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Medical imaging, detection, and diagnosis have all aided in treatment 
and prevention of disease throughout human history. We as humans 
would certainly not exist in the capacity that we do in 2023 without these 
medical advancements. This chapter looks at the best and brightest minds 
of medicine as well as the instruments, devices, and techniques that have 
revolutionized it. Historical images have been sprinkled throughout 
the chapter to provide context and perspective while highlighting the 

long span of medical advances and patient care. Also detailed are some of the 
greatest medical inventions and discoveries so far in the context of medical imaging, 
detection, and diagnosis. In summary, this chapter shows how much  of an impact 
medicine has had on our lives by exploring the evolution of medical imaging and 
diagnosis. I have tried telling this vivid story via photographs, paintings, etches, 
and images. Let’s discover the origins of some of the greatest medical innovations 
in history as we embark on this fascinating journey in pictures. Many of the medical 
marvels pertaining to imaging, detection, and diagnosis included here appeal to me 
personally. However, my bias and intellectual shortcomings will be apparent. Since 
this is an ongoing project and the subject of a future volume in this series, I welcome 
suggestions and criticisms.

Copyright © 2023 Raj Bawa. All rights reserved. As a service to authors and researchers, 
as copyright holder, I permit unrestricted use, distribution, online posting, and 
reproduction of this chapter or unaltered excerpts therefrom, in any medium, 
provided the original source is clearly identified and properly credited.
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René Théophile Hyacinthe Laënnec. A painting depicting Laënnec (1781–1826) 
auscultating a tuberculosis patient, a disease which he himself succumbed to at 
the age of 45. Laënnec, a French physician and professor of medicine at the 
Collège de France, in 1816 invented the stethoscope (Greek, stethos, chest; skopos, 
examination). The painting depicts Laënnec with his original apparatus, a grey 
cylinder that enabled him to listen with one end on the patient’s chest and the 
other on his ear. Laënnec also coined the terms “rhonchi” and “crepitance” in the 
diagnosis of respiratory conditions. The familiar binaural stethoscope, with rubber 
tubing going to both ears, was not developed until the 1850s. Regarded as the 
“father of chest medicine,” Laënnec demonstrated the importance of the instrument 
in diagnosing diseases of the lungs, heart, and vascular systems. The first flexible 
versions of the stethoscope were invented in 1851 by Arthur Leared (binaural 
stethoscope), which fitted into both ears. The design was standardized in 
1852 by George Philip Cammann. The above painting is by Théobald Chartran: 
“Laënnec à l’hôpital Necker ausculte un phtisique devant ses élèves (1816)” 
(“Laennec examines a consumptive patient with a stethoscope in front of his 
students at the Necker Hospital”). Photo of painting kindly provided by the 
Wellcome Library.
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Laënnec’s original stethoscope. One of the original stethoscopes belonging to 
Laënnec constructed of wood and brass. It consists of a single hollow tube. Photo 
courtesy of the Science Museum, London.

Laënnec’s stethoscope details. Components above shown are: instrument 
assembled (Fig. 1); two portions of the instrument in longitudinal section (Fig. 2 
and Fig. 3); detachable chest piece (Fig. 4); earpiece unscrewed (Fig. 5); and 
transverse section (Fig. 6). Photo kindly provided by the US National Library of 
Medicine.
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Physician auscultating. Cartoon dated 1906 depicting a physician who has 
placed a Laënnec wooden stethoscope between his left ear and the patient’s back. 
“A contemporary cartoon depicts a physician of fashion placing his stethoscope 
wherever he found a spot on her body which was not covered by her corset. 
Undressing and redressing would have been too time-consuming had women 
shed their corsets in their doctor’s office. The corseted patient became a way 
of life for the average physician.” Source: G. S. Schwarz. (1979). Society, physicians, 
and the corset. Bulletin of the New York Academy of Medicine 55(6):551–590.
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The thermometer and the Fahrenheit (°F) scale. Daniel Gabriel Fahrenheit 
(1686–1736), who helped lay the foundations for the era of precision 
thermometry by inventing the mercury-in-glass thermometer and the Fahrenheit 
scale. There are many claimants to have invented the thermometer and its 
development came in several stages over the course of almost 2,000 years. It 
included Philo of Byzantium who lived during the 3rd century BC, Galileo Galilei 
in the 16th century, Ferdinand II, and Grand Duke of Tuscany. However, it is 
Fahrenheit who today is credited with creating the first reliable modern 
thermometer in 1714, which used mercury instead of water or alcohol. With 
the improved accuracy of a mercury thermometer, he originally took as the 
zero of his scale the temperature of an equal ice-salt mixture and selected the 
values of 30°F and 90°F for the freezing point of water and normal human body 
temperature, respectively (later revised to 32°F and 98.6°F). Sketch courtesy of 
Wikimedia.

Mercury thermometer. A photo of the original mercury thermometer of 
Fahrenheit.
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Doctor examining his patient. Jan Steen’s The Sick Woman, c. 1663–1666. 
“Faint from fever, the young woman rests her head on a pillow. Is she perhaps 
lovesick? Is she pregnant? To find out, a quack would put a strip of his patient’s 
clothing in a brazier to smoulder – the scent would disclose her secret. Jan Steen 
here presents such a charlatan making a diagnosis. His old-fashioned attire 
characterizes him as a comic character.” The above featured oil painting is at the 
Rijksmuseum in Amsterdam, Netherlands. Photo of painting kindly provided by 
Wikimedia.
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Multiple stethoscope. Prior to the advent of high-resolution imaging, a physician’s 
skill in auscultation was critical, and something learned via repeated practice. 
In the photograph above from the 1920s, medical students are seen employing a 
multiple stethoscope to listen to their heartbeats. It is an example of technology-
enhanced learning, which is critical to the ongoing training of physicians and 
clinicians with the advancement of new methodologies and technologies. Photo 
courtesy of the Wellcome Library.

Collective stethoscope. This photograph from the early twentieth century 
provides an excellent example of technology-enhanced learning, that has not stood 
the test of time. It depicts a bedside demonstration of the collective stethoscope. 
Source: Heartbeats by Radio. A new use for wireless. The hospital and health 
review. Published in 1924, New series volume 3, p. 272. Photo courtesy of the 
Wellcome Library.
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Madam Curie. Marie Salomea Sklodowska Curie (1867–1922), the Polish-
French physicist, was most well known for her discovery of radium and polonium 
and her contributions to the treatment of cancers using radioisotopes. In 1920 
and 1932, Madame Curie founded the Curie Institutes in Paris and Warsaw, 
respectively, as centers for medical research. She also developed mobile 
radiography units for field hospitals during the first World War. Marie Curie was 
the first woman to win a Nobel Prize in Physics (in 1903, shared with Pierre Curie 
and Antoine Henri Becquerel), and a second Nobel Prize in Chemistry (in 1911). 
She is the only woman to win two Nobel Prizes in two separate scientific 
fields. Photograph of Marie Curie above (c. 1920) is by Henri Manuel. Photo kindly 
provided by  Wikipedia.



11A Journey in Pictures

171

M
E

D
IC

A
L

 E
D

U
C

A
T

IO
N

: A
 H

IS
T

O
R

Y
 IN

 1
0

0
 IM

A
G

E
S

Portrait of Chevalier Jackson. (Credit: Wellcome Library [1].)
Chevalier Jackson. American laryngologist, Chevalier Jackson (1865–1958), was 
a founder of modern endoscopy. The endoscopic methods he developed were a 
significant advance in the safe removal of objects from the airways of patients. 
A professor at numerous leading American medical schools, Jackson was an 
engaging instructor often using props, examples of foreign bodies removed from 
patients during endoscopies’, to engage the students. In my view, it is critical 
to value medical teaching with equal importance to patient care and research. 
Medical teaching is an art. I fondly recall that some of my best professors 
presented complex concepts in an amazing manner, which etched the information 
in my mind. I am proud to pass on that information to my students using the 
very same examples, analogies, props, etc. Photo courtesy of the Wellcome Library.
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He would stay for the next five years on the Ohio River
hills. Despite his ailments, he would characteristically
not rest. Instead, he took his limitations on clinical
practice as an opportunity to record in text and il-
lustrations his newfound art of peroral endoscopy.
The publishing (in the year 1915) and booming popu-
larity of Jackson’s ‘‘Peroral Endoscopy and Laryngeal
Surgery’’ further bolstered his burgeoning reputation.
Already elected, at the young age of 35, to the Chair
of Laryngology at the Western Pennsylvania Medical

College, his renown began to spread to Europe. His
pioneering achievements in bronchoscopy now made
the inhalation of foreign bodies into the bronchi no
longer a death sentence.
Jackson would soon return to his alma mater in

Philadelphia in 1916 to become Professor of Laryngol-
ogy. After eight years, the Board of Trustees at Jefferson
established a new chair in his honor and appointed
Jackson the Chair of Bronchology and Esophagology.2

With his specialty suddenly having academic autonomy
at Jefferson, his practice and teachings flourished. As an
evangelist for bronchoscopy, he subsequently opened
bronchoscopic clinics at Jefferson (Fig. 1), the Uni-
versity of Pennsylvania (Fig. 2), the Graduate Hos-
pital, Temple University Hospital, and The Woman’s
Medical College of Philadelphia.3 A testament to his
profound impact on the world of medicine, Jackson
remains the only person to ever hold, concurrently, five
chairs in all of the Philadelphia medical colleges. Ad-
ditionally, he was president of the Woman’s Medical
College from 1935 until 1941.3 The latter honor was
indicative of his character as a human being. Jackson
was always an advocate for the cause of the less for-
tunate. He was progressive at the time in his belief that
women had a place as physicians in male-dominated
medicine. Jackson’s greatest and most long-lasting ad-
vocacy, however, would be for children.
Years after devising his first esophagoscope and

observing the tragic lye burns of the esophagus of
children, Jackson would spend nearly 25 years cham-
pioning the cause of proper poison warning labels on
lye and other caustic agents. As Chairman of the Com-
mittee on Lye Legislation, he traveled to the U.S. cap-
itol and to many states in the Union enlisting support

FIG. 1. Jackson at his Bronchoscopy Clinic at
Jefferson with colleagues and his bimanually drawn
chalk illustrations, 1927. Reprinted from Chevalier
Jackson, M.D., with staff at the Jefferson Broncho-
scope Clinic, 1927. Thomas Jefferson University
Archives, Art/Photo Collection, AJ-002.

FIG. 2. Portrait photograph of Chevalier Q. Jackson, M.D., ap-
proximately 1930. Reprinted from Chevalier Jackson (1865–1958),
Sc.D., 1923, portrait photograph. University Archives. Available
at: http://hdl.library.upenn.edu/1017/d/archives/20050103005/. Ac-
cessed February 28, 2012.

No. 5 CHEVALIER Q. JACKSON: IL NE SE REPOSE JAMAIS ? Nguyen et al. 455

Chevalier Jackson with staff at the Jefferson Bronchoscope Clinic. This photo, 
taken in 1927, shows Jackson with his colleagues and bimanually drawn chalk 
illustrations at his Bronchoscopy Clinic. Photo courtesy of Thomas Jefferson 
University Archives, Art/Photo Collection. Open access by the Jefferson Digital 
Commons.

Chevalier Jackson with his patient object collection. From brain tissue 
to gallstones, doctors have long preserved specimens from their patients 
sometimes as trophies, sometimes as teaching tools, sometimes as curiosities or 
even art. Jackson preserved more than 2,000 objects that people had swallowed 
or inhaled: nails and bolts, miniature binoculars, a radiator key, a child’s perfect- 
attendance pin, a medallion that says “Carry me for good luck.” His remarkable 
collection of objects removed from his patients is now housed at the Mutter 
Museum in Philadelphia. Photo courtesy of Thomas Jefferson University Archives, 
Art/Photo Collection. Open access by the Jefferson Digital Commons.
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Prognosis for a case. A colored drawing of a professor and medical student. The 
question-and-answer style of a presented case and symptoms remains important 
in medical education, though this particular format is now  anachronistic. The 
employment of multiple and varied forms of case assessment provides a more 
robust and rounded diagnosis, and better patient outcomes. Image shown above 
was published by the Antikamnia Chemical Co., St Louis, Missouri, c. 1900, and is 
courtesy of the Wellcome Library.
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The London School of Tropical Medicine. First located at the Albert Dock 
Hospital (Seaman’s Hospital Society), it is now known as London School of 
Hygiene & Tropical Medicine (LSHTM). Founded in 1899 at the London Docks by 
Patrick Manson, the LSHTM fosters education in the medical laboratory sciences, 
and has grown to be a world-leading institution for the study of public health 
and infectious disease. In 1902, the benefactor Petit wrote the following about 
the institution in a letter to the school: “This institution, whilst according ample 
scope to students of diseases that well nigh devastate the East, will be the means 
of bringing the Western and Eastern minds together to afford help to the 
suffering East, and thus cementing that union of hearts.” This image from 1910 
shows students at the London School of Tropical Medicine engaged in active 
learning through examination of specimens and discussion with fellow scientists. 
Photo courtesy of the Wellcome Library.

Sir Ronald Ross, C. S. Sherrington, and R. W. Boyce in a laboratory at the 
Liverpool School of Tropical Medicine. The Liverpool School of Tropical Medicine 
was founded in 1899. Boyce was the first Dean. Sherrington was Holt Professor of 
Physiology at University College, Liverpool, from 1895. Ross was the first Lecturer 
in Tropical Diseases and, from 1903 to 1912, Alfred Jones Professor of Tropical 
Medicine. Gouache in grisaille on paper by W. T. Maud, 1899. Photo courtesy of the 
Wellcome Library.
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Karl Landsteiner. For centuries, biomedical knowledge and pathologies of 
blood were mysteries to physicians and patients alike. In fact, in the 17th 
century, the still-dangerous practice of blood transfusions (used since at least the 
Middle Ages) was banned in many parts of Western Europe. In 1900 Landsteiner 
(1868–1943), Austrian American immunologist and pathologist, discovered that 
the blood of two people under contact agglutinates. In 1901, he found that this 
effect was due to contact of blood with blood serum. As a result, he succeeded in 
identifying the three blood groups, which he labeled A, B, and C (later changed 
to O). A fourth blood type, later named AB, was identified a year later. In my 
humble opinion, this discovery is one of the major medical breakthroughs of the 
century. Landsteiner, in this 1930 photo taken in Stockholm, also discovered 
that blood transfusion between persons with the same blood group did not 
result in the destruction of blood cells, whereas this occurred between persons 
of different blood groups. Based on his findings, the first successful blood 
transfusion was performed by Reuben Ottenberg at Mount Sinai Hospital in 
New York in 1907. In 1910, Emil Freiherr von Dungern and Ludwig Hischfeld of 
the University of Zurich put forth the first hypothesis for the Mendelian 
inheritance of blood groups, which lead to the use of the ABO system in paternity 
legal cases. In 1913, Richard Lewisohn of Mount Sinai Hospital discovered that 
adding citrates to blood prevents coagulation. Landsteiner made numerous 
contributions to pathological anatomy, histology, and immunology, all of which 
showed, not only his meticulous care in observation and description, but also his 
biological understanding. In 1940, at the age of 70, he announced the discovery 
of the rhesus (Rh) factor, then responsible for the serious illness or death of 1 in 
200 white babies. He also introduced dark field microscopy for the diagnosis 
of primary syphilis and worked on the characteristics of Spirochaeta pallida. 
He, along with colleagues, was able to describe the mechanism that resulted in 
the Wassermann reaction. But Landsteiner, no doubt, always will be honored for 
his discovery in 1901: his brilliant work on blood groups for which he was 
given the Novel Prize for Physiology or Medicine in 1930. Photo kindly provided 
by Wikimedia.
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Bedside blood grouping card. A bedside blood grouping card showing 
agglutination of blood with anti-A and anti-Rh(D), but not with anti-B. Hence, this 
patient's blood type is A+ because Anti-A serum (i.e., serum with antibody A against 
antigen a) and Anti-D (i.e., serum with antibodies against the Rh antigen) agglutinated 
the patient's blood. Courtesy of Wikimedia.

