pixel values,
resulting in significant changes in the observed
color. In general, some medical devices which
obtain pictures in a more standardized fashion
such as digital dermatoscopes tend to have pre-
defined settings which minimize the variabil-
ity between the actual colors in the object of
interest and the displayed image. This concept,
known as color accuracy, defines the transfer
mechanisms whereby the input colors are made
to match up with the output colors, such as from
capture to display [16]. Color consistency, on
the other hand, refers to the reliability of a sys-
tem to produce a consistent perceptual response
to an observer [16]. Both are important to stan-
dardize the color of a system.

The image format is one of the parameters
involved in image acquisition which describes
how the pixel color data in the image is encoded.
Multiple formats exist, each with a different goal,
but the majority of consumer cameras and medi-
cal devices store images in JPEG format [17].
This format has become very popular due to its
strong energy compaction characteristics [18]
resulting in high compression and its computa-
tional efficiency, which has facilitated sharing and
storing these images easily. However, unless the
capture parameters (white balance, gamma cor-
rection, contrast, saturation, etc.) are locked and
maintained throughout the use of the imaging
device, the color of JPEG images can be manipu-
lated by the camera, possibly changing every time
anew image is saved. Additionally, because JPEG
images are compressed in a “lossy” manner (indi-
cating that some of the original information cap-
tured by the camera is “lost”), the image will
contain compression artifacts. Depending on the
JPEG compression quality factor, these artifacts
can appear as large 8 x 8 pixel blocks. For high-
quality levels (low compression), these artifacts

are usually not noticeable, but when the quality
factor is low (high compression), these artifacts
become very apparent. In fact, the visible pres-
ence of these artifacts might indicate that the
image was saved at a low quality at some point in
the image chain, and useful details in the image
may have been lost. Formats such as BMP, TIFF,
or PNG do not suffer from the lossy compression
artifacts that occur with JPEG, but they are also
processed with gamma correction, white balance,
etc.; hence, they are still susceptible to color vari-
ations. Note that resaving a lossy format into a
lossless format will not remove compression arti-
facts; the lossless format will simply save the arti-
facts as if they were real.

The RAW format, on the other hand, stores the
sensor data that the camera has acquired without
any in-camera processing. The camera sensor has
a mosaic pattern of red, green, and blue filters
in front of every pixel element. Thus, each pixel
element acquires information of just one color.
Typically the in-camera demosaicing algorithm
then evaluates the surrounding color values to
estimate the missing color information for each
pixel element to then form a full-color image.
The demosaicing and other in-camera algorithms
vary between camera manufacturers, so the same
image captured by cameras from two different
manufacturers can look completely different.
Maintaining the image in the RAW format, on
the other hand, allows the user to change the spe-
cific set of parameters while keeping the original
parameters in which the image was obtained. The
advantage of the RAW format is that it preserves
the original color bit depth and image quality.
Parameters for sharpening, contrast, white bal-
ance, and color adjustment can be calculated
based on the sensor data instead of an unknown
in-camera processing system, and details in
shadows and highlights can be preserved which
otherwise would have been lost in JPEG-like,
8-bit-per-channel image formats. By using
RAW images, one can ensure similar color pro-
file and a reliable baseline for comparing color
to other images captured by the same device.
Conventionally, the main limitation of using
RAW images in digital systems was the file size
of each image compared to other formats and the
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lack of support to capture or display RAW files
in many devices. While these issues are less of a
barrier nowadays (even many consumer cameras
and smartphones are currently capable of acquir-
ing and managing RAW images), the large file
size of RAW images still can limit cloud applica-
tions (i.e., teledermatology) as well as storage of
these files at scale (such as thousands of images
stored by a hospital).

Finally, the last step in the imaging color chain
involves the image display and the ambient light
conditions in which the image is visualized. This
mostly relies on the monitor characteristics (and
whether it can be calibrated), the operating sys-
tem, graphics card, and most importantly, the
ambient illumination conditions. Different brands
or models of monitors may have completely dif-
ferent characteristics and settings, which will
affect the perception of the displayed images. For
example, one’s perception of the same clinical
image viewed on a monitor in an exam room may
be different when viewed later on a monitor in the
doctor’s office. If these monitors are not standard-
ized and calibrated, the doctor’s assessment may
differ. Ideally, in order to provide good color con-
sistency, monitors should provide a wide gamut of
colors (although most of them are limited in this
sense) and should be periodically calibrated.
Several devices such as DataColor’s Spyder5 [18]
exist on the market to measure and calibrate the
color output of a monitor. In addition, if pictures
need to be compared with high precision, dim
light might be preferable in order to minimize the
effect of external lighting on color perception.

8.4 Color Measurement, Color
Models, Color Management,

and Color Profiles

Since color is an attribute of the human visual sys-
tem, measuring color accuracy involves the use of
models that take the perceptual aspects of human
color vision into account. Color appearance mod-
els try to mathematically describe the shift in
color perception as the viewing conditions change.

Based on the human eye receptors (LMS), a
color model was developed to include the pri-
mary colors perceived by the human eye: the
RGB color model. In this model, red, green, and
blue are individually represented sequentially to
produce a gamut of colors. An equal combination
of these colors results in white (Fig. 8.5). Nearly
all imaging sensors in consumer and medical
cameras on the market capture image data in
RGB format through the use of individual red,
green, and blue sensors tiled across the camera’s
CCD (charge-coupled device). Likewise, all the
image formats discussed earlier encode separate
values for R, G, and B. However, without a stan-
dard color management for RGB, the meaning of
these values is not uniform across different cap-
ture and display devices. Consequently, these
devices (and image formats besides RAW) in
general adhere to the SRGB color space.

The sRGB (standard red green blue) color
space is an RGB color space standardized by the
Commission Internationale d’Eclairage (CIE) as
CIE 61966-2-1:1999 [19]. Most browsers, appli-
cations, and devices are designed to work with
SRGB and assume that the images are in the
SRGB color space. The sSRGB color space repre-
sents the same number of colors as the Adobe
RGB color space, but the range of colors that it
represents is narrower. Adobe RGB has a wider

Fig. 8.5 Schematic representation of the RGB color
model
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range of possible colors, but the difference
between individual colors is bigger than in SRGB.
While sRGB is the primary color space that
will practically be encountered when dealing
with everyday digital images, other color spaces
have been developed to better measure color and
may be found when dealing with color-based
analysis (i.e., the color of a skin lesion). One of
these color spaces, the HSL (or HSV) model, is
a tridimensional model that derives from the
Munsell model [20] which evaluates the hue, the
saturation (vividness), and the lightness (or value
as in the case of HSV) that is encoded in the
image. In addition to quantifying the primary col-
ors, this model also measures the color attributes
perceived by the human eye/brain system [21].
In 1976, the CIE developed the CIELAB color
space, or CIE L*a*b* or simply Lab, to charac-
terize the difference between two colors. This is
a tridimensional model that assigns three numeri-
cal values to a color: L for lightness, a* for green-
red, and b* for blue-yellow (Fig. 8.6). This color
space was constructed such that the Euclidean
distance between any two Lab values is propor-
tional to the perceptual difference of those colors
to the human eye. This system is based on a pre-
vious CIE version, the CIE 1931 XYZ, but has
the advantage that this system is device-indepen-
dent, since it defines a given color by measuring
the amount of numerical change in these parame-

White
L*

Black

Fig. 8.6 CIELAB color space. In this tridimensional
model, L defines the lightness of a color, a* defines the
green to red axis, and b* the blue to yellow axis

ters. CIELAB was originally developed for qual-
ity assessment in the print and textile industry,
i.e., to avoid the subjective factor in measuring
color differences between the color obtained by
the printer and the color prescribed by the cli-
ent. Unfortunately, the response of the human
eye is highly dependent on the amount of ambi-
ent light (i.e., by increasing the ambient light, the
perceived colors become more vivid), and some
saturated colors can only be perceived in a given
absolute luminance range. Since the CIELAB
model does not consider absolute luminance, it
is thus adequate for validating colorimetric data
(i.e., comparing two colors and quantifying its
difference) but ends up ignoring numerous per-
ceptual aspects. To overcome this difficulty,
another color space called the CIECAMO2 was
subsequently introduced. Unlike the CIELAB,
CIECAMO?2 is a nonlinear color space that takes
several perceptual aspects that depend on abso-
lute luminance into consideration. Nevertheless,
for most applications, CIELAB is a reasonably
sufficient color space to measure and report the
color of objects in an image.

Currently, one of the biggest challenges in
clinical imaging is the fact that different vendors
use different color models in their devices. This
makes standardization and comparison challeng-
ing. In 1993, the International Color Consortium
(ICC) was created in order to develop color man-
agement standards which would allow uniform
color across different software packages and
operating systems. Using the CIELAB or CIE
XYZ color spaces as profile connection spaces
(PCS), the ICC developed color profiles in order
to define the color characteristics of a given
device and allow color mapping between differ-
ent systems, for example, color space 1 — PCS
(CIELAB or CIEXYZ) — color space 2 [22].
Currently, the ICC has a section which handles
the specific situations of medical imaging, called
the ICC Medical Imaging Working Group (http://
www.color.org/groups/medical/medical_imag-
ing_wg.xalter) which currently works towards
the implementation of color management stan-
dards in the different fields of medicine. Some
medical specialties such as radiology have regu-
lated imaging standards [22], whereas others,
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such as pathology, are developing color manage-
ment strategies in order to ensure color consis-
tency and reproducibility [16]. However, most
specialties dealing with clinical photography
(such as dermatology, wound management, sur-
gery) lack standards on how to handle color.

8.5  Current Color Scenarios

How color is handled differs depending on the
needs of different specialties. In general, when we
think about clinical photography, we think about
the acquisition of images from the skin, but clinical
photography also encompasses the acquisition of
images coming from areas such as the oral cavity,
the gastrointestinal tract, the respiratory tract, or the
retina. One could also consider that intraoperative
pictures, or even the acquisition of scanned slides
in pathology, fall under the umbrella of clinical
photography. Some of the situations described in
this book chapter deal with color challenges in skin
photography where the images are known as “true
color.” However, in other fields of medicine, color
can be used to annotate, highlight thresholds, as
well as artificially color the image (known as
pseudo-color). These methods can be used to
emphasize areas which are, for example, metaboli-
cally more active in cases of PET-CT scans which
can be pseudo-colored in red or yellow. Hence, it is
obvious that different needs exist in clinical pho-
tography. To date, only one consensus paper from
the ICC Medical Imaging Working Group has been
published regarding some suggestions for clinical
photography [16]. Here we will summarize the dif-
ferent color scenarios and describe the ICC recom-
mendations on color management in clinical
photography. For more information on these spe-
cific scenarios, see chapters included in Part I'V.

8.5.1 Skin Photography

In skin photography, only a few studies have
looked at color calibration [23, 24] and have
developed some recommendations regarding
metadata [25] or relevant information needed in
teledermatology [26]. Skin photography encom-

passes different types of images which range from
total body photography, close-up photography,
multispectral photography, and dermoscopic
images [16]. Interestingly, one of the few studies
which have assessed the impact of color in derma-
tology suggested that dermoscopic structures may
be more relevant than color when evaluating der-
moscopic images and that gray scale pictures may
actually be more useful to highlight the dermo-
scopic structures (Fig. 8.7). However, the authors
also acknowledged that colors may be important
in select situations [27]. Another important issue
is the fact that dermatoscopes can work with
polarized or non-polarized light. This leads to the
visualization of different structures but also leads
to different color profiles. Currently the different
devices that store images over time, for example,
digital dermatoscopes, do not manage color in the
same way and do not address the issues related to
polarized or non-polarized light. Most of these
devices can result in color changes from one
image to another if the device settings are not
locked and maintained during image capture
(Fig. 8.8). Even though dermatologists have been
trained to overcome these challenges, the diag-
nostic impact of color inconsistency is not fully
understood, although it could be more critical in
some difficult skin tumors (i.e., featureless,
tumors with color variation). The real impact of
color in diagnostic accuracy has not been exten-
sively assessed, and prospective studies analyzing
the impact of color in the diagnostic accuracy are
necessary. In addition, since the color parameters
and the acquisition methods are not necessarily
uniform, color can be inconsistent depending on
how the image is taken. Therefore, it is necessary
to teach residents, clinicians, technicians, and
nurses the process of capturing pictures in a stan-
dardized manner in order to improve color
consistency.

Since many devices obtain pictures in a non-
standardized manner, it may also be a good
option to add color calibration charts (Fig. 8.9) in
the field of view while taking the picture to
improve color consistency. In this sense, several
publications have looked at methods to do so,
even in dermoscopic images [24] and in clinical
images [28].
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Fig. 8.7 Examples of melanomas showing color variega-
tion. The first column shows images using adjusted white
balance, the second one using inadequate white balance, and
the third one converting the images to gray scale. It seems
that some structures are more conspicuous when using the

\
gray scale mode. However, in very vascular lesions (first
row) and in lesions showing scare semiology (second row),
color evaluated using adequate color balance seems crucial

to identify melanoma-specific structures (in this cases poly-
morphous vessels and shiny white streaks)

Fig. 8.8 Examples of dermoscopic images taken with the
same device over time. While the structures within the
lesion remain stable, the color profile changes since the
capture settings are dynamically adjusted by the camera

8.5.2 Oral Cavity Photography

Pictures taken from inside the oral cavity face
unique challenges when compared to skin photog-
raphy. Inside the mouth, it is obvious that external
lighting needs to be used. In this sense, annular
flashlights or fiber-optic lights may be optimal
since they produce an even illumination, diminish-
ing the generation of shadows that may occur
while using other flashlights (Fig. 8.9). Especially

software which averages the color in each acquisition.
Although the clinical impact of such changes has not been
evaluated, it is clear that this lack of color consistency can
have an impact when evaluating colored structures

when a dental piece needs to be replaced, it is very
important to make sure that the white tones match.
Since subtle differences can be very relevant,
especially in aesthetic dentistry, standards must be
followed to manage color correctly in the pictures
used to evaluate such changes. The ICC suggests
that clinicians dealing with the oral cavity should
know the different color spaces and suggested the
use of the DICOM WG 22 (dentistry) color frame-
work to calibrate oral images [16].
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Fig. 8.9 Generation of shadows when obtaining images
from the oral cavity. Note that there is a shadow in the left
upper quadrant of the mouth due to the location of the
flashlight in the top part of the camera. This issue can be
solved by using annular flashlights

8.5.3 Endoscopy and Laparoscopy

Currently many different endoscopic and laparo-
scopic devices are used in medicine. In these sys-
tems, color accuracy is the most relevant issue to
be taken into account, since the clinician needs to
see clearly the details and the colors of the cavity
being explored live. This concept, of reproducing
the details and colors correctly, is known as color
reproducibility. Although color is relevant, most
clinicians are trained with an individual device
and get acclimatized to seeing images under a
given color profile. Hence, color consistency
among different devices seems less important
than in other specialties. However, if a clinician
changes, or uses another device, color can be dif-
ferent, requiring additional training. Therefore,
standardization among devices may be benefi-
cial, although challenging [16].

8.5.4 Eye Photography

Pictures of the retinal fundus are generally taken
to document the status of a patient at a given
appointment and also to evaluate changes over
time. In this sense, color accuracy is very impor-
tant to reliably document what the ophthalmolo-
gist is seeing, and color constancy is crucial to
evaluate changes over time. Similar to skin pho-

tography, no standards exist, and therefore, com-
parison can be difficult. In this sense, the ICC
suggested incorporating a color checker when
pictures are taken to calibrate the images and to
allow adequate color consistency [16].

8.5.5 Pathology Photography

Pathology is currently undergoing a revolution
with the advent of whole slide scanning. This
allows telepathology and archiving of informa-
tion in a more efficient manner. However, virtual
pathology has very important challenges regard-
ing colors which are caused by (1) different scan-
ners used; (2) different slide processing methods
(different staining methods, thickness of slides,
etc.); (3) different software packages; (4) differ-
ent image formats; and (5) different displays. All
these factors can generate color variability across
different laboratories and sometimes even within
a given laboratory. In order to solve this problem,
the first step is to generate a consensus between
laboratories for how samples should be handled.
Afterwards, vendors should agree on calibrating
their scanners using the same parameters. Finally,
if all of this is not possible or feasible, adequate
color management strategies seem the best
approach to guarantee color consistency [16].

8.6 Camera Color Calibration
Commercially available systems used in clinical
photography nowadays have no adequate color
calibration, resulting in important differences in the
image that depend on the camera and the computer
display utilized by the physician. At this point, ade-
quate color calibration methods can provide
improvements on the reproducibility and accuracy
of the colors or color-associated structures present
in the lesions. In order to calibrate the system
formed by the camera and, for example, a dermato-
scope, a set of images of a known calibration pat-
tern (i.e., a color checker such as those illustrated in
Fig. 8.10) should be acquired. Moreover, the spec-
tral distribution of the light source should also be
measured with a spectrophotometer.
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Fig. 8.10 Examples of color charts used for color calibration. (Left) X-Rite Munsell Color Checker. (Right)

Gretagmacbeth color chart

The calibration provides an estimate of the
CIE XYZ values measured by the camera (and
dermatoscope) of the colors that appear in the
calibration pattern. The accuracy can be mea-
sured, for instance, as the CIELAB difference
between the known value of a given color and the
value estimated by the camera (AE). A complex
image has numerous spatial visions, local chro-
matic adaptation, and other effects making it dif-
ficult in formulating a simple “color error.” For
more information on camera color calibration,
see the book chapter named “Color Calibration.”

8.7 Challenges and Next Steps

Currently, the main challenges regarding color in
clinical photography are (1) no color standards
exist regarding which color space to use from
cameras to displays; (2) different devices use dif-
ferent color profiles and capture settings (often
these may be different even for images from the
same device); and (3) no study has evaluated the
impact of color inconsistency to diagnostic accu-
racy. In this sense, we believe image acquisition
should be performed in a standardized manner in
order to obtain the same information over time.
This is especially relevant in digital dermoscopic
monitoring where factors such as illumination,
magnification, resolution, contrast, or display
need to be controlled. Calibration methods should

be implemented in order to standardize color.
Hence, it is crucial to develop strategies to set the
foundation to standardize image acquisition in
clinical photography as intended by this book.
After this step, users and vendors may realize the
importance of adequate color management to
guarantee color accuracy and color consistency.
In addition, collaborative efforts among clini-
cians, patients, vendors, and engineers are neces-
sary to develop recommendations regarding color
management, as well as to perform clinical stud-
ies evaluating the impact of color to diagnostic
accuracy and the daily practice of medicine.
These strategies need to be implemented as soon
as possible since teledermatology is a reality that
is likely to grow even more with the advent of
artificial intelligence algorithms.
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9.1 The Physics of Color tion in the form of color, whether the human

In everyday language humans ascribe certain col-
ors to objects or light sources, for example, “the
sky is blue.” However, color is not an object attri-
bute but rather an attribute of visual sensation; it
cannot exist without an observer which has a
means of both detecting and interpreting radia-
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visual system or an image capture device.

As described in Chap. 11, the human percep-
tion of color arises from the response and inter-
pretation by the human visual system (HVS) to
radiation in the visible part of the electromag-
netic (EM) spectrum, which ranges between
wavelengths of 380 and 720 nm. The EM spec-
trum extends far beyond that range, and various
medical imaging modalities make use of this,
including ultraviolet and x-ray radiation at the
short wavelength, high-frequency end of the
spectrum, and infrared radiation which occupies
the region just beyond the long wavelength and
low-frequency portion of the visible spectrum. In
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the human observer, the retinal photoreceptors
detect the physical stimulus (electromagnetic
radiation), and then the neural connections in the
visual pathway, and the cognitive system, process
and interpret the signals produced by the stimu-
lus [1]. The perception of color is as a result of
the integrated response of the three different reti-
nal cone receptors (p, v, p) [2].

The observer is the final component of what is
termed the friangle of color [3], which describes
what happens when emitted light falls upon a sur-
face and is then observed. The first component is
a source of visible electromagnetic energy, which
will have its own spectral signature. The second
component is an object, the chemical and physi-
cal properties of which modulate the energy from
the source. The final color forms from the combi-
nation of all three components of the triangle.

Image capture within an imaging system may
be modelled in a similar manner to an observer,
replacing the receptors of the visual system with
those of the imaging system. Aside from the vari-
ability of the colored surface itself, variability in
the illuminating light and the color responses of
the receptors have an impact on the final color
seen or imaged. The color of the object itself
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Fig. 9.1 Spectral Power Distributions of Different
Illuminants. These SPDs are computed from the CIE data
for Standard Illuminant A (to simulate incandescent light
sources), Standard Illuminant D65 (simulating mean noon

therefore cannot be considered in isolation. To
further complicate matters, the viewing geometry
also affects color appearance.

Visualizing the color triangle as a series of
spectral distributions can be useful in understand-
ing how the appearance of a final color is pro-
duced. The spectral power distribution (SPD) is
the relative spectral power output measured at
regular increments across the visible spectrum
The SPDs of a series of standard light sources are
shown in (Fig. 9.1).

The color produced when a surface is illumi-
nated, occurs as a result of the material properties
of the surface, selectively absorbing and reflecting
(or transmitting) the wavelengths present by differ-
ent amounts. Because the color produced is a com-
bination of the spectral properties of the illuminant
and the surface, and the spectral responsivities of
the receptors, it is possible for two different colors
to appear to match under some illuminants (see
Fig. 9.2). This phenomenon is known as metamer-
ism, and it creates complexity in color reproduction
and color management but is also the basis for
trichromatic matching which allows the appear-
ance of colors to be matched under diverse viewing
conditions and with differing white points.

Standard llluminant A
——=Standard llluminant D65
——llluminant D50

650 700 750

daylight) and Illuminant D50. Data sourced from CIE
15:2004  Colorimetry  standard —published by the
Commission Internationale de I’Eclairage
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Sample A Sample B
Sample A Sample B

Fig. 9.2 Metamerism. Two equally sized areas from the
same image simulating the effects of image capture under
an incandescent light source and daylight. The color of the
patches is similar under the first illuminant (top row) but
shows a more significant hue shift under the second illu-
minant (bottom row)

9.2 The Appearance of Colors

The color triangle explains what is happening in
terms of spectral properties during color capture
or viewing, but there are numerous other factors
that influence how a color appears, and aware-
ness of these is important in understanding the
need for standardization wherever possible, in
medical photography and other color critical
applications.

As soon as a color is viewed in context, sur-
rounded by other colors, for example, within an
image, or on a colored background, or illumi-
nated by a source of a particular spectral quality,
or on a glossy instead of a matt paper surface,
these environmental conditions will affect color
appearance. The human visual system is adept at
accounting for changes as a result of viewing
conditions [1] and has evolved a number of adap-
tation mechanisms to assist with object identifi-
cation and interpretation. One of these is color
constancy, an adaptation that ensures that the

perception of colors remains relatively constant
in appearance under changing lighting condi-
tions, for example, when illumination levels
change, or under light sources with different
spectral characteristics. Human perception of
color and particularly perceptual differences
between colors are highly influenced by their
perceived relationship to white or the light
source; hence this mechanism has a significant
impact upon color perception. This process is
sometimes termed discounting the illuminant [3]
where the visual system automatically incorpo-
rates the white point of the illuminant, effectively
shifting the perception of all colors in response to
this. Color constancy is believed to be a combina-
tion of two effects: chromatic adaptation and
memory colors [3]. Chromatic adaptation may be
viewed as a form of automatic white balance,
whereby the relative sensitivity of the cone recep-
tors in the eye changes in response to the
wavelengths within a light source; for example,
under a light source containing more blue wave-
lengths, such as noon daylight, an increase of the
L-cone sensitivity and a decrease in the S-cone
sensitivity will ensure that white objects will
appear white rather than blue. Memory colors are
prototypical colors associated with particular
highly recognizable objects; these are individual
to the observer, but certain trends are common,
for example, grass is typically remembered with
more of a green hue than it has [4].

There are other color appearance phenomena
that may affect images when viewed separately
or on different systems. Simultaneous contrast
describes the shift in color appearance as a result
of the color or tone of the background [5].
Apparent shifts are based upon the opponent the-
ory of color vision, whereby the signals from the
three cone receptors are combined to form three
opponent signals, red-green, blue-yellow, and
light-dark [6]. Simultaneous contrast results in
images on a lighter background appearing to be
darker; those on a dark background appear
lighter, red colors make the colors next to them
appear greener and vice versa, and blue colors
make colors next to them appear yellower and
vice versa. This phenomenon highlights the
necessity to control viewing conditions at output;
whether viewing on a display or on a print, the
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background color and lightness will affect the
image appearance in terms of color and contrast.

Initial object recognition is generally driven
by the spatial and tonal properties of images, fun-
damentally related to global and local contrast
characteristics. The visual system has light and
dark adaptation mechanisms to respond to differ-
ing illumination levels and is far more sensitive
to tonal differences than color differences; once
object recognition has occurred, color adaptation
mechanisms, as described above, affect color
appearance. These mechanisms are important as
color evaluation almost always involves compari-
son of colors, either against another colored
object or against a memory object.

The various adaptation mechanisms work well
for the human visual system, but without their
effects being built into color reproduction of
images, they can produce unpredictable results
when viewing images produced or viewed under
different conditions. Where images are to be
reproduced on the same medium for comparison,
and the viewing conditions and the white point of
the illuminant are the same, color appearance
phenomena are less likely to influence the evalu-
ation. But as soon as there is a change in medium
(e.g., from display, which is emissive, to print,
which is reflective), the contrast characteristics
and the white point may potentially change.
Additionally, printed images are perceived as
illuminated objects, and therefore the visual sys-
tem discounts the illuminant, whereas this mech-
anism will not occur with the display, because it
is self-luminous, and no known illuminant is

present [3]. Essentially different color appear-
ance mechanisms are at work when images are
displayed upon different media.

9.3  Color Reproduction

in the Digital Imaging Chain

The imaging chain encompasses the devices and
encoding of image data from input to output. As
described by Triantaphillidou [7], a color space
encoding is the digital encoding of a color space,
which is an n-dimensional coordinate system to
specify the position of a color within the space.
The color space encoding describes the digital
encoding of the underlying continuous color
space, for example, the bit depth and quantiza-
tion, which determines the range of values that
may be taken within each color channel. Color
spaces may be classified according to the method
of color reproduction (additive such as RGB or
subtractive such as CMY), whether they are spe-
cific to a device and whether they have a defined
relationship with human color perception.

In a typical imaging chain, image data may be
transformed through a number of different color
encodings, as illustrated in (Fig. 9.3), the nature
of which are related to the image format, the
characteristics of the device, and color manage-
ment decisions made based upon the color repro-
duction objectives of the application.

Digital color reproduction requires the trans-
formation of image data values between color
models and color spaces in a manner that repro-

Input Device File Format Display Colour Working Colour  File Format Output Colour

Colour Space Space Space Space

Image Digital Image . Image Digital Image
Acquisition ‘ Storage ‘ Display ‘Processing Storage Output

RGBamera YCb Cr/'peg RGBieq sRGB YCbijpeg cMm YKprinIer
sRGB Adobe RGB sRGB RGB,
Unrendered Raw ProPhoto RGB Adobe RGB
data ProPhoto RGB

Fig. 9.3 Color through the imaging chain. A typical digital imaging chain, from capture to output, with examples of
the possible color spaces that the image may be encoded in to at different stages
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duces the appearance of the colors as accurately
as possible. The color spaces native to input and
output devices are device-dependent color spaces;
the coordinates used to represent the colors are
defined by the nature of the color space, and the
color gamut is based upon the characteristics of
the device, determined by the following factors:

9.3.1 Spectral Characteristics

of the Device Primaries

All digital color devices have a set of primaries,
which are the set of colors, which, when mixed in
different proportions, will produce other colors.
These determine the color channels used to cre-
ate color and are chosen to produce the widest
possible color gamut in a given imaging system.
In input and display devices, the primaries are
additive RGB, meaning that white is created as
an additive combination of the three red, green,
and blue primaries at their maximum. In print
devices, the color space is subtractive, meaning
that the color channels subtract from the reflected
illuminant spectrum; white is produced when the
color channels are at a minimum.

The primaries in a digital camera are defined
by the spectral responsivities of the filtered CCD
or CMOS pixels, so they are a result of the sensor
sensitivity and the spectral transmissivity of the
overlaid RGB filters. In a scanning device, and in
other illuminated optical devices, such as derma-
toscopes or endoscopes, the primaries are a result
of the RGB-filtered sensors and the spectral char-
acteristics of the illuminant. In the latter case,
color rendition has also been found to be affected
by illumination intensity [8]. Display device pri-
maries are defined by each of the three color
channels when at a maximum (e.g., when a pure
red pixel is displayed, which in a 24 bit color sys-
tem will have a value of [255, 0, 0]); in LCD
devices, they are defined by the spectral transmis-
sion characteristics of the filters overlaying the
backlight.

Color printers use a subtractive set of prima-
ries, in the form of dye-based or pigment-based
inks in the case of inkjets or dye particles in the
case of dye sublimation printers. These may be

three channels of cyan, magenta, and yellow or
have a fourth black “key” channel (the “k” in
CMYK) to improve contrast. The primaries are a
function of the spectral reflectance of each indi-
vidual dye or ink layer at its maximum saturation
combined with the spectral reflectance of the
underlying substrate (the paper color). When the
full saturation of all three- or four-color channels
is overlaid, they subtract light to produce black.

9.3.2 White Point

The white point has different characteristics,
depending on the type of device and whether it
incorporates an illuminating device. The white
point in a digital camera is related to the scene
conditions, i.e., the spectral qualities of the illu-
minant, but also the white point that the camera is
adapted to, which may be achieved by adjusting
the analogue gain of the three channel signals [9]
or by post-processing the digital signal during
image rendering. The white points of scanners,
dermatoscopes, and endoscopes are defined by
the spectral characteristics of the unfiltered illu-
minant. In a display incorporating a backlight,
the white point is defined by the spectral charac-
teristics of the backlight when the color filters are
completely turned off (meaning that all the light
is emitted from the display). The white point of a
printer is determined by the white point of illumi-
nating light and the spectral reflectance distribu-
tion of the paper.

9.3.3 Transfer Functions

The transfer function is the device tone reproduc-
tion function, sometimes called the gamma func-
tion; it defines the range of tones and the contrast
of the device and the relationship between the
input and output intensities. Each color channel
has its own transfer function, and these are set
during the calibration of the system (e.g., by
changing the gamma value during display cali-
bration). A change to one or more of the transfer
functions will result in significant color shifts as
the relationship between the color channels
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changes and may result in a color cast within
neutral greys.

Device-dependent color spaces are not only
variable with the make, model, and spectral char-
acteristics of the primaries of the devices; there
can be variability between devices of the same
model and in reproduction from the same device
over time. The variability may be as a result of
different hardware or software settings (e.g.,
through different white point setting or gain
adjustment of individual channels) or as a result
of aging of device components (e.g., the change
in white point as the backlight source ages) or
color drift (e.g., in an inkjet printer a change in
the amount of different inks being laid down as a
result of print head blockages). A reduction in
device variability is one of the purposes of cali-
bration, as described later in this chapter.

A further limitation of device-dependent color
spaces is the lack of a defined relationship with
the response of the HVS and a lack of perceptual
uniformity in terms of color differences.

Device dependence is one of the key issues to
be addressed through color management. Early
color management was achieved between two
devices (e.g., from a scanner to a printer) by mea-
suring the color reproduction of a specific set of
colors from the two devices and creating a direct
color transform that could be applied on the data
from the input device to correctly reproduce the
colors on the output device. This closed loop
color management worked well between two
devices but required detailed knowledge of the
two devices and an experienced operator to mon-
itor color drift and recalibrate regularly [10].
Such a system may be suitable in a medical pho-
tography context, for example, if the images are
always to be captured in controlled lighting con-
ditions and always viewed on the same display,
without the need for transmission or archiving.
But in many contexts, this is an unsatisfactory
solution, which relies on unchanging technology
and does not future proof the images.

