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Portrait ascribed to the period when Niels Stensen gave the Prooemium lecture 

in the Copenhagen Theatre 1673 as anatomist to King Christian V. Unknown artist. 

The Medical Historical Museum, Copenhagen University. 
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Preface and Acknowledgements 

The wish to know what escapes the senses stimulates reason, from the 

consideration of the different parts and from the comparison of the 

single individual parts, to search after the author of such wonders. 

Prooemium p 123. 

When exploring three lesser known works, nos. 14, 22 and 28 of 
Nicolai Stenonis Opera Philosophica (OPH), for my publications Steno 

on hydrocephalus and Steno on muscles, I became aware of Stensens 

investigative method of conjectures and comparisons to attempt falsi­
fication, so that no disagreement is established between what is ob­
served and what is alleged. This led me to research similar applications 

of the scientific method described in this century by Karl R.Popper in 
Stensen's other scientific writings, a task which became possible for 
me, a non-Latinist biologist, through the cooperation with Sister 
M.Emmanuel Collins, O.S.F., Ph.D., Rochester, Minnesota and Paul 
Maquet, M.D. Doct.h.c. Aywaille, Belgium, and through help and ad­
vice by professor Leonard G.Wilson, Ph.D., University of Minnesota, 

Minneapolis. 
My considerations on the life and scientific achievements of Niels 

Stensen are rendered together with his Preface to an Anatomical Dem­

onstration, OPH 31, from Copenhagen 1673. Stensen s essay on science 
is followed by his student Holger Jacobæus's account of the anatomical 
demonstrations which followed the lecture, from OPH 36. Also in first 
English translation is, from the Epistolæ, (E), the Addendum no. 24, an 
unfinished essay of physiological psychology from Stensens last years. 
A section from Henry Oldenburgs 1671 translation of Stensen's De 

solido intra solidum, OPH 27, is reprinted in chapter 3.3 to document 
the method of Stensen. Like professor Leonard G.Wilson, I hold this 
text to be an unrecognized first description of the compartmentalis-
ation of the water space of living organisms. 

In the presentation I have emphasized the contemporary and later 
recognition of Stensens achievements. Occasional references have been 
made to the theological works (OTH) in which, however, I found no 
controversy with my main theses. Admittedly, this treatment is far 
from exhaustive as regards data available on Stensen. One cannot help 
feeling that he is inexhaustible. Heeding his words on the goal of scien­
tific practice: "Now falsehoods to be overturned, now truths to be 
established, now dark areas to be lit, now unknown facts to be brought 
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forth",1 it is meanwhile my hope that the selection made for this recon­
struction will provide the reader with an impression of the mastery of 
one of the great scientists of humanity, Denmark's greatest in biology 
and geology. 

I acknowledge with gratefulness all who helped me during this study, 
most of all Advisory Librarian Poul Aagaard Christiansen, the editor 
of the current series, Professor Leonard G. Wilson, Sr Emmanuel Col­
lins and Dr Paul Maquet. A particular thank you to John Heng, M.A., 
Toronto, Canada, who helped editing my essay. In details concerning 
Stensens biography, I received help from the Stensen-scholar Harriet 
M.Hansen, M.A. August Ziggelaar, S.J., D.Phil., kindly assisted with 
editing the Latin-English translations. Solveig Ödland, M.A. kindly 
helped my study of Italian texts. I also wish to thank Professor Egill 
Snorrason, D.Med, D.Phil., who in 1985 asked me to contribute a 
paper on Stensen's myology in the memorial volume "Steno 1638-1686, 
A Re-consideration by Danish Scientists" and thereby launched my 
research in the history of science, and to Professor Paul Backer, M.D. 

for his interest in my study and support. 
The colour plate of Niels Stensen's portrait was kindly provided by 

the Medical Historical Museum of Copenhagen University. I kindly 
acknowledge the permission to reproduce original material from the 
Royal Library, Copenhagen, and the Biblioteca Nazionale Centrale, 
Florence. The facsimile of the Prooemium and most of the remaining 

illustrations are reproduced from first editions in the Danish National 

Library of Science and Medicine. 
My studies and this publication were made possible through the 

financial support from the Alfred Benzon Foundation. My sincere 
thanks are rendered to the President of the Foundation, Professor Jorn 
Hess Thaysen, D.Med., for his continued interest in the project. 

Troels Kardel, D.Med. 
General Practitioner 

Copenhagen University 

Dept. of General Practice 

1. Geological Papers (GP), pp 136-137. 



1. Life and Science 

1.1 Family and Childhood 

Niels Stensen was born the second son of a goldsmith of the small 
street Klareboderne in Copenhagen in 1638, on New Years Day ac­
cording to the Julian calendar, on 11 January of the Gregorian calen­
dar used in Denmark after 1700. From the family's workshop, several 
fine pieces of craftsmanship have been preserved to the present day.2 

It was the second marriage for both Niels's father, Sten Pedersen, 

who came from a clerical family in the province of Scania (now 
Sweden), and his mother, Anne, of whom little is known. She must, 

however, have been a woman of vigour since she survived no less than 
four spouses. Niels3 had an elder half-brother Johann who was a theo­
logian, a half-sister Lisbet and a sister Anne. The family seems to have 
consisted of serious-minded, hardworking people of puritan habits, 
who were firmly established in their faith in God and King, and Nielss 
inclination toward puritanism was very likely formed in his childhood. 

At the age of seven, Niels lost his father. His mother was able to 
continue the family business and remarried a few years later. Her son 
was encouraged to keep to the books, not the workshop. He became 
the ward of his brother-in-law, a clerk in the royal administration. Dur­
ing his childhood, Niels suffered from an illness lasting three years. He 
later recalled that, during that period, he learned to appreciate talking 
with older people on religious matters, and listening to their conver­
sation instead of playing with other children.4 

Stensen attended Our Lady's School, presently the Metropolitansko-
le. The headmaster was the gifted teacher of mathematics, Jorgen Ei-
lertsen (1616-1686). Another teacher of science was Ole Borch (1626-
1690), a distinguished Latinist who became ordinary university pro­
fessor of philology and extraordinary professor of botany and chemis­
try in 1660. When well advanced in research, Niels showed respect for 
his early education by dedicating one of the scientific works on glands 

2. Chalices from Sten Pedersen s workshop are found in Holmens Church, Copenhagen, 

in the New Jerusalem Church, Trankebar, India, and in the Parish Church of Valle, 

Norway, the latter communicated to me by Dr J.Wilhelm I.Holst, Oslo. 

3. Niels Stensen's genealogical table. See Epistolae, II, pp 898-906, and Biography, I, 
p 18. 

4. 077/, I, p 394. 
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to his teachers.5 A third person who influenced Niels's development 
was Simon Paulli (1603-1680), professor of anatomy 1639 to 1648, 
Royal Physician in the 1650s, and still renowned for his botany, the 
first Flora Danica from 1648. Stensens regard for Simon Paulli was 
"as a respectful son", and he recalled having been brought up with 

Paulli's son, Jacob Henrik. 
In 1654, during Stensens school days, an epidemic broke out killing 

about 9,000 people, or one third of the city's population. This must 
have affected Niels deeply for, from his school alone, 246 pupils died. 

1.2 At the University 1656-1659 

In 1656, at age of eighteen, Niels matriculated at Copenhagen Univer­
sity under the latinized name of Nicolaus Stenonis, which was often 
shortened to "Steno".6 As preceptor he had the medicus primus, 

Thomas Bartholin (1616-1680), who was famous for the detection of 
the lymphatic vessels in humans and for the Anatomia reformata,7 or 
Bartholinus's Anatomy, revised from his father Caspar Bartholin's uni­
versally used textbook. After years of study in foreign countries, 
Thomas Bartholin was personally acquainted, and corresponded, with 

leading scientists all over Europe. At home, he and his family played 
a decisive role in matters relating to the university. By 1656, Thomas 
Bartholin was, however, no longer lecturing in anatomy, and the reg­
ular instruction fell to Christen Ostenfeld (1619-1671). Ostenfeld was 
a better jurist and administrator than a scientist, and he had little 
impact on the medical school. But in 1657, an abler man returned to 

5. OPH, I: 5, p 77. 
6. The French version of the name is Nicolas Sténon, the Italian version is Niccold 

Stenone. In Denmark, the last name (which was not a family name, but means son 

of Steen) is spelled Stensen as often as Steensen. Since the former version has been 

used in most of the literature, and gives the most "correct" pronounciation for for­

eigners, Gustav Scherz chosed this spelling, mindful that the only Danish signature 

preserved is that of Nicolaus Steensen — apparently no contemporary source exists 

with the Danish 'Niels' as the first name. Let me add to the pragmatic view of Gustav 

Scherz, which I endorse, that uniform spelling facilitates both librarians indexing 

and search on computers. As evident from several sources the shortened version 

Steno was used by others during his life-time and, as a matter of fact, in the parish 

register of Schwerin at his death: Defuncti sunt ... D. Nicolaus Steno Episcopus 

Titiopolitanus Viearius Apostolicus. 
7. Anatomia, ex. Casp. Bartholini Institutionibus omniumque recentiorum et propriis ob-

servationibus tertium ad sanguinis circulationem reformata cum iconibus novis accwat-

issimis. Leiden 1651, numerous Latin editions, four Dutch editions, and English edi­

tion 1668. Cf. Djørup, p 12. 



1. Life and Science 11 

Copenhagen after ten years of study abroad, Rasmus Bartholin (1625-
1698), a younger brother of Thomas. Rasmus (or Erasmus) was a fine 
mathematician, trained as a physician in Padua, an excellent teacher, 
and a Cartesian scholar as well. Most of the basic training must have 
been in his hands. To judge by his student notes, Niels received quite 
a qualified instruction, including the study of recent and classical 
literature. This was facilitated by the inauguration of a reformed Uni­
versity Library in 1657, the old library dating back to 1482. Instruc­
tion at the medical school consisted of lectures, but autopsia, looking 
for oneself, had been encouraged by Ole Worm (1588-1654), the late 
professor and rector of Copenhagen University.8 Dissections became 
part of the medical teaching from 1644 by the establishment of a 

Domus anatomica.9 

Niels Stensen studied at Copenhagen University from 1656 to 1659, 
one of the most perilous and difficult periods in the history of the 
university, of Copenhagen and of Denmark generally. Following the 
Danish King Frederik Ill's declaration of war in 1657, the Swedish 
King, Carl X Gustav (1622-1660), invaded Denmark with an army 
through northern Germany. As Copenhagen, Denmark's capital, is 
located on the island of Zealand, it was well protected from hostile 
forces by a strong navy, but during the winter of 1658, the Great Belts 
were frozen over, thus enabling Carl Gustav to bring his force almost 
straight to the capital. The Danish king had to ask for peace. By the 
treaty of Roskilde, Sweden gained the Danish provinces east of Øre­
sund, which were among the richest in the kingdom. But apparently 
this was not enough. Next year Carl Gustav waged war again, and 
besieged the capital, intending to take what remained of the country. 
But this time, Copenhagen was better prepared, and during the night 
of 11 February, 1659, the defenders repelled the main attack. A Dutch 
auxiliary navy brought relief, but the siege was not lifted on land until 
1660. 

The citizens played an important role in the defence of the capital. 
The stepfather of Niels was head of the Købmagergade Company, and 
Niels's name is listed on the roll of a student company for September, 
1658. Niels certainly worked on the ramparts, but no evidence indi­
cates that he was involved in direct action.10 

Teaching at the university came to a near halt during the siege. There 
is, however, a record of Stensen's continued diligence in his studies: 
during four months in 1659, he filled 92 folio pages with closely writ-

8. Schepelern, Museum Worniianum, pp 156-57 and 377, see also p 16 (Chaos, N59). 

9. Th. Bartholin, Cista medica, pp 185 ff. 

10. Møller-Christensen, 1973. 
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ten notes on observations and small experiments, reflections, and ex­
tensive excerpts from the literature. These may have been intended as 
a source material to be carried along during planned studies abroad. 
The student notes are preserved in the Biblioteca Nazionale Centrale 
of Florence, Italy, where they were found in 1946 by the Stensen­
scholar, the late Father Gustav Scherz. Recently, Danish and English 
translations by FI.D. Schepelern, D.Phil., have provided scholars with 
a rare glimpse of what occupied the twenty-one-year-old medical stu­
dent. The editions are entitled the Chaos-manuscript according to the 
inscription on page one, "In nomine Jesu, CHAOS" (Fig. 1). Often it 
is possible to determine where in the manuscript Stensen is quoting a 
teacher, resuming a general discussion or adding reflections of his own. 

Only the latter one third of the manuscript is presently edited. 
Stensen was evidently a member of a small study group. Ole Borch 

is mentioned frequently; a professional soldier by the name of Hofman 
appears several times, and, now and again, the presence of a senior 
seems obvious. It might have been Rasmus Bartholin, but no firm 

indication is given. 
Stensen described chemical experiments, many of them related to 

metals used in the workshop at home. He even mentioned the harmful 
effects of working with quicksilver: "it is often harmful to gilders, as 
their limbs become paralyzed and powerless, their nerves are weak­
ened, indeed often when they put their hand to their mouth, they drop 
onto their side with cramp", Chaos, N 15. He reflected on a typically 

pastoral event like the production of heat in hay when stored wet. This 
was of practical concern in a city where cattle was kept inside the city 
wall." On a different topic, Stensen marvelled at the multitude of 

forms of snow crystals in the winter and, when drawing some of them, 
mentioned the parallelepiped,12 the geometrical figure later to be used 
as his model for the structure of compound muscles. He also mention­
ed that instruments of various kinds were used: balances, ther­
mometers, and the newly developed microscope, and he outlined con­

structions for special equipment. 
Several physiological experiments are mentioned. For one such ex­

periment, Stensen suggested the use of an air-filled bladder to investi­
gate respiration. Other experiments deal with the circulation ol blood. 
It is particularly interesting that Stensen understood Harveys theory 

11. Descartes in several works discussed the heating of wet hay and other thermogenic 

reactions. 
12. Chaos, N 18. Erasmus Bartholin in 1661 published a short treatise on snow crystals. 

Cf. Garboe, 1954. 
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leo, Tomo 32. 
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of the circulation, at that time still disputed,13 well enough to describe 
a sort of liver-pancreas perfusion experiment. He also outlined the 

construction of an artificial heart: 

Could the movement of the heart be imitated if one took a little bladder which by 

means of some membranes and adhesives was shaped into two ventricles, to which 

arteries or nerves were joined, and an instrument was made for it which, as the bal­

ance in clocks does, continually at definite intervals squeezed the bladder together 

and thus pressed the blood that has been poured into it out into the arteries? (Chaos, 

N 160). 

In another place Stensen reported that "against the swelling in scurvy, 
Monrad commended lemon juice, which was to be kept in the 
mouth."14 He mentioned that one could extract a remedy against 

scurvy from the Danish Cochlear plant. "In medical practice," he re­
flected, "one must strive assiduously for the patient to maintain a 
steadfast hope, and medicines must not always be given in the same 
form, for variety pleases the patient greatly, and he must not take a 
medicine believing that it will not benefit him more than what was 

given him before." Chaos, N 206. 
In an excerpt of Samuel Sorbiére's 1654 work Stensen noted reser­

vations about the practice of medicine:15 

Thus in medicine we learn nothing beyond uttering some words whose meaning taken 

separately is sometimes not unreasonable, but when seen in context have no useful 

sense ... When I see this, I begin to fear that someone might define medicine as: (1) 

The art, with furrowed brow, of uttering inanities to the patient and of using uncertain 

medicaments in order to ease slightly the worries of the mind and so that restoration 

of good health may occur calmly, while nature does its part of the work, or death can 

be awaited when fate takes its course. (2) A source of holding forth nonsense and 

peddling yard-long words which have a sound of something great, though they have 

no clear meaning; arbitrariness in prescribing quite uncertain medicaments as if they 

were effective. Audacity to boast of the happy results of one's own arbitrariness and 

to reject criticism of the bad ones, along with the knack of directing criticism at other 

authors. 

In 1667, after having studied at centres of learning in three foreign 
countries, Stensen did not change his opinion of the practice ot medi­

cine, as the following remark in the introduction of Elements oj My­

ology indicates: 

13. Gotfredsen, 1957, pp 27 ff. 
14. Chaos, N 154. Johan Monrad (1638-1709), later a councillor to the state, may have 

been a fellow student. 
15. Chaos, N 221 and 222. The excerpt from Sebastian Aletophilus (thought to be 

a pseudonym of Samuel Sorbiére 1615-1670) is dated, Paris 1654, in the Chaos-

manuscript. 
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Nevertheless, we drag the wretched sufferer among thousand tortures, we even drive 

him to a thirsty death through a thousand torments. Our greatest misfortune is that 

often when we believe to be helpful, then indeed we are most harmful.16 

Only three years later, the Grand Duke of Tuscany, Ferdinand II, to 
whom these words were dedicated, fell ill and died of dropsy and apo­
plexy. He suffered to the end just as much from the treatment of his 
doctors who, not content with bleeding him, placed a cauterizing iron 
on his head and forced polvere capitale up his nose; they also applied 
to his forehead four live pigeons whose stomachs had been ripped 
open.17 At that time, however, Stensen was away from Florence in the 
Netherlands. Understandably, Stensen never became an active member 
of the medical profession, and when in 1671 he gave some dietary 
recommendations to Marcello Malpighi in a letter, E 65, the advice 
was accompanied by the following remark: "I do not dare to speak as 

a physician, since I have no such practice." 
In the Chaos-manuscript, there are excerpts from no less than sev­

enty-five authors.18 Among these are works by Galileo Galilei, Siderius 

Nuncius; Francis Bacon, De dignitate et augmentis scientiarum; and 
René Descartes, Discours de la méthode; Meditationes de prima philoso-

phia. Other writings by Stensen's compatriots, Tycho Brahe and by 
Petrus Severinus, Idea medicince philosophicæ, and several of Stensens 
contemporaries indicate schooling in philosophy and science. How­
ever, further study will require a transscript and translation, a task 
currently under way by August Ziggelaar. Several of Stensen s own 
notes19 and one of the manuscripts largest excerpts relate to motion, 
empty space, and the atomic theory of Epicurus as revived by Pierre 
Gassendi in Animadversiones. Gassendi was one of the most important 
opponents of Descartes. The young student also mentioned criticism 
of Descartes: 

There are some people in Belgium who, after a careful examination of the philosophy 

of Descartes, noted that there are certain things there which are not to be approved. 

Also there is someone who has written against him geometrically (Chaos, N 234). 

Throughout his work, Stensen avoided arguing from occasional anal­
ogies to explain causal relations. Analogies used by Stensen serve as 
characterizations to the benefit of understanding, rather than as 
proof.20 He explained why, and ended up touching on the problem of 
induction: 

16. Steno on Muscles p 87. References to OPH 22 are to this edition. 

17. Cf. Hibbert, 1980, p 293. 

18. Chaos, pp 109-124. See also Snorrason, 1968. 

19. Chaos, N223, 224, and 225. 

20. Cf. Kardel, "A specimen of observations", 1986, p 112, note 35. 
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It is a remarkable error of those who in the natural sciences wish to describe phenom­

ena by means of comparisons, like Peiresc, who in his biography will have it that 

every light is a thin little flame which burns as long as it holds together, just as steam 

is rarefied water which appears as liquid when collected; if these things were correct, 

the result would be that just as steam does not disappear at the moment the water 

from which it comes is removed, so the light should not disappear either, when the 

sun or the candle from which it comes is gone, which is not true, because steam does 

not instantly disappear from the room as light does, etc. In the same way it has been 

said that the fetus is fixed by the umbilical cord in the womb just as plants are by 

their root in the soil ... In the sciences these comparisons do more harm than good, 

as the likeness which is used is better known, so that the mind thinks that the same 

thing which is seen here can be applied to another phenomenon (Chaos N 90). 

The C/zc/os-manuscript does not disclose information on the writers 
family life or the war. Only occasionally are observations included on 
the environment, e.g. a peculiar light, a halo around the sun, observed 
one day when coming from church. Another cold day he remarked 

" w e  d i d  g y m n a s t i c s  a g a i n s t  t h e  c o l d "  C h a o s ,  N i l .  
On Friday, 18 March, 1659, there is one short, all too human, re­

mark: "Nothing done today;' Several notes, but few quotations, have 

a religious or moral character: 

The Lords name be blessed for ever and ever! Always and everywhere one ought to 

seek occasion to observe and imitate that which conduces to make life pious, seemly, 

and prudent, for the present or the future. If God some time makes me the father of 

a family, then with my whole house I shall praise God on feast-days, on the eve of 

them, with prayer and hymn-singing and find my joy in that (Chaos, N 67). 

Assiduity, piety, attentiveness to own observation, and critical reflec­

tion seems to run like a thread through the students notes, as they did 

later in his research: 

One sins against the majesty of God by being unwilling to look into nature's own 

works and contenting oneself with reading the works of others; in this way by being 

unwilling to look for oneself one forms and creates for oneself various fanciful no­

tions and does not only miss the enjoyment of looking into God's wonders, but also 

wastes the time which should be spent on necessities and to the benefit of ones neigh­

bour, asserting many things which are unworthy of God. Such are these scholastics, 

such are most philosophers, and those who devote their whole lives to the study of 

logic. Time is not to be spent on explaining and defending these opinions, indeed 

scarcely on examining them, and one must not boldly and impetuously assign any­

thing to art on the basis of observing a single thing. From now on I shall spend my 

time, not on meditations, but solely in investigation, experience, and the recording ol 

natural objects and the reports of the ancients on the observation of such things, as 

well as in testing out these reports, if that be possible (Chaos, N 59). 

Perhaps, in these words lie a key to the understanding ol Stensens 
general method of science, namely his demarcation criterion. They 

may also explain why Stensen did not refer more often to the works 
of others: he found it a waste of time to examine and discuss specula­



1. Life and Science 17 

tive works. Writers on Stensen from the time of Portal and Gosch, 
have tended to attribute the small number of references to ignorance, 
a point of view articulated even today. This position must be rejected 
on the evidence of the C///4 OS-manuscript. Also the correspondence 
reveal remarks on books which Stensen borrowed, thus from the noted 
librarian, Antonio Magliabechi.21 

Two more things are implicit in the student notes: first, the high 
quality of teaching received in school and at university, both in litera­
ture and in the natural sciences, in spite of devastating epidemics and 
war; second, the access to well-furnished libraries and information on 
how to use them.22 

Another facet of Stensen's personality is revealed in two poems from 
the student-years.23 The first poem is an epigramme printed at a fu­

neral in 1657, thus being the earliest of Stensens writings preserved. 
The first line reads like an apt description of the author and his stoical 
position: Vita suis contenta bonis est optima vita, or "A life, content 

with ones good things is the best life". The second poem, an elegy for 
the wedding of his fellow-student, Jacob Henrik Paulli in 1661, plays 
on a metaphor with two meanings: Omnis amor jugum est, that is "All 
love is a yoke'' - a tool of daily life one can lift with or be stemmed 
down by, conjugium being the Latin word for marriage. 

Before the end of 1659, Stensen was allowed to leave Copenhagen, 
which was still encircled on land by the enemy. He must have travelled 
by ship to the old Hanseatic and university city of Rostock, because 
later he counted among his teachers, professor Johan Bachmeister the 
Younger (1624-1689) of that city.24 From Rostock, Stensen went to 
Amsterdam, a bustling centre for shipping and commerce, then five 
times larger than Copenhagen. 

21. £27a, 27b = 58, 59, 60, 76, 84a, 101, 112a=103, 154a, 193a. 

It is evident from these letters that Stensen regarded Magliabechi as a good and 

reliable friend. Nordström, however, in 1962, has revealed the correspondence be­

tween the latter and Jacob Gronovius in 1674—77 characterized by mistrust and 

aversion against Stensen and contempt of Stensen's theological works from 1675-

77. Other targets for Magliabechis scorn were Stensen's friends Francesco Redi and 

Vincenzo Viviani and the Grand Duke, Cosimo III. 
22. Snorrason, 1968. 

23. Scherz, Nicolaus Steno and his Indice, pp 290-91, Kardel 1988, and Olden-Jørgensen, 

Niels Steensens digte, 1992. It is notesworthy that Jacob Henrik Paulli did not in­

clude Niels Stensen in his booklet with epigrammes on old academic friends, the 

Epigramatum promiscuorum libellus, Strasbourg 1664. 

24. Møller-Christensen, 1973, p 182. 
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1.3 In Holland 1660-1663 

Like so many students of that time, Stensen embarked on a grand 
educational tour.25 The Netherlands, Northern Germany, and Basel 
were visited most frequently by Danes. For students on the road for 
five to ten years, study at universities in Italy and France was usual. 

Niels Stensen's writings convey the clear impression that he was on 
a low budget tour, sometimes lacking the means for obtaining suf­
ficient study material.26 In March 1660, he arrived at Amsterdam, 
where he received tuition and lodging from the City Physician, later 
Professor, Gerard Blaes (Blasius) (1626-1682), who had studied at 

Copenhagen and was a friend of Thomas Bartholin. 
After attending Blaes's lectures for a couple of weeks, on 7 April, 

1660, Stensen asked permission to undertake a dissection on his own. 
In a letter to Thomas Bartholin a year later, Stensen recalled what 

happened:27 

After I had been given leave by Blaes to dissect on my own in the museum, I bought 

a sheep's head in order to examine the brain. I happened to decide to investigate first 

the course of the veins and arteries at the mouth by introducing a probe in the vessels. 

I suddenly discovered that the point of the probe was moving freely in a spacious 

cavity and struck with ringing sound against the teeth. Surprised at this, I called my 

host to hear his opinion. Blaes first said that it was due to force, then that it was one 

of nature's frequent freaks, and finally he looked up Wharton's book [Adenographia, 

1656], but found no explanation there. 

Some days later, Stensen repeated the investigation in a dog. He now 
felt certain that the duct was an excretory duct leading saliva from the 
parotid gland to the oral cavity. The parotid gland was a well known 

25. In his On Medical travel, p 58, Thomas Bartholin made the following recommenda­

tions for his nephew, Holger Jacobæus, and son, Caspar Bartholin Jr.: 

To speak more clearly and without enigma, the principles of the art are taught 
both at home in our native land and in the neighbouring Low Countries; medical 
training and anatomical dissection flourish in Paris and Padua, and botany is 
exalted at Montpellier and in Montauban; Germany teaches pharmacy and chem­
istry, experiments are made in London, Florence etc. Paris and Italy stand forth 
in dexterity of the surgical art. The Parisians and Romans search the oracles of 
Hippocrates, the Paduans follow in the footsteps of Galen, and those ol Montpell­
ier boast themselves as the heirs of Arab doctrine carried to them by the disciples 
of Avicenna and Averroes who flourished for many centuries in the Academy of 
Cordoba through the diligence of the Moors. The Germans, followers of all sects, 
even join the medicine of Paracelsus to the rest in a friendly union. However, the 
British, fortunate in the fruitfulness of talented men and the essential supply ot 
subsidies, exert themselves strenuously in new things wholly founded on experi­

ments. 
Ancient trends in local medical traditions seem to flourish: similar patterns are 

revealed in today's medical practice by Payer, 1988. 

26. E 1,5 and 7. 
27. El. Translation quoted from Moe, 1986, p 53. 
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Fig. 2. A probe inserted into the secretory duct of the parotid gland of a calf. De 

glandulis oris. Leiden 1661. 

structure, but looking like a sponge its function was thought to be like 
a sponge intended to absorb surplus materials, and also to carry nerve 
juice back to the veins, warm up the outer and inner ear, and fill up 

the hollow around it.28 Once again Stensen showed the finding to Bla-
es, but then they did not talk any more about it. On 8 July, Stensen 
defended a thesis on quite another issue, nineteen short paragraphs On 

hot springs.29 Soon after he left Amsterdam to register at the famous 
university at Leiden on 27 July, 1660. 

Stensen showed the parotid excretory duct to the professors Jan 
van Horne (1621-1670) and Frans dele Boé Sylvius (1614-1672), who 
recognized it as an original observation. Van Horne performed a dem­
onstration in the anatomical theatre, naming the vessel ductus Stenon-

ianus (Fig. 2). A presentation was also made in the presence of the 
visiting professor from Copenhagen, Ole Borch. At the same time, 
Blaes demonstrated the duct to his students in Amsterdam as his own 

28. Moe, 1986, pp 53-55. Wharton, 1656, p 127. Descartes described the origin of saliva 

as follows, "In addition, some particles of blood proceed to the spleen, and others 

to the gall bladder. And - from the spleen and the gall as well as from the arteries 

directly - some particles reenter the stomach and the bowels where they act like 

aqua fortis to help the digestion of food. And because these are brought here from 

the heart quasi-instantaneously, they are invariably very hot, which enables these 

vapors to rise easily through the gullet toward the mouth, there to compose the 
saliva". Treatise of Man, ed. T.S.Hall, p 16. 

29. Scherz, 1960 and GP\ pp 50-69. 
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discovery, and published it in his Medieina generalis in 1661. A priority 
dispute ensued between the young graduate student from Denmark 
and the established professor, a fairly uneven matching. Disputes on 
priority were, however, quite common at that time. Some ten years 
earlier Thomas Bartholin was involved in a fierce dispute with Olaf 
Rudbeck, a young student of Uppsala, Sweden, over the discovery of 

the lymphatic vessels.30 

The dispute between Stensen and Blaes was not only one of honour, 
but also, for the young student, a question of honesty.31 Several Dutch 
writers attacked Stensen and supported Blaes. Stensen responded 
fiercely: "[Blaes] ascribes to the gland a function that is so unimportant 
that if I were not certain that I had shown him the duct, I might 
allege that he had never seen it."32 Thomas Bartholin gave his word of 

consolation and tried to remain neutral between pupil and friend:33 

"Your situation makes me feel pain while such important adversaries 
surround you. But it may be beneficial to eminent talents with honest 

rivalry" (E 14). Stensen, as he explained to Thomas Bartholin, had 
indeed been struck by invidia, envy.34 The resulting two polemic publi­
cations35 against the assaults from Deusing and Hoboken are usually 
regarded with forbearance due to the authors youth, but most often 
they are simply overlooked. By doing this, however, one overlooks the 

author exposing his method when comparing scientific theories. De­
tailed arguments are matched, sometimes printed in double columns 
for comparison, a technique later to be applied on theological contro-
verses.36 Stensens wrestling with contemporary biologists may well be 

compared with Galileos in cosmology. Stensen: "The Prologue of the 

Apologia [OPH 13] published a year ago has clearly exposed in what 

consists its difference from this duct described by Blaes which is not 
to be found by any other than the author, except perhaps in the inhabi-

30. Lindskog, 1989-90. 
31. Stensen in the letters E 1, 3, 5, 7, 9 and 10 told Thomas Bartholin ol the dispute 

with Blaes. 

32. Moe, 1986. p 61. 

33. E 2, 4, 6 and 14. 
34. Also Tycho Brahe, Denmark s first renown scientist, wrote in his Elegy to Denmark 

that he was struck by envy. 
35. OPH 9 and 13. English translation by Paul Maquet to be published. 

36. OTH, I, p 470-74. See also Scherz in 077/, I, p 377: 
Als Grundlage für einen Vergleich zwichen dem Katholizismus und den andern 
Kirchen stelle Stensen folgende Punkte auf: 1. Christi wahre Kirche hätte einmal 
im Katholizismus existiert. 2. Die Vorväter der reformierten Genossenschatten 
hätten, als Heiden, die Lehrer vom Katholizismus empfangen. 3. Sie hätten dem 
Papst den Treueid geschworen. 4. Nur göttlische Autorität könne sie davon 
entbinden. 5. Alle diejenigen, die vor Luther fromm im Katholizismus staiben, 
seien in der Hoffnung auf das ewige Leben gestorben. 
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tants of the moon or those crawling in the spaces between the worlds 
of Epicurus [i.e. empty space]".37 The argument over the priority for 
detecting the excretory duct of the parotid gland only ceased when 
Stensen became famous for so many other discoveries.38 

The incident spurred Stensen on to make further investigations of 
glands in the mouth, nose, and behind the eyelid - he wrote explicitly 
that he had drawn benefit from the envy! The lateral nasal gland 
("Stenos gland") was described in sheep and dog. It is, as he mentioned, 
not found in man.39 Another first description is the ductus naso-palati-
ni, OPH 1,15:185. Inspired by Sylvius, Stensen distinguished glands with 
an excretory duct from those without, the lymph glands, and he dis­
covered the excretory canaliculi leading tears from the lacrimal glands. 
These glands, called glandulae innominatae by Wharton,40 had been 
known since Galen, but they were considered far too small to be the 
source of the tears, which were thought to come from the brain. 

It is obvious that Stensen drew benefit from a close acquaintance 
with Thomas Bartholins works on the lymphatic vessels from 1652-
54. In the Responsio ad vindicias hepatis red i vidi, OPH 4, Stensen was 
defending more the position of Thomas Bartholin than presenting ob­
servations of his own: that chylus does not flow from the intestines to 
the liver, but flows towards the receptaculum and the thoracic duct, 
and from there to the heart. Accordingly Thomas Bartholin had "de­
throned" the liver from its former supreme position in the hierarchy 
of organs in the teaching of Galen. But without further evidence Bar­
tholin replaced the liver with the heart as the seat of blood formation. 

37. OPH I: 15, p 183, 1664. 

38. E 11. The dispute was mentioned probably for the last time in the review of De 

musculis by the Journal des sgavans on 23 March 1665, p 160; pagination refers to 

the 1679 Amsterdam edition: 

Tout ce qifon dit contre Monsieur Stenon, est qu"il a dérobé des uns & des autres 
toutes les nouveautez dont il se pretend Tinventeur: car dés l'année 1663, il parut 
å Utrecht un livre, sous le titre de Novus ductus Saliva/is Blasianus, in lucem per-
tractus ä Nicolao Hoboken, dans lequel on Taccuse d'estre plagiare, & d'avoir 
appris de Blasius le nouveau conduit Salivaire, de Finvention duquel il le fait 
Auteur. Mais Monsieur Stenon répondit aussi-tost å ce Livre, par un Prodromus 
[OPH 13], OLI il montre que Blasius est un ignorant dans la Medicine, & incapable 
d'y faire aucune nouvelle découverte. Et il fait voir que le conduit Salivaire que 
cét Auteur pretend avoir découvert, est toute autre chose que celuy qu'il décrit. 

In the 1696 edition of Vesting s Syntagma anatomicum, (dedicated to Blaes!), there 

is a large excerpt of Stensens treatise on the salivary glands and also a reprint of 

Stensen's illustration of the excretory duct of the parotid gland quoting rightly the 

source. Only in a foot-note it is mentioned that the duct was called novus ductus 

salivalis Blasianus by Professor Hoboken of Steinfurt [pp 465-70]. 

39. OPH, 1: 6, p 95. Cf. Moe & Bojsen-Møller, 1971. 

40. Wharton, 1656, pp 182-174 (sic!). 
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Ironically, Stensen was then to "dethrone" the heart as well, thereby 

challenging a main point of his teacher41. 
Stensen's research on glands was published at Leiden.42 As eluci­

dated by Portal,43 by Julius Petersen,44 by Ulrike Heida,45 and by Har­
ald Moe,46 they brought new esteem to glands by raising them from 
their traditional lowermost rank in the hierachy of organs, and thereby 
established the study of glands as a science. How well Stensen's small 
treatises from 1661 and 1662 were received is evident by the fact that 
Thomas Bartholin presented one of them to the Danish King, Fred­
erik III 47 On 2 January, 1662, in a letter to Thomas Bartholin, Ole 
Borch wrote of Niels Stensen: "In truth he is a genius, worthy of grow­
ing into his country's hope."48 In the Netherlands, Reinier De Graaf 
referred in 1664 to his "most honest friend's" discoveries.49 In Ger­
many, Heinrich Meibom in 1666 referred to the vessels of the eye-lid: 
"Stensen gave us far more detailed information on these vessel ... 
which no-one ignores any longer".50 In Italy, in a letter to Marcello 

Malpighi dated 15 February 1663, Giovanni Alfonso Borelli5 ' noted 
that the parotid duct, detected by Stensen, was demonstrated by Lor­
enzo Bellini for the Grand Duke of Tuscany and a group of English 

scientists, who declared that they had never before seen such a struc­
ture. In November, 1664, Malpighi, in a letter to Borelli, praised Sten­

sen's detection of the glands of the palate.52 Also Simon Paulli praised 

in 1674 the pupil "to whom I pass on the torch of life" for his achieve­

ments in glandular research.53 

My comment on Stensen's research in glands is that from the begin­

ning he applied a technique of continual matchings between obser­

41. Stensen's adversaries evidently in vain tried to make bad blood between Bartholin 

and Stensen as they tried to do between Stensen and his professors van Horne and 

Sylvius. 

42. OPH, works no. 2, 4, 5 and 6. 

43. Portal, III, pp 163-72. 

44. Jul. Petersen, 1898, pp 74-112. 

45. Heida, 1986, pp 25-35. 

46. Moe, 1986. 

47. E 6. 
48. Dignum sane ingenium est, quod in spem patrice adolescat. Cf. Christiansen and Moe 

in the introduction to Chaos. 
49. amico meo integerrimo. See also De Graaf, Opera Omnia, 1677, p 508: 

Ad distinctionem Ductum salivalium superiorum.. Quorum inventionem debemus 
Nicolao Stenoni Dano, qui eos Anno 1661 in libello suo publici juris fecit. 

50. Cf. Jørgensen, 1884, p 96. 

51. Adelman, 1975, letter 72. 
52. In palatinis glanduli å laudato Stenone observatis, Malpighi, Epistohe Anatomicce, 

1687, p 19. 
53. Andersen, Simon Paulli, Beretning over en kongelig ridehest, pp 66-67. 
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vations and the descriptions in the literature which had formed his 

anticipation or mental model. 
After completing the works on glands, Stensen for a time was in­

clined to give up the study of anatomy in favour of geometry, but 
considerations on his future career made it necessary for him to return 
to the "bloody task" with the scalpel in place of the compasses.54 On 
26 August, 1662, Stensen mentioned in a letter to Thomas Bartholin"0 

two additional reasons for his return to anatomy: new observations 
concerning the contraction of the heart, and the posthumous first pub­
lication at Leiden in 1662 of Descartes's Treatise of Man, to become 
published in the original French in 1664 (The treatise had been com­
pleted probably in 1633 but suppressed by its author during his life­
time). Stensen remarked that this work contained "figures which are 
not inelegant and which certainly comes from an ingenious brain; but 
I truly doubt whether a brain like that described is ever to be de­
tected.1 '56 Thus, he embarked on studies of the heart, muscles and the 
brain, probably with the aim of studying the interaction of the soul in 
locomotion. Like previous studies on glands and subsequent studies 
on geology and fossils, one particular observation or statement in the 
literature triggered his scientific activity by arousing disagreement. 