Iron-deficiency anemia. Peripheral blood smear from a person with iron- 
deficiency anemia, displaying characteristic red blood cell morphology. The red 
blood cells are abnormally small (microcytosis), have large areas of central pallor 
(hypochromia), and vary greatly in size (anisocytosis). Courtesy of Wikimedia.
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Angiography with coronary stenosis. Coronary angiography of a critical sub-
occlusion of the common trunk of the left coronary artery and the circumflex artery 
(red arrows). A coronary angiogram is a procedure that uses X-ray imaging to 
see heart's blood vessels. The test generally is done  to see if there is a restriction 
in blood flow going to the heart. Coronary angiograms are part of a general group 
of procedures known as heart (cardiac) catheterizations. Cardiac catheterization 
procedures can both diagnose and treat heart and blood vessel conditions. A 
coronary angiogram, which can help diagnose heart conditions, is the most 
common type of cardiac catheterization procedure. During a coronary angiogram, 
a type of dye that's visible by an X-ray machine is injected into the blood vessels 
of your heart. The X-ray machine rapidly takes a series of images (angiograms), 
offering a look at your blood vessels. If necessary, a cardiothoracic surgeon can 
open clogged heart arteries (angioplasty) during your coronary angiogram. Courtesy 
of Wikimedia.

Small blood vessel in alveoli. Computer-colored scanning electron micrograph 
(SEM) of small blood vessel in alveoli. Courtesy of David Gregory and Debbie 
Marshall. CC BY 4.0.
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Human liver biopsy sample. A small quantity of tissue is sampled from the liver 
when doing a biopsy, which is then examined under a microscope. Courtesy of 
Wikimedia.

Fine needle aspiration (FNA) of pancreatic tissue. An adenocarcinoma is 
seen on the left, normal ductal epithelium is on the right. FNA is a diagnostic 
procedure used to investigate lumps or masses. In this technique, a 
thin (23–25 gauge), hollow needle is inserted into the mass for sampling of cells 
that, after being stained, are examined under a microscope (biopsy). The sampling 
and biopsy considered together are called fine-needle aspiration biopsy (FNAB) or 
fine-needle aspiration cytology (FNAC) (the latter to emphasize that any aspiration 
biopsy involves cytopathology, not histopathology). FNA biopsies are very safe 
minor surgical procedures. Often, a major surgical (excisional or open) biopsy 
can be avoided by performing a needle aspiration biopsy instead, eliminating the 
need for hospitalization. Today, this procedure is widely used in the diagnosis 
of cancer and inflammatory conditions. Aspiration is safer and far less traumatic 
than an open biopsy; complications beyond bruising and soreness are rare. 
However, the few problematic cells can be too few (inconclusive) or missed entirely 
(a false negative). This type of sampling is performed for one of two reasons: 
(a) a biopsy is performed on a lump or a tissue mass when its nature is in 
question; or (b) for known tumors, this biopsy is performed to assess the effect 
of treatment or to obtain tissue for special studies. When the lump can be felt, 
the biopsy is usually performed by a cytopathologist or a surgeon. In this case, 
the procedure is usually short and simple. Otherwise, it may be performed by 
an interventional radiologist, a doctor with training in performing such biopsies 
under x-ray or ultrasound guidance. In this case, the procedure may require 
more extensive preparation and take more time to perform. Also, fine-needle 
aspiration is the main method used for chorionic villus sampling, as well as for 
many types of body fluid sampling. It is also used for ultrasound-guided aspiration 
of breast abscess, of breast cysts, and of seromas. Courtesy of Wikimedia.
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Physical examination of urine. A physician examining a urine-flask brought by a 
woman; oil painting after Caspar Netscher (1639–1684). Courtesy of the Wellcome 
Library.

Urinary casts. Examples of urinary casts: (a) renal tubular epithelial (RTE) cell 
cast, (b) muddy granular cast, (c) white blood cell cast, (d) red blood cell cast. 
Courtesy of Wikimedia.
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Enterococcus pneumonia. This histological photomicrograph reveals cocci-shaped 
Enterococcus sp. bacteria taken from a pneumonia patient. Enterococcus sp. is a 
common, Gram-positive bacterium that can normally be found in the bowel and 
female genital tract. These bacteria can be spread by the fecal-oral transmission 
route, contact with infected body fluids, or contact with contaminated surfaces. 
Courtesy of the Centers for Disease Control and Prevention.

Methicillin-resistant Staphylococcus aureus (MRSA). Scanning electron micro-
graph of methicillin-resistant Staphylococcus aureus (MRSA, brown) surrounded 
by cellular debris. MRSA resists treatment with many antibiotics. MRSA is usually 
spread in the community by contact with infected people or things that are 
carrying the bacteria. This includes contact with a contaminated wound or by 
sharing personal items, such as towels or razors, that have touched infected 
skin. MRSA is resistant to all beta-lactam antibiotics. This includes all penicillins 
(e.g., amoxicillin) and cephalosporins (e.g., keflex). The first documented MRSA 
outbreak in the US occurred at a Boston hospital in 1968. MRSA lives harmlessly 
on the skin of around 1 in 30 people, usually in the nose, armpits, groin or 
buttocks. This is known as “colonization” or "carrying" MRSA. You can get MRSA 
on your skin by touching someone who has it. Courtesy of the National Institute 
of Allergy and Infectious Diseases.
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Mammogram procedure. Courtesy of Blausen.com. “Medical gallery of Blausen 
Medical 2014”. WikiJournal of Medicine 1(2). DOI:10.15347/wjm/2014.010. ISSN 
2002–4436.

Breast cancer diagnosis. Normal (left) versus cancerous (right) mammography 
image. Images kindly provided by the National Cancer Institute.
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Breast cancer. A polyploid giant cancer cell (PGCC) from triple-negative breast 
cancer. Courtesy of the National Cancer Institute.

Colon cancer cells. Cultured colon cancer cells showing the nuclei stained with 
DAPI in blue, the actin cytoskeleton in red and plectin (isoform 1k) in green. 
Plectin interacts with cytoskeletal actin, affecting its behavior. This subtype of 
plectin promotes the migration of cells and may affect metastasis. Courtesy of Lorna 
McInroy. CC BY.
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Papanicolaou stain showing a low-grade squamous intraepithelial lesion 
(LSIL) from a Pap test. LSIL is an abnormality found on a pap test that consists 
of cells that are abnormal and may develop into cervical cancer. Abnormal cells 
have an enlarged nucleus, irregular chromatin, and relatively abundant cytoplasm. 
Binucleation (two nuclei in one cell) and peri-nuclear glycogen are commonly 
seen. Courtesy of Wikipedia.

Pap stain of adenocarcinoma in peritoneal fluid. Cytopathology of peritoneal 
fluid in a case of peritoneal carcinomatosis, showing typical features of 
adenocarcinoma. Papanicolaou stain (or Pap stain) is a multichromatic cytological 
staining technique developed by George Papanicolaou in 1942. The Pap stain is 
one of the most widely used stains in cytology, where it is used to aid pathologists 
in making a diagnosis. Although most notable for its use in the Pap test or 
Pap smear as a reliable technique in cervical cancer screening in gynecology, it is 
also used to stain non-gynecological specimen preparations from a variety of 
bodily secretions and from small needle biopsies of organs and tissues. Courtesy 
of Wikimedia.
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Lumbar puncture procedure. Illustration depicting common positions for lumbar 
puncture procedure. Courtesy of Blausen.com. “Medical gallery of Blausen Medical 
2014”. WikiJournal of Medicine 1(2). DOI:10.15347/wjm/2014.010. ISSN 2002-
4436.

Lumbar puncture in a meningitis patient. This photograph illustrates the 
operation of lumbar puncture and the technique in injecting the anti-meningitis 
serum. The patient is lying on his left side over the right side of the bed. His back 
is bowed by the physician in the middle of the photograph by flexing the hips on 
his abdomen and bending his head forward. The skin at the site of the operation 
has been painted with tincture of iodine. The site of the operation is draped off 
with sterile towels. The needle has been inserted at the level of the crest of the 
ileum, which is marked with tincture of iodine. The assistant at the head of the 
patient is taking blood pressure observations. The medical team is relying on the 
force of gravity to inject the serum. Photo kindly provided by Wikimedia.
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The Hooke microscope. This sketch shows a 17th-century compound 
microscope and illumination system used by Robert Hooke (1635–1703), one 
of the best such microscopes of his time. The image is from an engraving in his 
book Micrographia, published in 1665, which was primarily a review of a series 
of observations that he had made while following the development and 
improvement of the microscope. It is in Micrographia, that he coined the term "cell" 
(suggesting plant structure's resemblance to honeycomb cells) which spurred 
microscopic investigations. By observing microscopic fossils, Hooke presaged 
the theory of biological evolution. He is known as a “Renaissance Man” of 17th 
century England for his superb work in astronomy, physics, and biology. Sketch 
kindly provided by Wikimedia.
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Robert Hooke. No known portrait of Robert Hooke survives. Hooke approximated 
the experimental confirmation that gravity heeds an inverse square law, and 
first hypothesized the relation of the inverse square law to planetary motion – a 
principle furthered and formalized by Isaac Newton via Newton's Law of 
Universal Gravitation. Claim to this discovery contributed to the rivalry between 
Hooke and Newton, who called Hooke's legacy into question. It is argued that 
knowledge of the identity of the sitter in the above painting was suppressed by 
Isaac Newton's influence, as Hooke's theories might take precedence over 
Newton's. 
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The Hooke microscope. The hand-crafted, leather and gold-tooled microscope 
Hooke used is shown above. It was originally manufactured by Christopher White 
of London. Hooke is believed to have used it for the observations that formed 
the basis of his book Micrographia. Photographed at the National Museum of 
Health and Medicine, US Armed Forces Institute of Pathology. 

Microscopy. General view of an early light microscope with various attachments.
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Anthonie van Leeuwenhoek. Leeuwenhoek (1632–1723) is considered to be 
the first acknowledged microscopist and microbiologist. The Dutch pioneer is 
best known for his work in the field of microscopy and for his contributions toward 
the establishment of microbiology as a scientific discipline. For the first time, he 
described spermatozoa from insects and humans, striations in muscles, and the 
mouthparts of insects. He also advanced Malpighi's demonstration of the blood 
capillaries in 1660 by giving the first accurate description of red blood cells.  In 1702, 
Leeuwenhoek remarked that “in all falling rain, carried from gutters into water-
butts, animalcules are to be found; and that in all kinds of water, standing in the open 
air, animalcules can turn up. For these animalcules can be carried over by the wind, 
along with the bits of dust floating in the air.” These animalcules, whose sizes he 
calculated, were microorganisms, including bacteria. Photo of painting kindly 
provided by Jan Verkolje – http://www.rijksmuseum.nl/collectie/SK-A-957. Public 
Domain, https://commons.wikimedia.org/w/index.php?curid=34320547.
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Wilhelm Conrad von Röntgen. Röntgen (1845–1923), shown above with his 
wife Anna Bertha Röntgen (1839–1919), discovered X-rays by accident while 
experimenting with cathode rays. He realized that a new kind of ray was being 
created that was capable of passing through the heavy paper; he referred to it as 
‘X-rays’. He discovered that these rays could pass through human tissue, but not 
through bones and metal objects. In late 1895, he took the first X-ray image ever 
captured – of his wife’s hand (second photo from top).
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Taking an X-ray image with early Crookes tube apparatus, late 1800s. The 
Crookes tube is visible in center. The standing man is viewing his hand with 
a fluoroscope screen. The seated man is taking a radiograph of his hand by 
placing it on a photographic plate. No precautions against radiation exposure 
were taken as its hazards were unknown at the time. Source: W. J. Morton and 
E. W. Hammer. (1896). The X-ray, or Photography of the Invisible and Its Value in 
Surgery. American Technical Book Co., New York, fig. 54. Public Domain, https://
commons.wikimedia.org/w/index.php?curid=3272036.

X-ray of hip replacement. Implants, such as artificial hip joints, generally are 
regulated extensively due to the invasive nature of such devices. Hip replacement 
surgery (hip arthroplasty) is a surgical procedure performed by an orthopedic 
surgeon that involves removal of the diseased parts of the hip joint and replacement 
with new, artificial parts, as shown in this X-ray. Courtesy of the National Institutes 
of Health.
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X-ray of normal congruous vertebral lines. Cervical lines are annotations used 
in medical imaging of the cervical vertebrae. These are useful in the detection 
of cervical fractures. Incongruencies indicate cervical fracture, spondylolisthesis,  
and/or ligament injury. X-ray image kindly provided by Mikael Häggström.

Vertebral lines on a computerized tomography (CT) scan of the neck. Again, 
as indicated in the adjacent X-ray image, these lines are useful in the detection 
of cervical fractures. It is important to note that CT scans or X-ray images are 
evaluated for the presence or absence of directly visible fractures. In addition, 
indirect signs of injury by the vertebral column are incongruities of the vertebral 
lines, and/or increased thickness of the prevertebral space. CT scan image kindly 
provided by Mikael Häggström.
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Willem Einthoven with his galvanometer. This photograph taken in a hospital 
in London in 1916 shows Willem Einthoven (1860–1927), a Dutch physiologist, 
testing the string galvanometer he developed on a patient with the patient’s 
one foot and hands  immersed in saline to improve electrical conductivity. For 
Einthoven, who won the Nobel Prize for the development of the electrocardiogram 
in 1924, one of the most rewarding aspects of the high fidelity recording 
of the human electrocardiogram was its validation of his earlier theoretical 
predictions regarding the electrical activity of the heart. Einthoven's main 
achievements in electrophysiology were the description of the normal ECG, 
some physiological effects on the ECG, the three ECG leads, and the triangle rule. 
Photograph source: https://www.youtube.com/watch?v=yJvkfHDuw1c.

Early commercial ECG. This photo does not represent the ECG machine built by 
Willem Einthoven and his team. Rather it shows an early commercial ECG machine, 
built in 1911 by the Cambridge Scientific Instrument Company, to measure the 
human electrocardiogram according to the standards developed by Einthoven. 
Courtesy of Wikipedia.
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An electrocardiogram (ECG or EKG). A 12-lead ECG of a 26-year-old male with 
an incomplete right bundle branch block (RBBB). Courtesy of Wikimedia.