As a result of the growth in the use of true
color images in medical imaging, image colors
need to be translatable and consistent between
multiple different devices, different imaging
chains, to different output devices, and, in tele-

medicine, between different imaging locations.
The growth in fields such as teledermatology and
telepathology allows access for patients to spe-
cialists in distant locations, but poor color trans-
lation can impede diagnosis [11]. As in consumer
digital imaging, closed loop color management is
inadequate for situations with multiple devices,
rapidly growing in complexity, and therefore a
standardized framework for color reproduction
and management is required. The International
Color Consortium (ICC) architecture provides
this through open loop color management, which
uses an intermediate device-independent color
space into which all device color spaces can be
translated (Fig. 9.4).

The work of the ICC Medical Imaging Working
Group [12], introduced in Chap. 11, aims to bring
together different working practices from dispa-
rate specialisms to define standards and guide-
lines for color reproduction. Generally, it has been
found that color within various clinical special-
isms tends to be managed in a rather ad hoc man-
ner. Digital microscopy, telemedicine, medical
photography (particularly ophthalmic, dental, and
dermatology), and display calibration have been
identified as priority areas in which improvements
in the consistency and standardization of color
reproduction would produce significant and tan-
gible benefits [13]. To date the ICC MIWG have
produced a number of white papers, reports, and
other resources with recommendations for best
practice in different areas, including pathology,
medical displays, a color eye model, digital pho-
tography, and a range of other areas of interest.

9.4 CIE Colorimetry and CIE

Color Spaces

The measurement of color using colorimetry is at
the heart of color reproduction and ICC color
management. It aims to define color measure-
ments and specifications that directly relate to
human color perception. The Commission
Internationale d’Eclairage (CIE) approaches to
colorimetry and CIE color spaces are device
independent,  providing  absolute  color
specification and are therefore used as intermedi-
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Fig. 9.4 Open loop color management uses a central connecting color space to reduce the required number of color
transforms, compared to closed loop color management systems

ate connection spaces in open loop color
management.

The CIE model of colorimetry originally
derived from a color matching experiment imple-
mented in 1931, in which observers were required
to match various colored patches by mixing and
changing the amounts of three projected super-
imposed illuminants of short, medium, and long
wavelengths. The experimental data were used to
obtain the CIE standard observer color-matching
functions, which are the theoretical chromatic
responses of the average observer across the vis-
ible spectrum. Initially expressed as the combina-
tion of responses of three monochromatic lights
of wavelengths R = 700 nm, G = 546.1 nm, and
B = 435.8 nm, these were mathematically trans-
formed to obtain a set of imaginary primaries X,
Y, and Z, which could be combined in different
proportions to match all possible perceived col-
ors. The color matching functions for the CIE
1931 2° standard observer [14] are illustrated in

(Fig. 9.5). Colorimetry defines colors in terms of
the proportion of the three primaries, the XYZ tri-
stimulus values [15], and may be measured using
a spectrophotometer or more commonly a
colorimeter.

The original tristimulus values defined from
the 1931 experiment are still used in International
Color Consortium (ICC) compliant color man-
agement systems. Further experiments confirmed
the validity of the data and were extended to
obtain a dataset for a 10° viewing angle, the CIE
1964 10° standard colorimetric observer.

The CIE XYZ color space is a three-
dimensional coordinate system in which all col-
ors may be expressed as a combination of the
three coordinates; it also relates to the human
visual response, whereby each of the XYZ color-
matching functions may be considered as a linear
combination of the cone responsivities. At the
heart of color management is the process of
transforming colors in the real world and in
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Fig.9.5 CIE 1931 2° standard observer color matching functions Data sourced from Colorimetry Part 1: CIE standard
colorimetric observers (ISO/CIE 11664-1:2019) published by the Commission Internationale de I’Eclairage

device-dependent color spaces into colorimetric
values. Expressing colors in terms of colorimet-
ric values provides an absolute system of mea-
surement in which colored objects and the white
points of illuminants may be mapped, compared,
matched, and discriminated in a meaningful man-
ner independently of the devices or media upon
which they are reproduced. By doing so, it is pos-
sible to transform and reproduce colors on differ-
ent devices and under different viewing
conditions, which will be perceptually as close to
the original as possible, within certain defined
limits.

The transformations to obtain tristimulus val-
ues are designed such that the Y tristimulus value
represents the luminance of the color. The XYZ
values may be further transformed into chroma-
ticity coordinates as follows [14]:

X Y Z
X+Y+Z7Z X+Y+Z X+Y+Z7Z

As x, y, and z are normalized values, only two
of them are required to represent a color, and they
can therefore be represented on a two-dimensional

diagram, which is somewhat easier to understand
than a 3D space. An x, y chromaticity diagram
provides color information but no luminance
information.

The CIE x, y diagram is often used to repre-
sent color gamuts of imaging systems for com-
parison; however this is not without problems,
because it is not perceptually uniform, meaning
that equal distances between colors in different
areas of the chromaticity diagram are unequal in
terms of perceived difference. A further transfor-
mation of X, Y, Z values in 1976 produced the
CIELUYV [16] and CIELAB [17] color spaces.
These three-dimensional spaces represent colors
in terms of lightness and two chromaticity coor-
dinates. The CIE 1976 uniform chromaticity
scales diagram, derived from the CIELUYV space,
represents colors in terms of the u’, v chromatic-
ity coordinates in which the differences are nearly
perceptually uniform.

The CIELAB space is used widely in color
imaging applications (6,6) and is defined from
the XYZ values, incorporating their relationship
with the XYZ values of the illuminant white point.
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Fig. 9.6 Three-dimensional representation of the
CIELAB uniform colour space. The vertical L* axis cor-
responds to the lightness of a color and the color coordi-
nates a* and b* correspond to redness-greeness and
blueness-yellowness respectively. Cylindrical coordi-
nates, C*ab and H*ab are also illustrated; the distance of
a color from the central L* axis defines how chromatic it
is and the angle around the centre determines the hue

The resulting coordinates L*, a*, and b* corre-
spond to lightness and two color coordinates. The
a* and b* values define the color on scales which
approximate perceptions of red-green (positive
a* to negative a*) and yellow-blue (positive b* to
negative b*). From these values, the perceived
chroma C; , and perceived hue H, , may be calcu-
lated (Fig. 9.6). Defining a color in terms of hue,
lightness, and chroma is undoubtedly more intui-
tive and easier to understand and visualize for the
human observer than expressing them as LAB or

XYZ (or even RGB) values.
9.5 Standard RGB Color
Encoding

There are a number of other color spaces that
refer to devices, either real or virtual, but with a
defined relationship with CIE colorimetric
spaces, so that they can be considered to be
device independent or device standardized. They
are used widely in digital imaging and imple-
mented in imaging software to enable standard
color space encoding.

sRGB (standard RGB), introduced in Chap. 11,
is one such color space relevant to medical photog-

raphy. It is an international standard, published by
the International Electrotechnical Commission
(IEC) [18], and is a type of output-referred color
space encoding. Output-referred color space
encodings are linked to specific real or virtual out-
put devices and viewing conditions [7]. In the case
of the SRGB encoding, it is based on typical cath-
ode ray tube (CRT) display primaries and transfer
function. Originally developed as a default color
encoding for the Internet in 1999, it has found
widespread adoption in various imaging indus-
tries, including medical photography; if two dis-
plays and their viewing conditions are calibrated
to the SRGB standard, then the appearance of an
image viewed with an sRGB profile on the two
systems should be consistent. The standard speci-
fies CIEXYZ tristimulus values for the primaries
and the D65 white point, a gamma value of 2.2 and
a set of reference viewing conditions in terms of
ambient illuminance level, an ambient D50 white
point and details also for the background and sur-
round luminance levels.

9.6 Calibration,
Characterization, and Color

Management

Small changes in color reproduction in medical
photography have the potential to significantly
impact accurate monitoring of disease and the
effectiveness of treatment over time, particularly
in color critical applications such as dermatology.
This places particular requirements on the system
for accuracy and consistency. As stated by Revie
and Green [19]: “Many of the current problems
in color in medical imaging can be classed as
problems of calibration of image capture and dis-
play systems” (p. 2). The processes of calibration
and characterization are intrinsic to color man-
agement. More detail is provided about the char-
acterization of different types of devices later in
the chapter; here they are considered more
generally.

Calibration is concerned with maintaining
consistency and stability within a system, by
ensuring that any factors (hardware and software
settings, media, viewing environment) that might
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influence image reproduction remain unchanged
and periodically checking and resetting them if
they have shifted. Examples include maintaining
the system white point in a display or grey bal-
ancing a scanner. Selecting the paper and colo-
rant type is part of the calibration of a printer, but
color and tone reproduction will vary between
batches of both, so printers need recalibrating
when a new batch of paper or colorant is installed.
The necessary regularity of calibration is depen-
dent upon the device and its susceptibility to
drifting away from the calibrated state.

Characterization is a process of measuring the
color and tone reproduction of a device and defin-
ing the relationship between coordinates in the
device-dependent color space and CIE colorimet-
ric coordinates. The output of the characteriza-
tion process is a device profile; it is produced
after the device has been calibrated (although
some profiling devices will perform both), and
the profile will only be valid and correct for that
calibration condition [7], meaning that a change
in conditions requires a new profile to be created.
Device characterization enables the translation of
colors from one color space to another, either
directly or via a CIE color space in an ICC frame-
work. An example of the use of profiles in an ICC
color managed framework is shown in (Fig. 9.7).

Correctly and regularly calibrated devices, an
intermediate colorimetric profile connection
color space, and accurate profiles are the building
blocks of color management systems. There are
two further factors that determine how colors are
rendered when transformed from one color space
encoding to another in an ICC compliant
system.

source profile +
rendering intent

9.6.1 Gamut Mapping

The gamut of each color space defines the range
of possible colors that can be encoded within the
space. When transformed into a common colori-
metric color space, the color space gamuts
occupy different areas and shapes, depending
upon the position of their primaries within the
space. The three standard RGB color spaces can
be illustrated on a chromaticity diagram as shown
in (Fig. 9.8).

While there is a significant area of overlap
within the center of the gamuts, they have some
areas that are unique to each space, and this is a
common problem, particularly when transform-
ing from an RGB space of an input or display
device to the CMYK space of a printer. There
will be some colors in each space that cannot be
mapped in an exact way. The process of gamut
mapping adjusts the colors of the input image or
the input device to fit those of the output device
and requires characterized or profiled devices at
input and output [7]. In the areas of overlap, col-
ors may be matched, but in areas outside the
common area, a decision must be made about
what happens with out-of-gamut colors. The
approach used within the gamut mapping algo-
rithm depends on the color reproduction objec-
tives. If colorimetric accuracy is paramount, then
only the central colors can be correctly repro-
duced, and the approach is gamut clipping, where
the colors in the common gamut boundary are
unchanged, leaving a few very saturated colors to
be clipped to the boundary. In medical imaging
applications, this can be a satisfactory approach
if these highly saturated colors are not prevalent

destination profile
+ rendering intent
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Fig.9.7 Image capture and viewing in an ICC profiled and color managed system
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so that the color differences in these areas can be
ignored. Gamut compression mapping algo-
rithms instead compress the entire gamut into a
smaller area. In this case, all colors are shifted to
become less saturated, but relative color differ-
ences are maintained, and the color differences
caused by the gamut mismatch are spread across
the entire range. In both methods, priority is
given to minimizing hue shifts.

9.6.2 Rendering Intents

In ICC color management, the gamut compres-
sion method is defined by selecting a rendering
intent when converting between a source and
destination profile. At the time of writing, there
are four rendering intents defined within the stan-
dard; two of these, the ICC absolute colorimetric
intent and the media-relative colorimetric intent,
are suitable for medical photography (the other
two are designed to produce pleasing images in
more general imaging applications). Both the

absolute colorimetric and media-relative intents
produce colorimetrically accurate colors, the dif-
ference being that in the media-relative intent, the
media white point is mapped to the white point of
the profile connection space (PCS), whereas in
the absolute colorimetric intent it is not. This
means that with media-relative rendering, the
white point of the image appears white even if it
was a yellowish white (this is analogous to chro-
matic adaptation in the HVS) and all other colors
are mapped relative to this white point, meaning
that all colors shift. This is more suitable for
human visual assessment of images, where
images need to be reproduced to be visually
accurate. In absolute colorimetric rendering, if
the media white point was not the same as the
white point of the PCS, it will appear different; a
yellowish white point will appear yellowish. In
this case, all colors are preserved exactly. This
approach is suitable where images are to be eval-
uated or processed using an image analysis algo-
rithm and absolute colorimetric accuracy is
required.
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9.7 Camera Calibration

and Characterization

As described in Chap. 11, the use of a camera
with another device such as a dermatoscope
enables the calibration and profiling of the sys-
tem, in part because the imaging conditions are
possible to control, because of the close focusing
distance and the use of an illuminating device. In
much of medical photography, however, imaging
conditions are more variable. The increasing use
of mobile devices for image capture, particularly
in telemedicine, represents significant challenges
in terms of controlling and reducing color errors,
which, once introduced at image capture, will be
propagated through the entire imaging chain [11].
The quality of cameras ranges from mobile phone
cameras, through point and shoot compact cam-
eras, to professional-level DSLRs, and in this
range, the level of automation versus the level of
manual control is hugely variable; the situation is
further compounded by the level of skill required
of the camera operator to enable purposeful con-
trol of the image in high-end systems. Penczek
etal. [11] tested the effect of various imaging con-
ditions upon the color performance of mobile
phone, point and shoot, and DSLR cameras and
found the most significant errors introduced at
capture by position in relation to light source, the
type of light source used, and the camera technol-
ogy. As expected, the overall errors were highest
with the mobile phone camera, followed by the
point and shoot and then the DSLR. All three
cameras performed best under daylight-balanced
fluorescent illumination; the DSLR as expected
produced the best results, with excellent color
rendition of flesh tones under daylight illumina-
tion, but performed badly under incandescent and
cool white fluorescent illumination. The ICC has
developed guidance for improving color in medi-
cal photography [20] also highlighting the pri-
mary factors that contribute to color error at image
capture as lighting uniformity, the spectrum of the
lighting, camera technology, and subject color.
Poor framing, focus, exposure, and incorrect
white balance also have an impact upon color.
Generally, therefore, the best results will be
obtained using a professional DSLR, adhering to

good practice guidelines for framing, focus, and
capturing RAW files to fully utilize the available
bit depth and dynamic range of the image sensor
(see Chap. 11). If this is not possible, improve-
ments can still be made by optimizing lighting
and including a color test chart. Using an illumi-
nant with a spectrum as close as possible to D65
will produce better color rendition regardless of
the camera used, and uniform diffuse lighting
helps to reduce non-uniformity across the image
plane.

To produce calibrated images, an image must
be captured of a test target containing a set of
known colorimetric values (see examples in Fig.
11.8 of Chap. 11) from which a profile can be
constructed that relates the camera RGB values
to the colorimetric values of the chart under the
same conditions. This can be a challenge in spe-
cialisms such as ophthalmology and pathology
and is an area being addressed by the ICC MIWG,
with the development of a calibration slide for
histopathology and a miniaturized color checker
chart which can be inserted into a model eye for
fundus photography [19].

Images may be captured and rendered in a
scene-referred or output-referred encoding [7,
20]. An output-referred encoding is one that has
been optimized for a real or virtual output device,
so could be for a printer, or using a color space
such as SRGB. The images will be rendered for
viewing, and in the case of JPEG files, output
rendering is the only option. In such cases some
color rendering will be applied automatically to
optimize the results for the output color space.
This process is proprietary, and so it is difficult to
obtain colorimetric values from an output-
referred image. Nevertheless, this may be the
only option unless using a DSLR. Better results
will be obtained if capturing to an uncompressed
TIF file, although the images will still be output-
referred. In such cases the best option is to cap-
ture the image with a color chart or capture the
color chart in a separate image under the same
lighting conditions, correct any illumination non-
uniformity, and gray balance the image using a
custom white point correction from the color
chart image. A color correction profile or a set of
presets for specific conditions can also be created
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from the color chart image, to be applied to the
captured image. It may be possible to retrieve
original scene colorimetry if the color rendering
method is known.

Scene-referred images are encoded to pre-
serve the original scene colorimetry and may be
created within the ICC architecture using two dif-
ferent approaches, either by creating a custom
camera profile for the camera illumination or by
using a standard scene-referred profile. In both
cases the images must be captured as RAW files.
The custom camera profile allows direct conver-
sion from camera RGB to colorimetric values in
the profile connection space but requires special
software to build the profile for the specific cam-
era, settings, lenses, and illumination.
Alternatively the images may be converted to a
standard scene-referred RGB space; the one rec-
ommended by the ICC is the linear_ RIMM-
RGB_v4.icc profile, which can be downloaded
from the ICC website [21]. In general, scene-
referred images will produce more consistent
results when compared in terms of either colori-
metric measurements or viewing over time; it
should be noted however that in general, it is not
possible to directly view scene-referred image
data and therefore the image will finally have to
be output referred. This requires that the image is
converted to an output-referred encoding; in this
case the sRGB standard encoding is recom-
mended, with a media-relative colorimetric ren-
dering intent. It is worth noting however that
sRGB has guidelines around viewing conditions
which should be adhered to for best results.
Adobe RGB 1998 is another standard encoding
with a slightly wider gamut, which may be appro-
priate for soft-proofing images for print.

9.8 Output Device Calibration

and Characterization

Both displays and printers are classed as output
devices, and therefore the accuracy of their cali-
bration and characterization is important at the
stage at which the images are to be viewed by
clinicians. However carefully an image has been
captured, and the capture system has been cali-

brated and profiled; an uncalibrated or poorly
calibrated output device will result in incorrect
rendition of colors (and in the case of printers,
typically a loss in image saturation and the poten-
tial for color shifts because of the often signifi-
cant gamut mismatches between RGB and
CMYK color spaces). As described earlier, the
calibration step in each case requires the setting
of conditions prior to profiling, followed by regu-
lar recalibration to return the device to those con-
ditions and ensure that the profile remains valid.

9.8.1 Display Calibration

and Characterization

There are a number of portable devices available
for display calibration and profiling, or in high-
end workflows self-calibrating monitors, with
built-in calibration tools; most methods will per-
form the calibration immediately before the char-
acterization, which ensures that the profile
matches the conditions. It is important to allow
some warm-up time to ensure that the display has
stabilized to prevent erroneous results.

The steps required for display calibration
involve an initial setting of display black and
white point luminance to adjust the dynamic
range and overall brightness. The calibration
involves setting of a target white point color tem-
perature and gamma value to adjust the display
transfer function and color balance. If the display
is being set up to display sSRGB-encoded images,
then the target values are according to the SRGB
specification [18]. The device may be a colorim-
eter or a spectrophotometer and measures values
from displayed patches with known colorimetry
on the screen, either in close contact with or some
distance from the screen surface. The device soft-
ware then creates a profile allowing transforma-
tion between the PCS and the device values,
which, when applied in the device settings, will
be used to adjust values on the video card.

The display viewing conditions have a signifi-
cant impact upon the color appearance on the
screen; hence viewing images on a display in a
room illuminated by natural daylight or under dif-
ferent viewing conditions to those used during



126

E. Allen

calibration and profile is unlikely to produce con-
sistent results. As a general rule, the ambient light-
ing should be at a relatively low level, unchanging,
and should not have a color cast. In SRGB the
viewing conditions are specified and need to be set
up prior to calibration and profiling.

9.8.2 Printer Calibration
and Characterization

As described earlier, part of the calibration of a
printer is the selection of a paper and ink or dye set,
and the process must be performed for each new
type of paper and colorant. If a printer is to print on
different types of paper, with different white points
or surface qualities, a profile will need to be created
for each paper type. Because CMYK color spaces
are not perceptually linear, a CIELAB linearization
stage may also be included as part of the calibra-
tion, which involves printing a pre-profiling linear-
ization target which has linear CM YK scales. Once
printed, it is measured using a colorimeter or a
reflection spectrophotometer. The profiling soft-
ware then reallocates the CM YK output values to
linear CIELAB values. This means that the CMYK

values will no longer be linearly spaced but will
appear visually equally spaced.

Next, the profiling target should be printed;
this tends to have a far larger number of test val-
ues than for display profiling, and these are ran-
domized. The measured values are compared to
the reference file for the test target and a profile
created based on a lookup table (LUT). The aim
is for the target to be printed without color cor-
rection to test the default uncorrected behavior of
the printer. The resulting profile should ideally be
selected as the destination profile at the point of
printing an image.

9.9 Color Differences,
Perceptibility,

and Acceptability Thresholds

Perceptually uniform color spaces allow the
meaningful calculation of color differences. The
AE; , metric is one of the most widely used color
difference measures and may be calculated
directly either from the differences between the
CIELAB values or from the luminance, chroma,
and hue difference values [17]:

=[(ar) +(acs, )+ (a, )}

Color differences can be used to benchmark
thresholds of perceptibility of various imaging
attributes such as color under specific conditions,
to identify tolerances in terms of color reproduc-
tion for an imaging device, or to explore the
effects of changing settings or viewing condi-
tions within an imaging system, thus helping to
establish standards appropriate to imaging
requirements.

The CIEDE2000 formula [22] is a more recent
and complex color difference metric recom-
mended by the CIE, developed to compensate for
some non-uniformities in the CIELAB color dif-
ference metric. AEy, is derived from CIELAB
values, adjusting the relative weightings of light-

ness, chroma, and hue components for various
illumination conditions. The implementation is
rather complex; a step-by-step explanation can be
found in [23] and supplementary notes in [24].

Metrics such as AE;, and AE, are useful in
identifying how much a color has shifted as it
moves through an imaging chain. However, to be
meaningful, they must be tested and bench-
marked using psychophysical experiments with
human observers. This process allows values cal-
culated from the metrics to be used to predict the
perceptual significance of the differences.

In a typical psychophysical threshold experi-
ment, observers evaluate pairs or triplets of col-
ors to identify the level at which differences
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between them become perceptible. When a given
proportion of observers can notice a difference
(commonly either 50% or 75%), the point at
which this occurs is known as the just-noticeable
difference of perceptibility or JND. For an in-
depth explanation of psychophysical experimen-
tal methods, refer to Engeldrum [25]. JNDs in
this case are a measure of color fidelity. When the
difference between the two colors is also evalu-
ated with a color difference metric, it is possible
to calculate the amount of color difference in
AE,, that will produce a just perceptible differ-
ence. This allows a prediction of the threshold of
color differences that may be tolerated within a
given situation, providing a useful benchmark to
which devices and systems may be designed and
calibrated. The perceptibility of differences, or
JNDs, in uniform color patches may be as low as
1.0 AE; , but is generally higher when colors are
part of complex scenes.

INDs of acceptability or acceptability thresh-
olds may also be established through psycho-
physical experiments [26]; in this case they
quantify the level at which perceptible differ-
ences become unacceptable in a particular imag-
ing application. Such measures are useful in
applications where color matching is important,
such as prosthetic dentistry [27], where the JND
of perceptibility has been found to be approxi-
mately 1.0 AE,,, similar to that found for uni-
form color patches, while the IND of acceptability
is at around 3.7 AE], ,. INDs of perceptibility and
acceptability are highly context dependent.

Tolerances for perceptibility and acceptability
vary depending upon the requirements of the
imaging application, viewing conditions, the sub-
ject and image properties, and the experience and
expertise of those viewing the images. The
thresholds for skin tones in various specialisms
are a case in point. As described previously, the
HVS is influenced by the memory color effect,
which is formed by an observer from familiar
objects, provided that they are strongly associ-
ated with a typical color [28]. Skin tones can pro-
duce significant errors when captured on digital
cameras [11] and are also strongly associated
with memory colors [29]. Research into color
difference perceptibility and acceptability thresh-

olds using artificial skin samples used for maxil-
lofacial prosthetics found that the perceptibility
threshold for light skin tones is 1.1 AE , and the
acceptability threshold 3.0 AE], ,. For darker skin
tones the thresholds are 1.6 AE, , for perceptibil-
ity and 4.4 AE;, , for acceptability.

Psychophysical experiments are a widely
accepted approach to test and measure various
aspects of the quality of imaging systems, to estab-
lish benchmark requirements for imaging stan-
dards and to compare the performance of different
devices. However, they are intensive and time-con-
suming and thus often impractical in real imaging
scenarios; therefore, having an objective metric
such as AE, which correlates with human percep-
tion and can be derived from colorimetric measure-
ments within an image, is extremely useful.

9.10 Summary

There is little doubt that color accuracy, consis-
tency, and standardization are of key importance
in medical photography, to monitor disease and
assist diagnosis, and in areas where color match-
ing is important. The increased use of mobile
devices and true color images makes it imperative
that some of the challenges are met in managing
color in medical photography, especially in areas
such as telemedicine where images may be trans-
mitted and viewed across different systems and in
different geographic locations. Various special-
isms have developed individual approaches, but
there is currently no common framework. The
ICC MIWG has identified a number of key areas
of work with the aim of providing a consistent
approach and framework for the standardization
of color. The reproduction objectives differ across
clinical areas, with some necessitating a tailored
approach, for example, the development of a color
extension to the DICOM grayscale standard dis-
play function [30], which is useful for grayscale
images with pseudo color overlays, for color visu-
alization of quantitative information. In more gen-
eral medical imaging, the requirement is for
colors in images to be as visually consistent as
possible with the original and for this color to be
reproduced accurately across different sorts of
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devices, devices in different locations and in
images taken at different times. The ICC color
management architecture has the potential to pro-
vide a framework in which accurate color repro-
duction may be implemented. Current work by
the ICC MIWG addresses some of the very spe-
cific solutions required for best practice guide-
lines in medical photography.
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A. Johnston (>) According to Merriam-Webster dictionary [1],

Ceo Pasquali & Asociados, Cambrils, Spain photography is the art or process of producing

P. Pasquali images by the action of radiant energy and espe-
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cially light on a sensitive surface (such as film or
an optical sensor). While art has to do with a
human intervention (one of Merriam-Webster’s
definitions for art is the conscious use of skill and
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creative imagination especially in the production
of aesthetic objects), the process of producing
photographic images depends heavily on the
pieces of equipment used by the photographer. In
this chapter we will focus on the basic photo-
graphic concepts related to the principal piece of
equipment: the camera. Other accessories such as
lighting equipment, camera supports, and filters
are treated in other chapters. It probably sounds
better this way: This is an introduction to the
main concepts of digital photography that a sea-
soned photographer might find simplistic. Our
task here has been to organize information
already available in many places (books, web-
pages, and other sources) in a logical way to
make life easier for the beginner in medical pho-
tography. Technical information is included when
relevant to the subject.

Medical photography needs to be quality pho-
tography. Only with good-quality images the
physician or other health professionals will be
capable of making correct diagnoses, record the
patient’s condition, monitor illness evolution,
and teach others. Even those that are not profes-
sional photographers but use medical photogra-
phy as part of their practice will need to know
and understand the basic concepts of photogra-
phy even when using smartphones or tablets. We
hope the reader will find all the needed informa-
tion to set the camera for good-quality clinical
pictures.

Fig. 10.1 Graphic
representations of the
digital photography
process. (Redrawn from
Linkwitz Lab©
1999-2019 LINKWITZ

10.2 The Digital Photographic
Process

Starting with the first 1839s daguerreotypes, the
history of photography has transited through
many different photographic processes before the
arrival of the digital process we use today. In this
chapter we only deal with digital photography.

In the digital photographic process, light
reflected by the subject passes the camera lens
that focuses the image on an electronic sensor
device (either CCD or CMOS/APS technology).
Inside the camera the sensor image is processed
with the help of a digital signal processor (DSP)
chip and then stored in the form of a RAW or
JPEG file. A RAW file is the equivalent to a film
negative. With the help of photo-editing software,
the image can be adjusted to fit the needs of the
photographer and visualized in a digital display;
this process is comparable to the old developing
film photos. Finally, the image can be printed on
paper (Fig. 10.1).

10.3 Digital Cameras

Technically, photography has to do with the cre-
ation of durable images from light or electromag-
netic radiation (such as x-rays) as reflected and
then directed from a subject into a camera device.
For good quality pictures, such as those required
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for medical applications, the photographer must
use the proper lens in order to adjust to varying
object conditions, given that a single lens cannot
well satisfy the needs of different photographic
tasks. Interchangeable lens cameras are thus a
necessary tool for quality pictures. The previous
chapter on equipment (Chap. 11) has dealt with
cameras. The two types more relevant to the
scope of this chapter are those with interchange-
able lenses: DSLR and mirrorless cameras,
although smartphones are particularly useful for
some medical applications.

Digital cameras can be classified into different
types: digital single-lens reflex (DSLR or dSLR),
mirrorless (or CSC), bridge (also called super-
zoom), advanced-compact (also called zoom-
compact), adventure cameras, and smartphones.
The two types more relevant to the scope of this
chapter are those with interchangeable lenses:
DSLR and mirrorless cameras, although smart-
phones are particularly useful for some medical
applications.

Compact digital cameras, also known as
point-and-shoot cameras, are very simple to use
but not well suited for medical photography.
Given that the individual components of the cam-
era are of a lesser quality and that lens and some
photo parameters cannot be changed to better
adjust for subject condition, the quality of the
image is poor. Point-and-shoot cameras are
affordable, light, and easy to use, but they do not
render the quality required for good medical
photography.

Advanced-compact cameras, although still far
away from CSC/DSLRs, are a step forward in the
direction of better-quality images given that they
provide for manual control, RAW files, and an
attached focal-length adjustable telephoto lens.

Bridge cameras are in between advanced-
compact and CSC/DSLRs. They feature a non-
interchangeable zoom lens covering wide to
telephoto focal lengths. With a DSLR-style han-
dling, they feature automatic and manual shoot-
ing modes and a full range of creative controls.
Bridge cameras are smaller, lighter, and less
expensive than interchangeable-lens cameras, but
their image quality is sub-optimal.

DSLRs and CSCs are delicate pieces of equip-
ment that are not meant for use under rugged

conditions. Adventure cameras, designed for
adventure sports (extreme sports or action sports)
involving a high degree of risk, are small, light-
weight, waterproof, mud (anyone said blood or
human fluids?) resistant, wearable, and shock-
proof and come with ample mountability options.
Although ideal for video, their average resolution
of 12 MP (best adventure cameras are in the
range 8—16 MP) and hands-free operation make
them a good compromise solution for taking
acceptable quality images (or videos) under very
adverse conditions. For field hospital situations,
for forensic medicine, and even for recording sur-
gical procedures in operating theaters (ORs),
adventure cameras can be a practical solution for
capturing medical images that could not be done
using DSLR cameras/CSC.

For certain medical uses, smartphone’s cam-
eras have become the best alternative because of
their availability (you always carry it in your
pocket), lightness, easiness to use, and afford-
ability. They are the subject of another chapter in
this book (Chap. 13).

Today, most of the  professional
interchangeable-lens digital cameras are DSLR
that have a vision system that allows the photog-
rapher to see in the viewfinder exactly what will
be recorded by the sensor. DSLR cameras use
basically the same optic design as the 35 mm film
cameras of days gone by, but an electronic sensor
substitutes the photographic film for capturing
the image. The fundamental mechanism of a
DSLR camera is a moving mirror that with the
help of a pentaprism (or penta-mirror) re-directs
the focused image towards the viewfinder when
focusing or towards the camera sensor during
exposure. By doing so, it is placed in such a way
that the left, right, top and bottom of the image
mimic the subject as seen through the eyepiece.
When the shutter mechanism is activated, syn-
chronically the mirror rises and the shutter opens
so that the chosen light reaches the sensor, expos-
ing it to incoming light. To finish the cycle, after
the time adjustment has elapsed the mirror returns
to its place and the shutter closes back (Fig. 10.2).

It’s complicated and expensive to build DSLR
cameras with the mirror-viewfinder mechanism.
As opposed to DSLRs, mirrorless cameras also
known as mirrorless interchangeable-lens cam-
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Fig. 10.2 Viewer light path in a digital single-lens reflex (DSLR) camera. (Courtesy of © 2020 Stack Exchange Inc.;
user contributions licensed under cc by-sa 4.0 with attribution required. rev 2020.3.31.36413, All rights reserved) [3]

eras (MILC), compact system cameras (CSC) or
hybrid cameras have neither a complex mirror
system nor a viewfinder (Fig. 10.3). Just as with
DSLR cameras, mirrorless cameras feature the
interchangeability of lenses. Although SLR cam-
eras have been the cameras of choice for profes-
sionals for many decades, even before the digital
versions were born, mirrorless cameras seem to
be the wave of the future. Having most of the fea-
tures of DSLR cameras, mirrorless cameras are
smaller, lighter, and less expensive than DSLR
cameras. Many CSCs even have Wi-Fi capability
allowing to remotely control the camera and
sending of images.