1.4 Studies of Heart and Muscle 

In 1662, Stensen studied how the heart of a young raven continued to 
contract after the animal was opened. When, after two hours, the heart 
slowed down, an observer of the dissection, Dr Willem Piso (1611 -
1678) of Amsterdam, mentioned that earlier he had seen dogs in which 
the region of the heart closest to the vena cava had been the last part 
to die.57 Stensen verified this sequence in the bird, and later confirmed 
the observation with additional studies in rabbits. In a letter made 
public by Thomas Bartholin,58 Stensen delineated what is today called 
the sino-atrial and atrio-ventricular dissociation. 

In a subsequent letter, dated 30 April, 1663,59 Stensen described the 

54. E 9. 

55. OPH, I: 9, p 115 and 120. 

56. Already on 21 May, 1662 (E 7), Stensen in a letter commented on Descartes's er­

roneous account on the source of tears. 

57. Thomas Bartholin, in his response (E 10) referred to an earlier, similar observation 

by Johannes de Wale (1604-49), professor of medicine at Leiden, probably the Epis-

tolce duce de motu chyli et sanguinis, 1641. 

58. E 9 — OPH 9. 

59. OPH 14=E 13. 
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course of the muscle fibres forming spiral loops around the ventricle 
of the heart. Later, in an examination of muscles in general, Stensen 
stated that nothing is found in the heart which is not found in a 
muscle, and nothing is missing in the heart that is found in a muscle. 
To reach this understanding Stensen had studied the structure of 
muscles in general. He described how his studies began in De musculis, 

1664. More details are found in a letter 1678 to Gottfried Wilhelm 

Leibniz: 

I will tell you that when 1 lived in the country of freedom, in contact with very free-

thinking people, and read all sorts of books, then I had great esteem for Descartes's 

philosophy and for all those people praised for their knowledge of Cartesian philos­

ophy When a Swedish friend of mine brought in the lungs of a cow, attached to the 

heart, in order to study the substance of the lungs, after finishing the examinations 

of the lungs we wished to boil the heart to see whether its substance was muscular; 

and the first fibers of the heart, which I touched after having peeled off its membrane, 

led to the apex and from there upwards again, an arrangement which contains a truth 

explaining the entire structure of the heart, about which until that moment I had 

heard no one tell, and which is directly contrary to what the greatest and most danger­

ous- philosophers held as a demonstrative truth even to the extent that they held that 

those who did not accept their opinion on the heart did not understand anything in 

mechanics. One afternoon a short time later, I wished to draw a comparison between 

the structure of the heart and that of muscle, about which I held the system of Mr 

Descartes infallible. To that end, 1 took the leg of a rabbit, which I had dissected a 

short time earlier, and in which in the first muscle and by the first cut, I revealed the 

structure of the muscle, which up to that time had not been known to anyone, and 

which finding reversed the whole system ot Mr Descartes (E 143). 

Stensen then wrote that he expected soon to write more on the heait 
and muscles; his present letter was mainly intended to learn fiom 
Thomas Bartholin whether he had any similar experience which would 

then save him the cost and trouble ot further examinations. 
Bartholin answered on 4 August, 1663 (E 14). He discussed Stensen s 

description of the arrangement of fibres in the heart, but did not com­
ment on the sketches of the structure of skeletal muscles. He praised 

Stensen for the assertion — contrary to his own position! — that the 
heart is only a muscle, which revived a concept ot Hippocrates aban­
doned by Galen. About this Stensen later wrote: "I am not ignorant 

that Galen tells us in express words, that those who assert the heart 
to be a muscle, understand nothing. 60 In the letter to Thévenot fol­
lowing the Elementorum, Stensen added that most of the controversy 

between followers of Hippocrates and Galen on the structure of the 

60. De musculis, Kardel, 1986, p 106. Galen described the heart as being a hard organ, 

which does not easily suffer from damage. Being composed of fleshy fibers it re­

sembles muscles, but has not little distingushing it from them. Cf. Wiberg, 1910, 

p 30. 



1. Life and Science 25 

heart was due simply to the lack of a method to recognize the heart's 
structure. Bartholin's letter ended: "congratulations, my dear Stensen, 
on your zeal. Continue to gain a reputation from this and from similar 

sorts of writings, and be sure to have in me a friend." 
The text and sketches of the structure of muscles in Stensens letter 

from Leiden, published by Thomas Bartholin in 1667 as Nova muscu­

lorum & cordis fabrica,61 contain the outline of the theory of muscle 
contraction elaborated in De musculis62 in 1664, and completed in the 

Elementorum myologice specimen63 in 1667. 
Another source from the period in which Stensen began his research 

on the heart and muscles, is the travel itinerary of Ole Borch. From 
notes dated Leiden, 3 February and 3 May, 1663,64 it appears that 

Borch observed muscle research: in the margin Borch drew a dia-
gramme of a bipennate muscle similar to Stensens. 

From the very beginning of the sojourn in the Netherlands, Stensen 
showed great skill as a scientist. As at home, an active academic en­
vironment at Leiden was a contributing factor, with pioneering em­
phasis on "experience sought on purpose", e.g. the physiological ex­
periment.65 During those years, Leiden produced scientists like Jan 
Swammerdam (1637-1680) and Reinier de Graaf (1641-1673), who be­
came Stensens friends. Oddly enough, none of these three highly dis­
tinguished men of science were successful in obtaining an academic 
career. At Leiden, Stensen also became acquainted with the lens maker 
at nearby Rijnsburg, the philosopher Baruch Spinoza (1632-1677), to 
whom he later published a letter on religious and philosophical ques­
tions (see section 1.11). 

1.5 Back in Copenhagen 1664 

By March 1664, at the latest, Stensen was back in Copenhagen after 
the death of his stepfather, Johann Stichman, in November 1663. In 
June 1664, his mother also died. His sister Anne's husband, Jakob 
Kitzerow, now took over the goldsmith's business. Whether Stensen 
hoped to obtain a chair at the university is not certain. A position was 
at that time offered to Matthias Jakobsen, Jacobæus (1637-1688). In 
1992 Olden-Jørgensen concluded from a re-evaluation of the sources 

61. Steno on Muscles, pp 61 ff. 

62. Kardel, 1986, "A Specimen of Observations on Muscles". 

63. Steno on Muscles, pp 77 ff. 

64. Borch, 1983, II, pp 272 and 297. 

65. Lindeboom, 1975, p 290. 
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that Thomas Bartholin, the brother of Jakobsen's mother, is less to 
blame for this decision than the two professors, Erasmus Vinding and 
Peder Scavenius, the brothers-in-law of Jakobsen. 

Most certainly, Stensen did receive the support of professor Thomas 
Bartholin to publish, in a quarto dedicated to King Frederik III, "a 
short summary of what I hitherto have come to see in anatomy". I 
consider this as a bold publication in which, based on own investi­
gations, the author rejected basic axioms in scholalastic teaching on 
the heart, on muscular contraction, and on glands. Throughout it ex­
pressed overt disapproval with the most recent publication by René 
Descartes. The posthumous work of the latter had been presented with 
hand-written dedication by the editor Florentius Schuyl to the Sover­
eign of Denmark and Norway (Fig. 3). King Frederik took an interest 
in science, in particular in anatomy as evidenced by royal attendance 
at least twice at Thomas Bartholin's anatomical dissections and by the 
royal monogram ornamenting the binding of Whartons Adenographia, 

London 1656, now in the Danish National Library of Science and 
Medicine in Copenhagen. However, as a sovereign, King Frederik had 

other duties and responsibilities than sorting out academic disputes. 
My supposition is that Stensen by challenging the dead master of phil­
osophy in his book dedicated to the king had gone far. So far, in a 
way, that I find some reason in the decision by the kings university, 

not, for the moment, to promote Stensen, in the interest of avoiding 
conflicts for the institution and its great sponsor, but to let Stensen go 
to France and convince Paris first. 

The illustrations on the splendid baroque title page of De musculis & 

glandulis observationum specimen66 are like an index of the work: 
muscle structure, tongue, heart, lymphatics, yolk sac. The style of the 

letters and the exactness of the anatomical details reveal Stensens per­
sonal role in its creation (Fig. 4).67 Two scientific letters were ap­
pended, one describing the dissection of two rayfish, the other redis­
covering how nutriment in the chicken is carried from the yolk sac 

into the intestines through the vitello-intestinal duct.68 

In the main section of the work Stensen wrote "that there is in the 
heart no parenchyma different or distinct from its fibres," that the 
cone, or apex, must be drawn upwards in the systole, and that the 

66. OPH, 15. A complete translation by Paul Maquet awaits publication. 

67. Snorrason 1986, p 187. 
68. OPH, 17. For an English translation, see Margaret T. May: "On the Passage of Yolk 

into the Intestines of the Chick". J Hist Med All Sei 1950; 5: 119-43. This duct had 

been known by Aristotle. Stensen responded to criticism for taking priority in his 

letter to Thévenot. Cf. Biography I, p 111. 
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Fig. 3. The title page of the first edition of René Descartes, De homine, with the editor's 

dedication to King Frederik III. The Danish National Library of Science and Medicine. 
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Fig. 4. Title page of De musculis & glandulis observationum specimen, Copenhagen 1664. 

Note the unipennate structure of skeletal muscle, upper lett, and the muscular structure 

of the heart in side-view and cross-section. 

walls will become both shorter and thicker during shortening of the 

fibres because of their course. 
The Harvey-Descartes controversy on the circulation of blood and 

motion of the heart, basic to Stensen' research, was recently recon­
structed by Geoffrey Gorham as follows. In De motu cordis, William 
Harvey described in 1628 the circulation of the blood as a result ol 
movements of the heart. Blood is driven through the pulmonary circu­
lation and at the same time through the aorta and arteries to return 
to the heart in a continuous movement. Descartes was soon to accept 



1. Life and Science 29 

the circulation theory, differing however on the hearts role. For Harv­
ey the systole coincided with the beat of the pulse, the result of con­
traction of circular fibres of the heart. A "pulsatile faculty" was re­
sponsible for contractile movement. Harvey referred to the blood as 
the author of pulsation and life. Such vitalistic principles were contrary 
to the mechanistic observance of Descartes, according to whom local 
motion of bodies is brought about only by contact with other moving 
bodies, unless caused by the will of a conscious soul. According to 
Descartes drops of nutrified blood are heated on contact with the ex­
tremely warm walls of the heart by a certain "fire without light" resid­
ing in the pores of the heart. The rarefaction of the blood causes the 
heart to expand. Thus for Descartes, the diastole is synchronous with 
the beat of the pulse. According to Gorham the mind-body dualism 
combined with opposition to a vitalistic principle such as an innate 
pulsatile faculty of the heart responsible for its movement, prevented 
Descartes from accepting Harvey's theory on the heart's role in the 

circulation.69 

Priority for the description of the spiral-shaped arrangement, as op­
posed to Harvey's circular arrangement of the muscle fibres ot the 
heart, is quite often assigned to Richard Lower (1631-1691). In his 
Tractatus cie corde, published at London in 1669, Lower illustrated 
the spiral arrangement of the fibres, but Stensen s detailed description 
preceded that of Lower by five years, and was referred to by Swammer-
dam already in 1667. Much later, Borelli also claimed priority for this 

discovery:70 

I was the first to see this admirable structure at Pisa in the presence of the famous 

Malpighi in 1657. Afterwards, others made the same observation. Finally, the famous 

Lower and Lorenzo Bellini investigated the exact texture of the heart by undoing the 

binding of the fibres, as complex as a ball of wool. 

Annoyance over having been forestalled in the description of the heart 
may have cooled Borelli's feelings toward Stensen even before they met; 
or cool feelings may have blinded Borelli when later he reflected on 

what had passed. 

69. A parallel to the Descartes-Harvey controversy on contraction of the heart is the 

later, almost endless, controversy concerning the contraction of skeletal muscles, 

Stensen versus Mayow, Borelli. Croone, Bernoulli, Boerhaave, and Haller (Steno on 

muscles, chapter 5). Inspired by Gorham, I suggest likewise that Stensens deviation, 

flatly ridiculed by Bernoulli 1694, from the Aristotelean principle of movement, 

Omne quod movetur, movetur ab alio, combined with the mind-body dualism may 

have lead investigators, without understanding, to reject Stensens geometrical 

theory of muscular contraction. 

70. De motu animalium, 1680. Translation by P. Maquet in Borelli, 1989. 
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In 1664, Stensen concluded on the heart:71 

If therefore it is certain, as it is so beyond all Dispute, that we are convinced both by 

our Senses and Reason itself that there is nothing wanting in the Heart that is to be 

met with in a Muscle; and further, that nothing is found in the Heart but what is 

found in a Muscle, how then can the Heart be any longer a Substance of its own 

Kind, and consequently a certain determinate Substance, as the Fire, the seat of 

innate Heat, and the Soul; or the Procreator of some certain Humour, as of the 

Blood, any more than the Produce of certain Spirits called vital? 

Simple statements today perhaps, but still basic to the understanding 
of the heart as a pump and of the theory of the circulation. "This 
work will turn upside down what is basic in medicine" was the com­
ment from the Journal des sgavans of Paris in 1665, p 139. Stensen's 
description of the structure of the heart was thoroughly excerpted and 
reviewed in the Philosophical Transactions of the Royal Society. 

In the Specimen it self, the Author, having described in general, both the Structure and 

the Function of the Muscles, applies that description to the Heart, to demonstrate that 

that is also a true Muscle: Observing/?«/, that in the substance of the Heart there ap­

pears nothing but Arteries, Veins, Nerves, Fibres, Membrans; and that that, and nothing 

else is found in a Muscle; affirming withall, that which is commonly taught of the 

Muscles, and particularly of the Heart's Parenchyma, as distinct from Fibres, is due, not 

to the Senses, but the Wit of Anatomists: so that he will not have the Heart made up 

of a substance peculiar to it self, not considered as the principle of Innate heat, or of 

Sanguification, or of vital spirits. He observes next, that the Heart performs the like oper­

ation with the Muscles, to wit, to contract the Flesh; which action how it can have a 

different cause from that of the Contraction made in the Muslces, where there is so great 

a parity and agreement in the Vessels, he sees not. And as for the Phenomena, that occur, 

of the Motion of the Heart, he undertakes to explicate them all, from the Ductus or Posi­

tion of the Fibres', but refers for the performance of this undertaking to another Treatise, 

he intends to publish (1665-66,1: 176). 

Thus, as described for the Royal Society in its first volume of the 
Transactions, Stensen attacked the arbitrary elements taught on the 
heart by Galen and adapted by Descartes and Stensens teachers, Syl­
vius and Bartholin.72 As well he attacked the vitalistic principles basic 
to Harvey. In 1661, Marcello Malpighi (1628-1694) had described the 

lung capillaries by microscopic examination in frogs,73 which tor the 
first time demonstrated how blood passes through the tissues. The 
works by Malpighi and Stensen extended the significance of Harvey s 
discovery of the circulation in 1628 into what is now often termed a 

71. Kardel, 1986, p 115. 

72. Jul. Petersen, 1898, pp 83-85. 
73. Malpighi, De pulmonibus. Observationes anatomicae. Bologna, 1661. English trans­

lation in Fulton & Wilson, pp 68-71. 
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scientific paradigm. Today the De musculis is considered a classic work 

in cardiology.74 It is equally basic on skeletal muscles: 

First, in all the Muscles there are to be observed Arteries, Veins, Nerves, Fibers, 

Membranes, and some add Lymphatic Vessels; Secondly, you shall never meet with 

any Muscle in which each single Fibre does not extend it self on both sides within the 

tendon. Thirdly, the fleshy part is not a Parenchyma, but the same Fibrils which, being 

closely conjoin'd within one another, do form the Tendon, being looser, constitute the 

fleshy Part. Fourthly, it is very hard to meet in any one muscle with a fibre which 

makes one straight line; but each of them is divided at least into three Lines, which 

comprehend two alternative angles. Neither are these Three Lines always straight.7> 

Next followed a description of the functional architecture of the skel­
etal muscles based on parallel fibres in ranks and orders. But, without 
illustrations, Stensen^ first published attempt to describe geometric­
ally the arrangement of skeletal muscle fibres is almost incomprehen­
sible. Otherwise, De musculis is highly readable for all its details, but 
its wealth of loose endings overloads its structure. The great bibliogra­
pher of physiology, Albrecht von Haller (1708-1777), called it the 
golden booklet, aureus libellus.16 In 1711 most of the section on heart 

and muscles was translated into English.77 

My interpretation is that from the very beginning of dissections on 
his own at Amsterdam, Stensen researched the anatomical evidence 

for the animal spirit in locomotion. The fortuitous finding of the pa­
rotid duct and the dispute with Blaes's supporters held him up for a 
while in glandular research. 

Commentators, from the first Danish biographer of Stensen, 
A. D.Jørgensen in 1884,78 have lamented the decision not to offer Niels 
Stensen a position at Copenhagen University in 1664. From the stand­
point of the university, they may be right, and their position finds 
support in the involvement in the decision of no less than the Rector 
of the university, professor Peder Scavenius. But, when comparing 
Stensen s De musculis with his Elementorum myologies specimen pub­
lished three years later, I see little reason to lament the outcome.79 In 
the right academic surroundings, an ingenious talent developed into 
the mature genius of a master; regrettably, however, no one for centur-

74. Willius & Keys, 1941. 

75. Kardel 1986, p 109. 

76. Haller, 1774, I, p 492. 

77. Kardel, 1986, pp 105-15. 

78. Jørgensen, 1884, p 69. 

79. I share this position with Julius Petersen who in 1898 asserted that he could not 

imagine Stensen chairing the scholastic disputations and small-minded quarrels 

which formed the greater part of academic life at an orthodox university. Bartholi-

nerne, p 90. 
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ies to come would understand fully the value of his masterpiece, the 
first description of the functional architecture of skeletal muscles. 

After having received some inheritance, money owed to his step­
father by the king, Stensen left Copenhagen in the fall of 1664 for 
further studies abroad. His publications had given him a reputation 
that opened the doors to the world. Furthermore in December 1664 
Stensen received in absentia the degree of Doctor of Medical Science 
by the Senate of the University of Leiden.80 

1.6 In France 1664-1666 

Stensen was in Paris from November 1664 until September 1665. He re­
ceived the patronage of Melchisédec Thévenot (1620-1694), later the 
Kings chamberlain, a man of means and scientific interest, and con­

sidered the gray eminence behind the foundation of the Paris Academy 
of Sciences in 1666.81 Thévenots houses at Paris and Issy were open to 
visiting scientists, among whom were Stensen s friend from Leiden, Jan 
Swammerdam. Faller has characterized this period as probably among 
the most carefree periods of the two friends.82 They were joined also by 
Ole Borch. Although he mentions Stensen rarely, Borchs travel diary is 

a source of information concerning the scientific circles in which Stensen 
moved in Paris. Other contemporary sources are four letters to Stensen 
from another founding member of the Paris Academy, Jean Chapelain,83 

and letters by the physician, André Graindorge, who witnessed dissec­
tions by Stensen and reported on them to the later bishop of Caen, 

Pierre-Daniel Huet, a devoted anti-Cartesian writer.84 

Scientific issues were discussed at weekly meetings, and it may have 
been at such a meeting during the winter of 1665 that Stensen deliver­
ed, in French, a lecture on the anatomy of the brain, which was pub­
lished four years later, OPH 18. The Discours sur l'anatomie du cerveau 

is probably the best known of Stensens works in biology and still 

considered readable by neuroscientists who can learn from its rigorous 

scientific thinking and advice on questions of methodology, e.g.: 
''Without opening the cranium, attempts could be made to apply dif-

80. E 17. 

81. Schiller & Théodoridés, 1968. 

82. Faller, 1986, p 241. 

83. E 18, 20, 23, and 24. 
84. Eighteen letters in the Royal Library, Copenhagen (Kgl. Bibi. Ny kgl. Samling 4660, 

4°). Transcripts in: L.Tolmer, Une page d'histoires des sciences 1661-1669. Vingt-

deux lettres inédites d'André de Graindorge å P.D. Huet, Mémoires de l'Academie 

des sciences et belles-lettres de Caen, n.s. 1941, vol. 10, pp 245-337. 
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Fig. 5. Plate illustrating midline section of human brain from the Discours sur l'anatomie 

du cerveau. Presented as a lecture at Paris in 1665, printed in 1669. 

ferent drugs externally, by mixing them with food or by injections in 
the vessels, and to learn from that, what disturbs the animal actions 
and what is the most appropriate remedy when they are disturbed".85 

Except for the illustrations (Fig. 5), which are remarkably exact and 
detailed in spite of being based on the study of unfixed brain-tissue, 
the Discours contains little "textbook" anatomical information. 

Summarizing all major positions of Stensen, no later review matches 
that one given in the year of publication in the Transactions of the 
Royal Society for 20 September, 1669:86 

85. Lecture on the anatomy of the brain, p 152. See also Divac, 1986. 

86. Philosophical Transactions, 1669, vol.5, pp 1034-37. The reviewer's identity is not 

revealed by the minutes of the Royal Society, since there is a gap from 22 July to 11 
October 1669 in Birch's edition. 
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In the beginning of this Discourse the Author represents, that those, who search after 

solid knowledge, will find nothing satisfactory in all that hath been hitherto written 

concerning the Brain: that all, which Anatomists agree in, is only, that it consists of 

two Substances, a White and a Grayish, and that the former is continued with the 

Nerves, that are distributed through the whole Body; and the latter serves in some 

places for a kind of Cortex to the White, and in others, severs the white filaments 

from one another. But that they are yet ignorant, what those substances are; in what 

manner the Nerves are Joyned in the White; and how farr their extreamities advance 

in it; from which disposition yet depends all the diversity and variety of our sensations 

and motions. And as for the Ventricles or Cavities of the Brain, he affirmes them to 

<p 103 5 > be no less unknown, than its Substance; some Anatomists lodging in them the Spirits, 

others making them the receptacles of the Excrements of the Brain; and both perplext 

in assigning the source and Issue of the Excrements, and the Spirits, and the manner 

of the production of the latter. 
Besides this, he finds a great defect in the way of dissecting the Brain, and having 

shewed the imperfection in the common ways, he proposes and recommends that 

(though difficult one) of continuing the filaments or threads of the Nerves through 

the Substance of the Brain, to see, where they pass, and where they terminate. 

Next, he entertains the Reader with an Enumeration of the chief Errors of Anat­

omists touching the brain. And here he examins particularly the Systemes of Dr Willis 

and Monsieur Des Cartes. In the former he takes special notice, that the Author 

thereof lodges the Common Sense in the corpus Striatum; the Imagination in the Cor­

pus Callosum; and the Memory in the Grayish Substance which encompasses the 

White. But then he declares, that these assertions are very obnoxious; for, whereas Dr 

Willis describes that Corpus Striatum, as if there mere[were] two sorts of Streaks or 

Rays, some ascending, some descending, he finds, that a separation being made ot 

the Gray body from the White, those Rays will be found to be all of the same nature, 

that is, they make part of the White substance of the Corpus Callosum which passes 

towards the Marrow of the Back, separated in divers Layers by the intervening of the 

Grayish Substance. Which being so, saith he, with what certainty can be made to 

believe, that those three Operations are performed in those three Bodies: And who 

can tell us, whether the nervous Fibres have their beginning in the Streaked Body, or 

whether they rather pass through the Callous Body into the Gray Substance. 

In the latter of M.Z)^ Cartes, he finds, that that Philosopher hath rather devised, 

in his Treatise of Man, such an Engine, that performs all the actions, Men are capable 

of, than described Man, as really he is; which he undertaketh to prove by divers 

instances, taken from the Cartesian fabrick of the parts of the Brain: in the doing of 

which our Author showes great dexterity, skill and accuratenes. And trom hence he 

proceeds, to observe the want of exactness in the Cutts or Figures, hitherto given of 

<p 1036> the Brain: and although he acknowledgeth, that the best Figures, hitherto made of 

that part, are those of Dr Willis, yet he finds several faults committed here and there, 

and conceives, there are many things to be added for making them perfect: which 

certainly this able Anatomist will consider further, and according to his Ingenuity, as 

he shall see cause, rectify, if the Author of the Book, reflected on, prevent him not. 

Having thus discussed the hitherto practiced way of dissecting the Brain, and the 

litle light to be derived thence, together with the defectiveness of the Figures belonging 

thereto, he leaveth it to the Consideration of Judicious men, what faith is to be given to 

the Explications made upon such unsolid foundations', and that done, he declares, which 

are the two only ways for attaining the true Knowledge of an Engine; viz. One, by 

having the contrivance of it discovered by the Author himself; the other, by taking it 

in pieces to the very least parts, and examining them all both severally and joyntly. 
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The former not being to be expected, he excites the Lovers of real knowledge to the 

careful performance of the latter; excusing in the mean time those two sorts of per­

sons, that hitherto have addicted themselves to Anatomical researches, viz. Physitians 

and Chirurgions, for not having made satisfactory discoveries by their labors, and 

alleadging on their behalf their want of time requisite for this purpose; the ill conse­

quence of which he represents to be, that they often undertake to cure a Body, of 

which they know not the Structure, which is no better, (saith he) then if a man would 

repair or wind up an Engin, the parts of which he is ignorant of. And as for Professors 

of Universities or other Schools, he Judges them not so proper for that particular 

application, and the variety of methods of dissecting; both which is necessary for 

examining every the smallest part, and the observeables thereof; there being some­

times required whole years for finding out one onely thing, that perhaps may after­

wards be demonstrated to others in one hour; which he exemplifyes by divers instances 

of Discoveries, made by some of the modern anatomists. 

He concludes his Discourse by recommending the method which seems best and <p 1037> 
most convincing to him, for making true Discoveries in Anatomy; where he adviseth, 

that for obtaining the true history of the parts, we should examine and accordingly 

draw them in that State, in which they are found naturally, without at all forcing 

them, thereby to find, whether the parts are indeed joyned together or separated, and 

what situation is assigned them by Nature it self. Where he desires, that the Anatomist 

would not only be intent upon the part, on which he is for the present employed, but 

also reflect upon all the Operations, he hath made before he came to that part, which 

may have caused some change or other in the same, as to its scituation, connexion 

&c. Of which he also alledges divers Examples, especialy as to the Brain. 

Besides this exact attention on all the Operations, he further counsels the Change 

of the ways of Dissecting, and deduceth the ill consequences of binding ourselves to 

certain fixt Laws of dissecting each part; this benefit resulting from that Change, that 

if it doth not always discover something new, it lets us know at least, whether we have 

been deceived in what we have seen formerly, especially in things dubious and con­

tested. Of the necessity of this Change he brings manifest proofs; and having done 

so, he alledges the reason why he says nothing of the Use of the parts of the Brain, 

nor of the actions called Animal, it being impossible to explain the motions, that are 

made by an Engin, if the artifice of the parts be not known, and those Anatomists 

rendring themselves ridiculous, that discourse so magisterially of the Use of the parts, 

of which they know not the structure. 

Last of all, he observes, that when all this, he hath discoursed of, is done, that is 

but the least of what is to be done; in regard that for the acquiring of some good 

Knowledge of the Brain, there must be Dissections and Examinations made of as 

many Heads, as there are different species's of Animals, and different States and 

Conditions of each kind; since that in the fetus's of Animals it will be seen, How the 

Brain is formed; and what could not be seen in sound and entire Brains, may be seen 

in such, as have been changed by sickness. 

In a sentence emphasized here by me, the reviewer in the Transactions 

of the Royal Society stressed how Descartes's and Williss theories were 
made on "unsolid foundations". In spite of Stensens well communi­
cated and well reviewed warning, the figments of imagination in Des­
cartes became the structural basis of theories, and speculation became 
the method shared by scholars pondering the biological foundation of 
thinking and Descartes's mind/body dualism. These efforts are per-
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petuated by most historical commentators. This example epitomizes 
how immune a paradigm can be against criticism: with few exceptions 
mentioned below, historians of science do not remark that, seven years 
after its publication, the hydraulic brain in Descartes's Treatise of Man 
was deflated, and that the physiological foundation for ventricular 
psychology, the rotating pineal body, was reduced to a myth in public. 
Stensen's sound advice on how properly to investigate the brain by 
such a simple method as to trace the nerve tracts through the brain is 

mostly ignored. 
A short review by the Journal des sgavans on 10 February, 1670 em­

phasized Stensens point that anatomists, who were wont to use such 
terms as nates, testes, anus, vulva, penis to denote ditferent structures of 

the brain, showed that they did not know either the usage or the shape of 
those structures. Stensen had less success when he renamed the pituitary 
gland as the lower gland to avoid association to production of slime of 
the nose \pituita slime, phlegem, rheum]. The French reviewer avoided a 

definite choice between Descartess and Stensen s description of the 
brain.87 In 1770, Portal declared that the Discours "is loaded with useful 

views on anatomical practice containing the most safe ways to proceed 
in the research of truth. Moreover, Stensen proposes opinions with such 
modesty and simplicity that fully he merits Hallers words of praise: vir 

industrius, Candidus, innocuus & magnus inventor,88 As was remarked by 
Max Neuburger in 1897, in the Discours "Steno provided a tabula rasa, 

which in a negative way led to so much that was positive and absolutely 

necessary in order to pave the way for progress." However, the first 
author to penetrate Stensens contribution to the core was the French 
philosopher A. Georges-Berthier who, in 1914, in an analysis of Car­

tesian physiology, wrote:89 

87. Journal des Sgavans 1670, pp 7-9. Cf. the Amsterdam edition 1679, p 585-87. An 

Italian translation of the French review was brought by Giornale de'Letterati, Rome 

1670, p 39-40. 
Ce qu'en a écrit M. Descartes dans le Traité qu'il a fait de VHomme, est beaucoup 
plus ingenieux; mais il n'est pas plus veritable, si 1 on en croit ce Discours. Car 
TAuteur soütient qu'il s'en faut beaucoup, que FHomme de M. Descartes ne soit 
fait comme les autres Homines; & particulierement en ce qui regarde le Cerveau, 
il montre que la glande pineale est autrement située que n'a dit M. Des-cartes; 
que les vaisseaux qui l'environnent, sont des veines & non pas des artéres; & que 
cette glande est tellement engagée dans le Cerveau, & si bien attachée, qu elle ne 
scauroit pancher de costé ny d'autre. Mais la beauté de 1 invention cache les erre-
urs de l'hypothese, & ces fautes sont si ingenieuses qu il est glorieux å M.Des­
cartes de les avoir faites. 

88. Portal, 1770, III, p 178, with reference to Haller, Meth stud, p 521. 

89. Isis, vol. 2, pp 71 and 73. In 1914, at the age of twenty-seven, A. Georges-Berthier 

died in combat. The translator of Treatise of Man, Thomas Steele Hall, character­

ized Georges-Berthier as "he who until very recently had done the best scholarly 

work on Cartesian biology". 
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Stenon, le plus grand, aprés Harvey, et le plus lucide génie physiologique du XVIIe 

siécle, qui fit å Paris en 1669 une critique de Fhypothése cartésienne å laquelle il n'y 

aurait aujourd'hui encore rien d'important å opposer. 

Encore aussi que Stenon ait dénoncé, avec une admirable pénétration, Tarbitraire de 

la conception cartésienne. 

In 1969, at the third centenary of the publication of the Discours, 

neuroscientists and medical historians gathered at Copenhagen for a 
conference, the scholarly proceedings of which discussed its biological 
aspects.90 In 1991 Renato G. Mazzolini innovatively made Stensen the 
key person in a review, ''Schemes and models of the thinking machine: 
From Descartes to Haller". 

Overt criticism of Descartes made Stensens lecture highly contro­
versial in Paris in 1665, with scientists divided into factions, the 
Gassendists adopting empiricism and the atomism of Democritus 
and Epicurus, and critical against the metaphysics and rationalism 
of the emergent Cartesian faction. In a losing game, Stensen was 
used by friends who were mainly among the still dominant Gassend­

ists, in this grande bataille philosophique.91 As remarked by Mazzoli­
ni "in the struggle for philosophical hegemony, Stenos arguments 
thus came to be directed against the followers of Descartes both by 
the Sorbonne and by the school of thought that was centred on Pi­
erre Gassendi".92 

At the same time, Paris was also riven by religious disputes: Cath­
olics against Huguenots, and within the Catholic community, the Jans­

enist conflict. According to Scherz, Stensen no doubt took part in 
religious discussions. In his writings he later recalled the influence from 
his conversations with Countess Hedevig Margarete Elisabeth von 
Rantzau93 on the Eucharist, and with Marie Perriquet, the cousin of 
Thévenot.94 In later letters he distanced himself from Jansenism.95 

The Discours was the only scientific work by Stensen published in a 
modern language.96 In 1671, it was translated into Latin. In 1732, the 

90. The historical aspects of brain research in the 17th century, G. Scherz (ed.), 1968. 

91. Schiller & Théodoridés, 1968, p 162, has quoted a letter from Chapelain to Huet, 6 

April 1665: 

Mr Sténon danois, a fait dans cet art les plus belles épreuves qu'on ait encores 
veués, jusqu'å forcer les descartistes, ces dogmatiques si opiniastres, å tomber 
d'accord de Terreur de leur patriarche pour la glandule du cerveau et pour son 
usages. 

92. Mazzolini, 1992, p 68. 

93. 077/, I, p 191. 

94. E 146. Cf. Scherz, Nicolaus Steno and his Indice, p 24. 
95. E 126 and 127. 

96. In De solido Stensen mentions that he had intended to write this work in Italian. 
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work again received attention when Jacques-Bénigne Winslow (1669-
1760), professor of anatomy at Paris, a great-nephew of Stensen97 and 
like him a Catholic convert, reprinted the lecture in his text-book on 
anatomy,98 although without its fine illustrations. Winslow's work was 
published in ten French editions up to 1776, and with that text-book, 
the Discours was translated into German, English, and Italian, and in 

this century into Danish and Dutch.99 

From Stensens stay in Paris also came a pathological-anatomical 
study of a stillborn baby with multiple congenital defects, including 
those malformations of the heart, OPH 20, described again in 1888 by 
Antoine Fallot and rightly termed the tetralogy of Fallot.100 Stensen 
described the structural defects including the overriding aorta, pul­
monary stenosis and the ventricular septal defect, and he explained 

the presumed abnormality of the fetal circulation. 
In the autumn of 1665 Stensen left Paris, travelling south through 

France. At Saumur he met the Cartesian philosopher and illustrator for 

the first French edition in 1664 of Treatise of Man, Louis de La Forge.101 

At Montpellier, where Stensen spent some months, he met some travel­

ling English scientists, among whom was William Croone, who had pub­
lished anonymously a book on muscle contraction, De ratione musculo­

rum, the year before in London. There is evidence that Stensen and 
Croone not only discussed theories of muscle contraction but that Stens­
en also demonstrated his newly detected muscle structure by dissections. 

Another Englishman, Martin Lister (1638-1711) wrote:102 

I had ye great honour to assist att an Anatomie Lecteur or some particular dissections 

made by Mr Steno ye Dane himselfe in my Lord of Ailesburys cabinet. The Demon­

strations were neat & clever wherein I much admired ye ingenuity & great modestie 

of ye Person & wch appeared the rathar, by reason of ye great impertinencie of a 

French Docteur yt assisted alsoe at ye Assemblé. 
Afterwards 1 visited Mr Steno, whom I found infinitely taking & aggreable in con­

versation & I observed in him very much of ye Galant & honest man as ye french say, 

as well as ye schollar ... Moreover he shewed us yt the make of muscles was not as ye 

Ancients phansied, yt is, ye Fibers lay not in a straight line from Tendon to Tendon, 

but made alternate Angles wth ye two Tendons, etc. 

97. Winslow's great-grandfather Claus Pedersen was a brother of Niels Stensen's 

father, Sten Pedersen. 
98. In the preface, Winslow mentioned his inspiration from Stensen: Uque le seul 

Discours de feu M.Stenon sur I'Anatomie du Cerveau, a été la source primitive & 

le modele general de toute ma conduite dans les travaux Anatomique." 

99. Rafaelsen, 1986. Dutch translation, see Vugs. 

100. Willius, 1948. 
101. Biography, I, p 140. Cf. Halls notes on de La Forge in Treatise of man, p XLI. 

102. Oxford, Bodleian Library, Lister MS 5, fol. 224v-226r. Cf. Scherz, 1956, Vom 

Wege, p 230. 
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Philip Skippon, another scientist from the British group, reported:103 

Monsieur Steno, a Dane was at this time in Montpelier, and he is very happy in some 

anatomical discoveries, viz. the Ductus Salivaris from the Parotides to the middle of 

the cheek: We were present at his dissection of an ox's head, and observed a blade of 

grass that was forced up that Ductus: In a man the Ductus lies streight, but in a beast 

oblique. 

The meeting at Montpellier was to have impact in the field of muscular 
mechanics. Yet another matter may have been touched upon: the prob­
lem of the organic or non-organic origin of fossils. Like two of the 
Englishmen he met, Martin Lister and John Ray (1627-1705), Stensen 
later made contributions on geological issues and fossils. Fossils had 
recently been treated by Robert Hooke in Micrographics a book circu­
lating in Paris by early 1665. No records of any discussions have sur­
vived, but the fact remains that, in November/December 1665 at 
Montpellier, the three men who were to make the greatest contri­
butions to paleontology in the years to come met one another. 

By January 1666, all Englishmen were ordered out of France for 
reasons of security. Stensen was given a call in a letter by Chapelain 
to return for the winter to Paris (E 18), but he continued on to Flor­

ence and never did return to France. 

1.7 Scientist to the Medici Court at Florence 

In March 1666, Stensen arrived at the Tuscan court's winter residence 
in Pisa. He was very well received by the Grand Duke and became 
attached to the court as a scientist with residence in Florence. In May 
and June 1666, Stensen also visited Rome where he met and developed 
a lasting friendship with the great microscopist, Marcello Malpighi 
(1628-1694).104 

Ferdinand II (1610-1670), Grand Duke of Tuscany, and his brother, 
Leopold de Medici (1617-1675), were both highly interested in science. 
In the Pitti Palace at Florence, they had organized a scientific academy 
in 1657, the Accademia del Cimento, or Academy of Experiments, 
which included among its members, the mathematician and last sur­
viving pupil of Galileo, Yincenzo Yiviani (1622-1703), the physician 
and naturalist, Francesco Redi (1626-1697), and Lorenzo Magalotti 
(1637-1712), secretary of the academy and publisher of its proceedings, 
the Saggi, or Essays on natural experiments, commented by Stensen, 

103. Cf. Poynter, 1968, p 274. 

104. E 45, 55, 56, 65, 67 and 106. I have looked in vain for comments by Malpighi on 

Stensen's works on muscle. 
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E 33. Another member was Giovanni Alfonso Borelli (1608-1679), pro­
fessor of mathematics in the chair formerly occupied by Galileo at the 

University of Pisa.105 

The academy did not have a long life span - it held its last meeting 
in March 1667, shortly after Leopold de Medici became a cardinal. 
There was a polarization between supporters of the two mathema­
ticians, Viviani and Borelli, that may have contributed to the final 
break up of the academy, and most certainly to Borellis abrupt depar­

ture in 1667.106 

Borellis major interest was the study of animal movements, and, at 
the time of Stensens arrival, he had already written the greater part 
of his work, De motu animalium, which was published posthumously 
in two volumes, 1680-81. In a letter of 17 July, 1666, Borelli wrote to 

Malpighi that Stensen had arrived at Florence, where he was expected 
to remain all summer.107 Stensen, Borelli continued, wanted from him 
instruction on some things about geometry; and although Borelli 
planned to be courteous, he did not regard Stensen as highly as they 
did at the palace, and he expressed suspicion of Stensen s motives. 

