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Dutch anatomy at the turn of the century 

Bob BAUET 

In the 19th century in the Dutch universities (Leiden, Groningen, Utrecht and 
Amsterdam), human anatomy was an integral part of comparative anatomy, 
physiology, pathology and surgery in the faculties of medicine (1). In the second 
decade of that century a separate study in biology was incorporated in faculties of 
sciences, so in the faculties of medicine the teaching of anatomy became focused on 
human anatomy (2). However many professors of human anatomy remained to 
perform their research in the fields of comparative anatomy and animal embryology. 
In this period also the teaching of anatomy was performed by way of lectures, but 
human anatomical demonstrations were substituted by anatomical dissections on 
human corpses by the students themselves. Human pathology, surgery and physiology 
became separate entities so human anatomy was focused on systematic and 
topographical human anatomy and embryology and congenital malformations. 
However comparative anatomy and embryology remained an important part in 
research and formed a basis in the teaching of human anatomy and embryology. At 
the end of the nineteenth century Dutch human anatomy was greatly influenced by the 
German comparative anatomical school of Carl Gegenbauer in Heidelberg (3), This 
actually resulted in the appointments of pupils of Gegenbauer as professor of anatomy 
at the University of Amsterdam. However at end of the century the Dutch physician 
Lodewijk Bolk was appointed professor of anatomy at the University of Amsterdam 
(4). This young professor, who even did not have his PhD, became an international 
well-known scientist when he died in 1930 from a disastrous osteosarcoma. His 
appointment marks the beginning of a new area in the development of research and 
teaching of anatomy in anatomy at the Dutch universities. When he died the chairs for 
anatomy in all Dutch universities were for his former pupils and also his chair for 
anatomy at the University of Amsterdam became in the possession of MW 
Woerdeman, one of his former pupils (5). The consequences of this appointment in 
Amsterdam and the developments in teaching and research of anatomy at the Dutch 
universities at the turn of the century are discussed in this paper. 

ANATOMISTS 

Groningen 

At the University of Groningen Jac. P Braam Houckgeest (1838-1889) had been 
appointed professor of anatomy in 1877 (6). He had studied medicine. The title of his 
inaugural address on 13 October 1877 was: "Human anatomy in relation to the natural 
sciences (De ontleedkunde van den mensch in haar verband met de overige 
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natuurwetenschappen)." He died in 1889 and was succeeded by Jan Willem van 
Wijhe (7). Wijhe was bom in Duiven (Gelderland) on 13 August 1851 and had 
studied biology in Leiden, where he had obtained his PhD in 1880 on the thesis with 
the title: "On the mesoderm segments and the development of the nerves in the 
Elasmobranch fish head (Ueber die Mesodermsegmente und die Entwicklung der 
Nerven der Selachierkopfes)." (8) However the research for his thesis he had 
performed in the Zoological Station in Napels under the guidance of Robert 
Wiederheim in Freiburg im Breisgau. After his PhD Van Wijhe accepted an 
assistantship at the Zoological Laboratory in Leiden. From 1884-1887 he was teacher 
in a secondary school in Almelo. In 1887 he became prosector in anatomy under 
Robert Wiedersheim in Freiburg. Freiburg University granted him an honorary 
doctorate in medicine on 12 March 1887. He also studied veterinary medicine and 
attended at clinical lectures in Freiburg. In 1889 was called to become appointed 
professor of anatomy at the universities of both Dorpat (now Tatu, Estland) and 
Groningen (9). On 24 September he was appointed professor of anatomy and 
embryology at Groningen University. Van Wijhe was especially interested in human 
and comparative embryology. This is probably the best illustrated by the text of his 
inaugural address when he became Rector Magnificus of Groningen University in 
1905. The title of the address was: "On the extent and subjects of anatomy." (10) As 
an embr>'ologist he developed several stain methods for sections. However he spent 
much time on teaching macroscopic anatomy. He was not in favour of lecturing and 
he preferred to give an anatomical demonstration on the dissected cadaver with small 
groups of students. This modern view had the disadvantage that it was very time 
consuming for him and was not appreciated by the bulk of students (11). He was ver>' 
teaching minded and he succeeded in obtaining a new building for the department of 
anatomy (12). The quality of his research was appreciated as well in the Netherlands 
as abroad. He resigned 20 September 1926 and died in 1935. 