Nowadays, a good-quality picture can be
achieved either by using high-level DSLRs or
CSCs with the right sensor quality.

10.3.1 Sensor Size and Crop Factor
A sensor is that key part of the camera (Fig. 10.2)

that captures an optical image and turns it into a
digital one. It does so by converting incoming

light into electronic signals. A sensor digitalizes
optical images. Physically, a sensor is a matrix of
small pixels (picture elements). Pixels, the tiny
components of a sensor, are the units that capture
light and turn it into data. Both sensor size and
pixel count are important for good-quality
photography.

Sensors are manufactured using two alterna-
tive manufacturing technologies: charge-coupled
device (CCD) or complementary metal-oxide
semiconductor (CMOS). CCD was the first sen-
sor technology, developed by Kodak in 1986.
The “traditional” CCD sensors are being taken
over by CMOS. The advantage of the semicon-
ductor technology is that it is more affortable
and its quality has achieved levels comparable to
or even better than CCD. The future seems bright
for CMOS: it is becoming the new “standard”;
CCD might remain valid for some special appli-
cations such as very fast photography where
CMOS tend to produce an undesirable “jello”
effect [5].

Other things being equal, the bigger the sen-
sor, the better the quality of the picture given that
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Fig. 10.3 Illustration showing the light path in DSLR and mirrorless cameras. (Courtesy of © 2011-2017 VnReview,

All rights reserved) [4]

a bigger sensor allows for larger pixels that can
individually capture more light and in turn ren-
der a better picture. In the vast majority of either
DSLR or mirrorless cameras, the biggest sensor
size is 34 x 24 mm, the same size of a “full-
frame” 35 mm film negative with an aspect ratio
of 3:2. The sensor is expensive to build, so more
affordable cameras use smaller sensors. When
full-frame sensors were first introduced, produc-
tion costs could exceed 20 times the cost of a
smaller size APS-C sensor [6]. Also, a smaller
sensor allows for smaller, lighter, and more
affordable camera bodies and lenses. More com-
pact cameras do have smaller sensors. Different
camera manufacturers adopt different sensor
size but in general keeping the traditional 3:2
aspect ratio inherited from the old 35 mm film.
Advanced Photo System (APS) is an old movie
and TV standard for sizing film negatives that in
a similar way as the 35 mm film standard is used
today in digital photography (the outer diameter
of the vacuum tube needed to produce a usable
image of up to two thirds of the circular image
obtained serves as the reference for tube size). In
both its C and H versions, the APS format holds
on to the 3:2 ratio (Fig. 10.4). But not all sensors
hold to the 3:2 standard. The “Four Thirds” sen-
sor created with the participation of Eastman
Kodak and used by Olympus and Panasonic as
part of the Four Thirds System have a less “pan-
oramic” format, close but not equal to 4:3,
although the system can crop images to the 3:2
ratio [8].

Crop factor is the ratio of the diagonal of a
given sensor to the diagonal of the full-frame sen-
sor. It is a measure of sensor size relative to full-
frame. By definition, a full-frame sensor has a
crop factor of 1.0. A sensor smaller than full-
frame has a crop factor greater than one: it
“crops” the image to a fraction of full-frame.
Relative sensor sizes for different crop factors are
shown in Fig. 10.5, although the “cropped” image
corresponds more to the center of the full-frame’s
area, as shown in Fig. 10.8.

The APS-C format (23.6 x 15.6 mm) has a
crop factor of 1.53 (see calculation in Table 10.1)

Different camera manufacturers chose to use
particular sensor sizes to adapt them to a full
family of bodies, lenses, and other accessories.
This is to say that a particular manufacturer does
not produce all sensor formats, but a limited
number of them. It can be confusing because
even the APS-C format corresponds to different
sensor sizes depending if it is in a Nikon or in a
Canon camera. As full-frame is always
36 x 24 mm, and to calculate the crop factor of a
particular camera, it is best to use the actual sen-
sor size in millimeters given by the manufacturer.
Table 10.2 and Fig. 10.6 show sensor sizes and
crop factors for common digital cameras.

For special applications, camera manufactur-
ers have developed some sensors larger than full-
frame. The “medium-format” sensor is
48 x 36 mm (crop factor 0.72) for most manufac-
turers or even larger for others. Medium-format
is mostly associated with film photography, but a
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Full Frame APS-H APS-C APS-C (Canon)
36.00 x 24.00 mm 27.90 x 18.60 mm 23.60 x 15.60 mm 22.20 x 14.80 mm

1.5" Micro Four Thirds 4/3" b 112"
18.70 x 14.00 mm 17.30 x 13.00mm 12.80 x 9.60 mm 10.67 x 8.00 mm

2/3" 1n.7" 1/2:3" 1/3.2"
8.80 x 6.60 mm 7.60 x 5.70 mm 6.17 x 4.55 mm 4.54 x 3.42 mm

Fig. 10.4 Sensor size relative to full-frame. (Courtesy of Simon Crisp © 2020 New Atlas, All rights reserved) [7]

Medium Format (full frame)

Medium Format (crop)

Full Frame 35 mm

Fig. 10.5 Digital sensor relative size and corresponding crop factor
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Table 10.1 Calculation of crop factor for APS-C sensor

Full-frame size: 36 x 24 mm

Full-frame diagonal: 60 mm

APS-C size: 23.6 x 15.6 mm

APS-C diagonal: 28.3 mm

APS-C crop factor = APS-C diagonal/full-frame
diagonal = 1.53

Table 10.2 Common sensor sizes used on DSLR cam-
era/CSC*
Dimensions, Area, Crop Aspect

Format mm mm? factor ratio  Brands

Full- 36x24 864 1.00 3:2 Pentax,

frame Panasonic,
Leica,
Nikon,
Canon,
Sony,
Sigma

APS-H 28.7x19° 545 135 3:2 Sigma

APS-C 23.6x15.6> 368 1.52 3:2 Nikon,
Pentax,
Sony,
Fujifilm,
Sigma

APS-C 223x149 332 161 32 Canon

Canon

Four- 17.3x 13 225 2.00 4:3 Olympus,

thirds Panasonic,
Black
Magic,
Polaroid

Less priced mirrorless cameras may use smaller sensors
sized 1”7 or 1/2.3
"Real sensor dimensions can vary from model to model

handful of manufacturers make digital medium-
format photo cameras (Pentax, Hasselblad, Leica,
Mamiya, and most recently Fujifilm). Medium-
format cameras are much more expensive than
full-frames, ranging from US$ 5000-30,000 for
the body alone. A bigger sensor area requires
larger diameter lenses. Lenses for medium-
format cameras are also more expensive and
bulkier than full-frame’s.

For academic astrophotography Canon devel-
oped a sensor 200 mm (7.8 in.) on each side. The
sensor was used at the Kiso Observatory of the
University of Tokyo to discover new meteors
[10]. The Japanese researchers could capture
information impossible to spot using previous
imaging equipment.

Cameras with sensors smaller than full-frame
crop the image to a fraction of what the image
could have been at full-frame (considered the
standard). If using the same lenses, reducing sen-
sor size reduces the angle of view (the image
“viewed” by the sensor is only a portion of the
image captured by the lens) (Fig. 10.7).

A DSLR camera with an APS-C size sensor
(crop factor 1.5) would crop into the full-frame
image. The image will be cropped 1/3 (the inverse
of 1.5) as compared to full-frame. It is common
practice to express focal lengths of lenses for
non-full-frame cameras in equivalents of full-
frame’s focal lengths, based on angle of view
similarity. For example, the angle of view with a
45 mm lens on full-frame will be equivalent to
the one for a 28 mm lens on an APS-C size sensor
(the 28 mm APS-C’s lens would be referred as a
45 mm full-frame focal length equivalent). The
longer focal length on a full-frame camera nar-
rows the field of view (telephoto effect) in a simi-
lar way a shorter lens (wider view angle) on a
smaller sensor camera would do. Fractional (sub-
full-frame) sensors (like the ones in smartphones
and other devices with very small sensor sizes)
will need to use wider angle lenses (much lower
focal lengths) to maintain the same angle of view.
The smaller the sensor size, the wider the lens
required for the same view angle. A cell phone
with a 28 mm full-frame-equivalent focal length
will have a real focal length in the range of 3 mm
(depending on the size of the sensor). In Fig. 10.8
the crop effect is shown for different common
sensor sizes.

Fractional sensors of sizes equal or smaller
than nominal 1 in. are commonly used in mirror-
less, point-and-shoot, and smartphone cameras.
Physical dimensions for common fractional sen-
sors up to nominal 1 in. can be seen in Table 10.3
and Figs. 10.5 and 10.6.

10.3.2 Pixels and Resolution

A pixel is the smallest addressable unit of a digital
image and the smallest physical element of a digital
display device that the eye can discern [12]. In a
sensor, a pixel is a photosite, the smallest indepen-
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Full-frame 35 mm sensor/film size (1 x crop)

APS-C (Ni

Fig. 10.6 Sensor size comparison for digital cameras. A
full-frame sensor (36 x 24 mm) is a standard for compari-
son, with a diagonal field-of-view crop factor = 1.0 (black
box). Bigger sensor area (green box) captures better qual-
ity but requires larger-diameter lenses (smartphones com-

Focal Plane

Cropped
Sensor

Focal Length

pensate for tiny sensors via computational power). APS-C
(gray box); Aps-C Canon (violet box). For example: an
APS-C (gray) sensor gathers 2.3 times less light (area)
than a full-frame (1x crop) and 1.6 times more than a 4/3”
sensor (2.0x crop, red box) [9]

Cropped
Field of View

Angle of
View

Fig. 10.7 The cropped sensor “sees” a narrower angle of view [11]

dent semiconductor element that can absorb pho-
tons and liberate electrons; in a digital display, a
screen pixel is the smallest unit that can show a
uniform color. Resolution for both image files (in
formats such as TIF, JPEG/JPG, GIF, PNG, or

RAW) and digital displays is measured in pixel
dimensions (such as 2048 x 1536 pixels or 3.1 MP)
or as a density in pixels per inch (PPI) on each axis.

Printed images are created using dots of ink.
Printer resolution is the density of physical ink
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Fig. 10.8 Image crop
and sensor size. Green
line, 36 mm wide
(full-frame sensor);
black line, full-frame

35 mm sensor; gray line,
APS-C; red line, 1”7
sensor; purple line, 2/3”
sensor [7]

Table 10.3 Common sensor sizes 1 in. and smaller?

Format  Dimensions, mm Area, mm?> Crop factor Aspectratio Brands

17 (1in.) 13.2 x 8.8 116 2.7 3:2 Nikon CX, Samsung NX, Sony RX

1/1.7 7.6 x5.7 433 4.55 4:3 Pentax Q7, Canon G10, Huawei P20Pro,
P30Pro

12.3 6.16 x 4.62 28.5 5.64 4:3 Nokia Lumia, Pentax Q, Sony, GoPro,
Panasonic, Google Pixel

1/2.5 5.76 x 4.29 24.7 6.15 Approx. 4:3 Nokia, Sony, iPhone

1/2.6 5.5x4.1 22.6 6.30 Approx. 4:3 Samsung Galaxy S6, S7, S8, S9, S10, Note 5,
Note 9

1/3 4.8x3.6 17.3 7.21 4:3 LG, iPhone 8, 7, 5S

*Common on mitrorless, point-and-shoot, or smartphone cameras

dots per inch (DPI) of paper, although the pixel/
dot conversion rate when printing digital images
can change from one printer manufacturer to
another (the number of image pixels combined
to make one dot can be different) making it
more complicated to correlate DPIs from one
printing equipment to another. There is a lot of
confusion in the market about PPIs and DPIs.
They are not the same. A camera sensor is a
matrix array of individual physical cells (sensor
pixels); a digital image file is formed by a matrix
array of small bits of information (image pix-
els). Video monitors have a fixed amount of
lines that in turn have a fixed amount of display-
ing points (screen pixels), and printers produce
ink dots (although some people wrongly talk
about pixels when referring to print density). A

printed photo is an array of ink dots, never pix-
els (Fig. 10.9).

Printed images should have at least 300 DPI
on its less dense side to show a good-quality
image to the eye. Although 300 DPI is considered
a standard for good-quality printed images,
although 200 DPI could be acceptable; most
medical journals/editorials require 300 DPI. At
150 DPI, printed images will have visible pixels
and details will look “fuzzy.” Today’s laser print-
er’s standard resolution is 600 x 600 DPI or
1200 x 1200 DPI (a printer needs at least 4 ink
dots to reproduce one colored image pixel). For
top quality printing, a 400 DPI image is recom-
mended. So, 200 DPI can be acceptable, 300 DPI
is required for good quality, and 400 DPI is advis-
able for top quality printing.
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Fig. 10.9 Image
resolution is expressed
differently on each
media

e

' Camera '
16.8 MPixels

Table 10.4 Minimum image resolution required for
good-quality printing (300 DPI)

Photo size, in. Minimum MP
4x6 2.2
6x8 4.3
8 x 10 7.2
8x 12 8.6
10 x 12 10.8
10 x 15 13.5
11 x 14 13.9
12x 16 17.3
12 x 18 19.4
16 x 20 28.8

20 x 24 43.2
24 x 30 64.8
24 x 36 77.8
30 x 45 121.5

The selection of the camera resolution will be
determined by the biggest photo that would need
to be printed at top quality. At 300 DPL, a 10 MP
camera can be the right choice for an 8 x 12 in
photo but not for an 11 x 14 in print (Table 10.4).

When it is time to transfer the digital image to
a screen or to paper, one can match each image
pixel to a screen pixel or to a printable color dot
at a ratio of 1:1 to calculate the maximum render
size of the photograph (or the minimum size of
the camera sensor needed).

Referring to a minimum MP value suggests
that it is better to start with the highest resolution
and image dimensions you can afford because
images can always be downsized without losing
quality; the opposite is not possible.

d b

Monitor
1920 x 1080 Pixels

Printer
2800 x 1440 dpi

10.3.3 Adjusting Image Size Setting
in Your Camera

Your camera will allow you to manually adjust
image size (e.g., within Shooting Menu in
Nikon), thus reducing the number of pixels used
to build the image to a fraction of the total sensor
resolution (only a section of the sensor is used to
capture the image). Unless you find a good rea-
son for doing so, it is always a better option to go
for the full sensor resolution size your camera
allows.

10.3.4 Sensor Pixels and Bucket
Analogy

Light can be represented by small particles called
photons. A photon, an elementary particle, has no
rest mass and in a vacuum always moves at the
speed of light. A sensor is an array of pixels. Each
pixel (a photosite) is made from a semiconductor
material that absorbs photons and liberates elec-
trons into an electrical circuit.

The electrons are gathered by the sensor cells
and held in voltage wells that prevent electrons
from drifting away. The bucket analogy is com-
monly used to explain pixels (let’s call it pixel-
bucket analogy). The bucket (the pixel) is under
the rain (photons) holding rain drops. The bigger
the bucket (pixel), the more rain drops (photons)
get captured (Fig. 10.10). There is another bucket
analogy (let’s call it exposure-bucket analogy)
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Fig. 10.10 Schematic
illustration of the
bucket-pixel analogy 1
[13]

successfully used in photography to explain the
exposure triangle; you can check it online in
Photography Life [14].

Continuing with the bucket-pixel analogy, let
us now introduce funnels to collect rain drops
into the buckets. A focusing lens delivering pho-
tons to a pixel is analog to a funnel that concen-
trates rain drops into a bucket. In Fig. 10.11 two
different cameras are represented, one with a
pixel size that doubles the other. If pixels don’t
overflow and lens apertures are the same, both
pixels collect the same light (if funnel aperture is
the same, rain drops gathered by the two buckets
are equal). But when the smaller sensor saturates
and starts overflowing, the bigger sensor still has
additional capacity to continue receiving light
(information) without overflowing (saturation).
Pixel saturation occurs when the incident light at
a pixel causes one of the color channels of the
camera sensor to respond at its maximum value.
Pixel saturation causes undesirable artifacts (e.g.,
loss of detail due to higher noise) in digital color
images [15].

10.3.5 Noise

The light that leaves the subject carries the infor-
mation to form an accurate image of it, be it in
our eyes or in a digital image. From the time light

“Photon Rain”

leaves the object until the time an electronic
image is stored in the camera, “noise” (unwanted
information) is added up in every step. Pixels
capture light and turn it into data. That data is
made up of both good and bad information. The
bad information is called “noise.” The image
information is the clean original information
emitted by the subject; noise is any other “signal”
that is added in the photographic process. What a
good-quality camera does is to reduce noise at
every level.

Let us imagine that during the exposure time
we can avoid any movement of the subject or the
camera; we might have eliminated blur but still
we could be getting a grainy image. Shot noise is
that part of noise caused by tiny variations in the
light reflected from the subject during exposure
time, due to the random behavior of photons
(light can be considered as a stream of photons
traveling as infinitesimally small discrete (quan-
tized) packets with a random probability distribu-
tion; their random variations are shot noise) [16].

The other component of noise, particular to
each camera, is digital noise; it is generated by
the sensor and other camera electronics and can
be made evident by a lens cap photo (when taking
a long time exposure photo with the lens cap on,
the resulting photo is not completely black).

Noise results in lower color saturation and a
grainy or textured look to the image. Pixel satura-
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“Photon Rain” é ®

Aperture

Fig. 10.11 Schematic illustration of the bucket-pixel analogy 2 [15]

tion occurs when the incident light at a pixel
causes one of the color channels of the camera
sensor to respond at its maximum value [16].
Pixel saturation can produce undesirable artifacts
in digital color images. All pixels collect the
same amount of noise, but larger pixels collect
more of the “good” data than smaller pixels. All
other things being equal, a larger pixel will result
in a higher-quality image (less noise) than a
smaller one. As we adjust upward the ISO (sensor
sensitivity) of our cameras, noise rises too, mak-
ing it more visible. That is why if you want to get

the best quality out of any digital camera, you
want to shoot at the lowest possible ISO. And if
you must raise the ISO, then the larger the pixels,
the better chance of still obtaining good-quality
images. Despite what most people think, fewer
pixels can sometimes mean better-quality pic-
tures, as long as they are of a bigger size. As a
general rule: the bigger the pixels, the lower the
noise and the better the image. Many factors do
affect the noise level of the final picture, includ-
ing exposure (mainly the ISO setting), quality of
the lens arrangement, software used to process



10 Basic Photographic Concepts

143

Fig. 10.12 Effect of
sensor MPs on image
noise

F1.3x crop)
Lower MP as the FF,

But same pixel density
SAME MAGNIFICATION
SAME NOISE

Full frame (“1x crop)

RAW formatted images, and sensor design. The
best-quality picture happens when noise is mini-
mized, being pixel size followed by sensor’s
pixel density—the most important noise-reducing
factor.

Other things being equal, sensor’s pixel den-
sity, not megapixels, defines the quality of the
captured image. Pixel density relates to pixel size
(how many pixels per area unit, e.g., Canon 5D
Mark IV has a pixel density of 3.48 MP/cm?). A
fractional (smaller than full-frame) and a full-
frame sensor with equal pixel density produce the
same noise. The more relevant attribute for qual-
ity images is the pixel size, not the MP
(Fig. 10.12).

10.3.6 Image Formats: JPEG vs. RAW

All DSLRs and CSCs offer the choice of two
image quality formats: JPEG and RAW. Some
high-end smartphones support RAW format as
well. JPEG is a codification and compression
standard for filing still images created by a group

F1.3x crop)

Same MP as the FF,

But higher pixel density
HIGHER MAGNIFICATION
MORE NOISE

of experts called Joint Photographic Experts
Group. The file extension JPEG is used in Mag
image files, whereas in Windows the file image
extension used is JPG. JPEG and JPG are exactly
the same. When the camera stores JPEG images,
all the camera settings made when shooting get
embedded in the file (all camera settings become
part of the stored image and you will not be able
to undo them). All image adjustments should
then be applied before JPEG file storage. Apart
from photographic adjustments, images in JPEG
format are also compressed to save memory
space. Different degrees of JPEG compression
can be set in your camera, ranging from Basic to
Fine. Basic JPEG has the highest compression
level and consequently reduces the most quality
of the image (Basic JPEG setting is best avoided).
Fine JPEG uses a minimum degree of compres-
sion, thus obtaining the highest image quality in
a JPEG.

On the other hand, RAW (NEF in Nikon cam-
eras) is a file format used to store unprocessed
images (a RAW file is comparable to a film photo
negative). A RAW image is the “untouched” file,
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with the largest amount of information. To fur-
ther use it, RAW images will have to be digitally
processed using image-editing software and then
resaved. A RAW file can be edited for white bal-
ance, contrast, saturation, and even exposure.
The changes made on the image become part of it
when the RAW file is resaved (once resaved, the
changes to the RAW file cannot be undone).

Most cameras give the option to save simulta-
neously two images of the same shot but with dif-
ferent formats: RAW and one of the JPEG
options. Given the low cost of memory cards and
relevance of detail for medical photography, our
recommendation is to go for the combination
RAW + JPEG file.

10.3.7 Lenses

Once the camera body is selected, the choice of
lens is the most important decision with regard to
photographic equipment. Lenses can be classi-
fied into different categories: super wide angle,
wide angle, normal, telephoto, super telephoto,
and variable focal length.

It is important to “read” all the information
found on the lenses. An example is shown in
Fig. 10.13. This lens has a variable focal length
from 16 to 35 mm, with 2.8 maximum aperture
and the threads are made for accessories 82 mm
in diameter. USM stands for Ultra Sonic Motor
(this lens has an autofocus faster than standard
models); Canon uses a standard lens mount called
EF (Electro-Focus) because it has a built-in motor
in the lens for automatic focusing.

10.3.8 Focal Length

The focal length of a lens, expressed in millime-
ters, is the distance along the lens’ optically cen-
tral axis to the image plane (the digital sensor or
film plate) when the lens is focused to infinity
(Fig. 10.14).

The focal length is not an external measure-
ment on the lens body. The focal length has to do
with the optical behavior of the lens, with its
point of convergence (inside the lens the light

\6,35mm 1 2.8

Fig. 10.13 Description on outer ring for a Canon lens.
(Courtesy of © Canon Inc., All rights reserved)

that enters converges in a point called point of
convergence, before hitting the sensor). In
Fig. 10.14, a focal length of 28 mm is the dis-
tance between the point of convergence of the
light inside the lens and the plane of the digital
sensor, where the image is captured.

10.3.9 Distortion

Distortion occurs when parallel lines appear
curved. It affects both the vertical and horizontal
axes of the image and is more evident in images
that involve real-life parallel lines (especially
when those lines are closer to the image’s bor-
ders). In photography, there might be two types
of distortion: optical and perspective. Optical dis-
tortion (also named lens distortion) is caused by
the optical design of the lens. Perspective distor-
tion is caused by the position of the camera rela-
tive to the subject or by the position of the subject
within the image frame.

Optical distortion is a consequence of lens
construction. Wide angles do have more distor-
tion then medium or telephoto lenses, although
all lenses—even prime—can also have it. Optical
distortion can be one of three types: barrel, pin-
cushion, and mustache (Fig. 10.15). Barrel dis-
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Fig. 10.14 Showing a
28 mm focal length lens.
(With permission of
Josh Dunlop. Expert
Photography ©
2011-2019. All Rights
Reserved) [17]
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Fig. 10.15 Types of optical (lens) distortions

tortion is more common in wide-angles and
pincushion distortion in long telephotos.

A distortion is called barrel when real-life
straight lines are curved inward in the periphery
of the image, resembling a wooden barrel such as
those used to store wine. Barrel distortion
increases with shorter distances to the subject or
by using wide angles. Barrel distortion is more
obvious with wide-angle lenses because the field
of view of the lens is much wider than the size of
the camera sensor and hence the image needs to
be “squeezed” in to fit the smaller sensor size.
Barrel distortion diminishes with focal length
until it becomes pincushion distortion in long
telephoto lenses.

Pincushion distortion is the opposite to barrel
distortion. Here, the image becomes pinched in
the center as in a pincushion when a pin is pushed
in: under pin’s pressure the fabric moves down.
Pincushion distortion is more common with tele-
photos and particularly with zooms at the upper
end of their focal-length’s range, being the bigger
distortion toward the border of the image, away
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Pincushion Distortion Mustache Distortion

from the lens axis. There is a much higher degree
of barrel distortion with wide angles than pin-
cushion distortion with long telephotos.

As a rule of thumb, to avoid distortion in por-
trait, use a lens with FL in the range 70—100 mm.
FL less than 70 would make the barrel distortion
evident: the face will look thinner and the nose
would look enlarged (remember the enormous
Pluto nose in that close-up photo?). With lenses
above FL 100 mm, the face will look rounder; the
pincushion effect in the periphery of the image
will cause that effect. The barrel effect is much
more detectable and annoying to the eye than the
pincushion effect; the brain tolerates more pin-
cushion distortion than barrel (Fig. 10.16). In
medical portrait photography, where distortion
has to be avoided, the selection of lens’ FL
becomes a priority.

As with the human eye, perspective distortion
in photography is a consequence of placement of
the camera in relation to the subject. Obviously,
an object close to the camera will look bigger
than when placed far away. In architectural pho-
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Fig. 10.16 Distortion caused by focal length. (Reproduced with permission from Stephen Eastwood. All Rights

Reserved) [18]

tography parallel lines appear to converge. In the
case of portrait photography, such as those for
recording clinical images of patients, a wide-
angle lens close to the patient’s face would distort
the reality by stretching the nose and shrinking
the ears, a situation to be avoided. Although some
convergence defects such as converging parallels
can be fixed by using editing software, it becomes
a time-consuming chore and unnecessary if for a
start the image was taken with a prime or tele-
photo lens at not too close to the subject.

Distortion is not to be avoided all the time. In
art photography, distortion can be a very good
resource for creative images.

10.3.10 Perspective

According to Cambridge Dictionary, perspective is
a particular way of considering something [19]. In
photography, perspective refers to the dimension of
objects and the spatial relationship between them.
It also relates to the position of the human eye in
relation to the objects in an image [20]. Changing
focal length changes perspective (of course, focal
length is not the only way to change perspective).

In equally framed photos taken with wider-angle
lenses, objects seem to be farther apart than in the
case of longer-distance lenses; background is less
defined (more blurred) when using telephotos. The
bokeh effect, often seen in portraits, is that where
the subject is sharp in focus and the background is
highly blurred; this is achieved using a long tele-
photo lens and a short distance from the subject to
the camera (the background “disappears” in the
form of a blurry “backdrop”).

The smaller the focal length is, the wider the
angle of view. The focal length of the lens also
affects the relative size of the image of the photo-
graphed object. One of the most important char-
acteristics of the lens is its effect on the
perspectives (e.g., changes in angle of view and
depth of field). Wide angles increase the angle of
view, while telephoto lenses reduce it, although
many could argue that a bigger focal length
decreases depth of field, for the same photo frame
the depth of field is about the same with a wide-
angle than with a telephoto lens (Fig. 10.17).
What really changes perspective is the distance
from the subject; using a lens with a different
focal length compensates for being at a different
distance from the subject.


https://dictionary.cambridge.org/es/diccionario/ingles/particular
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Fig. 10.18 Effect of focal length on image perspective. (Photography by Mayur Davda. All rights reserved) [23]

Considering images that are equally framed,
the focal length is an indicator of distance from
the subject [22]. In Fig. 10.18 all four images are
framed alike but they have a different perspec-
tive; what changes from one photo to the next is
the distance from the subject to the camera and
consequently the lens’ focal length used to main-
tain the same photo frame. The apparent separa-
tion between objects is higher for wide angles
and the contrary for telephotos.

10.3.11 Filters

Filters are treated in detail in another chapter of
this book (Chap. 11). Nevertheless, it’s worth
mentioning here two filters that should be part of
the basic equipment of a conscious photographer.
The polarizing filter can cut undesired reflec-
tions, like those arising from glass windows or
still water surface. The neutral density (ND) filter
blocks out light allowing you to extend exposure
times. There are adjustable ND filters that com-
monly can reduce exposure from 2 to 8 stops.

They are more practical than the fixed reduction
NDs that have to be changed with every desired
change in reduced exposure. In situations of too
much light where for DoF considerations a big
aperture is desirable, reducing exposure by using
a ND filter can be an option. Here, some image
quality may be lost, so a good-quality ND filter is
recommended. Parallel polarized light will
enhanced surface details while in cross-polarized
wrinkles and surface detail disappear and vascu-
lar and pigmented lesions are enhanced.

10.4 The Exposure Triangle: ISO,
Aperture, and Speed

Getting the exposure right is the most fundamen-
tal aspect of photography. Exposure is about let-
ting the right amount of light reach the camera
sensor. The contributing factors to exposure
(exposure factors) are shutter speed, lens aperture
(f-number), and sensor sensitivity (ISO). The
combination of the three exposure factors gives
what is called an exposure value (EV). There are
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Fig. 10.19 The exposure triangle

many possible combinations of the three expo-
sure factors to get the same EV. Welcome to the
famous exposure triangle (Fig. 10.19)!

10.4.1 Exposure Value (EV) and Stops

Automatic cameras adjust themselves to get the
best exposure, by giving the possibility to change
the lens aperture, the shutter speed, and the sen-
sor sensitivity. Mastering exposure is about bal-
ancing the three exposure parameters so the
photo looks good, from depth of field to sharp-
ness [23]. Mastering exposure is perhaps the core
skill for good photography.

A stop is the change in exposure value that
relates to doubling or halving the amount of light
received by the sensor. An increase of one stop in
exposure makes the sensor capture twice as much
light as on the previous shot. A stop is a doubling
or a halving of exposure, no matter which param-
eter in the exposure triangle is adjusted. For con-
stant scene brightness, doubling the aperture area
(one f-number or f-stop), halving the shutter
speed (doubling the time open), or using a film
twice as sensitive (doubling ISO) has the same
effect on the exposed image.

When talking about exposure, an EV step is
equal to a one-stop adjustment in any of the three
exposure factors. —1EV means to decrease expo-
sure by one stop; +1EV means to increase it by
one stop. The exposure triangle gives a practical
way to handle EV steps and exposure factor
stops.

Stops are a great way to easily compare com-
binations of the three exposure factors. One can
play around with the exposure factors while
maintaining the same exposure value, bearing in
mind that each factor change will have an impact
on the final image that could or could not be
desirable.

10.4.2 ISO (Sensor Sensitivity)

ISO refers to the sensitivity of the camera sensor
to the incoming light, the same way that occurred
in former film cameras with regard to ASA num-
bers. Some argue than ISO is not the sensitivity
of the sensor but the digital adjustment made to
the sensor in order to capture more or less light
[24]. From our perspective, it is better to stick to
the widely accepted understanding of ISO as sen-
sor sensitivity. ISO are the initials of the
International Organization of Standardization, an
independent, non-governmental international
organization, headquartered in Switzerland, with
a membership of 164 national standard bodies.
The ISO has issued tens of thousands of stan-
dards covering almost every industry: from man-
agement systems to medical devises to camera
sensor sensitivity.

One of the great advantages of digital cameras
is avoiding changing the film to get different sen-
sitivity to light (in the old days you were stuck
with whatever film speed you had chosen until
the end of the roll) they allow to easily—even
automatically—change ISO for each individual
shot, as well as setting very high sensitivities
reaching hundreds of thousands or in some cam-
eras millions of ISO numbers (Nikon D5 low-
light camera can shoot at ISO 3,280,000),
something never reached by film (800 ISO was
the standard high ISO film although some faster
professional films could be “push processed”
with the aid of some lab processing techniques to
a few thousands ISO equivalent numbers [25]).