Normal electrocardiogram (ECG) trace. Schematic representation of a normal 
ECG trace showing sinus rhythm; an example of widely used clinical medical 
equipment. Diagram kindly provided by Agateller (Anthony Atkielski). Public 
Domain, https://commons.wikimedia.org/w/index.php?curid=1560893.
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The first ECG tracings. The first electrocardiogram is shown above. The initial 
attempts to record the human heart electrical activity were performed with a 
mercury capillary electrometer by Augustus Waller in 1887 in London. This capillary 
electrometer consisted of a glass tube containing mercury with one end drawn out 
into a fine capillary and immersed vertically in dilute sulfuric acid (Fig. 1 above). 
The tracings were poor, however, and exhibited only two distorted deflections.

ECG Tracing with Heart Contraction. Besides the stethoscope, the electro-
cardiogram (ECG) is the oldest and most enduring tool of the cardiologist. At every 
beat, the heart is depolarized to trigger its contraction. This electrical activity is 
transmitted throughout the body and can be picked up on the skin. This is the 
principle behind the ECG. An ECG machine records this activity via electrodes on 
the skin and displays it graphically. An ECG involves attaching 10 electrical 
cables to the body: one to each limb and six across the chest. ECG terminology has 
two meanings for the word "lead:" (i) the cable used to connect an electrode 
to the ECG recorder; and (ii) the electrical view of the heart obtained from any 
one combination of electrodes. Courtesy of Wikimedia.
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Ophthalmoscope (left) and otoscope 
combination by Welch Allyn. Hermann 
Ludwig Ferdinand von Helmholtz (1821–
1894) developed a way for physicians 
to illuminate the retina and observe it 
at the same time. He invented one of 
medicine’s most important instruments –  
the ophthalmoscope. This medical instru-
ment enables opticians and physicians 
to closely examine the interior surface 
of the eye, which is useful not only for 
accurately prescribing glasses, but can 
also be used to examine retinal blood 

vessels and detect high blood pressure, arterial disease, glaucoma, and tumors. 
The genius made significant contributions to medicine: mathematics of the eye, 
theories of vision, concepts on visual perception of space, color vision research, 
as well as research on the sensation of tone, and perception of sound. In 1915, 
Francis A. Welch and William Noah Allyn invented the world’s first handheld 
direct illuminating ophthalmoscope. Photo courtesy of Wikimedia.

Fundus photograph of the right eye. 
The image shows a fundus with no sign 
of disease or pathology. It is seen from 
front so that left in the image is to the 
person’s right. (The fundus of the eye is 
the interior surface of the eye opposite 
the lens and includes the retina, optic disc, 
macula, fovea, and posterior pole. It can 
be examined by ophthalmoscopy and/or 
fundus photography.) The gaze is into the 
camera, so the macula is in the center of 
the image, and the optic disk is located 
towards the nose (right in image). The 
optic disk has some pigmentation at 
the perimeter of the lateral side, which is considered non-pathological. Veins are 
darker and slightly wider than corresponding arteries. Major nerve pathways are 
seen as white striped patterns radiating from the optic disk. In addition, there are 
also lighter areas close to larger vessels seen mainly at upper left in the image 
(person’s upper right), which is regarded as a normal finding in younger people. 
Photo is taken at Gävle Hospital in Sweden in 2012 on a healthy 25-year old 
male volunteer. M. Häggström. (2014). Medical gallery of Mikael Häggström 2014. 
WikiJournal of Medicine 1(2). DOI:10.15347/wjm/2014.008. ISSN 2002-4436.
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The electroretinogram (ERG). The ERG is a diagnostic test that measures 
the electrical activity of the retina in response to a light stimulus. The ERG 
arises from currents generated directly by retinal neurons in combination with 
contributions from retinal glia. Importantly, the ERG is an objective measure 
of retinal function that can be recorded non-invasively under physiological 
conditions. ERGs are often recorded using a thin fiber electrode that is placed in 
contact with the cornea or an electrode that is embedded within a corneal 
contact lens. These electrodes permit the electrical activity generated by the retina 
to be recorded at the corneal surface. The ERG has important clinical utility 
in that it provides diagnostic information concerning a variety of inherited 
and acquired retinal disorders. Moreover, the ERG can be used to monitor 
disease progression and evaluate retinal toxicity due to various drugs or retained 
intraocular foreign bodies. The first known ERG was recorded from amphibian 
retina in 1865 by the Swedish physiologist, Alarik Frithiof Holmgren (1831–1897). 
James Dewar (1842–1923) of Scotland subsequently recorded the ERG in humans 
in 1877. In 1908, Einthoven and Jolly separated the ERG response into three 
components: a-wave, b-wave, and c-wave, which are further described below. 
Despite the early discovery of the ERG, widespread application did not occur until 
1941, when American psychologist Lorin Riggs introduced a contact-lens electrode 
for ERG recording. Many of the observations that serve as the basis for our 
understanding of the ERG were conducted by Ragnar Granit (1900–1991).
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Hermann Ludwig Ferdinand von Helmholtz. Helmholtz (1821–1894), a German 
physicist and physician, made significant contributions in several scientific fields. 
In physiology and psychology, he is known for his theories of vision and sound, 
visual perception of space, and empiricism in the physiology of perception. 
In physics, he is known for his theories on the conservation of energy, work in 
electrodynamics, chemical thermodynamics, and on a mechanical foundation of 
thermodynamics. As a philosopher, he is known for his philosophy of science, ideas 
on the relation between the laws of perception and the laws of nature, the science 
of aesthetics, and ideas on the civilizing power of science. The photo above is that of 
Helmholtz’s statue in front of Humboldt University in Berlin. Courtesy of Wikimedia.
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White matter connections obtained with magnetic resonance imaging (MRI) 
tractography. MRI diffusion tensor imaging of white matter tracts. In neuroscience, 
tractography is a 3D modeling technique used to visually represent nerve 
tracts using data collected by diffusion MRI. It uses special techniques of MRI 
and computer-based diffusion MRI. The results are presented in two- and three- 
dimensional images called tractograms. Courtesy of Wikimedia.

Proton CT of a human head. 3D rendering of the head of an adult male receiving 
X-ray radiotherapy, viewed from the side. The patient is wearing a conventional 
restrictive mesh mask to prevent any movement during treatment. No data is 
available for the tip of the nose. A clinical proton CT has not yet been produced 
to date. This is a simulation using X-ray data of a patient receiving radiotherapy, 
where every X-ray event has been converted to its proton equivalent. 180 image 
projections were then processed using a new algorithm to create the image seen 
here. Using a digital model created in this way, external tissue can also be digitally 
stripped away to reveal the bare skull inside. Proton beam radiotherapy is rapidly 
becoming a recognized treatment for certain cancers, especially in children and 
young people. To target the tumor site while minimizing the exposure to healthy 
surrounding tissue it is necessary to image using the same particles (protons) that 
are used for therapy. The advantage of using high-energy treatment protons to 
construct the CT scan instead of much lower energy X-ray photons is that registration 
errors are reduced from ±4% to less than ±1%. Proton therapy could be used in 
many more cases and with better outcomes. Courtesy of Nigel Allinson, University 
of Lincoln; CC BY 4.0.
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3D human skull from computerized tomography (CT) data. A CT scan, formerly 
called Computed Axial Tomography scanning or CAT scanning) is a medical 
imaging technique used to obtain detailed internal images of the human body. 
Based on the variable absorption of X-rays by different tissues, CT imaging, 
provides a different form of imaging known as cross-sectional imaging (Greek, 
tomos meaning "slice" or "section" and graphe meaning "drawing"). A CT imaging 
system produces cross-sectional images or "slices" of anatomy used for a variety 
of diagnostic and therapeutic purposes. Most CT systems are also capable of 
"spiral" (i.e., "helical") scanning, as well as scanning in the formerly more 
conventional "axial" mode. In addition, many CT systems are capable of imaging 
multiple slices simultaneously, allowing relatively larger volumes of anatomy to 
be imaged in relatively short time. Courtesy of Prof. Dr. Michael Tsokos, FAL, 
https://commons.wikimedia.org/w/index.php?curid=22886395.
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Calculation of bone age analysis by BoneXpert. X-ray of the hand of a 7.60-
year-old female is shown with automatic calculation of bone age by the BoneXpert 
software. The bone age is 7.38 by the Greulich and Pyle algorithm, and 8.16 by the 
second Tanner Whitehouse algorithm. BoneXpert software analyzes the image 
completely automatically, independently of the rotation of the hand. Both left and 
right hands are accepted. BoneXpert analyses the following 21 bones: radius, ulna, 
metacarpals, and phalanges. These are used for the overall bone age formed as 
a simple average over these 21 bones. In addition, the seven carpals are considered, 
and a carpal bone age is computed for the group of all visible carpals. Thus, 
the carpal bone age is not averaged into the overall bone age. Carpal bone age is 
usually not determined for boys with bone age above 12 years and for girls with 
bone age above 10 years, because the carpals develop very little above these 
bone ages. Bone age is considered the most important and most representative 
criterion of biological maturity. In fact, bone age indicates the level of biological 
and structural maturity better than the chronological age calculated from the 
date of birth. Bone age determination is carried out for the purpose of evaluating 
growth in pediatric patients and for the diagnosis of many endocrine disorders 
and pediatric syndromes. (Conventionally this is determined from an X-ray 
image of the hand.) It also allows for growth prediction; determining skeletal age 
is important for orthopedic procedures in which it is essential to know potential 
future longitudinal growth. In rare cases, skeletal age determination is also 
required in judicial proceedings to determine, for example, whether a suspect 
should be charged as a juvenile or an adult. Automated methods like this one 
for evaluation of hand and wrist radiographs have been developed which reduce 
inter-rater variability compared to manual methods. Courtesy of BoneXpert and 
Wikimedia.
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PET, MRI, and overlaid images of a human brain. Courtesy of Mco44. Public 
Domain, https://commons.wikimedia.org/w/index.php?curid=3587922.

Scintigraphy. Lung scintigraphy evaluating lung cancer. Courtesy of Wikimedia.

https://commons.wikimedia.org/w/index.php?curid=3587922
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Positron emission tomography (PET). Computer representation of false-
color image of a cross section of human brain, based on scintillography in 
Positron-Emission Tomography (PET). This is a transaxial slice of the brain of 
a 56 year old patient (male) taken with PET. The injected dose was 282 MBq of 
18F-FDG and the image was generated from a 20-minutes measurement with 
an ECAT Exact HR+ PET Scanner. Red areas show more accumulated tracer 
substance (18F-FDG) and blue areas are regions where low to no tracer have been 
accumulated. PET image courtesy of Jens Maus (http://jens-maus.de/). Public 
Domain, https://commons.wikimedia.org/w/index.php?curid=404690.

Computerized tomography (CT) scan of the chest with contrast. The red arrows 
depict bilateral near occlusive pulmonary emboli. Source: N. Epperla, E. Peterson, 
and P. Foy, (2015). An unusual occurrence: a case of venous thromboembolism 
in pregnancy associated with heterotaxy syndrome. BMC Hematol 15:7. https://doi.
org/10.1186/s12878-015-0025-5. Open access.

https://commons.wikimedia.org/w/index.php?curid=404690
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Fused CT-PET. These scans more clearly show tumors and are therefore often used 
to diagnose and monitor the growth of cancerous tumors. Courtesy of the National 
Institutes of Health.

Computerized tomography (CT) scans. (A) CT scan of the chest with contrast. 
Coronal section showing bilateral, bilobed lungs (yellow arrows depict the major 
fissure). (B) CT scan of the abdomen. The arrow points to multiple splenic lobules 
suggestive of polysplenia. (C) CT scan of the abdomen. Coronal section showing 
azygous continuation of inferior vena cava. Source: N. Epperla, E. Peterson, and 
P. Foy, (2015). An unusual occurrence: a case of venous thromboembolism in 
pregnancy associated with heterotaxy syndrome. BMC Hematol 15:7. https://doi.
org/10.1186/s12878-015-0025-5. Open access.
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Laser microscopy. This image of the hippocampus was taken with an ultra-widefield 
high-speed multiphoton laser microscope. Tissue was stained to reveal the 
organization of glial cells (cyan), neurofilaments (green) and DNA (yellow). 
Courtesy of the National Center for Microscopy and Imaging Research.

Cell ultrastructure. Fibroblast cells with nuclei (blue, circular, center), mitochondria 
(green, surrounding the nucleus), and the actin cytoskeleton (red, outermost). 
Courtesy of the National Institutes of Health.
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Villi in the small intestine. 3D reconstruction of villi in the small intestine of the 
mouse. Villi are small finger like projection that cover the internal surface of the 
small intestine to increase the surface area and assist in digestion. This image 
was created from a wholemount that had a fluorescent stain applied to mark 
different cellular components. The tips of the villi have been cropped away to show 
the internal morphology. The red shows the F-actin (stained with rhodamine 
phalloidin), which cover the surface of each villus. Cell nuclei are labelled blue 
(stained with DAPI). Image courtesy of Paul Appleton; CC BY.

Actin filaments. Multiple actin filaments (magenta) are organized around a 
dynamin helical polymer (rainbow colored) in this model derived from cryo- 
electron tomography. By bundling actin, dynamin increases the strength of a 
cell’s skeleton and plays a role in cell-cell fusion, a process involved in conception, 
development, and regeneration. Courtesy of Elizabeth Chen, University of Texas 
Southwestern Medical Center and the National Institute of Diabetes and Digestive 
and Kidney Diseases.



47A Journey in Pictures

Examples of early electron microscopy. Text and electron micrographs kindly 
provided by Prof. Dr. S. R. Bawa. Further details: S. R. Bawa. (1963). Outer coarse 
fibers of  the mammalian sperm tail – an electron microscope study. Journal of 
Ultrastructure Research 9:475–483.
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Nuclear medicine. Myocardial perfusion scans with thallium-201 for the rest 
images (bottom rows) and Tc-Sestamibi for the stress images (top rows). 
The nuclear medicine myocardial perfusion scan plays a pivotal role in the 
noninvasive evaluation of coronary artery disease. The study not only identifies 
patients with coronary artery disease, but it also provides overall prognostic 
information or overall risk of adverse cardiac events for the patient. Courtesy of 
Wikimedia.
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Bone scan. A nuclear medicine whole body bone scan. This type of scan is generally 
used in evaluations of various bone-related pathology, such as bone pain, stress 
fracture, nonmalignant bone lesions, bone infections, or the spread of cancer to 
the bone. Courtesy of Myohan, CC BY 3.0.
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Parathyroid subtraction. A nuclear medicine parathyroid scan demonstrates 
a parathyroid adenoma adjacent to the left inferior pole of the thyroid gland. 
The above study was performed with Technetium-Sestamibi (1st column) and 
iodine-123 (2nd column) simultaneous imaging and the subtraction technique 
(3rd column). Courtesy of Myohan, CC BY 3.0.
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Iodine-123 whole body scan for thyroid cancer evaluation. The study above 
was performed after the total thyroidectomy and TSH stimulation with thyroid 
hormone medication withdrawal. The study shows a small residual thyroid 
tissue in the neck and a mediastinum lesion, consistent with the thyroid cancer 
metastatic disease. The observable uptakes in the stomach and bladder are 
normal physiologic findings. Courtesy of Wikipedia.
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Carotid ultrasound. Ultrasound of carotid artery. Courtesy of the National Heart 
Lung and Blood Institute.

