Fig. 1 — The Osteology Lesson of Dr. Sebastiaen Egbertsz, 1619 painted by Thomas de Keyser. Dr Sebastiaen Egbertsz (1563 to 1621)

is standing on the left side of the skeleton and demonstrates the lower rib. Courtesy of the Amsterdam Museum.

Bone & Joint3%° | VOLUME 1 | ISSUE 6 | DECEMBER 2012



Department of Surgery, University Medical Center Groningen,

F. F. A. IJpma vp Surgical Resident,

H. J. ten Duis mp, rhp Professor of Surgery,

Groningen, The Netherlands

e-mail: frankijpma@gmail.com

T. M. van Gulik v, php Professor of Surgery
Department of Surgery,

Academic Medical Center,

University of Amsterdam,

Amsterdam, The Netherlands

A comprehensive study of osteology remains a cornerstone of current orthopaedic and

traumatological education. Osteology was already established as an important part of surgical

education by the 16th century. In order to teach anatomy and osteology, the corpses of executed

criminals were dissected by the praelector anatomiae of the Amsterdam Guild of Surgeonts.

Magnificent anatomical atlases preserve the knowledge obtained from these dissections.

We present an overview of the most authoritative works of Vesalius, Bidloo, Cheselden, and

Albinus authored in the 16th, 17th and 18th centuries. At that time a knowledge of osteology was

necessary to pass the ‘master-exam’in order to become a surgeon, and anatomical teaching

was traditionally based on the practice of dissection. In the modern era, anatomical dissection

and illustrations are largely being replaced by three-dimensional imaging and computer

simulations, with an unfortunate trend in current curricula away from the established teaching

technique of dissection. Education through the practice of dissection, particularly for future

surgeons, remains integral to the development of tissue handling techniques, understanding

of anatomical variation, and furthering of spatial awareness skills. With this review, we seek to

remind contemporary surgeons of the lessons we can learn from our predecessors who valued

education through anatomical dissection.

‘ steology’, derived from the
Greek words osteon (bone)

and logos (knowledge), is

defined as the study of the

structure and function of bones. The regula-
tions of the Amsterdam Guild of Surgeons show
that osteology was an important component
of their surgical curriculum at the beginning of
the 17th century.”? Historically, surgeons were
trained under the guidance of a master-surgeon
in a surgeon’s shop. In 1555, the Amsterdam
Guild of Surgeons was granted the privilege of
dissecting the bodies of executed criminals to
teach anatomy.? These lessons were given by
the praelector anatomiae (lecturer in anatomy)
in the Anatomy Theatre of Amsterdam. The
praelector was entrusted with the education of
the guild members.

The Osteology Lesson of Dr. Sebastiaen
Egbertsz, 1619 belongs to the collection of
paintings of the Amsterdam Guild of Sur-

geons and depicts one of the earliest lessons in
osteology (Fig. 1).3 The painting records a care-
fully composed group portrait of the guild of-
ficials, which is reminiscent of the praelector’s
osteology lessons. The skeleton serves as a cen-
tral element in the composition and is thought
to have been from an executed English pirate
whose corpse was dissected in 1615. The paint-
ing clearly shows the removal of the skullcap
with subsequent reattachment suggesting the
purpose of the skeleton for teaching osteology.3

We have reviewed original historical sources in-
cluding atlases and exam reports contained in the
comprehensive library collections held in universi-
ties throughout The Netherlands. Taken together,
these authoritative works on osteology provide a
unique insight into the knowledge of leading phy-
sicians through the 16th to 18th centuries. Ana-
tomical atlases from Vesalius, Bidloo, Cheselden,
and Albinus demonstrate the knowledge of oste-
ology provided by anatomical dissections,+® and

exam transcripts from the master-exams (exams
in surgical skills) reveal the emphasis placed upon
osteology as a key component of surgical train-
ing.>* The ongoing accumulation of knowledge
in this field resulted in the original 18th century
surgical textbook of Heister and Ulhoorn, enti-
tled Surgical Lessons.™ This book dominated the
education of hundreds of contemporary surgeons
trained in Europe, and reveals some unique in-
sights into the application of osteology in the daily
practice of surgeons from that era.