Leiden 

At Leiden University, Hidde Justus Halbertsma (1820-1856) was appointed professor 
of anatomy in 1856 (13). He had studied medicine at Leiden University where he 
obtained his MD in medicine in 1843 and his MD in surgery in 1846. He was in 
favour of microscopic and chemical research. He addressed the board of the university 
many times to appoint a chair-holder for physiology, but he never was successful in 
his claim. In 1865, after his death, his chair was divided into a chair for physiology 
and two chairs for anatomy (14). In one chair for anatomy Teunis Zaaijer (1837-1902) 
was appointed professor extraordinarius of anatomy in 1866. He had been prosector 
at the department of anatomy at Leiden University under Halbertsma after studying 
medicine in Leiden and had been trained in Berlin by Rudolf Virchov (1821-1902), 
Albrecht von Graefe (1828-1870) and Ludwig Traube (1818-1876). He was a 
classical anatomist. His research was in the field of gross anatomy, especially 
anatomical variations and physical anthropology. In 1870 he was appointed professor 
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ordinarius of anatomy (15). In the other chair in 1866 was for Johannes Adrianus 
Boogaard (1823-1877) (16). Boogaard studied medicine in Leiden and also had been 
prosector at the department of anatomy in Leiden. He also studied pathological 
anatomy at Berlin under Rudolf Virchov. He was in favour of a solid training in 
anatomy and physiology as a basis for bedside teaching. He died in 1877. Also in 
1866 was appointed professor of physiology Adriaan Heynsius (1831-1885), a 
physiologist pur sang. He was succeeded by Willem Einthoven (1860-1927), founder 
of electrocardiography and Nobelprize-winner in Physiology and Medicine 
(1924) (17). 

Utrecht 

In Utrecht from 1880-1883 Max Wilhelm Carl Weber was lector in anatomy. He was 
bom in Bonn 5 December 1852. He studied science (biology) and medicine in Bonn 
as well as in Berlin. He became Medical Doctor in 1878 in Berlin. In 1879 he 
obtained a prosectorship in anatomy in Amsterdam. After being lecturer in anatomy 
in Utrecht he became extraordinarius in comparative anatomy, zootomy and 
zoological paleontology (18). He became intemationally well known as the leader of 
the Siboga-expedition (1899-1900) (19). He died 7 February 1937. In 1888 Emil 
Rosenberg (1841-1926) became professor of anatomy in Utrecht. He was a pupil of 
Carl Gegenbauer in Heidelberg (20). He had been professor of anatomy in Dorpat 
(Estland) before accepting the appointment in Utrecht. He was not successful in 
obtaining a new department of anatomy (21). He resigned in 1909. 

Amsterdam 

In Amsterdam was Max Fiirbringer (1846-1920) appointed as professor of anatomy 
at the University of Amsterdam on 6 March 1879 (22). He had been the prosector of 
Carl Gegenbauer in Heidelberg. In 1888 he left to Heidelberg, where he succeeded 
Carl Gegenbauer. Fiirbringer was succeeded by Georg Ruge (1852-1919). Ruge was 
bom in Berlin. He studied medicine in Berlin. He defended his MD-thesis with the 
title: "On the growth of the human mandible." (23) He became assistant of 
Gegenbauer in Heidelberg. His "Habilitierung" was in Heidelberg in 1879. It resulted 
in an appointment professor extraordinarius in anatomy in 1882 in Heidelberg. On 5 
September 1888 he was appointed professor of anatomy at the University of 
Amsterdam. His inaugural address with the title: "On the narrow connection between 
anatomy and medical disciplines and on the art how to learn them" was given on 15 
October 1888 (24). Ruge did his research in the field of segmental innervation of 
vertebrates (25). He was an excellent teacher and focussed on the practical work in 
the dissecting room. In Heidelberg he wrote a dissection guide for students in the 
Heidelberg dissection room (26). He used it in Amsterdam, and a second edition came 
out in 1896. However the students did not like the German book. Also lecturing in 
Dutch was one of the problems Ruge had in Amsterdam. In 1897 he left the 
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University of Amsterdam as he obtained an appointment as professor of anatomy at 
the University of Zurich (Switzerland). He died on 21 January 1919. Ruge was 
succeeded by Louis Bolk. 