An earlier letter indicates that Stensen may have been the subject of 

Borellis suspicion even before his arrival, when the latter learned ot 
the priority dispute between Stensen and Blaes. In a letter to Malpighi 
(10 July, 16651 °8), Borelli referred to a pamphlet by Anton Deusing, 

one of Blaes's supporters, in which Deusing stated flatly that Stensen 
had stolen this discovery from Blaes. While Borelli and Stensen shared 
an interest in geometry and the study of muscular mechanics, Borellis 

notably quarrelsome character,109 together with his knowledge ot De-
using's version of the dispute at Amsterdam seems to have prevented 

any research partnership.110 

105. Bonelli, 1968. 

106. Biagi & Basile, 1980, pp 373 ff. 

107. Adelman, 1975, letter 167. 
108. ibid, letter 134: "in un libretto del Deusingio, che riferisce l'invenzione dei vasi 

salivali esser1 del detto Blasio, e che tu rubato dallo Stenone . 
109. Magalotti, in a letter 6 January 1668 to Grand Prince Leopold, made the following 

characterisation: "Borelli was such a tiresome person that I would almost have 

called him intolerable." Cf. Biagi & Basile, 1980 p 377. 
110. In 1968 Maria L. Bonelli wrote (p 257): "Of course, Borelli could not bear having 

Stensen as a rival in the studies of myology as he considered himselt the first 

amongst all." She continued with an excerpt from an inedited letter ascribed to 

Stensen, a letter of potential importance for the relation between Stensen and Bor­

elli. However, Professor Leonardo Negri, Leghorn, has not been able to verity the 

authenticity of such a letter written by Stensen. All files ot Maria Bonelli, the late 

Director of Istituto e Museo di Storia delhi Scienza ol f lorence, were destroyed 

before she left office. 
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The Elementorum myologies specimen is a work incompatible with 
the ideas on muscle contraction expressed by Borelli. There can be no 
doubt that the conflicting issues were discussed by the two scientists. 
In the letter to Thévenot, appended to the Elementorum, Stensen re­
sponded harshly to vigorous attacks on his ideas on muscle contrac­
tion by anonymous adversaries. I have been unable to find competent 
opponents to Stensen other than Borelli who could have aroused such 

bitter reactions.111 

Like the conflict over the glands, the one on muscles seems not to 
have diminished Stensens working capacity; it may even have stimu­
lated it. Within a half year of his arrival in Tuscany, he finished, and 
within another half year, published the major work on muscles, the 
Elementorum myologies specimen. It is a book containing a detailed 

geometrical description of muscular structure and contraction with 

numerous illustrations. 
Stensen described the contraction of equally long motor fibres, ar­

ranged as uni- or multipennate structures, each forming a parallel­
epiped between parallel tendon plates. Stensen used the parallelepiped 

as a model, allowing him to apply mathematical methods: when the 
motor fibres contract, the tendons move in parallel planes and the 
muscle shortens, but the distance between the tendon planes does not 
change. There will appear a swelling, even if the volume of the model 
remains the same. Therefore, the swelling observed during contraction 
of muscles, according to Stensen, is no argument for an increase in 
muscle bulk and no argument against contraction without any change 
of muscle volume. In the Elementorum myologice specimen Stensen did 
away with the supernatural animal spirits as a driving force making 
the muscles swell and contract. In this respect the work is a clear con­
tinuation of the Discours sur l'anatomie du cerveau. Whether by coinci­
dence or not, in the middle of June 1667, a few months after the Ele­

mentorum myologice specimen had been published, Borelli left Tuscany 
with the manuscript of his version of muscular motion and resigning 
his professorship at Pisa for a far less distinguished chair at Messina. 

The reception of the Elementorum was indeed promising from the 
beginning. Within one year after its publication there was a long and 
fair review, probably by Croone, in the Philosophical Transactions of 
the Royal Society. Illustrations of Stensens theory with favourable 
comments were given in works from 1669 by Lower, and in 1670 by 
Willis in London who quoted Stensen seven times without mentioning 
any other reference. Stensen's plate I on the architecture of muscles 

111. Kardel, 1990. 



42 Troels Kardel 

TABVLA I. 
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III. 
B 

Fig. 6. From Elementorum 

myologies specimen, 

Florence 1667. 

(Fig. 6) was admitted in the 1677 Lyon-edition of Bartholins Anatomy. 
Soon, however, followed devastating critical publications dealing with 
Stensens theory: in 1674 by Mayow from Oxford, in 1680 by Borelli 
in Rome, in 1694 by Johann Bernoulli at Basel, in 1743 by Boerhaave 
(posthumously) from Leiden, and in 1762 by Haller in Switzerland. 
Although today, these criticisms appear irrelevant, erroneous, and 
without scientific foundation,112 by the end of the eighteenth century 
Stensens theory had all but disappeared from the scientific literature. 
Since 1980, anatomical and biomechanical reports from several scien­

tific centres in the Netherlands and the United States have shown that 

112. ibid. Steno on Muscles. 
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the anatomical foundation and the theoretical as well as practical ap­
plicability of Stensen's theory are valid. Thus, while considered by 
Maar to be perhaps Stensens weakest work, the Elementorum myolo­

gies specimen may be one of Stensens more significant publications, 
and it is now considered to be a significant work in the biomechanical 
science.113 Once again is emphasized as a touch-stone in the scientific 

process, comparisons. 
Stensen attached to the Elementorum myologies specimen two treat­

ises describing dissection of sharks. In one, the Canis carchariæ dis-
sectum caput,114 he described a gigantic 3,500 pound Carcharodon ron-

deletii, caught near Leghorn on around 20 October, 1666. Its head had 
been given to him for dissection. The impressive speed with which 
Stensen completed this work indicates the generous support provided 
him by the Grand Duke, to whom the work is dedicated. The book 
was probably in circulation late in April 1667, and as mentioned it 
was reviewed early in 1668 in the Philosophical Transactions of the 

Royal Society, and, in 1669, by the Rome Academy. 
When describing the huge shark, Stensen made a detailed compari­

son of the teeth of the shark with the so-called tongue stones found 

in great numbers in the rocks of Malta, and he concluded: 

Thus since the bodies resembling parts of animals that are dug from the ground can 

be considered to be parts of animals, since the shape of tongue stones resembles the 

teeth of a shark as one egg resembles another, since neither their number nor their 

position in the earth argues against it, it seems to me that those who assert that large 

tongue stones are the teeth of a shark are not far from the truth.115 

Built upon investigations, historia, the theory on the formation of fos­
sils is formulated in six "conjectures", each one examined as if to pro­

voke contradictions116: 

(1) That soil from which bodies resembling parts of animals are dug 

does not produce these bodies today. 

113. Referring to Stensen' myology, Professor Peter A.Huijing, Ph.D., Amsterdam, 

writes in the Encyclopedia of Sports Medicine, London 1991, p 139: "As early as 

the seventeenth century, some workers in the field of muscle morphology were 

aware of these phenomena but such information was not widespread and disap­

peared from the current body of knowledge until very recently". It is not quite 

correct that information was not widespread. At least six eminent scientists dis­

cussed and finally rejected Stensen's theory. See Steno on Muscles. 

114. GP, pp 65-131 (with English translation). 

115. GP, p 115. Several authors from that period described the tongue stones, among 

them Thomas Bartholin and his predecessor, Ole Worm. 

116. Noe-Nygaard, p 177. 
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(2) The said soil does not seem to have been firm when the bodies 
referred to were produced in it. 

(3) Nor can there be strong opposition to the belief that the said soil 
was once covered with water. 

(4) There seems also to be no objection to the belief that the said soil 
was at some time in the past mixed with water. 

(5) I cannot see anything to prevent us from regarding the said soil as 
a sediment gradually accumulated from the water. 

Building on the previous conjectures, the main thesis is: 

(6) There seems to be no objection to the opinion that bodies dug 
from the ground which resemble parts of animals should be con­

sidered to have been parts of animals. 

The Ca nis carchariæ is today a classic work in paleontology as well as 

in geology.117 In its style the Canis carchariæ has elements typical of 
the baroque period. Like a piece of seventeenth-century music or 
architecture, it is loaded with details each one of which may be studied 
separately or as parts of a whole. One such detail is the so-called Sten-

sen-experiment described in a short paragraph: 

I might have used another argument to call in question the hitherto accepted function 

of the brain, for I have observed, on making a ligature in the descending aorta, 

without previous cutting, that voluntary movement of all parts below ceased in pro­

portion to the tightness of the band, while it was restored similarly as the knot was 

loosened. I have made such observations for several years and have demonstrated 

them in various places,118 particularly in Florence, where the dog survived without 

suffering any damage to its mobility, after the ligature was removed. Since this experi­

ment requires completion by other methods, as yet untried, I shall add nothing more 

about it here (GP\ p 89). 

Stensen wrote no more than that, but the issue was found so important 
by members of the Royal Society of London that, as soon as the Ele-
mentorum was received on 6 February 1668, successive investigators, 

made repeated attempts to reproduce the experiment. Since they used 
an open approach to the aorta, their efforts were in vain. Stensen had 
used, as he revealed in correspondence,119 a large curved needle with 

117. Garboe, 1958. Scherz (ed.) 1971. Rudwick. 1972. Noe-Nygaard, 1986. 

118. The experiment was seen in Paris by Ole Borch, as mentioned in his Itinerary on 

3 March, 1665. 
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a ligature, which was passed percutaneously in front of the aorta and 
the vertebral column. Then the ligature was tied behind the animals 
back, hereby compressing the aorta against the vertebras. As expressed 
by Poynter: "Steno's scientific integrity and accuracy were being put 
to the test by the chief scientific body in Europe and the care that was 
eventually taken to ensure that justice was done reflects as well on the 

Royal Society as it does on Steno."120 

The experiment demonstrated, it was presumed, the necessity of 
blood supply for the muscles to contract. It is evident that members 
of the Royal Society showed much greater attention to this brief ac­
count of an experiment than to Stensens main proposition on muscu­
lar action. It is too simple to say that the British scientist went for 
experimental data rather than for geometrical analysis, since at that 

time both areas attracted their interest in other fields. My suggestion 
is that the British scientists were looking for the crucial experiment to 
reveal the source of the material filling the muscles when expanding 

during contraction. If this is the case, however, they would have looked 
in vain. Both Willis and Swammerdam121 made notes on ischaemia of 
the spinal cord as a possible factor in Stensens experiment. Eventually, 

two German theses, by J.Schiffer in 1869 and by A.Weil in 1873, con­
clusively showed that the experiment had described limb paralysis due 

to ischaemia of the spinal cord and not due to muscle ischaemia.122 

In the smaller second appended description of a shark-dissection, 
the Historia dissecti piscis ex canum genere, OPH 24, Stensen con­

119. "Mr Oldenburg read a letter to him dated Paris June 6, from Signor MAGALOT-

TI, containing Mr STENO's method of making the experiment of depriving a dog 

of all sense and motion, without depriving him of life" History of the Royal Society 

of London, II, p 293. Se also letter from Magalotti in Paris to Oldenburg, 6 June, 

1668 (Hall & Hall, 1965), with excerpts from a non-extant letter by Stensen dated 

18 May, 1668. Cf. Scherz, "Neue Stensenbriefe". Stensens experiment was men­

tioned at meetings of the Royal Society on February 13, 27; March 5, 12, 19; April 

2; June 4, 11, 18, 25; and July 2. The following members of the Royal Society were 

involved in discussing or reproducing the experiment: Oldenburg, Croone, Lower, 

Clarke, Hooke, and King. Finally, at the meeting on July 16, 1668 it was recorded: 

"The experiment of Mr STENO was tried, according to his method, before the 

society by Dr King, and succeeded, so as the dog, upon whom it was made, was 

seen to be deprived of all motion below the part, where the descending artery was 

tied, which was upon the top of the spine by a needle passed through between the 

8th and 9th ribs." 

120. Poynter, 1968, p 276. 

121. Biblia naturae was not published until long after Swammerdam's death by Boerhaa-

ve. Swammerdam probably carried out the work in the late 1660's. Cf. Lindeboom, 

1975, p 286. 

122. Faller, 1985. 
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tinued in a dogfish the studies of female reproductive organs initiated 
in 1664 by the dissection of a ray-fish, OPH 16. Stensen stated for the 
first time that the so-called female testicles, testes mulierum, in a non-
oviparous animal, a Seymnus Lyehia dogfish,123 were analogous to the 
ovaria of oviparous animals and ought to be called by that name. This 
work was also reviewed in the Transactions of the Royal Society, 1667, 
vol. 2, p 628: 

The other Narrative is of a Female Dog-Fish, dissected also by himself, where do 

occur no less remarkable observations than in the former, both of the parts in the 

Head, and of those in the Body; as touching the small weight of the Brain of this 

Fish, compared to the weight of its Body; several little Fishes found in the Stomach, 

untouched by any Teeth; the Ureters, the Ovarium, and Oviduetus, where he digresses, 

to shew, Mulierum testes Ovario analogos, and refers, for further proof of this to his 

intended Treatise, which is to give an account de partium Genitalium Analogia. 

Previously, ovaries in mammals as well as in women were considered 
to be rudimentary testicles.124 Stensen was the first to have reached 

another conclusion.125 

Following the publication of these works in 1667, Stensen continued 
his investigation of female reproductive organs by dissections of differ­
ent mammals and five female corpses, Fig. 7. The results were, how­
ever, not published until 167 5,126 three years after similar observations 
had been published by his former teacher at Leiden, van Horne, and 
his friends, Swammerdam and de Graaf.127 Swammerdam and de 

Graaf ended up in a bitter dispute on priority. This dispute was re­
ferred to the judgment of the Royal Society of London. In their 
answer, reported on 7 May 1673, Croone, Needham and King ac­
cepted neither Swammerdam, nor de Graaf, but Stensen to be the first 

to discover the mammalian ovarian follicle.128 Stensen remained on 
friendly terms with both de Graaf and Swammerdam, and already in 
a letter to Swammerdam from Leghorn dated 18 March, 1668, ex­

pressed his indifference as to the question of priority: 

123. Lesky, 1968, p 239. 
124. In Dubia anatomica de lacteis thoracis, 1653, Thomas Bartholin described, as it 

surprised, that "testicles" of a female body was in no way surpassed by those in 

men. It may have been a comment like this that aroused Stensens attention. 

125. Lesky, 1968, pp 240 ff. Poynter, 1968, p 279. Lindeboom, 1975, p 288. 

126. OPH, nos. 25 and 26. For Stensen's definitions, see OPH, II: 25, p 159. 

127. De Graaf, 1672. Swammerdam, 1672. In his treatise de Graaf compared his find­

ings with those of "Clariss. D. N. Stenonis", p 183. 

128. Poynter, 1968, p 279. The answer (in Latin) is found in T.Birch The history of the 

Royal Society of London, vol. 3, pp 102-07. 
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Fig. 7. The female internal genital tract in four species: I. Hen. II. Woman. III. Smooth 

shark. IV. Wolf. Acta Med & Phil Hafn. 1673 (printed 1675), vol. II, pp 219-32. 
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In great expectancy I look forward to the famed van Home's129 and your observations 

on testiculis,130 and I am far from resenting that in this question my preceptor and 

my friend forestalled me; even sacredly I will make this testimony that had in due 

time it been known to me, not only had I mentioned him by name but had made 

public his observations at the same place as my own (E 35). 

In any case, according to Lesky, Stensen eliminated the Active causal 
relations which had governed the development of embryology from 
Aristotle to Harvey. She adds that it is not sufficient just to list positive 
new findings when making a record of the progress in embryologicai 
research after Harvey; negative "findings", e.g. the elimination of 

scholastic ideas, are no less significant.131 

1.8 Conversion 

In November 1667, in the middle of a very active period in research, 
Stensen became a convert to Catholicism. Although he came from a 
deeply religious family in orthodox Lutheran Denmark, situations he 
had faced and persons he had met had led to a religious crisis. In 
the Netherlands, several churches coexisted with a majority Calvinist 

church, and even that church was divided into competing factions. 
Each church claimed for its members an eternal truth. Acquaintance 
with Catholics, among whom were his fellow students at Leiden, Rein-

ier de Graaf and Theodor Kerckring (1639-1693), had made Stensen 
change his childhood perception of the lack of morality among Cath­
olics. Shortly after his arrival in Tuscany, he attended a Corpus Christi 

procession in Leghorn on 24 June, 1666, which left him deeply 
touched. In Florence, the spontaneous piety of Sister Maria del Nero, 
whom he met at the dispensary of the Annalena Convent, and his 
conversations with Lavinia Arnolfini, the wife of the ambassador ot 

the city state of Lucca, led finally on All Souls Day, 2 November, 1667, 

to his decision to convert.132 

On his confirmation day, 8 December, Stensen received a letter from 
Denmark in which the King, Frederik III, ordered him to return to 
Copenhagen, offering a pension of 400 Taler per year. Realising that 
his conversion might alienate Lutheran Denmark, he responded by 

asking whether the order was still in effect despite his Catholicism. 

129. J. van Horne, Prodromus de partibus generationis, 1666. 

130. "testiculis" meant testes as well as ovaries. 

131. Lesky, 1968, p 248. 

132. E 36. Scherz, Nicolaus Steno and his Indice, p 28. 
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1.9 Geological Research 

During the following six months, Stensen continued his geological 
studies on the rich variety of geological formations in and around 
Tuscany: in the iron ores on the island of Elba mined by the Etruscans 
in antiquity, on the abrupt folds of the rock strata at Volterra, and in 
the marble district of Carrara.133 He recorded the results hastily in a 
preliminary report De solido intra solidum naturaliter contento disser­

tations prodromus, which was published the following year 1669 under 
the supervision by Viviani, after Stensen had left Florence to return 

to Denmark. In this Prodromus, Stensen departed from the belief that 
nature was created once and for all with mountains, oceans, plants, 

and animals. Fundamentally, the treatise presents a new system of 
classification for solids contained within solids - a classification by 
common origin, rather than by superficial similarity of outward ap­
pearance. 

Stensen - and I adhere closely to the analyses by Stephen J. Gould 
and by Kurd von Billow - used two criteria, well described already in 
the 1671 review of the Philosophical Transactions of the Royal Society 

(see below), for this subdivision. First, in what Gould calls the "prin­
ciple of molding'', Stensen argued that when one solid lies within an­
other, which of them hardened first can be discovered by noting the 
impress of one object on the other. Thus, the shells press their form 
into the sediment surrounding them, while surrounding rocks were 
solid before calcite veins filled pre-existing channels. The principle of 
molding allows the establishment of a temporal order of formation for 
two objects in contact. 

Stensen s second criterion is that of sufficient similarity. Past pro­
cesses cannot be observed in principle; only their results remain. Clues 
to the processes of the past must be found in the objects themselves by 
detailed similarity in comparisons with products of processes observed 
directly today. Thus, Stensen argued, the sedimentary rocks must be 
the deposits of rivers, lakes, and oceans because they agree with those 
sediments that turbid water deposits today. Fossil shells once belonged 
to animals, and crystals precipitated from fluids as may be observed 
(Fig. 8). With these two principles - molding and sufficient similarity -
Stensen established the requisites for geological reconstruction (and 
even for any other historic reconstruction): he could determine how 
and where objects were formed, and he could order the events in time. 

133. Rodolico, 1971 
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Fig. 8. Stratification of the earths layers. De solido intra solidum, Florence 1669. Sten-

sen's explication of the diagrams: 

D25 shows a vertical section of Tuscany at the time when the rocky strata were still 

complete and parallel to the horizon. D24 shows vast cavities eaten out either by the 

force of fires or waters, the upper strata being unbroken. D23 shows mountains and 

valleys produced by the disruption of the upper strata. D22 shows in the valleys new 

strata produced from the sea. D21 shows part of the lower strata destroyed, the upper 

strata being unbroken. D20 shows hills and valleys produced there by the disruption 

of the upper sandy strata. 

In the words of Gould, Stensen "changed the world in the simplest 
and yet most profound way. He classified its objects differently." 

By the example of the geology in Tuscany, Stensen aimed at making 
abundantly clear how the present state of anything discloses the past 
state of the same thing.134 Thus he is, as concluded by Noe-Ny-
gaard,135 really the originator both of that part of geology which is 
based on fossils, paleontology, and of dynamic geology which seeks to 
unravel the processes in the earths crust which have led to its present 
appearance. As noted by Rudwick136 it is, however, at this point that 
"earlier commentators on the history of geology often felt constrained 
to turn regretfully from praising Steno as the forerunner of modern 
geology to apologising for his accomodation of Earth-history within 
the confines of a few thousand years". "Yet", Rudwick continues, "it 
is important to recognise that, in the context of his time, Steno's 
attempt to harmonise his observations with scriptural history was no 
insincere or forced reconciliation, but a natural synthesis of what he 
and his contemporaries regarded as two equally valid and comple­
mentary sources of evidence - the Book of Gods Word and the Book 
of Gods Works". 

Other features of De solido intra solidum are the description of crys­
tals and of Stensens reflections on their growth by accretion without 
the presence, in nature, of a formative faculty. Crystals were also 
studied by Erasmus Bartholin, who published a work, Experiments on 
Birefringent Icelandic Crystal, at Copenhagen in the same year 1669. 
The works by Erasmus Bartholin and Niels Stensen, teacher and pupil, 
are considered basic to the science of crystallography.137 Stensen's 
ideas were endorsed fully by Romé de risle in the 1783 edition of his 

134. CP, p 203. 

135. P 181. 

136. Rudwick, 1972, pp 68 ff. Note also that works on stratigraphy were still a century 

later dominated by the preception that most sediments were laid down during the 
great biblical flood. 

137. Garboe, 1954. 
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Cristallographie.138 Stensens contributions to this discipline of science 
are centered around the particular problem of their growth,139 showing 
that crystal faces grow parallel to themselves, keeping constant angles 
with one another - non mutatis angulis - meanwhile a sentence which 
appeared solely as "two throwaway lines in a figure caption":140 

Diagram 13 shows how sometimes the length and member of the sides in the plane 

of the base are changed in various ways as new crystalline material is added to the 

planes of the pyramids, without angles being changed. 

Like Stensen s other main works, the English translation of De solido 

intra solidum was indeed well reviewed in the Transactions of the Royal 

Society, March 25, 1671, vol. 6, pp 2186-90: 

The Author of this Curious and Learned Prodromus apprehending, that he might be 

diverted for a great while from finishing his intended Dissertation touching the Frame 

and Changes of the Earth, and the Manner of the Productions made therein; thought 

fit to deliver in this Tract both a Scheme and a Breviate of the same; forasmuch as he 

doth not only delineate the Method, he hath therein observed, but also sums up the 

most considerable particulars of his whole Design. 

He saith then, that he hath divided that Dissertation of his into Four parts. The 

First, by way of Introduction, is to shew, that the Question about Marine substances, 

found at a great distance from the Sea, is ancient, pleasant and useful, and that, 

though the Solution thereof have been hitherto very uncertain, yet he hopeth he shall 

be able to bring it to a certainty. The Second, resolveth this General Problem (whence 

<p 2187> he conceiveth that the Explication of all the difficulties about this Subject depends,) 

viz. A Natural Body of a certain Figure being given, to find arguments and marks in the 

Bodv it self, whereby to detect the Place and Manner of its Production: Which Problem 

he affirms to have resolved, that no Sect of Philosophers shall find just cause to except 

against the Principles and Notions by him supposed for its Explication. The Third is 

design'd to examine the Particular Solids included in a Solid, according to the Laws 

discover d in the Resolution of the General Problem. The Fourth is to represent, the 

different States of Constitutions of Toscany (for Instance) and propoundeth a way of 

Explicating the Phcenomena of the General Deluge, not contradicting the Laws ol 

Natural Motions. 
And so much for designed Method. As to the Summ of the most remarkable particu­

lars of the whole work, it may be reduced to this. 
First, he comprehends, what he hath to offer about his above mentioned General 

Problem, in three Propositions; One is, that if a Solid Body be every way encompass d 

with another Solid Body, that of the two was first hardned, which by the mutual 

contact expresseth on its surface the proprieties of the surface ol the other. The Second 

is, that if a Solid Body be every way like another Solid Body, not only as to the 

condition of its surface, but also as to the inward frame and texture of its parts, it is 

138. Burke, 1971, p 173. 
139. Pedersen, Steno and the origin of crystallography, 1991, p 129. 

140. GP p 212. Stephen J.Gould hits an important point. Stensen did not formulate 

any "law" on the constancy of angles in crystals, but he respected this principle 

when drawing illustrations, and he made reference to it in the figure caption as 

indicated. 
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also like to it as to the Manner and Place of its production; excepting only those 

qualities of Place, which are often found in it, and are not any advantage or diasdvant-

age to the production of the Body there lodged. The Third is, that a Body produced 

according to the Laws of Nature, is produced out of a Fluid. Where yet he waveth the 

first Delineations in the production of Solid Bodys, but delivers several positions 

about their Increase. 

Having thus generally considered a Solid contain'd within a Solid, he proceeds to a 

Particular examination of those various Solids, that are digg'd out of several parts of 

the Earth, as Incrustations, Sediments or Beds, Angular Bodies, Shels of Sea fishes, <p 2188> 
the shapes of Cockles and Plants, &c. 

From the Change of the Seite of Beds he giveth an Account; 1. Of the Principal 

Origin of Mountains, Hillocks and Valleys, and their various Constitution, Matter, 

Shape, &c. 2. Of the Passages for Springs and Winds rushing out of Mountains, foetid 

Exhalations, hot Ebullitions; as also of the Changes of Hot Springs into Cold, and 

the Turning of the Course of Rivers another way; of Rivers, running in one place 

under ground, and rising again in another; of whole Countries being swallow'd up 

with their Houses and Trees; of great Lakes now appearing where Towns stood for­

merly, &c. 3. Of the many kinds of variegated Stones, as also of the Receptacles of 

Minerals; where do occur very good observations. 

In his discourse about Angular Bodies, he delivers many considerable things about 

the Production of Chrystals in the Cavities of Stones, about their first Concretion 

between two Fluids, or between a Fluid and a Solid, or in a Fluid; as also about the 

Motion of the Chrystal in matter, whereby it is determin'd to the Planes of the all-

ready forme! Chrystal: Concluding from his Observations, that extream Cold is not 

the efficient cause of Chrystals; nor that'tis the Ashes alone burnt by fire that turn 

into Glass; nor the force of the Fire alone that produceth Glass; and that'tis not 

beyond the power of Man, to discover a production of Glass without the violence of 

fire: Where, by the by, he intimates what it is, whence depends the main cause of the 

difference of Chrystal from Glass, both as to refraction and other Operations. 

From Chrystals he passeth on to consider the Angular Bodies of Iron and Copper; 

and sheweth, how the production of them agreeth in some things with that of Chrys­

tals, and how it differs from them. 

Thence he goes on to Diamonds, and observeth, how they also are produced in a 

Fluid inclosed in the Cavities of Stones, together with the variety of their Figure. 

Next, he disourseth of Marcasites, and delivers also several Observations about the <p 2189> 
Seiendes, and of Talc, and affirms in particular, that the Solid body of Talc may be 

dissolve! into a Fluid, as being coagulated from a Fluid, though that dissolution can­

not at all be perform'd by Fire, forasmuch as that part of it, which is able to dissolve 

it, flyes away by the torture of the Fire. 

After this he proceeds to Shells, both taken out of the Sea, and found in Mountains; 

shewing, of what and how they are produced, and whence proceeds the variety of col­

ours seen in them; and explaining particularly, how Pearls are produced, as well those, 

that being fastn'd to the Shels are not so very round, as those which by reason of the 

obstruction of the pores in the Animals surface acquire a round figure within the pores 

themselves: where occur many (in my opinion) very curious and uncommon Obser­

vations of the Coats of Pearls and the Shels of Pearl-bearing Fishes, and their difference; 

as also of the cause of the different Colours in Pearls; making it manifest, that though 

globuls made up of various coats may be contriv'd by Art, in imitation of Nature; yet to 

dispose their tunicles out of a series of threds by an apposition of one to another, whence 

depends the native splendor of Pearls, will be very hard to effect. 

Next, he giveth an account of Shels lying under-ground, affirming, that they were 
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once the parts of Animals living in Water, and proving it by the sole inspection and 

consideration of those Shels themselves. Which done, he maketh out the particular 

Phcenomena of divers of them found in Toscany. And what he hath said of Shels, he 

affirms also of other parts of Animals, and of the Animals themselves buryed in the 

Earth, such as are the Teeth of Sea dogs, the Back-bones of Fishes, various sorts of 

whole Fishes, Skuls, Horns, Teeth, Shanks and other Bones of Terrestrial Animals; 

where he informs us particularly, what to judge not only of the great number of Teeth 

brought away every year from Maltha; but also of the huge Thigh-bones, Skuls, Teeth, 

<p 2190> and other Bones digg'd out of the Earth. 

Which done, he labours to evince by a notable Instance, that the production of 

many Shels found in these times is to be referr'd to the times coincident with the 

General Deluge. And what he hath prov'd of Animals and their parts, he extends to 

Vegetables found under-ground; shewing withal, what may be conceived of the Figures 

of Plants appearing on Stones. 
He concludeth this Prodromus with a remarkable Information, shewing, How we 

may from the present Face of the Earth, by an attentive view, discover the former 

state of it. Which he endeavours to make out by an Example taken from Toscany, in 

the present Face of which he conceiveth, that the obvious Inequalities proclaim to an 

heedful Observer manifest arguments and signs of Six different Changes happen'd 

therein; the face of it having been, by his Observations, twice fluid, twice plane and 

dry, and twice uneven; which as he attempts to demonstrate by an Induction of many 

places in Toscany view'd by himself, so he confirms it of the Whole Earth by the 

Descriptions of various parts of the World made by several Authors; obviating the 

chief difficulties, that may occur about each Face and particular Constitution of the 

Earth. 

As early as in 1671, De solido intra solidum was translated into English. 

The interpreter, the secretary of the Royal Society of London, Henry 

Oldenburg, wrote in the preface: 

It giveth very fair hopes, that by a due weighing of the particulars, therein laid down, 

the sagacious Inquirers into Nature may be much assisted to penetrate into the true 

knowledge of one of the Great Masses of the World, the EARTH, and therein to find 

not only the Constitution of the Whole, but also the several Changes, and the various 

Productions made in the Parts thereof; as the Excellent Robert Boyle hath of late 

Years, with great Acuteness as well as unwearied Industry, led us on a great way in 

the knowledge of another of the great Masses, the AIR; though the same also hath 

not been unmindful of considering this very subject, here treated of; forasmuch as 

He, before he would see or hear any thing of this Prodromus, did upon occasion 

candidly declare to the Author of this Version, (who bona fide here publickly attests 

it,) 
First, that he doth, upon several inducements suppose, the generality of Transparent 

Gems or Precious Stones to have been once Liquid substances, and many of them, 

whilst they were either fluid, or at least soft, to have been imbraced with Mineral 

Tinctures, that con-coagulated with them; ... 
Besides this, we cannot but take notice of what was intimated a good while ago in 

Numb. 32. of the Phil. Transactions, p 628. viz. that Mr Robert Hook had at that 

time ready some Discourses upon this very Argument, which, by reason of the many 

avocations he hath met with in the rebuilding of the City of London, and his attend­

ance on the R. Society, he hath not yet been able quite to finish for the Press. 
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While its ideas are central to geology today, the role Stensen s work 

played in the early development of geology has been questioned.141 

The ideas were studied, but were not followed up by contemporary 
Danish scientists.142 V. A.Eyles in 1958 discussed the possible mutual 
influence or even rivalry on priority with British scientists. The work 
was quoted by John Ray,143 by John Woodward, and later by Leib­
niz144 and von Humboldt.145 In 1832 it was rediscovered by the French 
geologist, L. Elie de Beaumont.146 Among the author's writings most 
attention is paid to this work in the Encyclopedia Britanicci, and it is 

included among "One Hundred Books Famous in Science1 '.147 

1.10 Travels 1668-1670 

In November 1668, Stensen set out on a journey through Italy, Aus­
tria, Hungary, Bohemia, Germany, the Netherlands, and then back to 
Florence. From the preface to De solido intra solidum, it appears that 
it had been the author's intention to return to Denmark; but he did not 

141. Frängsmyr, 1971, p 204. Ellen Tan Drake attempts in her thesis to compare Sten­

sens and Hooke's contributions to the foundation of geology. Unfortunately this 

relevant task was based on less than available relevant material. 

142. Garboe, 1958, p 117. 

143. Wagner, 1986. 

144. J. Woodwards, Essay towards the National History of the Earth, London 1695, and 

G.W.Leibniz, Protogaea, 1700. Cf. Holder, pp 226 ff. E, I, p 66. 

145. Biography, p 237. 

146. L.Elie de Beaumont (1832): Fragmens géologique tirés de Stenon, ... 

Le nom de Stenon est classé depuis long-temps parmi ceux de ces auteurs ingé-
nieux qui, devan^ant leur siécle, ont eu une sorte de pressentiment de découvertes 
qui ne devaient prendre rang parmi les vérités scientifiques que bien des années 
aprés leur mort. M.de Humboldt, dans son Essai géognostique sur le gisement 
des roches dans les deux hémispéres, parle de lui dans les termes suivans: "Pre-
sque å la méme époque (celle des travaux de Lister) Nicolas Stenon distingua le 
premier les roches (primitives) antérieures å l'existence des plantes et des an-
imaux sur le globe, et ne renfermant, par conséquent, jamais des débris or-
ganiques, et les roches (secondaires) superposées aux premieres et remplies de 
ces débris ..." (Humboldt, Essai géognostique, Paris 1823, p 38). 

J'ai pensé que, dans Fetat actuel des discussions relatives å la production des 
montagnes, il pourrait étre intéressant pour quelques-uns des lecteurs des Annal­
es d'avoir sous les yeux dans leur entier les idées géologiques de Stenon. Son 
ouvrages renferme aussi des apercus fort justes, et trés-remarquables pour l'é-
poque, sur la structure et le mode d'accroissement des coquilles et sur la structure 
des cristaux de quartz et de fer oxidé et sulfuré. On pourrait certainement voir 
dans ces derniers un premier germe des découvertes de Haüy, ou au moins des 
recherches de Romé de l'Isle; mais j'ai craint, en les comprenant dans eet extrait, 
de lui donner une longueur hors de proportion avec le format des Annales. 

The introduction is followed by de Beaumont's extensively annotated French trans­

lation of excerpts from the De solido intra solidum. The identification of strata by 

fossils was independently developed by William Smith in 1815-20. 

147. Horblit, 1964, no. 96. 
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Cum in medio deberenc uniri raediantibus partibus 
fig. 3:. 
A 

qyas Ca) corpus callofum,(i) feptum lucidum&(c) forni-
cem appellant, prorfus erant fcparatæ 

4-

k* utfalx(h),qvænaturaliter extracavitatem fita eft, intra 

Fig. 9. Sections of the brain in a normal and in a hydrocephalic calf, Innsbruck 1669. 

Acta Med & Phi! Hafn. 1673 (printed 1675), vol. 2, pp 249-62. 

do so. During the trip he visited various locations of special geological 

interest - where he found no contradicting evidence to his theories.14s 

During his travel, Stensen entertained various noble hosts by ana­
tomical demonstrations. As a visitor to Archduchess Anna of Austria, 
the sister of the Tuscan Grand Duke, Ferdinando II, and Cardinal, 

Leopold, Stensen performed at Innsbruck, Tyrol, in June 1669 a dis­
section of a calf born with too much water in the head - hydrocepha­
lus.149 Largely ignored until recently the dissection is a fine piece of 
brain-pathology as well as of patho-physiology of hydrocephalus."0 

Stensen ascribed the malformation of the calfs head to a disorder in 

fetal life, namely a tumor (possibly a cranio-pharyngioma) that had 
obstructed the flow of cerebrospinal fluid outwards trom the ventricles 
of the brain (Fig. 9). He did not deny, but used a reductio ad absurdum 

148. See letter to Malpighi 27 October, 1669 (£45), and Magalotti's letter to Oldenburg, 

Hall & Hall, 1965, vol. 4, p 347. 
149. OPH, no. 28, English translation in "Steno on hydrocephalus". See also Hansen, 

1992. 

150. Gjerris & Snorrason, 1992, p 299. 

cavi-
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to criticise a common point of view that maternal fantasies had caused 

the deformity. With ironic wit, he questioned that the mother of the 
deformed calf, a cow, had disturbing fantasies, a position easily main­
tained if the calf was not examined. In this case only autopsy made 

clear that a disease of the calf had caused the malformation. Centuries 
later the maternal minds influence on fetal malformations was still 
under debate.151 The study of congenital hydrocephalus, together with 
the earlier mentioned study of a child with heart malformations, qual­
ify Stensen as a pioneer in teratological research. Both studies were 
published at Copenhagen by Thomas Bartholin in his Acta medica & 

philosophica Hafniensia. 
During the journey Stensen met in Nuremberg in June 1669, Dr 

Johann Georg Volckamer (1616-1693), a later member of the German 
Leopoldina Academy, and made there an anatomical demonstration 

of the thoracic duct in a sheep.I  ?2 

In the Netherlands, Stensen met friends from his earlier stay, and 

even his patron from Paris, Thévenot.153 The plan for returning to 
Denmark was upset by news of the death of the Danish King in Febru­

ary 1670. Stensen's case probably would have had a very low priority 
during the first busy months of a new Danish administration, with a 
less than certain outcome. When he received the report of the fatal 
illness of the Grand Duke Ferdinand, Stensen returned to Florence.154 

1.11 Back in Florence 1670-1672 

The new Grand Duke, Cosimo III (1642-1723), received Stensen with 
open arms, granting him a pension as before and a well-equipped 
apartment in the Casino S.Marco. He became the geologist of the 
court, with such duties as the registration of the Grand Ducal collec­
tion of natural objects in Pisa.155 He undertook at least one field-
excursion outside Tuscany in the summer of 1671, which was described 
in two letters to the Grand Duke, published 100 years later. 

The letters, OPH 29 and 30, describe two natural grottos in the 
Lower Alps, in the Trent region and in Lombardy. Both were known 

151. Bang, 1801; Hammond, 1868; Ferreira, 1965. 

152. Herrlingen p 270. Harriet M.Hansen 1992. 
153. E 51. 

154. £48. 