ISO numbers in the range 100-12,800 are
considered typical for digital cameras although
high-end cameras allow ISO numbers as low as
50 or as high as 204,800 or 409,600. Base ISO is
the lowest ISO number in your camera. When
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possible, stick to your base ISO for best image
quality; a lower ISO will give you less grain, bet-
ter color, and wider dynamic range. In low light
conditions or when a fast shutter speed is needed
or when using a small aperture to get deeper DoF,
it would be necessary to raise ISO. When brighter
images are needed, it is best to raise the camera’s
ISO before shooting than brightening the image
with post-processing software (it is much better
to use a ISO 800 than ISO 100 and then brighten
up the image with Lightroom software; the artifi-
cially brightened image will carry much more
grain). Cameras with larger sensors (and also
bigger pixels) allow for quite a large increase in
ISO before significantly impacting image quality.
If you have a DSLR camera or CSC, do not be
afraid to experiment with larger ISO settings
when needed. If you are using artificial light, you
can get away with low ISO.

Today’s top APS-C sensor cameras can cap-
ture little noise in dim light at ISO 3200+; thus if
looking for a more affordable camera than full-
frame, APS-C’s cameras could be adequate for
most applications in medical photography. Full-
frame cameras cost more, are bulkier, and are
only needed to do regular shots in dim light at
ISO 6400+ or for printing images bigger than
2-3 ft in size. For situations with poor light or
where a very high speed is needed, such as action
indoor or night photography, full-frame is
undoubtedly the better option.

ISO settings come in standard increments of 1
stop. For example, switching from ISO 100 to
ISO 200 doubles the sensor’s sensitivity, produc-
ing a 1 stop increase. Moving from ISO 400 to
ISO 200 is a 1 stop decrease (Fig. 10.20).

Slower ISO speed
fe-——] Less Iight

50 100 200

Fig. 10.20 Stops in sensor sensitivity (ISO)

400

ISO not only changes exposure; it also affects
image quality. Increasing the ISO number also
increases image’s noise and loss if detail; the
photo becomes “grainy” (the grain you could see
in film photography is associated today with a
vintage look like that in Fig. 10.21). When shoot-
ing JPEG at high ISO, the camera normally tends
to apply noise reduction adding some blur to the
image at the expense of detail. If you want to
keep details in your image, it is best to adjust
down your camera’s noise reduction setting.
Applying noise reduction in post-production
tends to yield better details than when applying it
in-camera.

In summary, high ISO numbers allow you
shoot under low-light conditions, use faster shut-
ter speeds, or obtain deeper depths of field (small
aperture) but at the cost of more noise and loss of
detail.

10.4.3 Aperture (Diaphragm)

Aperture: it’s a hole! It’s the opening of the dia-
phragm (Fig. 10.22) to allow the passage of light.
The diaphragm is constructed from opaque thin
blades than can slide over each other to change
the opening (aperture) left at its center in a simi-
lar way to the iris. The diaphragm’s center is
aligned with the optical axis of the lens system.
Other things remaining unchanged, opening the
diaphragm causes more light entering the camera
(Fig. 10.23).

An aperture stop is not doubling or halving the
f-number; it is doubling or halving the area of the
aperture pupil (effective aperture of the dia-

Faster ISO speed
More light se—

800 1600 3200
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ISO 5000

Fig. 10.21 Effect of ISO setting on grain. The image of the orange on the left shows more details. The one on the right

is more grainy and details are less obvious [26]

Aperture

Diaphragm

Fig. 10.22 Aperture: it’s a...hole!

phragm), thus doubling or halving the incoming
light inside the camera. An aperture stop is
obtained by multiplying or dividing the f-number
by 1.41 (\/ 2). Doubling the aperture area equates
increasing the circle diameter of the open shutter
by \/ 2 (see diaphragm apertures for standard
f-stops in Fig. 10.24).

If a change of 1 stop in aperture makes the
photo too dark, one can make it lighter either by
reducing shutter speed 1 stop or alternatively
doubling the sensitivity of the sensor by increas-
ing the ISO setting by 1 stop (Fig. 10.25).
Opening the diaphragm (increasing aperture) will
reduce depth of field, reducing speed can bring
blur, and increasing ISO will give more grain.
When playing around with the exposure triangle,

the photographer has to decide which way to go
depending on the desired results.

In a similar way as with shutter speed, most
cameras allow the user to change aperture in 1/3
stop increments (fractional stops).

10.4.3.1 Depth of Field (DoF)

Depth of field (DoF) is the distance zone within
your photograph that appears sharp in focus from
front to back. As a rule of thumb, one third of
DoF is in front of the focus point; the other two
thirds are behind it. Some images have a “thin” or
“shallow” depth of field, where the background is
completely out of focus. Other images have a
“large” or “deep” depth of field, where both the
foreground and background are sharp
(Fig. 10.26).

The focus zone can be small (shallow DoF) or
large (deep DoF), being diaphragm aperture
(f-stop) its main affecting factor. Other DoF-
affecting factors are the distance from subject to
camera and the focal length of the lens.

In medical photography a deep DoF is a must.
In a photograph of a patient’s face taken with a
shallow depth of field focusing the nose, proba-
bly the ears will be out of focus (Fig. 10.27).

The lower the f-number, the shallower the
DoF. Likewise, the higher the f-number, the
deeper the DoF. For example, setting of an f/4
will produce a shallow DoF, while f/11 will pro-
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Fig. 10.24 Diaphragm aperture for different f-stops

duce a deeper DoF (f/11 aperture is 3 stops
smaller than f/4) (Figs. 10.28 and 10.29).

DoF is also affected by the distance to the
subject: the closer we are to the focused subject,
the shallower the DoF. Therefore, one way to
increase DoF is to move away from the subject
(Fig. 10.30).

Small aperture

Similarly, if the photo is not reframed (no frame
adjustment by changing camera position is done
between shots; the distance to the subject does not
change and consequently the framing of different
shots changes with the angle of view of the lens),
the longer the focal length, the shallower the
DoF. Therefore, one can increase DoF by using a
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Fig. 10.26 Depth of field is the distance zone in sharp focus [28]

shorter telephoto lens (Fig. 10.31), but keeping in Deep DoF is of particular importance for med-
mind that if reframing to maintain equal frame ical photography, for example, in close-up photos
DoF will remain almost unchanged [30]. of a patient’s body parts or macro photography of

The effects in DoF from changes in aperture, skin lesions. The objective of the medical pho-
distance to subject, and focal length are summa- tographer is to capture with sharpness all the sub-
rized in Table 10.5. ject’s details.
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10.4.4 Shutter Speed

The shutter (Fig. 10.1) is that piece of equipment
that in most SRL cameras’ body “opens” the pas-
sage of light for a pre-chosen period of time
(exposure time or shutter speed) so the sensor can

Fig. 10.27 In portraits, a too shallow DoF prevents all
the face details to be sharp in focus

1 l 1 a4

Fig. 10.28 Effect of aperture on DoF

receive light with the image information. Although
it is beyond the scope of this chapter to analyze
the different shutter constructions, we will say a
word on the common two-curtain shutter. The
shutter has two curtains that move vertically from
top to bottom to expose the sensor to light for a
pre-chosen time. At the beginning of the cycle,
both curtains are at the top, closing the entrance of
light to the sensor. As the first curtain goes down,
the light hits the sensor; then, the second curtain
drops down closing the shutter opening, thus end-
ing the exposure time. The time the shutter
remains open can be adjusted to control the time
exposure of the sensor. Once the set time has
elapsed, the shutter closes back. The first curtain
opens the shutter and the second one closes it.

The time a shutter remains open (exposure
time) is referred to as shutter speed. The recipro-
cal of exposure time expressed in seconds (or
fractions of seconds) is used to determine shutter
speed stops. For example, a 100 shutter speed
mark means a 1/100 s exposure time.

In shutter speed terms, a stop is when doubling
or halving the shutter speed setting, thus allowing
for doubling or halving the light hitting the sensor
(see shutter stops in Fig. 10.32). For example,
going from 1/60 to 1/30 lets in twice as much light,
giving a 1 stop increase in exposure (+1 EV); on
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Fig. 10.29 Aperture and depth of field [29]

Fig. 10.30 Effect of distance to subject on DoF

the other hand, going from 1/30 to 1/60 would give When photographing moving objects, shutter
a 1 stop decrease (—1 EV). Most cameras today speed can be the key factor: if shutter speed is too
allow for shutter speed fractional-stop increments low, image will appear blurred. In the case of still
of 1/3 of an f-stop (1/3 EV), so three clicks will objects, shutter speed can go as low as needed to
increase or decrease exposure by 1 stop. get the right exposure.
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Fig. 10.31 Effect of focal length on DoF

Table 10.5 Sense of change in DoF by changes in affect-
ing factors

Effect on Effect on
Increase in DoF Decrease in DoF
f-number 1 f-number !
Distance to 1 Distance to 1

subject
Focal length |

subject
Focal length 1

In portrait medical photography, shutter speed
is usually set at 1/60. Most shutters have a flash
synchronization switch to trigger a flash if con-
nected, as most medical photography is taken
with flash.

In conclusion, in portrait medical photography
we need low ISO, shutter speeds around 1/60,
and small apertures for the deepest depth of field
(Table 10.6).

Blooming is when the light source gets into
the framed scene and light streaks out from the
light source producing star-like reflections that
can overexpose and distort a good portion of the
frame. It happens when taking photos that include
the sun, a lamp, or chrome-shining surfaces.
Blooming, a very much exploited effect in wed-

Area in focus
Depth of Field

ding photography, is an undesirable effect when
doing medical photography. Just keep away from
any direct light source or shiny surfaces that
could get into your frame.

10.5 Histogram and Correct
Exposure

When an image has a correct exposure value, all
individual zones within the photo have the right
exposure. An overexposed photo has too much
light in the photo; an underexposed photo there is
not enough light to reveal the details of the scene.
Both overexposed and underexposed photos pro-
duce loss of detail and loss of information about
the subject (Fig. 10.33a).

A histogram is a tool to analyze the correct
exposure of a photo. All DSLR cameras and CSC
allow you to see on the LCD screen the histogram
of each image. The histogram is a graphical rep-
resentation of the tones in the image (the vertical
axis represents the amount of pixels with that
particular tone; tones are ordered from darker to
the left to lighter to the right). The very dark
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Table 10.6 Effect of individual changes on exposure
factors

Exposure

factor Effect

Shutter speed If low, photo may be blurred due to
camera/subject movement

Aperture If wide (low f-stop), depth-of-field
compresses
If narrow (high f-stop), depth-of-field
expands

Sensibility
(ISO)

If high, more noise for a grainy look
and loss of sharpness

tones are quantified at the extreme left part of the
diagram and the very light tones at the extreme
right. In between, the dark, medium, and light
tones arranged from darker in the left to lighter in
the right (see Fig. 10.34). The ideal histogram
(correct exposure) is that with tonal readings
more evenly spread within the graph. A histo-
gram biased to the left indicates underexposure
(too many dark areas in the photo), and one
biased to the right indicates overexposure (too
much white) (see Fig. 10.33b).

10.6 Exposure Fine-Tuning

DLSRs and CSCs have an exposure compensation
control when working on P, S, or A exposure
modes which allows the photographer to manu-
ally adjust the EV setting chosen by the camera
by fractions of EV steps (Fig. 10.35). If the image
is too dark, a positive compensation will increase
exposure brightening the image; a negative com-
pensation will darken it. After selecting the expo-
sure mode (e.g., program mode), take a test shot.
If the image exposure is not correct, you can

compensate for EV using the exposure compen-
sation ring (in aperture mode the camera will
adjust shutter speed; in shutter priority mode it
will adjust the aperture; and in Program mode it
will adjust aperture and shutter speed).

10.7 Focusing

After exposure, focusing is perhaps the most
important factor for good photography. Framing
or colors may be not optimal, but a photograph
can still be acceptable if it is sharp on focus. Of
course, for medical applications, specifically for
dermatology where tumors can be identified by
its patterns and colors, focus is necessary but may
be not sufficient.

Manual focus can be the best option for photo-
graphing close-ups, thus allowing for a close
control over the point where you want the lens to
be focused.

Autofocus (AF) modes allow for automatic
adjustment of the focus by the camera. By press-
ing the shutter-release button halfway down, the
camera will adjust the focus on the focus point(s)
previously set. When the shutter-release button is
pressed all the way down, the photo is taken
using the focus already set. Focus point(s) can be
pre-adjusted by the user. In one-shot (or single-
shot) AF mode, once the focus is locked the focus
will be maintained invariable. In continuous AF
mode, after you lock the focus the camera will
continue to adjust focus automatically in order to
care for a moving subject. In Auto AF mode
(AF-A in some cameras), the camera will choose
automatically to use either one-shot AF or auto
AF, depending on the movement of the subject.
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Fig. 10.33 (a) Both underexposed (left) and overexposed images (right) show detail loss when compared to the central
image. (b) The histogram shows the location of the largest number of pixels that share the same brightness. The ideal
curve is the one in the center

g:
2
4
5
=

Pixel brightness

Fig. 10.34 A histogram shows the number of pixels that
share the same brightness level

Instead of adjusting AF points for every photo,
a fast alternative is to set the central AF point
while using one-shot AF mode. Then, point at
your subject where you want to focus and press
the shutter-release button halfway down to focus.
Then, while keeping the shutter halfway to main-
tain focus, reframe your shot and press the
shutter-release button fully to take the photo.

10.8 Holding a Camera

Aside from focusing holding your camera steady
is also paramount for obtaining sharp images
(Fig. 10.36). In case you are not using a tripod,

the position of your body, particularly hands and
arms can make the difference between a good and
an inacceptable photo. Stand in a steady position,
facing your subject. Hold the camera with your
right hand with your finger close to the shutter-
release button and your fingers around the cam-
era’s grip. Support the lens with your left hand so
you can control zoom and focus rings. Keep your
arms locked into your sides. Press the shutter
release button slowly. Shot at the end of your
exhale.

For many photographers a tripod is indis-
pensable. Maybe the rule here is that if there
is a disadvantage in holding on to the camera
then consider using a tripod. A tripod will be
from advisable to indispensable when doing
portraits such as clinical photos of patient’s
face, using macros such as photos of tumors,
under poor light conditions, under small aper-
ture and low ISO conditions, under long expo-
sure conditions, and when wusing long
telephoto lenses (for a given shutter speed, it
is common for most people to hold steady the
camera when the focal length of the lens is not
bigger than the inverse of the shutter speed;
e.g. for a 100 mm telephoto it is safe to not
use a tripod for shutter speeds of 1/100 s and
faster [33]).
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Fig. 10.35 Exposure compensation controls [31]

ks

Fig. 10.36 How to hold a camera steady to avoid blurry images [32]

10.9 Color of Light and White
Balance

Every source of light has a predominant color
that in general is not neutral. When shooting a
subject, its natural colors become affected by
the color of the source of light. Light reflected
by snowy mountains shifts toward blue tones,
whereas light from sunny deserts is more to the
orange-yellow part of the spectrum. Different
artificial sources of light also have their own
color differences. The color of light can be
measured by Kelvin degrees. The color tem-
perature of a light source is the temperature of
an ideal black-body that radiates light of a color
comparable to that of the light source [34].
Daylight has a nominal color temperature of
5500 K and it’s normal for artificial light bulb
manufacturers to call Daylight the color range
4600-6500 K, Warm White the range 2000-

3000 K, and Cool White the range 3100-4500 K
(Fig. 10.38) [35].

To capture natural colors of the subject, the
photographer has to adjust the camera for the
color of light the subject is illuminated by. This
adjustment is called White Balance (WB) because
what the photographer does is adjusting the
whites in the image trying to replicate the whites
in the natural subject (Fig. 10.37).

In the camera, the WB can be set to auto-
matic (AUTO or AWB, the camera assesses the
scene and sets the white balance accordingly),
to a particular ambience light mode (Daylight,
Cloudy, Shade, Tungsten, Fluorescent, or
Flash) or Custom when the subject is illumi-
nated by more than one light source and it
becomes difficult to choose one particular WB
mode.

To manually set the right color temperature
for Custom WB mode, it is common to use a cali-
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Color Temperature 2000 K-3000K
(Kelvin)
Light Appeareance Warm White

Fig. 10.37 Color temperature of artificial light bulbs [36]

Fig. 10.38 Dial modes
in most popular DSLRs
and CSCs. On the right,
a Nikon dial (Courtesy
of © Nikon Europe B.V,
2019, All rights
reserved); on the left, a
Canon dial. (Courtesy of
© Canon Inc., All rights
reserved)

brated gray card, although there are other meth-
ods such as the ExpoDisc White Balance Filter,
the cheap JCC WB-F1 Filter or using a color
meter such as the Illuminati IM100 (the last
one—also a light meter—is controlled by a
smartphone app via Bluetooth).

White balance adjustment is paramount for
applications such as medical photography, where,
for example, the exact reproduction of the natural
colors of a patient’s skin or lesion is mandatory
for the correct diagnosis and monitoring of
treatment.

3100-4500K 4600K-6500K

Cool white Daylight

10.10 Camera Modes

Digital cameras have internal software and hardware
that allow automat adjustment for perfect exposure,
focusing, white balance, and flash utilization or they
let the photographer to make all adjustments manu-
ally. Although going for all manual requires a lot of
knowledge and experience, scene and exposure
modes can be of great help, even to seasoned photog-
raphers. Scene and exposure modes can be selected
by using the mode dial. Figure 10.38 shows typical
mode dials found in Nikon or Canon cameras.
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Table 10.7 Scene modes [36]

Scene
mode
Portrait

Mode description

Wide aperture to keep background
elements out of focus. Color and contrast
to produce natural-looking skin colors.
Automatic built-in flash in low-light
situations

Small aperture for deep DoF. Color
intensified to add vibrancy to green and
blues. Flash is switched off

Wide aperture but with faster speed than
Portrait. Colors are more vibrant than
Portrait

Fast shutter speed to freeze action, usually
accompanied by a wide aperture. ISO will
be increased to do the job, even at the
expense of noise. Flash is switched off
Small aperture to easy focusing. Colors
are kept neutral. Automatic flash

Landscape
Child

Sports

Macro/
close-up

10.10.1 Scene Modes

Camera manufacturers include in their equip-
ment scene modes intended to simplify camera
adjustment for particular tasks. There may be
many scene modes, but the more common ones
are those listed in Table 10.7. For medical pho-
tography, Portrait and Macro/Close-up modes
can be of particular interest; they both keep col-
ors neutral. Portrait mode sets a wide aperture to
concentrate focus in the main subject (e.g., a
patient’s face), while Close-up mode sets a small
aperture to increase DoF and thus get into focus a
more ample depth of the subject (e.g., a skin mole
or tumor).

10.10.2 Exposure Modes

As it happens with scene modes, different cam-
era manufacturers include different exposure
modes in their equipment. As opposed to scene
modes, in exposure modes the photographer
controls the exposure of the photo, regardless
of the scene that she is shooting. The more
common exposure modes found in today’s
DSRLs and CSCs are listed in Table 10.8. The
aperture mode can be of special interest to
medical photography where a deep depth of

Table 10.8 Exposure modes [37]

Exposure

mode Mode description

AUTO In this mode, the camera takes all
decisions. Flash is also automatically
controlled. The photographer has to only
point and shot

Program  The camera will automatically control

P) aperture and shutter speed, leaving the
photographer the option to control ISO,
white-balance, and other options

Shutter Preferred shutter speed is chosen by

Priority (S/ photographer, and the camera selects the

Tv) aperture setting for best overall exposure.
Other options open to selection by the
photographer. A good choice for sport
photography

Aperture  Similar to Shutter Priority, but in this case

Priority aperture is chosen by photographer and

(A/Av) speed is adjusted automatically by the
camera for best overall exposure. Other
options open to selection by the
photographer. A good choice to control
depth-of-field

Manual The camera will suggest good exposure

™) settings, but all adjustments remain in the

hands of the photographer

field is desirable. Both scene and exposure
modes can be selected in the Mode dial gener-
ally located on the top section of the camera
body.

10.11 Bracketing

In bracketing, the camera takes the same scene
more than once changing exposure settings each
time so you can later choose the photo you pre-
fer or combine them digitally to get just the best
information out of every one. In a scene with a
high dynamic range (the scene has zones of
strong light and zones of deep shadows), you
can shot several photos of the subject, each one
exposure optimized for a different zone of the
scene.

Automatic exposure bracketing (AEB) is a
feature of your camera that makes it take three
photos with every click: one photo too bright, one
photo just right, and one photo a bit darker.
Exposure values are changed automatically by
the camera.
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Fig. 10.39 Effect of HDR usage. Left to right: original image, Lite HDR adjustment, strong HDR adjustment [37]

10.12 Dynamic Range and High
Dynamic Range (HDR)
Imaging

The dynamic range of a scene is the brightness
range or contrast, from the darkest shadow to the
brightest light as captured and reproduced by a
piece of equipment (camera, digital display, or
printer). Cameras, graphical displays, and print-
ers all have their own dynamic range. Also the
human eye has its own dynamic range.

Every photographed scene has lighter and
darker zones. One can talk about the dynamic
range of the scene being photographed. But, one
can also talk of dynamic range when referring to
the range of lights and shadows in the digital
image formed inside the camera. This second
dynamic range is attributed to the technical char-
acteristics of your camera, mainly the camera
sensor. A scene with a high dynamic range (high
contrast) has a lot of dark zones and a lot of
lighter zones. On the contrary, a scene lit in such
a way that it is neither too bright nor too dark is
said to have a low dynamic range (low contrast)
(Fig. 10.39).

One way to increase the dynamic range of a
digital image (high dynamic range or HDR) is by
taking a group of exposures and then digitally
combining them together to get the best exposure
for each zone of the scene. Dynamic range opti-
mization can be done automatically by the cam-

era. Different camera manufacturers use different
names for dynamic range optimization such as
Auto Lighting Optimizer (Canon), Active
D-Lighting (Nikon), or D-Range Optimizer
(Sony). Photo-editing software can also adjust
for HDR. In HDR images the darks are a little
darker and the lights are a little lighter. HDR
increases contrast. In a portrait image HDR-
corrected, wrinkles may appear deeper and other
skin details more exaggerated. An HDR-corrected
image could be useful to do some skin studies.

10.13 Stitching and Stacking

Images can be overlapped by stitching or by
stacking.

10.13.1 Stitching

A family of overlapping images can be digitally
“stitched” together to produce a panoramic or a
high-resolution image. This feature is common in
smartphones under Panorama mode. High-
resolution digital maps and satellite photos are
stitched together to get a high-definition seamless
image of Earth. In medical photography, such as
in total-body photography, the total-body image
is the result of stitching together multiple photos
of different parts of the body to produce a com-
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bined seamless image of the human body. This
technique is used to study changes of skin lesions.
Three-dimensional photography software, used
by plastic surgeons and dermatologists, use
stitching to seamlessly combine left, front, and
right photos of patient’s face. External (not in the
camera) stitching software is normally used for
geographical or medical applications.

10.13.2 Stacking

In scientific photography it is important that
every bit of graphic information of the subject be
sharp on focus. Blurred images prevent the best
use of the subject information. For example, in
clinical photographs of patient’s head or limbs,
DoF can be so shallow that valuable information
gets lost. Also, in macro photography when reg-
istering images of lesions, even for small aper-
ture settings, DoF can be very shallow. With the
focus stacking technique, a group of images of
the same scene is captured but with different
focus points; by means of a digital program, the
different photos are stacked, one on top of the
other, keeping just the best focused zones of
each one to build a new photo with everything in
focus. The final result after stacking is a photo
that is in sharp focus from foreground to back-
ground. Stacking is done in plenoptic cameras
(see Chap. 31).

10.14 Lighting

Most medical photography is done with flash
lights. DSLRs and CSCs come with a built-in
flash and also a flash hot shoe where to clip an
on-camera flash, a macro-ring-light or an exter-
nal flash head with remote TLL (through-the-
lens) metering control. By using a flash, one can
get a constant amount of light, always of the
same color temperature. Flash light has a color
temperature similar to daylight. When using flash
and due to its much higher intensity, dimmer
ambience light becomes irrelevant; changes of
light during the day will not affect the final out-
come either. For the ideal exposure for flash por-

trait medical photography, the smallest ISO and
aperture (biggest f-stop) can be left fixed, allow-
ing the shutter speed to be adjusted no slower
than 1/60 s.

In addition to the abovementioned advantages
for using a flash, there are some important poten-
tial risks to keep in mind:

1. Washing out of images

2. Shadows’ management: wrinkles tend to dis-
sappear, elevated lesions look flatter

3. Red eye or ring image reflected in the eyes

Washing out refers to the overexposed image
obtained due to excess power of the flash. This
can be managed in the same way as exposure can
be fine-tuned to get the correct exposure; the
intensity of the flash can also be adjusted down
(flash compensation) from full flash by —1/2 or
—1 stop.

Built-in flashes and to a lesser degree on-
camera flashes tend to leave a bright washout
(overexposed) central area. This is particularly
noticeable in frontal face and in bold skull pho-
tography. In both cases, diffusers help to reduce
shadows and to soften the light. There are com-
mercially available diffusers like those in
Fig. 10.40. Some “home-made” solutions to
reduce flash intensity include covering the frontal
part of the built-in or on-camera flash with trans-
lucent (onionskin) paper.

In a portrait photo, shadows in the face can
hide details; backdrop shadows can be distract-
ing. Shadows can be avoided when using soft
natural light (in-camera flash may flatten your
patient’s face image with the consequential loss
of detail), but then whites would have to be
adjusted (white balance) to obtain natural colors.
In flash photography diffusers softening of light
helps reduce the shadows on the subject as well
as those shadows created by the subject on the
backdrop (Fig. 10.41).

Another way to deal with distracting back-
ground shadows is by separating the subject from
the backdrop while shooting at a fast shutter
speed; the shutter will be synchronized with the
flash and will close before the flash light hits the
background (the subject is well lit by the flash but
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Fig. 10.40 Examples of flash diffusers. On the left, Gary
Fong Lightsphere Collapsible with Speed Mount.
(Courtesy of ©2018 Gary Fong, All rights reserved); on

Without diffuser

the right, FD-320 Universal Softbox for Portable Flash.
(Courtesy of ©2020 Gradus Group LLC, All rights
reserved)

With diffuser

Fig. 10.41 Effect of flash diffuser on shadows (with permission of Canfield Co)

the background is dark because the flash light has
not reached the background yet) (Fig. 10.42).
For better facial contouring, the color of back-
drops used for medical portrait photography
should be color contrast with the skin color of the
patient. Black velvet backdrops do have the
advantage of reduced reflections and shadows,
but for photographing very dark-skinned patients

(Fitzpatrick types V and VI) a blue or green non-
glossy backdrop would do a better job.

Ideal lighting is studio lighting which will be
covered in the chapter “Setting up a photographic
studio” (Chap. 10). A summary on the advan-
tages and disadvantages of natural, flash and the
so-called “full spectrum bulbs” can be found in
Table 10.9.
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$ 15-30 cm

P

I 60-90 cm

TP

Fig. 10.42 Effect of backdrop distance behind subject. By separating the patient from the backdrop or wall, shadows

disappear

Table 10.9 Advantages and disadvantages of light sources

Full-spectrum

Natural Flash bulbs
Advantages Can be useful in close-up Light is identical at any time of the day Light is identical
photography. As light is maintained, ISO, Aperture, and  at any time of the
It gives more information on Speed can be maintained in ideal position  day
depth. Especially relevant in
tumor photography.
Wrinkles and scars are best
visualized
Disadvantages It changes continuously during Tends to lighten skin color. Not easily
the day. Reduces contrast. available

Depending on the orientation:
shadows are more visible

Depending on the type of flash, adjustment
and anatomical area: washing out or central

brightness is possible

Red-eye reduction can be set on the camera
and it is aim to avoid red eyes in a subject that is
looking straight toward the camera. A pre-flash is
lit before the main flash causing the subject’s
pupil to contract just before the shot.

Slow Sync. At night, with a dark and remote
background, a fast flash will only lit a subject
close to the camera; the surroundings will appear
underexposed (some of this has been treated
above in this section). A lot of background detail
will be lost. A slower shutter speed in addition to
firing the flash can solve the problem. Cameras
have a slow sync adjustment to precisely do that.

With the activation of slow sync the subject in the
foreground and the background get well exposed.

First/Second Curtain Sync. The common
shutter has two curtains that are activated
sequentially one after the other: the first curtain
goes down to open the shutter and then the sec-
ond curtain goes down to close it. For photo-
graphing static subjects, the first curtain sync is
the best; for moving subjects, the second curtain
sync allows to capture the forward movement of
the subject (a moving subject photographed
with the first curtain sync will look as is going
backward).



10 Basic Photographic Concepts

165

If shutter speed is too high as compared to
flash speed, then part of the sensor will not be
exposed; the image will be cut off, a black strip
corresponding to the first shutter curtain will
show in the photo. The sync speed is the fastest
shutter speed that fully exposes the sensor to the
flash light; it’s around 1/200 s for most cameras.
Never use shutter speeds faster than 1/200 when
taking flash photos.

10.15 Conclusion

Once we have a good camera in our hands, we
need to master some basic photographic con-
cepts: exposure and its factors, focusing, white
balance, and lightning. There is only one way to
master these concepts: take many photographs!
Experience is a very good teacher. Understanding
how the camera works, experimenting, and
studying yours and other’s photos will help you
improve your photographic skills. The broad
brushstrokes in this chapter can be a first step in
the wonderful and enriching journey into the
complex and vast world of medical photography;
we invite our readers to enjoy it, taking it with
perseverance, patience, and passion, the three Ps
for success.
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The first question most people ask when they get
into medical photography is: what type of camera
and accessories do I need to use or buy? Given
the high availability of cameras, lenses, and
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tives sought when shooting, it is extremely diffi-
cult, if not impossible, to make a one-size-fits-all
recommendation. Each medical specialty will
find a particular set of equipment with features
that makes it best suited for their particular
requirements. This chapter will deal with some
basic knowledge on cameras, lenses, flashes, and
other useful accessories to help make a start with
the right foot on medical photography. Seasoned
photographers will certainly need more in-depth
information on photographic equipment. Here
we will focus on digital photography and its use
in detail (macro), portrait and full body. Special
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equipment (e.g., ophthalmology, dental, and
endoscopy) will be dealt with in specific
chapters.

11.2 Equipment

Selecting the right camera comes down to what
type of photographs you want to take, in what
context you are going to use them and how much
you are willing to spend. Although not an easy
task, getting the best equipment for the job right
from the beginning should be the main objective
for a medical photographer; that will save the
frustration of making a non-negligible invest-
ment and then realizing that your pictures are not
good enough for the purpose you took them for.

In this chapter we deal mainly with nonmedi-
cally specialized photographic equipment that
may be appropriate for medical photography. In
other sections of this book, we deal with photo-
graphic equipment specifically designed or
adapted for medical needs.

The photographic equipment we describe is
seen from the perspective of its potential use in
medical photography. This section is not com-
mercially biased. Suggestions are based on the
authors’ personal use, experience, and knowl-
edge; any mention of brands is only done with
the intention of helping the reader better under-
stand the different options when choosing photo-
graphic equipment. As this chapter is written
during the first part of year 2019, most of the
models shown here reflect what the market
offered at that time. It is impossible for a chapter
on photographic equipment not to become obso-
lete in just a few years (or months!). As technol-
ogy evolves, new models become available. It is
to the reader to adapt the subjacent message of
what makes a better medical photographic equip-
ment to the upcoming models. Your first camera
will probably not be your last one. You will
upgrade into new models, change manufactures,
and probably change technology. Just to say that
the authors of this chapter are from the analogic
era of photography! For those passionate for
technology and for those that make use of tech-
nology just to improve the quality of people’s

lives (including their own), there is an exciting
journey ahead of us. Let’s go for it.

11.2.1 Cameras

Digital cameras can be classified into different
types (Table 11.1):

e Basic compact

e Advanced compact
compact)

e Bridge (also called super-zoom)

e Mirrorless (or compact system camera—CSC)

* Digital single-lens reflex (DSLR or dSLR)

e Medium format

¢ Adventure (action) cameras

* Instant cameras

e Smartphones

(also called zoom

Maybe the types more relevant to the scope of
this chapter are those with interchangeable lenses
(DSLR and mirrorless cameras) and, of course,
smartphones.