ANATOMICAL ATLASES FROM THE 16TH
TO 18TH CENTURIES

During the Middle ages, the study of human
anatomy was prohibited by the religious au-
thorities and consequently anatomical knowl-
edge was derived from dissections of animals
and the traditional Greek and Roman writings
of Hippocrates (470 to 400 BC) and Galen (130
to 200 AD).™ It was not until the Renaissance
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Fig. 2 Original anatomical illustrations of the osteology from Andreas Vesalius’
work entitled De humani corporis fabrica libri primus (1555).8 Courtesy of
University Library of Groningen, special collections (uklu KW C 569).

i Fig. 3 Original anatomical drawing of the human skeleton by Gérard De
i Lairesse from Govard Bidloo’s work entitled Ontleding des Menschelijken
i Lichaams (1690).¢ The skeleton represents death itself by holding a shroud

over a grave. Courtesy of University Library of Groningen, special collections

¢ (uklu KW C 1150).

that investigation of the anatomy of the human
- body was tolerated and knowledge started to
- surpass that of antiquity.™

: ANDREAS VESALIUS’ (1514 TO 1564)
REVOLUTION IN OSTEOLOGY
Andreas Vesalius studied medicine in Leuven,
Paris, and Venice. He was appointed Professor
~of Surgery at the medical school in Padua in
1537 In 1543, Vesalius published the first edi-
 tion of De humani corporis fabrica, describing the
. anatomy of the human body.® This seminal work
_ was considered ‘the greatest of all books written
about human anatomy’ and for this outstanding
achievement, he was granted nobility in 1556.'
This book heralded a new era in the understand-
ing of human anatomy and was based upon his
own anatomical dissections of the human body.
De humani corporis fabrica was published
as a series of seven books. The first book com-
prised some 8o 0ooo words and 140 illustrations
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describing all the bones of the human body. In
the original work, Vesalius provided detailed ac-
curate anatomical illustrations (Fig. 2).® He de-
scribed the technique for dissection of corpses
of both adults and children, followed by the
removal of soft-tissue remnants by boiling the
bones. He recognised the importance of the
study of the relationships between the bones,
and developed a technique to reconstruct the
complete skeleton using copper wire to articu-
late the individual bones.

successfully challenged
traditional concepts of osteology propagated
by Galen. He identified the marrow cavity and

Vesalius several

postulated its importance in the nutrition of
bone. He recognised the role of the epiphysis in
growth, and emphasised the importance of car-
tilage connections between bones to maintain
optimal joint function. From anatomical dissec-
tions of neonates in Bologna, Vesalius observed
that the human skull had sutures, and even the

smallest details of the auditory bones did not slip
his attention. He discussed the morphology of
bones and compared his observations with con-
temporary knowledge. In many respects Vesalius

is the 16th century father of modern osteology.

GOVARD BIDLOO (1649 TO 1713)
PROFESSIONAL DRAWINGS

Govard Bidloo was Professor of Anatomy in
The Hague (1688) and Leiden (1694)."° His
magnificent anatomical atlas, entitled Ontl-
eding des Menschelijken Lichaams (Dissection
of the human body), was published in Dutch
in 1690.¢ Bidloo praised the work of Vesa-
lius and stated that his anatomical atlas was
based on anatomical dissections, which were
intended for educational purposes. Bidloo col-
laborated with a draftsman, Gérard De Lairesse
(1640 to 1711), a pupil of Rembrandt and one
of Amsterdam’s leading artists.”** Bidloo
provided 105 accurate anatomical drawings




Fig. 4 Original anatomical illustrations of the osteology of William Cheselden’s work entitled Osteographia, or the
Anatomy of the Bones (1733).” The illustrations show in Figure 4a — Parts 1 and 2: kyphoscoliosis of the spine.
Figure 4b — Part 1: dislocation of the humeral head after a scapular fracture; Part 2: congenital ankylosis of the
elbow; Part 3: osteomyelitis of the thumb in tuberculosis, Part 4: synostosis between the radius and ulna after
an antebrachial fracture; Part 5: ankylosis of the lumbar spine. Figure 4c — Parts 1 & 2: destruction and perfora-

tion of the acetabulum by an abscess of the hip joint; Part 3: osteomyelitis of the femur. Figure 4d — Parts 1 to 4:

XLv1 X1vin

destruction of bone in an advanced stage of syphilis. Authors’ collection.

to illustrate the volume.® The sixth chapter,
entitled ‘Whole osteology’, contained 16 draw-
ings on osteology. However, in De Lairesse’s
drawings an element of artistic licence can be
seen. For example, one of the skeletons is hold-
ing a shroud over a grave, representing death
itself (Fig. 3). While the artistic value of Bidloo’s
atlas is recognised, its usefulness for surgeons
has been disputed™ and the importance of this
atlas is the successful collaboration between a
physician and an artist.