155. Indice di cose naturali, with German translation, pp 141-229 in Scherz, Vom Wege 

Niels Stensens, 1956. English translation, pp 201-89 in Scherz, Nicolaus Steno and 

his Indice, 1958. The index exists in two versions, the original Pisan version is 

recorded by De Rosa, Un inventario naturalistico inedito di Niccolo Stenone, 1985. 
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for the phenomenon of the formation of ice within the grotto, particu­
larly peculiar in the summer. Corra and Ferrari reevaluated Stensen's 
findings three hundred years later in 1971. On location, they were well 
able to appreciate Stensens accurate findings and the striking reasons 
he adduced to refute the Aristotelian theory of antiperistasis, which he 
replaced by considerations relevant to what is now called subterranean 
meteorology. In this area of research, Corra and Ferrari refer to Stens­
en as being a precursor. 

Stensens aim had been to complete the treatise on solids. But he 
had developed new, all-consuming interests. In the Netherlands, he had 
engaged in religious controversies over his conversion. Back in Flor­
ence, he took up the debate. Among his opponents was a theologian 
of the German Reformed Church, Johannes Sylvius (d. 1690). Also 

the appearance of Tractatus theologico-politicus by Spinoza in early 
1670 prompted Stensen to write a letter to his former friend in which 
he tried to turn him towards the consolation of the Roman Catholi­
cism.156 As epitomized by Kenneth D. Keele,157 Stensen reproached 
Spinoza in the following way: "You do not think there exists any cer­
tainty but demonstrative certainty and are ignorant of faith." And he 

continues, uYou cannot explain the sense of pleasure or pain apart 
from suppositions ... and likewise the whole philosophy of Descartes, 
however deliberately examined and reformed by you, cannot demon­
stratively explain to me this one phenomenon, namely how the impact 
of matter on matter is perceived by a soul that is united to matter' 

The latter remarks lead towards Stensens unpublished essay on 

physiological psychology, see section 1.14. 
Theological issues took up more and more time. Late in 1671 Stens­

en was permitted to devote all his time to religion for the next months. 

He had left Florence in 1668 as a natural scientist, but he had returned 
in 1670 as a theologian. He did not publish again on geology or on 
the muscle contraction. Also he never carried out plans to examine the 

water space in plants and animals. 
The turn from science to faith was caused by an inner conviction, 

and found response at the Tuscan Court. Cosimo had been brought 
up with science, but lacked the engagement that had characterized 
both his father and uncle.158 With interests running toward religion 
and morality, he was fully prepared to support the progress of Stensen. 

156. £63a = £61. 

157. Keele, 1968, p 231. 
158. Yet a highly remarkable book dedication to Cosimo III is De Graaf, De mulierum 

organis generations, Leiden 1672, probably a patronage mediated by Stensen. 
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A devastating matrimonial conflict and everlasting problems with the 

offspring are not reflected in their correspondence. 

1.12 Anatomist to the Danish King 1672-1674 

In response to a call from the new king of Denmark, Christian V 
(1646-1699), through the king's chancellor, Peder Griffenfelt, née Schu­
macher (1635-1699) (E 74), Stensen returned to Copenhagen on 13 

July, 1672, after eight years abroad, to work as an anatomist. Ana-

tonius regius or royal anatomist he was called this by Thomas Bartho­
lin although no formal document exists to support this title.159 Stensen 
stayed with his sisters family, and conducted anatomical investigations 
on many animal species, mostly for a circle of interested friends. 
Among these, Holger Jakobsen, Jacobæus (1650-1701), the younger 
brother of Matthias mentioned in chapter 1.5, was perhaps the only 
one who might properly be called his pupil.16" Surrounded by active 
members of the early Copenhagen school of biology, Stensens contri­

butions are clearly the most important.161 

On 29 January, 1673, Stensen gave a lecture, OPH 31, that marked 

159. On Stensen's title and honorarium, see also Winslow's autobiography: 

M.Jacobæus qui m'affectionnoit trés fort, m'encouragea tres particulierement 
sur ma disposition et mon attachement pour Fanatomie et me fit esperer la 
charge d'anatomiste royal, qui avoit été établie en faveur de feu mon grand-
oncle, le docteur Sténon, et vacante depuis son depart pour FItalie, ajoutant 
méme, qu'au lieu de son honoraire de quatre cens écus, j'en pourrois esperer 
Faugmentation de deux cens." Maar, 1912, pp 18-20. 

160. See OPH, II: 26, pp 287-310. J. B.Winslow was a second generation pupil of Stens­

en, see previous note. 

161. Cole, 1944, p 375: 

Steno, stimulated by his important researches on the female genital ducts and 
ova of the terrestrial vivipara, turned his attention to fishes, and the types se­
lected were Mustelus laevis, Acanthias vulgaris, Torpedo and Argentina sphyra-
ena. He gives an account in the shark Mustelus of a functional placenta which 
is connected with the gut of the foetus by a vitelline duct, as in the embryo of 
birds, forming by convergence a structure comparable with a cotelydon of the 
ruminant placenta. He gives us also, in Mustelus and Acanthias, one of the 
earliest descriptions and figures of the elasmobranch spiral intestine, which he 
names "intestinum cochleatum". He found the abdominal pores and discusses 
their function, and dissected out the auditory organ, noting that the semicircular 
canals were disposed in the three planes of space. He recognized that this struc­
ture was a sense organ consistent with the ear enclosed in spongy bone in birds, 
and in solid bone in man and quadrupeds. He discovered the sacculus, and 
correctly compared its soft white otolith with the stony otoliths of other fishes. 
He had already described in the selachian fishes the lateral line canals and the 
cartilaginous optic peduncle, and now informs us that the oviducts of Acanthias 
resembled those of the placental shark in that one of them contained a foetus, 
but that in this species and in the torpedo there was no placenta. In Torpedo he 
describes the electric organ, its characteristic vertical prismatic columns, and 
nerve supply. He does not, however, clearly associate the shock produced by the 
animal with the electric organ. 
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the re-opening of the anatomical theatre (Fig. 10), which had lain idle 
for years. It marked the beginning of an anatomical demonstration 
lasting ten days. The lecture, published in Thomas Bartholins Acta 

medica & philosophica Hafniensia, is an essay dedicated to philosophy 
of science, in which Stensen expressed his faith in teaching based on 
observation and critical reflection. Stensens subsequent public dissec­
tion of a female body delivered by the hang-man, took place on 30, 
31 January, 1, 3, 4, 5, 6, 7, and 8 February. The dissection was witness­
ed by Holger Jacobæus, who wrote down an account, in fact a small 
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hand-book of human and comparative biology, which was however 
never published but is presented here in translation for the first time. 
During preparation for this edition I noticed a written report on Sten-

sen's Prooemium on 29 January, not edited by Maar in OPH 36. Aug­
ust Ziggelaar kindly translated and commented this text, which may 
be considered a learned listeners excerpt, or perhaps the speakers own 
synopsis of the lecture. I shall further comment the lecture in chapter 

3. 
Another dissection from the Copenhagen period is that of an eagle -

in academic circles the symbol of the soul of Plato - performed in the 
house of Ole Borch on 4 April 1673 (Fig. 11). The account became 

Stensen's last published work in science. According to Cole:162 

Steno's dissections of the muscles of Aquila ... is one of the most remarkable essays 

in zootomy published up to his time, and it is perhaps more detailed and reliable than 

almost any other, but the unfortunate absence of illustrations handicaps the labours 

of his interpreters. 

An otherwise detailed description of the muscles of the eagle is re­
markable for the absence of any mention of Stensens geometrical 

theory of muscle contraction. 
The Copenhagen lecture and various anatomical demonstrations 

concluded Stensens work as a scientist. From now on, he devoted all 
energy and talents to God and the Church, but he never condemned 
his former life, nor science as such. In 1674 he wrote in a letter:163 

"God's presence speaks to us so openly in the ingenuity of nature and 
in the gifts He has bestowed upon us to research ... Sometimes I won­
der if I promote the study of curiosities or not, when unconsciously I 
regard so many circumstances which might be referred to the real eter­

nity, used for the illusory eternity of the ink." 
As a Catholic he was excluded from any formal affiliation with the 

university, which was a Lutheran institution. When he became involved 
in a religious dispute (E 91) he asked the King's chancellor for per­
mission to leave to become a teacher to the Tuscan crown prince (E 
95), a permission that was granted by the King on 14 July 1674 (E 
96). Letters from Copenhagen, E 85 and 86, reveal Stensen s burning 
interest in missionary work for the Catholic church, however for the 
moment impossible to realise, which seems to have been another rea­

son for his departure. 
Stensen left without expressing any bitterness, unlike Denmark's 

first great scientist, the astronomer and nobleman Tycho Brahe (1546-

162. Ibid. p 383. 

163. Positio, p 215. 
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Fig. 11. Holger Jacobæuss drawing of the first eagle dissected by Niels Stensen in Cop­

enhagen on 7 January 1673. From Exercitia academica. Royal Library, Copenhagen. 
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1601), who on being expelled by King Christian IV in 1597, at Altona 
near Hamburg shed angry tears in an elegy entitled "Denmark, What 
is My Offence?" By contrast, Stensens words, E 108, probably written 
from Florence in 1675 to Ole Borch, were: "Homeland, I have 
sinned!". The sin to which he referred was having waited so long before 

converting to Catholicism. Nevertheless, for a few years to come, 
Stensen was still highly respected in Denmark for his science, as evi­
denced by the fact that prominent young Danish scientists like Holger 
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Jacobæus and Thomas Bartholin's two sons, came to visit him in 
Italy,164 and by the publication of several articles, including the Prooe-

mium lecture, by Thomas Bartholin. 
On the way back to Florence, Stensen visited the Netherlands for 

the third time, in a fruitless effort to persuade Jan Swammerdam, who 
was in the midst of a religious crisis, to go to Italy to become a scientist 
at the court of the Grand Duke, and to convert to Catholicism (E 99). 

1.13 Preparation 1675-1677 

After returning to Florence around New Years Day, 1675, Stensen 
prepared himself to become a priest and was ordained in the middle 
of April 1675. For two years he worked as tutor and moral preceptor 
to the Crown Prince.165 From that period is preserved the manuscript 
of a sermon, Ornaments: Monuments, Signs, Arguments, in which 
Stensen made use of precious stones and their origin in nature to de­
pict redundancy and the inexhausible store of knowledge in Nature:166 

How much wood in forests, or fruit from trees goes rotten without ever serving man 

or beast? How many millions of pearl-bearing mussels remain buried with their pearls 

in the sediment of the sea? Whoever considers the problem seriously, must admit that 

the greatest part of earthly things are, to our knowledge superfluous. However no one 

can say whether they are really superfluous or useless because of this. It is one thing 

to consider such things within the bounds of our own intelligence, and another thing 

to examine them in relation to the total sequence of created things. It would be equally 

stupid to call useless something whose purpose we are ignorant of, and to deny the 

existence of things we have not seen. 

The great number and variety of objects in the universe, grains of the 
sand, stars in the sky, led Stensen to express that God is all things 
existing.167 Later in the sermon is found a remarkable note on linguis­
tics: "we can think of the example of the letters of the alphabet which 
the scholar and linguist scarcely looks at because he is concentrating 
on the sense of the whole word. On the other hand, the man who 
understands neither the language nor the writing, gazes at the letters 
in admiration especially if they are artistically drawn." 

164. Holger Jacobæus, Rejsebog 1671-1692, pp 106 and 137. 

165. Ferdinandino (1663-1713) never ascended as he died before his father, Cosimo III. 

Cf. Hibbert, Cosimo III and the Grand Prince Ferdinandino, 1980, pp 292 ff. 

166. GP\ pp 249-67. English translation by Mrs M. Rohde. Maar has used the Orna­

ments as an example of how Stensen retrograded in his development after taking 

Holy Orders. See note 172. 

167. sed qvod "omnia in omnibus" existens uno qvasi intuitu omnium numeram videat. 

GP, p 259. 



64 Troels Kardel 

Upon an invitation from Hanover by the Catholic convert, Duke 
Johann Friedrich of Brunswick-Lüneburg, the brother of Denmark's 
dowager Queen, Sophie Amalie, Stensen went to Rome, where on 21 
August, 1677 he was appointed by Innocent IX as apostolic vicar of 
the northern missions. On 19 September, he was consecrated a bishop 
with the titular diocese of Titiopolis, an ancient see in Anatolia, which 
had been in Islamic hands for many years (E 136). 

1.14 Bishop in Germany 1677-1686 

Until the end of June 1680 Stensen ministered from Hanover to the 

scattered remnants of Catholicism in northern Germany and 
Denmark.168 As Bishop, Stensen was responsible for a large area: 
Brunswick, Mecklenburg, Hamburg, Altona, Schleswig, and Holstein, 
and, from 1678, also Denmark and Norway. 

Niels Stensen, the bishop, was often involved in confessional dis­

cussions. The Duke and his wife were Catholic converts, but the 
younger brother, Ernst August, and his wife, Sophia, remained Prot­
estants. Although they delighted in animated discussions, they refused 
to take a serious view of the matter. A more worthy antagonist was the 

Dukes councillor and librarian, the philosopher and mathematician, 
Gottfried Wilhelm Leibniz (1646-1716). Leibniz admired Stensen as 
scientist and made use of the Prodromus while preparing his Proto-

gaea. But Leibniz deplored the fact that Stensen had given up revealing 

the greatness of the Creator in creation, and he was unable to under­
stand Stensens reasons. Provoked by a question by Leibniz, Stensen 
described how the study of anatomy had undermined his confidence 
in the system of Descartes. How could a system with errors detectable 
by a 10-year old boy in one glance give him any assurance when deal­
ing with questions on God and the soul? Several theological works 
and forty-five sermons are preserved from that period.169 A written 
notice, OTH I: 450, reveals that Stensen performed an anatomical 
demonstration on the heart and brain at a colloquium of theologians 

in the city of Celle in 1680. 
After the death of the Duke Johann Friedrich, his Lutheran brother 

168. The sources from Stensens period as a bishop vastly exceed my capacity for pro­

cessing. Brief accounts in English are given by Pålsson, 1988, and by Scherz and 

Beck, 1988. Sr. Miriam Mortensen, O.S.B., has presented a very readable and de­

tailed account in Skønnest af alt, 1993. Olden-Jørgensen, 1992, has collected essen­

tial quotations in Niels Steensens sentenser og spiritualitet. For more extensive in­

formation and sources, the reader should consult Scherz s biography in German. 

169. OTH, II, pp 151-375. See also E I, pp 65-69. 
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took office, and Stensen had to leave Hanover. He was then appointed 
an Auxiliary Bishop to the Prince Bishop, Ferdinand von Fürstenberg, 
of Paderborn and Münster in Westphalia. Here, he found himself in a 
Catholic homeland with a long ecclesiastical tradition. The easy-going 
ways of the clergy, however, did not fit with the demands of the ascetic 
in Stensen. For three years he worked hard and against strong oppo­
sition for pastoral reform in the area. Then, by the simoniac election 

of the successor of the Prince Bishop, he left Münster in protest on 
1 September, 1683, to live as a missionary in his vicariate. As priest 
and bishop, Stensen advocated a life permeated with God. Every min­
ute of the day was to be be spent in doing the will of God and in the 
observance of poverty, modesty, and faithfulness to prayer. Stensen 
lived as he preached, and although he received considerable amounts 
of money from salaries and from the Grand Duke of Tuscany, he lived 
as frugally as possible, spending all he had on deserving converts. 

During the last period of life, Stensen lived in self-inflicted poverty 
and renunciation at Hamburg.17" An indication of an unimpaired in­
tellect is preserved in a manuscript, ending on a letter-envelop, review­

ing confirmed knowledge of brain and nerve function. This uncom­
pleted essay on physiological psychology is presumed to be from the 
Hamburg period because an address of Stensen, the apostolic vicar at 
Hamburg, is found on the reverse of the final page in which one of 
the scientific sketches are drawn.171 Despite being incomplete and at 
places illegible, the majority of the text is of self-explanatory clarity. 
This essay (see Addendum, p 147) indicates a clear scientifically evalu­
ating mind and calls into question Wilhelm Maars position on Sten-
sen's later development.172 

After two years of apostolic activity in Hamburg and a short, pri­
vate visit to Copenhagen, Stensen wrote to ask the Pope for permission 

170. From the description by Johann von Rosen (7-1699), a Catholic convert and Lithu­

anian nobleman. The following is an excerpt (Larsen, 1933): 

Je le trovay sans maison, sans valet, depourveu de toutes les commoditez de la 
vie, maigre, pasle, decharné, mais avec cela si gay, que son visage seul inspiroit 
la devotion; il étoit habillé comme un pauvre, couvert d'un vieux manteau, qui 
lui servoit pour l'hyver et pour l'été, vivoit en veritable pauvre, dans un abandon 
parfait å la providence de Dieu, de qui il attendoit sa vie et sa subsistence du 
jour a la journée, ayant tousjours ces paroles de Tertulien dans la bouche: Chris-
tiano non est crastinum." 

171. The manuscript is in the same volume in the Biblioteca Nazionale Centrale of 

Florence as the C/zaos-manuscript, see Fig. 1, and the printer's manuscript to De 
solido intra solidum. 

172. Maar, 1910, Life and works of Nicolaus Steno\ "From about the time when Steno 

took Holy Orders his development retrograded, even as far as his way of looking 

at nature was concerned", (OPH p XII). Maar did not know the existence of this 
text recovered in 1946 by Scherz. 
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to retire to Leghorn in Italy for study and meditation (E 409) a per­
mission that was granted on 16 July 1685 (E 414). Nevertheless, he 
was detained by conditions in Hamburg. In December he had to go 
to Schwerin, a small Catholic outpost of Mecklenburg, to serve the 

congregation. 
The visit, intended to be short, had lasted for almost a year when 

the local priest, Father Steffani, fell ill and died (E 476). Shortly after 
Stensen himself fell acutely ill. He described the symptoms in two let­
ters, one to his benefactor, Cosimo III, and the second to his friend 
from the student days at Leiden, the Tuscan ambassador at Hamburg, 
Theodor Kerckring, giving the latter instructions about arrangements 
after his death (E 477 and 478). The letters are written with a clear 
mind on the day before he died. Stensen's own diagnosis was that a 
stone had formed in a fold of the bladder causing an inflammation. 
He then remarked, "for all things be the divine goodness thanked and 
praised!1 ' After four days of severely painful colic with swelling of the 
abdomen and the passing of bloody urine in small amounts, Niels 

Stensen died on 5 December 1686 (or 25 November in the old calen­
dar).173 His last recorded words were Jesus sis mihi Jesus et miseriordi-

am tuam, Domine, in æternum eantabo.174 

173. Johann von Rosen, La vie de Nicolas Stenon: 
et lors qu'il sentit approcher la mort, il nous dit: "Allez, mes enfants, c est assés. 
dites a present les prieres pour un mourant"; pendant les quelles il expira, en 
prononcant le nom de Jesus, le 25. de Novembre, le matin, un peu avant 7 heure, 
å Tage de 48. ans. 

Larsen, 1933, pp 152-53. 

174. ibid., p 152. Positio, p XC. 



2. Reputation 

A letter to Cosimo III written by a friend of Stensen from the student 
years at Leiden, Theodor Kerckring, the physician and, on Stensen's 
recommendation, the representative of Tuscany at Hamburg, describes 
Niels Stensen's last days and death (Fig. 12): 

1686, 11 December, Hamburg 

Most Serene Prince, most kind Lord. 

Two days ago i learned unexpectedly and not without great sorrow of soul of the 

death of the most reverend bishop of Titiopolis, of whose illness and death I heard 

of almost at the same time. For he had been ill four days, and nephritic and colic 

suffering were the cause of his sudden death. On the 25th day of the month, in the 

old style, in the seventh hour of the morning he departed this life. This fact I have 

decided to make known to your Serenity. 1 have been informed that the blessed prel­

ate, as we now hope him to be, had written a few hours before his death to your 

Serenity from Schwerin, but had not yet sent it. I wish to make known to your Serenity 

alone the fact that the blessed prelate at the onset of this illness asked that a priest 

from Lübeck, of the Society of Jesus, come to administer the sacraments to him, but 

that the Father excused himself from coming, so that, lacking a priest, he died without 

the sacraments. I have sent my secretary to Schwerin and one 70 imperiales that the 

body of the deceased be buried somewhere in the church without any ceremony and 

pomp until I am made more certain by your Serenity whether you would prefer that, 

in honor to the body of the deceased, it be buried according to his episcopal dignity 

I therefore await from your Serenity what you wish me to do in this matter. This 

bishop died with a great reputation for sanctity, not only among Catholics, but even 

among Lutherans who unanimously made the pronouncement about him "that he 

led a most holy life".175 

At the expense of Cosimo III, the body was brought from Hamburg 
by ship to Leghorn to be laid to rest in the crypt underneath the 
Church of San Lorenzo in Florence, the burial church of the Medici 
Grand Dukes. The coffin was opened in 1953 because of the emerging 
canonization process.176 After a solemn procession through the city, 
the remains were transferred to a chapel in the right transept facing the 
high altar of San Lorenzo, where it is placed in an ancient Christian 
sarcophagus. 

In 1974 the Vatican published a voluminous report mostly in Italian, 
the Positio,177 as the grounds for Stensen's beatification, which was 
finally celebrated on 23 October, 1988 at St. Peter's Basilica in Rome 
by the Pope, John Paul II, with about twenty-thousand worshippers, 

175. Additamentum 25 in Epistolæ, vol. 2. Translated by Sister M.Emmanuel Collins. 

176. Scherz, Im Rufe der Heiligkeit. Gotfredsen, 1954. 

177. Veraja, 1974. See also Pålsson, 1988, pp 69-75. 
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Fig. 12. The inscription of the demise of Father Steffani and the Bishop Steno, 1686, in 

the church book of Schwerin in Mecklenburg. 

many of whom were from Denmark and Germany, as well as from 

Tuscany.I7S 

Stensens writings can be studied in their original language in three 
monumental, two-volume works: the Opera philosophica, edited by 
Vilhelm Maar in 1910; the Opera theologica, edited by Knud Larsen 
and Gustav Scherz in 1944; and the Epistolae, edited by Gustav Scherz 
assisted by Hans Ræder in 1952. Selected works have been translated 

in several languages. 

178. The rite of beatification consisted of a formal request to Pope John Paul II read 

during the first part of the celebration of the Eucharist by Monsignor Ludwig 

Averkamp, Bishop of Osnabrück, assisted by Monsignor Hans Ludvig Martensen, 

Bishop of Copenhagen, petitioning him to ascribe Niels Stensen, the venerable 

servant of God, among the number of the beatified: Beatissime Pater, Ordinarius 

Osnabrügenms humillime a Sanctitate tua petit ut Venerabilem Servum Dei Nicolaum 

Stensen, numero adscribere benignissime digneris. 

The Pope, then solemnly proclaimed the beatification of Niels Stensen and au­

thorized the celebration of his feast on his birthday [sic!], December 5, in certain 

areas: Nos, vota fratris nostri Ludovici Averkamp, Episeopi Osnabrügensis, necnon 

plurimorum aliorum Fratrum in Episcopatu, multorumque christifidelium explentes, 

de Congregationis pro Causis Sanctorum consulto, Auctoritate Nostra Apostolica 

facultatem facimus, ut Venerabilis Servus Dei Nicolaus Stensen, Beati nomine in 

posterum appeletur, eiusque festum die ipsius natali, idest quinta decembris, in locis 

et modis iure statutis, quotannis celebrari possit. In nomine Patris et Filii et Spiritus 

Sancti. 
From Beatificazione del Servo di Dio Niels Stensen. Basilica Vaticana 23 ottobre 

1988, Rome, pp 29-30. 
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Stensens fame is made evident by the steady increase in the number 
of publications as well as by paintings, musical compositions, and 
monuments at public places and teaching institutions in Denmark, 
Germany, Austria, Switzerland and Italy.179 Seven academic disser­
tations treat Stensens work to which may be added the "Abschiedsvor-
lesung" in 1978 by the late Professor Adolf Faller. 

Academic Dissertations on Niels Stensen 

1956 G.Scherz: Vom Wege Niels Stensens. Copenhagen, Denmark. 

1968 J. G. Vugs: Leven en Werk van Niels Stensen. Leiden, Holland. 

1969 M. Marzollo: Anatomia e fisiologia del musculo nell'opera di 

Nicold Stenone. Brescia, Italy. 

1981 E.T. Drake: Robert Hooke and the foundation of geology: a com­

parison of Steno and Hooke ... Oregon, U.S.A. 

1986 U. Heida: Niels Stensen und seine Fachkollegen. Hamburg, Ger­

many. 

1992 K.-T.Hsu: Nicolaus Steno and his sources. Oklahoma, U.S.A. 

1995 J. Heng: Niels Stensen on anatomy: Method and context. Toronto, 
Canada, in press. 

Stensen s second homeland, Tuscany, marked the tercentenary of his 
death by two separate exhibitions of works and letters at the Biblioteca 
Laurentiana and in the Sala Donatello at Florence.180 Florence also 
arranged a conference on Stensens life and work.m In 1989 a mem­
orial plaque donated from Denmark was placed at the Pontifical Acad­
emy of Sciences in Rome.182 In 1994 Denmark's Museum for the His­
tory of Sciences, called the Steno-Museum, was inaugurated in Århus 
at the campus of the university. 

There is almost an exponential growth in the number of publications 
recorded by Michael Jensen in his Stensen-bibliography of 2600 en­
tries. Up to 1870 there was on the average less than one publication 
per year, followed by one to two publications per year up to 1930. 

179. Anne-Liese Thomasen, Der Wandel des Stensenbildes, pp 152-66 in Bierbaum and 
Faller, 1979. 

180. Negri, Morello, Galluzzi and Bussi, 1986. De Rosa 1986. 

181. Il futuro dell'uomo, 1987. 

182. Pontifica Academia Scientiarum, 1989. 
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Subsequently there has been an average of fourteen publications per 

year up to 1980. 
The celebration of the 350th anniversary of Niels Stensens birth in 

1986, the 300th year of his death and the beatification in 1988, have 
stimulated a great number of publications and reprints of Stensen's 
works. The first translation of Stensen's collected scientific work into 
a modern language is the Italian edition of 1986 by Luciano Casella 
and Enrico Coturri with several translators. The geological works were 
published in English translation in 1969 by Gustav Scherz, and Sten­
sen's correspondence, almost 500 letters, were edited in Danish trans­
lation in 1987 by Harriet M. Hansen with several translators from the 
papers left by Gustav Scherz and Karen Plovgaard. Gustav Scherz's 
biography in German was published posthumously in two volumes in 

1987-88 by Harriet M. Hansen.Is3 Illustrated biographies were written 
in German by Hermann Wieh and in Danish and English by Harald 
Moe. A short biography by Scherz & Beck was published in five lan­

guages. Recently Sr Miriam Mortensen wrote a new biography in 
Danish. Except on geological issues, remarkably few publications on 
Stensen are by English-speaking writers. A critical analysis of Stensen's 
extensive theological writings, more voluminous than those in science, 
awaits a scholar to resume the work initiated by Knud Larsen and 

Gustav Scherz. 

183. The scholarly biography by Gustav Scherz was published in the former German 

Democratic Republic. The number of copies authorized for circulation soon proved 

far less than the demand. This work highly deserves to be reissued and translated. 



3. Reflections on Niels Stensens 
Scientific Method 

The title under which Niels Stensen's collected scientific works was 
published in 1910 by Vilhelm Maar is the Opera philosophica. Recently 

the purpose of this title was questioned.184 An answer does require the 

review of its contents. Earlier studies are: 
C.C.A.GOSCH (1832-1913),185 the Danish zoologist and diplomat, 

in a fundamental study in 1873 stressed that Stensens main object in 
research was to obtain knowledge of animals and nature. He pursued 
these objects in a proper manner, although less obedient to Baconian 
imperatives than desirable. He almost never repeated what others had 
said or found. Quite surprising and untenable after the detection of 
Stensens C/?<MS-manuscript in 1946, is Goschs remark that Stensen 
was not well-read, a point of view already expressed by the French 
encyclopedist of medicine, Portal.186 Gosch found, nevertheless, that 
Stensens communications were carefully worked out, so carefully that 
little was to be added by posterity, except as a result of new investiga­
tive methods. A noteworthy point in zoological and geological science 
was Stensens attempt to reduce his views to the simplest possible 
mechanical and chemical processes.187 Gosch adds that, without cre­
ating his own school, Stensen has become the great inspiration, a voice 
speaking unimpaired by time through the writings. Unconvinced by 
solutions to existential questions based on Descartes's method, Stensen 
became a sceptic and thereby was forced into the opposite extreme, 

that of "ultramontanism". 
Through scholarly editions Maar and Scherz are the great compilers 

184. The question was raised by H.-J. Schmalor, 1987, in reviewing Michael Jensens 

Bibliographia Nicolai Stenonis: "Die erste Gruppe bringt 36 "Opera philo­

sophica" - woher diese Bezeichnung kommt, bleibt unklar." 

185. Gosch 1873, p 244 ff. 

186. Portal 1770, III: 183. 

187. This is a frequently expressed view on Stensen, which I do not share. The commen­

tator ascribes to Stensen a subjectivity which he avoided, see e.g. OPH II: 22, p 

70, where he says that he did not like to explain problems in complex and extraordi­

nary things by means of simple examples. As far as I can see, Stensen described 

processes as they were, sometimes simple, like those on the production of tears, 

ear wax and saliva from glands, and other times complicated, like in myology 

which took science more than 300 years fully to appreciate. 
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of Stensen's writings, equally dedicated in spite of highly divergent 

points of departure. 
VILHELM MAAR (1871-1940), the Danish physiologist and medical 

historian, concluded that Stensen distinguished himself perhaps above 
all through his scientific method. "He asked his questions and gave his 
answers as a scientist of the twentieth century; and deeply religious 
though he was, he never for a moment introduced any supernatural 
element in his solutions of problems of natural science ... His genius 
reveals itself in the conclusions, which he draws from his discoveries, 
and in the generalizations which he makes. His conclusions are not 
only astonishing by their number, but still more by their soundness 
and clearness, and yet perhaps most of all admirable by their cor­
rectness and their scope, being such that in some cases they have not 
been fully appreciated until now, some two hundred and fifty years 

after their first appearance."188 

GUSTAV SCHERZ (1895-1971),189 the Austrian-born Danish Redemp-

torist, in a scholarly manner and in great detail described the life of 
Stensen and his relation to contemporary scientists and philosophers, 
and also his resolve never to yield to unjustified authority. Scherz noted 

Stensens increasingly critical attitude toward the teaching of Descartes 
and his followers, his initial attraction to and later disappointment 
with Spinoza's system. Scherz observed that "Stensen felt himself 

much closer to Galileo".190 

MARTIN J .S. RUDWICK (1932-) found similar features which reflect 

the Galilean tradition in which Stensen was working. Focusing on 

paleontology, Rudwick described Stensen's methods in science: 

(1) The problem was considered solely as one of efficient causation: the purposes of 

tongue-stones, and specifically their medical or natural-magical 'virtues', were not 

mentioned even to be refuted. 
(2) Steno abandoned the earlier encyclopedic tradition of compiling all previous opin­

ions on the subject, and scarcely mentioned any but his own contemporaries. 

(3) He made a sharp distinction between his observed facts about tongue-stones and 

his "conjectures" from these facts, listing the observations first, and then citing 

them at appropriate points in his arguments, almost in the manner of a mathemat­

ical theorem. Although this mathematical form was more apparent than real, he 

was certainly trying to construct a connected, persuasive argument leading step 

by step from observation through inference to conclusion. This reflects an aware­

ness of the problems of method in science, and ot the need to conduct scientific 

discussion within a community committed to rational argument on the basis of 

empirical observation. Thus, although Steno was probably convinced in his own 

188. Maar in "Life and works of Nicolaus Steno", the preface to "Nicolai Stenonis 

Opera Philosophica", vol. 1, p XII. 

189. Scherz s Biography: Klar, 1972. 

190. Scherz 1968, "Nicolaus Steno the humanist", p 297. 
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mind that tongue-stones were the true teeth of fossil sharks, he disowned any 

claim to certainty in the matter: he said that his essay would merely present the 

case for their organic origin, which could then be countered, as in a law-suit, by 

the opposite case for their origin in situ within the rocks.191 

I agree with Rudwicks first two points, and also with his third point 
about Stensen s clear order of arguments: in the Can is carchariae el­
even observations, historiae, on qualities of clay and rocks and such 
bodies as the tongue-stones found within them, are followed by six 
conjectures, conjecturae, on how these bodies might have come there. 
But I see no persuasive connecting argument leading from observation 
to conclusion in this treatise. By designating some claims as conjec­

tures, Stensen seems to me to signal that he was dealing with questions 
that were out of reach of direct observation. In the first English edition 
of the Canis carchariae, Garboe refrained from any such interpreta­
tion: "It is very fascinating to follow his thoughts. But so concentrated 
is the literary form he uses that the best one can do is to let the small, 
but fundamental, treatise speak in its own fresh language".192 

Hsu, elaborating in a recent dissertation on the remark about the 
resemblance of the form used for writing the Canis carchariae to that 
of a law-suit, on the contrary, has interpreted the timidity of Stensen's 
conjectures as a matter of style and presentation. Hsu proposes that 
Stensen adopted his written style in order not to antagonise powerful 
figures who held opposing views on the origin of glossopetrae.193 I 

doubt the validity of Hsus position, firstly because I find the conjec­
tures to have a methodological function, and I find my position con­
firmed in the following sentence from Prooemium: [on the intricate 
structures of muscle, tendon, and skin] "of which we grasp very little 
and this only by conjecture since they escape every sense";194 secondly 
because I do not find trace of such timidity, as hinted at by Hsu, in 
Stensen s other writings: at Amsterdam and Copenhagen he argued 
openly against his professors, in Paris against Descartes's followers, 
and at Florence fiercely against Borelli. 

Another original contribution in Stensen's writings was the persist­
ent effort of the author to collect arguments against his own proposi­
tions. This effort is overt already in the theses on glands, muscle, heart, 
and brain, becoming an integral part of the argumentation in the 
Canis carchariae. When eventually failing to find contradicting evi­
dence, Stensen made known his conclusion. Based on previous conjec-

191. Rudwick 1972, p 51. 

192. Steno, (ed. by Garboe), 1958, p 5. 

193. Hsu, Nicolaus Steno and his sources, p 230. 

194. nec fere nisi per conjecturam asseqvimur, OPH II: 31, p 253. 
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tures he proceeded to the main point, conjecture no. 6, "there seems 
to be no objection to the opinion that bodies dug from the ground 
which resemble parts of animals should be considered to have been 
parts of animals". He finally repeated this in specific terms: "it seems 
to me that those who assert that large tongue-stones are the teeth of 
a shark are not far from the truth" - a vero non multum recedere. 

To sum up: plain observations prompted bold conjectures which the 
author himself attempted, and invited his reader to refute, and not to 
confirm! Although based on conjectures, Stensen concluded that those 
people who express the final conjecture are not far from the truth 
the Popperian word verisimilitude lies almost on the tip of the pen.195 

By applying bold conjectures and attempted falsification, Stensen is 
close to the method of science discussed by Karl R.Popper (1902-
1994), and somewhat falling out with trends in the scientific method 
of his own period. 

Having examined many passages in Stensen's work the late Swiss 
anatomist and Stensen-biographer, ADOLF FALLER,196 listed the im­
portant aspects of Stensens criticism of scientific methodology: 

the uncertainty of sense knowledge; 

the limits of methodology; 

the narrowness of enquiry; 

the influence of human affect; 

the dangers of analogy and speculation; and 

the weakness of human understanding. 

The main epistemologic elements of Stensen's opinions and utterances, 
according to Faller, are: 

the problem of certainty in scientific knowledge; 

the methodological doubt; 

the part played by sense knowledge and by inductive and deductive procedures; 

the ordering and gathering of facts; 

scientific nomenclature; 

the logical connection of facts; 

hypothesis and theory; 

verification by repeated experiment; and 

quantitative-mathematical aspects. 

195. I was at first hand inclined to believe that the Popperian word verisimilitude was 

not to be found in Stensen. I am grateful to August Ziggelaar, S.J., Ph.D., for 

indicating the following sentence from Canis Carchariae, in the conjecture I (GP! 

p 98): cum terra mollior eadem corpora multis in locis verosimiliter. In this sentence 

Stensen has replaced the word evidenter by verosimiliter in the printing manuscript, 

thus indicating a distinction. 'Probably' in Pollocks translation makes less sense 

to me than Ziggelaar's suggestion 'likely'. 

196. Faller 1980, "Elemente einer Wissenschaftslehre und einer Wissenschaftskritik in 

den Schriften von Niels Stensen". 
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Faller stressed the influence of Galileo upon the whole of the seven­
teenth century which caused scientists independently to come to simi­
lar attitudes and opinions. Faller listed as the most important sources 
on science methodology, Stensens De musculis, Discours, De solido 

intra solidum, and Prooemium. However, I would add the preface of the 
Elementorum myologies specimen with the attached letter to Thévenot. 
Moreover, I do not agree with Faller that Stensens early scientific 

works included only few remarks on methodology. Stensens first scien­
tific work,197 the De glandulis oris, contained such remarks in its pre­
face (see below), and in §§4 and 5 of this work, Stensen discussed the 

veil of similarity, illud similitudinis velum, hiding the proper cognition 
of glands. Another example is §32 in which Stensen reflected on the 
problem of induction: "for it does not hold that since neither I nor 
anyone has yet seen it, therefore it does not exist".198 Without adding 
"positive" information, two polemic papers also from the Leiden 
period, OPH 4 and 13, exemplify how Stensen evaluated one theory 

against another. Thus, in my judgement, Niels Stensen added com­
ments on scientific method throughout his scientific writings. He there­
by revealed the method he himself used, and those he avoided. 

Rothschuh in 1968 and Heida in 1986 both describe Stensen as the 
methodical man who step by step analyzed every new finding before 

evaluating it in full context, in contrast to the systematical man, the 
creator of a philosophical system like Descartes, who selected the facts 
fitting. I have come to doubt the sufficiency of this scheme from the 
fact that Stensen expressed caution against his alleged tool, inductive 

inferences. 
Passages from the preface to De glandulis oris, dated Leiden 1661, 

exemplify the early Stensen pondering on the marvel of human im­
agination, the complexity of nature, the imperfection of knowledge, 

the inaptitude of reasoning alone: 

Among other things which, without understanding them, we reckon marvellous, the 

one which deserves the highest admiration is the capacity conceded by God to the 

human mind by which it recalls, whenever it likes, the images of things received 

through the senses. It sees in the image both absent things as if they were present, 

and all the parts that it observed in these things previously, with the same shape, size, 

colour, position in a much better way than if Protogenes, whose very rude sketches 

vied with the reality of nature, had drawn them from a living model ... For let us take 

the case of an old man who, eager to examine thoroughly the knowledge of natural 

197. I am regarding the dissertation from Amsterdam, On hot springs, as an academic 

exercise, rather than as a scientific report. 