As technology is in constant evolution, the
frenetic speed of change makes it impossible to
recommend one camera brand over another; it
even makes it difficult to set clear-cut defini-
tions between camera types. The biggest brands
are putting great effort in research and develop-
ment and enhancing so much camera capabili-
ties that different camera types are becoming to
overlap in their feature offer. There are today
compact cameras with features that in the past
were only available in DSLR/CSC cameras, like
1-in. sensors, external flash connectivity, and
RAW shooting.

Putting aside the traditional classification of
cameras mentioned above, maybe the single most
important feature that might allow classifying
cameras is their sensor size and resolution (pixel
size is paramount). As we explain in this and
other chapters of this book, the final use of the
image (either on a digital display or printed on
paper) will demand a minimum sensor size and
resolution. In this chapter we transit the tradi-
tional classification of cameras but highlight their
sensor size and resolution as a key element.
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Table 11.1 Types of cameras

Camera

| e

e S—

Type
Basic
compact

Advanced
compact

Bridge/
super-zoom

CSC/

mirrorless

DSLR

Advantages

* Small, light

* Inexpensive

 Easy to use

* Auto mode

* Liquid crystal display (LCD)
* Many models with non-
detachable zoom

* Small sensor 10 MP range

* Small, portable

¢ Automatic and manual control
* RAW and JPEG

* Some models can attach
external flash

* Compact

* Good-quality image

* Macro

* In some: ring flash can be
adapted

* RAW and JPEG

 Automatic and manual shooting
* Bigger pixel size than advanced
compact

« Interchangeable lenses

¢ Full-frame (36 x 24 mm; 1.0
crop) to four-third

(17.3 x 13 mm; 2.0 crop; 2446
MP) sensor can render high-
quality photos. Smaller than
comparable DSLRs

* RAW and JPEG

* Full control settings

* Wide range of lenses and
accessories

* CSCs are substituting DSLRs
« Interchangeable lenses

¢ Full-frame (36 x 24 mm; 1.0
crop) to four-third

(17.3 x 13 mm; 2.0 crop; 2446
MP) sensor can render high-
quality photos

e The traditional SLR
look-and-feel

* RAW and JPEG

* Full control settings

» Wide range of lenses and
accessories

Disadvantages

* Fixed lens

* Small storage capacity

* Massive depth of field (all in
focus)

* No-flash regulation

* Low image quality

* Digital zoom

* “Kids” cameras. Not
recommended for medical
photography

* Fixed lens

* Small sensor typically in the
1/2.3 range (5.64 crop; 20 MP)
e All in focus can be a problem
* Slow image processing

* Lower-quality images

* Fixed zoom lens
* Sensor typically in the 1 in.
range (2.7 crop; 20 MP)

* Only some models have
optical viewfinder

* (OVF) (e.g., Fujifilm)

* Can be more expensive than
low-end DSLRs

¢ Heavier, bulkier, and more
expensive than CSCs

* Once the reign Nikon and
Canon, DSLRs have been
substituted by CSCs from many
brands

(continued)
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Table 11.1 (continued)

Camera Type
Medium

format

P bt

Action
cameras

Instant
camera

p— ==,  High-end
| smartphone

i
3
g
=]
o

\a >/

Advantages

* Allow big cropping/
magnification

e Leica ProFormat (30 x 45 mm)
60 MP sensor

* Fujifilm G format

(43.8 x 32.9 mm) 51.4 MP sensor
» Hasselblad 43.8 x 32.9 mm 50
MP sensor

¢ Fujifilm GFX 100S has 100MP
resolution

* Hands-free operation. Small,
lightweight, waterproof, and mud
resistant. Shockproof

* Ample mountability options.
Ideal for video. RAW option.
Low motion

* Instant availability of a hard
copy of an image (instant
gratification)

* Very affordable cameras

* Universality (we all have one)
 Pocketability

* Connectability (easy-to-share
images)

* Up to three-rear cameras cover
from wide angle to zoom (20—40
MP for the mid-range camera)

Disadvantages

* Bulkier, heavier, and much
more expensive (tens of
thousands of US dollar for an
entry version) than full frames
* Only for pros

¢ No-manual mode

* Average still resolution of 12
MP

e GoPro Hero 7 Black has a

1 in. sensor

* Low-quality images

* Unless digital, not for sharing
images

* Printed color may fade with
time

* Photo-paper can be expensive

* Image distortion

* Can be as costly as some
advanced-compact cameras

* Non-interchangeable lenses

* Built-in flash blows phone
power

* No external flash admittance
* Only few models have optical
zoom

Advantages and disadvantages. Images: Basic Compact: Kodak 10.2 Megapixels (Copyright © 2020 Eastman Kodak
Company); Advanced Compact: Nikon 1 V3 (Courtesy of © Nikon Europe B.V., 2019, All rights reserved); Bridge/
SuperZoom. Panasonic Bridge Lumix DMC-FZ2500 (Courtesy of © 2020 Panasonic, All rights reserved); CSC/
Mirrorless: Fujifilm XT3 (Courtesy of © FUJIFILM Corporation, All rights reserved);DSLR: Canon EOS Rebel T7i
(Courtesy of © Canon Inc., All rights reserved); Medium Format: Hasselblad X ID-50c (Courtesy of © Hasselblad
2020, All rights reserved); Action cameras: GoPro Hero8 (Courtesy of © 2020 GoPro, Inc., All rights reserved); Instant
camera: Leica Sofort (Courtesy of © 2020 Leica Camera AG, All rights reserved); High-end smartphone: Huawei
P30Pro (Courtesy of © 2020 Huawei Technologies, All Rights R Co., Ltd., All rights reserved)
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11.2.1.1 Basic Compact
Compact digital cameras, also known as point-
and-shoot cameras, are very simple to use. The
majority of these cameras offer automatic mode,
although there are some models in the market
with manual or semiautomatic control mode
available. Scene selection is one of the few set-
tings allowed. The lens cannot be changed and its
image quality is not optimal. It is customary to
have an integrated flash in the camera body. The
sensor size is small, although the final quality of
the image is often software enhanced. Given that
the individual components of the camera are of a
lesser quality and that lens and some photo param-
eters cannot be changed, the quality of the image
is poor. Basic compacts only take JPEG format.
Due to the constant improvements in smart-
phone cameras, the compact camera category is
receiving a lot of competition; most camera man-
ufacturers are not investing much in keeping the
low end of this category alive. Basic point-and-
shoot cameras are affordable, light, and easy to
use, but in general they do not render the quality
required for good medical photography. Basic
compacts are “kids” cameras (Fig. 11.1).

11.2.1.2 Advanced Compact

Advanced-compact (or advanced point-and-
shoot) cameras, although still far away from CSC/
DSLRs, are a step forward in the direction of bet-
ter-quality images given that they can provide for
full manual control of settings and RAW shoot-

ing. Some come with low light mode with up to
ISO 12800 (Canon PowerShot G12, although the
standard for this category is a much lower ISO
setting such as ISO 1600), HDR mode, image sta-
bilizer, HD movies, an attached focal-length
adjustable telephoto lens, and some limited lens
accessories catalog. Best advanced-compact cam-
eras have 1/2.3 in. sensors (5.64 crop factor) with
resolutions in the vicinity of 20 MP, although
some Canon and Panasonic Lumix models feature
a 1-in. sensor (2.7 crop). Optical zoom can vary
from 3x to 45x%, for focal lengths of equivalent
21-1080 mm (Canon SX 430 IS).

On the other hand, given their small size sen-
sor, compact cameras typically cannot clearly
separate foreground from background; they are
what is called an “all-in-focus” device. This can
be a problem in portrait photos where you want
to get rid of the background by blurring it (bokeh
effect). In medical photography, where sharp
images and large depth of field is desired, this
type of focusing is not ideal either.

If under budgetary and portability restrictions,
advanced-compact cameras can be adequate for
medical photography. The classic Canon G12 (10
MP resolution in a 1/1.7 in. or 7.6 x 5.7 mm sen-
sor cropped down to 4.55) is an advanced-
compact model that allows the attachment of a
dermatoscope and/or an external flash. The most
recent released Canon models such as the Glx
and G5x have been upgraded with superior reso-
lutions. Nikon provides compact cameras such as

Fig. 11.1 Basic Compact Cameras. On the left, Nikon Coolpix W100 (Courtesy of © Nikon Europe B.V, 2019, All
rights reserved). On the right, Fujifilm Finepix WP130 (Courtesy of © FUJIFILM Corporation, All Rights Reserved)
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Fig.11.2 Advanced Compact Cameras. On the left, Canon G12 (Courtesy of © Canon Inc., All rights reserved); on the
right, Nikon 1V3 (Courtesy of © Nikon Europe B.V, 2019, All rights reserved)

the Series 1, Nikon 1V3 being the very popular
model. All of them have Wi-Fi connectivity
(Fig. 11.2).

11.2.1.3 Bridge

Shearing some features with an entry-level CSC/
DSLR, bridge cameras were originally defined as
a bridge between advanced compact and CSCs/
DSLRs. They feature a non-interchangeable
zoom lens covering from wide to telephoto focal
lengths (typically 25-600 mm full frame equiva-
lent for a high-end bridge). They have smaller-
sized sensors compared to interchangeable-lens
cameras. Most bridge cameras pack a 1 in. sensor
(sized 12.8 x 9.6 mm, crop 2.7) or smaller. With
a DSLR-style handling, they feature automatic
and manual shooting modes and a full range of
creative controls. Today’s bridge cameras have
evolved in image quality due to better sensor and
software technology, even bypassing high-end
interchangeable-lens cameras in some aspects.
These high-tech small sensors can be quite fast
when reading information which allows shooting
video speeds of up to 14 frames per second in 4 K
or 960 fps in SD mode. An additional advantage
of a smaller sensor is the ability to build a fast
telephoto lens around it [1].

Bridge cameras are smaller and lighter; when
considering lenses costs, they can be more afford-
able than interchangeable-lens cameras, and their
image quality can compete with entry-level
DSLR/CSCs carrying small sensors.

A list of good bridge cameras should include
Sony Cyber-Shot RX10 IV, Panasonic Lumix

FZ2000/2500, Canon PowerShot SX 70 HS, and
Nikon Coolpix P1000 (Fig. 11.3).

11.2.1.4 Interchangeable-Lens

Cameras (Mirrorless

and DSLR)

Given the actual evolvement of interchangeable-
lens cameras in favor of compact system cameras
(CSCs) and away from DSLRs, and given that
both categories share a family of equally sized
sensors, we tend to think of CSCs and DSLRs as
two expressions of the same basic category, with
sensors in the 1.0-2.0 crop factor range.

DSLR cameras inherit the optic design of old
times 35 mm film reflex. In DSLRs the photogra-
pher can view the scene through the lens in the
optical viewfinder (OVF). An array of mirrors
and a system for synchronizing shutter opening
with a moving mirror allows the photographer to
see the scene when not shooting or the sensor to
see it when shooting. In a CSC camera, the imag-
ing sensor is always exposed to light, giving the
photographer a digital preview of the image
either on an electronic viewfinder (EVF) or on a
rear LCD screen. A more detailed description of
how does a DSLR/CSC camera work can be seen
in this book in Chap. 12.

The quality of the digital image produced by
the sensor depends on the size of the individual
pixels and the amount of pixels in sensor’s array.
Cameras with bigger sensors can render better-
quality pictures. Full-frame sensor (24 x 36 mm
as in 35 mm film photography) cameras can ren-
der top-quality images, although if photos are not
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Fig. 11.3 Bridge cameras. On the top left: Sony Cyber-
Shot RX10 IV (Courtesy of © 2020 SONY Europe B.V.,

All rights reserved); top right, Panasonic Lumix
F72000/2500 (Courtesy of © 2020 Panasonic, All rights

intended for being magnified, fractional (smaller
than full-frame) sensor DSLR/CSC cameras can
successfully do the job. Fractional-sensor (crop
factor bigger than 1) interchangeable-lens cam-
eras can produce high-quality images when
reproduced at common size digital displays or
printed paper formats.

The main advantages of DSLR/CSC cam-
eras are the interchangeability of lenses and
the use of bigger sensors as compared to
advanced compact, bridge, or smartphones;
these two features add up to better-quality
images. All DSLR/CSC cameras allow RAW
and JPEG formats. All of them offer manual
mode and other pre-programmed camera

reserved); Bottom left; Canon Power Shot SX 70 HS
(Courtesy of © Canon Inc., All rights reserved); bottom
right, Nikon Coolpix P1000 (Courtesy of © Nikon Europe
B.V, 2019, All rights reserved)

modes. A wide range of attachments and flash
options are available.

Nowadays, a good-quality picture can be
achieved either by using a DSLR or CSC with the
right sensor size/quality. Historically, for many
decades, SLR cameras have been the cameras of
choice for professionals, even before the digital
versions were born. Today, within professional
photographers, CSCs are competing strongly for
the market of interchangeable-lens cameras; mir-
rorless cameras seem to be the wave of the future.
Having most of the features of DSLR cameras,
mirrorless cameras are smaller and lighter, and
the camera-lens system is a little less expensive
than with DSLR cameras. One small disadvan-
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tage of CSCs could be the need for more spare
batteries given that powering a screen continu-
ously takes up a lot of power. Another disadvan-
tage may be a lesser availability of lenses for
CSCs as compared to DSLRs, a problem that’s
been quickly solved by the market.

Rather than subclassifying interchangeable-
lens cameras into DLSR or mirrorless, we favor
separating them by their potential for better-
quality images, i.e., sensor size: full-frame vs.
fractional sensor. Other things being equal,
maybe the most important factor for quality
images is sensor size. A big sensor allows a com-
bination of more/bigger pixels that translates into
higher resolution and less noise. As will be
explained in Chap. 12, the final use of the image
suggests the sensor size best suited for the job,
and hence the camera viewer system (either
DSLR or mirrorless) becomes less relevant. At
the end, it is to the camera user to decide which
camera viewer system is more compatible with
the user’s personal handling taste.

Some of the best full-frame camera models
include not only DSLRs such as Nikon D850 and
Canon EOS 5D Mark IV (Fig. 11.4) but also
Nikon D750 and Nikon D5 and Canon EOS 6D
Mark II. There has been an historic debate among
Canon and Nikon enthusiasts about who builds
the best SLR cameras. The truth is both manufac-
tures build great cameras. Maybe the dilemma

can be settled by answering the following ques-
tion: which currently offered camera model best
suits to your personal needs?

In the mirrorless group, Nikon Z6 and Sony
A9 are among the best full-frame choices; other
candidates are Sony Alfa A7 III, Nikon Z7, Canon
EOS RP, Panasonic S1, and Sony A7 III
(Fig. 11.5).

Within the interchangeable-lens category,
Nikon D7500 and Canon EOS Rebel T7i are two
good choices of DSLR with fractional sensors
(Fig. 11.6).

Camera brands other than Canon and Nikon
that already have a stronghold in the DSLR
niche are developing strengths with mirrorless
units that today seem to be the way to go in
interchangeable-lens cameras. Fujifilm X-T3
and Lumix DC-G9 are two examples of the
best mirrorless fractional-sensor cameras;
other top player in this group is Canon EOS
M6 (Fig. 11.7).

11.2.1.5 Medium-Format Cameras

When magnification of quality is an issue, bigger-
than-full-frame sensor cameras (crop factor
smaller than 1.0) can be the equipment of choice.
Sensor sizes larger than full frame (36 x 24 mm)
but smaller than “large” format (4 x 5 in., or
130 x 100 mm) are said to be “medium format.”
Maybe there are no many occasions in medical

Fig. 11.4 Full-frame DSLR cameras. On the left, Nikon D850 (Courtesy of © Nikon Europe B.V, 2019, All rights
reserved); on the right, Canon EOS 5D Mark IV (Courtesy of © Canon Inc., All rights reserved)
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Fig. 11.5 Full-frame mirrorless cameras. On the left, Nikon Z7 (Courtesy of © Nikon Europe B.V, 2019, All rights
reserved); on the right, Sony Alfa A7 III (Courtesy of © 2020 SONY Europe B.V., All rights reserved)

—

Canon

Fig. 11.6 Fractional sensor DSLR cameras. On the left, Canon EOS Rebel T7i (Courtesy of © Canon Inc., All rights
reserved); on the right, Nikon D7500 (Courtesy of © Nikon Europe B.V, 2019, All rights reserved)

FUSIFILY
= orm l h

Fig. 11.7 Fractional sensor mirrorless cameras. On the  of © Canon Inc., All rights reserved); on the right, Fujifilm
left, Lumix DC-G9 (Courtesy of © 2020 Panasonic, All ~ X-T3 (Courtesy of © FUJIFILM Corporation, All Rights
rights reserved); in the center, Canon EOS M6 (Courtesy ~ Reserved)
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Fig. 11.8 Medium Format cameras. On the left, Leica S3
(Courtesy of © 2020 Leica Camera AG All Rights
Reserved); in the center, Fujifilm GFX 50S (Courtesy of

Fig. 11.9 Action cameras. On the left, Sony RXO
(Courtesy of © 2020 SONY Europe B.V., All rights
reserved); in the center, GoPro Hero8 Black (Courtesy of

photography for using big sensor cameras such as
medium format or even larger, but it is good to
know the existence of this very important camera
category within professional photographers.
Being part of the DSLR’s family, Leica S3 uses a
ProFormat (30 x 45 mm) sensor with a 64 MP
resolution. On the other side, great medium-
format mirrorless camera options are Fujifilm
GFX 50S and GFX 50R that feature a G Format
(43.8 x 32.9 mm) sensor with 51.4 MP resolution
and Hasselblad X ID-50c with a 43.8 x 32.9 mm
50 MP sensor (Fig. 11.8).

11.2.1.6 Adventure (Action) Cameras

DSLRs and CSCs are delicate pieces of equip-
ment that are not meant for use under rugged
conditions; adventure cameras do. Adventure
cameras (also named “action” cameras) designed
for adventure sports (extreme sports or action
sports) involving a high degree of risk are small,
lightweight, waterproof, mud (anyone said blood
or human fluids?) resistant, wearable, shockproof,

IS Bt o

I ﬂ

© FUJIFILM Corporation, All Rights Reserved); on the
right, Hasselblad X ID-50c (Courtesy of © Hasselblad
2020, All Rights Reserved)

© 2020 GoPro, Inc, All rights reserved); on the right, Yi
4K (Courtesy of © Yi technology, All rights reserved)

and with ample mountability options. Although
ideal for video, their average still resolution of 12
MP (best adventure cameras are in the range of
8—16 MP) and hands-free operation makes them
a good compromise solution for taking accept-
able quality images (or videos) under very
adverse conditions. For field hospital situations,
forensic medicine and even for recording surgical
procedures in operating theaters (ORs), adven-
ture cameras can be a practical solution to cap-
ture medical images that could not be equally
done using DSLR/CSC cameras. Some action
cameras are reported by the specialized press as
among the best GoPro Hero 7 Black, Sony RX0,
Yi 4K+, and Olfi One Fire Black (Fig. 11.9).

11.2.1.7 Instant Cameras

Although self-developing film was invented in
1923 by Samuel Shlafrock [2], the first commer-
cial instant camera was developed in 1948 by
Edwin Land [3]; it was the Land Camera Model
95 by Polaroid Corporation. The instant camera
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Fig. 11.10 Instant cameras. On the left, Fujifilm Intax
Wide 300 (Courtesy of © FUJIFILM Corporation, All
Rights Reserved) in the center, Leica Sofort (Courtesy of

uses a self-developing film to create a chemically
develop print shortly after the shooting. Polaroid
images are the predecessors of today’s smart-
phone selfies. There are chemical-instant cam-
eras and digital-instant cameras. Not having a
digital sensor, chemical-instant cameras are not
digital devices. Nevertheless, instant cameras are
included here because they might be of use in
medical photography. Instead of searching for
perfection, instant cameras’ search is for instant
results.

Chemical-instant cameras were highly used in
scientific applications (e.g., forensic medicine) in
the 1970s and 1980s. Today, in smartphone times,
there might still be a few medical applications
that would benefit from instant paper processing
of images such as in field hospitals and situations
where the availability of an instant hard copy of
an image can make the difference. A patient with
a skin lesion in the scalp or back might appreciate
an instant photo given by the physician. In the
case of chemical photo processing, attention
should be placed to the quality of the instant
(self-developing) photo-paper; given that there
are almost no adjustments allowed to the user, the
quality of the instant photo-paper should be a
concern (look for freshly stored film from a
reputed brand). When it comes to digital-instant
cameras (such as the Polaroid Snap), there is only
one photo-paper option, the proprietary Polaroid
Snap paper.

Fujifilm and some other brands have special-
ized in this category of instant cameras. Fujifilm
Instax Wide 300, maybe the more “professional”
chemical-instant camera in today’s market, is a

© 2020 Leica Camera AG, All Rights Reserved); on the
right, Polaroid One Step 2 (Courtesy of © Polaroid EU
2020, All Rights Reserved)

medium-format-like instant camera that allows
adjusting brightness and flash. Other players in
this category, populated with for-the-fun-of-fam-
ily cameras, are Kodak Printomatic, Leica Sofort,
and Polaroid OneStep 2. In the last years, Polaroid
is a marketing snap, a digital-instant camera with
a built-in color printer that uses a Zink™ inkless
technology. Snap uses a cartridge of ten 2 x 3 in
proprietary photo-paper sheets but also can record
10 MB JPEG images in a microSD (Fig. 11.10).

11.2.1.8 Smartphones

For certain medical applications, smartphone’s
cameras have become the best alternative because
of their availability (you always carry it in your
pocket), lightness, easiness to use, and afford-
ability. Although they are the subject of another
chapter in this book, here we will touch some of
its basic features.

Today’s mobiles have cameras that can take
very good pictures even under low light condi-
tions. High-end smartphone brands use multiple-
rear cameras to cover from superwide angle to
telephoto shootings. As a standard, the front (or
selfie) camera is only half good as compared to
the rear camera group. For medical photography
we will be placing our attention on rear cameras
only.

Huawei P30 Pro is a great photographic equip-
ment, thanks to its three rear cameras by Leica: a
16 mm ultrawide, /2.2, 1/2.7 in., 20 MP; a
27 mm wide angle, /1.6, 1/1.7 in., 40 MP; and
finally, a time-of-flight (ToF) 3D 125 mm SRL-
equivalent telephoto, 5x optical zoom, /3.4,
1/4 in., 8 MP.
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Fig. 11.11 High-end smartphones. On the left, Huawei
P30Pro (Courtesy of © 2020 Huawei Technologies, All
Rights R Co., Ltd., All rights reserved); center left,
Samsung  Galaxy S10+ (Copyright ©  1995-
2020 SAMSUNG, All rights reserved); center right,

Samsung S10+ is another high-end smart-
phone with triple-rear camera: a 12 mm ultra-
wide, /2.2, 1.0 pm, 16 MP; a 26 mm wide angle,
f/1.5-2.4, 1/2.55 in., 1.4 pm dual pixel; and a
52 mm telephoto, 2x optical zoom, {/2.4,
1/3.6 in., 1.0 pm, 12 MP.

Google Pixel 3a is a more affordable Android
smartphone with a good-quality rear camera: a
28 mm wide angle, {/1.8, 1/2.55 in., 1.4 pm, dual
pixel, 12.2 MP.

In the iOS world, the iPhone XS Max has a
dual-rear camera: a 26 mm wide angle, /1.8,
1/2.55 in., 12 MP and a 52 mm telephoto, 2x
optical zoom, /2.4, 1/3.4 in., 1.0 pm, 12 MP
(Fig. 11.11).

Smartphones are very simple to use, do not
require formal training and can render good-
quality images. As they are connected to the
Internet, images can be easily sent for consulta-
tion (as in teledermatology) or be added to the
patient’s record. High-end smartphones can even
shoot RAW. In the market there are some attach-
ments available for enhancing the capabilities of
smartphones [4], such as dermatoscope (brands
such as DermlLite, Skiar, and Firefly), ultrasound
probe (1-18 MHz range: some of the many

Google Pixel 4x (Courtesy of Google ©, All rights
reserved); and on the right, Apple iPhone 11 Pro
(Courtesy of Apple Copyright © 2020 Apple Inc., All
rights reserved)

brands are Butterfly, Healcerion, Mobisante,
Philips Lumity, and Viera), blood pressure moni-
tor with ECG (Withings), otoscope (CellScope
and TYM), eyepiece for slit lamp [5] (back of the
eye photo), real-time Petri dish reader (for micro-
organisms identification), microscope, and glu-
cometer (a blood glucose meter attachment for
smartphone is being developed). Given their
communication capabilities and provided that all
legal/privacy issues are well taken care of, smart-
phones are ideal for telemedicine (e.g., teleder-
matology and teledermoscopy) consultations.
Among their disadvantages is the fact that
many smartphone images seem to be of good
quality when viewed on the device’s small screen,
but as soon as they are displayed in a laptop or
monitor screen or printed on a paper, these pho-
tos show a sub-standard quality. Smartphones
have image sensors which are much smaller than
their camera counterparts (crop factor of more
than 6); also, pixel size is much smaller in smart-
phones than in DSLR or CSC cameras (pixel size
of 1.0 pm in the smallest smartphone sensor,
compared to 8.4 pm average in a full frame).
Smaller sensors with smaller pixels do produce
lower-quality images, something that becomes
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evident when shown in bigger formats (digital
displays or printed paper).

Smartphone cameras are, no doubt, a very
practical solution for certain medical uses. In the
future, smartphones could become the photo-
graphic device mostly used by medical profes-
sionals. However, there will always be a better
quality obtained by bigger high-resolution sen-
sors in high-quality camera bodies with high-
quality lenses.

11.3 Lenses

Every manufacturer of DSLR/CSC cameras offers
a wide array of lenses to choose from. It is very
important to choose the right lens for the job. In
this chapter section, we intend to guide through
the whole lens family so you can pick up the one
more appropriate to your personal needs and
those of the medical environment you work in.
Lenses can be classified as macro, superwide-
angle (fish-eye), wide-angle, standard, prime,
zoom, and telephoto lenses. There is not an “offi-
cial” classification of lenses by their focal-length
measurement; that is why an 85-mm prime lens
can also be referred to as 85 mm telephoto. In the
description of lens types below, we intend to dis-
tribute them along the focal-length spectrum.

11.3.1 Macro Lenses

A macro lens has the ability to focus close enough
to achieve a sensor image that is the same size or
bigger than the real subject. They are defined by
their magnification ratio that ranges from 1x to
10x (magnifications of more than 10x and into
the 100x range can be obtained with the aid of a
microscope). Using a 1:1 macro lens, the image
reproduced in the sensor is of the same size as the
subject, whereas using a 1:2 ratio macro lens, the
image is up to the half size of the subject; with a
3:1 macro lens, the image can be three times the
subject’s. If you are using an APS-C with a 1.5x
crop factor, the sensor is about the size of halve
of an SD memory card (an SD memory card is
24 x 32 mm vs. 23.6 x 15.6 mm for an APS-C

non-Canon sensor); an image captured with a 1:1
macro, once displayed or printed in a bigger for-
mat, will show more detail than the naked eye can
detect. In a way, the macro lens acts as a limited
microscope by magnifying images.

Macro lenses are ideal for close-ups (close-up
is not a scientific definition; it means any image
that shows the subject closer and in more detail
than what we are used to see in normal life) in
medical photography. Macro photography will
show details like hair, scales, and droplets. They
come in a variety of focal lengths ranging
50-200 mm. The ideal focal length has to do with
the shooting distance: being too close can make
proper lighting difficult; being too far can pro-
duce more camera movement due to the longer
and heavier lens. The need for lighting can induce
the choice of a certain macro focal length. A
40-60-mm macro lens could be a good choice for
shooting handheld at natural light-illuminated
subjects. A 100-200-mm tripod-held macro will
allow using larger lighting equipment without
obstructing field of view.

There are non-true macro solutions that can
help with close-up situations but at the expense
of image quality (two or more EV stops at high
magnification). Close-up filters attached to the
outer ring can magnify +1 to +3 diopters.
Extension tubes placed in between the lens and
the camera body can also magnify the image
received by the sensor (by moving away the lens
from the sensor plane, the image formed in it
would be of a bigger size).

Macro lenses are a good choice for dermato-
logical photography, where magnification (the
size of the subject in the photograph is greater
than the life size) of details is desired.
11.3.1.1 Superwide-Angle Lenses
(Fish-Eye)

Superwide-angle lenses range from 8 to 24 mm,
a very short focal length. They increment the
angle of vision of the subject and the perspective
and are mostly used in landscape photography,
large areas, and small spaces where it is needed
to incorporate as much vision as possible. As they
distort the reality, they are used mainly for cre-
ative photography or photography in confined
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spaces where distortion is not an issue; they are
not used in medical photography. Traditionally,
the photographs obtained by using superwide-
angle lenses were circular not rectangular. Today,
depending upon sensor size, wide-angle photo-
graphs can be either circular or rectangular
(Canon EF 8-15 mm f/4 L Fisheye USM). For
full-frame cameras, the 8-mm “fish-eye” has a
field of view angle of 180°. Other common
superwide-angle lenses are 15 mm for 110° diag-
onal field of view, 20 mm for 95° diagonal field
of view, and 24 mm for 84° diagonal field of
view.

A fish-eye is an ultrawide lens that has an
angle of view in the 180° range. Its convex exter-
nal element captures light from all 180°. A fish
eye adds barrel distortion to the image (parallel
lines in real life become bended as parenthesis in
the photo). There are two types of fish-eye lenses:
circular fish-eyes and full-frame (or diagonal)
fish-eyes. Circular fish-eyes produce a circular
image within a black background, whereas full-
frame fish-eyes produce a cropped rectangular
image which is the size of the sensor. In the circu-
lar fish-eye, the angle of view (e.g., 180°) is
always the same in all directions; in a full-frame
fish-eye, the angle of view (in this case 180°)
refers to the diagonal of the rectangular image (in
the 180° full-frame fish-eye, the angle of view
will be 100° vertical and 150° horizontal)

(Fig. 11.12) [6]. Typical focal lengths for circular
fish-eye are 8§ mm and 10 mm; 16 mm for full
frame. It is a type of lens used for imaging oper-
ating theaters or hospital halls.

11.3.1.2 Wide-Angle Lenses

Wide-angle lenses range from 24 to 35 mm. All
wide lenses, including of course superwide, take
in more of the scene than what is perceived by the
human eye. Images appear distorted. Parallel
lines appear as if converging. They are used for
architecture (20 mm, 24 mm, and 28 mm are
commonly used for landscape photography), for
shooting at big groups in small spaces (hospitals,
working areas, congress rooms, weddings) and in
sports (stadiums and play fields); they are not
normally used to photograph patients. Common
wide-angle lenses are 28 and 35 mm full frame
equivalent for repetitively 75° and 63 ° diagonal
field of view.

11.3.1.3 Standard (Normal) Lenses

The standard (also called normal) lenses have a
focal length that is approximately equal to the
diagonal of the image sensor. With a normal lens,
the scene is viewed with a similar perspective to
that of the naked human eye, approximately a
55° diagonal field of view. The normal 50 mm
lens (also known as nifty-fifty) used on a full
frame has a 47° diagonal field of view. A normal

Circular fish-eye image

Fig. 11.12 Circular and full-frame fish-eye images
(images  from  https://commons.wikimedia.org/wiki/
File:3-2-circular.png, Peter.wieden/CC BY-SA (https://

Full-frame (diagonal)
fish eye image

creativecommons.org/licenses/by-sa/3.0) (Left) and Peter.
wieden—Own work, CC BY-SA 3.0, https://commons.
wikimedia.org/w/index.php?curid=24242152 (right))
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lens can be very much attractive to use in medical
photography because of its capacity to reproduce
the perspective of the human eye.

11.3.1.4 PrimeLenses

A prime lens can be understood as (a) a lens that
is not a variable-focal-length lens (only has one
fixed focal length) or (b) a primary (shorted as
“prime”) lens in a camera lens system. Prime
lenses characterize themselves also by their wider
diaphragm opening (typical in the f/2.8—f/1.2
range) and their higher optical quality arising
from the simplicity of not being a zoom with
additional glass inside. Prime lenses are signifi-
cantly sharper than zoom lenses. Common focal
lengths for primes are 35 mm, 50 mm, 85 mm,
and 135 mm, although there are in the market
other primes with different focal lengths.