WILLIAM CHESELDEN (1688 TO 1752)
AND THE CAMERA OBSCURA

William Cheselden, one of the most prominent
British surgeons and scientists of the 18th cen-
tury,” was introduced to the works of Vesalius
and Bidloo through his teacher, William Cowper
(1666 to 1709). Cheselden undertook his own an-
atomical dissections using the corpses of execut-
ed criminals to teach anatomy® and osteology.
His own anatomical atlas, entitled Osteographia,
or the Anatomy of the Bones (1733) is considered
‘one of the best English works on anatomy’ and
merits a prominent place in the early series of
anatomical atlases on osteology.”? Osteographia
contains 56 pages with anatomical illustrations
of bones, ligaments, and cartilage structures.”
Cheselden was the first anatomist to make use of
the camera obscura (pinhole camera) to prepare
his anatomical illustrations. Unlike his predeces-
sors, Cheselden included diseased specimens of
bone in his anatomical atlas, and several illustra-
tions demonstrating spinal pathologies. His atlas

records the first examples of osteomyelitis in tu-
berculosis, the destruction of bone seen in ad-
vanced syphilis and some extreme forms of cal-
lus from untreated fractures (Fig. 4). Cheselden’s
contribution was significant, having employed
the technology of the camera obscura to accu-
rately demonstrate and record the anatomy and
pathology of bones to his students.

BERNARD SIEGFRIED ALBINUS

(1697 TO 1770) HOMO PERFECTUS
Bernard Siegfried Albinus was Professor of Anat-
omy and Surgery in Leiden. In 1747 he published
his anatomical atlas Tabulae sceleti et musculorum,
depicting what he termed the ‘homo perfectus’
(the ideal human).# Albinus was convinced that an
anatomist should understand the construction of
the human body, as an architect must understand
the foundations of his building.° He considered
the skeleton to be the foundation of the body and
studied its anatomy to understand the mechani-
cal functions of the skeleton and muscles. In 1753
Albinus collaborated with the artist Jan Wandelaar
(1690 to 1759),% and published a further purely
osteological anatomical atlas entitled Tabulae
ossium humanorum.s Albinus and Wandelaar
developed a system to bring some objectivity to
their depictions of the skeleton, which adopted
wooden frames with grids of wires to achieve ob-
jectivity, symmetry, and vitality.>° Tabulae ossium
humanorum was published in large format (72 cm
x 50 cm) and contained 34 anatomical illustra-
tions on osteology.s In each anatomical illustration
the relationship between the bones and tendons,

ligaments or joints were shown in intri-
cate detail. The accuracy of their new
system and their achievement is well
demonstrated with Albinus’ fine depic-
tion of the complex osteology of the
foot (Fig. 5). Albinus was the first renais-
sance anatomist and surgeon to have
insight into the mechanical functions of
the body. His atlases record his ability to
shed light on biomechanics, integrating
the knowledge of osteology, with that of
muscles and tendons.

REPORTS OF THE SURGICAL
MASTER-EXAM

Knowledge of osteology was not
dissections
and atlases. The training of surgeons

confined to anatomical

from the 16th century onwards was
completed by sitting and passing a
master-exam.” The exam was con-
ducted by the board of the guild and the prae-
lector anatomiae. The front piece of ‘t Nieuwe
examen der chirurgie (1693) (The new exam in
surgery) by Bernardus De Bout depicts an ex-
aminee under examination (Fig. 6).° During the
exam, the surgeons in training were required to
both manufacture their own instruments and
perform practical procedures. De Bout records
that candidates were expected to manufacture
their own lancets, and that these should be able
to cut a piece of leather. The practical part of the
examination included performing phleboto-
mies, the application of wound dressings and
bandages. The master-exam was completed
with a theoretical test and included knowledge
of osteology and fractures. Similar to the current
system of Royal College and Board exams, if the
trainee passed his surgical exam he was granted
the privilege to join the guild and to open his
own surgeon’s shop in the city of his residence.