198. Much the same thought is expressed in De musculis: "But it is an error to pro­

nounce a thing impossible to be done because it seems so to us", Kardel 1986, 

p 109. 
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matters, spent his life in experiments, but enjoys vigorous old age. We marvel that 

through thought he traverses the huge universe extending over distances almost infi­

nite and through the parts of this universe, inside a sphere of such small capacity, 

inside the skull. Flying up to the heavenly bodies he will explain to us the constant 

order of the fixed stars, the wanderings of the planets not known to deviate, the 

excursions of the comets lacking any law. From there, having fallen back in a moment, 

he will travel about the air and will depict pleasing varieties of colours, amazing forms 

of fires [lightning] showing themselves in these regions in intervals. Descending to the 

earth from there he will describe the different works of nature most carefully elabor­

ated, which present themselves there, and the imitations of art that hardly yield to 

them. Finally, he will penetrate inside the earth and will reveal the concealed mysteries 

of minerals. All these ideas submits to his will, as if the macrocosm does lie hidden, 

contained within the microcosm. But although that effortless consideration of all the 

images which are received is wonderful, nevertheless the reception of single images, if 

they are going to represent an object faithfully, is to be expected only after much 

labour and difficulty, and hardly ever hoped for by anyone. For the mind, which seeks 

pleasure in variety, is indeed so impotent in the midst of all its power that, when it is 

occupied with the examination of objects, it cannot order itself to pay attention to a 

"this" nor indeed make itself empty of other thoughts so as to devote itself steadfastly 

to one idea alone. Moreover the subtlety combined with the multitude of parts of 

which natural bodies are composed is so great that it eludes and deceives even the 

most attentive. And thus, although in every age many have undertaken with the 

greatest labour and indefatigable study to make complete their idea of the structure 

of animals in all their numbers, why do we wonder that nevertheless it is still appre­

hended partly and imperfectly? ... 

There are some people, I must say, who are convinced that an easier way is open 

for bringing about that knowledge about which we speak, so that there is no nead 

that everything be subjected to the external senses. They claim that reasoning alone 

can supply all the rest which is lacking ... 

However great the power of the clever person to create new images by combining 

and separating those previously observed, and although nothing is easier for him than 

to conceive different causes for the same thing, where the matter itself remains silent, 

however, the clever person, whatever he says can only show, with the strongest argu­

ments that such may well be the case but not that it is so ... The origin of the saliva 

confirms the same need of observations: reasoning deprived of the work of the senses 

did not find the paths carrying the saliva into the mouth. Neither will the paths which 

carry substances to the glands ever be expected from thinking alone.199 

Stensen s early attempt in scientific epistemology was influenced, ac­

cording to the C/zaos-manuscript, by Galileo, Bacon, Descartes, and 
by Gassendi. Soon followed controversial discussions on scientific the­
ories in OPH 4 and 13. Fully developed, the methods were applied 
and discussed in OPH 18, 22 and 27 and concluded in the Prooemium, 

OPH 31. 

199. OPH, 1: 2, pp 13 ff, translated by Paul Maquet. 
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3.1 Structural Part 

In this and in the following sections I attempt an analysis of the con­
stituents of Stensen s methods in science. As pointed out by Portal in 
1770, within natural science Stensen preferred to describe the effects 
rather than to search for final causes.200 He consistently tested a model 
or anticipation of Nature, derived from the literature and his own prior 
experience, against new observations. Any discrepancy triggered activ­
ity. From the writings we see that Stensen then checked the original 
source and attempted to verify the observation by repeating it in the 

same or in other biological species, or in the case of geology, at differ­

ent locations. Like Galileo and Descartes and contemporary authors, 
he was concerned with the subjectivity of the senses: "I will ask them 

all with insistence not to trust too easily their senses. The senses indeed 
deceive us"201 - thoughts expressed as early as in the first Hippocratic 

aphorism, "experience is fallacious". If upon renewed inquiry there 
was still a discrepancy, either he had observed something not yet de­
scribed, or the model contained something without a basis in reality. 
This might be a structure not described previously, as in the case of 

the parotid duct; or a description in the literature of a structure dif­
fering from observation, as in the case of Descartess description of a 

rotating pineal body of the brain. 
The realist position of the practising scientist on the relation be­

tween an inside knowledge and the outside world and the subjectivety 

of the senses is expressed in the following sentence also from the Pro-

oemium: "It is not the function of the senses to display things as they 
are res ut in se sunt - or to judge them, but to transmit to the reason 
those conditions of the things to be examined, which are sufficient for 
acquiring a knowledge of things appropriate to mans purpose" (p 12). 

In the letter to Thévenot,202 Stensen presented "evidence for others 
to examine" on his method for the purpose of showing that "what I 

have said on muscle is true". He built upon: 

(1) What is obvious to the senses, namely that; 
(2) the observed structure is the same in different muscles, in different 

species, even when different methods of preparation were used. 
(3) Explicitly, he searched for contradictory evidence. Since he had 

examined a limited number of animals and one human body only, 
he considered his proposal on the new muscle structure an opinion 

200. Portal 1770, 111, p 173. 

201. Prooemium, OPH, II: 31, p 251. 

202. OPH, II: 22, p 97, Stenoon Muscles. 
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very close to truth - ut opinionem vero maxime similem earn pro­

ponent. Earlier I quoted almost identical words from an other 
work - Stensen must have found these thoughts worth emphasing. 
Then, 

(4) explicitly he refrained from drawing conclusions on muscles from 
single observations, a decision mentioned already in the Chaos-
manuscript (p 16) and reiterated many times. 

Similarly in geology, Stensen looked at each specimen from different 
angles or searched for it at different locations. He was only satisfied 
when repeatedly he obtained the same answer. Stephen J. Gould has 
called one of Stensens scientific criteria that of "sufficient similarity" 
exemplified by the following quotation from De solido intra solidum: 

If a solid body resembles another solid body in all respects, not only in the state of 

its surface but also in the internal arrangement of the parts and particles, it will 

resemble it also in the method and place of production.203 

To obtain sufficient similarity a prerequisite is some kind of compari­
son. At the core of Stensens applied method in science, repeated com­
parisons are the basis, hinted at in the above quotation. 

As noted by Gösch, Stensen rarely repeated what others had found 
or said, and, I would add, what he himself earlier had written. Like 
Galileo and Gassendi he avoided dogmatism and was himself aware 

of his independence from authoritarian belief. He could hardly under­

stand others who were dogmatic even in the face of conflicting evi­
dence: "I have met several people who, even after having seen that 

both the substance and the composition of the heart is like that of the 
fibers of the muscles, nevertheless cannot bring themselves to acknowl­
edge that the heart is a muscle, because they do not dare to depart 
from Galen, Descartes, and other authorities."204 Autopsy, seeing for 
oneself, had been an element of the teaching at Copenhagen Univer­
sity. Stensens use of this simple procedure to delineate conflicting evi­
dence, i.e. earlier, unobserved or erroneously described structures, 

through repeated comparisons, forms the essential part of his scientific 
method to gain knowledge. Also, this ability once and again brought 

him within the threshold consciously of vast, unknown areas: Ignor­

ance became an important consideration in his writings, expressed for 
instance in his two most famous sentences, both delivered in person to 
learned audiences: (1) the opening sentence from the lecture on the 
anatomy of the brain from Paris: "Gentlemen, instead of promising to 

203. Gould 1981, p 24. The quotation is from GP\ p 151 

204. OPH, II: 22, p 99. 
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satisfy your curiosity concerning the anatomy of the brain, I confess 
sincerely and publicly here that I know nothing about if; and (2) in 
the opening lecture at Copenhagen, "beautiful is what we see, more 
beautiful what we know, but by far the most beautiful is what we do 
not know". Stensens emphasis on ignorance, his faithful companion 
throughout research, links him spiritually with writers like Cusanus 
and his De docta ignorantia, with Montaigne's praise of ignorance, 

allowing Nature freedom to act,2():> with Sanchez's Quod nihil scitur, 
and with Socrates. But in the age of rationality such an approach was 

not prone to gain appreciation: "traces of the view that ignorance is 
sin are to be found not only in Locke and Berkeley but even in Hume", 
because, as Popper articulates this, ignorance stood opposite to truth, 
guaranteed by the origin of ideas, and ultimately supervised by 

God.206 

3.2 The Instrumental Part - Dexterity 

Dexterity in handling the scalpel in anatomical dissection combined 
with an exceptional visual acuity enabled Stensen to reveal tiny and 
fragile structures without damage. Several contemporary sources men­
tion this skill. Thomas Bartholin did not himself dissect, but had his 
dissections mostly done by an assistant, Michael Lyser. Bartholin de­

scribed Stensen as "a great Prosector, subtle of hand and modest in 
speech".207 During Stensens stay in Paris, a commentator in the 
Journal des sgavans208 described his skill in dissection and how he pre­

sented the structures so convincingly that it was a wonder that they 
had escaped the attention of anatomists up to that time. Stensens 
anatomical skill is also mentioned in letters by a French physician 

André Graindorge: 

When I called us apprentices compared to Mr Stensen, I was right. I have never seen 

such dexterity before. With his eye, the scalpel, and a little instrument turned toward 

the public in his hand, he lets us see what is worthwhile to remark on the structure 

of the eye.209 

205. Høffding, 1894, I, p 27. 

206. Popper 1979, Objective knowledge, p 68. 

207. Cole 1944, p 369. 

208. Journal des sgavans, 23 March, 1665, p 160: 

Ce sgavant Danois est presentement a Paris, oil il fait tous les jours des dissec­
tions, en presence de beaucoup de personnes curieuses, & il en a fait dans FEsco-
le de Medicine, oü il s'est fait admirer de tout le monde par ses nouvelles déco-
uvertes, car il a cela de particulier, qu'il rend la pluspart de ces choses si sensible, 
qu'on est obligé d'en demeurer convaingu, & d'admirer qu'elles ayent pü esch-
apper å tous les Anatomistes qui Font precedé. 

209. 18 letters in the Royal Library, Copenhagen. Ny Kgl. Saml. 4660 4°. See also 

Scherz, 1969. 
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From their sojourn at Montpellier in 1665 Martin Lister made similar 
commentaries on Stensens dexterity (section 1.6). 

The most comprehensive first-hand description of Stensen's way of 
working in science is that of his student, Holger Jakobsen (Jacobæus), 
in the manuscript Exercitatio academica,210 The unpublished diary of 
Stensens dissection at Copenhagen in 1673, is edited here for the first 
time in translation. 

3.3 Dynamic Part 

"Very beautiful are those things which dissection draws forth from the 

hidden inner chambers, yet are not those things far more beautiful 
which, escaping the senses, are revealed through reason?"211 Thus, the 
third part of Stensen s scientific method is the dynamic part, in which 
he developed and tested new scientific theories. One way was by en­
tering a time scale into the description of structure, e.g. in 1669 by 

entering an age stratification into the distribution of layers of the soil. 

Similarly the description of a movement is a description of structural 
changes related to time. Stensen described a structure versus time re­
lationship in a model, mensura, of muscular contraction in Ele-

mentorum myologice mecimen. 

When testing a theory with a time-relation, a match between antici­

pation and observation entails support of the theory, while a discrep­
ancy falsifies it. Testing a time-related theory in this way is performed 
by series of matchings. In Stensen, a requirement of identity was to be 
met by his own theories as well as those of others reported in the 

literature. 
Stensen also formulated lesser theories, without using a time scale 

or mathematical model, by putting together observations. For ex­
ample, he proposed that ear wax is secreted by glands he observed 
along the auditory meatus; that tears come from well-known glands 
behind the upper eyelid and not from the brain along the optic nerves, 
this in spite of the small size of the glands in the eyelid and the ample 

supply of water in the brain; that milk is filtered from arterial blood 
and derived neither from the thoracic duct nor from the veins, in spite 
of the milk-like chylus contained by the thoracic duct, and the fact 
that veins are seen swollen in a lactating breast. Such statements were 

210. Royal Library: Ny kgl. Samling 309 au 4°. OPH, II: 36. pp 287-310. 

211. O PH. II: 31, p 253. 
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(and still are) possible to falsify. Stensen himself tested the theory of 
milk-secretion by an experiment in a lactating dog.212 

Stensen s most comprehensive theory in biology is that of the com-
partmentalisation of the fluid space in the living animal, briefly men­

tioned in some of the studies on glands and in the Thévenot letter 
related to muscles,213 and presented in great detail in De solido intra 

solidum as a general theory.214 The completeness and originality of this 
first description still awaits appreciation. It is reprinted here in full 
from the 1671 English translation by Henry Oldenburg, the secretary 
of the Royal Society of London (Fig. 13). 

Steno on Compartmentalisation of the Water Space 
in the Living Organism 

Excerpt from Prodromus to a Dissertation Concerning SOLIDS 

Naturally Contained within SOLIDS 

Besides a Subtil fluid pervading all, we observe at least three sorts of Fluids in Animals, <p 28> 
of which the first is External; the second, Internal and Common; the third. Internal, and 

Appropriate to each part. 

By the word of External Fluid in Animals I understand not only that, which encom-

passeth the visible surface like an Atmosphere, but that also, which toucheth all the 

other surfaces of the Body that by the greater holes are continued to the said surface; 

such as are, the surface of the Aspera arteria or Wind pipe, which the Air inspired 

toucheth; the whole surface of the way of the Aliment, by which I mean the Mouth, the 

Weasand, the Stomach, and the Entrals; the whole surface of the Bladder and the Ure­

thra; the whole surface which hath communication with the Womb, at least in the years 

of ripe age; the whole surface of all the excretory Vessels, continued from the capillaries 

unto the orifices, which discharge their contents into the Ears, Eyelids, Nostrils, Eyes, 

the way of Aliments, the Bladder, the Urethra, the Womb, and the Skin; the particular 

enumeration and description of which would show, that many are indeed extrinsick, 

which are esteem ci intrinsick, and even inmost, by the Vulgar; and consequently, <p 29> 
1. That the Worms and Stones generated within our Body, are most of them produced 

in the external fluid. 

2. That divers parts are necessary to Animals, because they are there, not that the 
Animal could not be without them. 

212. OPH, I: 2, pp 47-48. 

213. OPH, II: 22, p 103. 

214. A Danish tradition in capillary and in fluid and solute regulation research may 

have taken its departure from Stensens De solido intra solidum, because this work 

was translated into Danish by August Krogh and Vilhelm Maar (Steno 1902). In 

1920, the zoo-physiologist August Krogh (1874-1949) received the Nobel Prize for 

studies on capillary physiology. However, I found no reference either in Krogh, or 

in the historical survey, "Træk af kapillærfysiologiens udvikling", by the physiol­
ogist Christian Crone, Copenhagen 1974. 
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PRODROMUS 

DISSERTATION 
Concerning 

S o l  i d s  Naturally Con­
tained within S o l i d s .  

Laying a Foundation for the Ren-
dering a Rational Accompt both of 
thz Frame and the feveral Changes of 
the Mafle of the EARTH, as alfo 
of the various Productions in the fame. 

By N I C O L A V S  S T E N O .  

Englifhd by H. 0. 

L O N D O N ,  

Printed by Winter, and are to be Sold 
by rpttt a c che White-Hart in 

Little Érittam, i6ji-

Fig. 13. Title page 

from The Prodromus 

to a Dissertation Con­

cerning Solids Nat­

urally Contained 

within Solids. English­

ed by H. O. (Henry 

Oldenburg). 

I call the Fluid, which toucheth these surfaces, External because it communicateth 

with the ambient fluid by channels without any intermediate capillary Vessels, that is, 

without percolation or straining: whereby it comes to pass, that though the cavities, 

containing the said fluids, be sometimes shut, yet as often as they are open'd, they 

discharge all the parts of the retain'd Fluid without discrimination. 

I call that Fluid Internal, which hath no communication with the External fluid, but 

by the intermediate strainers of the Capillary Vessels, and therefore naturally never 

transfuseth all its parts into the outward Fluid without some difference. 

<p 30> The Common internal Fluid is that, which is contained in veins, arteries, and Lym-

phatick Vessels, at least those, which are betwixt the conglobate[lymphatic] glenduls and 

the Veins intercepted. I call this fluid Common, because it is distributed towards all the 
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parts of the Body. Of that other Common Fluid, which is contairfd in the Nervous 

substance, since 'tis less known, I determine nothing. 

An Appropriate internal Fluid is that, which is circumfused about the capillary Vessels 

of the common Fluid, and is different according to the diversity of places: for there is 

another in the sanguineous parenchyma's, another in the exanguious ones; another, 

about the moving fibres; another, in the Egg-shell; another, in the substance of the 

Womb; another in other places. Nor is that Opinion agreeable to Reason or Experience, 

which holds, that the extremities of the Veins and Arteries terminate in every the smallest 

particle of the Body, for the distribution of warmth and food to them all; but there are 

every where cavities, into which the parts sever'd from the blood are mixed with the 

Fluid of that place, and thence to be added to the solid parts; as again the Particles worn <p 31 > 

off from the solid parts fall back again into those hollownesses, to be again restored to 

the blood, and thereby to be conveyed away to the external Fluid. The Fluid of theses 

cavities is in divers things consonant to the Doctrin of the great Hippocrates concerning 

Flatus's: Although I am not able to determine, why in divers places from the same blood 

are discharged different Fluids; yet I hope that there wants but little for the determi­

nation of it, in regard 'tis certain, that that depends not from the Blood, but from the 

Places themselves; the consideration of which may be included in these three particulars. 

First, By considering the Capillary vessels of the common internal Fluid; which is 

alone heeded by those, who ascribe all to the percolation through divers Pores; of which 

number I once was my self. 

Secondly, By considering the Appropriate internal Fluid; about which alone those are 

conversant, who attribute to every part a peculiar Ferment; whose Opinion may be true 

in part, though the word Ferment depend on a comparison taken from so peculiar a 

thing. 

Thirdly, By considering the Solid of every part; to which those adhere chiefly, who by 

attributing to each part its forme, do intimate that they acknowledg there to be some­

thing proper, which yet is unknown to us; and which according to that knowledge of 

matter, that we have hitherto obtained, can be nothing else but a Porous surfce of that 

Solid, and a subtle Fluid permeating those pores. 

I should too much wander from my subject, if I should apply the things, I have 

discours'd of, to what daily happens in our Body, and cannot be rationally explicated 

otherwise. It may be sufficient to have hinted here, that the Particles, which do many 

ways part from the external Fluid, are carried into the internal Fluid, by the means of 

Percolation; whence being likewise variously sever'd, and by a new cribration transmitted 

into the Appropriate internal Fluid, they are added to the solid parts, either by way of 

Fibres, or Parenchyma's, according as they shall have been determin'd by the to us yet 

unknown propriety of every part, included in the consideration of the three lately men-
tion'd particulars. 

The aim of this account is found in the author's point 1: that worms 

and stones are generated mostly outside the body itself in the socalled 
external fluid, likewise to crystals, elsewhere in the treatise postulated 
to be produced in waterfilled caves in rocks. Stensen s division of the 
fluid into communicating external and internal fluids with a subdivi­
sion of the internal fluid into a common internal ( = intravascular) fluid 
and an appropriate internal ( = extra vascular) fluid, the latter being 
separate in the various organs in the body, seems not to have been 
recorded by other scientists. 
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3.4 Introduction of Mathematical Methods in Biology 

The introduction of a model, mensura, of the structure of muscle en­
abled/required Stensen to apply mathematical methods to describe the 
motion of the living organism. This was formulated as a general pro­
gramme in the preface to Elementorum myologiæ specimen: "I do wish 

to demonstrate in this Specimen that unless Myology becomes a part 
of Mathematics, the parts of muscles cannot be distinctly identified 
nor can their movement be successfully studied." While the credit of 
re-introducing mathematical analysis in the study of astronomy and 
physics goes to Kepler and Galileo, and in the study of optics to Des­
cartes, Stensen deserves recognition for his early application in biology 
as suggested by the Philosophical Transactions of the Royal Society in 

its review: 

The Author of this Book declareth, that his design in composing it was, to shew, that 

in a Muscle neither the Parts of it can be distinctly named, nor its Motion duely 

consider^, unless the Doctrine thereof become a part of the Mathematicks. And he 

is of opinion, that there is no other cause of the many Errors, which spoil the History 

concerning the Humane Body, than that Anatomy hath hitherto disdaind the Laws 

of the Mathematicks. And therefore inviteth those that are studious in that part of 

Philosophy, to consider, that our Body is an Engine made up of a thousand subordi­

nate Engins, whose true knowledge whoever thinks that it can be investigated without 

Mathematical assistance, must also think, that there is matter without Extension, and 

Body without Figure.215 

3.5 Expressive Part 

The fifth part of Stensens scientific method is the highly esteemed 
way in which he formulated his research in eloquent and masterfully 

illustrated reports,216 integrating observations with reasoning: 

To satisfy the laws of analysis to the best of my ability, I wove and unravelled the web 

of this investigation many many times, and examined its individual parts until there 

seemed to me to be left no further difficulty in the reading of authors, neither in the 

objection of friends, nor in the inspection of sites, that I had not either solved, or 

about which I had at least decided, from what I had learned already, how far a 

solution was possible. (GP\ p 143). 

215. Phil Trans, 1667, vol. 2, p 627. 
216. Burke, p 161. Kragelund, p 239. Snorrason, 1986, pp 191-209. Stensen gave a 

programme for using correct illustrations in Discours sur l'anatomie du cerveau, 

O PH I: 18, p 24: 
Apres que Ton auroit fait un plan veritable, & tres-exact, des parties du cerveau; 
découvert les erreurs, avec leurs causes; & arresté le vraye maniere de démonstrer 
ces parties, en usant de toutes les precautions necessaires: il faudroit encore 
tåcher d'exprimer ce que Fon auroit connu, par des figures iustes & fideles; car 
il vaudroit mieux n'en avoir point, que d'en avoir de fausses ou d'imparfaites. 
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Often Stensen's reflections reach the character of aphorisms like in the 
following four examples. In the Prooemium he outlines a distinction 
between Nature, Natura, and world, Mundus: 

The world only promises more and greater things than it offers; Nature offers more 

and greater things than it promises. Strictly speaking, both are deceitful, since with 

both, what lies hidden is different from what appears. 

Also from the Prooemium on the recognition of the pathological and 

normal state: 

The recognition of an extraordinary state cannot extend beyond the knowledge of its 

natural state. 

In the introduction to De musculis et glandulis Stensen described the 
complementary relation between the detail and the whole in research: 

It is proper to scientific research that one cannot keep the various areas so isolated 

from each other as not to be obliged to bring many of them into one's consideration 

at the same time. The longer you stick to the details the more elements you lack in 

the whole. 

The closing remark in the Discours demands team-work in research: 

We shall always be miserable ignorant if men most suited to research work fail to 

combine their labours, their industry and their studies. 

The exacting care of Stensens written expression is evident from close 
to one hundred tiny to extensive changes in his own hand in the 
printers manuscript of the Elementorum myologies specimen (Fig. 
14).217 

In the interpretation of a text, confusion can arise from ambiguity 
in words. This problem was addressed in the Discours.218 In the Letter 
to Thévenot, Stensen tackled the ancient roots of some words: "I leap 
over the confusion arising from the use of phrases like the beginning, 
the end, the connecting link [ligamentum], the stretching part [tendo], 
and other terms destined to express parts of the muscle, which are 
arguments making evident that the thing itself is not well known" 
(OPH, II: 22, p 103). In De solido intra solidum we see the same care 
to express a message by specifically explaining the meaning of the 
words used: 

217. E.g., non earnproponam tantum ut opinionem maliis verum was changed by Stensen 

to ut opinionem vero maximé similem earn proponam, expressing the same idea but 

eliminating a double negation. OPH, II: 22, p 98. 
218. OPH, II: 18, p 14: 

II est encore arrivé, que ceux qui ont entrepris de faire ces explications, par ie 
ne sgay quel esprit, qui s'est rencontré en la plus-part de ceux qui ont écrit des 
arts, ont employé des termes fort obscurs, des metaphores, & des comparaisons 
si peu propres, qu'elles embarassent presque également, Fesprit de ceux qui en-
tendent la matiere, & de ceux qui s'en veulent instruire. 
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Stensens corrections. Royal Library, Copenhagen. 
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Here, before going on to expound the solution to the problem, I strive to set down 

the meaning of all the terms in it, so that no school of philosophers may be left in 

doubt and dispute about them ... Following this, I explain the various modes of speech 

that are commonly accepted through usage, by which we explain in various ways the 

diverse production of different bodies, and sometimes of the same bodies. (G P.\ pp 

141 and 147). 

In the letter on a calf with hydrocephalus written in 1669 Stensen made 

a similar effort: 

Truly in order to provide a clear description of an abnormal state in an organ, in 

which the normal state has yet to be explained sufficiently, it would be appropriate 

to begin by specifying the parts of the brain which I intend to discuss and to give 

them names suitable for everyone's understanding. (OPH, II: 28, p 230). 

In the second section of Antilogia, a late theological work from 1684, 
Stensen likened the arbitrariness of the meaning of words to that of 
the value of coins, having whatever value they are given.219 

From the scientific publications and from the letters, it is evident 
that Stensen mastered Latin, French, Italian, and German.220 During 
three years in the Netherlands he must have learned Dutch. Quite 

often he used Greek phrases especially in his early writings, and he 
studied theological works in Hebrew (E 36). Some broken fragments 
of texts written in half English half Latin in Stensens hand exist.221 

The latest of these notations were written after the publication of a 
listed work: "Mayow de respiratione et Rachitide. Oxon. 1668". Only 
two letters are preserved in Stensen's native Danish.222 

In a letter in Italian, recently recovered by Niels W. Bruun, Stensen 

219. 077/, I, p 487. 

220. Cf. Rosen, pp 134 and 145. Knud Larsen, in a note to the former, drew attention 

to a remark by Fabroni 1775, p 27, that Stensen in his studies of the Scriptures in 

Italy made use of Greek and Hebrew manuscripts, not exclusively relying on the 

Latin translations. 

221. Posteriori di Galileo, Tomo 32. Academia del Cimento. Parte III, Carteggio Vol. 

17: Scritti di Niccolö Stenone. Biblioteca Nazionale Centrale, Florence: 

"Salt and Brimstone, cujus pulvere springwater reddish purple" 
"rattle snack in V. occiditur, odour, by the scent of a wild ... royal or ... of Virginia, 
in Scotia quibusdam in locis the Coal is some 18 or 20 foot thick. 
brimstone and vitriol a Liege." 
N. B. Boyle de frigore. 

"A. 1665. Mart. 
Vitulus bilinguis, duabus sitis ad latera oris, - the under leggs absque joints, lapide 
20'/2 librarum, sito inter pedes anteriores et posteriores, exterius virescens, plenus 
... foraminolis, interius Free stone... p 20"... 
"minera Lead ore ex low Palulinati [?] superioris Freyung [?]" 
"Balenas circa Bermudas ferociores" ad Weedbeds of the gulf of Florida, upon 
their fins and Tails, Claws or Barnacles, upon wich Rock-weed or Sea-tangle a 
hand long, of the bignes of great oystershells. 

(The transscription by help from A. Ziggelaar). 

222. E 75 and 108. 
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is pondering over the meaning of a translated book even if the original 
language is close to that of the interpreter.223 And in OPH 4, is found 
the following comment on translating: "a good interpreter considers 
not only the words as such but also compares them with what precedes 
and what follows. When dealing with a matter, it is better to explain 
all that the author means than to present his words as such unless one 
adds, if need be, at what occasion the words were pronounced." 

Several times Stensen makes excuses for his spoken expression. He 
may have been overcritical, but my suggestion is that he was not a very 
good speaker. Why? I doubt that many in the audience understood his 

lecture Prooemiwn, in spite of being well trained in Latin, because of 
its extremely complex and circumstantial language. The Discours is 
much easier to read. But how did these lectures sound? Oddly enough, 
primary sources do not deal with this. Stensen's forte was anatomical 

demonstrations in small groups and the written presentations. 

3.6 Approaching Truth through Demonstrative Certainty 

Stensens writings noticeably prescind from metaphysical statements, 
reflections on final causes, generalizations based on single observations 
and euphonious analogies, at a time when such arguments were preva­

lent in the scientific literature. The reason for this, I would maintain, 
is that Stensens concept of truth and certainty differed from that of 

many of his contemporary scientists.224 

As far as I see it, truth, can either mean conformity of a notion with 

reality or some notion intuited a priori. In his scientific writings, Stens­
en seems to restrict the meaning of truth to conformity with reality, 

and even tended to identify truth with reality: 

Let observation approximate reason, as it should, and, as much as it is permitted, let 

the thing itself be examined in all its parts, so that the image displaying the thing to 

the mind may be assigned in a true way.225 

223. Bruun 1992, Zu einem neuen Niels Stensen-Brie]. 
224. In the Discours, OPH, II: 18, p 6, Stensen made a comment on whether erroneous 

descriptions in science are made deliberately: 
Fay trop bonne opinion des homines de lettres en general, pour croire qu ils le 
fassent avec dessein de tromper les autres; les principes qu ils se sont establis, & 
la maniere de dissection å laquelle ils s'assuiettissent, ne leur permettent pas de 
faire autrement. Tous les Anatomistes les demonstreroient de la mesme fd(;on, 
s'ils se servoient tous de la mesme methode. Il ne faut done pas s'estonner si 
leurs systemes se soustiennent si mal. 

225. OPH, I: 2, p 15. See also the preface to De solido intra solidum: move towards true 

knowledge through experiments - ad veram rerum Cognitionen? per experimenta 
incedunt, and, certain tokens of an unknown truth - veritatis incognitae indicia, 

GP, pp 136-37. 

fa 
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Stensen did not base certainty on authoritative - ex auctoritate - state­

ments, but as exemplified on observations and experiments: "reasoning 
helped by the action of the senses makes it certain",226 and obser­

vations were always repeated: "these matters were not observed one 
day only, nor were they seen in one subject only'1227. Thus, my interpre­
tation of Stensens use of the words truth and certainty in the scientific 
writings differs from that of Scherz who wrote: "[Stensen's] philosophi­
cal attitude, first of all [was] characterized by his methodological and 
unremitting efforts to attain certainty based on truth and truth based 
on certainty."228 

The researches of Copernicus, Bruno, Kepler and Galileo in astron­
omy and physics, and of Vesalius and Harvey in anatomy and physi­
ology, had challenged the scholastic system, in which knowledge and 

thereby truth was derived from the Scriptures, and from Aristotle, Pto­
lemy, Galen, and other ancient authors. From observations scholars 
learned to doubt the old truths; through reasoning, their eyes were 

further opened to errors. But in creating new systems natural philos­
ophers tended to build deductive systems from new truths. Scholars 
learned from Descartes that everything was to be doubted, but suf­
ficient care was not taken by Descartess followers to question new 

systems and to test them.229 The concept of approaching truth in striv­
ing for demonstrative certainty became the norm for natural scientists 
through a learning process.230 Stensen is one of the pioneers in this 
process in biology and geology, in practice by his findings in research, 
and in theory by sentences in passing, like the following from the 
Discours sur l'anatomie du cerveau: 

One cannot act the sage and acknowledge one's own ignorance at the same time. For 

my part, I prefer to acknowledge my ignorance rather than utter authoritative opin­

ions whose falsehood will be demonstrated by others at some later date. We have seen 

great anatomists fall into such trouble and we observe others, besides, who imagine 

226. OPH, I: 15, p 181. 

227. OPH, I: 15, p 192. 

228. Scherz (ed.), 1968, p 296. 

229. Stensen commented on contemporary scientists' blind acceptance of Descartes's 

earthen machine in Discours sur l'anatomie du cerveau, OPH, II: 18, p 8: 

Ie me serois contenté de l'admirer avec quelques-uns, comme la description d'une 
belle machine, & toute de son invention; si ie n'avois rencontré beaucoup de gens 
qui le prennent tout autrement, & qui le veulent faire passer pour une rélation 
fidele, de ce qu'il y a de plus cache dans les ressorts du corps humain. 

230. Mazzolini 1991, p 71: 

This love ol criticism and a veneration of detail were to counsel many of the 
anatomists of the sixteenth century to greater caution, and this caution was 
soon to become a daily habit and the very mark of the profession. This is the 
circumspection that was typical of Steno at the end of the seventeenth century, 
or of Haller in the century to follow. 
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Pulchra quæ videntyr > pulchriora quæ fciuntur, longe pul-
cherrirna quæ ignorantur. 

Nie. S tenon lus, in Procent. Demonflw Anatomic. 167 3. 

Die 23. J unit 1763. 

REIMPRIMATUR. 

Fig. 15. Motto in the fourth (out of six) Italian editions of Winslow's Anatomy, Napoli 

1763. 

that men should have more faith in their obstinate opinions than in visual evidence. 

I leave such self-conceit to those who delight in it; I try to follow the laws of philos­

ophy that urge us to search for truth by doubting its certainty and by being dissatisfied 

with it until we have confirmed it by the evidence of a demonstration.231 

Countering philosophical as well as scientific dogmatism, Stensen here 

expresses a constructive scepticism in search for truth by doubting its 
certainty. 

Stensens position was summarized in the lecture that he delivered 
in 1673 at Copenhagen:232 

Indeed to defend this pursuit of the truth to the best of my ability, conscious of the 

easy risk of error, and to avoid the mistakes committed by others, I will not keep to 

experiments alone nor bring forward arguments alone, but I will seek such a mixture 

of both that, by the reckoning of everyone, if not most, at least much will possess a 

demonstrative certainty. 

Commentators have tended to interpret the Socratic233 "ignoramus'" 
of the middle of the Prooemium, "beautiful are the things we see, more 
beautiful the things we know, but far more beautiful the things we do 
not know" (Fig. 15), as expressing the three stages of Thomas Aquinas 
(1225-1274) in coming to know God.234 Less attention has been de­

231. OPH, II: 18, p 23. Translation by Alexander J. Pollock. 

232. OPH, II: 31, p 256. This position has been formulated, not unlike Stensen, by a 

practicing scientist of today, Peter B. Medawar: 

The purpose of scientific enquiry is not to compile an inventory of factual infor­
mation, nor to build up a totalitarian world picture of natural Laws in which 
every event that is not compulsory is forbidden. We should think of it rather as 
a logically articulated structure of justifiable beliefs about nature. 

233. Scherz 1968, p 298. 

234. Billeskov Jansen 1986, p 23. See also Nolte 1986, p 82: 

Diese Devise [pulchra sunt ...] umfasst exakt die von Stensen angegangenen Er­
kenntnisgebiete des Körperlichen, des Geistigen und des Göttlichen ... 
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voted to the culmination in the final paragraphs, in which at the close 
of his short scientific career, Stensen asserted that it is the aim of 
science to gain access to the beauty beyond senses and reason, neither 

by experimentation alone, nor by reasoning alone, but by seeking a 
mixture of both.235 Thus, when read in its context, the famous236 "lon­
ge pulcherrima, quæ ignorantur", captures two things at the same 
time, firstly what is not yet known, secondly what cannot be known.237 

Meanwhile, in the original edition, the paragraph ahead of but not the 
famous sentence itself, is emphasized by italics. I may add a conjecture 
on sources which might have triggered Stensen's famous remark: 
(1) "for there are indeed a great many who openly confess that the 

greatest part of those things which we do know, is the least of the 
things which we know not"; and (2) "although many things have been 
discovered by the learned men of the former time, yet do I believe that 
far more still remains concealed in the darkness of uncharted Nature". 
The former sentence is from the Epistle Dedicatory of De motu cordis, 

the latter from the Prefatory Epistle to De generatione, by William 
Harvey.238 Scepticism re-emerged as a theme in biology in the late 19th 
century, when taken up by the influential German physiologist, the 
religious agnostic, Emil Du Bois-Reymond (1818-1896). Considered 
then destructive to science by "expansionists", his ignorahimus, "we 
will never know", aroused decades of heated debate among continental 

scientists.239 

The Prooemium contains a key to the understanding of differences 
between the position of Stensen and those of system builders like Ba­
con, Descartes, Spinoza, and Leibniz, and it serves as well as a bridge 
between Stensens methods and those of modern scientists. 

235. A similar expression is found in the preface to Elementorum myologies specimen, 

OPH, II: 22, p 64: 

And why would it not be permitted to hope for great things, if Anatomy was 
transformed so that experimental knowledge would rely on well established facts 
only and reason accepted what has been demonstrated only; in other words, if 
Anatomy used the language of Mathematics. 

236. Winslow quoted the sentences as motto for his Anatomy, printed in numerous 

editions and five translations. Goethe: Pulchra sunt quae videmus, Quae scimus 

pulchriora, Longe pulcherrima quae ignoramus, in "Zur Naturwissenschaft über­

haupt, besonders zur Morphologie", Stuttgart und Tübingen, 1820. Cf. Heinrich 

Roos, 1957. The late Danish author Elsa Gress used the sentences as motto for 

her "Fuglefri og fremmed", Copenhagen 1971. Her aberration, pulchra videntur, 

pulcheriora intelligentur, pulcherrima ignorantur, was a quote from memory (per­

sonal communication). 

237. Cf. Bierbaum & Faller, p 28. 

238. Both quotations are from Gweneth Whitteridges translation of Harvey's The move­

ment of the heart and blood, p 6 and 8. 

239. Johnsson 1985. 
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"I do not therefore reproach Descartes for his method, but for ig­
noring it,"240 was a late comment by Stensen in 1680. Early in his 
period as scientist, in a letter to Thomas Bartholin in 1661,241 Stensen 
critically exposed the consequences in vivisection of the Cartesian idea 
that animals have no soul, and that animals can therefore feel no pain: 
"but I admit that I cannot without horror subject the animal to these 
lengthy torments. The Cartesians boast so much of certainty in their 
philosophy - I would wish they could make me as sure as they are 
themselves that animals have no souls and that one may touch, sever, 
or burn the nerves of an animal with the same indifference as if it 
were an automaton moved by artifice.1 ' The arbitrary base on which 
Descartes, and even more his followers, built a deductive system was 
at issue.242 The same question was raised by Stensen on Spinoza's 
method, "because your philosophy deals with the soul through a sys­
tem formed on suppositions".243 This early criticism from a practising 
scientist on the methods of Descartes and Spinoza seems largely to 
have escaped the attention of philosophers of science.244 

Stensen was no less critical of the scientific foundations of medical 
practice: 

240. In Cartesio itaque non methodum repraehendem, sed methodi neglectum. OTH, I, 

p 390. 

241. E 3. Translation from Billeskov Jansen 1986, p 16. 

242. In Gorham, 1994 p 234, Descartes's reason for regarding animals as soul-less was 

partly religious, at least the ascription of mind to animals would not have been 

inconsistent with his physiology. Stensen s critical attitude toward the teaching of 

Descartes is exemplified by several quotations collected by Faller, 1958, and by 

Scherz, 1963 pp 272-75. In particular see E 65, Stensens letter to Malpighi 24 

November 1671 (German translation, Scherz, 1963 pp 314-8) in which Stensen 

questioned how the soul, being of a spiritual nature, can feel a change in the body. 