LOUIS BOLK 

Lodewijk (Louis) Bolk was bom on 10 December 1866 in Overschie as the son of the 
town clerk of that community. He commenced his career as a notary clerk, but after 
the examination in 1888 he started to study medicine at the University of Amsterdam. 
He completed his studies in 1896. Thereafter he accepted an assistantship at the 
department of anatomy of the University of Amsterdam, where after only a year, he 
took over responsibility for teaching the courses in human anatomy. Already during 
his studies he had written a monograph concerning anatomical research on the nerves 
originating in the spinal cord and innervating different muscle groups and the 
different parts of the skin of the inferior extremity of man (27). In 1898 he was 
appointed professor in anatomy. Four years later, Leiden University granted him an 
honorary doctorate. He held the position of professor until six weeks before his death 
on 17 June 1930. 

Bolk must be viewed as the founder of modem physical anthropology in The 
Netherlands. However in his scientific work he had a broad set of interests (28). He 
studied the segmental organization of the peripheral nervous system, (29) the anatomy 
of the cerebellum, (30) many anthropological topics, (31) many aspects of evolution, 
(32) and theories of dentition (33). Throughout his career, Bolk had a continuing 
interest in evolution, which he studied in a number of characteristics of the human 
cranium, as well as within a wider framework such as the development of the physical 
diversity of human ethnic groups. For his studies on cranial morphology, he received 
the prestigious Retzius Medal from the Royal Swedish Academy of Sciences in 1927. 
In addition to these evolutionary' studies, he published many other articles on the 
human skeleton, as well as on physiological and endocrinological subjects. He 
investigated the relationship between cranial measurements, cranial capacity, and 
brain volume and weight, and specifically noted the relation between brain weight and 
body weight. His possibilities to conduct skeletal studies increased considerably after 
1909, when the new Anatomical Laboratory of the University of Amsterdam was 
opened (34). This laboratory had been built on Bolk's strong instigation and 
according to his views. The site had previously housed a municipal cemetery; its 
skeletal remains were recovered and fomied a valuable addition to the collection of 
dissection material that was already present at the Amsterdam Anatomy Department. 
Another organizational achievement of Bolk's was the foundation of the Nederlandse 
Anatomendagen in 1915, which for years formed a forum twice yearly for Dutch 
anatomists. Bolk's studies on the ontogenetic and phylogenetic development of 
humans and the great apes resulted in this "retardation theory" in which he claimed 
that many characteristics that are transitional in younger apes persist in human 
ontogenetic development. He considered this phenomenon to be determined by the 
endocrine system. According to Bolk, ontogenetic conservatism would ultimately lead 
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to a higher degree of development in humans, relative to the great apes (35). In 1926, 
he published a detailed account of these views (36). The theory met with considerable 
opposition by his contemporaries. However, other scientists supported it, and it was 
never substantially undermined. Recently, it has received renewed attention (37). 

POPULATION 

Bolk's population studies forms another line of research, which may be the most 
interesting from aphysical anthropological viewpoint. These include the geographical 
distribution of stature, pigmentation, and the cranial-cephalic index in The 
Netherlands (38). All of his population studies indicate that he was acutely aware of 
the fact that genetic as well as environmental factors influence the characteristics he 
investigated. He recognized the general geographical clines within The Netherlands, 
but also the secular trends in stature and the age of menarche. Furthermore he drew 
attention to more specific differences - for example, between groups from fertile and 
less fertile regions, between urban and rural groups, and between those from 
industrialized areas and from their surroundings. These insights led him to cast 
considerable doubt upon the "anthropological" value of many somatic characteristics. 
He was more critical than most of his contemporaries of the quality and the quantity 
of the data he used in his population research. His investigations on the stature were 
based on data on 422,629 military recruits, while those on pigmentation were drawn 
from 479,000 schoolchildren. As a result of his activities and efforts in the field of 
population research, at his instigation the Anthropologische Commissie 
(Anthropological Committee) of the Koninklijke Nederlandsche Akademie van 
Wetenschappen (Royal Netherlands Academy of Arts and Sciences) was founded in 
1925 (39). Another aspect of his work worthy of mention is his interest in teratology 
more specifically, his work on the classification of conjoined twins. In this respect, 
he continued the work of his predecessor Willem Vrolik (1801-1863), whose 
specimens (in the Vrolik Collection) were used by Bolk in these studies (40). Relative 
to earlier classification, including that of Vrolik, Bolk's classification stands out 
because of its simplicity and clarity. It is mainly based in the then current views on 
the ethiology of the phenomenon of conjoined twins. Because this ethiology is still 
unknown, the simplicity of Bolk's classification makes it preferable to all other 
existing systems (41). 