Ultrasonographic measurement of aortic diameter. Abdominal ultrasound in the 
axial plane at the level of the navel of a 31 year old man, showing normal anatomy. 
It uses compression to decrease the distance to the aorta for better visualization, 
resulting in flat shapes of the inferior mesenteric vein and the inferior vena cava. 
It shows measurement of the aorta, as applied in detecting abdominal aortic 
aneurysm (not present in this case). Courtesy of Mikael Häggström.
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Ventricular septal defect. An abnormal echocardiogram: the image shows a mid-
muscular ventricular septal defect. The trace in the lower left shows the cardiac 
cycle and the red mark during the time in the cardiac cycle when the image was 
captured. Colors are used to represent the velocity and direction of blood flow. 
Courtesy of Kjetil Lenes. Public Domain.

Echocardiogram. An echocardiography, echocardiogram, cardiac echo or simply 
an echo, is an ultrasound of the heart. In this parasternal long-axis view, a 
measurement of the heart’s left ventricle is shown. Public Domain.
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Santiago Ramón y Cajal in his laboratory. Cajal (1852–1934) was a brilliant 
Spanish neuroscientist, pathologist, and histologist specializing in neuroanatomy 
and the central nervous system. He is often called the “father of neuroscience.” 
He and Camillo Golgi received the Nobel Prize in Physiology or Medicine in 1906 
for his theory that became known as the neuron doctrine. I find it remarkable 
that in 1873, after five years at medical school, Cajal graduated and was now 
qualified to practice medicine. He was just 21. Cajal made several major classic 
contributions to neuroanatomy. He discovered the axonal growth cone, and 
demonstrated experimentally that the relationship between nerve cells was not 
continuous or a single system, as per extant reticular theory. Rather, he determined 
that the relationship between nerve cells is contiguous, and that there are gaps 
between neurons. This provided definitive evidence for what Heinrich Waldeyer 
would name “neuron theory,” now widely considered the foundation of modern 
neuroscience. In 1894, Cajal stated to the Royal Society of London: "The ability 
of neurons to grow in an adult and their power to create new connections can 
explain learning." This statement is considered to be the origin of the synaptic 
theory of memory. He was a proponent of polarization of nerve cell function. 
By producing excellent depictions of neural structures and their connectivity, 
and providing detailed descriptions of cell types he discovered a new type of cell, 
which was subsequently named after him, the interstitial cell of Cajal (ICC). 
Courtesy of Wikimedia.
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Ramón y Cajal in Zaragoza, Spain, c. 1870, auto-portrait. Cajal was a pioneering 
neuroanatomist who, over the course of five decades, combined cutting-edge 
scientific research with consummate draftsmanship to create groundbreaking 
drawings of the human brain and other nerve tissues. 
“Is the brain’s grey matter a continuous network of fibres? At the end of the 
nineteenth century, this was a contentious question, with high-stakes implications: 
an opposing theory that the grey matter was made of separate cells had gained 
traction by 1906, when the Nobel prize honoured two giants of neuroscience for 
work on the structure of the nervous system. The laureates embodied the hostile 
extremes of the dispute, a feud that has gone down in the annals of science history. 
Camillo Golgi, who clung to the continuous-web theory, abused his Nobel acceptance 
speech to attack his younger co-laureate, Santiago Ramón y Cajal. Cajal behaved 
himself at the ceremony, but elsewhere, he had described Golgi’s stubbornness 
as “a typical case of the crippling influence of theoretical prejudice”. Cajal was 
proved right. His delicate tissue preparations clearly showed tiny gaps between 
individual brain cells. His work has been compared to that of Andreas Vesalius, 
the Renaissance physician whose exquisite drawings of his own anatomical 
dissections revolutionized medicine. Cajal’s immense artistic skills similarly led 
him to profound insights into brain development and function, most of which 
have stood the test of time.” Source: B. Ehrlich. (2022). The Brain in Search of 
Itself: Santiago Ramón y Cajal and the Story of the Neuron. Farrar, Straus and 
Giroux, New York, New York.
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Ramón y Cajal's sketch of the retina. Painting made by Cajal showing the 
schematics of the structure of the mammalian retina. The various numbers in 
Cajal's original sketch above refer to: 1. Rod and cone layer; 2. External limiting 
membrane; 3. Outer granular layer; 4. Outer plexiform layer; 5. Inner granular 
layer; 6. Inner plexiform layer; 7. Ganglion cell layer; 8. Optic nerve fibre layer; 
9. Internal limiting membrane; A. Pigmented cells; B. Epithelial cells; a. Rods; b. 
Cones; c. Rod nucleus; d. Cone Nucleus; e. Large horizontal cell; f. Cone-associated 
bipolar cell; g. Rod-associated bipolar cell; h. Amacrine cells; i. Giant ganglion cell; 
and j. Small ganglion cells. Obtained from Santiago Ramon y Cajal's Structure of the 
Mammalian Retina, c. 1900. Open Access.



57A Journey in Pictures

Histopathology of the thalamus. A normal neuron is shown at left, and in 
an infarction at approximately 24 hours at right on H&E stain, with a hyper- 
eosinophilic neuron, as well as an infiltrate of neutrophils. The surrounding 
neuropil has slight edema and loss of the normal architecture. Courtesy of Mikael 
Häggström.

Diffusion tractography: 3D-printed reconstruction of the arcuate fasciculus. 
The brain is composed of two types of matter: grey and white. The grey matter 
contains cell bodies, and is responsible for processing information. White matter 
connects these grey matter areas, allowing signalling (and information transfer) 
between remote areas of the brain. Language is considered a uniquely human 
cognitive ability. Its anatomical foundation in the brain has primarily been 
mapped to two distant brain regions in the frontal and temporal lobes. This image 
shows a 3D-printed reconstruction of the arcuate fasciculus, the white matter 
pathway connecting these two areas. Although discovered in the 19th century 
using postmortem dissection methods, it is only with the advent of new technologies 
that this connection could be visualized in the living human brain. To create this 
work, a type of MRI called diffusion tractography was used to generate a 3D map 
of the arcuate fasciculus. The data were then converted to a file compatible with 
3D printing. The 3D print is made from clear resin, and is illuminated using 
colored light in a darkroom for this photograph. Image courtesy of Stephanie J. 
Forkel and Ahmad Beyh, Natbrainlab, King’s College London; Alfonso de Lara Rubio, 
King’s College London; CC BY.
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Healthy adult human brain. Sagittal view of a healthy adult, living human brain, 
virtually sliced down a vertical axis dividing it into left and right halves. The 
anterior portion of the brain is facing towards the left side of the image. Information 
on neural tracts or pathways of white matter in the brain were collected by a 
type of magnetic resonance imaging (MRI), which tracks the movement of water 
molecules within tissue, similar to diffusion tensor imaging (DTI). This was used 
to reconstruct a digital model in the style of a Joseph Jules Dejerine anatomical 
drawing. The rostral/anterior portion of the brain is facing. Field of view is 256 × 140 
mm. Image courtesy of Dr. Flavio Dell’Acqua; CC BY.

CT scan; papilloma, choroid plexus. CT scan of 9-year-old child showing 
papilloma of choroid plexus. This is usually a benign neoplasm that arises from 
the cuboidal epithelium of the choroid plexus and takes the form of an enlarged 
choroid plexus which may be associated with oversecretion of CSF. The tumor 
usually presents in the first decade of life with signs of increased intracranial 
pressure including headaches, ataxia, diplopia, and alterations of mental status. 
In children it is most common in the lateral ventricles and in adults it tends to arise 
in the fourth ventricle. Malignant transformation to choroid plexus carcinomas 
may rarely occur. CC BY 4.0.
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Diffusion magnetic resonance imaging (MRI): Healthy human brain from a 
young adult. Coronal view of nerve fibres in the brain of a young healthy adult, 
which has been virtually sliced down a vertical axis to divide it into front and back. 
The brain is viewed from behind, with the left side of the brain on the left of the 
image. This image was created by virtually dissecting the brain using data obtained 
from diffusion MRI. Diffusion weighted imaging is a specialised type of MRI 
scan which measures water diffusion in many directions in order to reconstruct 
the orientation of bundles of nerve fibres. Tractography is used to indirectly 
model these nerve fibres, which transmit information between different regions 
of the brain. These have been color-coded to help distinguish between different 
tracts which pass close to each other. For example, fibres connecting the left and 
right hemispheres (red), fibers travelling from top to bottom (blue) connecting 
to the spinal cord, and fibers running from front to back (green) are visible here. 
Reconstructing these connections between different parts of the brain will aid 
our understanding of how the brain functions in health and disease, and could 
ultimately become a tool in the same way as the human genome. Width of 
image is approximately 165 mm. Image courtesy of Alfred Anwander, Max Planck 
Institute for Human Cognitive and Brain Sciences; CC BY.
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Monkeypox virus. The color-enhanced SEM shows the MPox virus (orange) in 
infected cells. Courtesy of the National Institute of Allergy and Infectious Diseases.

Monkeypox virus. Colorized scanning electron micrograph of Mpox virus (orange) 
on the surface of infected VERO E6 cells (green). Courtesy of the National Institute 
of Allergy and Infectious Diseases.
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Monkeypox virus particles. This digitally-colorized electron microscopic (EM) 
image depicts Mpox virus particles, obtained from a clinical sample associated 
with the 2003 prairie dog outbreak. It was a thin section image from a human 
skin sample. In the micrograph on the left are mature, oval-shaped virus particles, 
and on the right are the crescents, and spherical particles of immature virions. 
Courtesy of Cynthia S. Goldsmith and Russell Regnery, Centers for Disease Control 
and Prevention.

Measles virus particles. This illustration provides a 3D graphic representation 
of a spherical-shaped, measles virus particle, that is studded with glycoprotein 
tubercles. Those tubercular studs colorized maroon, are known as H-proteins 
(hemagglutinin), while the colorized gray, represent what are referred to as 
F-proteins (fusion). The F-protein is responsible for fusion of the virus and host 
cell membranes, viral penetration, and hemolysis. The H-protein is responsible 
for the binding of virions to cells. Both types of proteinaceous studs are embedded 
in the particle envelope’s lipid bilayer. Kindly provided by the Centers for Disease 
Control and Prevention.
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Instruction in physical diagnosis. Demonstration in an amphitheater of 
techniques for diagnosis through physical examination (PE). Only one of the  
medical students present is a woman. Courtesy of the National Library of Medicine.

A doctor checks a patient’s pulse in Meiji-era Japan. This photograph depicts 
a doctor checking a patient’s pulse. The photo was taken by Kusakabe Kimbei in the 
1870–1890s and the monochrome albumen silver print was hand-colored.
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Chest palpitation. Making a diagnosis in a case of disease of the lungs. Clinic scene, 
in New York Polyclinic Medical School.

 
Attending surgeon’s office. An examination room in Washington, DC during 
World War I (1910s). Courtesy of Otis Historical Archives National Museum 
of Health and Medicine (originally posted to Flickr as Reeve 978, CC BY 2.0, 
https://commons.wikimedia.org/w/index.php?curid=5790312).
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The Doctor. This is an 1891 painting by Luke Fildes that depicts a Victorian 
doctor observing the critical stage in a child’s illness, while the parents gaze on 
helplessly from the periphery. This classic painting was commissioned in 1890 
by Sir Henry Tate from Fildes, the subject of which was left to his own discretion.  
The subject matter relates to a bereavement suffered by Fildes, when in 1877 
his first son died at home at the age of one. The painting has been used to portray 
the values of the ideal physician and the inadequacies of the medical profession. 
It is a beautiful panorama of the traditional medical profession. Here, the figure 
of the doctor stands as a symbol of quiet professional devotion, capturing, as 
Fildes put it, “the status of the doctor of our time.” Basically, the doctor is 
contemplating his patient, intrigued, trying to scrutinize the pathophysiology to 
achieve an effective therapy. We also see the sick girl, possibly victim of some of 
the terrible incurable infectious febrile diseases in the pre-antibiotic era, pale, 
weak, asleep. Behind the child, a working class father and mother anxiously await 
the doctor’s assessment. We see the dismayed mother, worried, hoping for the 
best. Also notable is the expression of the father, who cannot contain his 
concern about his daughter’s illness, but who has to remain calm to give comfort 
to the grieving mother. The sliver of dawn light at the window suggests renewed 
hope in the face of near-tragedy. Painting and text courtesy of Tate Gallery, London, 
and Wikipedia.
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Human immunodeficiency virus (HIV). Internal structure of an HIV particle 
showing the capsid surrounding the RNA-containing core in red and the 
membrane in blue. The yellow area is electron dense material, including proteases, 
between the core and the membrane. Courtesy of Stephen Fuller; CC BY.

Transmission electron microscope (TEM) image of human immunodeficiency 
virus (HIV). This TEM image reveals some of the ultrastructural features exhibited 
by a number of HIV particles, which had been co-cultivated along with human 
lymphocytes. Courtesy of the Centers for Disease Control and Prevention.
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SEM of Escherichia coli (E. coli). Low-temperature electron micrograph of 
a cluster of E. coli, magnified 10,000. E. coli is a Gram-negative, facultative 
anaerobic, rod-shaped, coliform bacterium that is commonly found in the 
lower intestine of warm-blooded organisms. There are six classic pathotypes 
of E. coli: enteropathogenic E. coli (EPEC), shiga toxin-producing E. coli (STEC), 
enteroaggregative E. coli (EAEC), enterotoxigenic E. coli (ETEC), enteroinvasive 
E. coli (EIEC), and diffusely adherent E. coli (DAEC). Most E. coli strains are 
harmless, but some serotypes (EPEC, ETEC etc.) can cause serious disease. The 
harmless strains are part of the normal microbiome of the gut, and can benefit 
their hosts by producing vitamin K2, and preventing colonization of the intestine 
with pathogenic bacteria by having a mutualistic relationship. E. coli is expelled 
into the environment within fecal matter. Courtesy of the Agricultural Research 
Service, US Department of Agriculture and Wikipedia.

Enteropathogenic (EPEC) E. coli on human intestinal cells. The small red dots 
are enteropathogenic E. coli bacteria attaching to the surface of human intestinal 
cells in culture. During this process they sequester the actin (green) in the host 
cell to form actin-rich pedestals. This tends to give the appearance of a green halo 
around the bacteria. Once attached, the bacteria cause the tight junctions 
(blue) between the cells to break down, leading to the leakage of water into the 
intestine and consequent diarrhea. Courtesy of S. Schuller; CC BY.
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Fragile X chromosome and the atomic force microscope. Fragile X chromosome 
made visible by atomic force microscopy (AFM). The arrow indicates the fragile 
site. Courtesy of Dr. Ben Oostra; CC0.