Stensens unfinished writings on the relation between matter and soul is found in 

the Addendum. 

243. ..., turn quodphilosophia tua cum anima agat per systenui ex suppositis formatum, 

... Stensen's letter to Spinoza, OTH, I, p 95 = £61. 

244. The exception among philosophers, Auguste Georges-Berthier (quoted p 37), dis­

cussed Stensen's relation to Descartes. Georges-Berthier wrote: 

Mais non moins mécanique est celle d'un critique du cartésianisme comme 
Stenon, tout pénétré de l'esprit de la nouvelle physique et qui, par sa méthode 
géométrique comme par Fessentiel de sa théorie du mouvement musculaire, s'ac-
corde avec Borelli, qu'il dépasse par sa claire conscience de la nécessité de la 
jonction - tentée déjå par son maitre Sylvius - entre la chimie, Tanatomie et les 
mathématiques. (Isis, vol. 3, p 29). 
Sans doute, on ne peut méconnaitre la liaison immédiate qui existe entre la 
conception que Descartes se fit des étres vivants et son dualisme, qui semble 
transformer en certitudes démonstrées ces "suppositions" dont parle Malebran­
che et infirmer notre interprétation, déjå entrevue au XVI le siécle par Stenon, 
jugeant que Descartes ne cherche pas å atteintre la vraie et reelle structure de 
rhomme, mais se contente de décrire une machine capable de remplir toutes les 
fonctions dont l'homme est capable. (Isis, vol. 3, p 51). 
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They all look for remedies and for that part to which the remedies apply, but few 

attempt to understand. But just like the construction of a machine built by someone 

else must be precisely understood by the one who must restore this damaged machine, 

similarly the nature of the blood, and the nerve fibre, and of the motor fibre must be 

investigated as far as human zeal permits by the one who wishes to cure not only by 

luck the symptoms affecting the natural movement.245 

Nor did the empiricists escape his attacks: 

Even the advocates of experience have rarely had the restraint either to avoid rejecting 

entirely even the most certain principles of Nature or to avoid considering their own 

self-contrived principles as proved.246 

As remarked, he touched upon the problem of induction: "... who did 
assure you that experiments contrary to this opinion could not be 

shown, given time".247 

Stensen closed his last work published in science by questioning the 

necessity claimed by modern authors which is possibly a hint at Spi­

noza: 

This imperfect description of the muscles, perhaps not without its own errors, is no 

less boring to readers than their preparation has been delightful to observers; the most 

elegant, skilfully crafted structures very often met in them are indeed only obscurely 

described in words. But the flesh revealed to the eyes by the course of its fibres, the 

colour of the tendons, the proportion of the insertions and the distribution of its 

trochleae they surpass all admiration. If it be Gods will that I complete the Myology 

of the many animals already begun, what now appears to be a sterile study will be 

abundantly fruitful, and by means of this the true causes of discrepancy in the outer 

shape of different animals are to be understood; then by which the mechanical art-

fullness is to be brought to light, indeed, especially to defend the freedom to act of 

the universal cause against necessity claimed by modern authors, who, while in the 

trickery of their arguments seem to take away all freedom, themselves in the choice 

of the most exquisite charming words too often use the greatest liberty, and thereby 

destroy in fact what they try so laboriously to ascertain by words.248 

245. Steno on muscles, p 225. 

246. De sotido intra solidum, GP\ pp 144-45. I have changed the translation of [experien-

tiæ patroni] from [advocates of experiments] in Alex J. Pollock's translation to [ad­

vocates of experience]. This change is in accordance with Henry Oldenburg's trans­

lation from 1671. In the Danish translation by August Krogh and Vilhelm Maar 

(1902, p 13) the same passage is translated as follows: "Selv den empiriske Metodes 

Talsmænd har sjældent vist saameget Maadehold, at de ikke enten har forkastet 

alle, selv de sikreste, Teorier om Naturen eller ogsaa har anset de af dem selv 

udfundne Teorier for beviste." 

Scherz, in note 24 to the English translation, targeted Stensen's critical remark 

differently: "It is obvious to think of Descartes in this connection." 

247. OPH, I: 4, p 64. 

248. Dissection of an Eagle. OPH, II: 32, p 277. Translated by Sister M.Emmanuel 

Collins. 
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Stensen, as his point of departure for scientific enquiry, rarely began 
with a tabula rasa, an empty slate, but, as a rule, compared obser­
vations with his anticipation - some earlier source of knowledge.249 

The significance of an observation was not framed in absolute terms, 
but was determined by reliability on repetitions.250 In addition, modes 
of analysis and communication, going beyond mere observation, in­
volved comparisons of structure versus function, structure versus time, 
or function versus time with mathematics being the language of com­
munication. Without losing his admiration for the Creator for the 
beauty of the creation, Stensen is an early exponent of researchers 
describing biology in terms of dynamic processes without adding 
speculation on final causes. 

Typical for Stensen's dynamic approach in science is his study of 
crystallography: Stensen did not describe the angles of crystals; but he 
applied geometrical methods to show that the angles do not change 
when crystals grow. 

Stensens drive for research was stimulated by a persistent curiosity 
to obtain insight into the mechanisms of Nature, rather than by lust 
for influence. 

Stensen made reference to classical scepticism in the introduction to 
De solido intra solidum, when he compared his scientific task with an 
apparently impossible one: "Democritus made use of a good example 
of a well in which, since both the number and size of the hidden 
springs leave the quantity of material flowing into the well in doubt, a 
proper estimate of the work and time involved in emptying it could 
scarcely be made except by draining the well dry".251 And staying in 
Greek scepticism he continued: 

I might liken these doubts to the heads of the Lernean Hydra, since when one was 

destroyed, countless others grew out from beneath; at all events, I saw that I was 

wandering in the kind of labyrinth where the nearer one comes to the exit, the greater 

the circles in which one walks. 

249. My interpretation differs from that of Garboe, 1958 p 106: 

He simply took the objects before him and described what he saw, forgetting all 
"learned" thoughts, and he rapidly arrived at his own epoch-making under­
standing of the problems. A path on which others could walk was opened. 

250. "La premiere chose qu'on y doit considered est Fhistoire des parties, dans laquelle 

il est necessaire de determiner, ce qui est vray & certain, pour le pouvoir distinguer 

d'avec des propositions, qui sont ou fausses, ou incertaines. Ce n'est pas mesme 

assez de s'en pouvoir éclaircir soy-mesme, il faut que l'évidence de la demonstration 

oblige tous les autres å en demeurer d'accord; autrement le nombre des contro-

verses augmenteroit, au lieu de diminuér." OPH, II: 18, p 19. 

251. GP, pp 137 ff. The quotation from Democritus was identified by J.L.Heiberg 

(1854-1928) to be from Diogenes Laertius, Pyrrhon, IX, p 72. Cf. GP, p 220, note 2. 
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But Stensen took up the task and presented his preliminary results: 

as a token of my gratitude for the favours I have received, and to provide an oppor­

tunity for others, who from their own wish have the use and enjoyment of leisure, to 

cultivate studies in physics and geography with greater profit. 

However, neither proof of abundant errors in contemporary teachings, 
nor the subjectivity of senses made Stensen a fundamental sceptic, be­
cause, as I see it, from his own experience he had learned how to ask 

questions of Nature, and how to interpret the answers. By repeating 
and slightly changing the questions, Stensen evaluated the reliability 

or certainty of answers. 
Probability is mentioned being considered incomplete certainty 

caused by the limitation to induction: 

Reasoning convinces us that all this must be considered as true, since it is proved by 

the testimony of the senses. On the other hand, the following propositions [that 

glandular secretion is a filtrate from arterial blood] must be considered only as prob­

abilities. They are arrived at by induction even if this induction is not complete for 

all points.252 

Scherz used the following quotation from Canis carchariae as an ex­

ample of Stensen's methodological doubt:253 

I do not yet have the knowledge of this matter to pass judgement on it here; and 

though my travels have taken me through various places of this kind, nevertheless, I 

do not dare to guarantee that what I shall observe in the rest of my journey will be 

similar to what I have observed up to now. 

I take these words to be those of a scientist in command of scientific 

methods, but knowing their limitations. 
Explicitly Stensen rejected ancient as well as contemporary beliefs 

of inherent qualities like: (1) a formative faculty, vis plastica, of rocks; 
(2) a Active formative factor in embryology; (3) an imaginative power 
causing fetal malformations; (4) the Aristotelean principle antiperist-

asis\254 (5) that some certain animal or vital spirits mediate animal 
movement; and (6) that all vital processes are governed by the innate 
heat of the heart. I propose that Stensens biological and geological 
investigations were driven by a religious effort to search for traces of 
inherent qualities. Instead he found the parotid duct, the pennate 

252. OPH, I: 15, p 189. 

253. Scherz in his note 74 in GP, p 43: "OPH vol. 2, p 127 f. Note the methodological 

doubt, the strong demand for material for observation and the caution before a 

final decision." Contrary to Scherz, I maintain that Stensens theories were early 

"decisions". 

254. The Aristotelean idea of a concentration and recollection of one's own force to 

counteract the attack of an opposing force. Cf. GP.\ p 247, note 6. 
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structure of muscles, etc. Realizing the limits of human knowledge, he 
proceeded to a search in pure religion. 

In the meantime, by replacing speculations on inherent qualities and 
final causes with descriptions of efficient causes in time-related dy­
namic processes applying mathematical analysis, Stensen's writings 
represent one of the turning points between the scholastic and the 
scientific approach to biology and geology. From critical analysis, 
Stensen apprehended, like Galileo, weak points in each of the direc­
tions in reasoning: the problem of representation behind inductions,255 

and the problem of reliability behind deductions.256 Stensen's non-
authoritarian position on scientific ideas, his disregard of inherent 
qualities, his reliance on his own observations and explicit use of a 

combination of formulation and testing of theories suggest a fitting 
comparison with the man he admiringly called "Magni Galilei".257 

Resemblances between Stensen and Popper have been proposed. In 
the following key texts concerning the status of truth in human knowl­
edge, the two authors use strikingly similar metaphors. 

255. OPH, II: 22, p 98: 

That the same structure can be seen in every muscle not only of the human 
body, but in any other material. But I still cannot make such an induction. I 
can, however, assert that neither in a human body nor in any of the rather large 
number of animals that I have dissected at Florence and other places have I met 
any example showing the contrary. Since I, therefore, believe that one can find 
the same motor fiber structure in all the muscles of any animal, until this con­
clusion is confirmed through further examination, I am proposing it though as 
an opinion very close to the truth. 

See also GP? pp 141-43: 

Few take it on themselves to examine all those difficulties without whose resol­
ution the solution of the investigation is left marred and imperfect. 

256. GP pp 143-45: 

"In considering the natural world those things which cannot be determined with 
certainty are not kept separate from those that can be so determined." See also 
OPH, II: 22, p 105: "if it cannot determine the true mode of contraction, it can 
at least distinguish what is certain from what is uncertain. No one can ignore 
how much this alone should be valued." 

257. "solidissimae Magni Galilei demonstrationes nos docent". GP\ pp 184-85. 
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Niels Stensen: 

While travellers in unknown territories 

hasten over rough mountain tracks to­

wards a city on a mountain top, it often 

happens that they judge the city, at first 

sight, to be close to them; constantly nu­

merous twists and turnings along the 

route delay their hope of arrival to the 

point of weariness, for they see only the 

nearest peaks; in fact, those things hidden 

by the said peaks, the heights of the hills, 

the depths of valleys, or the levels of 

plains, whatever they may be, far exceed 

their conjectures, and they, deceiving 

themselves, estimate the intervening dis­

tances from their own desires. Nor is it in 

anyway different for those who move to­

wards true knowledge through experi­

ments, for as soon as certain tokens of an 

unknown truth have become clear to 

them, they believe that the whole matter 

will be revealed at once." 

(GP p 137) 

Karl R. Popper: 

"The status of truth in the objective sense, 

as correspondence to the facts, and its role 

as a regulative principle, may be compared 

to that of a mountain peak usually 

wrapped in clouds. A climber may not 

merely have difficulties in getting there -

he may not know when he gets there, be­

cause he may be unable to distinguish, in 

the clouds, between the main summit and 

a subsidiary peak. Yet this does not affect 

the objective existence of the summit; and 

if the climber tells us 'I doubt whether I 

reached the actual summit', then he does, 

by implication, recognize the objective 

existence of the summit. The very idea of 

error, or of doubt implies the idea of an 

objective truth which we may fail to 

reach." 

(Conjectures and refutations, p 226) 

I will not myself have learned the lesson from Stensen if in making 

such a comparison, I take this as solid evidence for identical con­
clusions between the authors. Moreover it is possible to find hints of 
any philosophical claim in earlier writers. Similar positions, however, 
in Popper and Stensen in regard to the concept of truth, and, as earlier 
argued, the application of conjectures and refutations in the scientific 
process, and shared reservations regarding inductive and deductive in­
ferences, lead me to conclude that those258 who assert Niels Stensen 
to be a precursor of Karl R. Popper are not far from the truth. 

In closing, I want to emphasize the consistency of a scientific con­
cept of truth as correspondence to Nature and the concepts expressed 
in Stensens sermon, the Ornaments, quoted in section 1.13. 

258. The late Professor Ole Rafaelsen called Stensen a "Popperian before Popper" 



4. Main Theses 

I. From Niels Stensens student notes, the C/zc/os-manuscript, and 
throughout his scientific publications, to the unfinished scientific 
writings, the Addendum, from his years as a bishop at Hamburg, 
Stenseirs way of arguing reveals that he was a realist who formu­
lated and tested theories through repeated observations in order 
to approach truth, or Nature, by comparisons. He sought a de­
monstrative certainty of knowledge by undertaking to find 
counter proofs in continual matchings. Concepts escaping direct 
confirmation from observation were formulated as conjectures. 
Indirect evidence was tested to obtain an opinion close to truth. 

II. Building from his studentdays on Galileo, Bacon, Descartes, Gas-
sendi, and other writers, Stensen was a philosopher of science in 
his own right, not just the brilliant naturalist and anatomist. In 
practical research he realized the method he summarized in the 
Prooemium: "I will not keep to experiments alone nor bring for­
ward arguments alone, but I will seek such a mixture of both that, 
by the reckoning of everyone, if not most, at least much will pos­

sess a demonstrative certainty." 
III. Maar in 1910 concluded that Stensen asked his questions and gave 

his answers as a scientist of the twentieth century. In words and 
through practical applications Stensens method in science re­
sembles the evolutionary approach proposed later in this century 

by Karl R.Popper. 
IV. The transition from scholastic to scientific approach in biology 

took place gradually in the sixteenth and seventeenth century. 
From the description of life phenomena within a limited system 
based on the Scriptures and ancient authors, mainly Aristotle and 
Galen, the anatomical investigations by Vesalius, the physiological 
findings by Harvey, and other discoveries extended and transform­
ed the old system. Only gradually, however, was the hold of schol­
asticism relaxed, resulting in mathematical analysis and the de­
scription of life phenomena in open systems as dynamic processes 
without arbitrary assumptions. A major contribution to this evol­
utionary process was Stensens overt and repeated rejection ol in­
herent qualities governing animal movement and biological pro­
cesses. Similar considerations apply to his contributions in ge­

ology and in crystallography. 



5. Epilogue 

I have wondered why so many of Stensens sound scientific conclusions 

were not appreciated for such a long period. 

Major Works on Stensens Achievements in Science 

Work numbers are from Vilhelm Maar, Nicolai Stenonis Opera Philosophica, 1910. Maar 

in the introduction commented on most areas of Stensens research, like Gosch 1873, 

Scherz 1963, Scherz (ed.) 1968 and 1971, Heida 1986, and Poulsen and Snorrason (eds.) 

1986. 

Brain research: 18,28 

Cardiac malformation: 20 

Cardiology: 10,15 

Cerebrospinal fluid dynamics: 28 

Comparative anatomy: 9,16,17, 
19,23,24,25,26 

Crystallography: 27 

Female reproductive organs: 
16,24,25,26 

Fluid equilibrium: 27 

Geology: 23,27,29,30 

J. Winslow, 1732 
G. Scherz, 1968 

A. Faller, 1968 

E.Warburg, 1942 

F. A. Willius, 1948 

J.Petersen, 1898 
F.A.Willius and T.E.Keys, 1941 

T. Kardel and M.Alenius, 1987 
F.Gjerris & E. Snorrason, 1992 
T. Kardel, 1993 

C. C. A. Gosch, 1873 
F.J.Cole, 1944 

R.de l'Isle, 1783 
O. Pedersen, 1991 

J.Müller, 1842 
E. Lesky, 1968 

H.Oldenburg, 1671 

E.de Beaumont, 1832 
A.Garboe, 1958 
G. Scherz, 1969 
J.S.Gould, 1981 

Glandular research:* 1,2,3,5, 
6,7,15 

Portal, 1770 
R.E.Christensen, 1939 
H.Moe, 1986 

*Glandular research beyond the mere detection of the parotid excretory duct. 
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Muscular research: 14,15,22,32 M.Marzollo, 1968 
T. Kardel, 1990, 1994 

Paleontology: 23 

Philosophy of Science: 2,4,13,18, 
22,27,31 

C. C. A. Gösch, 1873 
A.Georges-Berthier, 1914 
A. Faller, 1980 

M. J. S. Rudwick, 1972 

Subterranean meteorology: 29,30 G.Corra and M.Ferrari, 1971 

I think that there are, in fact, several reasons: Stensen's humble atti­
tude toward people engendered, however, an obsequiousness that sub­
ordinated the significance of scientists to that of scientific ideas; a semi-
academic background; a low position in the scientific hierarchy as trav­
elling scientist using no fancy instruments; the publication of major 
results in four different countries; and not least the fact that Denmark 
as well as Tuscany, Stensen's second homeland, declined in power. To 

me, these factors are at least as important as meditations on adverse 
reactions because of his religious development, since reactions were all 
the same in London and in Paris, in Amsterdam and in Hanover, in 

Copenhagen and in Rome. 
The avoidance of esoteric methods (p 14-15 and 93) barred him 

from practicing medicine. At the age of thirty-six he abandoned 
science, and, like Pascal, he finally realized his ideas in religious re­
nunciation.259 In contrast to most commentators I do not see the tran­

sition as an enigma but consider it as the result of a choice between 
preferences in a person disengaged from obligations and commissions 
to do research. Until 1664, Stensens earliest research had been in re­
sponse to an academic obligation; later it was in response to com­
missions from noble benefactors, including his last lecture, the Prooe-

mium, which was given as anatomist to King Christian V. No more 

commissions ensued. To me, the crucial question is not, why did Stens­
en abandon science? but, why did Stensen not receive any more com­

missions for research after 1673? 
Fellow scientists, I believe, were annoyed with Stensens criticism 

and his repeated attacks of deeply rooted assumptions. How else can 
one explain that hardly any of his scientific theories received consistent 
support and follow-up? An attitude of extreme criticism shows Stensen 
as a true disciple of Descartes's famous doctrine. It is expressed 
throughout his writings with remarks such as: "But most will deny 

259. Billeskov Jansen 1986, pli. 
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that what they themselves do not know can be either known or is 
worth knowing."260 Stensen questioned and changed concepts of both 
classical and contemporary authors, e.g. Galen, Harvey, Descartes, 
Bartholin, Wharton, Willis, Croone, Borelli, Kircher, Spinoza, some­
times addressing the author by name, other times not. In spite of quali­
fications and prolific scientific correspondence with key persons, Sten­
sen was offered no chair at Copenhagen University, was not elected to 

the scientific academies of Paris261 or London, and was not used as a 
scientific advisor by Rome. My point is that the scientific community 
rejected Stensen, rather than the opposite. 

Leiden offered Niels Stensen an opportunity for growth in science 
and presented him with its diploma as Doctor of Medical Science even 
though he had left. Florence gave Stensen the recognition, the com­
missions, the freedom, and the support which brought into a short, 
yet full blossom one of the brightest talents in science. 

260. OPH, II: 22, p 105. See also OPH, I: 15, p 176: 

There are other questions of this kind on which much time and paper have been 
spent but, finally, when all is considered, they serve to adorn a pleasing discourse 
but do not contribute at all to discover the truth. 

261. In a letter to Stensen dated 31 March, 1667, Jean Chapelain deeply regretted that, 

because of Stensen s abscence from Paris, Mr Pecquet had been elected a member 

of the Academy instead of Stensen. E 23. 
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debet prius extrahi verum extra&um : Melius tamcn eft 
exfubftantiaipia extrahere,qvamexluccoinfpifTaro. Scio 
aliqvosdifturos,hoc antea (civimus^qvibus refpundeocur 
ergo non facitis. Cur memores moneam, hæc caufaeft, 
avodaliqvando audi ver m,hoc vel illud ex una officina for­
tius prodireqvam exal era, cujus differentiae diver fitas ex 
præparatione varja dependet, ut mirurn non fir fi feqvatur 
diverfusafFe&us. De fpiritibus Vegetabiliumingenerea* 
liåsdicam. 

C X X I V .  
Prooemium demonftrationum Anatomicarum in 

Theatro Hafnienfi anni 16jZ* 

D. (icolai Stenonis. 

QVodveftromeconfpeftuififtam , fpeftatores omnis 
ordinis dignidimi,autoris in opus fuum liberalitas eft, 

Kegisin fubditura favor, meade benevola omnium veftro-
rum attentioneexfpe&atio* 

Placuit Deomulcamitunonqvarrenti, imorelufranti in 
Anatomicisdetegere, aluslonge digniftimisante medene-
*&ta• Placuit Regi a multis jam annis claufum theatrum 
patriumhodæaperireobfervationibusaliorum fimul me-
is publice demonftrandis, Placeat vobis non ad ora ma-
nusq; monft'-antis, led ad monftranda Dei in operibus fuis 

miraculaattcndcre. 
Qui Mufxutn ingrediunturrariora ibiundiqi fufpenfa &c 

difpolita, indice virga (eu radio cuflodisluftraturi, nonof-
fendunrur.fl qvandoradiu> vilions formaefuerit, licet alias 
eriam i pie radius affabre elaboratusfpe&antiumin fe cculos 
converterit. Radius feu virga in manu Dei Anatomicus 
eft, rarioracorporis velut Mulxialicujusconqvifitiilimi in-



7. Niels Stensen 

Preface to Anatomical Demonstrations 
in the Copenhagen Theater in the Year 1673262 

Translated by 

Sister M.Emmanuel Collins, O.S.F., Ph.D. 

and Paul Maquet, M.D., Doct. h.c. (Paris) 

That I stand in your presence, most worthy spectators of every 
rank, results from the generosity of the Creator towards his 
work, the favour of the King toward his subject, and my own 
expectation of the benevolent attention of all of you. 

It has pleased God to disclose to me, although to one not 
seeking but rather reluctant, many things long denied before me 
to other anatomists far more worthy than myself. It has pleased 
the King to open today the anatomical theatre of his fathers,263 

closed for many years, to show publicly the observations of 
others as well as mine. May it please you to pay attention not 
to the words and hands of the demonstrator, but to the revel­
ation of the wonders of God in his works.264 

The visitors of a museum who want to see there the curiosities 
hung and set about everywhere, indicated by the pointer or the 
rod of the custodian, do not feel offended if perhaps the pointer 
is rudely fashioned whereas an elaborately fashioned pointer 
will draw the attention of the spectators to itself. The anatomist 
is a pointer or a rod in the hand of God, pointing out the curios-

262. Nicolaus Stenonis: Prooemium demonstrationwn anatomicarum in theatro Hafniensi 

Anni 1673. Acta medica & philosophica Hafniensia, 1673, printed 1675, II, pp 359-

66. German and Danish translations, see Bibliography #1244-52. This is the first 

English translation, based on Nicolai Stenonis Opera philosophica (ed. V.Maar) II, 
pp 249-56, Copenhagen: Vilhelm Tryde 1910. 

263. Copenhagens Domus Anatomica was founded in 1642 during the rule of King 

Frederik III by one of Stensens teachers, Professor Simon Paulli (1603-1680). The 

house was described by Thomas Bartholin (1616-1680) in his Domus anatomica 

Hafniensis hrevissime descripta, Copenhagen 1662. Danish translation: Thomas 

Bartholin, Cista Medica Hafniensis, by Niels W.Bruun and Hans-Otto Loldrup, 

pp 185-240, Copenhagen, Dansk Farmaceutforening 1982. The building no longer 
exists. 
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dicans,  qvi  aliqvando& ipfe fpe&arimcrettir obdi&ionis 
icdionisq; elegantiam, quæ laus præccpcoribu9 meis,præ-
decetibnbus hoc in loco celeberrimis debctur: aliqvando 
vero , id quod in me agnofco lingvæ vitiis manuum lap« 
lus ad j ugens oftenderetpotius, qråradcledtaret» nifi re-
rum arcificium fpe&atorum in fe acceocionem totam abri-
pereo. 

Quod fi verö Sc ipfum qadaver prima fronte qvibusdam 
parum venuftum aliis auccm ob luridam morris imagincm 
etiam horrcndum videatur: illosomnes obnixé rogatos vo-
lo,nemmis faciles fint in habendo fidemfenfibus. æq,enim 
nos fallunt fenfus quando in Silems Alcibiadisvilia omnia 
Sc ridicula judicant ex facieridicula Sc vili, atq; cum fimiam 
in purpura magni æftimant obexterni colons fplendorem. 
Solus mundus plura Sc majora promiftrt qvåm præflat, Na­
tura plura& majora*præftatqvåmpramittit,uterq;fano lo* 
qvendi modo fillit,dum utrobiq; quæ latent diverfa funtab 
iis qvæ apparent-?» Gratustamen illeerroreft,qvi,qvæ uc 
infcriora, imo ingrata vel fprevit, vel timuit, moxiumma 
&c gratiffimacum magnofenfu voluptatisagnofcio. Ada-
mantes,uc primum vel e faxis excuffi, vel ad montium pedes 
elimoeruti oculisexhibentur , nil non afperum & fordi-
dum præ feferunr,at vero cum artificisfolertiacorticem de­
formem inde removit, fplendore fuo & pretioinventorcm_> 
præ læcitia extra fe rapiunt, de reliqvis lapidibus pretiofis 
ipfoq;auroeandem nosventatem fodinarum infpe&iodo-
cct j uttaceam, unionesnonmfifætidiflimisputrefcenti» 
um oflreorum ecarnibus eluendos , qvæ omnia exempla 
demonftrant, qvod fenfibus ingrarum velumgratiflimaiis-
dem fenfibuscorpora (æj$iusocculceo. 

Scd ncc folus incultus habitus venuftates elegantiflimas 
abfcondit,qvandoqvidemetiam ipfa illa naturæ opera, qvo« 

rum, 
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ities of the body like the guide of an exquisite museum. The <360> 
anatomist himself sometimes deserves to be noticed because of 
the elegance of his diction and dissection. Such praise belongs 
to my teachers, my most famous predecessors in this place. 
Sometimes, however, the slip of his tongue and the clumsiness 
of his hands - this I acknowledge for myself - would rather 
offend than delight, if skillful craft did not rivet all the attention 
of the spectators by itself. 

But if at first glance the cadaver itself seems little attractive to 
some and even looks horrifying to others as a livid image of death, 
I will ask them all with insistence not to trust too easily their 
senses. The senses indeed deceive us as well when, in the Silenes of 
Alcibiades,265 they consider everything as contemptible and rid­
iculous, because the outward appearance is ridiculous and con­
temptible, as when they esteem highly a monkey dressed in purple 
because of the brilliance of the external colour. The world only 
promises more and greater things than it offers; Nature offers 
more and greater things than it promises. Strictly speaking, both 
are deceitful, since with both, what lies hidden is different from 
what appears. It is, however, a pleasant error when one recognizes 
as the best and the most delightful what he had at first despised 
or feared as inferior or even most unpleasant. Diamonds, either 
struck from the rocks or retrieved from the mire at the foot of the 
mountains, at first sight present nothing but crudeness and filth; 
but, when a skillful craftsman has removed the ugly shell, they 
elate the discoverer by their brilliance and value. Inspection of the 
mines teaches us the same truth about the other precious gems 
and even about gold, not to speak of pearls which can only be 
washed off from the stinking flesh of rotting oysters. All these 
examples show that a veil unpleasant to the senses very often con­
ceals objects most pleasant to the senses. 

But it is not only a crude garment which conceals the most 

264. Commenting on his translation, the second Danish translation of the Prooemium, 

the Latinist A. Kragelund (1894-1985) indicated as typical for Stensen, sentences in 

triplets. Cf. A. Kragelund, Den humanistiske renæssance og antikken. Copenhagen, 
Berlingske Forlag 1976, pp 226-43. 

265. The Silenes, kin of Silenus, the foster father of Bacchus, god of sensuality, are 

satyrs, as Silenus was, the images of brute sensuality, half human - half beast. 

According to Kragelund a reference to Plato's Symposium, 215a. Stensen used the 
same figure in his first printed work, OPH I, p 17. 
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rum externa (pedes in fui nos amorem abripit, interna ri • 
mantibus talem decorem apenunt, ut foris parens elegan-
tia, latentis intus pulchntudinis non nifi leve indicium ef-
femamfefto deprehendatur. Qui formofiflimo anni tem­
pore prarume loginqvointuetur,excolorumpulcherrimo-
rum mixtura magnum fuaviratisfenfum oculis percipir: in­
de verö ubi in iploprato ad fingularum plantarum folia & 
floresaccuratius infpiciendosfefe incurvaverit,illa figuraru 
&colorum varietas atq^elegantia fefeexferit, utexclamare 
cogarur,e longinqvoea pulchra apparent,fed in vicinia lon­
ge lunt pulchriora:qvod fi verö ulteri9 perrexerit vel in una 
tantum planta fcrutaturus, particularumeam conftituenti* 
um in vena tantum planta icrutaturus, particularum cam 
conftituentium inrrinlecam conformationem, & fluidorum 
omnia ibi peragentium meatus motusq; feriemq; mutatio-
num dum tranfirus fit e (emine in plaotam perfe&am no­
vum fernen parturientem;1icetde his omnibus vix pauciifi-
ma,nec nifi pcrnebulam dilcat,tantum tamen inde videt,ut 
agnofcat voluptatcm excognitis perceptam, nullam efle ad 
illamqvam perciperet,fi intcgrapotucritcognofcere, qvæ 
latent» In fuodeSene&uteCicero agnovir,qvantes vires 
habeantad animum voluptatepermulcendum, vel lola ilia, 
qvæniri circa fegetes confpiciuntur-, licet mirabilium,qvæ 
ibi fiunt, non nifileviflimaqvaedam velutargumenta obfer-
vaverit. Quantaformæ humanæ in animos humanum vis 
fir&efficacia,fatebunturomncü, qui unquam meminerefe 
ullius formæ veneres ammo non fatis contra lllecebras præ-
paratointuitosfuifle:id omnc nihilominus qvod in externa 
facie tain validum eft, eft floridi prati e longinqvo prolpe-
&us,prærereaq; nihil: ut enim de prato non nifi exigua pars 
qvorundam florum videtur, fic in homine non nifi (uperfici-
cse^crna, &qvidem lecundum minimam fuiporcionem 

Zz con* 
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elegant beauties. Those works of Nature, the outward appear- <361 > 
ance of which impels us to love them, disclose also such grace 
to the ones who examine their inside that the visible external 
elegance obviously gives only a slight idea of the hidden inner 
beauty. Who looks at a meadow from a distance in the loveliest 
time of the year, experiences a most pleasant visual sensation 
from the mingling of delightful colours. But when then he 
stoops over the meadow itself to look more closely at the leaves 
and flowers of the individual plants, such a variety and beauty 
of shapes and colours unveil themselves that he is compelled to 
exclaim: from a distance they appear beautiful, but nearby they 
are far more beautiful! But if, indeed, he proceeds even further 
and examines in one single plant the inner structure of the dif­
ferent constituent parts, the goings and displacements of the 
fluids which perform all (vital) actions, in the transition from 
seed to the mature plant producing new seed, even if he becomes 
acquainted very little with all that as if it were through a mist, 
yet he sees enough to acknowledge that the pleasure experienced 
from what is known is nothing compared to that he would ex­
perience if he could know all that lies hidden. 

In his book On old age,266 Cicero recognizes how much power 
even those things alone which are seen in the fields of the 
countryside have to delight the mind, although he observed only 
some of the least wonders which happen there as proofs of his 
assertion. How great the power and the influence of the human 
shape are on the minds of men, all will acknowledge, who recall 
having looked closely at the loveliness of a figure, with a mind 
not sufficiently prepared against enticements. And all this exter­
nal appearance which has such a powerful effect is, however, 
like the view from a distance of a meadow in blossom, nothing 
else. For, as in the field, only a small part of some flowers is 
seen, similarly in man nothing but the external appearance, and 

266. Cato Maior, seu de Senectute, §§51-54. 
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confpicitur» Quid enim cx coro horaine patetobvio alii 
præter vultum Se manus ? Sc in his lpfis qvantulacunq;fuper-
ficiei portiocft,qvæ noflrosfenfus ferie ?fané,qvi novit dif« 
ferenciam inter fuperficiem corporum realem & apparcn-
aem, vel qvi faltem microfcopium cun admovec, fatcbitur, 
nos de cute humana non nifi rudioresqvosdam illius apices 
&z vcluc ex agri remoti fegete fummas fpicarum ariftas vide* 
re. Quoduverö illa manus , cujus externus ni tor & pro-
portiolæpius intuentis animum totum occupat/criftalli in« 
ilar pcllucens fimul cxhiberet tendinum ibi latentium & ca-
lorem margaricis æmulum, &ingeniofifiimaqvæq; fuperans 
artificium , qvis non longe majorem inde voluptatem fpe-
ftantium mentibus polliccrecur. In ipfis autem partibul, 
cute nempc& tendine,fi ulterius pergere hcerer,& fibrarum 
texturasartificiofifljmas^ratuumq; plexus & labyrintosia-
gcniofiflimos intti«fi,dc qui bus omnem fenfum fugientibus 
vix paucilfima, nec fere nifi per conje&urani afleqvimur, 
qvisamplius in folius cxcernæ fupcrficicipercepnonefenfi-
bili hærcret,& ex illius perceptionis fvavitäte, vel molcftu, 
dcrcliqvo judicaretfimo quisnon reje&o omni fenfuun cr-
rore, ingeminarec, pulchraqvæfinediflc&ione fenfibuspa-
tent j pulchriora, quardiflc&iocxabditispenetralibuspro-
trahit •, longe autem pulcherrima,qu* fenfus fugient«b ope 
tamen fenfibilium per rationem agnofcuntur* 

Utavertantanimosanoxiisamoribus Eehici ,inol>je&o 
amotoreprxhendenda omnia inveftigant, Anatornicusau. 
rem talium amorum remedia rogatusnon ad culpanda fe di­
mitteret , fed ad amoris argumenta nobiiiora aoimuma-
niantem eJevaret, modononomninoineprum fupra lenfus 
leie fantilluai attollendi i quod (1 autem fuavicatum illici-
rarum defiderium fcepticum cum finxerit potius, qvåm vc+ 
re eiiecerit (necn.qvenquam aliter fcepticumcifcrcor,nifi 

qva-
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even very little of it, is seen. What else of the entire man does <362> 
indeed one see than his face and hands? And of these how very 
small a part of their surface affects our senses? Frankly, he who 
knows the difference between the real and the apparent surface 
of the bodies or who at least applies the microscope on the skin, 
will admit we see nothing of the human skin except its rougher 
tips, just as of the vegetation on a distant field we see only the 
highest tips of the ears. But actually if this hand, the pretty and 
well proportioned external aspect of which so often draws the 
entire attention of the observer, at the same time, transparent 
like a crystal, revealed also the colour of the tendons hidden 
there, rivalling pearls, and their artefact which surpasses every 
ingenuity, who would thence not promise the minds of the spec­
tators a far greater pleasure? Yet if one is allowed to proceed 
into these same parts, the skin and the tendons, and to look 
closely at the most skilfully wrought textures of the fibres, the 
complexity of their course and the intricacy of their labyrinths 
of which we grasp very little and this only by conjecture since 
they escape every sense, who would cling any longer to the sens­
ible perception of the external appearances alone and, from the 
attractiveness or the unpleasantness of that perception, judge 
the rest? Yes indeed, after having rejected all the errors of the 
senses, who would not repeat: beautiful is what appears to the 
senses without dissection; more beautiful what dissection draws 
forth from the hidden inside; yet by far the most beautiful is 
what, escaping the senses, is revealed by reasoning helped by 
what the senses perceive. 

In order to turn souls away from harmful desires, moralists 
trace out all which is blameworthy in the object of love. The 
anatomist, however, asked for remedies for such desires, would 
not stoop to reproaches, but would raise the loving soul to no­
bler reasons of love, provided this soul is not completely unable 
to raise itself a little above the senses. If, however, longing for 
illicit pleasures has made him looksceptic rather than having 
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qvatenus rerum lllicitarum amor vitii excufationcm adubi-
tationis obftinatione mutuatur) ertam hujus dc icnfibus 
qvcrclas facile tollemus. Accuiatfenfus, quod non exhi-
beantres»utin fe funt, fed omnia nobis vel falfavel fairem 
iocerca relmqvant* Quae veraefletqverela, fi fenfibus re-
rum judicium e(Tet commirtendum , at non ira nobilcum 
comparacum eft,& cum fenfibus noftrisi non eft fenfuum ex-
hibere res ut lunt,vel de ns judicare, fedlllas rerum condi-
tionesrationi transmittere examinandas, qua: fufficiuntad 
notitiam rerum ,fini hominis con venientcra acqvirendaivLj. 

Habemusrationem (enfibilium judicem , cujus ope cum 
perfehfibiliacertusdctur aicenlus ad infenfibilia,abfitho-
mincm exuendo infra br fhas nos collocaremus; quin poti-
us feqventem ventatem certiHimamfreqventi meditatione 
rummando ex'gnorantia ad lciennam,eximperfedtionead 
pcrfc&ioncmafcendentcs de vera hominis dignitate dignas 
hominccogitationes m nobis excitaremus. St minima por-
tiofuptrfiaei human £ adeo venußa tfl, & tantopere affici^n-
tuentCM) qvas venußates vider mus, qvas pert ipcremus <vg -
luptatesifi integrum corporü art ißc tum, (i animam, cui tarn 
numerofa fimiu artificiofa obehun* infi*, umr.it a, fi hor um 
omnium a c auf a,qv* nos ignoramus, o&majciente dependtn-
tiam intueremur? Pulchra funtqvx videntur, pulchriora 
qvx fciuntur,longe pulcherrima qvæ ignoranrur. 