SEGMENTAL ANATOMY 

Bolk's early research was on the segmental neuroanatomy. In 1910 he published a 
monograph about the segmental innervation of the trunk and the extremities in 
man (42). This book was written by Bolk as many clinicians had asked him to publish 
a review of his concepts about segmental innervation because in clinical neurology 
for diagnostic purposes knowledge about the so-called "dermatomes" (43) and the 
way muscles and/or muscle groups are innervated was of great importance. The ideas 
of Bolk about the demiatomes and the muscle innervation were only a part of a 
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concept about the segmentation of the human body. Concepts about segmental 
organization of animals were developed in the 19th century, amongst others by 
Moquin-Tandon and Owen for invertebrates and vertebrates respectively (44). It was 
the German comparative anatomist Carl Gegenbauer, who introduced these concepts 
in human anatomy (45). Bolk's teacher Ruge was a pupil of Gegenbauer and it was 
Ruge who persuaded Bolk to start with comparative anatomical studies in the field of 
the nervous system it is not surprisingly that Bolk was a great admirer of the concepts 
of Carl Gegenbauer. Bolk was aware of the fact that the results of his anatomical 
studies were of importance for clinicians. Already in 1897 he had published two 
papers in the Weekbladvan het Nederlandsch Tijdschrift voor Geneeskunde (46) and 
in 1900 he had produced plaster models of the extremities with the indication of 
segmental skin innervation especially for neurologists and surgeons (47). 

The existence of a segmental organization of certain animals was already known 
ab antiquo. However it was not until the beginning of the 19th century that concepts 
concerning the segmental organization of animals also included vertebrates. It were 
Haeckel and Gegenbauer who developed the "Sproutingtheory (Sprossungstheorie)" 
as the basis for development of metamerism (48). According to this theory the 
primary metamerism of a vertebrate originates in a segmental division of one of the 
germ layers of the embryo, the "mesoderm" (49), into somites (Urwirbel). The first 
somite, a paired segment with a cubical shape, is formed in man and higher 
vertebrates at the level of the occipital bone so no somites are formed in the cranial 
region. Each somite divides into a sclerotome, forming bone, a myotome, providing 
muscles, a nephrotome, forming the excretory organs, a vasotome, forming blood 
vessels, a neurotome, providing the nerves and a dermatome, forming the skin. In the 
adult mammal or in man this segmental organisation is clear in the region of the 
thorax with exception of the nephrotome. The vertebrae and ribs are segmentally 
organized as well as the intercostal muscles with their nerves and blood vessels. The 
segmental organization of the nerves is not confined to muscles but is also present in 
the skin. In man and higher vertebrates this segmental anatomical configuration is not 
obvious in other parts of the body in the adult. Moreover in vertebrates the normal 
configuration of the metameric spinal nerves is not present at the level of the 
extremities. At those levels the spinal nerves form a nervous network generally called 
"plexus". The presence of such plexuses was already described by Monroe (50) in 
1785. It were von Jhering and Furbringer who had contradictory theories about the 
so-called brachial plexus for the upper extremities and the so-called lumbosacral 
plexus in reptiles and birds (51). In his thesis, awarded with the golden medal of the 
faculty of medicine of the University of Edinburgh, Paterson added a lot of data 
concerning the anatomy of these plexuses in mammals (52). 