The reports of the Dutch master-exams of
the 17th and 18th centuries provide an insight
into the importance of osteology in the training
of surgeons, and carefully document discus-
sions between trainee and master surgeons in
viva voce style examinations.*"> In remarkable
similarities to current professional exams the
master surgeon would ask questions about the
anatomy and morphology of bones with ex-
aminees often responding with definition of the
periosteum, diaphysis, apophysis, and epiphy-
sis. Another favourite examination topic was the
bony anatomy of the skull, including the finer
details of the osteology and foraminae.
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Fig. 5 Osteology of the foot, illustration from Bernard Siegfried Albinus’ work entitled Tabulae ossium

humanorum (1753).° Courtesy of University Library of Groningen, special collections (uklu KW C 563).

In one particularly well recorded examination
a candidate was asked, ‘describe the anatomy of
the vertebrae’. The candidate apparently replied,
‘They are all hollowed out as a ring through
which the spinal cord runs, the cervical vertebrae
are somewhat curved inwards (lordosis) and the
thoracic vertebrae and sacrum are curved out-
wards (kyphosis)”. The vertebral body is flat, wide
and half-round, and ‘from behind and sideways
there are protrusions (spinous and transverse
processes) of which the shape depends on the
vertebral level’; answers that would not be too
out of place in an examination today. Candidates
were expected to have an in-depth knowledge of
the topic, questions extending to the tiny ‘seed
bones’ (sesamoids), which one candidate was
keen to explain, ‘they grow between the tendons
and are hidden underneath the ligaments’.

HEISTER’S AND ULHOORN’S
‘HEELKUNDIGE ONDERWIJZINGEN’
(SURGICAL LESSONS) ON OSTEOLOGY
‘APPLIED’ IN FRACTURE TREATMENT
Knowledge of osteology was not just a means
of examination and a gateway to the profession-
al body, it was also valuable for surgeons in their
daily practice, most particularly in the treat-
ment of fractures. ‘To understand a fracture and
its healing, itis necessary to know the anatomy’,
was the opinion of the German and Dutch sur-
geons Laurens Heister (1683 to 1758) and Hen-
drik Ulhoorn (1687 to 1746).>* One of the most
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influential surgical textbooks in 18th century
Europe was Heister’s work, simply entitled Chir-
urgie (Surgery).23 Ulhoorn translated the work
into Dutch, but was liberal in his interpreta-
tion and added many of his own annotations,
rebranding the Dutch title Heelkundige Onder-
wijzingen (Surgical Lessons) (1755).

Heister and Ulhoorn outlined the process of
fracture healing. They hypothesised that healing
resulted from the leakage of fluid from the frac-
tured bones. The fluid was released as the re-
sult of torn tubes in the bone, through which
the ‘nourishing bone fluids’ circulate. The fluid
bridged the fracture, and they called it ‘callus’.

Fractures at this time were mainly treated con-
servatively by basic principles similar in concept to
those utilised today; reduction and immobilisation
using bandages or splints. To maintain reduction
the authors usually advocated traction and de-
scribed techniques using belts, ropes, and pulleys.
Immobilisation was achieved with bandages and
splints (typically made of wood, cardboard, cop-
per, tin, or lead). It was not until the 19th century
that dextrin and plaster were used to maintain im-
mobilisation, and the forerunners of the modern
‘plaster of paris’ were strengthened bandages,
achieved using egg-whites and soft wheat. Early
attempts to intervene in fracture healing included
removal of foreign bodies, bone fragments from
open fractures, or even improving fracture healing
through soaking of bandages in brandy, vinegar,
rose oil, or herbal extracts.> Occurring several

hundred years prior to the invention of radio-
graphs, surgeons relied on a sound knowledge
of osteology to diagnose the type of fracture and
to provide appropriate treatment for each specific
fracture. Even today, many fractures are treated
using the same basic principles.