Ne ifaq, in fenfibushaereamus amplius, fed mentis ocuiis 
peroculos corporis ranqvam per feneftram artiftciofiflimi 
palaciiprofpiciamusamfienifTimum hoc pracum,inqvo,qvot 
partes, tot flores,qvot particular tot mi aculaoccurruno. 
Neceftsqvod iordesmihi&foetoresobjiciant, undetota 
humorum proporrioadcoinqvibusdam tuibatur, ut iplos 
etiam in vitos extra theatrum veldetineant vel expellant<. 
Debilitash«ccorporiscll,cui mens in artla lllaunioneccdr-
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made him truly sceptic, (and I do not think that anybody is a <363> 
sceptic except insofar as his love for illicit things finds an excuse 
for the vice in the obstinacy of doubt), even then we easily toss 
aside his complaints about the senses. He blames the senses for 
not displaying things as they are by themselves, but leaving us 
with either a false or, at best, an uncertain picture of everything. 
That complaint would indeed be legitimate if the judgment of 
things were committed to the senses. But this is not the case 
with ourselves and with our senses. It is not the function of the 
senses to display things as they are or to judge them, but to 
transmit to the reason those conditions of the things to be exam­
ined, which are sufficient for acquiring a knowledge of things 
appropriate to mans purpose. 

We have reason as a judge of the perceptible, thanks to which 
a reliable approach to the imperceptible is given us. Far be it 
for us no longer to be men and put ourselves below the beasts. 
Pursuing the most certain truth by pondering in frequent medi­
tation, let us rather rise from ignorance to knowledge, from im­
perfection to perfection, and raise in ourselves thoughts worthy 
of man about his own true dignity. If the smallest part of the 
human outer aspect is so beautiful and so greatly affects the ob­
server, what beauties would we see, what pleasure would we ex­
perience, if we contemplated the entire structure of the body, if we 
gazed upon the soul which so many and so ingeniously constructed 
instruments obey, if we considered the dependence of all this on 
the cause who knows all that we do not know. Beautiful is what 
we see, more beautiful what we know, but by far the most beauti­
ful is what we do not know 

So let us not dwell further on the senses, but with the minds 
eyes, through the bodily eyes, as through a window of a very 
artistic palace, let us look out over this most delightful meadow 
in which there are as many flowers as there are parts and as 
many wonders as there are particles. Do not bring up with me 
the filth and stench of the cadavers which disturb so much the 
balance of the humours in some people that, even against their 
will, they keep them away or drive them from the anatomical 
theatre. This is the weakness of the body to which the mind, in 
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feinterdum tenetur, licet vel eodem illo tempore nonco-
lores llhfordeant, fed ignorantia, non corpora foeteantfed 
crimina. Necenim aliter merctur divine auræ, non pars, 
fed exemplar appellari,nifi cum illis folisoffenditur, qvibus 
oflfenditur ipfa,unde profluxit, divina aura, illis folis dele? 
ftatur, qvibus eadem aura divina fuam nobis prudentiam, 
potentiam & bonitatem tacitaqvidem , fed omnemelo-
quentiam fuperante facundia,eloqvitur» 

Er hie vcrus Anatomes finis eft , ut per corporis ftupen* 
dum artificium in animædignitatem,confeqvenrer per u-
triusq; miracula in autoris notitiam & amorem fpe&atores 
fubleventur. Cum enim obje&um ejus fit corpus animale, 
& in fpecie humanum, qvatenus in lllas partes refol vcndum 
qvac fenfibusexponipofliint, nonpoterit tanta tarnq-, evi­
dens pulchritudo, qvin fuiadmiratione excitet defideriura 
fciendi, qvx fenfusfugiunr, unde ratio ex fingularum parti­
um intuitu, & divedarum comparatione mutuaeleveturad 
au£torcm rantorum miraculorum inreftigandum ; de qvo 
,notitias co plures acqvirit, qvo minori cum præfumptione 
& pleniori exflirpatione præjudiciorum vaftam lllam expe-
ricntiarum fylvam perluftrat: fi enim nemofanxmentis fta* 
tuam,pi&uram,horoIogium, automata qvaliacunq? pulchre 
elaborata intuetur, quinillicofe moveri fentiatadautorem 
illorum amandum, &magni æftimandum ? Qui poflet hu­
mant corporis fabrica omnem humanam artem infinitis pa-
rafangis præcedens oculis artentis confiderari, absqjper-
ecptione motus vehementis ad autorem ejus venerandum 
& amandum £ Qujn imo hæc mirabilis divina: providentiæ 
circa creaturas facultate refleftendi praeditas, adminiftratio 
efi: , ut primo fccundum fingulas perceptiomim vias millc 
voluptatibus illam perfundat , inde deliderium excitet in» 
qvirendi veram earundem voluptatumcaufam,candem per 

qvæ-
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its close union with it, is sometimes forced to yield. Yet, at the <364> 
same time, those colours are not filthy, but ignorance is; bodies 
do not stink, but crimes do. The mind indeed deserves to be 
called, not a part of, but an image of the divine breath only if 
the mind feels offended by that alone which offends the divine 
breath from which it derives, and it rejoices in that alone by 
which the divine breath speaks to us of prudence, power, and 
goodness in a discourse, silent indeed, but surpassing all elo­
quence. 

And this is the true goal of Anatomy: Through the stunning 
work of art of the body to lift the spectators up to the dignity 
of the soul and, consequently, through the miracles of both 
(body and soul) to the knowledge and love of the Creator.267 

Since indeed its object is the animal body, and particularly the 
human body in so far as this body must be dissected into parts 
which are accessible to the senses, such great and such obvious 
beauty cannot but arouse admiration and hence the wish to 
know what escapes the senses. This stimulates reason, from the 
consideration of the different parts and from the comparison of 
the single individual parts, to search after the author of such 
wonders. Reason acquires the more knowledge of this art, the 
less the presumption and the more complete the rooting out of 
prejudices with which it surveys that vast forest of experiences. 
If, indeed, no sensible man can look at a statue, a picture, a 
clock, machines and whatever well contrived machinery without 
immediately feeling driven to love the maker of such objects and 
to appreciate him, how should one gaze with attentive eyes at 
the structure of the human body which infinitely surpasses all 
human art, without feeling a forceful impulse to venerate and 
love its creator? The admirable rule of the divine providence for 
the creatures endowed with the ability to think is such that, at 
first, it rather overwhelms this ability with thousand delights 
through the different ways of perception, then it arouses the 
wish to seek out the true cause of these pleasures and finally, 

267. Augustine, Confessions, IV 10, X 6. 
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qvæfitainveniendam,qvo poflintagnitoin donis donatorc, 
motum amoris omnem a doms in donatorcm transferre. 
Fruftra itaq^ funt & infra rei dignitatem cum Anatomc a-
gunr, qui folis morbis præcavendisaut curandis cam fumii-
lamfaciuntj habet qvidem ilia fuum ibi ufum, nonramcn 
qvantum credimus, cum flatus praeternaturalis agnitio non 
poflir ultra cognitioncm flatus naturalis fele extendere*, hcec 
autcm cum etiamnum fitadmodum limitatanecilla fines fu-
os multum promovere potent. Veré autem vera Anato-
me,qva omnibus fpc&atoribus accommodatur, methodus 
eft,q\*a Deus nos primo in corporis animalis,inde in fui noti-
tiam mediante manu Anatomici perducit^. Necenjm_> 
fibi debet arrogare Anatomicus , quæ vel invenit, vel de-
monftrat; ipfe Dei opus circa opus Dei, Deo non modo fpe-
ttante , led & operante Dei opus agit, nec fibi absq; Dec 
quicquamvcré tribuerepotent, praeterdcfc&us & crrores, 
qvocirca& cgoomnes vos rogatos volo , fi qvid videritis 
dignum veftraexfpe&atione , divinam bonitatem mecum 
lauderisj erroresveroomnestumlingvætum raanuum rneæ 
velimpatienriæadfcnbatis, vel me ipium latentifuperbix, 
cui plura forte aut majora fairem alia defideranti præter Dei 
voluntatem,ettamillud ipfumjure denegaretur, qvod alias 
facile obtinuifTem. Deo itaq; Duce aggretfurus pracfentis 
corporisdemonftrarionemanatomicam, eödirigamomnia, 
utqvæ hadenus circa corpus certis vel experiments vel ra-
tionibus innotuere veftris oculis & mentibus exponantur. 
Stultorumeaperfvafioeft , fufficereut Anatomicus partes 
præparatasoculiscxplicet, å fpefratoribus caetera propjria 
le&ione vel meditationedomi pofleabfolvi. Id quod u* 
bens ad mitterem , fide Anatome nihil exftaret a majoribus 
feriptum ut verum, qvod noftra fæculafalfumagnoverc *auc 

Zz 5 ii nul* 
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through discovering what was sought for, to find a way to recog- <365> 
nize the giver in his gifts and to transfer all impulse to love from 
the gifts to the giver. Those who make it merely the servant for 
the prevention and healing of disease are in error, therefore, and 
treat Anatomy beneath its dignity. It does have a certain use 
there but not as much as we think since the recognition of an 
extraordinary state cannot extend beyond the knowledge of its 
natural state. Since the latter is yet quite limited, the former 
cannot advance its limits much further. 

True Anatomy, however, which fits all observers, is a method 
by which God leads us first to the knowledge of the animal 
body, and thence of God Himself by way of the hand of the 
anatomist. For the anatomist should not arrogate to himself 
either his discoveries or his demonstrations. He is just a creature 
of God, engaged in the work of God, who not only watches on 
but also operates His own work. He cannot rightly attribute to 
himself apart from God anything except his own deficiencies 
and errors. Therefore, I want to ask all of you to praise with me 
the divine Goodness if you see something worth your expec­
tation but to ascribe all errors of my tongue and hands to my 
impatience or a pride hidden for myself, which perhaps wishes 
more or greater or at least other things beyond the will of God 
and to which then is deservedly denied even that which I should 
have obtained easily otherwise. And so, with God as my guide 
I shall proceed to the anatomical demonstration of the present 
body. I will do everything to display to your eyes and to your 
minds what we know hitherto about the body through reliable 
researches or reasoning. The belief that it is sufficient for the 
anatomist to explain the parts prepared for the eyes, that the 
rest can be completed by the spectators through reading or 
thinking at home, is silly. I would gladly admit that assumption 
if there was nothing written on Anatomy by our predecessors as 
being true which we in our time have recognized as erroneous, 
or if the mind engaged in the search for truth proceeded free 
from all prejudices. Now this is far from being so and, since 
nothing is more difficult to give up than prejudice, even what is 
carefully published today is not so deprived of errors that 
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li nullis mens praejudiciis occupata veritati examtnandæ 
cum Itbertatcaccedeiet. |am vcro longc aliterres (cha-
bet & cum nihil difficiliusdeponatur, qvim prxjudicia, 
nc qvidcm hodicrnafcripta,etiam qvandaqvismaxime at-
rcndic, adeo puraeduntur, qvin præconcepcae opiniones 
fua ibi rcliqvermt veftigia; e qvibus fi & ego mceximerera, 
iupcrbiæ lnlolentiflimse notam mererer* Ut veroproriri-
bus, & a mea errandi facilitate præfens veritatis ftudium da 
fendam, &commiflbsabalifserrorese?item, nec in folis 
hrrebo cxperimentis, nec folas rationes aferam, fedta-
emutnusq; mixturam qvarram, ut, fr non pteraq; > fal-
em multa omnium calculo certitudmem deroonftrativaö 

fi nt habit ura. Eofine illafolaexgeneralicorporum feien« 
tia adducam, qvx omnibus etiam diffiden tibus inter fe phi-
lofophiscommunia funt, utin qvodam fcripeoalias me eX-
plicui,& corporis partes non pro locorum varietare, fed fe • 
cundumfubftantiæatq;fun&ionum conrenicntiam propo-
nam,ut fimul& brevitati confulatur & evidently In erro-
nbusaUorumrefutandisparciorcro,mcmordidiavironon 

minuspio qvåm fapiente. Cognitioveritatu, ait,omnia 
falfa, ft modo proferantkr, ttumqvæ pr tut in 

audita er ant & di jud/care & /üb ver• 
ttre idonea eft. 
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preconceived opinions do not leave their traces, and if I ex- <366> 
empted myself from such prejudices, I should deserve the stamp 
of the most insolent arrogance. Indeed to defend this pursuit of 
the truth to the best of my ability, conscious of the easy risk of 
error, and to avoid the mistakes committed by others, I will not 
keep to experiments alone nor bring forward arguments alone, 
but I will seek such a mixture of both that, by the reckoning of 
everyone, if not most, at least much will possess a demonstrative 
certainty. To this end from the general science of bodies I shall 
put forward only that which is common to all philosophers, 
even to the most opposed among them as I have explained else­
where in one of my writings.268 I shall present the parts of the 
body not according to their different positions, but according 
to their substance and their functions, so as to be mindful of 
both brevity and clarity. I will be rather moderate in the refu­
tation of the errors of others, remembering the words of a man 
as pious as he was wise: 

The knowledge of the truth, he says, is sufficient 
to discern and overturn all errors, 

even those formerly unheard 
of, if they are only 

brought to light. 

268. De solido intra solidum, OPH II, p 188. 
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Introduction 

Holger Jakobsen, or Jacobæus (1650-1701), was born in Aarhus, 

Denmark. He studied medicine and theology in Copenhagen. An 
educational excursion to Leiden in 1671 was interrupted by unrest 
and war. The following two years he studied with Niels Stensen in 
Copenhagen as described in Jacobæus's manuscript Exercitatio anato-

mica (OPH 36). In 1674 he became professor of history and geogra­
phy at Copenhagen University, yet allowed to go for the grand educa­
tional tour until 1679, for a period visiting Stensen in Italy. He became 
later professor of medicine and rector of the university for several 
periods and a judge to the Supreme Court in 1691. 

Jacobæus's report on Stensen's anatomical demonstrations on a wo­
man's corpse, 29 January-8 February 1673 is preserved by the Royal 
Library, Copenhagen, NKS 309 aa 4°. Vilhelm Maar edited it in 
Nicolai Stenonis Opera Philosophica, vol. II, pp 300-307. The editor 

mentions, on p 345, that Jacobæus also copied the published text of 
Stensen's famous preface though with a few omissions. Maar does not 
edit this copy. Here it is edited from the manuscript at the Royal Li­
brary, Copenhagen and compared with the preface published in the 

present volume. 
Text from the preface which is in the published edition but not in Ja-

cobæus's account, is set here within square brackets [ ]. Indeed, the 
manuscript and the published version are verbally and literally so close 
that there must be some more direct relation between them than the she­
er fact that Jacobæus took notes of what he heard Niels Stensen say. 
There are no illustrations in this manuscript. Matching illustrations 
have been added from papers published shortly after the event. 
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29 Jan. 
Public Dissection no. xvi 
OF A FEMALE CADAVER 

in the Anatomical Theatre 
<fol. 145v> 

29 January, 2 o'Clock in the Afternoon <fol. 146r> 

Why 
First, the prosector held a speech about Anatomy and its dignity, and 
about Gods admirable works. From this speech I made this small 
selection. 

[HJ omits Stensens acknowledgment of the favour of the Creator, 
of the King and of the audience, his mention of his discoveries and of 
the re-opening of the anatomical theatre.] 

The visitors of a museum who want to see there the curiosities hung 
and set about everywhere, indicated by a pointer or rod [of the custod­
ian], do not feel offended if perhaps the pointer is rudely fashioned. 
[Otherwise the pointer draws the attention.] A pointer or a rod in the 
hand of God is the anatomist, pointing out the curiosities of the body 
like the guide of an exquisite museum. [More on the person of the 
anatomist.] 

If [at first glance] the cadaver is little attractive and even looks horrify­
ing [to others] as a livid image of death, I will ask the spectators [with 
insistence] not to trust too easily their senses. The senses indeed deceive 
us as well when, in the Silenes of Alcibiades, they consider everything as 
contemptible and ridiculous, because the outward appearance is ridicu­
lous and contemptible, as when they esteem highly a monkey dressed in 
purple because of the brilliance of the external color. 

[Unlike the world, nature yields greater things than it promises.] 
Diamonds, either just struck from the rocks or retrieved from the mire 
at the toot of the mountains, at first sight, present nothing but crude-
ness and filth; but they elate the discoverer by their brilliance and 
value. Inspection of mines teaches us the same truth about the other 
precious gems and about gold, not to speak of pearls which can only 
be washed off from the stinking flesh of rotting oysters. All these 
examples show that a veil unpleasant to the senses very often conceals 
objects most pleasant to the senses. 

[Often outward lovely appearance is only a sign of inner beauty.] 
Who looks at a meadow from a distance in the loveliest time of the 

year, experiences a most pleasant visual sensation from the mingling 
of delightful colors. But then when he stoops over the meadow itself 

1. The only word in the margin. Its reading is uncertain. 
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to look more closely at the leaves and flowers of individual plants, 
such a variety and beauty of shapes and colors unveil themselves that 
he is compelled to exclaim: from a distance they appear beautiful, but 
nearby they are far more beautiful! But if he proceeds even further 
and examines in one single plant the inner structure of the different 
constituent parts and the goings and displacements of the fluids which 
perform all actions in the transition from seed to the mature plant 
producing new seed, even if he becomes acquainted very little with all 
that as if it were through mist, yet he sees enough to acknowledge that 
the pleasure experienced from what is known compared to that he 
would experience if he could know all that lies hidden. 

[Quotation from Cicero. The danger of enticements.] As in the field 

only a small part of some flowers is seen, similarly in man nothing but 
the external appearance, and even very little of it, is seen. What else 
of the entire man does indeed one see than his face and hands? And 
of these how very small a part of their surface affects our senses? 
Frankly, he who knows the difference between the real and the ap­
parent surface of bodies or who at least applies a microscope on the 
skin, will admit that we see nothing of the human skin except its 

rougher tips, just as of the vegetation of a distant field we see only 
see the highest tips of the ears. But if this hand, the pretty and well 
proportioned external aspect of which so often draws the entire atten­
tion of the observer, at the same time, transparent like a crystal, re­
vealed also the color of the tendons hidden there,and rivalling pearls, 
the most skilfully wrought textures of the fibres, the complexity of 

their course and the intricacy of their labyrinths who would thence 
not promise the minds of the spectators a [far] greater pleasure? 

[Beautiful is what appears, more beautiful what dissection shows; 
by far the most beautiful what is acknowledged by reasoning. Illicit 
pleasures. Reason is the judge of the perceptible. Mans dignity. Beauti­
ful the outer aspect; what if we contemplated the entire structure of 
the body, if we considered the cause who knows all that we do not 
know.] Beautiful is what we see; more beautiful what we know, by far 

the most beautiful is what we do not know. 

[Praise of the human mind] 
This is the true goal of Anatomy: Through the stunning work of art 

of the body to lift the spectators up to the dignity ot the soul, and, conse­
quently, through both miracles to knowledge and love of the Creator. 

[HJ omits all the rest of the preface.] 
After having finished the discourse he brought forth the structure 

of the nerves of the entire body, separated artificially and displayed on 
a table, a gift from Henrik Fuiren, and he explained it shortly for the 

board spectators. 
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January 30 in the Afternoon 

He [Stensen] separated the cuticle with the skin and all the teguments, 

which others name differently. He ascertained only three layers: the 
skin, the subcutaneous fat, and groups of motor fibres. 

He said that there would be opportunity to deal with the skin among 
parts which are found around narrowings of the blood vessel. 

That consideration of fat belongs more to the chemist than to the 
anatomist. What some bring forth about blood vessels which they 
think to be peculiar to the fat, is not yet that certain. 

It is certain that in many parts fat is collected under the membrane 
around the vessels and the collection is sometimes drained out. Stensen 

said he himself did not know how the particles leave the blood and 
return back into it, possibly either through vessels of their own kind 
or excretory, such as in the kidneys, and in other parts, or indiscrimi­
nately through pores. 

The groups of motor fibres constitute the third common tegument. 
We indeed see that cavities are formed from muscles, bones, and mem­

branes, or from fleshy and tendinous fibres: motor fibres and that some 
muscles for some part of them provide for the cavity of the abdomen, 
for another part of them for the cavity of the breast. 

He showed the viscera of the breast and the abdomen in their natu­
ral site. 

[He showed] the muscles of the abdomen descending obliquely or 
external, ascending obliquely or internal, transverse and straight. 

He said that the peritoneum is nothing but a continuation of the 
tendons ot the muscles of the abdomen and diaphragm, as is the pleu­

ra, which on both sides by its cavity envelops the lungs and on the 
medial side of their cavities these form the mediastinum. 

He explained the method of conceiving the site of the parts outside 
of the membranes: if one imagined each of the leaves of an Indian 
figtree, tightly surrounded by a cloth, to continue down to the ground 
and there to be turned back upwards again to clothe all the leaves 
together in a single common envelope. 

Concerning the peritoneum and the pleura, it must be noticed that 
there are different terms such as the mesenterium, the mesareum, the 
ligament by which the liver is suspended [the falciform ligament], the 
bat-wings [the broad ligament] of the uterus, their duplications and 
recesses; all designate various parts of the same membrane in so far 
as they extend differently from the contained parts; thus in the breast, 
the mediastinum is part of the pleura. 

He showed the thymus in the breast. 
The pericardium with its heart and water. 
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Fig. 16. Intestinal tract of reindeer. Acta Med & Phil Hafn 1673, vol. 1, p 275a. The 

drawing is slightly different in style from that of Stensens other illustrations and re­

sembles closely the style of Holger Jacobæus in Exercitia academica. 
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In man the apex of the heart almost always inclines somewhat to 
the left, but the basis in a central position shows the auricles at the 
sides. 

When several parts join together, to one of them is ascribed what 
belongs to another. 2. The defects of the fluids are very often attri­
buted to the solids. Since the spleen, the intestine leaving the nar-
rowings of the mesentery, the stomach, the colon, and the kidney are 
found close to each other, all pains in the left side are mostly ascribed 
to the spleen, although the spleen itself is often absolutely healthy. 
Thus, in the cadaver of an elderly, always believed to be splenetic, 

Stensen saw that the spleen was perfect but the left kidney was full of 
gravel. The very famous Sylvius confirmed that he had discovered a 

healthy spleen in many who had been considered as suffering from a 
splenic condition, but that the intestine adjacent to the spleen was 
almost always swollen. Colics are also confused with pain caused by a 

stone. The second mistake is that, while the uterus in hysterics, and in 

hypochondriacs the viscera situated in the upper abdomen, are being 
blamed, more often the defect is in the blood itself, in a humour reced­
ing from the blood, but not in the uterus or in the other viscera. What 
to say about the fact that symptoms of hysterics ascribed to the uterus 
for the most part are also common to males. Sure, the connection 

alone of the uterus with neighboring organs suffices to show that 
symptoms in the upper abdomen, in the diaphragm and in the oesoph­
agus must be traced back elsewhere than from the uterus. 

January 31 

He arranged the viscera drawn from another human subject on a large 
board in the order in which they follow each other. 

The digestive tract is narrower in some places, wider in others. Dila­
tation appears mainly in the mouth, the stomach and the colon. The 
narrower canal between the mouth and the stomach is called the 
oesophagus. The dilatation starting from the oesophagus is the stom­
ach, the beginning of which is the cardiac orifice, its end the pyloric 
orifice. Between the stomach and the colon the canal from the pylorus 
to the orifice of the bile duct is the duodenum. The long canal from 
there is called the jejunum and then, at the end, the ileum. The caecum 
is the appendix connected to the beginning of the colon. The last part 
following the colon is the rectum. 

To show the different conformations of the digestive tract in differ­
ent animals, he compared the alimentary systems of a reindeer recently 
dissected, of a little fox, of a monkey, of a dormouse, of a hen, and of 
a ray fish. 
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In the reindeer [see Fig. 16] the intertwining spirals of the thin and 
the thick intestines presented an elegant picture. 

The caecum [is] double in birds. In ostriches, the tract has a delicate 
membranous spiral surging on the inner surface. 

In the ray the caecum is single and as small as seen in some birds. 
In the marten and the bear there is none; in the monkey it seems to 

be a stretching of the thick outside the thin. 
In man, although somewhat longer, yet it is almost always empty. 
In the hare and the rabbit it is rather long and interiorly provided 

with a spiral like in ostriches and filled with excrements, but never up 
to the top. On the contrary, around the end a visible parenchymatous 
substance appears from which a large portion of humour may be se­

creted from the blood into the caecum. 
In the reindeer and the doe, it is altogether long and ample, without 

spiral, full of liquid excrements. 
In the Islandic little fox and the dormouse it is fairly ample in pro­

portion to the animal, twisted and containing excrements. 
The variety of the colon is also noteworthy. 
In the marten and in bears no difference has been observed from 

the other intestines. 
In man, while in some places it is constricted in length by motor 

fibres extended like bands, it is divided into different small chambers. 
In dormice, the colon, arranged in an elegant manner, has inside 

several equal angles following each other along the length of the intes­
tine where the spreading out of the legs which constitutes the angles 

faces the rectum. 
Various things can be moved about the digestive tract. 
Men become more quickly inebriated by small draughts than by full 

beakers; indeed abundant quantities swallowed at once flow down by 
their own weight; whatever does not touch the surface of the oesoph­
agus or the stomach cannot transfuse its particles into the blood. But 
taken in small portions they transmit into the blood whatever spirit 
they contain by licking the surface of almost all parts of the mouth 

and of the oesophagus before descending to the stomach. 
The digestive tract does not keep the same width from the mouth to 

the anus. It is found to be wider in some places and narrower in others. 
The contents of the digestive tract fall into 2 categories, one, of the 

intakes, and the other of the excretions from the blood. If the fluids 
and solids taken in, after having been broken up and mixed outside 
the body were left to themselves, they would react on themselves and, 
in freeing particles, they would produce heat and bubbles sometimes 
simultaneously, whereas in the digestive tract they are added fluids 
secreted from the blood. These fluids have been prepared earlier from 

i 
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bodies of the same kind by way of the blood, and secreted through the 

sieves of glands and of the liver. This has two effects: their loosening 
proceeds more easily and only those which fit that individual are separ­

ated. 
The entire duct from the mouth to the anus must be recognized as 

the place from which the distribution of the chyle begins, since spiritu­
ous liquors taken in by the mouth restore the strength of a tired man 
with pleasure almost instantaneously, and practitioners do not deny 
the efficacy of nourishing clysters nor the ability of mercurials in start­
ing salivation. 

Two things concur to the appetite, either a bitterness exciting the 
membranes, or pain from the constriction of the membranes because 

of emptiness. Perhaps true hunger occurs when both causes concur. It 

is certain that, when we abstain from food, the resolving fluid becomes 
more bitter the more frequent it carries out its circuit. If no new food 
arrives, the stomach is constricted after its contents have been expelled. 

All those would convince themselves that bitterness alone is not suf­
ficient, who at certain hours after a meal vomited very bitter matter, 
without feeling hungry, unless perhaps one could answer that at the 
same time the inside of the stomach could have been coated by a crust 
of phlegm not allowing the canceling of a bitterness of that sort. 

We turn away from excrements, not because they are excreted by 

our body, for many animals live on excrements of other animals, and 
man likewise prepares not only the most pleasing odors but also food 

for himself from the excrements of other animals. He even mixes his 
food with his own excretions, such as saliva not yet spilled from the 
mouth, and he lives on his own excrements within the womb. 

February 1 

He next went to the dissection of the brain, since it quickly grows 
yellow and does not bear waiting. 

Concerning the fibrous and white matter it is agreed that the im­
pression of perceptible objects is transmitted to the mind through the 
extension of this matter into the nerves and that the decision of the 
will is transmitted from the mind to the motor fibres through the same 
fibrous matter. Both are proved by the most reliable experiments. 
When, after the nerve has been cut, or ligated, or otherwise impeded 
in whatever way, both feeling stops and the obedience due to the mind 
is lacking in all the parts toward which the same nerve sends branches, 
although the motor fibres are not denied movement. 

All that is said about the animal spirits being distributed through 
the nerves is questionable. It is certain that, after intake of liquors like 
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spirit of wine, a certain restoration of strength is felt. However, one 
does not know whether absorption of the liquor itself within the nerves 
occurs, or whether there is a larger amount of common fluid, or 
whether there is swifter movement, etc. 

About the small particles at the base of the pineal gland, nothing 
else can be brought forward than what must be said about the small 
particles to be found almost everywhere in the rest of the body and is 

explained by the example of the building up of tartar on the teeth. 
There, indeed, the saliva clinging to the teeth gradually loses its more 
fluid parts, while thicker parts condense with time and harden. Or, to 

put forward a more common example, salt condenses in proportion to 
the evaporation of water from salt water. Tartar condenses at the bot­

tom of a jar in proportion to the evaporation of spirit through the 
pores of the jar. Silver dust previously dispersed in aqua fortis con­
denses in proportion to the aqua fortis raised through an alembic. 

Similarly, both in the gallbladder, in the kidneys, in the small glands 
either of the tongue or of the rest of the body, and in the skin of gouty 
people, small stones condense in proportion to the evaporation of a 
thinner fluid. 

Whatever the Ancients, whatever the Moderns imagine about the 
brain itself is by no means in agreement with the truth. After the error 
about the material part has been acknowledged, they will grow accus­

tomed to philosophize more cautiously about the worthier part. 
The brain can be divided into four parts, on both sides one lat­

eral part, one posterior part, which is the cerebellum, the base from 
which the nerves and the spinal cord spring; 4 kinds of tubercles; 
the upper and the lower small gland [=the pineal body and the 
pituitary gland], 

February 3 

After the tunics of the eyes had been separated, he pointed out the 
aqueous, the vitreous, and the crystalline humors. 

[He showed] the two muscles of the nictitating membrane, one, cone-
shaped, the tendon of which is inserted in the membrane, the other, 
square, one side of which is in the outer membrane of the eye, the 

other having a perforated tendon. 
One cannot deny a cause in the light moving it over almost infinite 

distances and carrying out its operation almost instantaneously, nor a 
cause of perception in the brain, nor a dependence of both moving 
and perceiving together, with the entire series of intermediate particles, 
either fluid, or solid, on the universal cause, which we call God. 

What the perceiving cause or the mind can perceive by way of the 
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narrow opening of the pupil surpasses all wonder: the vast space and 
hemisphere of the skies, distant bodies such as the heavenly bodies, 
countless objects such as the stars. 

The nose separating the eyes brings about that we see many things 
at the same time with one eye that we do not see with the other, even 
that which we see with both eyes, we do not see with both eyes at the 
same place. This is proved by a simple experiment with a glass window. 
One place for the union of double vision is not needed within the 
brain, but one place in the brain corresponds to any part of the eye 

which perceives an object, and the mind perceives the single objects at 
their own places and without any confusion. 

February 4 

He examined the ear in which there are 3 small bones, the incus, the 
stapes and the malleus. 

It is certain that movement is diffused gradually from the center of 
percussion in every direction, a fact which he explains through the 
movement of vibration visible on the surface of water around a stone 

thrown into it. This is proved by experiments, that of the strings which 
produce a sound at the stroke of similar similarly tensed strings, and 
that of glass which at first vibrates totally to the human voice and 
finally shatters. 

Two cavities communicating with the outer air, one outside through 
the external ear, the other inside through the nose; other cavities [are] 
more hidden, which are called the cochlea and the labyrinth. They 
seem rather to be different recesses of one single cavity. Three ossicles, 
nerves and muscles. 

The labyrinth in birds and fishes is different. In the other animals 
indeed, it comprises circles carved in solid bone; in birds the circles 
are bony surrounded by cancellous bone; in fishes the circles are carti­
laginous contained within cartilage of similar shape. 

February 5 

He showed the small glands of the eye, the passages from the eyes into 
the nose, from the nose into the mouth, the salivary glands, the tegu­
ment of the palate, of the lips, etc. 

hor a long time the glands were considered an obscure part of the 
body, until Wir sung, discovering a special duct in the pancreas, opened 
the way both to find the vessels and to recognize the function of the 
other glands. The glands are no longer to be considered either as a 
useless part of the body or as a part destined only for superfluous 
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humours, but as a sieve separating from the blood a fluid necessary 
for the preservation of the individual. Hence through the whole diges­
tive tract, there are such sieves, either very small and diversely scat­
tered, or joined together into remarkable bodies. 

The lymph nodes returning into the blood the humour recovered 
through vessels named after the famous Thomas Bartholin, have the 
same conformation as the kidneys, as for the concavity of the place 
from where the excretory vessels leave and as for the convexity of the 

opposite part. 
Regarding the liquid which has to be returned to the blood through 

the vessels of these small glands, it is certain that within a few hours 
after eating, the vessels between the intestines and the left subclavian 
vein are full of a milky liquor, in the other vessels the liquor is watery. 

The salivary glands, two at either side, the lower was described by 
Wharton, the excretory duct of which ends beneath the root of the 

tongue, and the upper gland was discovered by Steno. 

The entire interior tegument, the tegument of the cheeks and lips is 
replete with minute glands which Prosector calls labial. 

There are many minute glands in the oesophagus above the crop in 

birds. 

February 6 

He dealt with the reproductive organs, the uterine tubes, the seminal 

organs, the uterus, etc. 
In women, narrowings of the blood vessels are found in the seminal 

organs which must be called properly ovaries, as well as in the body 

and in the cervix of the uterus. 
Women have an ovary, or vesicles (the liquor of which condenses 

into albumen when the vesicles are cooked) enclosed in membranes 
with narrowings of blood vessels and a substance of its own kind, from 
which the vesicles are automatically separated at the suitable time and 

extracted uninjured by means of skill. 
The oviduct is a canal open towards the ovary and outward. In some 

it is single, in others double. Where it is double, in some it is divided 

about the middle. 
Man's seed does not remain in the oviduct, but either the whole or 

the main part of it perhaps penetrates within the blood and [the ner­
vous system?]. This also results from experiments of Harvey who found 
nothing in the uterus although he opened several fallow deer to this 

end. 
The maternal blood never penetrates the membranes of the egg. 

This is demonstrated at first in the early days by the egg visible in the 

I 
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oviduct where the egg is found completely free, then about the time of 

birth when the placenta or cotyledons are divided into two parts, one 
adhering to the egg, the other to the uterus and no drop of blood is 

to be seen in any division. 
The foetus is fed by and grows from a serous humour transmitted 

through the placenta from the mother's blood into the blood of the 
foetus and excreted in the outer surface of the foetus which transmits 
its parts within the amnion in a continuous circulation from the outer 
surface to the inner and vice versa, until finally the more bitter returns 
render the foetus restless by their stimulation, from which movement 
the uterus is stimulated to expel. 

This very deed considered in itself, most worthy of all deeds of 
preservation, is also accompanied by the very great pleasure put 

there by the Creator in reward for those who carry it out properly. 
The harshest symptoms are set forth as a punishment for those who 
abuse it so that they finally take refuge in mercurials. To them Na­
ture proclaims that if pleasure is not enough for arising love, pain 
is able to arise fear. 

February 7 

He dealt with the lymph nodes and blood circulation. 

The total picture of the blood vessel is to be examined carefully 
according to the method at use among mathematicians. To this end 
let us imagine a canal with neither a beginning nor an end, i.e. re­
turning back into itself, which we shall divide into 4 parts [see Fig. 
17]. In the first part [E, Pulmonary circulation], let us imagine the 
same canal split into several minute canals so that all the content 
must move from the ample space of the whole canal through the 
aforesaid narrowings equal in cross-section to the first whole chan­
nel. Let us leave the second [G-H, left side of heart] and the fourth 
part [B, right side of heart] intact and undivided. Let us divide the 
third [systematic circulation] part into 3 canals, two of which, how­
ever, must be provided in one place, the third [splancnic circulation] 
in two places, with narrowings similar to the narrowings of the first 
part. In the second and in the fourth part let us set double sluices 
in any part of the two so that, after the contents have been trans­
mitted through them, the return to where they came from will not 
be open. Thus we have completed the true internal picture of all of 
the blood vessel. The narrowings of the first part correspond to the 
lungs [E]; the sluices through the second and fourth parts are in the 
heart with its valves. All this can be better recognized in the follow­
ing figure [Fig. 17]: 

• 
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Fig. 17. Stensen's diagram of the circulation of the blood in Thomas Bartholin, Anatome 

quartum renovata, Leiden 1674, p 7. 
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February 8 

He pointed out the muscles. He called the heart a muscle the fibres of 

which have their extremities in the base and their middle in the apex 

or about the apex. 
The apex of the heart is thin so that there is nothing except inner 

and outer membranes concurring and touching each other. 
The fibres of the tongue are threefold: straight, perpendicular, trans­

verse. 

• 
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n a li rrrv-inu/ *{ ' J iO. fJvm.q rrUC /t^ T - 't'ltlr- S*PC inJ&ttrr, fi l • I, 

'•'c J »j'™} COLrJt-k /**, t*rM>;{ vwl I ^ ii»«t w Jp {«.iffi fjt-.c« /.c 
rnmJ ä in -mt'*» IJ?U. 'UvvJm. L-riL!^ ^-w. „ /,._; i l fllcjt-K , 'n-nc,™ äyr^L 

Crr>Ai*™*-ni Jt vn mullii 
/ j ftitimX j ' iHitJtcai.; 

'hltnwL-•, Ct-lcUnr- fijltn'v 

i';/ iptM/TtEiJrtzbJ; i }%rJrx. htzL' p&ymL 

Jt C C(m~-lo^r^\ •Jvn.'lIA^I, 0<r^c~7<^ C*Jct?£c , ß\ tyointw t YfdvuU 
emrc/, •/«« m £yfic~ 1W &/ få/'pnÅn in'ooj lAÅevtrr*. in rvrlil AvArn+l, JLt 

c-r^yr et C7l £7L , W>»W ij.,,nc,r.J, ^ 
L X .„/ rr/ P - - i * U "i C\ „ , , . t~s/ , !*&""* vil,~m,*St ,m A.At_ jeiJL, -*mU^äkJ{f v*J»e2uJt 

r tvcs/eiA , m.-vTv,mt ^ ^ ̂dJJ,z A-^^k iLo, /< 
'7 '̂ ̂  f 
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<£ / ! 4 m.-, * , aåuMy/rx-^ c/ 

-J ) <Ttrtf-) ]jJcn-*y oK-bsrc '^Scnritojhi. ''Ly* ^ . # 
U,J^ cr~J^U 1\1*9T?/

/e—'— ^7 ^ «9/^. 
f / L  d t e & M f ø m  '  1  

I 'loAA. b i 

v *.L ju,£i! 4, 
O'JiU lilslida. j Vi <s-rJirr. (* fc Vt 

HL.cIM jjJi 

ViJcAs* C-CHstt tf i S Ct/urrt / /C/ . twm tnMnvj 'toaster* t~/V £/ V " ~ 
\a 40 ^ (rn-fb-Ttyn ) .ism /yryv^jftr^t aJ- OL ^ Æci*m A,triL^l^Om.tnwn.. fri J^rvJnérM 1*4 tsltj tLTvft** 

fnrcQ* e/ My/y. o,L£)< .«< liL0«.J> *Q — /™ -
fij Jc~. / ^ <// t./ ««, f,*rr*t!*k -tpÅ 

5 J- jhllm^ . *""" tn-id«* t+,t. 
( ^ ^ M&rrti ef Urf ideelt f in j'**«'». rri'JvA &fft onujjy Cjlr^ 

tjwrrre <Jl* • 

. i Lu t^r  

i*1*4 j!ri d'**t , *11 j* fyt„ J CtcW^/„ 'lKj:„4,.Jt'J*4J C.dJcZ *{.nJZ. J/t'Os asLmtmJo 
crny.-vil«* «*rrc.fJL l-J'L, tf ( / „ M  

snslcsr d yc/nJ-rt (Atsbwm. vtdtsr tCjduA X t̂i .f-r«. jj fe-n tArm . Jrnt.^irsA tsffrt-rnA ir ti , 
ClUnCKslil Osn q v*5ltet J OtJ^JiÅajik4 ^ ^ n/^t . -ß-^iArn^ ^ u^, j HJstlI J pA/tcn cljmøO^ jt.S 'f&vn }t. 