Fluorescence in situ hybridization (FISH) of Duchenne muscular dystrophy 
control. Human chromosomes highlighted by fluorescent probes which bind 
to specific sequences of DNA. This FISH study shows a female not deleted for a 
cosmid (red) from within the Duchenne muscular dystrophy (DMD) gene. A 
cosmid is a type of hybrid plasmid that contains a Lambda phage cos sequence. In 
a carrier female, this signal would be missing from one of the X chromosomes. 
Courtesy of Dr. John Crolla, Wessex Reg. Genetics Centre; CC BY.



68 Medical Imaging, Detection, and Diagnosis

Astrocytes and blood vessels of the retina. A large-scale high-resolution montage 
of the entire surface of a mouse retina generated by the use of antibody labeling 
and laser scanning confocal imaging. The montage is comprised of more than 
400 tiled images acquired sequentially across the retinal surface and seamlessly 
stitched together using specialized software to form one large image. Since the 
original image tiles were taken at high resolution, details at the cellular level 
can be viewed at any point on the montage by zooming into the selected area. 
Complete networks of both astrocytes and blood vessels on the retinal surface 
are shown in the montage by virtue of their different antibody labeling 
properties: astrocyte cell bodies are red; the star-shaped extensions from the 
astrocyte cell bodies are green; and blood vessels are blue. Courtesy of Gabriel 
Luna, Neuroscience Research Institute, University of California Santa Barbara; 
CC BY.
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Human blastocyst hatching. A human embryo at the blastocyst stage, about six 
days after fertilization, viewed under a light microscope. The embryo is in the 
process of “hatching” out of the zona pellucida – the tough outer membrane – just 
before implanting in the wall of the uterus. The actual size of the embryo is about 
0.3 mm. Courtesy of K. Hardy; CC BY.

Human cells showing the stages of cell division. The stages of cell division 
showing the DNA in blue, the tubulin in green and the kinetochores in pink. 
Starting with interphase at the top and progressing anticlockwise, the stages 
shown are: prophase, prometaphase (incomplete chromosome attachment), 
metaphase (chromosomes all attached and aligned), early anaphase (chromosome 
separation), anaphase, and telophase. Courtesy of Matthew Daniels; CC BY.
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MRI of a fetus with Pentalogy of Cantrell (POC). Fetal MRI using single shot turbo 
spin echo, shows the heart in an ectopic position (*) and eventration of a part of 
the liver at the midline (arrow). Notice the small thoracic cavity (t). No malformation 
of the central nervous system could be seen. POC is a collection of five congenital 
midline birth anomalies that present a distinctive challenge for providers and 
surgeons. Those five defects are of the heart, pericardium, diaphragm, sternum, 
and abdominal wall. Source: M. Leyder, et al. (2014). Ultrasound meets magnetic 
resonance imaging in the diagnosis of Pentalogy of Cantrell with complete ectopy 
of the heart. Gynecology & Obstetrics 04(01). DOI:10.4172/2161-0932.1000200, CC 
BY 4.0.

Radiocontrast-enhanced median plane CT scan of a pregnancy at 37 weeks 
of gestational age. CT scan in the median plane using radiocontrast, of a 30-year-
old woman who was involved in a high-speed traffic accident. She was pregnant 
at 37 weeks of gestational age, and it was decided that the risk of traumatic 
injury to the mother or child outweighed the risks of a CT scan, which was therefore 
performed, and showed no traumatic injury. Courtesy of Mikael Häggström.
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Transmission electron microscope (TEM). This historic 1965 image depicts 
a Centers for Disease Control (CDC) transmission electron microscope (TEM), 
which uses a beam of electrons that is passed through an extremely thin 
specimen, and on to an imaging surface, at which point the image becomes visible. 
Sometimes a fluorescent surface is used, and at other times a sheet of photographic 
film, or in the case of modern day technology, a digital camera captures the 
image. The electron microscope is capable of revealing details that are tens of 
thousands of times smaller than can be seen by even the highest quality light 
microscope. Courtesy of the Centers for Disease Control and Prevention.
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Giants of Electron Microscopy. Photographs of Nobelist George Palade 
(1912–2008) (top) and Nobelist Ernst Ruska (1906–1988) (lower left). Ruska’s 
high resolution electron microscope from around 1934 (lower right). Image collage 
courtesy of Prof. Dr. S. R. Bawa.
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Prof. Dr. S. R. Bawa with Prof. Dr. Fritiof S. Sjöstrand. Sjöstrand (1912–2011) 
was a pioneer of electron microscopy and a giant of biomedical research. He 
invented the Sjöstrand Microtome for ultra-sectioning biological tissue, produced 
the first high-resolution electron micrographs of biological tissue, was the first 
to describe the mitochondrial inner membrane in detail, and was the first to 
describe the electron transport proteins in mitochondria. His work in the field 
of biological electron microscopy led to several pioneering developments and 
discoveries. Sjöstrand founded the Journal of Ultrastructure Research in 1957 (now 
Journal of Structural Biology). In recognition of his remarkable contributions to 
the development of electron microscopy, the Annual Sjöstrand Lecture series was 
set up in 2018 in Sweden. Prof. Dr. S. R. Bawa and Sjöstrand collaborated since 
the 1960s when Dr. Bawa was a faculty member in the anatomy department 
at Cornell University Medical College (now Weill Cornell Medicine). Sjöstrand, 
Dr. Keith Porter and Nobelist George Palade constituted the “big three” in the 
1950’s for their pioneering use of the electron microscope to describe details 
of cellular structure that anchored the burgeoning field of cell biology. Text and 
photo courtesy of Prof. Dr. S. R. Bawa.
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Sjöstrand’s ultramicrotome. It dramatically improved ultrathin sectioning with 
minimal distortion. Courtesy of Prof. Dr. S. R. Bawa.

Prototype of Sjöstrand’s original ultramicrotome, 1952. Courtesy of Prof. 
Dr. S. R. Bawa.
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Hans Ris. Prof. Dr. Hans Ris. (1914–2004), a cytologist and pioneer electron 
microscopist, revealed the importance of non-histone proteins in chromosomes, 
was one of the first to recognize that blue-green algae were a special type of 
bacteria and provided remarkable high-resolution images of the nuclear pore 
complex. He was a founding member of the American Society for Cell Biology. 
In 1972, he established the High Voltage Electron Microscopy (HVEM) laboratory 
at the University of Wisconsin-Madison, which his successor dismantled after 
his retirement. The Center for Quantitative Cell Imaging at the University of 
Wisconsin-Madison hosts an annual seminar series honoring him. In his 
biographical memoir published in 2011 by the National Academies, Michael 
Dolan, and Lynn Margulis, accurately describe his monumental contributions to 
science and remarkable career: “Hans Ris occupied a unique historical position: he 
was a cytologist (student of the cell) at the beginning of the molecular 
biological revolution and a superb electron microscopist when “biochemical and 
biophysical cytology” was renamed “cell biology. [H]e influenced the careers of 
scores of scientists as he generously collaborated to produce a massive collection 
of remarkably informative micrographs. He was a naturalist on a mission 
of investigation, an observer-researcher his entire life.” Text and photo courtesy 
of Prof. Dr. S. R. Bawa.
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Freeze-fracture electron microscopy. Freeze-fracture is a technique for examining 
the ultrastructure of rapidly frozen biological samples via transmission electron 
microscopy. Courtesy of Prof. Dr. S. R. Bawa.
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Freeze-fracture replica of sperm. The micrograph shown above represents a 
freeze-fracture replica of water buffalo sperm. Intramembrane particles (IMPs) 
are present on the major portion of the acrosome (A). The post acrosome (PA) is 
densely populated with IMPs. ‘Cords’ demarcating the posterior boundary of 
the sperm head are visible (arrowheads). 31,000. Further details: H. K. Bains, 
M. A. Pabst, G. Werner, and S. R. Bawa. (1993). Journal of Submicroscopic Cytology 
and Pathology 25(4):465–470. Courtesy of Prof. Dr. S. R. Bawa.
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Eight Ishihara charts for testing color blindness, Europe, 1917–1959. Color 
blindness is tested using eight placards (one shown). They are known as Ishihara 
charts. They are named after their inventor, Japanese ophthalmologist Shinobu 
Ishihara (1897–1963). Each image consists of closely packed colored dots and a 
number. The patient must identify the number or image he or she can see. The type 
of color blindness a patient has is identified using the range of charts. There are 
several types of color blindness. These range in severity. In dichromatism, there 
is difficulty seeing one of the three primary colors: red, blue or green. In 
anomalous trichomatosis, there is reduced sensitivity to certain colors. In the 
rarer monochromatism, there is no color vision and the world is seen in white, 
black and grey shades. Ishihara devised his test in 1917. It is still used. Courtesy 
of the Science Museum, London and the Wellcome Collection.
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TEM of mitochondrion. An electron micrograph depicting sperm mitochondria 
essential for sperm motility. Mitochondria are organelles surrounded by double 
membranes, distributed in the cytosol of most eukaryotic cells and convert the 
potential energy of pyruvate molecules into ATP. Sperm cells contain around 
50–75 pieces of mitochondria in its midpiece. The structure and function of the 
mitochondria in sperm and somatic cells is basically similar. The sperm 
mitochondria generate ATP for the movement of the sperm. Mitochondria contain 
their own DNA (mitochondrial DNA, mtDNA), are semiautonomous, and have 
the capacity to replicate, divide, and fuse independent of the somatic nuclear 
division cycle.

Electron microscopes were developed in the 1930s, as the collaborative product 
of innumerable scientists and a truly international endeavor. The first electron 
micrographs were published in 1940 in Germany and they were of bacteriophages. 
The first electron micrographs of biological (histological) tissue were that of 
mitochondria, published in Nature in the early 1950s, independently by Fritiof 
Sjöstrand and George Palade. This electron micrograph and text is courtesy of my 
93-year-old-father, Prof. Dr. S. R. Bawa, from his personal slide collection.
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SEM of Staphylococcus aureus. Scanning electron micrograph of methicillin- 
resistant Staphylococcus aureus (MRSA) and a dead human neutrophil. Courtesy 
of the National Institute of Allergy and Infectious Diseases.

Scanning electron microscopic (SEM) image. This digitally-colorized image 
depicts a number of corkscrew-shaped Leptospira sp. bacteria atop a 0.1 µm 
polycarbonate filter. Courtesy of Janice Haney Carr, Centers for Disease Control 
and Prevention.
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(c)

(a) (b)

SARS-CoV-2 and the cell. (a) Electron microscopy plays an important 
confirmatory role in diagnosis and determining subcellular localization. A false-
color transmission electron micrograph of SARS-CoV-2 isolated from a patient. 
Coronaviruses are approximately 80–120 nm in diameter. (b) A false-color 
scanning electron micrograph of an apoptotic cell (green) infected with 
SARS-CoV-2 isolated from a patient. The virions can be observed as small yellow 
spheres. (a) and (b) are courtesy of NIAID. (c) Fluorescence microscopy can show 
subcellular localization. Co-localization of FLAG-tagged SARS-CoV-2 protein 
Orf6 with nuclear pore complex protein Nup358 in HEK293T cells, as imaged by 
stimulated emission depletion (STED) super-resolution microscopy. Scale bar in 
the left-most panel is 5 μm. Scale bar in the magnified panels is 1 μm. This panel 
is adapted from L. Miorin, et al. (2020). Proc Natl Acad Sci USA. 117:28344–28354; 
CC BY 4.0.

Structural view of a coronavirus. Source: https://commons.wikimedia.org/ 
wiki/File:3D_medical_animation_coronavirus_structure.jpg; CC BY-SA 4.0.

https://commons.wikimedia.org/
wiki/File:3D_medical_animation_coronavirus_structure.jpg
https://commons.wikimedia.org/
wiki/File:3D_medical_animation_coronavirus_structure.jpg
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Digitally colorized transmission electron micrograph of SARS-CoV-2 virions. 
Virion nanoparticles, isolated from a patient in the US, are shown emerging from 
the surface of cells cultured in the lab. The coronae (bluish) are visible on the 
surface of the virus (yellow-red). Courtesy of the National Institutes of Health.

The peplomers of a SARS-CoV-2. This illustration reveals the surface morphology/
topography of the virus nanoparticle. Note the spikes that adorn the outer surface 
of the virus, which impart the look of a corona surrounding it, when viewed 
electron microscopically. A peplomer (Greek, peplos, ‘robe’, ‘[woman’s] dress’ 
+ meros, ‘part’) is one of the knoblike spike structures (red, orange, yellow), 
generally composed of glycoproteins (spike protein) and projecting from the lipid 
bilayer of the surface envelope of an enveloped virus. Peplomers play important 
roles in the infection process. Courtesy of the Centers for Disease Control and 
Prevention.
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Digitally colorized scanning electron micrograph of SARS-CoV-2 virions. Virion 
nanoparticles (yellow), isolated from a patient in the US, are shown emerging 
from the surface of cells cultured in a lab. Courtesy of the Centers for Disease 
Control and Prevention.

False-color transmission electron micrograph of the UK B.1.1.7 variant 
coronavirus. The variant’s increased transmissibility is believed to be due to 
changes in the structure of the spike proteins, shown here in green. The prominent 
projections (green) seen on the outside of the virus particle (yellow) are spike 
proteins. This fringe of proteins enables the virus to attach to and infect host 
cells, then replicate. Image captured at the NIAID Integrated Research Facility 
in Fort Detrick, Maryland. Courtesy of the Centers for Disease Control and 
Prevention.
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Negative stain electron microscopy. Image of a negatively stained particle of 
SARS-CoV-2, causative agent of COVID-19. Note the prominent spikes from which 
the coronavirus gets its name for “corona” or “crown-like.” Courtesy of Cynthia 
S. Goldsmith and A. Tamin, the Centers for Disease Control and Prevention.

Transmission electron microscope (TEM) image of human coronavirus 
229E particles. This digitally colorized TEM image from 1975, depicts four 
human coronavirus 229E particles, which are members of the Coronaviridae 
family. Coronaviruses possesses a helical genome, composed of non-segmented, 
positive-sense single-stranded RNA ((+) ssRNA). This is an enveloped virus, which 
means that its outermost covering is derived from the host cell membrane. 
The coronavirus derives its name from the fact that under electron microscopic 
examination, each virion is surrounded by a corona, or halo, due to the presence 
of viral spike peplomers emanating from its proteinaceous envelope. Courtesy of 
the  Centers for Disease Control and Prevention.
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Ultrasonography. A normal appendix without (left) and with compression (right). 
Absence of compressibility indicates appendicitis. Courtesy of Wikimedia.

Panoramic ultrasonography of a proximal biceps tendon rupture. Top 
image shows the contralateral normal side, and lower image shows a retracted 
muscle with a hematoma filling out the proximal space. Courtesy of Mikael 
Häggström.
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Angiogram. A transverse projection of the vertebro basilar and posterior cerebral 
circulation. Courtesy of Lipothymia. Public Domain, https://commons.wikimedia.
org/w/index.php?curid=1577168.
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Volume segmentation of a 3D-rendered CT scan of the thorax. The anterior 
thoracic wall, the airways and the pulmonary vessels anterior to the root of the 
lung have been digitally removed in order to visualize thoracic contents: – blue: 
pulmonary arteries – red: pulmonary veins (and also the abdominal wall) – yellow: 
the mediastinum – violet: the diaphragm. Courtesy of Mikael Häggström.
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Examples of T1-weighted, T2-weighted and PD-weighted MRI scans. Courtesy 
of KieranMaher at English Wikibooks - Adapted, with permission, by Kieran 
Maher using Graphic Converter from Applied Imaging Technology by Heggie, 
Liddell & Maher (2000). Public Domain, https://commons.wikimedia.org/w/index.
php?curid=12766438.