Prime lenses are more luminous, hence more
adequate for portrait photography, where detail is
important. The 85-mm prime is widely used for
environmental portraits where emphasis should
be on face details and not on the environment;
you get a much blurrier bokeh effect with an
85-mm than with a normal 50-mm lens. Another
advantage of the 85 mm above the 50 mm is that
you need not to be that close to the subject, allow-
ing for better lighting of the subject (it’s easier to
play around with flash units and other lighting
gadgets and not get undesirable shadows when
farther away from the subject).

We highly recommend primes above zooms
for medical portrait photography. Zooms has the
convenience of changing rapidly the focal length
but at the expense of image quality. In a clinical
environment, where the camera can be perma-
nently placed in a tripod and the lighting setup
remains unchanged, a prime will get more light
for the same aperture (may be +2EV) with the
consequence that you can lower the ISO setting.
Primes will have much less distortion than zoom.
A prime is normally smaller, lighter, and less
expensive than a zoom.

11.3.1.5 Variable-Focal-Length

(Zoom) Lenses
A zoom is a lens that, thanks to its construction
with moving parts, allows the focal length to be
adjusted. Zoom lenses can maintain focus while

changing focal length (a condition called parfo-
cal); if a variable-focal-length lens loses its focus
during zooming, it’s more properly called a vari-
focal. In reality, most commercial variable-focal-
length lenses sold as zooms are not real zooms;
they are varifocal. Here, we assume market’s
tacit convention and stick to the zoom denomi-
nation regardless of focus stability throughout
the range. Some compromise in image quality
has to be assumed when using zooms. Zooms are
very practical to use but at the expense of loss of
image resolution at their maximum aperture,
especially at the extremes of their focal-length
range. This effect is evident in the corners of the
image, when displayed in a large format or high
resolution [7]. The greater the focal-length range
of the zoom, the more exaggerated this effect
becomes.

Commonly, zooms deal with focal lengths in
the 55-200 mm range. They can be used in por-
trait medical photography, but keep in mind that
prime lens will have a much better performance
than zooms in terms of image quality (see discus-
sion above on Sect. 11.3.1.4).

11.3.1.6 Short Telephoto Lenses

Ranging from 67 to 135 mm, short telephotos are
compact and lightweight and can be handheld for
fast shooting. These are ideal lenses for shooting
portraits and candid shots, where the photogra-
pher does not want to intrude too much. Those in
the lower range in this category could be consid-
ered for portrait medical photography (see dis-
cussion above in Sect. 11.3.1.4). A telephoto lens
is useful when photographing surgical proce-
dures and the photographer needs to stand at a
distance.

11.3.1.7 Medium Telephoto Lenses
Ranging from 135 mm to less than 300 mm,
medium telephoto lenses are popular with sports
and action photographers who can get quite close
to the action. For this type of photography, aper-
ture is critical in minimizing blur, particularly
when photographing fast-moving subjects. Here,
the use of a tripod is recommended. The normal
105 mm lens has a 23° field of view angle; the
300 mm a view angle of 8°. Medium telephotos
are not normally used in medical photography.
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11.3.1.8 Super-Telephoto Lenses
Telephoto lenses of 300 mm and more (super-
telephoto lenses) are the best choice for photo-
graphing wildlife and nature and for sports where
the photographer cannot get close to the players.
The longest focal-length lenses have telescopic
magnification, making them a good choice for
astronomic photography. Super-telephotos are
not only expensive; they are long and heavy
lenses that must be used on a tripod. Super-
telephotos are not used in medical photography.

11.3.2 Accessories

You should choose a camera body and lens consid-
ering your professional needs and those of your
medical center; but, before choosing a model, you
should also take into consideration the accessories
available for each alternative camera. You should
check not only the standard accessories in the mar-
ket but also specialized medical accessories such
as dermatoscopes, attachments for microscope, for
electrocardiograph or ultrasound units.

11.3.3 Tripods

A tripod is a camera support to help avoid blurred
shots caused by camera shake. They can be used
to maintain the camera in a prefixed height and be
readily available. They tend to be light, not
expensive. Depending on what type of medical
photography you do, you should include a tripod
as part of your setup, particularly when doing
portraits. Get a good quality, sturdy and solid to
warranty stability and safety of your camera.
Manfrotto and Gitzo are well known high quality
brands but there are many others. Get expert
advise from your local retailer specialized store.

11.3.4 Flash

Flashes can be built-in, pop up, connected on top
of a hot-shoe, ring flash, twin flashes, or external
flash units.

For macro photography, a ring flash provides
an almost shadowless lighting. It is attached to

Fig. 11.13 Bolt VM-160 LED Macro Ring Light
(Courtesy of © 2020 Gradus Group LLC, All Rights
Reserved)

the external rim of the lens. It eliminates the
problem of imaging your own shadow or the
camera’s when taking a close-up picture. It
lights anything that your lens can focus on
(Fig. 11.13) [8].

Canfield has an integrated ranging lights sys-
tem that assures repeatable positioning. Exact
camera-to-subject distance is assured when the
dual-light beams intersect to a single point. It is
ideal for facial photography. For photographing
close-up, an attachable close-up scale adds a ref-
erence of the magnification as well as setting a fix
camera-subject distance. This camera includes a
cross-polarize filter kit attached in front of the
lens that can be raised when not needed
(Fig. 11.14) [9].

11.3.5 Diffusers

In the market there are available different types
of diffusers for using on hot-shoe flashes. They
reduce the intensity of the flashlight received by
the subject and soften it (Fig. 11.15). Compact
soft boxes or dome diffusers can be used anytime
the light source is too close to the subject.

For certain camera models with built-in flash,
another solution can be an attachable ring flash
diffuser [10] that spreads the light around the lens
in a ring shape (Fig. 11.16).

Twin flash systems can be more precise than
ring flashes because in the former each light can
be adjusted separately (Fig. 11.17) [11].
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Fig. 11.14 Canfield TwinFlash RL Clinical Camera with
ranging lights system (Courtesy of Canfield Inc., All
Rights Reserved)

Fig. 11.15 Phottix Mini Softbox for Hot Shoe Flashes
(Courtesy of © 2020 Phottix. All Rights Reserved)

Fig. 11.16 Ring flash diffuser for Olympus camera (Courtesy of © 2017 Olympus Corporation, All Rights Reserved)

11.4 Backdrops

Unicolor backdrops are useful to help concen-
trate on the main subject and avoid distractions
with the environment. Cloth or paper backdrops
and their retractable supports can be commonly
found in specialized photography stores.One of
the best colors is light medium cyan blue PMS

543 (Pantone Matching System). One of its
advantages is that it is ideal for all skin colors.
Black backdrops reduce shadows, gives a very
dramatic contrast, images can be nicely adapted
in powerpoint presentations using the black back-
ground slide but are only good for light skin
types. In general, backdrops come in different
colors and can be easily installed and then
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Fig.11.17 Bolt TTL Macro Ring Flash with Transceiver
Set (Courtesy of © 2020 Gradus Group LLC, All Rights
Reserved)

removed in small spaces (Fig. 11.18). One of the
authors, PP, uses an L-shaped wheeled stand
which allows her to move the backdrop easily
behind wheelchaired patients. This make it con-
venient for portraits in patients with reduced
mobility.

Fig. 11.18 Backdrop and stand. Available on most spe-
cialized stores and sites

graphic session. Make sure you have the right
batteries for your camera and equipment. Avoid
cheap brands. You will be always right with your
own brand’s batteries. Keep batteries in a fresh
and not humid place. Also, back up your battery
charger; they can also fail.

11.5 Placing Mats

Placing mats or octagons (Fig. 11.19) can be of
help for standardizing positioning of standing
patients. They are ideal for photographs at a 45°
angle from one another (frontal, oblique, lateral).
You can also build a wood octagon and have the
patient “hold” the piece with the feet to mantain
the correct position.

The IntelliStage™ by Canfield (Fig. 11.20)
can capture 360° photos by using an automated
turntable. The table can be flash-responsive or
remotely controlled.

11.6 Batteries

Never get without power! Ever! For each camera
you need to have two or three charged batteries
available at all times. You do not want to find
yourself powerless in the middle of a photo-

11.7 Memory Cards

Become familiar with the format of your cam-
era’s memory cards. Even though SD format is
the most popular, there are other formats too
(microSD, CompactFlash, XQD, and CFast).
Memory cards can also vary in speed, capacity,
and quality. Look for a good brand of fast and
good-capacity cards. SanDisk, Lexar, and
Transcend have high-quality memory cards of up
to 512 GB ranging 95-300 MB/S speed. Keep
enough empty memory cards available. They are
a very small investment that can save you a lot of
time and trouble.

11.8 Other Accessories

Each specialty has its own required accessories
and the following chapters will deal with them.
For instance, dentists use intra oral accessories
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Fig. 11.19 Octagonal
positioning mat by
Canfield® (Courtesy of
Canfield Inc., All rights
reserved)

Fig. 11.20 IntelliStage® automated turntable (Courtesy
of Canfield Inc., All Rights Reserved)

like stainless steel contrastors, mirrors, check
retractors, grey/black/white cards to enhance
vision of teeth, specially of back teeth.
Pathologists/biologists require special attach-
ments for photographing from the microscope.
For most non invasive imaging techniques, man-
ufactures are already incorporating cameras.

11.9 3D Cameras

3D cameras have been around for some years and
have been used mostly by plastic surgeons and
dermatologists. The system takes multiple images
which are then stitched together to recreate a vir-
tual 3D model. 2D projections of the virtual
model can be viewed on screen or even printed

[@ CANFIELD

on paper. Companies like 3dMD [12], Canfield
[13], or LifeViz [14] have cameras and software
specialized in different types of analysis
(Fig. 11.21).

Depending on the equipment and software used,
the health professional is allowed to analyze wrin-
kles, pores, volume differences, depth, pigmenta-
tion (redness), and contours, all by automated
measurements. 3D images can be used also to bet-
ter communicate surgical plans, helping the patient
anticipate the expected results from an aesthetic
surgical procedure. 3D photography can offer
many useful features. Grey Mode can reveal con-
tours without color distraction, presenting opportu-
nities for corrective procedures (Fig. 11.22).

Total-body photography (or whole-body
imaging, will be covered deeply in Chap. 17)
requires photographing most of the skin surface
for monitoring patients at high risk of melanoma.
MoleMax, FotoFinder, Canfield, and AccuView
[15] are some of the different available brands of
equipment and software.

FotoFinder Bodystudio ATBM (Fig. 11.23a,
b) combines high-resolution total-body photog-
raphy and video dermoscopy. By using artificial
intelligence, moles can be analyzed and provided
scores for pigmented lesions.

Canfield has recently put out in the market a
3D TBP system (Vectra WB 360) that reduces
substantially the time of image capturing and
provides a 3D model that eliminates overlapping
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Fig. 11.21 3D cameras. On the left, L3D LifeViz® Infinity (Courtesy of © QuantifiCare, All Right Reserved); on the
right, VECTRA H2 (Courtesy of Canfield Inc., All Rights Reserved)

Fig. 11.22 Color Mode vs. Gray Mode in 3D photo. Courtesy of Canfield Inc., All Rights Reserved

of images. The system captures nearly the entire
body’s skin surface in macro-quality resolution
with a single capture (Fig. 11.24).

With the advent and development of 3D print-
ing, some medical applications may arise to cre-
ate 3D models of a patient’s body section.

Barco Demetra® is a non-invasive skin imaging
platform which acquires multispectral and white

light dermoscopic images as well as clinical photo-
graphs of the skin. The images, taken by the
DemetraScope, are stored in a protected cloud
environment and can be retrieved, displayed, and
reviewed both on the device and in a secure web
application. It also provides various workflow tools
such as lesion localization, evolution tracking, and
reporting as well as advanced analytics (Fig. 11.25).
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Fig. 11.23 (a) FotoFinder Bodystudio ATBM and (b)
FotoFinder Portrait Stand which rotates 180° from left to
right and features nine viewing angles. The chin rest can

Fig. 11.24 Vectra WB360 whole body 3D imaging sys-
tem (Courtesy of Canfield Inc., All Rights Reserved)

be removed for lower chin, neck, décolleté or head and
scalp photos (Courtesy of Copyright © 2019 FotoFinder
Systems GmbH)

11.10 Ghosting Photography

When comparing “before-and-after” images, it is
important that the two images match (e.g., the
position of the irises and the tip of the nose) so to
highlight only the differences arising from the
medical intervention, not those arising from
changes in perspective.

Canfield’s MatchPose® image overlay makes
it easy to capture “before-and-after” images. It
superimposes a translucent live preview over
the original image to ensure correct aligning of
before-and-after images (Fig. 11.26) [16].
MySkinSelfie [17], an application for monitor-
ing skin conditions, uses a similar approach as
well as Imagine® from Leo Innovation Lab
[18].
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Fig. 11.25 Barco
Demetra hand held
device with two
integrated cameras for
clinical and dermoscopic
images (Courtesy of
Barco NV, All Rights
Reserved)
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Fig.11.26 (a) (Left side) Canfield’s MatchPose® side-by-side comparison feature and (b) (right side) Imagine app for

monitoring skin conditions (Courtesy of Canfield Inc., All rights reserved)
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11.11 Conclusions

This chapter covers some of the most common
equipment that might be needed in medical pho-
tography, with special emphasis in dermatology,
aesthetic, plastic surgery, and dentistry. More
specific material will be covered in specific chap-
ters dedicated to other specialties.

Some final comments might deserve mention:
keep your equipment in a locked safe place, far
away from heat, sun, humid places, vapors, and
any liquid sources (do not place your camera next
to your freshly brewed coffee!); have them
insured against loss or damage; keep your camera
and lenses in the appropriate cases; clean the lens
only with recommended cloth; avoid uncon-
trolled multiple users; and keep your hands clean
or even wear gloves when grasping the camera,
as hospitals can become contaminated. This is
specially true nowadays, with COVID-19 pan-
demia. You need to protect yourself and your
equipment from getting contaminated. Desinfect
your camera/mobile only with recommended
products.

As you get more involved in photography
you will find the need to get a more formal
training. Take photography courses; do a lot of
nonmedical photography to familiarize your-
self with cameras and accessories; and get to
know your local camera vendor: they are usu-
ally highly knowledgeable in their field and
will help you solve most daily photographic
inconveniences. Finally, have your equipment
maintained and fixed only by authorized
professionals.

Conflict of Interest The authors of this chapter have no
conflict of interest with any of the abovementioned com-
panies. They have tried to cover a very large spectrum of
available equipment knowing that the offer is large and
probably excellent options have been left out. Some read-
ers might find that smaller and still high-quality brands
were not mentioned, and the authors apologize for this.
Some of our recommendations will be updated soon as the
market moves very fast. All suggestions are based on per-
sonal and market information of photographic cameras
and their use in medical photography.
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12.1 Introduction the growing worldwide Internet access makes the

Certain medical specialties are more likely to ben-
efit from clinical photography than others. The
visual aspects of many diseases and medical fields
such as dermatology, ophthalmology, and plastic
surgery lead to an increased use of photography in
medicine. Nowadays, nearly everybody uses
smartphones daily. A smartphone is a mobile
phone that has most functions of a computer and
offers the possibility to install different applica-
tions or “apps,” which are software programs
designed to suit a certain purpose of users. Also,
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smartphone and the option of photography much
easier to access to everyone, and more attractive
as a social tool to connect with other people, and
also to doctors through “clinical consults.”
Smartphones lead the connections to any trend-
ing social media, and this provides endless oppor-
tunities to present our best—often digitally
enhanced and contrived—self to the public.
Applications such as Snapchat and Instagram have
built-in filters and picture-editing features that
allow users to change their real “natural” pheno-
type before sharing self-images (“selfies”)
throughout social media. However, these photo-
editing applications significantly affect how peo-
ple see their self, to the point that the field of
cosmetic surgery has actually changed with
patients requesting plastic surgeons about surger-
ies to improve their appearance in selfies [1].
Several studies have examined the psychosocial
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impact of selfies. One study showed found that
teenaged girls who regularly posted selfies on
social media had higher body dissatisfaction and
significant overvaluation of body shape. Frequent
selfie viewing behavior was also correlated with
lower self-esteem and decreased life satisfaction,
which may lead to body dysmorphic disorder, a
psychiatric condition characterized by excessive
preoccupation with nonexistent or minimal defects
in one’s appearance [2]. These findings highlight
the adverse effects of pictures in social media on
self-esteem and emphasize the need to better

assess how social media and smartphone use influ-
ences attitudes toward cosmetic surgery [1].
Smartphones are evolving medicine. As a posi-
tive example, in dermatology, dermoscopic
images obtained with a magnifying lens
(Fig. 12.1) using smartphones in association with
built-in artificial intelligence will most likely
prove the most accessible method for future skin
lesion analysis, allowing the differentiation

between benign or malignant skin lesions even
from home [3-6]. Furthermore, in ophthalmol-

ogy,

smartphone-based retinal imaging has

4

Fig. 12.1 Clinical images of an area of hyperpigmenta-
tion on the leg (top left) and of an ulcer on the frontal area
(top right), both images taken with a Huawei 30 Pro

Smartphone. Dermoscopic image of a melanocitic nevus
(bottom left), taken with an iPhone 6S and a dermoscope
adaptador by DermLite (bottom right)
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emerged as one of the recent cost-effective ways
of screening for retinopathy in diabetic patients,
and also artificial intelligence-based grading algo-
rithm in combination with validated smartphone-
based imaging of the retina of diabetic patients
can be used to reliably and accurately screen
patients for sight-threatening diabetic retinopathy
who could then be referred to the retina specialist
for further evaluation and treatment [7—10]. These
technological advances will serve as enablers for
the medical community. Importantly, technology
is not considering a replacement for the medical
specialty but, rather, another tool to allow doctors
to best care for their patients.

In addition to the described above, the effec-
tiveness of smartphones applications to promote
a variety of health behaviors targeting exercise
performance, weight loss, diet, smoking cessa-
tion, alcohol consumption, and sun protection
has been examined in the published literature.
Skin cancer prevention is particularly amenable
to intervention from smartphone applications by
helping individuals monitor UV exposure and
provide tailored recommendations and reminders
for protecting their skin [11, 12].

This chapter gives an overview about advan-
tages and disadvantages of the use of smart-
phones in medical photography and provides
information about the current use in the clinical
setting and legal aspects of using smartphones in
medical photography.

12.2 Use on Daily Basis

Smartphone photography is used to seek advice
from other experts, to monitor patient’s progress
and store and document images for education or
research in a user-friendly and intuitive way.
Several studies show that smartphones (and other
handheld devices such as tablets) are good in
obtaining quality images and also for quick
reviewing and transferring quality images to oth-
ers worldwide [5]. Smartphone use for clinical
purposes is common among doctors, and consul-
tations take place on a regular basis. More than
50% of dermatologists who participated in a

questionnaire-based research responded that they
are sending and receiving images on their smart-
phone at least weekly (from colleagues or even
patients). It is also notable that young doctors,
including the new “technologic generations”
(millennials, shaped by a profound expansion of
information technology, enhanced social net-
working, and a connected global culture) [13],
tend to take more images with their phones than
senior doctors [14].

Smartphone photography can be used easily to
get second opinions from doctors in just few sec-
onds, no matter where they may be located. Online
web forums, and private groups using connection
apps (e.g., WhatsApp, Telegram), are available to
seek opinions and advices from international
experts through an open discussion (Fig. 12.2).

< 4

446 kB 10:29 AM

6 photos

Case 2

10:29 AM
I advice biopsy (.33 4
Wow(9)

10:38 AM

For diagnosys of pemfigoide ;.40 a1

Fig.12.2 Private medical WhatsApp group for diagnosis
in dermatology
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12.3 Advantages
and Disadvantages

12.3.1 Advantages of Smartphone
Use for Medical Photography

Smartphones not only enable capturing pictures
but also make transferring images possible in an
easy and quick way. Prior to smartphones, it was
necessary to take pictures with a camera and then
transfer pictures to a computer, usually com-
pressed to a ZIP file to be able to transfer per
email or using storage devices. It is therefore
considered a time-saving, user-friendly, intuitive,
and handy device with also excellent image reso-
lution, which could even transfer pictures quickly
to other storage devices.

Photography equipment is considered expen-
sive and usually needs a lot of space, as it is in
general heavy and unwieldy. With the use of a
smartphone, you can save space and money at the
same time.

Images quality of smartphones may have been
an issue years ago. Nowadays, modern smart-
phones enable the users to take high-resolution
images, and therefore, the quality is in general
good [15]. A variety of apps (most of them for
free) and accessories are in the market. It is pos-
sible to attach appliances (e.g., external macro
lenses) to the smartphone to take, for example,
dermatoscopic images in dermatology.

Smartphone software is considered user-
friendly for not only the younger generations. It is
designed to be functional without much back-
ground knowledge and is most of the time self-
explaining. There are many apps available which
make the use of smartphones in medical photog-
raphy even more attractive, such as CliniPix (stor-
ing and organizing clinical photographs), PicSafe
Medi (secure sharing of medical photographs
among doctors), and Magnifier app (makes mag-
nifying of images possible easily) [3].
Additionally, there is an increasing interest in the
development of automated analysis software
using computer machine learning/artificial intel-
ligence/deep neuronal learning for analysis of
medical images in patients specially with diabetic
retinopathy and pigmented lesions of the skin.

Smartphones can be protected by a password
(even with fingerprint recognition); cameras usu-
ally have not such as protection systems.
However, further encryption systems for clinical
images are needed to avoid data violation.

12.3.2 Disadvantages
and Limitations
of Smartphone Use
for Medical Photography

Standardization is a must for the adequate use of
medical images, especially for patient’s follow-
up and for research purposes. Sometimes, the
lack of consistent light (smartphone flash, room
light), patient position, or the lack of an appropri-
ate and consistent background may limit, for
example, an accurate evaluation or grading of a
medical condition. A professional camera has
better and more specific appliances to get con-
stant image features and the reproducibility of
the images [16].

In view of smartphone’s camera implements,
there are more limitations compared with a pro-
fessional camera. For example, the zoom func-
tion of smartphone’s camera often produces a
blurred picture. Digital zoom (smartphone cam-
era’s zoom) is a method of decreasing the appar-
ent angle of view of an image, which is
accomplished by cropping the image, with the
same aspect ratio as the original, and usually also
interpolating the result back up to the original
pixel dimensions. It is accomplished electroni-
cally, with no adjustment of the camera’s optics,
and no optical resolution is gained in the process.
When comparing the image quality achieved by
digital vs optical zoom, there is a significant dif-
ference between both zooms. Additionally, the
high resolution of a smartphone camera in terms
of megapixels does not equate to that of a profes-
sional camera with the same megapixel range.
This is because of the smaller sensor size of the
smartphone camera [17]. However, usually zoom
is not strictly required for an appropriate evalua-
tion; external lenses are available to obtain mag-
nified images with excellent resolution. Images
taken by the patient with the front camera (on
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selfie mode) tend to be more distorted and of
lower quality (the frontal lens is usually of lees
quality than the rear lens). Image distortion is
another issue especially when the image is taken
in selfie mode. The closer you are to the face, the
more distorted it will be because of the perspec-
tive effect. This is called barrel distortion. Most
smartphones have a single focal length that gives
wide-angle vision: they were originally meant for
landscape photography. Face distortion caused
by an optical procedure is called anamorphosis.

Macro mode is not a standard feature in all the
smartphone cameras, which is a limitation when
taking close-up images with no lens attached.
Even in smartphone cameras having a dedicated
macro mode, the quality does not match up to
that of the macro mode of professional cameras
[17]. There are many legal aspects of using a
smartphone for taking images of patients with
only verbal consent, and using apps to send
images to doctors or receive photographs from
patients. The increasing use of smartphone medi-
cal photography has raised many concerns
regarding ethical and legal limitations. To address
these issues, various medical bodies, governing
councils, and consensus groups have issued gen-
eral guidelines for standardization of patients’
information and consent forms [10]. However,
clinical photography in general and, specifically,
using smartphones for clinical purposes have
gained acceptance among patients [10], where a
shared decision-making for image acquisition
could also be implemented with an expected opti-
mal patient satisfaction. Additionally, in a previ-
ous study of patients’ satisfaction with
smartphones for medical photography, most
patients (74%) preferred a doctor to be the person
photographing them, instead of medical photog-
rapher or nurses [10].

Data sent over the Internet is often not trans-
mitted over a secured network. Because of the
easy way to send images which are taken with a
smartphone, this often may lead to unprofes-
sional use of patient data.

In melanoma care and diagnosis using
images through smartphone apps, there is a
great potential cost-benefit to the consumer if
melanoma apps aid in early detection and treat-

ment. However, there does not yet exist a
proven correlation between the cost of apps and
outcomes. Particularly in healthcare systems
where care is expensive or difficult to access
due to distance or waiting lists, there is a risk
that after paying for and receiving reassuring
advices from an app, a patient may neglect to
seek appropriate medical care [18].

Although the artificial intelligence algorithm
could replicate manual grading or diagnosis by
medical specialists using images analysis, it
would not be able to overcome physical limita-
tions, such as the inability to acquire photographs
with smartphones in some patients due to, for
example, poor light, or in ophthalmology, mydri-
asis, or poor image quality due to media opacities
like cataracts [8, 19, 20].

12.4 Tips and Rules

There are a few tips and rules for using a smart-
phone in medical photography:

— Get the written consent of the patient to both
take the images and store them; also follow
the law of patient safety and local data
protection.

— The background should be neutral and of one
color; this should be informed to patients and
colleagues for appropriate imaging.

— The lightning and position of the patient are
very important, as those are the key factors to
get a realistic picture.

— Patients’ smartphones could be used for fol-
low-up and biopsy site selection; as the patient
stores the images on their own smartphone,
there is no breach of data protection, and
patients seem to prefer this method as opposed
to giving others permission to store their sen-
sitive information [4]. However, this may lead
to loose images and to difficulties for long-
term follow-up.

— Apps such as CliniPix, AppWorx, and PicSafe
Medi are very useful for storing and organiz-
ing clinical photographs. It is primarily
intended for physicians who need to keep
track of diseases (such as in dermatology).
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However, it might be useful to anyone wanting
to securely store photographs in smartphones
and keep them organized for clinical use.

— Image color filters might be helpful to better
understand or visualize diseases.

— For portrait photography, keeping farther
away from the subject will reduce distortion.
High-end smartphones are including an algo-
rithm that is capable of correcting the distor-
tion present in  smartphone  portrait
photography. In addition, some have already
incorporated optical zooming.

12.5 Legal Aspects

The use of clinical photographs, taken with
mobile devices, is changing healthcare for the
better, but these images require special storage
and consent. Capturing and transferring images
by a smartphone using certain apps raise legal
issues. The use and transfer of images require the
informed consent of patients. Consent can be
given implicit or explicit. It may be given in a
written form or just verbally. For the purpose of
education, research, and social media publication
(especially common in aesthetics and plastic sur-
gery), written consent is required. Furthermore,
data protection must be ensured. This includes
secure systems for data storage as well as a secure
apps or system to transfer images [21].

Keeping a smartphone only for medical use
left in the office has several advantages:

* The patient perceives the equipment as part of
the medical instruments. This will reduce the
discomfort of seeing his images taken by the
physician’s personal phone.

* Photographs can be taken and downloaded
later. You will not be taking the patient’s image
with you outside the hospital premises.

* You will still have the possibility, previous
acceptance from the patient, to share these
images with the medical record, a colleague
for second opinion, or eventually for academic
purposes.

e You will have the advantage of taking images
inside the hospital using a small pocket size
equipment.

For direct to consumer (DtoC) teleconsulta-
tions, where the images are sent directly by the
patient, it would be advisable that these apps
include in their presentation a short and friendly
tutorial on how to take good medical images.

12.6 Conclusion

Smartphones should be used in medical photogra-
phy as a tool in therapy and diagnosis due to their
high practicability and efficiency. However, nega-
tive experiences with the smartphone use of pic-
tures and “filters” in social media are described,
such as higher body dissatisfaction and significant
overvaluation of body shape, resulting in psycho-
logical distress and changing in medical aesthetics
and plastic surgery lineages. Smartphone photog-
raphy quality is evolving positively in a fast man-
ner, allowing taking better images and prompt
remote diagnosis. However, there is a need to
make sure that there is always a secure app or sys-
tem, which protects the privacy of the images both
while storing and during transfer. Also, documen-
tation of the informed consent of patients is neces-
sary in terms of liability. Due to the potential risks
of liability and privacy issues, further education
and common policies are required.
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13.1 Introduction photo studio. Once the initial investment is done,

Most physicians will take pictures of their
patients by themselves. Most of these pictures
will not be good; others can be very appropriate
for the use they were meant for. Setting a photo-
graphic studio is a way of giving medical photog-
raphy the importance it deserves. The studio is
more than just a room: it is a concept. It is the
physical space where a non-invasive imaging
technique will take place. There is no better way
to standardize your pre- and post-cosmetic proce-
dure photography than to invest in a medical
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getting photographs done in a standardized man-
ner will be much simpler.

13.2 Why Do We Need
a Photographic Studio?

Creating a photo studio is not a trivial task and
requires an investment. For best results, a room
should be dedicated to studio photography, and a
medical photographer should be engaged for
installation and training to ensure photographs
are suitable for use in a medical practice engaged
in medical photography. For the purpose of this
chapter, most considerations will deal with der-
matology, plastic surgeons, and orthopedic prac-
tices that deal with pictures of the skin lesions,
whole face, total body, and extremities.

In general, a good piece of advice is to keep
use of the studio simple. The more complex the
solution, the more frequent the problems.
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A photographic  studio has  several

advantages:

* Reduces time required to take a photograph in
the correct conditions.

[t gives more privacy to your patient when tak-
ing the picture.

e Contributes in professionalizing your medical
image (brand).

e A formalized photographic act reassures your
patient.

Disadvantages can be:

e It requires an investment.
e It works ideally with a medical photographer
or trained personnel.

Each studio will need to be designed accord-
ing to the needs of the user. Plastic surgeon’s
requirements will probably be different from a
department of dermatology’s or a hair
specialist’s.

Ultimately, you want to create a room that is
comfortable for patients and easy for staff to use
and produces excellent, consistent results. Let’s
discuss how to make this happen.

13.3 Standardizing Photographs

When one speaks about a correct medical photo-
graph, the first word that comes into mind is stan-
dardization. This means that by following certain
rules, all our images will have quality and will be
comparable over time.

Setting up a photographic studio requires taking
into considerations aspects that regard the patient,
the room, the equipment, and the photographer.

13.3.1 Patient Considerations

As mentioned in other parts of this book, the first
requirement before photographing a patient is to
have her/his consent. An informed consent form
needs to be explained as well as the extent of use
of the pictures (medical record, sharing with col-

leagues/teleconsultation, publication, publicity
for the clinic).

As this chapter deals with the studio, make
sure you have a space/area/table/chair where sit-
ting and discussing these aspects is possible and
where the patient will be able to comfortably read
and sign the consent.

Once accepted, the person in charge to take
the picture (medical photographer, nurse, techni-
cian, and physician) needs to explain what is
expected from him/her.

Discussing the photo session with the patient is
often overlooked. Telling the patient what to expect
and what you will need them to do is important in
enlisting their aid. Explaining to a patient that you
want them to move in fine increments is extremely
helpful when you are fine-tuning their poses.
Advise a patient not to move after you have taken
their photo until you check and approve the photo.
This way if you need to take the same photo again
or need to refine the pose further, the patient is still
in the same position.

Patient’s privacy is of extreme importance.
Respect for intimacy is crucial. The room needs to
be in a comfortable temperature for your patents,
especially during winter time. They need a seat in
the waiting room or area where they have to wait to
be photographed, a proper place for their belong-
ings, and some hooks to hang clothing from. Help
to older people or a handicap is essential. If room
size permits, a draped changing area is nice to pro-
vide for patients. This would need to be behind
your studio flashes so as not to block any light. For
body photography invest in disposable undergar-
ments. This makes for more consistent and profes-
sional pre- and post-procedure photographs than
photographing patients in their underwear. In addi-
tion, modesty garments will make patients feel
more comfortable by avoiding unnecessary expo-
sure and photographs of sensible areas.

Hair ties, hair pins, and hairbands in black and
shades of brown should be available for restrain-
ing hair. Jewelry should be removed and allowed
to be placed in a safe place. Make up has to come
out for face photography. Keep disposable fabric
soft makeup remover tissues at hand.