NERVE PLEXUS 

In 1893 Ruge (53) published a study about the lumbosacral plexus in primates and 
already stated: "The plexus is not essential for the nerves, but essential is a system of 
important evolutionary, phylogenetic and ontogenetic phenomena under which 



DUTCH ANATOMY 89 

several changing shifts of the terminal peripheral branching regions of the spinal 
nerves play an important role." (54) This statement is a good example of the type of 
concepts that were developed on the segmental organization of the peripheral nervous 
system in comparative anatomy at the end of the 19th century. However these 
comparative anatomical studies contributed only indirectly to a better understanding 
of clinical neurological phenomena concerning the peripheral nervous system 
especially about the segmental innervation of the muscles and the skin. One of the 
most important anatomical studies on the skin nerves in man (55) was published in 
1864 by Voigt (56). By performing fine anatomical dissections he gathered data to 
develop for the human body a complex of lines representing the borders of fields of 
the skin innervated by peripheral skin nerves (57). His studies were very interesting 
at that time, but later studies demonstrated that his "fields" were only a rough 
representation of what were later called dermatomes. The main problem to obtain a 
better insight in the organization of the brachial plexus (the nerve plexus for the arms) 
and the lumbosacral plexus (the nerve plexus for the legs) still had to be solved. The 
first data were published in 1865 by Krause, who performed an anatomical dissection 
of the brachial plexus in man by using nitric acid to destroy the connective tissue in 
order to divide the nerve fibres (58). Extensive descriptions of the nerve plexuses 
were given by Walsh (59), Herringham (60), Paterson (61) and Eisler (62). Apart 
from anatomical data the physiological studies in cats and monkeys of the famous 
Sherrington in the beginning of the last decade of the 19th century contributed to a 
better understanding of the distribution of the spinal nerves in the skin (63). 
Sherrington found out that sectioning of one single dorsal root of a spinal nerve did 
not cause complete anaesthesia anywhere, but only a diminution of sensation. In order 
to determine the exact peripheral area of the dorsal root of a given spinal nerve he cut 
two or three roots above and below the root in which he was interested. The zone in 
which sensation still existed could be determined by testing or reflex response. He 
found that the field of skin belonging to each sensory spinal nerve root overlaps the 
skin fields of the neighbouring spinal nerve root to a remarkable extent. 

Bolk started his work in the group of Georg Ruge in 1893 when he was a student 
of medicine. He published a series of papers in the Morphologische Jahrbticher in the 
period 1894-1897 (64). He published in 1897 in the Weekblad van het Nederlandsch 
Tijdschrift voor Geneeskunde two articles about the segmental anatomy of the human 
body (65). In these papers Bolk stated that the work had been done from an 
anatomical point of view, but that the results were of utmost importance for the neuro
pathologist and the surgeon. Bolk referred to the statement of Henle, that it should not 
be possible to trace the nerve roots through a brachial, crural or sacral plexus into the 
separate nerves of the extremities (66). According to his opinion anatomists "jurare 
in verbo magistri" did except this view and in these two papers he gave the results of 
his dissection of a male child of about 3 years (67). He used a preparation of a boy of 
this age because the nerve trunks are not so long and the connective tissue is not so 
strong as in an adult subject (68). Bolk did not use chemical reagents. He isolated the 
nerve plexuses in which the topography was marked by coloured threads, pinned these 
preparations on a black wax tablet and preserved them in 50% alcohol. The detailed 
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dissections were done under water with the aid of a magnifying glass, forceps and 
bistoury (surgical knife) (69). As Bolk did the dissection in one single individual his 
results cannot be used in order to obtain an insight into inter-individual differences. 
The results of his study are well demonstrated by the figures in two publications (70). 

IMPACT 

The hypothesis that Bolk used in order to explain the adult dermatome configuration 
in man is that dermatomes are arranged as girdle-like zones also present in the 
position of the limb. Because of the publication of these two papers in the Dutch 
journal clinicians became interested in the work of Louis Bolk resulting in the 
production of plaster models and the monograph (71). The plaster models of an arm 
and a leg were full sized plaster models of a boy of 17 and a boy of 14 respectively. 
Each dermatome was marked by a colour code, a segmental number and a regional 
segmental number (72). For teaching purposes Bolk also developed a plaster model 
of a trunk with dermatomes. 