C.L* 
casnA-I*<J ét V y I riv a i J)rr\ l>!asrvi l-*UcslÅ > rnesrn, ^ <£%**- C? 

yj*n wAl / c ^ I cm ft Ir A elvi i'y'ivn nA , ijn lorn jL *jf+Ji 
t~() 1071 n vtji 1 0 Ajytn h'e«*Jtu 

J Armt**. t&4 f aj 
f4. 

>^u. 

prx, A/Untt>nA9rvurn ain't 

'h b'p-Y eJt' ^i J<d-p 
t u, J cJc J, 

.hj OsnqvtStie'L C&i* . _ w, ...... ..„ . ^ 

hl*J-*k9 . tftrr.jjLff C^J»4 foruncy,^ Ü^ ^ /tLm <U,it«U un 

h\pl"~"< -h d^u lu. lnJr-y 

k 6 
C^ouJm ultimAs jjvrj (flj> 

In fyiAljlctvJ*, Jr/oL-n)/.2 ,-J^jlcJc. hr 

ffislii Osmji i**^- } inJ<rr~£t*>ri tJ tjtdtc*rrtOr*.L 
vlsry c4+*-1 JV^ * 

t- Ctrn If rif '<. i 
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. rd* Q Isn Al. il i r L VA /l /to*e.lü 
f*H føfi? jasr*. asrdt ^ e* c 

tyuijtÆ/yil«** riyA/r^l^J: *6 p<~ „Ju 
_0. . JL/ou* c^-Lt1 Crnt'rm trrA^ Ayrton™- aJ~J ft-t-M xJu f&føjføt . O jt-rn? Vvn 4 Sit of> 

f,<rR ; *£iAj 
Jy Ma,r(c d wf, ,L 
l/tt/ø* di øb Uo*&n-*L*L ^ 

J-K pvt'L^ééM- un l*vt* 

Canjl-rimjil iaA. -Jor J<lv*-4 -M<rK>iU 
urx. irOsrt ei^ C C--tl*A~l^ d^y\r\ ^» /tAJf, . 

(?Lrü Qt^trn. tit i Ajdi -rje\ cLjprfiL™™. xsrjcrw ,—^ J , / . 
Lr* wJt k '/tS)«m. £> "*£> >""fJ S/"' ' , irLi J 

iU^ L ,<w *~fJ4 c~J<k '•^ to'k'/'Xjr" *4i **"*<*"•*<«,»™j-

Q«^S /W C;,IJ Cr*J 
7 ^ t^^ra JJjLrr e£) il d-lL tit* 

., "'/U^ »O 

ii nem irrdL/l 
i/-nV f J t imsr i C aJ~L* vc<Ju xmj~e^i 

ism. &. b m cnJ-> \r<Krr. rr, 
rLcrt-L 

•tjA *-1 Sv# JuL c<n^vio,ni. 

7"7, 
'wUi*nA. 

J icu^f.L r 
' [i-rnvj. Tsn.q tid-*- fxn*-

Ort AM 
purret -nJ-'e -TL4 (øsWynÅ , tJ- (Jjjl> * t<U n-nJrifjrJ-ißvu /u* 4/. 

Q~r<- A-J 
L 

A LM4> Irtvoi Ovum. fv-**n v-tivifc 

U t A * - * * * ( f x n - c ^ v t C  n ^ - * x ,  j u j j  t r - Å ' o t  l * n  * r ) 9  
' i Af i' vU ^IrrneLcÅi ( nsc prJcrU t*dAJ im 

/" 
.Ü. 

unÅ". 

LI UZu 
A) jlrrn-a. oÉivm J^cc 

Ocj $-jiÅ a,^ A fiijiest 

C mA !7i &{• J m fusn-J vi? 

I X J</Lt?ri vni i a.J> O-rC a ) 

J>i'ti[lt£:i, /Lfjvvlvfl*-

L 

T ^CRI'RU/ [ rmn^rv<^i JwiA 4ø A/RL^FCI 
idsrnJ)Csn ) o / dfin'CiLri ) f wilh 
.... .fU /' / 

IA it'ne^n tjf '•> Jin ajvh vn /j 
Q~r ren e,* C l >*z . 

j rnJ~tL.J*- i/n v' iL AsLmc^lii j__ J 

okd.. 

- ftt-vt/ii e tun i <"sm Xrmjytt 
Oymj^U e-c , ^ ^In,^ jjnß *jki 

7. o{&44t<i re. ) H ownj-

T I S-II,. 

Åd. gjejitMlt* 

ßfctuS*, -K*n éc^cjtJ^. A <?r*ckt«H f 
/WWW' WEIN -

•J^U 
jticu-S vel 40$*r & /i*>M't*srt*rn c$njlr,-cbon*> -t>-mn,hx vn*.-. 
iuilffne#n> h"1 V*™ y ,j/v£n )» vÅrn-j CA**4ttK^ 
(øAc*v**<' /  •  CCrr~$t**~ry 

t  d-tAsm (/  ntym^fi4 &_,£ a.^t r*i £ / ^ -

(i tvrrt rtA <rivtm-t C4 A^/ri^ Ov* i^>~C j UVC j/'rfAv frrtJ wW Ovr Ox<-. 
Itvm. #,iit~lnrU» C^" TwuUt ruyv^f #-c<c ^ t/nh, Oi!c V&YVJyi-. 
CAAÅIVT*. jtrtJ- CftovuLiA, CenJ'trnJ+s toritirisnj;• l<rhts»-^ tUrrfmo _ 
ti+'ésm. turn /uMf tiort, qvtiifvrl (trfvi n cx .... ^ ^ fyc/r1v*** 

i^-rCi vr-w /'" 4 -ykaj-fsri*t» 
J vfi>jAr\ 

'fi xÅ-u Crr mrd 

, ,«««' ]t*J*. tnJ" rujL+n'iviÅ .b^J 
«SW ^R« riU^ JSGU.-^-

^// *; if, tr^UfnL 'f/k.nrn 2',^U<~k rJrU.L^n JJ 
cy* ßl' ^Yw/ut(„/ r* JrlU*: J , J 4T , 

»tu~~'J-A*U <6 Auuj ^7<«J H**jrf. *T„WC,, 0^9 fJiXjJ cd. 

. /  Uyxrc Co-f-tJVyX j'°~* ** 
ZyrCsm^ [c ^ßyr^K.^ t z 

ih fti.'UvA. ( ^esnÅhu tc^-før trt-nj 
irm*Al\A pA4~lt4 I/ViÅ ' J^OtAyi t «-'>V/ c^roJ!t c 
tfA-Ar* C6-T\(sr (JotAStd; ej- vtsrtfoU*t/ 

»imMi «.LrrJn /»*k\jun; «A^ jv™ j-JJ Jl 

nr* £)< U'«,W« p d oil« Lk f>*MyM yc-r.L,^ a 

J.JL ^ / 
^ ̂ ^ ^ fl, r^M A 

^ vJ™. Ä^^RJR«& '^X« 
X d *-ftr$. y j cmovtjoil /Jaf.. fin y-+A\.<tb*L M 

r/ } 1 , ./ m. &iÅ> JC- W h*Åø.*J-xk tforQurtvk pe-rv-5 Co^iorJftM vnJ-r*. I (kry 
^•frJfp: ^'/ / ' X r*J,rru.l A.r* Jo-ril 
2t Idrttud}*, /^Lrlt- cj H.IU, cr*.Ttd crmmW^CAAji fmi»t U ,cnJt-td ilUrCi H-Lf-dJ ptT vkrr, ^W4A J^^t-T-fu.f 

£,-, ,JCJ^ jjtcUfi« J .../ .//. / <* ' 
jireJjiirnJtrm. eJ- C a Jcsm 

%jj r(J fr-hl? (jCiAsrVt c>r » vMUcstfnj* j v<J-f tv/ r<nn-
/vurtstvLS Z^ttsrrtAjhvr-« ft,'}/ast*i*u f jgo taJ-w njt ß-<j Vft tyildisn : 
:i4 tuQint / to~no> ej oil /AX. 

:„j, 

>[ltum in jw"rr»> TJR/R«/«-"» rtjCdrif&n-J'kkwm TO«. P|( ̂  J L'lu tJ- in ri»,'/«! CV intllJri'JwLi J\ 
' *" * Ltnjuøf lidr* rcti<f%n C<r*~ptrr<U <J- im CtnJt. <1o o I *• Jr* oøt ^ 

CffmsftJbvunA fi 
•  .  j  / t f '  tT7lst tfe ccrt t~rv li 

/,-U 
År 

'ji.i! 

RJF /f 
ueJi-lo , pct ^l' 

i Å'JJOsrtJ". 
U hir- Lyv* LU. rlL 
t^icAla.! TfUv-idM iej-t*. ht/lV««' Jl-u^ii ! f IÄ.H ,C,!-r 

«.«)•»«; Ct-r4ijjirruil n Vn-Ljvi ,j<ritjji) tnrc ^ 
I rtjc.b^r>^y^ vel liy°M ud »&»&**• *i- Ut*HåJ< Tn^rtl'n ilJM.sk. Ceßt*-hl f aj-nÆ-t-, C-irt*. j,iyfc. 

,'aJ.tsr*. t-rreJt f)' olyjnn-ti {a.u.1, vu frLilc 

/ni 

D« h'oJ-t'r 

ku, L 

x / w*1 ø-rrvrui vurrx Vt »yW (iYfr-i 
^ Id i-Liizn.1^ JUjhcsrdL^FC ^KJ'cd-

• r 
e.T jc n.liA.1 cent-T tyr (rrx.* i <"--- - ^ ' / ir-
df nn'iic r, m.J^ J,Lr« mrtrivLl W (j*tL ̂  priul ^ iJrpUn*. 

i V j>årrt t»Jcr+lCi ! tJ> J*rpt Ct<rdcllvtrri / h.4 ü/Z^inn. 
jw i j«ir,i,'l^ toyvivnl-bllaa t pt%. lv"^n^ niaj" ^ tf**ywqw'ä,. •<- äarttu^jdnntf 

hucåivl juv^-ir* ltvrjh r « 'VE-« ^J CfeJrt**Ajii . 

T J ,  ' J e f f  l u ^ ' c a , !  .  ' L i r m m i  »/J~F, 
u *J. f " E,^ c-lyji^tLnt^n iflpr.* il. 

? ur,4vry,' Vn'rt* iLm.4J.4j iJ jcmKr, Jvtun ) 
•li'nvc*m. j i'ni.<rrf wm I(Umc/n tfly '*s* (vm*. ^*J 

rc< dvti o vn-lrra* ~n ca 

2 
IF/W c^<: /I'/Ä-I vel trcJ» 

Lu £) lajvn a Pätyn é ud o! flr-P 
J f 

C Asr&n 1 

MlfcX JllUii XhT^ fj, 
mfirn . * T/tvlen . IVLTY •mtsrrvkrAjrL'* 

vfttj iAtivvryi lu iAsi in 
f ' Cl7 

t' L-iJ (L&tvL^ liA-r<L 1 Ol*j* \sIT+J nAj <' 

* 

I 
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i Li 4. Ut\U*ri It-nc 
J -

CAsvcJftL, t 

• (fi 

CC jiO^iVisti 
:£rr* vn^.{rvtlx tJ- rr\<r4-%*. tfj-. vnjliisjd, 

Aism. tx^fc CtLwt<*-> 'f? Ot fl i Csn-4 U 4?tsr c<tjot't 

•VnÅs jmvd e/ jjenrorjist'c^t"4 C4*srn~ {&4-&s /«. \ £ 

i Iw. 
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•. )ä VOrtJ1*^*j ' ' 
l ini /wiWl CW'  ̂  * md-rt  fy  IT-CWJJ 'mu 4V&.0 i -s- i - t t /wT.  S  iMwn^i 

' !- i 1 

o*i CpPLmx&rt- r«A n/ , i 
i£-J . 7n-«dlt**4 . T 

? rt* 

din ruj 
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/Cn-'/Vi -?TI^iwn t llvism. O-n* 
J i • f , - -ithvu cmy,, wW. M / ayr* ivult^jio^ c; . 

«*«"-» / "•• ' —• — i"«' , / // £\ ' ji ' f J 
L> u /"V ? 'r  ̂̂ /7 . ~ 

A / -• / . ry' tørrJ*«« fr' 
ywW.< * ot*/«. ornnuyn« fe~m. Trt**m^ c A ! U  ~ v t  t lumJrih; 5) fj vnc-

jer -yrt^fn^A j ul-ifi^, -

7 
a Cn-Wm fiyjt-røJ ,0rn-i-r+J- c-* tm rntttiAnUc P""""* Irtwm trtnnkA (Isn ), 

,'FtJcA ' ^ pJL^StL ^ ̂  
t<Orr> l40A-lit*>rn fljf /%g>-,C^t^ \W^ tpltv t*) ^ ' " ' 

-rom 6-4** cLr-Pø-n^, Ca^t^t-bit/ ioi/jfiM«. CA^n'J*. 
!>Or ewuY >'owhur>\, eittcin, 

vit4 *4 Zj)tia! »„-*.! a^pLcU^ 
le. n-n, „A 

iXjJtot" ^ ^ ~f «"•*<—~v; £/ u :-».J (KJ}**} C •SlU/l 
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' J^L ^!0 l^rJu, ^ ' ̂/,Wä-i r\ J i ' " " — - ^ ̂  ^ w/^ÄT, 

Q<^v, -cT^l f,L, „O '/ 7f; > rt-7^ 6to>1 *Lr«.JiLi ^ z^-p, 
/ t*4*I ^ ^.LUt cnJ.n-U, « /Li 

1 tv-d J„ 

l 1- / •  "7 CT CA. ^MvI Cf K>e*l mcsrt 
l -" < '/> • Jv-C 4/n,fr*. CC 

/ ^JLÅ " '> i) J ^ ^ C+7VX,*.t*j im f-ltmsf CsSy 
/ .  J [i " * c ,  f trfJt«^J-**nylrIe r»e J(,/ 

" "**" itrt <) »-p-hc+ J* <A,rw.li VT1 ti (i -™* lu ' J> yvCr-ø? 
Q cmL.x.1 .e-utii >,iaJ: trL-^j. ' * C* r l,L* »n* m crrvltrUi, ' '' 

l . f. / o, / v / -y / » 
y,.. 

H l^<fyjJf*t.-t f\0cJ, JJüJ« f J,Uu „ 
; J' /f (jr'frll-™ aA. j f l*. o-*, jléJUidKi UL+^lli. 'JZvrx*'cAsr^ 

1 JUfx'iJ-, ! 
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/fiSUtÅ; UM\ 

.•L L 
' t:''L/rcTt"'' , 

K'trvj masrrL ^ .,, /•/ / »f />e«U,+ f . 
/, , ™!,7i"*;«™- j,/^J ^ . .Ü ̂  qrtirvt^L. 

•t-Jcvi nj pin 
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lZu ii lt y™^';/î / 
/'̂  XKßujiue vvJmrJn favtnA*-r̂  U, /c, 
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'j IJ . /..-i ,^U> eJeJ^ (•<• I^ /? 
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hf** ttr, J r Jrvn, y vdvrvrr Jlz™ < f«: 
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lurry vnjt aW Or'*. J, '0 ;L rtft,.'*" —>" -y I" o/Jj0! 
dl^rJn.. rtitAi ^ 
' - Tj L-^Jk *** / . <SX«?~~A «**«"», 

ff •" ud* ^ £}vnj>'<r*^ «M^vv^-nS»1, 

^Oti-r*A Tlas^ 
U^J*^ a, — -y y , 

9tjJ*£iiM «gU* zjj a 

i. <TU*. v^i j^J^ci j,jy, ^,^rSk 
*'ot/ ffr WrV . ^/. 

. . P CAyt\<^A(yrn pfinuijo 
Jr/fuA. d <*wW«* ft^0 X^r-rc ft* ^ , / / 
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• r - - *4 pru. 
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9. Addendum 

Introduction 

The following is a translation by Sr Emmanuel Collins and Dr Paul 
Maquet of a Latin manuscript*, written by Niels Stensen, ending up 
on the cover of a letter with an inscription to him in a different hand­
writing [90v]. 

Niels Stensen lived in Hamburg from 1683 to 1685 in a house owned 
by the ambassador of Florence, Theodor Kerckring. 

The main text appears to be the outline for an essay on physiological 
psychology with (1) physiological evidence on the integrated sensori­
motor function of the nervous system used in philosophical arguments 
for the immateriality of the soul based on the cartesian identification 
of matter and extension: "that intermediate of mine cannot be exten-

sionaP, [89r] ... "reflex actions cannot be extensional movements but 
are actions without movement of parts of something which is exten­

sional [90r]. These arguments are mostly taken from perceptions and 
reactions common to humans and irrational animals. Connected to 
this are (2) some other philosophical considerations on natural the­
ology and ethics. 

An earlier unobserved figure with legend [90v, part] was noticed in 
the manuscript by August Ziggelaar who kindly translated this text. 
To give this illustration a natural place in the rendering, minor relo­
cations were made as indicated from the pagination of the manuscript. 

* * * 

It is certain that movement and sensation are carried out in animals <88r> 
partly through fibres of the nerves. One of their extremities continues 
inwards toward the white matter of the brain and of the spinal cord. 
The other leads outward toward the different organs. 

It is certain that the nervous fibres through which the impulse of 
perceptible objects is transmitted inwards are different from the ner­
vous fibres through which the decisions of moving are transmitted to 
the muscles from within. 

* Biblioteca Nazionale Centrale, Florence, archive number: Galilei 291, fol. The first 

page of the volume is designated: Posteriori di Galileo; tomo 32; Accademia del Ci-

mento, parte III; Carteggio, vol. 17: Scritti di Niccolö Stenone. The text on fol. 88-

90 r-v has been edited by Gustav Scherz as Additamentum 24 in Epistolæ, II, pp 949-

51. German translation, see: Schlichting, 1953-54, and Biography, II, p 238. 
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148 Niels Stensen 

It is certain that many impulses of perceptible objects are perceived 
with no subsequent change from inside in the decisions of moving, and 
that many changes in the decisions occur without any previous change 
in the impulses from external perceptible objects. 

It is certain that very different changes in decisions from inside re­
spond to the same impulses from outside. 

It is certain that the same decisions from inside very often respond 
to different impulses from outside. 

The sensory nervous fibres, moreover, can be either immediately 
connected with the motor nervous fibres in composing the white mat­
ter of the brain, whether they are connected one to one or one to 
several others; or the sensory nervous fibres can have mediate inter­
change with motor nervous fibres and that, either by way of an exten-
sional substance, whether fluid or solid, or at the same time fluid and 
solid, which may have diverse forms, or by way of an extensionless 

substance. 
Were sensory nervous fibres interiorly connected with motor ner­

vous fibres, either immediately or by way of a solid of any shape, then 
similar impulses from outside would always result in similar decisions 

of moving from inside. 
Let the sensory nerve s be con­

nected with the motor nerve m in fig­

ures 1 and 2 (Fig. 18): the impulse 
through the nerve s necessarily acts in 
the same manner in the nerve or 

nerves m as long as they immediately 

cohere. 
<88v> If some solid body were intermediate, or if it were pervious through 

pores so that an impulse in any sensory nerve were freely propagated 

to all motor nerves, and [sic] then it would be about the same as if a 
fluid were intermediate, and in that instance either the directly op­
posite filaments alone, or all at once, would always receive the decision 

responding to the impulse of any sensory fibre. 
Actually, when the impulse of the same visible object is transmitted 

through these same nerves to the mind inside, I am able to determine 
the movement through the nerves to the muscles of the eyes, in order 
to fix the eyes on the contemplation of the object; through the nerves 
of the tongue, in order to explain what I see in the object; through the 
nerves of the hand, in order to describe or depict the object, even to 

remove it. 
By transmitting inwards an impulse of its own through the nerves 

of the eyes the same musical note produces infinite changes ot decisions 
from inside, through the nerves to the tongue, whenever it can sing an 
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" J  ( /  V  

octave above or below it, through the . 

nerves to the individual fingers with / . |  CJJ I 

which it can strike the same note / 

through single octaves, and also to the , 

feet. (Fig. 19). r>vJ^" 
When somebody is burned in dif- ^ 

ferent places, from the vertex down to 

the extreme tip of the toes, the call al- ^ C V0a 

ways goes out to the same muscles of J 

speech, the movement is bound to ^ 
issue a loud cry, the eyes to see what ^ 
has been done and its source, the J j 

hands to remove the pain and the feet j 

to run away. (Fig. 20). 
Therefore, there must be an inter­

mediate between the sensory and 

motor nerves such that at an impulse which is transmitted through a 
single fibre several fibres in very different places receive a variety of 
decisions to move, and that in response to an impulse of several very 
different fibres the same fibres accept a decision to move. 

That intermediate of mine between r /,• * S7. f 1 <89r, 
the sensory and the motor nerves, . r  upper> 
perceiving and deciding movement, 

cannot be extensional, otherwise each ' Ljb,* Ijij  ̂
nerve would have its own correspond- ^Ip 
ing point and an impulse of the same 7^^ 
nerves would always result in the 
motion of the same corresponding 
muscle, be this intermediate round or 

square or triangular, as it pleases. (Fig. 21). When a muscle is burned, 
or a hand wounded, a foot, the tongue, the same hand will be moved 
toward that part in such a movement but if it was extensional, pain of 
the foot would result in movement of another part than of the eye 
towards the pain,[? so that which arouses a cry moved by 10 different 
motor nerves would, if otherwise moved by the same 10 nerves, evoke 
a voice of joy?]. 



w 

150 Niels Stensen 

<90v, Let there be nerves for external touch. 
part> Let any one of them be rubbed. 

The nerves of the voice 
of the eyes 
of the hands 
of the feet 

will be moved. 
So from each of these nerves of touch a connection would be necess-

ary[?] to all other nerves of motion. [Fig. 22]. 
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9. Addendum 151 

Since that same [part] of myself perceives the objects of the individual <90r> 
senses, even through many different nerves, and determines the im­
pulses of different movements, even through an indefinite number of 
nerve fibres, and - also - through reflex action distinguishes between 
perceptions, perceptions and decisions of moving, and between the 
very acts of perceptions and decisions of moving and the ... [illegible] 

It is certain that however that [part] of mine may be in extension, 
those reflex actions cannot be extensional movements but are actions 
without movement of parts of something which is extensional. 

Because the same [part] of mine can examine both the extensions of 
movement and thoughts of the perceiving [mind] and compare them 
with the rule of reason, of law, of example [...] 

That I must search into[?] the rule of the will [...] 

[?Whether speculative truths [are] from death in the mind in what way] <89r, 

It is not allowed in all things to argue from speculative to practical lower> 
truths. 

The order fitting individual actions according to dependence of per­
sons on paternal rule, to the property of acquired things while one 
must provide for the needs of several years. 

No study of virtues in Spinoza but study of truths alone. 

I can acknowledge through natural light alone that <89v> 
life is addicted to sensual pleasures and pains, 

life is conform to pre-judgments from images of fantasy about hon­
ours and wealth, 

life is conform to the laws of natural reason, 

life depends on the immediate rule of him whom I acknowledge as 
the creator of all things, always seeing the minds of all humans, 
regulating all by permitting or ordering. When thus I acknowledge 
him as the ruler of the world and wiser and mightier than myself, 
then I can realize the imperfection of my rule, coming from myself, 
its perfection, if taken over by the supreme Deity. 

To pray, naturally is to acknowledge that one cannot do that, to ac­
knowledge that a superior cause can do it, and to desire that a supreme 
cause takes it on itself. 

To the Illustrious and most Reverend Lord and most honourable Pro- <90v, 
tector, Lord Niels Stensen, Bishop of Titiopolis, Apostolic Vicar, etc. part> 

To be delivered at [the address of] the Ambassador of the Grand 
Duke of Florence, H. Kerckring. Hamburg. 
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10. Dansk resume 

Mine tidligere udgivelser om Niels Stensen rummer kommenterede en­
gelske oversættelser af nogle mindre kendte videnskabelige værker, 
Steno on Hydrocephalus, 1993, Steno on Muscles, 1994, og en mindre 
kendt 1700-tals engelsk oversættelse af et kendt Stensen-værk, A speci­

men of observations upon the muscles, 1986, hvortil kommer kommen­
terende artikler i fagtidsskrifter på dansk og engelsk. Under arbejdet 
hermed blev det klart, at der her foreligger fundamentale observation­

er og fortolkninger, som i vid udstrækning er blevet overset. For mus­
kelteoriens vedkommende drejer det sig om grundlæggende biologiske 
principper, som forfatteren selv satte højt, men som blev forkastet af 

fagvidenskaben og negligeret i Stensen-litteraturen. For hydrocepha-
lusarbejdets vedkommende drejer det sig om et overset pionerarbejde 
inden for hjernens fysiologi, embryologi og patoanatomi. Som anført 
i these II i Steno on muscles skønnede jeg, at der var et behov for en 

nyvurdering af Stensens samlede videnskabelige arbejder og metode, 

hvilket er sigtet med denne afhandling. 
I kapitel 1 har jeg gennemgået Stensens videnskabelige værker med 

relation til hans livsforløb og i lyset af samtidens og eftertidens vurde­
ringer. Sidstnævnte er opsummeret i en tabel i kapitel 5. Hidtil upåag­
tet er Stensens beskrivelse af kompartmenteringen af den levende orga­
nismes væskerum (afsnit 3.3), en omfattende og detaljeret teoridannel­
se inden for et område, hvor dansk forskning siden har høstet megen 

anerkendelse. Stensens tekst står i De solido intra solidum, som i 1902 
blev oversat til dansk af August Krogh og Vilhelm Maar,1 men tilsyne­
ladende uden at den er kommet til at indgå som reference i dansk 

kapillær- og væskefysiologi. Stensens teori fremstår som en ramme 
uden bevisførelse for udveksling af kropsvæskerne mellem forskellige 

adskilte væskerum. 
Niels Stensen er en af de danske videnskabsmænd, hvis arbejder 

påkaldte sig størst opmærksomhed i samtiden. Alligevel viser det sig, 
at også hans teorier inden for andre videnskabsdiscipliner - palæontol­
ogi, geologi og krystallografi - først sent vandt indpas i de respektive 
videnskaber gennem genopdagelse. En analyse af værkerne viser en 
korrekthed og detaljerigdom, som gør det vanskeligt at opretholde det 
synspunkt, at Niels Stensen i sin rastløshed etterlod sine teorier 

1. Steno, 1902, pp 25 ff. 
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uafsluttede. Sammenholdes værkerne Discours sur l'anatomie du cer-

veaa, Paris 1664/69, og Elementorum myologiæ specimen, Firenze 1667, 
kan en indholdsmæssig sammenhæng erkendes. I førstnævnte værk be­
skrives det cerebrale og i sidstnævnte værk det muskulære aspekt af 
den levende organismes motoriske funktion. 

To bevarede manuskripter, C/z^os-manuskriptet og det her i bogen 
oversatte Addendum fra Hamburg-perioden, viser en ubrudt evne og 

interesse for videnskaben lige fra studietiden til kort før Niels Stensens 
død. Det kan dermed afvises, at Stensens religiøse udvikling indtrådte 
på et tidspunkt, da han ikke længere evnede videnskaben. Min vurde­
ring er, at Stensens primære motivation for videnskaben var delvis 
religiøs, som det fremgår af sidste led i det indledende citat (p 7). De 

videnskabelige skrifter fremkom succesivt som respons på krav, som 
han var stillet overfor: Kirtelafhandlingerne fra Leiden-perioden som 

graduat-arbejder; hjerneforelæsningen i Paris og muskel- og geologiske 
arbejder i Firenze, kalvedissektionen i Innsbruck og indledningsfore­
læsningen i København som ydelser i forhold til én privat og tre fyrste­

lige sponsorer. Fra 1674 stilledes der ham ikke længere videnskabelige 
opgaver, og han koncentrerer sig om sin religiøse hovedinteresse, men, 
som det fremgår af Addendum og prædikenen Ornamenta omtalt i 
afsnit 1.13, uden at tabe interessen for videnskaben. 

Kapitel 2 gennemgår kort eftertidens interesse for personen Niels 
Stensen og hans skrifter, som foreligger i monumentale udgivelser redi­
geret af Vilhelm Maar, Gustav Scherz og Knud Larsen. En bærende 
del af litteraturen om Stensen er dansk - eksempler herpå er at finde 
på bagomslaget af denne bog! Den religiøse interesse kulminerede med 
saligkåringen i den katolske kirke i 1986. 

I kapitel 3 giver jeg en fremstilling af Niels Stensens videnskabelige 
metode og litteraturen herom. Jeg viser, at fra den første til den sidste 
linie i det videnskabelige forfatterskab foreligger der videnskabsfilo­
sofiske betragtninger, og at hovedværket herom er indledningsfore­
læsningen Prooemium, som her for første gang gengives på engelsk. 
Holger Jacobæus' beskrivelse af Stensens efterfølgende dissektion af et 
kvindelig bringes for første gang i oversættelse. Den er en bred gen­
nemgang af den menneskelige organismes anatomi og fysiologi, som 
havde egnet sig godt som lærebog i biologi. 

Nøglen til min egen forskning er Vilhelm Maars bemærkning i intro­
duktionen til Nicolai Stenonis Opera Philosophica 1910, om at Stensen 
stillede sine spørgsmål og gav sine svar som en videnskabsmand i vort 
århundrede. Men hvilken metode er det da? Skønt ikke formuleret på 
Vilhelm Maars tid peger udsagn og fremgangsmåde hos Stensen på 
den af Karl R. Popper beskrevne metode, hvis nøgleord er »Conjec­
tures and refutations«, hvilket vil sige at man gætter sine prob-
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lemløsninger, som herefter udsættes for energiske forsøg på forkas­
telse. 

I min gennemgang af Stensens metode afgrænser jeg følgende kom­
ponenter. I afsnit 3.1 en strukturel del, hvori Stensen foretager en sam­
menligning mellem en observeret struktur og en forestilling eller men­
tal model baseret på litteraturen eller en myte. Enhver afvigelse foran­
ledigede en mistanke eller et gæt, om at forestillingen var forkert. Dette 
igangsatte hans forskningsaktivitet, ved at undersøgelsen blev gentaget 
under samme eller under ændrede vilkår, samt ved at den litterære 
kilde blev gransket påny. Stensens opdagelser kan på denne måde deles 

i hidtil ubeskrevne strukturer, såsom ørespytkirtelens udførselsgang, 
og korrektioner af fejlopfattelser, såsom Descartes' forestilling om en 
roterende koglekirtel i hjernen til styring af menneskets bevægelser 

gennem fordeling af spiritus animalis til forskellige muskler i kroppen. 

Stephen J. Gould har beskrevet et videnskabskriterium hos Stensen 
som »tilstrækkelig lighed«. Bag enhver lighed ligger en sammenlig-
ningsproces - hvilket indgår i indledningscitatet, p 7 - hvorved 
forestillingen karakteriseres som sand eller falsk. Jeg konkluderer, at 
Stensen opfylder videnskabskriteriet tilstrækkelig lighed ved at fore­

tage multiple sammenligninger. 
I afsnit 3.2 omtales Stensens praktiske snilde. Adskillige kilder be­

skriver hans usædvanlige evner som anatom og skarpe syn. 
I afsnit 3.3 omtales hans behandling af observationer i tidsforløb 

som dynamiske modeller omfattende muskelkontraktionen, krystallers 
vækst og jordlagenes alder med klar afstandtagen fra fiktive principper 
som årsagsforklaring. For de geologiske teoriers vedkommende drejer 

det sig om fortolkning af begivenheder foregået i en tid, som ligger 
udenfor direkte observationers kontrol. Sådanne teorier formuleredes 
som conjecturae, dvs gæt, som Stensen selv forsøgte og inviterede 
læseren til at være med til at modbevise. Da der kun forelå indirekte 
evidens, karakteriserede han sine synspunkter som værende ikke langt 
fra sandheden. Muskelkontraktionen er beskrevet ved en geometrisk 
analyse, hvortil han formulerede en programerklæring, afsnit 3.4. 

Den ovenfor omtalte væsketeori er formuleret med det formål at 
vise, at stendannelse i organismen i form af galdesten, nyresten, spyt­
sten mm. finder sted i et såkaldt eksternt væskerum. Den korrekte 
ramme for opdeling af legemsvæskerne i den levende organisme har 

vist ingen taget notits af. 
Stensens skrifter er præget af en sproglig rigdom, som den danske 

oversætter af indledningsforelæsningen A. Kragelund fandt, at ingen 

oversættelse blot tilnærmelsesvis kan gengive, et synspunkt som grup­
pen omkring nærværende oversættelser deler. I afsnit 3.5 fremdrages 
flere eksempler på den omhu gennem detaljeret ordforklaring, som 
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Stensen udviste. I det ved trykningen benyttede manuskript til Ele-

mentorum myologiæ specimen, som er bevaret i Det kgl. Bibliotek, ses 
forfatterens omhu med den skriftlige formulering gennem op mod 
hundrede store og små egenhændige rettelser. 

Sigtet for Stensen med den videnskabelige undersøgelse er som 
anført i afsnit 3.6 at tilnærme sig en skjult sandhed i naturen og 
dermed dens skabende årsag gennem en demonstrativ sikkerhed. En 
bevidst holdning som realist indebærer for Stensen en bevidst holdning 
til, at erkendelse opnås ved at afdække dele af en grænseløs uvidenhed, 

karakteriseret som rummende langt den største skønhed. Denne den 
virkelige verden - res, ut sunt (p 120) - adskilte han i indledningsfore­
læsningen fra fornuftens begreb om tingene, som svarer til menneske­
nes begrænsede vilkår. Erfaringen viste ham, at overleveret erkendelse 
var fuld af fejl. Han var bevidst om, at fejltagelser opstod også hos 
ham selv gennem sansernes fejlbarlighed samt ved utilstrækkeligt eller 

fejlagtigt grundlag for de dragne konklusioner. Han advarede mod 
forudindtagethed og mod konklusioner ud fra enkeltobservationer og 
mod analogislutninger. Stensen er konsekvent antiautoritær - påtrufne 
synspunkter blev afprøvet. Eksempelvis (afsnit 1.3) kom det til at gå 
ud over hans professor Thomas Bartholins højt udbasunerede teori, 

om at hjertet er sædet for blodets dannelse, gennem Stensens kendte 
these: hjertet er alene en muskel, formuleret mens han som 26-årig 
stod uden stilling i København. Hans mod og selvstændighed gik ikke 
tabt ved konverteringen: få år senere anvendte han karakteristikken 
»den store Galilei« i en afhandling udgivet med censurens billigelse i 
Italien (afsnit 3.6). 
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Source references in the footnotes are in italics 

Adelmann, Howard B. 22, 40 
Alenius, Marianne 99 
Andersen, Sigurd 22 
Anna of Austria (de Medici) 56 

Aquinas, Thomas 90 

Aristotle 26, 48, 95, 98 

Arnolfini, Lavinia 48 

Averkamp, Ludwig 68 

Bachmeister, Johan the Younger 
17 

Bacon, Francis 15, 76, 98 

Bang, Jens 57 
Bartholin, Caspar (the Older) 10, 

60 
Bartholin, Caspar (the Younger) 

1 8  

Bartholin, Rasmus (Erasmus) 

11-12, 51 
Bartholin, Thomas 10-11, 18, 

20-26, 30, 42-43, 57-60, 63, 79, 
92, 101, 138 

Basile see Biagi 
Beaumont, L. Elie de 55, 99 
Bellini, Lorenzo 22, 29 
Berkeley, George 79 
Bernoulli, Johann 29, 42 
Biagi & Basile 40 
Bierbaum, Max 69, 91 
Billeskov Jansen, F.J. 90, 92, 100 

Birch, Thomas 33, 46 

Blaes (Blasius), Gerard 18-21, 
31, 40 

Boerhaave, Hermann 29, 42, 45 

Bojsen-Møller, Finn 21 
Bonelli, Maria L. 40 

Borch, Ole 9, 12, 19, 22, 25, 32, 
44, 62 

Borelli, Giovanni 22, 29, 40-42, 
73, 101 

Boyle, Robert 54 

Brahe, Tycho 15, 20, 61 
Bruno, Giordano 89 
Bruun, Niels W. 87 

Burke, John G. 52, 84 

Biilow, Kurd von 49 

Carl X Gustav 11 

Casella, L. & Coturri, E. 70 

Chapelain, Jean 32, 37, 39, 101 
Christensen, R.E. 99 
Christian IV 62 
Christian V 59, 61, 100 
Christiansen, Poul A. 22 
Cole, F.J. 59, 61, 79, 99 
Collins, Sister M. Emmanuel 67, 

93 

Copernicus, Nicholas 89 
Corra, G. & Ferrari, M. 58, 100 
Coturri, E. see Casella, L. 
Cosimo III 17, 57, 63, 65, 66, 

67 
Crone, Christian 81 

Croone, William 29, 38, 41, 45, 

101 
Cusanus, Nicolaus 79 

De Graaf, Reinier 22, 25, 46, 58 
De Rosa, Stefano 57, 69 

Democritos 94 
Descartes, René 15, 23-30, 34-37, 

58, 64, 71-77, 89-93, 98, 101 

Deusing, Anton 20, 40 
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Divac, Ivan 33 

Djørup, Frans 10 

Drake, Ellen T. 55, 69 
Du Bois-Reymond, Emil 91 

Eilertsen, Jørgen 9 
Epicurus 15, 21, 37 
Ernst August, Duke 64 
Eyles, Victor Ambrose 55 

Fabroni, Angelo 87 
Faller, Adolf 45, 69, 74-75, 92, 

99, 100 
Fallot, Antoine 38 
Ferdinand von Fürstenberg 65 
Ferdinand II 15, 39, 56, 57 
Ferdinandino de Medici 63 
Ferrari, M. see Corra, G. 
Ferreira, A.J. 57 
Forge, Louis de la 38 
Frederik III 11, 22, 26-27, 48, 57 
Frängsmyr, Tore 55 
Fuiren, Henrik 130 
Fulton, John 30 

Galen 21, 24, 30, 78, 89, 98, 101 
Galilei, Galileo 15, 20, 39-40, 
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