Effective T2-weighted MRI of hemosiderin deposits after subarachnoid 
hemorrhage. Enhanced gradient echo effective T2 (T2*) weighted angiography 
(ESWAN) image of the brain of a 54-year-old man who experienced a traumatic 
brain injury with right frontotemporal SAH (Fisher Grade 4) with bilateral frontal 
contusions and intracerebral hematoma. This follow-up MRI (1.5T) image was 
obtained 26 weeks following the head injury. The axial ESWAN image displays 
a rim of hypointensity (arrowheads) with hemosiderin deposits forming along 
the cerebral convexity. H. Zhao et al. (2015). PLOS ONE 10(2):e0116632, CC BY 4.0, 
https://commons.wikimedia.org/w/index.php?curid=71956986.
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Double inversion recovery (DIR) MRI in the axial plane of the brain. Image 
shows lesions by multiple sclerosis. White circles surround two cortical lesions 
and one juxtacortical lesion. A separate PSIR MRI confirmed these, and also 
disclosed six more lesions (white arrows) that were not identified on DIR prior 
to PSIR. A. Favaretto et al. (2015). PLOS ONE 10(5):e0127805, CC BY 4.0, https://
commons.wikimedia.org/w/index.php?curid=63344691.
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Vastly undersampled Isotropic Projection Reconstruction (VIPR) of a Phase 
Contrast (PC) MRI sequence. Separation of the arterial wall layers results in 
dissection. A false lumen arises in the space where blood seeps into the vessel 
wall. The blood that accumulates inside this false lumen can generate blood clots 
or otherwise block blood flow. In this 56 year-old male, dissections of the celiac 
artery (upper) and the superior mesenteric artery (lower) are seen. Laminar 
flow is present in the true lumen (closed arrow), and helical flow is present in 
the false lumen (open arrow). M. Häggström. (2011). Journal of Cardiovascular 
Magnetic Resonance 13(1):19, CC BY 2.0, https://commons.wikimedia.org/w/index.
php?curid=63390956.
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Magnetic resonance imaging (MRI) of a meningioma. A T1 weighted MR image 
of the brain of a patient with a meningioma after injection of an MRI contrast 
agent (top left), and the same image with the result of an interactive segmentation 
overlaid in green (3D model of the segmentation on the top right, axial, and 
coronal views at the bottom). Using an interactive segmentation approach this 
MR image of a meningioma was segmented. Courtesy of Wikipedia.

Computed tomography (CT) brain scan showing oligodendroglioma. This is a 
relatively slow-growing glioma that is derived from oligodendrocytes and tends 
to occur in the cerebral hemispheres, thalamus, or lateral ventricle(s). They may 
present at any age, but are most frequent in the third to fifth decades, with an 
earlier incidence peak in the first decade. Histologically, these tumors are 
encapsulated, relatively avascular, and tend to form cysts and microcalcifications. 
Neoplastic cells tend to have small round nuclei surrounded by unstained nuclei. 
The tumors may vary from well-differentiated to highly anaplastic forms. Courtesy 
of the Wellcome Library.
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CT scanner. Courtesy of daveynin, CC BY 2.0, https://commons.wikimedia.org/w/
index.php?curid=20326407.

Gantry of an MRI scanner. An MRI gantry remains fixed, and contains cryogenically 
cooled superconducting electromagnets and radio transmitters that flip protons 
in hydrogen atoms in the human body via proton nuclear magnetic resonance. 
The machine then listens and processes the signals given off by the hydrogen 
atoms as the protons flip back in order to produce a 3D image of the interior of 
the patient’s body. Courtesy of Liz West from Boxborough, MA, CC BY 2.0, https://
commons.wikimedia.org/w/index.php?curid=24632735.
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Normal whole body Positron Emission Tomography-Computerized Tomo-
graphy (PET-CT)  scan with FDG-18. The PET-CT imaging is a highly advanced, 
non-invasive test that allows detection of tumors earlier, and sometimes more 
reliably, than other imaging methods. The whole body PET-CT scan is commonly 
used in the detection, staging, and follow-up of various cancers.

Many imaging centers combine nuclear medicine images with computed tomography 
(CT) or magnetic resonance imaging (MRI) to produce special views (image fusion 
or co-registration), which allows physicians to connect and interpret information 
from two different exams on one image. While a PET scan measures important body 
functions, such as metabolism and helps evaluate how well organs and tissues 
are functioning, CT imaging uses special x-ray equipment, and in some cases a 
contrast material, to produce multiple internal images of tissue. Now-a-days, this 
“hybrid” PET-CT imaging technique can perform both tests almost simultaneously 
thereby greatly improving diagnostic accuracy and may help prevent additional 
examinations. In summary, these combined scans help pinpoint abnormal 
metabolic activity and generally provide more accurate diagnoses than the two 
scans performed separately. In fact, today, these combined PET-CT scanners  
perform virtually all PET scans. Image courtesy of Myohan, CC BY 3.0, https://
commons.wikimedia.org/w/index.php?curid=17271087.
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Fluoroscope. https://commons.wikimedia.org/w/index.php?-curid=2530717.

Thoracic fluoroscopy using handheld fluorescent screen, 1909. No radiation 
protection is used, as the dangers of X-rays were not yet recognized. Source: 
Edwin J. Houston. Elementary Electricity, Ch. 13: The X-rays; in Popular Electricity 
Magazine, Vol. 2, No. 1, May 1908, p. 6, Fig. 87.

https://commons.wikimedia.org/w/index.php?curid=2530717
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WWI fluoroscope operation. Surgical operation during World War I using a 
fluoroscope to find embedded bullets, 1917. J. P. Hoguet – Retrieved 12 October 
2013 from A. M. Jungmann, “X-rays: Samaritans of war” in Waldemar Kaempffert, 
Ed., The Book of Modern Marvels, Leslie Judge Co., New York, p. 172. https://commons.
wikimedia.org/w/index.php?curid=28986607.
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Thoracic fluoroscopy in 1940. Courtesy of the National Cancer Institute.

Fluoroscopy. Fluoroscopic image showing dilatation of the pancreatic duct 
during endoscopic retrograde cholangiopancreatography (ERCP) investigation. 
The endoscope is visible. ERCP,  a minimally invasive interventional procedure 
that is part of the diagnostic and treatment plan for a number of gastrointestinal 
conditions, is an investigation used to view and if necessary biopsy 
the gallbladder, bile duct, pancreas, and pancreatic duct. Minor surgery can also 
be carried out during the procedure. Courtesy of DrM!KEY, https://commons.
wikimedia.org/w/index.php?curid=6723923.

https://commons.wikimedia.org/w/index.php?curid=6723923
https://commons.wikimedia.org/w/index.php?curid=6723923
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Raynaud’s phenomenon (RP). Named after the French physician, Auguste Gabriel 
Maurice Raynaud (1834–1881), who first described it in his doctoral thesis in 
1862. The Raynaud phenomenon (RP) is a medical condition in which the spasm of 
small arteries causes episodes of reduced blood flow to end arterioles. RP occurs 
in 3–5% of the population. The Raynaud’s episodes classically result in the 
affected part turning white and then blue. As blood flow returns, the area turns 
red and burns. Numbness or pain are symptoms that may be noted in some 
patients. The condition has been visualized using thermal infrared which allows 
us to see thermal energy or radiation more commonly referred to as heat. 
The image shows the hand of a person experiencing symptoms of Raynaud’s 
against that of a person who is unaffected. The hand affected with Raynaud’s is 
on the right, the other hand is unaffected. This image shows both hands after 
exposure to cold water for 2 minutes, both hands appear to emit low levels of 
radiation. This image illustrates how the unaffected hand warms considerably 
quicker and begins to emit higher levels of radiation (heat) soon after exposure, 
whilst the affected hand continues to emit lower levels. Image courtesy of 
Matthew Clavey (TVR) and Carly Dakin (Wellcome).

Underlying mechanism of Raynaud’s syndrome/phenomenon. Figure A shows 
typical digital arteries with normal blood flow to the fingers. The inset images 
show cross-sections of a normal artery. Figure B shows white discoloration of the 
fingertips caused by blocked blood flow. Figure C shows narrowed digital arteries, 
causing blocked blood flow and purple discoloration of the fingertips. The inset 
images show cross-sections of a narrowed artery blocking the flow of blood. 
Diagram courtesy of the National Heart, Lung, and Blood Institute.
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Dual energy computed tomography angiography (DECT) of a human chest. 
The scan was performed with an extremely low radiation dose on a patient who 
had received a mechanical heart pump (blue) while waiting for a heart transplant. 
The image was rendered with a 3D volume rendering technique to check the 
wiring of the pump to the left side of the diseased heart and to the aorta. The 
pump connection to the heart was faultless. DECT has two sources of x-rays 
(dual source CT) at different energies, which are used simultaneously to scan the 
patient. The patient is scanned in a series of virtual x-ray “slices,” which are then 
digitally reconstructed to produce a 3D image. Colors and degree of transparency 
then can be applied to the various tissues. DECT provides higher quality images 
than conventional CT without the need for exposure to additional radiation. 
Angiograph courtesy of Anders Persson; CC BY.
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Human aortic valve tissue displaying calcification. Calcification of the aortic 
valve is an active, proliferative process that results from inflammation, fibrosis, 
and bone matrix formation, mediated by the signaling pathways common to 
valvulogenesis and osteogenesis. Often the main therapeutic option is open heart 
surgery and replacement with a valve prosthesis. Shown here is a density-dependent 
color scanning electron micrograph of the surface of aortic valve tissue displaying 
calcification in the form of spherical particles. The orange color identifies denser 
material (calcified material composed of calcium phosphate), while structures 
that appear in green are less dense (corresponding to the organic component of 
the tissue). Micrographs were colored in post-processing by combining images 
acquired by two modes of image acquisition that use different kinds of electron 
microscope detector (Secondary electron and Backscatter electron detectors). 
Horizontal field width is 64 microns. Micrograph courtesy of Sergio Bertazzo, 
Department of Materials, Imperial College London; CC BY.
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Kidney stone. Scanning electron micrograph of a kidney stone (nephrolithiasis). 
Kidney stones form when salts, minerals, and chemicals in the urine (for example 
calcium, oxalate, and uric acid) crystallize and solidify. Small kidney stones are 
often passed naturally but larger stones can sometimes get lodged in the kidney 
or other parts of the urinary tract. Size of stone is 2 mm. Micrograph courtesy of 
Kevin Mackenzie, University of Aberdeen; CC BY.

Head louse egg attached to a strand of hair. False-colored scanning electron 
micrograph of a head louse egg (green) attached to a strand of human hair (brown). 
Head lice (Pediculus) feed on human blood and live in close proximity to the 
scalp. They lay eggs (nits) in sacs which firmly attach to individual strands of hair 
near the base of the shaft. Horizontal image width is 1.5 mm. Micrograph courtesy 
of Kevin Mackenzie, University of Aberdeen; CC BY.
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3D structured illumination microscope (3D SIM). Super-resolution optical 
micrograph of DNA stain in a human fetal lung fibroblast nucleus acquired with 3D 
SIM. A rare phenomenon has occurred in this image; the majority of the genome 
has been caught in misreplication. If a single chromosome becomes caught and 
pulled between the two new cells, it can lead to the presence of small chromatin 
threads/bridges joining adjacent nuclei. This leads to clearly demarcated chromatin 
fibres visible throughout the interior of the nucleus, and as the new cells move 
apart the tension distributed by the cable-like chromatin has deformed the entire 
nuclear envelope. The width of the image is 84 micrometers. Micrograph courtesy 
of Ezequiel Miron, University of Oxford; CC BY.

Seminiferous tubule. Cross section through a seminiferous tubule showing the 
developing sperm with their tails pointing into the lumen of the tubule. The nuclei 
are stained blue with DAPI and mitochondria red with mitotracker. Sperm have a 
large number of mitochondria to power their swim towards the egg. The image has 
been volume rendered using Imaris. Courtesy of Kate Sullivan/NIMR, Francis Crick 
Institute; CC BY.
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ECAT Exact HR PET scanner. This image shows a picture taken from a typical PET 
facility equipped with an ECAT Exact HR+ PET scanner. PET scanners such as this 
are steadily being replaced by systems that combine both PET and CT scanners into 
a single PET/CT imaging device. Courtesy of Jens Maus (http://jens-maus.de/), 
https://commons.wikimedia.org/w/index.php?curid=404712.

Schema of a PET acquisition process. Courtesy of Jens Maus (http://jens-maus.
de/), https://commons.wikimedia.org/w/index.php?curid=401252.
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Brain PET-MRI fusion image. Courtesy of Mco44 at en.wikipedia, https://commons.
wikimedia.org/w/index.php?curid=18102518.

Light Microscopy (histopathology) of small-cell lung carcinoma cells. About 
13% of people with lung cancer have a type called small-cell lung cancer (SCLC). 
It’s one of the most aggressive and deadly tumor types, often proving completely 
resistant to chemotherapy. Even if SCLC shrinks after initial treatment, it can be fatal 
within weeks of recurrence. Courtesy of Dr. Parth Desai, National Cancer Institute.
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Endoscopy surgery. U.S. Navy photo by Mass Communication Specialist 2nd Class 
Marc Rockwell-Pate. Public Domain.

An anoscope, a proctoscope, and a rectoscope with approximate lengths. 
Image courtesy of Mikael Häggström.
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Light microscopy of ureter. Microscopic cross-section of the ureter, showing 
the epithelium (purple cells) sitting next to the lumen. A large amount of muscle 
fibres can be seen surrounding the epithelium, and the adventitia sits beyond 
this. Courtesy of OpenStax (https://openstax.org).

MRI of herniated spinal disc. Left: Illustration of herniated spinal disc, superior 
view. Right: MRI showing herniated L5-S1 disc (red arrow tip), sagittal view. 
Courtesy of OpenStax (https://openstax.org).
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Magnetic resonance images of sacroiliac joints: psoriatic arthritis. Shown 
are T1-weighted semi-coronal magnetic resonance images through the sacroiliac 
joints (a) before and (b) after intravenous contrast injection. Enhancement is 
seen at the right sacroiliac joint (arrow), indicating active sacroiliitis. Source: F. 
McQueen, M. Lassere, and M. Østergaard. (2006). Magnetic resonance imaging in 
psoriatic arthritis: a review of the literature. Arthritis Res. Ther. 8:207. https://doi.
org/10.1186/ar1934.
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Scanning electron microscope (SEM) image of Legionella pneumophila. 
Magnified 10,000X, this digitally colorized SEM image depicts a group of Legionella 
pneumophila bacteria. It appeared that a few were completing their reproductive 
process (cell division). Note the presence of flagellar appendages, as well as 
an elongated-rod morphology in some organisms. L. pneumophila frequently 
elongate when grown in broth, when plate-grown cells age, or when refrigerated, 
as in this case. Usually, L. pneumophila are stout, fat bacilli, which was the morphology 
displayed by the majority of these organisms. These bacteria originated on a 
1 week-old culture plate (+/- 1 day), forming a single colony, at 37oC, on a buffered 
charcoal yeast extract (BCYE) medium with no antibiotics. The original sample 
was acid-treated for 15 minutes, to minimize fungal impurities, which would 
have inhibited the visualization of these organisms. Courtesy of the Centers for 
Disease Control and Prevention.