DISCUSSION

Anatomical education has long been, and still is,
a cornerstone of surgical training. Osteology pro-
vided the foundation of orthopaedics and trau-
matology. The Osteology Lesson of Dr Sebasti-
aen Egbertsz, 1619 from the series of paintings of
the Amsterdam Guild of Surgeons illustrates how
important this education was in the earliest days
of modern surgical practice. The image of the
praelector anatomiae teaching human osteol-
ogy to the guild members is present in the Guild
collection (Fig. 1), and the master-exams in the

17th century demonstrate the importance of os-
teology and anatomy to early surgeons (Fig. 6).
According to Ulhoorn and Heister, ‘surgeons
must have knowledge of osteology for a rational

e : e
"MSTERDAM, by TAN TEN HOORN 1605

Fig. 6 Master-exam (examination in surgical train-
ing) in which the examinee is standing in front of
the guild members. The cabinets with surgical in-
struments and osteology collection of the guild are
clearly visible in the background of the drawing.
From t Nieuwe examen der chirurgie, by De Bout
(1693).° Courtesy of University Library of Amster-
dam, special collections (OTM: OK 61-1920 (1)).



treatment of fractures’. Their Surgical Lessons
(1755) give us the opportunity to understand the
practical methods used by surgeons in fracture
treatment which have formed the foundation of
modern orthopaedic and trauma practice.”

Early anatomical atlases were often produced
through a collaboration between a physician and
an artist.® These anatomical illustrations evolved
into a special category of art that contributed to
medical science. In their drawings, the artists
captured the findings of physicians’ anatomical
dissections often with the allegory of mortality
hidden in the illustrations, for example by a skel-
eton holding a shroud over a grave (Fig. 3).” These
old atlases of osteology are of outstanding quality
in comparison with their modern counterparts.
Cheselden’s atlas (1733) is distinct from others of
this era in that it includes bone pathology notes
along with drawings of pathological specimens of
osteomyelitis, exostosis, and untreated fractures.”
Perhaps he was the first doctor to link pathology
with abnormal morphology of the skeleton. Dur-
ing the 18th century the allegoric elements in the
anatomical illustrations gradually disappeared.®
With time, the techniques for printing anatomical
illustrations evolved from Vesalius” wood engrav-
ings to copperplate engravings and eventually, to
the use of lithography in the 19th century.”®

Three-dimensional imaging technology was
introduced, and has a growing role in anatomi-
cal teaching following the advent of CT and
MR in the second half of the 20th century. The
Visible Human Project (1993) represents the ul-
timate attempt in three-dimensional imaging
of the anatomy of the human body, including
osteology.” The body of a criminal, executed in
Texas, was frozen and shaved into thin slices.
Each cross-section was photographed and dig-
itised. It is noteworthy how history repeats itself
with the corpse of an executed criminal provid-
ing the material to teach anatomy.

In the era of the Surgeons’ Guild, surgical
training comprised an apprenticeship in a sur-
geon’s shop with education in the anatomical
theatre. From these early origins, surgical train-
ing has evolved into an academic, structured
medical curriculum followed by specialisation
in surgery. The teaching of anatomy, including
lessons in osteology, has changed substantially

over the past centuries.2* Anatomical dissections,
using the corpses of executed criminals, were
recorded in magnificent anatomical atlases over
more than 400 years ago, and formed the basis
for the anatomical education in this period.

More recently, the introduction to medical
school syllabuses of digital anatomical imaging
is allowing students to perform virtual dissec-
tions and has reduced the need for cadaveric
dissection. Whilst having many obvious advan-
tages, including gaining familiarity with modern
imaging techniques in some curricula, students
are less frequently exposed to anatomical dis-
sections.>2¢ Great care must be taken as these
technologies develop to ensure there remains a
place for performing dissection which not only
teaches anatomy but also helps to develop suf-
ficient understanding of human tissues, spatial
aptitude and, anatomical variations.?+2¢ Our fore-
fathers like Vesalius, Bidloo, Cheselden, Albinus,
Heister, and Ulhoorn all taught direct experience
using human material for anatomical learning.
We must strive in the modern era of teaching
and learning to capitalise on the lessons of our
forefathers who, over 400 years ago, provided
sufficient learning materials to allow surgeons to
acquire substantial knowledge of osteology from
anatomical dissections. This tried and tested ap-
proach should remain a keystone for the contin-
ued training and examination of surgeons.
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