The publications of Louis Bolk about the segmental innervation almost 
immediately appeared in anatomical textbooks. In the famous handbook of 
Rauber/Kopsch the work of Bolk is cited many times and also figures from his 
publication are used (73). In the 8th and last edition of the textbook of human 
anatomy of Van den Broek, Boeke and Barge of 1957 the concepts of Bolk about the 
segmental organization of man are still given and many figures from his work are 
used (74). In the well-known Taschenatlas der Anatomic fur Studium iwd Praxis (75) 
the developmental schemes of Bolk can still be found. 

Apart from anatomical textbooks in the extensive monograph of L.F. Barker (76) 
a whole chapter is devoted to the segmental organization and the author cited the 
papers of Bolk and used many figures from these papers (77). 

The neuroanatomist Langelaan already used in his lectures at the University of 
Leiden the schemes of Bolk (78) and the neurologist Van Valkenburg (79) used in his 
Practical handbook of neurology for physicians and medical students many items 
from the work of Bolk and used in this book a figure (80). In his book Diagnosis and 
therapy of spinal and peripheral nervous diseases Biemond (81) discussed the 
borderlines of the dermatomes according to the anatomical findings of Bolk, 
physiological data of Sherrington (82) in the monkey, neurosurgical and clinical data 
of Foerster (83) and Keegan and Garrett (84) in man and comes to this conclusion: 
"For the neurologist the physiological dermatomes of Foerster are to large. The 
original anatomical dermatomes of Bolk, here and there corrected by recent data of 
Keegan and Garrett, are most satisfactory." 

The work on segmental of Louis Bolk had a strong impact on the development of 
neuroanatomy, neurology and neurophysiology in the Netherlands and especially in 
Amsterdam. Neuroanatomical research concerning the lumbosacral plexus in 
mammals was continued a.o. by one of his assistents G.P.Frets (85). In the 
Department of Physiology of the University of Amsterdam in 1909 G.A. van 
Rijnberk (86) was appointed as professor, who had published Saggio di Anatomia 
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segmentate (87). In his department he initiated comparative physiological research 
conceming segmental innervation (88) and could confirm by physiological 
experiments in mammals the anatomical work of Bolk. Van Rijnberk already 
performed these experiments in collaboration with C. Winkler in the period 1901-
1904 (89). Although parts of the work of Louis Bolk conceming segmental anatomy 
have been criticized (90) his concept about the dermatomes in man is still of 
importance. The significance of his work for the research conceming the localization 
of diseases of the spinal cord was already summarized in 1930 by the professor of 
neurology at the University of Amsterdam B. Brouwer (91) and will not be repeated 
here. Another important topic in the scientific work of Bolk is the anatomy of the 
cerebellum. He performed detailed comparative anatomical studies on the 
macroscopic aspects of the celebellem of vertebrates with special emphasis on the 
cerebellum of anthropoids (92). The value of his research on this topic was reviewed 
recently (93). His concepts on the dentition of mammals are outdated now (94). 
However his "retardation theory" resulting from his studies on the ontogenetic and 
phylogenetic development of man and the great apes, in which he claimed that in 
human development many characteristics persist that are transitional in younger apes 
is still in discussion (95). He considered this phenomenon to be determined by the 
endocrine system. In Bolk's view, ontogenetic conservatism would enable man 
ultimately to reach a higher degree of development. 

In his new Department of Anatomy Louis Bolk developed a new system of 
teaching anatomy. His lectures were mainly given by presenting theoretical topics. 
The lessons in dissecting room were mainly for understanding of the topographical 
human anatomy and studying human embryology (96). The museum collection, with 
many specimens on systematic human anatomy and human congenital malformations, 
played an important role in the training of the students as it still does in our time (97). 
Louis Bolk was in the beginning of the twentieth century a phenomenon with a broad 
set of interests and an extreme active professional life. He succeeded in becoming 
famous as the apostle of the "retardation theory", but in fact he was an anatomist to 
the backbone with excellent training methods for his pupils. His pupils, Jan Barge, 
Arnold van den Broek, and Willem Woedeman, were appointed as professors of 
anatomy at the Dutch universities (Leiden, Groningen, Utrecht and Amsterdam) (98). 

Department of Anatomy and Embryology and Museum Vrolik 
Academic Medical Center, University of Amsterdam 
Meibergdreef 15 
NL-1I05 AZ AMSTERDAM 
The Netherlands 
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