Positioning aids are helpful in your quest to
standardize studio photos. They help get your
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patient close to the position they need to be in for
photos, but the photographer will often have to
fine tune the patient’s pose.

A backless stool for the patient to site on dur-
ing facial photos should be kept in your photo
studio. Acquire a small stage (24 x 24 x 10) on
which the patient can stand so your photographer
may not have to angle the camera downward for
capturing photos of the lower legs.

For frontal views, the patient can simply look
into the lens. Other views can be placing the
patient on a positioning mat marked for foot place-
ment and for frontal, oblique, and lateral poses that
can expedite and help standardize patient poses.
For oblique and lateral images, providing stickers
on the wall for the patient to turn toward and look
at will help keep them in place after the photo has
been taken and before you turn them to the next
pose. Another option is an octagonal piece with
the numbers indicating the position. By having
this piece of solid material, it will stay more firmly
in place, and it will be more resistant; in addition,
patients will place their feet tight to the piece fur-
ther helping them maintain a fixed distance.

The manner in which you ask your patient to
pose for the photos and how you ultimately
compose your photos for specific anatomy and
procedures can benefit from standardization.
The author (TB) has collaborated with the
American Society of Plastic Surgeons (ASPS),
the American Society of Dermatologic Surgery
(ASDS), and the American Academy of Facial
Plastic and Reconstructive Surgery (AAFPRS)
in photographic standard posters. These posters
are sold by the respective societies though in
some cases to members only. Frame and display
the appropriate poster in your photo studio as a
ready visual reference for your staff. Review
photos with your staff periodically to ensure
they are adhering to the standard you have cho-
sen. These photos will also help patients under-
stand the required position they need to take.

13.3.2 Room Considerations

It is ideal to have a special room for medical
photography.

Windowless rooms are preferred but windows
can easily be covered with blinds or curtains to
keep the lighting environment consistent and to
ensure patient privacy.

Rooms should be rectangular at least 6" by 10”.
Pick a room where temperature is comfortable
and stable. Remember, your patients will some-
times be wearing only a disposable modesty gar-
ment. Door should be mounted to swing into the
room so that upon first opening the door the
patient is hidden. This way if staff mistakenly
opens the door during a photo session the patient
is not immediately seen, and the photographer
can stop staff from opening the door further.
Having a flag outside the room indicating a photo
session is in progress is advisable. Mounting a
sliding curtain at the door lintel is another possi-
ble solution.

One of the narrower walls will become the
patient backdrop. That wall should have no
electrical or data outlets and should be painted
a flat light blue. Some may opt to paint the wall
black to make patient shadows cast on the back-
drop less conspicuous. TB prefers blue as it is
more aesthetically appealing and there is good
contrast between light blue and dark skin and
hair. Some prefer a neutral color wall, remem-
bering that shadows will be more evident
against light colors. Side walls should be
painted a flat light gray, white, or neutral color
so as not to impact the color of the photos.
Some hospitals or clinics that have no such
physical space available can set one wall for
photography (Fig. 13.1).

Besides preparing a wall, other options for
backdrop are fixed or mobile stands (commer-
cially available). PP uses for portrait photogra-
phy of wheel-chaired patients a wheeled stand
with a hanged black velvet to position behind
after placing a bib.

If you plan on using a mobile stand, the floor
should not be carpeted as this can make moving
and adjusting the mobile stand difficult. Ceiling
should be white acoustic tiling or painted flat
white. Non carpet flooring will facilitate cleaning
from one patient session to another, a require-
ment that has become even more relevant during
the coronavirus COVID-19 pandemic.
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Fig. 13.1 Palette of suggested colors to paint a wall and use it as backdrop

Compared to studio flashes, room lighting is
quite dim and typically does not interfere with
studio photographs. Your camera will need a
bright room to accurately focus. That being said
choose ~5000 K LED banks under large diffusers
positioned down the midline of a room.

Potent flash light and a patient located away
from the wall in a dim light room obviate the
need for a backdrop as the flash will illuminate
the subject, leaving the back black.

If you will have a computer in your photo stu-
dio, add a quad electrical outlet and data drop on
the right or left 5 ft from the patient backdrop wall.
If you will be using this PC to import and manage
your photos, a data drop is essential as Wi-Fi can
be slow when handling high-quality, high-resolu-
tion digital photos. Remember to turn off the mon-
itor at the end of the photo session so that the
patient’s images are not visible to anyone.

13.3.3 Equipment Considerations

Maintaining the equipment in the photographic
room has many advantages:

*  You will always know where the camera is to
be found.

* By placing them in the appropriate shelves,
they will have less chance for accidental falls
caused by mobilizing them.

e Equipment will be adjusted to standardized
light and distance.

It is important to guarantee that the room dedi-
cated to photography has safety conditions
(safety windows, keys available only to certain
personnel). Equipment is expensive and safety is
an important issue.

Equipment should include:

e Lighting

e Cameras

e Lenses

e Tripod (tripod, monopod, or mobile camera
stand — the capture plane can be kept parallel
to the anatomy being captured and distance to
the patient can be better managed)

e Positioning mats or numbered octagons

e Hair pins, diadems, make up removal

e Chairs to sit patients
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e Backdrops (different colors)

e Stands for backdrops

e Different accessories for cameras: batteries,
memory cards, chargers

e Specially designed
photography

stands for  hair

Most of this has been covered in the chapter
on Equipment. We will focus mostly on artificial
lighting.

In a photo studio, exposure times are short, which
helps minimize patient and operator motion in pho-
tos. Standardization covers aspects that relate to:

* Light intensity

¢ Colors (white balance)
* Distances

* Angle of incident light
e Camera parameters

e Focal length

13.3.3.1 Lighting
Outside of choosing the right room, lighting
selection might be the most important component
in your photo studio. Monolights are the best
choice for lighting in a medical photo studio.
Monolights are studio flashes with their own
built-in power supply. In short, they plug directly
into an electrical outlet; this provides much

Fig. 13.2 Examples of
studio monolight
without a diffused (left);
with a diffuser (right)

greater flexibility than other types of studio
flashes. Monolights are the best solution for a
medical photo studio. They can be used with or
without softbox (Fig. 13.2).

Here are suggested
monolights:

requirements  for

e 400 W/S (or greater) power

e Recycling time <2 s at full power

* 5 stops (or greater) power control

* Digital power display

e Audio and visual flash ready indicator

» User replaceable flash tube

* Possesses a sync port

» Cable, optical, and radio sync capability

¢ Built-in receiver for manufacturer radio sync

Medical photography is a mission-critical
application. Entry-level hobbyist monolights are
not robust and dependable enough and will likely
not meet the requirements above. You will need
to invest in professional monolights. Expect to
pay USD 600 per monolight at a minimum. It is
advisable to purchase a back-up monolight. If
one of your main lights stops working, sending it
to the manufacturer for repair means being with-
out one of your lights for at least a week. That
means no studio photography during that time.
Invest too in a spare back-up flashtube.
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Along with your monolights, you will need to
purchase light modifiers. Softboxes present a nar-
rower profile and better control the spread of
light than umbrellas. Softboxes come in many
sizes and shapes. Narrow strip boxes are a good
choice in a medical photo studio as their narrow
profile allows for smaller rooms to be used for
photo studios. Choose a strip box 9”"-14" wide
and 24”40 long.

To attach your softbox to a monolight, you
will need an adapter called a speedring (Fig. 13.3).
Different brands of softboxes can be mated to dif-
ferent brands of monolights with the right speed-
ring. The speedring will allow you to rotate your
softboxes 10-15° with some brands, 360 with
others. Generally softboxes are mounted on the
light parallel to the walls on which they are
affixed so the ability to rotate a great deal is gen-
erally not important. The adjacent wall would
preclude much rotation anyway.

Lastly, it is best to choose a set of monolights
from a manufacturer that has their own radio trig-
ger. An integrated receiver is a simpler solution for
triggering your lights than using third-party radio
transceivers like PocketWizards. With
PocketWizards you would need one mounted on
your camera’s hot shoe and one connected to the

W
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Fig. 13.3 Speedring adapter for monolight

sync port of one of your monolights. Each
PocketWizard needs either batteries or an AC
adapter. With an integrated solution, the receiver is
built into each light so only the manufacturer’s
transmitter is required. A built-in receiver is better
too because the monolight will not fire unless it is
fully charged.

Installing Your Monolights
Monolights can be placed on light stands, but a
more professional and seamless solution is to
affix the lights to the side walls. This will create
far less clutter and be more aesthetically pleas-
ing. This will create a more consistent lighting
environment as light stands are more easily jos-
tled and moved.

To install your lights, you will need the
following:

e Two baby plates with a 90° pin

* Eight metal drywall anchors

* Eight finishing washers

e Screw driver or power drill/driver
e Level

e Pencil

* Measuring tape

e Step ladder

Lights need to be equidistant to and aimed at
the same angle toward the patient. A 45° angle, if
achievable, is ideal. Less than 45° and the lights
become too lateral to the patient which can begin
to create dense shadows between breasts, between
legs, and on either side of the nose. More than
45° is fine but do not exceed 60°.

The following scenario describes installing
your lights in a dry-walled environment.
Installation of lighting in a poured plaster or
stone environment is beyond the scope of this
discussion.

First ensure you do not install your light where
a door will open against it. If you have no choice,
place a door stop in the floor to prevent the door
from swinging into your light. Know your local
ordinances, it could be that a door not opening all
the way can be a code violation.

Next, you will need to examine your wall for
metal studs with a stud finder. Locate studs in
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both walls before installing either light. Always
identify where both lights will be affixed to each
wall before beginning installation. You could
install one light and then find there is a metal stud
in the same place on the opposite wall precluding
symmetric installation of both monolights.

Mark 68” (172 cm) lightly on the wall with
your pencil—this will be where the bottom of
your baby plate will be. Measure the distance
from the back wall to where the back edge of the
baby plate will be. Ensure the distance from the
back wall is the same for both baby plates. Hold
the baby plate against the wall, with a level across
the top to ensure the top edge of the plate is paral-
lel to the floor. With a pencil lightly mark the four
outer holes on the wall.

Before driving your drywall anchors into the
wall, use your Phillips head driver to make a
small hole where you marked each of the four
holes on the wall. Drive the anchors into the wall
until it is flush with the surface of the wall. If you
measured poorly and find you are hitting a metal
stud, sometimes you can use other holes on the
baby plate as they will afford additional clear-
ance from the stud. Put a finishing washer around
the eight screws that were included with the dry
wall anchors. The screw head will recess into the
finishing washer to provide a cleaner, more fin-
ished appearance than a bare screw head alone.
Align a baby plate with the post pointing up with
one set of anchors and drive the four screws
(wearing their finishing washer) into the wall
almost all the way. Place your level across the top
of the baby plate and adjust the plate into parallel.
Hold the plate in that position as you drive the
screws the rest of the way into the wall. Repeat
these steps with the other wall.

You can now place your monolights atop the
posts and angle both lights into the midline and
down about 10°. Bundle any excess power
cable—or purchase cables of a shorter length to
eliminate excess cable.

If you are designing a room to be used as a
medical photo studio with an architect, have your
power outlets installed the proximate to where
the light will be. This will look more refined than
having a long power cable running to an outlet
close to the floor. Besides, it reduces risk of acci-

dental tipping over. Have both of these outlets on
a switch so staff can easily turn the lights on and
off at the beginning and end of the day. The lights
will be rather high and the monolight power
switch may not be very visible. Having the lights
on a switch will keep someone from fumbling
around the back of the light and changing settings
as they attempt to switch the light off. Some
examples of possible settings are shown in
Fig. 13.4.

13.3.3.2 Cameraand Lens

Any interchangeable-lens camera, mirrorless, or
SLR is a good solution in a photo studio. Choose
a camera with a viewfinder whether optical or
electronic. Do not shoot by looking at an LCD
screen on the back of the camera; look through
the viewfinder. When shooting in live view with
an SLR, there is significantly more lag after
depressing the shutter button and some cameras
will provide a preview that is too dark to be use-
ful when shooting in Manual exposure mode.
Resolution of 16MP or better is recommended.
Both full-frame and APS-C cameras will provide
excellent image quality in a photo studio as there
is an abundance of light.

It is recommended to have a back-up battery
for your camera and more than one memory card.
Ensure date and time are correct as this informa-
tion is embedded in the photo’s EXIF data and
will be displayed in image management
applications.

Choose a lens with a fast large aperture of
/4.0 or better. Large aperture lenses are typically
better optically and will allow for a brighter
image when looking through the viewfinder. The
“kit” lenses often included in cameras are rarely
the best option for medical photography. Do not
use a zoom with a big range. Usually a 3—4x is
plenty for clinical photos. 24-70, 28-75 or
24—-105 mm zooms will all work well in a photo
studio. If you are only taking photos of faces opt
for a non-zoom lens, a “prime” lens, this removes
focal length as a variable. On an APS-C camera,
60 mm is a good focal length, 105 mm for a full-
frame camera.

In a monolight-equipped photo studio, you
will have an enormous amount of light for your
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Fig. 13.4 Examples of studio setting placing monolights
on lateral walls. On the left, the suggested distance from
photographer to patient is 3 ft (approx. 1 m) for facial and
small field photography; 6 ft (approx. 1.8 m) for half body

clinical photos. This will allow for you to use
camera settings to minimize motion blur, keep
image noise levels low, keep the depth of focus
broad, and maintain consistent color fidelity. In a
medical photo studio, it is recommended to use
the following parameters and adjust monolight
power rather than camera settings to ensure
proper exposure:

¢ Mode: Manual (most common mistake in a
photo studio is to use a mode other than M)

* Exposure time: 1/125 S (shorter exposures can
preclude proper sync with the shutter)

e ISO: 200 (noise is very low at ISO 200; allows
for use of lower monolight power)

e Aperture: f/16 (ensured broader plane of
focus)

e White balance: Daylight (studio lights pro-
duce light of a daylight color temperature)

e Quality: fine JPG (RAW files optional for
those who know how to manage them)

and total body photography, using a 60 mm lens. It is
helpful to mark these distances on the floor for fast refer-
ence. On the right, the monitor is placed on the back cor-
ner to shorten the distance to consult

¢ Size: L (set to the camera’s full resolution)
¢ Focus mode: AF, Single, all focus points on

Cameras will also have Picture Style, Control,
or other modes that dictate how the camera will
process the capture to JPG. Set that to Neutral.

A wheeled camera stand, tripod, or monopod
can be useful accessories. Marking a spot or line
on the floor where your stand will be located
helps standardize camera to patient distance (use
the zoom to frame anatomy appropriately). Pick a
camera platform that allows you to mount a cam-
erainlandscape and portrait. Adding an L-Bracket
or lens-mount ring to your camera will expedite
switching between orientations.

If you choose a tripod, pick a sturdy model
with ball-head or pistol grip ball head which
allows for quick, intuitive adjustments. Some
rolling stands will include LEDs to standardize
camera to subject distance without the need to
mark your floor.
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13.3.4 Considerations
on the Photographer

Setting a room with the ideal conditions and pur-
chasing the proper equipment will be meaning-
less if we do not count the person with the
expertise. The ideal situation is to have a profes-
sional photographer; however, this is not always
possible, mostly for economical or availability
reasons. What is possible, however, is to try to
have always the same person in charge of photo-
graphing. The advantages are that this person will
gain expertise over time and know what type of
images you need; a second and important benefit
will be that patients will feel comfortable if they
are photographed by the same individual and
understand what is expected from them. A pro-
fessional relation gets established between the
patient and the photographer which facilitates the
work of the latter while leaving a sense of ease on
the photographed subject.

The photographer needs to know why that pic-
ture needs to be taken, what is it that wants to be
documented. Since she/he will relate to patients
who will sometimes need to undress or show sen-
sitive body areas, proper codes of conduct and
dressing are required.

13.4 Image Management

Applications

Since you are taking high-quality photos, hav-
ing an application to manage your photos is a
logical final destination for your images. If you
have an EMR that could be the final repository
for your patient photos, they will treat photos
like any other file you might want in the patient
record (metadata will be included, DICOM
standards).

There needs to be a physical place for storing
and post-processing these images. As it is a work
that takes time and requires privacy, the same

photographic studio could be the place. Pictures
can be taken, uploaded, and post-processed all in
the same physical area. Proper settings will be
required (table, chair, computers, hard disks,
software).

There are certain features to look for in an
image management application:

e Tethered capture—capture over USB directly
into the patient album.

e Ability to add keywords to images—searching
by diagnosis, procedure, and/or other criteria
makes your photos a much more accessible
and powerful resource.

* Show images side by side—essential for pre-/
post-procedure review.

* Exportimages at lower resolution for web use.

e Networkable—if you will want to view your
photos in another room other than your photo
room.

e Secure—only credentialed users will have
rights to data. Data should be sent only through
secured systems.

High-resolution, high image quality photos
are big files. Calculate 7 MB and greater per
photo and you will be taking five or more photos
for many of your patients. Wi-Fi is slow for this
work. You will want a IGB cabled Ethernet con-
nection to upload and download images to your
server in a networked workflow.

13.5 Conclusion

An ideal medical photograph is the one taken by
a person with experience in medical photography
who has the proper equipment in a proper physi-
cal place. Setting up a studio requires an initial
investment that will result in an improvement in
the quality of photographic images as well as in
the personal (brand) image of the medical
center.
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14.1 Introduction There are technical requirements for the

High-quality images are essential for diagnosing,
monitoring, consultation, education, surgical plan-
ning, medicolegal documentation, and forensic
evidence [1]. Comparable images are the funda-
mental requirement of any clinical documentation,
especially in pre and postsurgical follow-up or
monitoring. Images will be comparable as long as
a standardized protocol of documentation is fol-
lowed every time which include aspects related to
equipment, settings, angles, distance, backdrops,
and editing [2]. This concept is particularly impor-
tant when generating high-quality images that
need to be used for algorithm analysis. Although
we should ideally be sharing standards among spe-
cialties like plastic surgery, orthopedics, dermatol-
ogy, and wound care, the reality is that these are
still in its infancy [1].

Furthermore, when one has a look at photo-
graphs in medical books and papers, where the
best is being shown, one can see that little atten-
tion tends to be given to this important subject.

For surgical patients, a basic requirement of
documentation is (a) taking a photograph before
biopsy/presurgery; (b) one right before surgery if
marked margins want to be registered; and (c)
one after surgery. Preoperative, operative, and
postoperative images should be technically com-
parable with respect to attributes like image
exposure, light, composition, and posing. This
lack of consistency has been reported in different
works like Uzun M [3], Wu T [4], and Wyatt KD
[5] where color, white balance, position, sharp-
ness, lack of proper background, and depth of
field are the commonest flaws. A correct presur-
gical photograph is a requirement when the sur-
gery or biopsy is going to be performed by
another surgeon as it helps locate the lesion that
was selected to be removed [6, 7].

patients, for the camera, and for the space where
the photographs will be taken.

14.2 Technical Requirements

Standardizing requires following a list of direc-
tions—a checklist—which includes aspects that
relate to the patient, to the equipment, and to the
setting.

14.2.1 The Patient
A proper preparation of the patient will save time
and spare some common errors.

Keep a checklist at hand and make sure all
these points have been considered:

* Remove makeup and sun protecting creams
(Fig. 14.1).

* Remove soiled bandages.

e Clean the skin if needed.

¢ Remove jewelry and glasses.

e Keep hair in place using diadems if necessary
or tying the hair back (ponytails).

e Remove clothing. Avoid photographing
patient’s clothes (partial or total). Use mod-
esty garments whenever necessary. These can
be bought in specialized stores. The patient
should not feel uncomfortable.

e In nail photography: remove nail polish.

e Avoid when possible photographing areas

with  tattoos, scars, or  birthmarks.
De-identification should be pursued whenever
possible.

e Posing: give clear instructions in regard to pos-
ing. Help yourself with posing charts. Explain
what is expected in regard to position.
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Fig. 14.1 Portrait with (left) and without (right) makeup

* Before a photographic session, let the patient
rest in a fresh room at a comfortable tempera-
ture. Let the skin acquire the normal tone and
temperature (redness from excess heat outside
or extreme cold, sweat, etc.).

e In patients with reduced mobility, help them
with posing.

14.2.2 The Equipment

The selection on the type of camera has been cov-
ered in the chapter on Equipment. Once you
decide which camera to use, it is recommended
that you do not change the equipment during the
entire operative procedure (pre-, postop, and
future follow-up; during monitoring of a skin con-
dition). The same will hold true for the lens on the
camera and the light source. Different cameras
have different optical systems, sensors, proces-
sors and even different mechanisms of capturing
an image. This directly affects their color repro-
duction capacity, their dynamic range and even
their sensitivity to light. Thus changing cameras

will not give comparable images. Different cam-

eras and different techniques can create images

that falsely create changes in appearance [1, 8].
The basic equipment is:

e Camera
— Color Calibration: picture style or picture
control also controls image colors to a great
extent and must be set to neutral.
— Lighting: natural light, flash,
monolights.
— Exposure Triangle: lens type, magnifica-
tion ratio, shutter speed, ISO.
— Focus: manual, semiautomatic, automatic.
— Resolution: RAW, JPEG.
e Lens flashlights: built-in, ring flash, external.
e Tripod
e Accessories: dermoscopes, cheek retractors, and
contrastors (black metallic instruments that
block unwanted details during intraoral photog-
raphy) [9] as well as designed intraoral mirrors
e Scale to include in the photograph

lateral

The photographer needs to know:
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14.2.3 Image Composition

* Image Orientation: landscape (horizontal) vs
vertical

e Field of View: close-up (just the lesion);
medium view (area where the lesion is located);
large or full view (entire body)

14.3 The Settings

For the physical area or photography room (see
Chap. 10):

* Backgrounds: remove or hide distractions
(bed sheets, doorways, medical instruments).

e Backdrops: cotton backdrops are great if you
need to move from one area to another for
photographing (velour is great, muslin is
another option). Place it flat, with no creases.
Paper needs to be seamless.

e Backdrop support.

e Marks on the floor indicate the constant dis-
tance to the patient; marks on the walls to indi-
cate where the patient should look.

e Chairs/stool.

*  Monitors.

e Placing mat: for patient positioning.

Let us elaborate on some of these topics.

14.3.1 Equipment

It is recommended to use your interchangable
lens camera on manual mode because you can
make settings according to your requirement and
keep them consistent throughout our documenta-
tion protocol by keeping note of it. This is not
possible in automatic or semiautomatic modes
because the camera decides the settings for a
particular image. Hence if the ambient lighting
condition or the relative position of the patient
and the operator (photographer) changes, the
settings will change automatically, and the
images might be inconsistent. Setting the camera
on manual mode and maintaining constant set-
tings is hence the ideal technique for any form of
documentation.

Keeping the camera on the manual mode gives
control of settings in accordance to your subjec-
tive requirement such as:

(a) Exploiting the depth of field to the
maximum

(b) Not being affected by the ambient light
source

Any camera on automatic mode or semiauto-
matic mode fails frequently to do this because it
does not understand our subjective requirement
as most cameras are made for the general popula-
tion and not specifically for a clinician. This is
why it is important to understand the difference
between good exposure and correct exposure.
Any image can be made in many exposures; what
looks perfect is a very subjective decision, and
we cannot rely on the camera to make the
expected adjustments.

For example, if you take a close-up image of
the teeth and gingiva, the camera will give a par-
ticular exposure. A camera on automatic or semi-
automatic mode does not however understand
whether the exposure was for the teeth or for the
gingiva, and it might give us an exposure in
between also called average exposure. (One
could control the amount of area the camera
meters to give an exposure, but what the camera
delivers might not be according to your
expectations).

If the camera is kept on manual mode we have
to make adjustments to its settings in order to get
a good exposure. The three most important set-
tings that control image exposure are shutter
speed, ISO and aperture (f-number). Together
they form the components of the ever important
exposure triangle.

As a clinician one would want:

* A deep depth of field for sharper images. A
high f-number (aperture) will give a deep DoF;
by using a fast shutter speed, motion blur will
be prevented, and by keeping the lowest ISO,
image noise is restricted to minimum.

¢ The lowest ISO, is 100 in most cameras.

e The fastest shutter speed when flash is used,
could be around 1/100 to 1/250 depending
upon the camera model.
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If you are covering a small area and flash is
used (close-up macro photography), go as high
as f/32 or more. For larger areas (field of view),
move away from the subject which calls for a
reduction or compensation of the f-number by
going down to f/18 or less. It is however recom-
mended not to choose very low f-values (below
f/8) because the depth of field becomes
shallow.

It is of significance to note that in general one
cannot change the f-number on most smartphone
cameras or even if they can, there is no provision
to use f numbers as high as f 25-f 32.

14.4 Color Calibration and Lighting

Unless you want to adjust the settings of your
camera for each ambient light change, use flash
or external lights to take photographs with repro-
ducible conditions.

Natural light can have advantages. It main-
tains shadows and the sense of tridimensionality.
It is ideal for acne scars or wrinkles. Flashlight
tends to “flatten” the image; there is a loss of
shadows and skin tone whitening in addition to
reflection. Using natural light has the disadvan-
tage that light temperature changes continuously
and it is very difficult to take comparable images.
Also since the ambient light is not as powerful,
one is compromised to keep the f-number low, so
the depth of field is less or ISO has to be increased
which causes image noise.

A flashlight emits light at a constant tempera-
ture at around 5000 K. The ideal lighting is broad-
spectrum lighting although it is not easily available.
If studio floodlights are used (diffused by umbrel-
las or soft boxes), they should be positioned at 45°
to each other on each side of the camera and
slightly above the area to be photographed,
1-1.5 m in front of the patient. Back lighting may
be used to eliminate shadows [10, 11].

14.4.1 Why Use a Flash

for Documentation?

Using a good flash for clinical documentation is
important because:

1. High f-number can be set on the camera.
Higher “f” means less light enters the cam-
era through a smaller aperture size inside the
lens but deeper DoF is possible. Flash com-
pensates for the reduction of incoming light.

2. It allows working with low ISO values which
results in clear noise-free images.

3. It reduces or negates the effect of ambient
light on your documentation, thereby giving
better consistency in color reproduction.
Ambient light changes continuously in tem-
perature, and photos taken with daylight or
under different sources of artificial light
need to be adjusted for color (white
balance).

4. It leaves your settings to remain more or less
standard with very little changes required.

5. It simplifies obtaining a black background
without any additional setup. Whenever your
ambient light is dimmer than the flashlight,
the background gets negated (Fig. 14.2).

14.5 Exposure Triangle

When you use flashlight, a guideline for good
settings would be as follows:

e Shutter speed: 1/200.

e ISO 100.

e High f-number (f-number has to be set by the
clinician based on the exposure of the first
image for example: If the first image at
Shutter speed 1/200, ISO 100 and f 25 was
dark then take the next image at f 18 keeping
the shutter speed and ISO on the previous
values itself).

e Flash is usually used on full power when a
large area is to be covered. It can be got down
to half or one-fourth power for close-up macro
images. Flashlight can whiten skin tone, reduce
contrast, and cause reflections. Ring flash, dif-
fusers, lateral lights, and intensity reduction
can compensate for these issues.

14.6 Focus

Select manual focus over automatic focus.
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Fig. 14.2 Difference between position and background
correlation. The picture on the left was taken placing the
three fingers directly over a green backdrop. Notice the

14.7 Resolution

Set your camera at the highest resolution of
image. RAW+JPEG is the most commonly sug-
gested setting.

No universally accepted standard currently
exists for either spatial or color resolution of
camera-acquired digital images of a skin dis-
ease [11].

14.8 Standardized Backgrounds

It is disturbing to see preoperative and postopera-
tive images having different backgrounds. For a
good documentation, it is recommended to use a
plain, texture-free background, one that must
remain constant in all images.

The most easily available backgrounds are
black, blue, green, or white. It is recommended
that if you want to use a cloth behind the sub-
ject, the texture of the cloth must not be seen.
Photography background paper is another
option. Rolls are sold in specialized photogra-
phy stores. Blue and green are more difficult to
work with although some recommend them for
darker skin and/or hair tones. Black is another
backdrop of choice. It gives contrasted images,
and the viewer tends to focalize better at the
point of interest. When using a black back-
ground, rim lighting is essential, whereas a
white or green background should be illumi-
nated evenly [12].

A

shadows and cloth’s texture. On the right picture, a black
background was achieved by keeping the subject away from
the background using high flash power and high f-number

There is a way of obtaining black backgrounds
without the need to use a black cloth or paper behind
the patient. This saves time and effort. The proce-
dure to obtain such backdrop is the following:

1. Keep the flash on.

2. Keep the subject as far away from any back-
ground as possible.

3. Keep the f-number high.

4. Have a dim ambient light.

When the light does not get reflected back
from any surface or the light that is reflected is
very dim as compared to the one coming from
your subject, you invariably get a black back-
ground without any additional setup. (Fig. 14.2).

If at all a background is to be used, we recom-
mend using a blur background at a distance from
the subject. Separating from the backdrop has the
advantage of negating the effects of disturbing
shadows on the background. Black is better for
this purpose over green or blue which in turn is
better than white.

14.9 Image Composition

If the preoperative and postoperative images do not
look similar with respect to the area covered and
size, then documentation loses its value. Consistency
with respect to image composition requires two
basic criteria to be met as long as you use a fixed
focal length lens like a 100 mm macro lens:
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Fig. 14.3 Macro lens showing the magnification ratio and the working distance. 1:1 means that the size of the image
in real life is the same size as it is reproduced on the sensor; 1.02 ft (or 0.31 m) is the working distance

1. Distance between the subject and camera has
to be kept constant.

2. Angulation with respect to the subject and
camera has to be the same.

3. Patient’s position needs to be the same.

The camera sensor plane should be parallel to
the body part being photographed; otherwise the
image can be distorted. Just as the patient needs
to be in the right pose, the photographer has to
stand in the correct position holding the camera

properly.

How Do You Maintain a Fixed
Distance from the Subject
to the Camera?

14.9.1

The answer to this question is on your lens.

For clinical documentation it is recommended
to use a macro lens at all times.

A macro lens is a special type of a prime lens
that allows coming close to the subject and mak-
ing high-magnification images. Macro or micro
is basically used for close-up photography
because it is designed for a short focusing
distance.

Most macro lenses have indications on their
dial which refer to the magnification ratio and the
working distance (distance between the subject
and the camera) in feet and meter (Fig. 14.3).
Magnification ratio in digital photography refers
to the ratio that exists between the size of the
image projected on the sensor and the real size of
the object size. A macro lens has the ability to
focus from infinity to 1:1 magnification, meaning
that the size of the image in real life is the same
size as it’s reproduced on the sensor [13]. A 1:2
ratio macro can project an image on its sensor up
to half the size of the subject; a 5:1 ratio macro
can project an image five times the size of the
subject.

Full-frame cameras—also called 35 mm for-
mat—have a sensor size of 24 by 36 mm.

If you take a photograph of a ruler kept hori-
zontally with a macro lens at 1:1 magnification
ratio mounted on a full-frame DSLR, you will be
able to see 36 divisions of the ruler’s millimeter
reading. If instead you set the magnification ratio
at 1:2, you will be able to see 72 mm reading of
the same ruler (Fig. 14.4).

Let us now change equipment and switch to
APS-C cameras. A crop sensor camera has
smaller sensor size than full-frame. One example
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Fig. 14.4 Photograph of a ruler oriented horizontally.
The image shows exactly 36 divisions. It was taken using
a Canon EOS 6D (full-frame DSLR) having a sensor size
of 24 x 36 mm with a 100 mm macro lens at 1:1 magnifi-
cation ratio. This means that 1 mm of the ruler is exactly
equal to 1 mm of the sensor. This is a 1:1 magnification on
a full-frame camera

Fig. 14.5 Photograph of a ruler oriented horizontally.
The image shows exactly 22 divisions. It was taken using
a Canon EOS 700D (crop sensor DSLR) having a sensor
size of 18 x 22 mm with a 100 mm macro lens at 1:1 mag-
nification ratio. This means that 1 mm of the ruler is
exactly equal to 1 mm of the sensor. This is 1:1 magnifica-
tion on a crop sensor camera

is the 18 x 22 mm sensor. If you use the same lens
at the same magnification ratio of 1:1, you will be
able to see 22 mm divisions only because the sen-
sor size is smaller. At a magnification ratio of 1:2,
we will be able to see 44 divisions (Fig. 14.5).
In clinical photography the magnification ratio
holds significant importance for two reasons:

1. It sets a standard distance from which an
image has to be made and hence the composi-
tion remains standardized.

If preoperative images are made at a mag-
nification of 1:2, then even the operative and
postoperative images have to be made at the
same magnification ratio.