Scanning electron microscope (SEM) image of Borrelia hermsii. This digitally 
colorized SEM image, depicts a green-colored, spiral shaped, Borrelia hermsii 
bacterium, set atop a number of red-colored red blood cells (RBCs). B. hermsii is 
the causative agent of the illness, tick-borne relapsing fever (TBRF). Courtesy of the 
National Institute of Allergy and Infectious Diseases, and the Centers for Disease 
Control and Prevention.
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Transmission electron microscope (TEM) image shows recreated 1918 
influenza virions. This digitally-colorized negative-stained TEM image shows 
recreated 1918 influenza virions that were collected from supernatants of 1918-
infected Madin-Darby Canine Kidney (MDCK) cell cultures 18 hours after infection. 
Courtesy of the  Centers for Disease Control and Prevention.

Structured-illumination micrograph (SIM) of Toxoplasma gondii. SIM of three 
tachyzoites, a developmental stage in the Toxoplasma gondii parasite life cycle. 
The plasma membrane (red), an apical protein (black) and DNA (blue) is visible 
in each. Toxoplasma gondii is a parasitic protozoa that causes toxoplasmosis. 
Toxoplasmosis is a common infection in birds and mammals. If infected during 
pregnancy (for example from eating raw or undercooked meat or from contact 
with cats), the mother can pass the infection onto her unborn child (congenital 
toxoplasmosis). This can result in serious health complications for the child. 
Each parasite measures 10 micrometers. Structured-illumination microscopy (SIM) 
is one type of super-resolution microscopy. Courtesy of Leandro Lemgruber, 
University of Glasgow; CC BY.
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Blood glucose meters. Top left: Reflolux S (Accu-Chek III in the U.S.) by Boehringer 
Mannheim, introduced 1991. (Reflolux series introduced 1983.) 2 minute read 
time, based on reflectance. Top right: ExacTech Card, by MediSense (now Abbott). 
Introduced 1987. 30 second read time, electrochemical test stripe. Used much 
less blood and capillary fill. Bottom left: FreeStyle, by TheraSense (now Abbott). 
Introduced 2003. 15 second test time, electrochemical. Bottom right: Freestyle Mini, 
by Abbott. Introduced 2004, this is a smaller version of the FreeStyle. 7 second test 
time. Courtesy of Christopher Tidy and Wikipedia.

Blood glucose meter FreeStyle Libre from Abbott. The white sensor is fixed to 
the upper arm and scanned with the reader. The reader is showing (top to bottom 
time (13:46), days to replacement of sensor (11), current BG (7,4) and change (–> 
i.e. steady) and a diagram of the latest blood glucose  levels. Courtesy of Sjö and 
Wikipedia.
“In September 2016, the U.S. Food and Drug Administration (FDA) approved the 
Freestyle Libre Pro Glucose Monitoring System, a continuous glucose monitoring 
(CGM) system for blinded professional use in clinics. In September 2017, the FDA 
approved a Freestyle Libre for personal use by patients. The system’s disposable 
sensor is applied to the back of a patient’s arm and can be worn for 10 days with 
the personal device and up to 14 days with the Pro version. Providers and patients 
use a handheld device to download the blood glucose information stored in the 
sensor. The retrospective information then can be used by providers to make 
therapy changes to improve patients’ glycemic control. Alternatively, patients can 
use the data in daily life to get on demand glucose readings without having to 
perform a fingerstick to obtain blood for use with a glucose meter. The FDA 
has identified inaccuracies of the system at lower glucose levels, as seen in the 
clinical trials of the system. In 40% of instances in which the device indicated that 
a patient’s glucose was <60 mg/dL, the patient’s glucose was actually in range 
(81–160 mg/dL). Although CGM devices in general tend to lose accuracy at lower 
blood glucose numbers, the Freestyle Libre is less accurate than previously approved 
CGM systems.” Source: A. Blum. (2018). Freestyle Libre Glucose Monitoring System. 
Clin Diabetes 36(2):203–204.



112 Medical Imaging, Detection and Diagnosis

3D Optical Coherence Tomography of Choroid, Zone of Haller. Shown is a 
three dimensional Optical Coherence Tomography (Swept Source OCT) of a healthy 
human choroid in the center of the retina (fovea). The picture shows converging 
vascular channels with their inner ceiling and outer ground. Blood cells are not 
depicted, since they flow too quickly. The height of the imaged channels is about 
100 micrometers. The "zone of Haller" or "Haller’s layer" is the outermost layer 
of the choroid consisting of larger diameter blood vessels. Named after the Swiss 
anatomist Albrecht (Victor) von Haller. Optical Coherence Tomography or OCT 
is a non-invasive, non-touch imaging technique that is based on coherent laser 
waves which produce optical cross sectional images. OCT is used in the diagnosis of 
diabetes, glaucoma and age-related macular degeneration (AMD). These images 
are produced by a lab which has developed a new noise filter, that allows ‘speckle 
noise’ freed imaging, which is said to enhance the imaging of the retinal structures. 
This image has been created by extracting the three dimensional structures from 
the OCT scans. The vessels were extracted from the 3D data stack using a semi-
automatic rolling-marble method. From these data, a 3D digital model of the outer 
choroid was calculated. Colors and textures were added to highlight the choroidal 
walls. In ophthalmology, the introduction of new, non-invasive and non-touch 
imaging modalities such as OCT has increased the visualization of the in vivo 
structures of the eye and provided crucial insights into the early diagnosis and 
monitoring of diseases. OCT can be compared to ultrasound. Instead of soundwaves, 
a coherent 1050 nm laser light may be used to obtain 256 high resolution cross 
sectional images of a human retina The retina has a vital role in vision. Permanent 
blindness can be caused by damage to the retina in diseases such as diabetes, 
glaucoma or age-related-macular degeneration. The unique function of the retina 
is supported by the blood flow, of which approximately 70 percent goes through 
the choroid. The choroid shows the highest perfusion of any tissue in the human 
body. The center most part of the retina is called fovea and is responsible for 
central, sharpest vision. This avascular fovea receives metabolites and oxygen 
to 100 percent from the choroidal circulation, emphasizing the extraordinary 
importance of the choroid. Courtesy of Peter Maloca and the Wellcome Collection.
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Pohl Omniskop X-ray apparatus, Germany, 1925–1935. This impressive machine 
is known as an “Omniskop.” During the 1920s, it belonged to Ernst Rachwalsky, a 
doctor working in Berlin who specialized in the treatment of stomach problems. 
Both his family and his highly successful practice were firmly established in the 
German capital, yet in 1936 Dr. Rachwalsky felt compelled to emigrate and take his 
chances in London. Why did he feel he had to go and why was he so keen to take 
this device with him? By the early 1930s the Nazi Party was in power in Germany. 
Life became increasingly dangerous for Jewish people like Rachwalsky and his 
family. Eventually, rather than stay and face the growing threat he decided get 
out of the country and travel to England. His family joined him shortly afterwards. 
Rather than leaving his machine behind, Rachwalsky shipped the Omniskop 
over in parts to England. There he carried on using it in the new London 
medical practice he established until his retirement in 1962. Rachwalsky had 
bought this cutting edge, very expensive, machine to assist his work on stomach 
disorders. Using counterweights and a motor, the Omniskop could position patients 
at a variety of angles. This meant Dr. Rachwalsky could take x-ray images of 
many different views of his patient’s stomachs, for more effective diagnosis. Some 
patients apparently found it a frightening experience. Others found it a fascinating 
machine to ride in. In its own retirement, the Omniskop has been the centerpiece 
of exhibitions and inspired Hollywood movie set designers. It certainly seems to 
be a machine that people get very attached to. It was manufactured by Ernst Pohl, 
Kiel, Schleswig-Holstein, Germany. Courtesy of the Science Museum, London and 
the Wellcome Collection.
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Blood transfusion apparatus, UK, 1914–1918. It’s 1917, and you are a wounded 
soldier at a casualty clearing station on the Western Front. You are bleeding badly 
and going into shock. You are in danger of dying and urgently need blood – 
where’s the nearest blood bank? It is right next to you. Your blood transfusion will 
come directly from another patient. Is it safe? It’s the best method available at the 
time, particularly if your surgeon is Lieutenant Geoffrey Keynes of the Royal Army 
Medical Corps. He designed and pioneered this portable blood transfusion kit 
with a special device in the flask for regulating flow. Why didn’t Keynes use stored 
blood? It didn’t keep very well. It needed to be refrigerated – a difficult task in 
field hospitals, and it clotted into lumps unless an anticoagulant was added. While 
it became technically possible to do this during the First World War, the patient-to- 
patient method was still more widely used. Matching of blood groups was 
recommended, but there was not always time. The first blood banks stored O type 
blood – suitable for all recipients. But in the meantime, you were lucky to have 
reached a casualty clearing station, to take your chances with an emergency 
transfusion. And who better than with Lieutenant Geoffrey Keynes? In 1921 he 
co-founded London’s Blood Transfusion Service, and a year later published Britain’s 
first textbook on the subject. Courtesy of the Science Museum, London and the 
Wellcome Collection.
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Plesch type tonoscillograph, London, 1931–1940. A tonoscillograph measures 
and records blood pressure. The device was invented by Jonas Plesch (1878–1957), 
a Hungarian physiologist and pathologist. This machine was used in medical 
health checks at the Pioneer Health Centre in Peckham, London during the 1930s. 
The Pioneer Health Centre took overall health and wellbeing rather than simply 
disease as its focus of study. Graphs or tonoscillograms of members of the 
same family were kept together. They created a picture of a family’s general 
health. The tonoscillograph shown here was manufactured by Hawksley and Sons 
Limited, London. Photo courtesy of the Science Museum, London and the Wellcome 
Collection.

Otosporin drops, 1968. One of a series of leaflets (traditional remedies) issued by 
Burroughs Wellcome & Co. advertising Otosporin, a remedy for otitis. This photo 
shows a man undergoing a traditional medical procedure to his ear by a woman at the 
dinner table. Courtesy of Burroughs Wellcome & Co. and the Wellcome Collection.
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Hemacytometer, Paris, 1874. This early hemacytometer is a simple device. It 
consists of a microscope slide marked into squares. A blood sample was diluted 
and placed on the slide. The red cells in the squares are then counted through 
a microscope. An increase or decrease in blood cells in the blood can indicate 
disease within the body. A low level of red blood cells is called anemia. A high 
level of red blood cells is called polycythemia. The hemacytometer was devised 
by French physiologist Louis-Charles Malassez. This example is the original 
instrument described by Malassez. It was manufactured by Verick in Paris, France. 
Courtesy of the Science Museum, London and the Wellcome Collection. 

Self-administering enema syringe, Europe, before 1935. Enema syringes vary 
in shape and material but they are all intended to introduce liquids such as 
medications or purgatives into the body via the rectum – a once very common 
medical procedure. After the ivory nozzle was inserted into the anus, liquid was 
pumped through the metal tubing from the metal reservoir. It allowed a person 
to give themselves the enema rather than relying on a physician or nurse and so 
was probably used in the home. It was produced somewhere in Europe but 
the manufacturer is unknown. Courtesy of the Science Museum, London and the 
Wellcome Collection.
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Simpson type obstetrical forceps, London, 1871–1900. These long obstetrical 
forceps are made of steel and ebony. They follow a forceps design by James Young 
Simpson (1811–1870), a Scottish physician and obstetrician. The forceps are longer 
and heavier than his short type forceps. They delivered babies from higher up the 
birth canal. Simpson’s long and short forceps were adapted in many later designs. 
They were manufactured by Mayer and Melzer, London. Courtesy of the Science 
Museum, London and the Wellcome Collection. 

Heart-lung machine, London, 1955–1960. The heart-lung machine performs the 
functions of the heart and lungs during surgery. A pump takes over the action of 
the heart, supplying the body with blood. The heart can then be stopped, making 
it easier to operate on. The patient’s blood flows over the rotating discs where 
oxygen is blown across it, effectively taking over the action of the lungs. This 
machine with a pump oxygenator was conceived by Denis Melrose (1921–2007) 
at the Postgraduate Medical School in Hammersmith in London, in the early 1950s. 
Melrose also developed a way to stop the heart beating during heart surgery using 
potassium citrate. The technique is still used today and is called cold cardioplegia. 
The machine shown here was the first to be used in open heart surgery operations 
at the Postgraduate Medical School. It was manufactured by New Electronic 
Products, London. Courtesy of the Science Museum, London and the Wellcome 
Collection.
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Surgical instrument set, Germany, 1939. This extensive steel surgical instrument 
set contains a wide range of the equipment an army surgeon may have needed at 
a German field hospital. Some of the instruments, such as the amputation knives 
and saw, are for specific tasks. Other instruments, such as the forceps for clamping 
bones, arteries, and intestines, have a more general use. The kit is labelled with the 
German word Hauptbesteck and the date. Hauptbesteck translates as “main cutlery,” 
“cutlery” being another word for surgical instruments. The use of steel for the case 
as well as the instruments ensured that this equipment could be sterilized easily. 
It was manufactured by Jetter and Scheerer, Tuttlingen, Baden-Württemberg, 
Germany. Courtesy of the Science Museum, London and the Wellcome Collection.

Lithotomy set, Paris, 1820–1860. Lithotomy was a procedure where a stone in the 
bladder or urethra was removed by means of surgery. This thirty-piece instrument 
set contained all the necessary instruments to carry out the operation, including 
four gorgets, specialized knives used in lithotomy, and six lithotomy staffs, which are 
grooved to guide the gorget towards the stone. This set was made by Charrière, a 
surgical instrument maker based in Paris, France. Courtesy of the Science Museum, 
London and the Wellcome Collection. 
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Photomicrograph of smallpox skin histopathology. Hematoxylin and Eosin 
(H&E)-stained tissue sample, reveals some of the histopathologic changes found in a 
human skin tissue sample from the site of a variola (smallpox) virus lesion. Courtesy 
of Public Health Image Library, the Centers for Disease Control and Prevention. 