2. Itis a method of communication with our col-
leagues. You can register all the data from the
settings for your or other’s future reference.

14.10 How to Use Magnification
Ratio? A Step-by-Step Guide

1. Ensure that your lens is on manual focus.

2. Rotate the focusing ring (which also changes
the magnification ratio) to set the magnifica-
tion ratio or distance of your choice.

3. Stand in front of the subject such that the lens
is perpendicular and directly pointing to the
subject without any up or down canting.

4. Move in close to the lens, and try to appreciate
if the subject is becoming sharp or blurred.

5. If the subject is becoming blurred as you move
ahead, it means that direction is wrong and
that you will have to move backwards to get
the subject in focus.

6. As you move behind and appreciate that the
subject is becoming sharper, press and hold
the shutter release halfway through.

7. As you move behind slowly at one particular
point, the subject becomes fully sharp (some
cameras also give out a beep sound confirm-
ing that the subject is in focus and give a
visual indicator like a flickering light or a
focus peaking).

8. It is at this point that you have achieved your
preset magnification ratio or the distance in
feet or meter, and you convert the half shutter
release to a full shutter release.

9. You have to note down the magnification ratio
at which the images have been documented.
When the patient comes for a future follow-
up, refer to the magnification ratios that were
used previously, set them again by rotating the
focusing ring, and follow the same technique
of getting your subject into focus.

The audio signal/ flickering/peaking will
always come at the same accurate spot even in
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future. This helps you keep a constant distance
between the subject and camera.
While using a full-frame camera:

* An area approximately the size of an adult
head will require a magnification ratio to be
set at 1:10. (If one does not have 1:10
imprinted, they may use other markers like
distance in feet or meter. Typically the full
face comes at a distance of 5 ft or 1 m.)

* An area approximately the size of an adult
palm is covered at a magnification ratio of 1:3.
(Area covered: 72 x 108 mm).

* An area approximately equal to the closed fist
is covered at a magnification ratio of 1:2.
(Area covered is 48 x 72 mm).

* The maximum magnification in most of any
macro lens is usually 1:1. At 1:1 the area cov-
ered will be 24 x 36 mm.

A mark on the floor for the patient and for
your most commonly used standing position will
simplify and speed up your routine.

14.10.1 Macro Lens

Macro lenses are special prime lenses with a
fixed focal length. Choosing a macro lens from
the large selection commercially available can be
challenging. Before deciding which focal length
will suit you better, you need to take into consid-
eration several aspects including the space of
your consultation.

There are aspects specific to the lens:

1. Angle of view: the lesser the focal length, the
greater is the angle of view, and more area will
be seen or covered in front of the lens/camera.
In other words focal length is inversely pro-
portional to the angle of view.

2. Distortion: focal length is inversely propor-
tional to distortion.

3. Minimum focusing distance: focal length is
directly proportional to minimum focusing
distance.

Taking all the above into consideration, if a
clinician wants to avoid distortion in images, then

the ideal choice for a macro lens will be 100 mm
which is more on the telephoto side; however, if
full body images are to be made, the distance
between the subject and the camera will be quite
large and hence suitable only for large consulta-
tion spaces. A 100 mm macro lens is ideal for
close-up images of small areas like one-third of
the body or the head, palm, eye, or fingernails.

For a clinician who records full body images
on a routine basis and has to work from a small
room, a 100 mm lens might be a bit difficult to
use. A lower-focal length macro lens like 35 mm
or 50 mm might be a better choice. It must how-
ever be noted that these lenses might not be a
good choice for recording smaller areas like fin-
gernails or intraoral lesions because the image
might suffer from fisheye effect (barrel distor-
tion) and might not be useful for publication or
scientific usage.

Another aspect to consider here is that for cli-
nicians recording full body images on a regular
basis, powerful flashes might be a good choice as
compared to typical ring flash or built-in camera
flash. A separate photography room with a neutral
background color paper and studio will be an
ideal setup for documenting cases.

14.10.2 Field of View
When recording lesions keep in mind to record:

1. Global (Large or Distant view). Wide-angle
shot covering a large area. This gives informa-
tion of what body part is affected, whether the
lesion is unilateral or bilateral. It is the type of
view for generalized inflammatory skin condi-
tions like psoriasis.

2. Medium View. It includes the lesion and all
margins or full extremity. It is ideal to give a
sense of the size of the lesion in relation to the
area of the body that is affected (for a tumor
on a cheek, a medium view would include the
whole face or at least half face and for a her-
pes zoster infection, the whole area with
lesions and the contralateral lesion-free area).

3. Close-Up View (High Magnification at 1:1). It
will reproduce finer details of the lesion
(Figs. 14.6, 14.7, and 14.8).
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Fig. 14.6 Requirements

for image taking depend Field of View
on the type of lesion.
The required field of
view is specified per Single lesion | Localized Generalized
lesion type lesion(s) (i.e. lesions
metameric)
Close up N N q
Medium \l «/ xA (not
View essencial)
X v (helps to v
determine
symmetry/
Distant View assimetry)

Fig. 14.7 Examples of field of views. Far left, distant view; center right, partial long distance; medium view; far right,
close-up view

14.11 Posing

Sequential imaging protocol is necessary when
you need to monitor or do a pre- and postopera-
tive control. Once camera, flash and lighting,
focus, distance, and backdrop are under control,
posing is an important part of standardization
that poses its own challenges.

Poses are an important aspect of getting an
image standardized. Incorrect positioning can
lead to visual misinterpretation. Frontal facial
views require the same magnification ratio and
same position of the head. If the face is tilted up
or down, the images will not be comparable. It is

important to ask the patient to place the head over
a plastic gadget made for such purpose (Fig. 14.9)
which is similar to the one used by ophthalmolo-
gists when examining the eyes. Other standard
positions for the head are shown in Fig. 14.10.
Note that the patient will need instructions on
how to stand (feet position is shown in yellow in
the picture) and how to place the face following
the Frankfort horizontal plane.

Head position for hair photography is men-
tioned in the chapter on Nail and Hair
Photography.

Other standardized positions for medium and
distant views are shown in (Figs. 14.11, 14.12,
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14.13, and 14.14). It is helpful to have at hand a
drawing with the anatomical planes like the one
seen in Fig. 14.15. Here you can also see an
example of a photograph of legs (front and back)
with different background colors.

To get the patient in the correct position on the
first visit and in follow-up visits, use a mat, or
build it yourself (an octagon wood block with the
numbers indicating the positions required to the

Fig. 14.8 Plastic gadget to place the head in position

328t

patient). Take some time explaining what you
expect and how you want the patient to pose.

Prepare the patient. You or the person in
charge of taking the photographs needs to care-
fully explain to the patient what is expected from
them. Encourage proper posture and request the
subject to look straight. If you need to take many
pictures or from an area where the patient needs
to maintain uncomfortable positions (like oral
photography or standing up in elderly), be calm
and give your patient time to rest. Use illustrated
charts or posters to show the patient the expected
pose. You might also need to set the patient into a
position where a lesion is better visualized
(Fig. 14.16).

Identification of laterality is extremely impor-
tant whenever the image is used to indicate the
preoperative site for a biopsy, surgical procedure,
or follow-up of an isolated lesion. Care should be
taken as images are sometimes flipped when
stored.

14.12 Scale

The presence of a ruler might be important espe-
cially when photographing tumors or in surgical
procedures in general. Eskiizmir found that fron-

Fig. 14.9 Standard face position obtained by placing the
patient over a positioning mat. The yellow ovals represent
the feet’s position. Place the face following the Frankfort
horizontal plane (see red line on the far-left picture). This

line is the proper angle to take profile images. It is drawn
from the ear canal to the bony ridge under the eye (infra-
orbital rim)
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Fig. 14.11 Photograph of both axillas and right axilla

tal and close-up views are not adequate to repre-
sent the size of the lesions and that metric view
may give a better representation [14]. Rulers
should be matte finish, have no brand names or
patient identification on it, and preferably placed
directly on the skin to avoid distortions
(Fig. 14.17). Make sure the lesion and ruler are
both in focus. Using a digital scale is ideal when
in need to add the measurement in the picture.
They avoid all the inconveniences of a physical
ruler [15].

14.13 Photographing Children

Taking clinical pictures of children is always a
real challenge just as it is for nonmedical photog-
raphy. Kids tend to move, can be restless and
cranky, and are simply not in the mood to pose
for a medical photography especially if unwell.
Special considerations and extra effort are
required as well as lots of patience. All should
have a chaperone (family or staff); providing toys
helps distracting them; if seating is needed, use
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Fig. 14.12 Positioning of the trunk: (left) front, (center) back; (right) lateral right as indicated on the mat. The yellow
color indicates the position for the feet

Fig. 14.13 Position for the buttocks (left) and genitalia (right)
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Fig. 14.14 Anatomical planes to help position the patient
correctly

small stools: children need to be placed in a low-
seating position. For a throughout review, see
IMI Guidelines on Pediatric Photography [16].
Keep the studio at the correct temperature, espe-
cially in winter time. Undressing a baby has to be
done in a warm pleasant room. Keep the camera
strapped onto you to avoid accidental dropping
over the child.

Standardization is particularly important as
some conditions will be photographed over the
years.

14.14 Chaperone [17]

A chaperone is a person who is present during a
procedure as a safeguard for all parties (patient
and clinical photographer) and is a witness to
the continuing consent of the procedure [17].

Fig. 14.15 Photography of front and back legs with different background colors
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Fig. 14.16 Changing positions to visualize a lesion that would not be seen using the standard position

Fig. 14.17 Left, distant view; top right, medium view; bottom right, close-up view, including a scale to know the size
of the lesion

The main function is to safeguard all those
involved in the photography procedure. They
can be informal chaperones (family or friend) or
formal (a staff member). They should be present
whenever children and mentally impaired
patients are in an unconscious or semi-uncon-

scious state or when intimate areas are to be
photographed. They sometimes function as
interpreters whenever there is a language barrier
or other communication barriers and in cultural
diversity situations.
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14.15 Wheelchaired/Handicapped/
Patients with Reduced
Mobility

When photographing people with physical
impairment, one should avoid generating
inconveniences to the patient. Mobilizing a
wheelchaired person into a photographic preset
area generates unnecessary discomfort. It is the
studio that needs to be adapted to the patient
and not vice versa. One option for portraits is
to have a wheeled stand with a cloth hanging
from it and a bib of the same color. In
Fig. 14.18, the patient was not moved from her
wheelchair, and a good photograph was taken,
hiding all distractions (background and cloth-
ing) and without generating discomfort to the
patient. A black velour backdrop placed on a
wheeled stand and a velour bib were all it was
needed.

Bedridden patients pose a challenge as it is
sometimes difficult to place them in the correct
position. Clean the area to be photographed by
removing blood stains and gauzes and tapes that
are covering the region of interest (ROI). Try to
place the patient, when possible, in the correct
anatomical position, and place a disposable
backdrop under the ROI (sterile disposable cam-
era drapes can do the job). Move away sheets,
blankets and pajamas. An effort should be made
by the photographer to take the picture following
standardizing requirements, if the patient
conditions allow it. It is an extra effort that will
result in proper images.

14.16 Wound Photography

In wound monitoring, photographs are taken to
assess progress [18, 19]. Acute lesions should be
photographed with every dressing change while
chronic ones every 2—4 weeks (depending on the
anatomical area, i.e., chronic leg lesions tend to
be the slowest to progress). Just as with dermo-
scopic photography, the lesions should be cleaned
and crusts removed to allow visualizing the
underlying tissue. See IMI guidelines on Wound
Management Photography [20].

Wound photography has proven useful for
monitoring from both the healthcare personnel
and the patients who get more involved in the
management of the lesion particularly for
difficult-to-see wounds [21].

14.17 Photographing Sensitive
Areas

Undressing can be unfordable for some. If now
one adds to nudeness the possibility of photo-
graphing and permanently uploading the image
into a health record or sharing it with colleagues,
then the initial discomfort can turn into anxiety
and rejection. Taking photographs of certain
areas of the body can raise concerns. The face is
probably the most sensitive area for many. The
sensitivity is determined mostly cultural or per-
sonal: photographing an uncovered head can be
an issue if the subject is a Muslim woman; male
breasts are not included as a sensitive area by

Fig. 14.18 Portrait of a wheelchaired person using a velour backdrop and bib
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most cultures, but for some (not all) cultures,
women’s breast photography can be a concern.
Even within a human group or a person in differ-
ent periods of life, there might be differences.
Therefore, it is best to first speak to the patient
and ask if photographing that certain area gener-
ates discomfort. We could find that sensitivity is
different and can be related to genitalia, anal
region, breasts, breastmarks, a disfigured part of
the body, the uncovered head, or naked feet. If
such is the case, consent from the patient, reas-
surance, chaperone inclusion in the photograph-
ing session, and complete de-identification
should be pursued. With regard to facial photo-
graphs, “masking” or placing dark bars over the
eyes, nose, or mouth not only can cover areas of
interest but also generate a distraction in itself
and can be of no impact on their original purpose
of de-identification [22].

For the breast area, some guidelines have been
published by IMI (Institute of Medical
Illustrators) available at their website [12].

14.18 Other Special Sites

IMI (Institute of Medical Illustrators) Guidelines
for non-accidental injuries [23], cleft lip palate
[24], scoliosis [25], wound management [20],
rhinoplasty [26], and breast photography [12]
include deeper notions on each of these specific
subjects.

14.19 Teledermatology Standards

Teledermatology (TD) is a subspecialty of der-
matology that uses telecommunication technolo-
gies to transfer medical information over varying
distances. This information can be data and
sometimes audio, and mostly it is visual.
Photographs of patients/lesions in patients are
sent via systems integrated into public or private
health systems, apps, or social media. Unlike a
face-to-face consultation where the patient is
seen, probably diagnosed and then photographed,
in teledermatology it is the opposite: the patient
is photographed and then diagnosed. Most stud-

ies show comparable diagnostic accuracy
between teledermatology and face-to-face (FTF)
care with some showing TD superiority and oth-
ers inferiority [27]. By setting the FTF as the gold
standard, studies will be needed to understand the
accuracy of FTF among different dermatologists
before comparing it to TD.

This centers the focus on photography: the
image taken needs to be of excellent quality. As
metadata (attached information on the image) is
limited, the diagnoses are mostly done by look-
ing at images. In skin cancer triage and mole
monitoring, the inclusion of a dermoscopic image
is a requirement as it gives the additional and piv-
otal information on the lesion, allowing the spe-
cialist to rule out malignancy and decide the
appropriate management (surgical, follow-up, or
simply confirm benignity) [28].

The complication comes because the image is
usually taken by a third party (another physician,
nurse, patient, or caretaker).

By transferring the responsibility for obtain-
ing the most important diagnostic piece, there is
a risk that the image obtained will not be of qual-
ity. Bad image quality is still an issue in some
centers [28], ranging in occurrence from merely
2-3% up to 10-15%.

A study trying to determine if a previously
instructed patient on basic photography could
take better images and improve accuracy of
diagnosis showed that the group with instruc-
tions had increased average image quality with
no statistical difference in diagnostic concor-
dance. An interesting point was that diagnostic
accuracy varied by diagnostic category, hair
conditions being the one with the lowest accu-
racy [29].

When setting a TD system (primary, second-
ary, direct to consumer, or patient-assisted), it
would be useful to give short and concise instruc-
tions on image capturing. Spending some initial
time training family physicians or nurses or
including in derm app brief instructions on how
to take the correct image will result in better-
quality images. Although further studies are
needed, a better image should improve diagnostic
accuracy. Some apps like MySkinSelfie [30]
include a photo guide to help posing the affected
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area by showing a “ghosting” image of the previ-
ous photo. Imagine from LEO Innovation Lab
also includes a “ghosting aid” [31].

14.20 Standard Editing Protocol

Photography and its equipment have come a long
way since inception and so have editing protocols
and techniques. The equipment now produces
very high-resolution images which require pow-
erful dedicated software for postprocessing.

Every camera first produces a RAW file which
can then be converted to a more usable format
postediting. In mobile phones the raw file is usu-
ally discarded because the RAW files take up a
lot of space owing to their huge file size as com-
pared to compressed JPEG (or JPG) files. In cam-
eras, there is an option to save or discard the
RAW file under the option of image quality in the
menu. We must always store and use the RAW
file for editing. The file important for us during
the editing process is the RAW file because RAW
editing is pixel-based editing as compared to
JPEG editing which happens in layers (also
called the digital negative or .dng file). RAW files
are lossless compressed files but just like a nega-
tive cannot be used as a final image and have to
be “developed” into a positive. A RAW file needs
to be converted to other formats for them to be
used as an image. As the name suggests, they are
“raw” files and might need some editing into a
useful image. In the market there are editing soft-
ware like Aperture, Adobe Lightroom, Adobe
Camera Raw, Capture One, etc. that are capable
of editing RAW files and bring out the best details
to make them look more polished and profes-
sional for a particular image requirement. Editing
has to be done with the end result or output for-
mat in question. For example, if the image is
going to be printed on a matte paper, we will edit
the image to be slightly overexposed (more
bright) to compensate for the printing ink being
absorbed by paper as compared to editing for a
presentation to be done on a LED screen in a con-
ference where we would probably keep the
images correctly exposed and not overcompen-
sated as we do for printing.

Another aspect to be taken into consideration
when making images from RAW format is that
we can correct many settings during the postpro-
cessing that cannot be done when using JPEG
files. For example, if we have made an image
using incorrect white balance or picture style
during the documentation process, it can still be
corrected during editing using RAW editing soft-
ware. This cannot be done using JPEG files.

The most important feature to be considered
during editing is during cropping and rotation.

Here we encounter another ratio called aspect
ratio.

Aspect ratio is nothing but the ratio between
the width and height of the image.

When cropping it is imperative that we lock
the aspect ratio according to our desired compo-
sition before we start cropping. When and if
needed to crop, it is important to maintain the
same aspect ratio in every image family. Freehand
cropping is contraindicated as it will lead to dif-
ferent sizes and shapes of output images.

If we are cropping the preoperative image at
an aspect ratio of 16:9, it is recommended that all
future images be cropped at the same aspect ratio
to maintain standardization.

When we make an image collage of all the
images together, we shall come to know about
the possible errors that have occurred while doc-
umenting the image or during its postprocessing.
Thus, making collages of images will help
achieve consistency and standardization of our
documented cases.

14.21 Conclusions

There are working groups developing standard-
ized attributes and workflow-related modifica-
tions to support identifying and describing
patients from different medical specialties.
Surprisingly enough, dermatology—a specialty
that generates among the largest numbers of
medical images—is not among these [32]. For
the best benefit of patients, guidelines need to be
created to help physicians from any part of the
world to create images following standardized
criteria.
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15.1 Introduction nent of this process, aided by other techniques

Nail changes and diseases of the nail unit have
always been of great interest to physicians, par-
ticularly dermatologists, rheumatologists, and
internists. Not only they can depict signs of local
conditions as well as internal diseases, but also
evolution of nail changes can predict prognosis
and treatment response for many diseases.
Imaging of the nail unit is therefore an important
part of cutaneous examination of a patient.
Digital photography forms the principal compo-
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like dermoscopy, capillary microscopy, and
ultrasonography.

Capturing a tack sharp image of a nail unit is
challenging in many ways. Some of them are:

1. Capturing all the finger and toe nails in a sin-
gle frame. Trying to place all your 10 finger-
nails in view leaves the thumbnail partially
covered. Toe nails are simpler to pose in one
frame although the little finger can be some-
times only partially viewed. Hands and feet
can be affected by deformities of the joints
making posing challenging. Fingernails are
extremely difficult because the plane of the
thumb is different from the other fingers. This
problem is further complicated in people with
arthritis or other bone conditions where finger
flexibility is reduced.
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2. Tackling the uneven light bounce due to
curved surface of nail. It is important to avoid
strong reflections from the nail surface [1].

3. Correct demarcation of the nail change with
respect to the reflective surface of the nail.

This chapter intends to help the readers to
click sharp pictures of the nail unit for documen-
tation and publication.

15.2 The First Step Before
Photography: Respect
and Consent

Since the nail unit might not contribute directly into
revealing identity of an individual, it is generally
perceived that consent is not necessary as far as nail
photography is concerned, but a written informed
consent indicates a respect for autonomy of the
patient as well as saves the physician from litiga-
tions in the event of an unpleasant patient—doctor
relationship. Content of the consent forms may vary
between different centers, but it is always useful to
get it approved by the local ethics committee. Some
important contents of the consent form are:

1. Purpose of photography (documentation/pub-
lication/advertisement of skill).

2. Confidentiality (an aspect of relevance when
recognizable features are present like tattoo,
scars, or deformities that might give away
identity of a particular person).

3. Risk of not giving consent.

. Policy of sharing photographs with the patient.

5. Explanation in vernacular language in which
the patient is proficient.

6. Signatures of patient/legal authorized repre-
sentative (LAR), the doctor and witnesses,
unrelated to both the parties.

N

Nails are especially non-sensitive areas to
photograph, and therefore, its imaging should
not generate any ethical or legal problems; how-
ever, it is important to remove rings or bracelets
whenever possible in order to avoid leaving any
recognizable elements and allowing a better
standardization of the image.

15.3 The Gadgets and Technical
Titbits

15.3.1 Cameras

into two

They can broadly be classified
categories:

1. Dedicated digital camera (digital single-lens
reflex/mirrorless/compact)

2. Integrated camera of a smartphone/digital
tablet

While cost, ease of use, and mobility make the
second group hugely popular among users, a ded-
icated digital camera always scores over the for-
mer in terms of image quality, control over
aperture, shutter speed, depth of field, manual
focus selection, and lighting [2].

15.3.2 Light/Flash

As nail photography comes under “Macro” imag-
ing category, it is always better to use a flash/
speedlight instead of ambient light. A speedlight
ensures good depth of field to get the nail(s) in
sharp focus as well as maintains uniformity in
color tone of pre- and post-photographs. An exter-
nal ring/twin flash or lateral lights placed on both
sides at 45° are preferable over the in-built camera
as they offer the advantage of lighting the subject
from different angles, thus preventing develop-
ment of shadows due to unidirectional lights from
in-built camera flash/external speedlights.

Fixed flashes are not desirable because the light
hits the center of the subject leaving a “burn” (whit-
ening) effect. Built-in flashes need to be adjusted
because the distance to the subject is usually short.
To reduce brightness, flash diffusers can be of great
help. For built-in flashes, the tip could be covered
with a paper tape, the resulting pictures are excel-
lent and highly repeatable series are possible [3].
The use of flashlight will warranty the same amount
of light/brightness as it has a constant power and
temperature color (5550 K) while ambient light
changes continuously during the day. With day-
light, shadow control is more difficult.
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Studio lighting systems offer the best solution
if space permits. They should be ideally used
with distancing systems and patient positioning
mats and colored backgrounds. Lateral lights
placed on each side avoid shadows and central
shining.

15.3.3 Distance

A standard distance of the subject from camera
ensures uniformity in pre- and post-treatment
photographs. Working following the magnifica-
tion ratio of the lens will help you maintain the
proper distance. Keeping the hands on a solid
surface like on a table or feet together on the floor
keeps the subject fixed. Using the camera
mounted on a tripod also aids in keeping the dis-
tance fixed [4]. Some new camera models have
integrated ranging lights to assure perfect camera-
to-subject distance for every picture or laser
lights to indicate the correct distance.

If ambience light is dimmer than the flash,
shooting maintaining the hands of the subject at a
distance from the background will “erase”

&

A

)
| 3
3

M,

m&‘uﬁ * Unadhmnyy

R

Fig. 15.1 (Left) Image taken in daylight over white
background. See the shadows and the reflex of the light
coming from the right side. In addition, light background
makes the skin look darker. (Right) Built-in flash, with the

(blacken) the background. In this case, you would
need to place the camera between the patient and
the hands (Fig. 15.1).

15.3.4 Lenses: Zoom vs Fixed Focal
or Prime Lenses

Macro prime lenses with at least 1:1 magnifica-
tion ratio are ideal for nail photography. Choice
of focal length depends upon sensor size of the
camera. Currently, the available cameras use
three types of sensors:

1. Full frame or 35 mm equivalent
2. APS-C (roughly 23 x 15 mm)
3. Micro Four Thirds (roughly 17 x 13 mm)

Here comes a little math of crop factor as far
as focal length of the lens is concerned. The crop
factors are 1, 1.6, and 2, respectively, for the
aforementioned sensors. So a 100-mm lens on a
full frame will be equivalent to 62.5 mm for an
APS-C sensor and 50 mm for a Micro Four
Thirds. Zoom lenses should not be used for nail

same background, taken with dimmer ambience light. The
background “disappears.” Note the whitening from the
flash over the nail plate and the loss of shadows. In addi-
tion, the skin looks lighter
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photography as they do not provide a good depth
of field, and it is difficult to maintain a fixed
focusing distance during pre and post photo-
graphs. Prime lenses are an excellent option and
should take in a 35 mm film—equivalent,
50-60 mm focal length [5].

Depth of field (DoF), also called focus range
or effective focus range, is the distance between
the closest and the farthest objects in a scene that
appear sharp in an image. If in need to “isolate”
subjects from the background, use shallow DOF
(emphasize the subject and de-emphasize the
background). Narrow apertures will result in
greater depth of field [6]. A larger F-stop number
(which actually means a smaller aperture open-
ing) will result in a larger DoF [7]. A large DoF
will give you images where all fingers or toes will
be in focus.

15.3.5 White Balance

White balance (WB) is the process of removing
unrealistic color casts [8]. By using flashlight, the
temperature color is maintained.

15.4 Technique of Nail
Photography

15.4.1 Hand Position: Consistency

There are no standard guidelines for imaging
nails. Ideally, all nails should be visualized in a
single frame (Fig. 15.2); however, flexing the
digits might not be a simple task for some
patients. To overcome these difficulties, a two-
frame composition has been proposed: one
including all fingernails excluding thumbs and a
second is created of only the thumbs. Later, a
panel/collage is created [9, 10] (Fig. 15.3). This
proposal has the disadvantage of a need to create
a post processing collage, but the advantage is in
positioning the patient, especially for those with
reduced mobility of joints. If such positioning
was chosen, it could be helpful to have at hand a
chart with finger position in order to have the
patient place the fingers in the same position
when photography is going to be taken in differ-
ent time periods (Fig. 15.4). Furthermore, stan-
dardization of images is easier than with any
other position [11]. Gupta et al.’s proposal [10]

Fig. 15.2 Ideally, all nails should be visualized on a single frame; however, thumbnail view is limited in this position
(red arrow)
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Fig. 15.3 Taking two different frames gives the opportunity
to include all nails. On the left side (a, b): the top image
show both thumbnails (a) while the bottom image shows the
other 8 finger nails with one hand placed on top of the other.
The advantage is that the area of focus for the bottom image

(8 nail-image) is smaller. The disadvantage is that a deeper
DoF is requires as fingers are placed at different levels. On
the right side (¢ and d): a broader area (d) is involved with
the advantage of having all nails at the same level. In both
cases, a time consuming composition is required

—— 3
et | ——

Fig. 15.4 For monitoring, you can simplify finger’s positioning by creating a “phantom” image from the original pho-
tograph, print it (maintaining the scale), and have the patient place their fingers in the exact position

of keeping hands one over the other allows to
visualize all 8 fingers and makes the focusing
area smaller but has the disadvantage of placing
hands at different levels and therefore let one
slightly out of focus [12]. For patients without

joint involvement, Inamadar’s all-inclusive nail
position seems ideal [13] (Fig. 15.5). Consistent
positioning of the hand/foot between the two
measurements is a requirement for future
comparisons.
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15.4.2 Hand Location: Backdrop

Backdrops are essential in good photography.
They must be used to:

e Unify background, avoiding distracting and
non-related images on the background.

 Facilitate standardization.

e Avoid “forcing” the lens (set in macro) to
select between focusing the background or the

Fig. 15.5 All nails are included in one single frame;
some patients might find it difficult or even not possible to
place their fingers in this position

1

Fig. 15.6 Suggested
patient—photographer
position for hand nail
photography

subject. Black facilitates placing two images
taken at different points in time.

Green, light blue, black, and white color back-
drops are used. The actual tendency is to use
black backdrops. They generate better con-
trast and facilitate comparing clinical images
taking at different times. In PowerPoint pre-
sentations (PPT), black background images
blend nicely with a standard black background
provided by PPT. Black absorbs excess light
and does not reflects it.

Light blue is best for darker skin types.
Position of the subject (nails) in relation to the
backdrop is also relevant. If in need to obviate
a physical backdrop, simply separate the
hands or feet from the background. The short
depth of field of the macro lens combined with
the precisely targeted illumination of the
object by the TTL flash will artificially create
a black background with a highly contrasted
image [14]. Insufficient distance will record
information on the background itself, giving a
finally undesired effect. Black backgrounds
(cotton or velour) will reduce shadows. There
is however inconvenience of maintaining the
hand or foot steady for the picture. In macro
photography, tremors result in photos out of
focus. Hands can simply be placed on top of a
table over a colored backdrop (Fig. 15.6).
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Kaliyadan et al. [4] suggest resting the fingers
on a tripod, obtaining good results with dis-
tances shorter than 1 m with a 100-mm macro
lens zoomed out with the flash on. For feet, the
task is simplified because the patient can lie
down or sit with the legs stretched on a bed
while the backdrop is placed 1 m away. A rod
covered with black paper can serve as a good
backdrop as well as grip to place all eight fin-

Fig. 15.7 Grasping a rod can be helpful to position
fingers

Fig. 15.8 Feet position
for nail photography

gernails in case a horizontal angle is preferred
for photography (Fig. 15.7). Sometimes sur-
face changes, e.g., nail pits, need to be high-
lighted for better contrast. In such cases,
gentle rubbing with a carbon paper followed
by wiping with a tissue will lead to deposition
of carbon particles in the nail pits, leading to
better demarcation of the nail pits.

Feet position is much simpler (Fig. 15.8).
With the patient lying down, the backdrop can be
placed 1 m away, and the photograph is taken
placing the camera close to the patient’s knees
(Fig. 15.9a) or having the patient sit bending his/
her knees (Fig. 15.9b).

The use of scialytic lights—that disperse or dis-
pel shadows—provides very high-intensity illumi-
nation which results in more contrasted pictures.
Ideally, use of central single-point mode is to
adjust the exposure and autofocus in the center of
the operating scene [15]. For those that can operate
counting with a professional photographer on site,
focal length from 80 to 100 mm allows for a
70-80 cm distance from the operative field.

15.5 Cross-Polarizing
Photography [3]

There are new cameras that come with a
cross-polarized filter kit [16]. In reflection
mode (Reflection mode is standard flash pho-
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Fig. 15.9 Suggested patient—photographer position (shown as the camera icon) for feet nail photography. On the left
side (a) with the patient lying down ; on the right side (b), with the patient sitting on the bed and bending her/his knees

tography where the camera captures light
reflected from the subject) a cross-polarized
image allows you to see through the nail plate
and evaluate the skin beneath it (nail bed),
which is where nail infections develop. In the
transmission mode, a light source illuminates
the finger(s) from underneath, and an image
of the light transmitted through the finger and
nail is captured from above. In the second
mode, a red color light source is preferable
since it will undergo negligible tissue absorp-
tion and have higher transmission compared
to other colors.

15.6 Photographic Measuring
Scale

Digital rules (DR) provide a neat, more pre-
cise, and professional way to measure photo-
graph lesions. Stickers should be avoided as
they look untidy, they can be difficult to place
in the correct area and uncomfortable to
remove. DR avoids contacting the patient. The
digital rulers are dragged onto our image from
a layer in a ready-made psd file, of which a
number of sizes are available in the magnifica-
tion ratios commonly used for close-up pho-
tography of lesions [17].
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