Transmission electron micrograph of an Ebola virus. Ebola is the cause of a 
viral hemorrhagic fever disease (Ebola virus disease, or EVD). It does not pose a 
significant risk to the U.S. public as the viruses that cause EVD are located mainly 
in sub-Saharan Africa. People can get EVD through direct contact with an infected 
animal (bat or nonhuman primate) or a sick or dead person infected with Ebola 
virus. On December 19, 2019, FDA announced the approval of Ervebo, the first 
FDA-approved vaccine for the prevention of EVD, caused by Zaire ebolavirus in 
individuals 18 years of age and older. The CDC recommends supportive therapy for 
patients as the primary treatment for Ebola. This includes balancing the patient’s 
fluids and electrolytes, maintaining their oxygen status and blood pressure and 
treating them for any complicating infections. On December 21, 2020, FDA approved 
Ebanga (Ansuvimab-zykl), a human monoclonal antibody, for the treatment for 
Zaire ebolavirus (Ebola virus) infection in adults and children. On October 14, 
2020, FDA announced the approval of Inmazeb (atoltivimab, maftivimab, and 
odesivimab-ebgn), a mixture of three monoclonal antibodies, as the first FDA- 
approved treatment for Zaire ebolavirus (Ebola virus) infection in adult and 
pediatric patients. Courtesy of Cynthia Goldsmith, the Centers for Disease Control 
and Prevention. 
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Edward Jenner vaccinating patients. Jenner is seen in the Smallpox and 
Inoculation Hospital at St. Pancras: the patients develop features of cows. Patients 
are spoon-fed “opening mixture” as they come through the door. A boy standing 
next to Jenner is holding his pot labelled “vaccine pock hot from ye cow” on his 
jacket is a badge saying “Pancras” and in his pocket a paper entitled “Benefits of 
the vaccine process.” Colored etching by J. Gillray, 1802. Courtesy of the Wellcome 
Library. 

Histopathology of smallpox vaccination lesions. Cytoarchitectural pathologic 
changes found in a sample of skin tissue from an eczema vaccinatum lesion, 
which had manifested itself after this patient had received a smallpox vaccination. 
Courtesy of Public Health Image Library, the Centers for Disease Control and 
Prevention.
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Scanning electron micrograph of tooth enamel. If you went out and asked folks 
what they’re seeing in this colorized scanning electron micrograph, most would 
probably guess an elegantly woven basket, or a soft, downy feather. But what 
this scanning electron micrograph actually shows isn’t at all soft: it is the hardest 
substance in the mammalian body—tooth enamel! Before placing a sample of mouse 
dental enamel under the microscope, it was briefly treated with acid in order to 
reveal how the tissue’s mineralized rods are interwoven in a manner that gives 
teeth both strength and flexibility. Courtesy of Olivier Duverger and Maria I. Morasso, 
National Institute of Arthritis and Musculoskeletal and Skin Diseases.

Scanning electron micrograph of carbapenem-resistant Klebsiella pneumoniae. 
Colorized scanning electron micrograph showing carbapenem-resistant Klebsiella 
pneumoniae interacting with a human neutrophil. Trillions of microbes, like bacteria, 
fungi, and other microbes, are living on or in your body right now. Together, they 
make up your microbiota. Most don’t cause any harm. In fact, many protect you 
from harmful infections. Bacteria live in colonies. This lets them work together to 
form defenses against other bacteria. But how they defend themselves from 
infiltrating bacteria isn’t fully understood. A better understanding of how they do 
so could help scientists find alternatives to antibiotics, which harm beneficial 
microbes and can become less effective as pathogens develop drug resistance. 
Courtesy of Apollo Stacey and Yasmine Belkaid, National Institute of Allergy and 
Infectious Diseases.
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Thomas Clifford Allbutt. English Physician Allbutt (1839–1925) was an advocate 
for the reform of medical education and a pioneer for new medical tools. He invented 
the pocket medical thermometer, introduced the use of the ophthalmoscopy 
and microscopy to hospitals, and was an outspoken advocate of teaching fewer 
things well, than more things cursorily and/or poorly. A medical thermometer 
(also called clinical thermometer) is a device which is used for measuring human 
or animal body temperature. The tip of the thermometer is inserted into the mouth 
under the tongue (oral or sub-lingual temperature), under the armpit (axillary 
temperature), into the rectum via the anus (rectal temperature), into the ear (tympanic 
temperature), or on the forehead (temporal temperature). Portrait courtesy of the 
Wellcome Library.
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Kary Banks Mullis and the polymerase chain reaction (PCR). PCR is a method 
widely used to rapidly make millions to billions of copies (complete or partial) of 
a specific DNA sample, allowing scientists to take a very small sample of DNA and 
amplify it (or a part of it) to a large enough amount to study in detail. PCR was 
invented in 1983 by the American biochemist Kary Banks Mullis (1944–2019) 
at Cetus Corporation. Mullis and biochemist Michael Smith, who had developed 
other essential ways of manipulating DNA, were jointly awarded the Nobel Prize 
in Chemistry in 1993. Applications of the technique include DNA cloning for 
sequencing, gene cloning and manipulation, gene mutagenesis; construction of 
DNA-based phylogenies, or functional analysis of genes; diagnosis and monitoring 
of genetic disorders; amplification of ancient DNA; analysis of genetic fingerprints 
for DNA profiling (for example, in forensic science and parentage testing); and 
detection of pathogens in nucleic acid tests for the diagnosis of infectious diseases. 
I would like to add that outrageous misinformation about PCR, which in my view 
is the “gold standard” for COVID-19 diagnosis, continues to circulate online.

The photograph above shows Dr. Raj Bawa with Dr. Mullis at the US Department 
of Commerce in Washington, DC, on the occasion of the American Innovator Award 
ceremony on October 14, 1998: "I was lucky to spend the day with Dr. Mullis and 
his wife Nancy. It was a fascinating experience where Dr. Mullis delighted me 
with tales of his remarkable personal and scientific life. Some of these I can 
disclose. Dr. Mullis briefly left science to write fiction before accepting his 
graduate fellowship; he practiced clandestine chemistry (synthesis and self-testing 
of novel psychoactive substances) throughout his graduate school studies; he 
managed a bakery for two years during his postdoctoral work; he sold jewelry 
containing the amplified DNA of deceased famous people; he referred to the 
Empress of Japan as “sweetie” at a palace dinner; etc. And, yes, he recounted in 
detail with bitterness at receiving a mere $10,000 bonus from Cetus for the 
invention of PCR; Cetus later sold the PCR patent to Roche for $300 million.”
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Lab-on-a-chip. This technology allows immunological assays to be miniaturized 
so tests can be done rapidly with minimum quantities of expensive reagents. 
The chips contain tiny flow tubes to allow movement of fluids by capillary action, 
reactions sites with embedded reagents, and data output through electronic 
sensors. Courtesy of Maggie Bartlett, NHGRI and OpenStax (https://openstax.org).

Monoclonal antibodies (mAbs). These antibodies are produced by introducing an 
antigen to a mouse and then fusing polyclonal B cells from the mouse’s spleen to 
myeloma cells. The resulting hybridoma cells are cultured and continue to produce 
antibodies to the antigen. Hybridomas producing the desired mAb are then grown 
in large numbers on a selective medium that is periodically harvested to obtain 
the desired mAbs. Courtesy of OpenStax (https://openstax.org).
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Minimum Inhibitory Concentration (MIC) measurement. A microdilution tray 
can also be used to determine MICs of multiple antimicrobial drugs in a single assay. 
In this example, the drug concentrations increase from left to right and the rows 
with clindamycin, penicillin, and erythromycin have been indicated to the left of 
the plate. For penicillin and erythromycin, the lowest concentrations that inhibited 
visible growth are indicated by red circles and were 0.06 μg/mL for penicillin and 
8 μg/mL for erythromycin. For clindamycin, visible bacterial growth was observed 
at every concentration up to 32 μg/mL and the MIC is interpreted as >32 μg/mL. 
Courtesy of the Centers for Disease Control and Prevention and OpenStax (https://
openstax.org).

Measuring MIC with a Etest strip. The Etest can be used to determine the MIC of 
an antibiotic. In this Etest, vancomycin is shown to have a MIC of 1.5 μg/mL against 
Staphylococcus aureus. Courtesy of OpenStax (https://openstax.org).
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The iron-lung ward, 1953. Polio was once a common disease with potentially 
serious consequences, including paralysis. Vaccination has all but eliminated the 
disease from most countries around the world. An iron-lung ward, such as the one 
shown in this 1953 photograph, housed patients paralyzed from polio and unable 
to breathe for themselves.

People living in developed nations and born in the 1960s or later may have 
difficulty understanding the once heavy burden of devastating infectious diseases. 
For example, smallpox, a deadly viral disease, once destroyed entire civilizations, 
but has since been eradicated. Thanks to the vaccination efforts by multiple 
groups, including the World Health Organization, Rotary International, and the 
United Nations Children’s Fund (UNICEF), smallpox has not been diagnosed in a 
patient since 1977. Polio is another excellent example. This crippling viral disease 
paralyzed patients, who were often kept alive in “iron lung wards” as recently as the 
1950s. Today, vaccination against polio has nearly eradicated the disease. Vaccines 
have also reduced the prevalence of once-common infectious diseases such as 
chickenpox, German measles, measles, mumps, and whooping cough. The success 
of these and other vaccines is due to the very specific and adaptive host defenses. 
Courtesy of OpenStax (https://openstax.org).
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Size matters. The relative sizes of various microscopic and nonmicroscopic objects. 
Note that a typical virus measures about 100 nm, 10 times smaller than a typical 
bacterium (~1 µm), which is at least 10 times smaller than a typical plant or animal 
cell (~10–100 µm). An object must measure about 100 µm to be visible without a 
microscope.
Most microbes are unicellular and small enough that they require artificial 
magnification to be seen. However, there are some unicellular microbes that are 
visible to the naked eye, and some multicellular organisms that are microscopic. 
An object must measure about 100 micrometers (µm) to be visible without a 
microscope, but most microorganisms are many times smaller than that. For some 
perspective, consider that a typical animal cell measures roughly 10 µm across 
but is still microscopic. Bacterial cells are typically about 1 µm, and viruses can be 
10 times smaller than bacteria. Courtesy of OpenStax (https://openstax.org).
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Using delayed hypersensitivity to test for TB. The modern version of Pirquet’s 
scarification is the tine test, which uses devices like this to administer tuberculin 
antigen into the skin, usually on the inside of the forearm. The tine test is considered 
less reliable than the Mantoux test. Courtesy of the Centers for Disease Control and 
Prevention and OpenStax (https://openstax.org).
Austrian pediatrician Clemans von Pirquet (1874–1929) first described allergy 
mechanisms, including type III serum sickness. His interest led to the development 
of a test for tuberculosis (TB), using the tuberculin antigen, based on earlier work 
identifying the TB pathogen performed by Robert Koch. Pirquet’s method involved 
scarification, which results in simultaneous multiple punctures, using a device 
with an array of needles to break the skin numerous times in a small area. The 
device Pirquet used was similar to the tine test device with four needles seen in the 
figure above. The tips of all the needles in the array are coated with tuberculin, 
a protein extract of TB bacteria, effectively introducing the tuberculin into the 
skin. One to three days later, the area can be examined for a delayed hypersensitivity 
reaction, signs of which include swelling and redness. As you can imagine, 
scarification was not a pleasant experience, and the numerous skin punctures put 
the patient at risk of developing bacterial infection of the skin. Mantoux modified 
Pirquet’s test to use a single subcutaneous injection of purified tuberculin material. 
A positive test, which is indicated by a delayed localized swelling at the injection 
site, does not necessarily mean that the patient is currently infected with active 
TB. Because type IV (delayed-type) hypersensitivity is mediated by reactivation 
of memory T cells, such cells may have been created recently (due to an active 
current infection) or years prior (if a patient had TB and had spontaneously 
cleared it, or if it had gone into latency). However, the test can be used to confirm 
infection in cases in which symptoms in the patient or findings on a radiograph 
suggest its presence.
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The complement fixation (CF) test. The CF test is used to determine whether a 
patient’s serum contains antibodies to a specific antigen. If it does, complement 
fixation will occur, and there will be no complement available to lyse the antibody-
bound sheep red blood cells that are added to the solution in the next step. If the 
sample does not contain antibodies to the antigen, hemolysis of the sheep blood cells 
will be observed. Courtesy of OpenStax (https://openstax.org).
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Polyclonal antisera. This diagram illustrates the process for harvesting polyclonal 
antibodies produced in response to an antigen.
Polyclonal antisera are used in many clinical tests that are designed to determine 
whether a patient is producing antibodies in response to a particular pathogen. 
While these tests are certainly powerful diagnostic tools, they have their limitations, 
because they are an indirect means of determining whether a particular pathogen 
is present. Tests based on a polyclonal response can sometimes lead to a false- 
positive result—in other words, a test that confirms the presence of an antigen 
that is, in fact, not present. Antibody-based tests can also result in a false-negative 
result, which occurs when the test fails to detect an antibody that is, in fact, 
present. The accuracy of antibody tests can be described in terms of test sensitivity 
and test specificity. Test sensitivity is the probability of getting a positive test result 
when the patient is indeed infected. If a test has high sensitivity, the probability 
of a false negative is low. Test specificity, on the other hand, is the probability 
of getting a negative test result when the patient is not infected. If a test has high 
specificity, the probability of a false positive is low. False positives often occur due 
to cross-reactivity, which can occur when epitopes from a different pathogen are 
similar to those found on the pathogen being tested for. For this reason, antibody-
based tests are often used only as screening tests; if the results are positive, other 
confirmatory tests are used to make sure that the results were not a false positive. 
Courtesy of OpenStax (https://openstax.org).
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Atherosclerotic Coronary Arteries. In this coronary angiogram (x-ray), the 
dye makes visible two occluded coronary arteries. Such blockages can lead to 
decreased blood flow (ischemia) and insufficient oxygen (hypoxia) delivered to the 
cardiac tissues. If uncorrected, this can lead to cardiac muscle death (myocardial 
infarction).
Coronary artery disease is the leading cause of death worldwide. It occurs when 
the buildup of plaque—a fatty material including cholesterol, connective tissue, 
white blood cells, and some smooth muscle cells—within the walls of the arteries 
obstructs the flow of blood and decreases the flexibility or compliance of the vessels. 
This condition is called atherosclerosis, a hardening of the arteries that involves 
the accumulation of plaque. As the coronary blood vessels become occluded, the 
flow of blood to the tissues will be restricted, a condition called ischemia that causes 
the cells to receive insufficient amounts of oxygen, called hypoxia. The figure above 
shows the blockage of coronary arteries highlighted by the injection of dye. Some 
individuals with coronary artery disease report pain radiating from the chest 
called angina pectoris, but others remain asymptomatic. If untreated, coronary 
artery disease can lead to MI or a heart attack. The disease progresses slowly 
and often begins in children and can be seen as fatty “streaks” in the vessels. It 
then gradually progresses throughout life. Well-documented risk factors include 
smoking, family history, hypertension, obesity, diabetes, high alcohol consumption, 
lack of exercise, stress, and hyperlipidemia or high circulating levels of lipids in the 
blood. Treatments may include medication, changes to diet and exercise, angioplasty 
with a balloon catheter, insertion of a stent, or coronary bypass procedure. 
Angioplasty is a procedure in which the occlusion is mechanically widened with a 
balloon. A specialized catheter with an expandable tip is inserted into a superficial 
vessel, normally in the leg, and then directed to the site of the occlusion. At this point, 
the balloon is inflated to compress the plaque material and to open the vessel to 
increase blood flow. Then, the balloon is deflated and retracted. A stent consisting 
of a specialized mesh is typically inserted at the site of occlusion to reinforce the 
weakened and damaged walls. Stent insertions have been routine in cardiology for 
more than 40 years. 
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